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INTRODUCTION

Silicon General is committed to innovative
excellence in the manufacture of integrated
circuits. A unique combination of design and
processing skills developed over the past ten
years results in the continual generation of
leadership solid state products.

All Silicon.General devices are processed in the
finest facilities available in strict accordance
with the requirements of MIL-STD-883 level B
and a complete range of screening and testing
capabilities to higher levels is available.

This book describes Silicon General's
complete line of products and includes
information which will allow you to both specify
and apply these products. Also included is a
section describing our quality and reliability
program.

If you need more information on these
products or on other applications, please
contact the nearest Silicon General representa-
tive listed in the back of this product catalog.
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Product Selector Guide

REGULATORS

Positive Adjustable
105/205/305
117/217/1317
117A/217AI1317A
117HV/217HVI317HV
150/250/350
150A/250A/350A
138/238/338
138A/238A/338A
723/723C
1532/2532/3532

Negative Adjustable
104/204/304
13712371337
137HV/I237THVI337THV

Dual Tracklng Adjustable
1502/2502/350:

Dual Tracking
1501A/2501A/3501A
1568/1468

4501

Positive Fixed Voltage
109/209/309
123/223/323
123A/223A/323A
140/240/340-05
140/240/340-06
140/240/340-08
140/240/340-12
140/240/340-15
140/240/340-18
140/240/340-20
140/240/340-24
153/253/353-05
153/253/353-12
153/253/353-15
7805/7805C
7805A/7805AC
7806/7806C
7806A/7806AC
7808/7808C
7808A/7808AC
7812/7812C
7812A/7812AC
7815/7815C
7815A/7815AC
7818/7818C
7818A/7818AC
7820/7820C
7820A/7820AC
7824/7824C
7824A/7824AC

Negative Fixed Voltage
120/220/320-05
120/220/320-5.2
120/220/320-08
120/220/320-12
120/220/320-15
120/220/320-18
120/220/320-20
7905/7905C
7905A/7905AC
7905.2/7905.2C
7905.2A/7905.2AC
7908/7908C
7908A/7908AC
7912/7912C
7912A/7912AC
7915/7915C
7915A/7915AC
7918(7918C

7918A/7918AC 77
7920/7920C 78
7920A/7920AC 78
PULSE WIDTH
MODULATORS
1540/2540/3540 106
1524/2524/3524 80
1524B/2524B/35248 84
1625A/2525A/3525A 88
1526/2526/3526 94
1526A/2526A/3526A 102
1627A/2527A/3527A 88
1731/2731/3731 107
PROTECTION CIRCUITS
1542/2542/3542 112
1543/2543/3543 16
1544/2544/3544 120
1549/2549/3549 123
3523/3423 129
3523A/3423A 129
3551 131
1548/2548/3548 122

OPERATIONAL AMPLIFIERS

General Purpose
Compensated
107/207/307
741/741C

General Purpose
Uncompensated
101A/201A/301A

High Voltage
Compensated
1536/1436/1436C
Micropower/Programmable
1253/2253/3253 (Triple) 141
Quad
124/224/324
124A/224A1324A

135
135

134

143

136
136
Power
1173/3173

TRANSISTOR ARRAYS

137

Transistor Arrays
3183/3183A
3821

INTERFACE CIRCUITS

Dual Sense Amp/Data
Register

55236/75236

Memory Drivers
55325/75325
55326/75326
55327175327

Dual Peripheral Drivers
554508/75450B 153
55451B/75451B .
55452B/75452B .
55453B/754538

55454B/75454B N
55460/75460 15%

228
229

55461/75461
655462/75462
55463/75463
55464/75464

Line Receiver
1489A

POWER DRIVERS
High Current Output Drivers

1627/3627 165
Switch Drivers
1629/3629 169 |
Half Bridge Driver
1635/3635 173
1635A/3635A 173
3636 (Dual) 185
3637 186
3638/3638A 187
3639/3639A 187
3640/3641 192
3643/3643A 196
Dual H Bridge
293/293D 161
Dual Hammer Driver
3700 202
Power Drivers
2001/2002/2003/2004/2005 177
2011/2012/2013/2014/2015 177
2021/2022/2023/2024/2025 177
Quad Darlington Drivers
2064/2065/2066/2067 181
2068/2069/2070/2071 181
2074/2075/2076/2077 181
3637 186
Quad BI-Polar Driver
298D 163
Disk Drive
SG82727 154
MOTOR CONTROL
CIRCUITS
DC Motor PWM
1731/2731/3731 107
Half Bridge Drivers
1635/3635 173
1635A/3635A 173
3636 (Dual) 185
3637 186
3638/3638A 187
3639/3869A 187
3640/3641 192
3643/3643/A 196
Quad Drivers
293/293D 161
298D 163
POWER OUTPUT
STAGES
Hybrid Circuits
SM600/600A/600B/600C 205/211
SM601/601A/601B/601C 205/211
SM602/602A/602B/602C 205/211
SM610/610A/610B/610C 205/211
SM611/611A/611B/611C  205/211
SM612/612A/612B/612C 205/211
SM625/625A/625B/625C 207/211
SM626/626A/626B/626C 207/211
SM627/627A/627B/627C 207/211
SM635/635A/635B/635C 207/211
SM636/636A/636B/636C 207/211
SM637/637A/637B/637C 207/211
SM645/645A/6458 209/219
SM646/646A/646B 209/219
SM647/647A/6478B 209/219
SM655/655A/655B 209/219
SM656/656A/656B 209/219
SM657/657A/657B 209/219

OTHER CIRCUITS

Voltage Comparators
111/211/311

Wide Band Amplifier
1401/2401/3401
1402/2402/3402
Multipliers

1595/1495

Modulators
1596/1496

2.5V Voltage Reference
1503/2503/3503

Line Recelver

1489A

Air Fault Detector
3509

APPLICATION NOTES
SG1401 Video Amplifier
SG1402 Videoband Amplifier/

Multiplier
SG1501A Dual Polarity
Tracking Regulator
SG 1524 Regulating Pulse
Width Modulator
-— Simplifying Converter

Design
— Deadband Control
— tmproving Dynamic

Response
SG1524B Regulating Pulse
Width Modutator
— Converting 1524 Designs
— Versatile Control for

Switching Power

Supplies
SG1524/1525A/1526/1527A
1627/1629 Power
Supply Circuits
SG1542, 1543, 1544, 3523
Power Supply

Supervisory Circuits
S$G1549 Current Sense
Latch
SG1627/1629 Dual High
Current Output Driver
SG1635 Motor Drive IC
SG1731 High Efficiency
Motor Drive Systems
SG1731 Feedback
Controllers

OTHER INFORMATION

Numerical Product

Selector Guide
Product Quality Assurance
Crass Reference Guide
Package Outlines
Package Cross Reference
Guide
Representatives
Distributors
Custom Circuits
Cross Reference
Five Star Program

235
234
127

241
243
247

251
257

258

264

272

279

289
297

301
309

315
320

*Consult factory for data.




Numerical Product Selector Guide

Type No.
SG101A
SG104
SG105
SG107
SG109
SG111
SG117/117A
SG117HV
SG120-05
SG120-5.2
SG120-08
SG120-12
S$G120-15
$G120-18
SG120-20
SG123/123A
SG124/124A
SG137/137A
SG137HV
SG138/138A
S$G140-05
SG140-06
SG140-08
SG140-12
SG140-15
SG140-18
S$G140-20
SG140-24
SG150A/150
SG153-5
SG153-12
8G153-15
SG201A
SG204T
SG205
SG207
SG209
SG211
SG217/217A
SG217HV
SG220-05
S$G220-5.2
$G220-08
SG220-12
$G220-15
$G220-18
SG220-20
$G223/223A
S5G224/224A
SG237/237A
SG237THV
SG238/238A
SG240-05
SG240-06
SG240-08
S$G240-12
SG240-15
8G240-18
$G240-20
$G240-24
S$G250A/250
8G253-5
SG253-12
$G253-15
SG293/293D
SG298D
SG301A
SG304
SG305/305A
SG307
SG309
SG311
SG317/317A

Page
134
16
17
135
18
231
19
25
72
73
74
75
76
77
78
27
136
31
35
37
61
62
63
64
65
66
67
68
45
49
49
49
134
16
17
135
18
231
19
25
72
73
74
75
76
77
78
27
136
31
35
37
61
62
63
64
65
66
67
68
45
49
49
49
161
163
134
16
17
135
18
231
19

Type No.
SG317HV
SG320-05
$G320-5.2
$G320-08
SG320-12
SG320-15
S$G320-18
$G320-20
SG323/323A
SG324/324A
SG337/337A
SG337HV
SG338/338A
SG340-05
$G340-06
SG340-08
SG340-12
SG340-15
SG340-18
SG340-20
SG340-24
SG350A/350
SG353-5
SG353-12
SG353-15
$G723/723C
SG741/741C
SG1173
S$G1253
SG1401
$G1402
SG1436/1436C
SG1468
SG1489A
$G1495
$G1496
SG1501A
$G1502
8G1503
SG1524
$G1524B
SG1525A
SG1526
SG1526A
SG1527A
5G1532
SG1536
SG1540
SG1542
S$G1543
SG1544
8G1548
S$G1549
SG1568
8G1595
SG1596
SG1627
SG1629
SG1635/1635A
SG1731
SG2001
$G2002
SG2003
$G2004
$G2005
SG2011
SG2012
$G2013
SG2014
SG2015
$G2021
$G2022
$G2023

Page
25
72
73
74
75
76
77
78
27

136
3t
35
37
61
62
63
64
65
66
67
68
45
49
49
49
51

135

137

M

232

233

143
58

234

237
238

12
116
120
122
123

237
238
165
169
173
107
177
177
177
177
177
177
177
177
177
177
177
177
177

Type No.
SG2024
SG2025
SG2064
SG2065
SG2066
SG2067
SG2068
SG2069
SG2070
SG2071
SG2074
SG2075
SG2076
SG2077
SG2173
SG2253
SG2401
$G2402
SG2501A
SG2502
SG2503
SG2524
5G2524B
SG2525A
S$G2526
SG2526A
SG2527A
5G2532
SG2540
S5G2542
SG2543
SG2544
SG2548
5G2549
5G2731

. 8G3173

S5G3183/3183A
SG3253
SG3401
S$G3402
SG3423/3423A
SG3501A
SG3502
SG3503
SG3509
SG3523/3523A
SG3524
SG3524B
SG3525A
SG3526
SG3526A
SG3527A
SG3532
SG3540
SG3542
SG3543
SG3544
SG3548
SG3549
SG3551
SG3627
SG3629
SG3635/3635A
SG3636
SG3637
SG3638/3638A
SG3639/3639A
SG3640
SG3641
SG3643/3643A
SG3700
SG3731
SG3821

Page
177
177
181
181
181
181
181
181
181
181
181
181
181
181
137
141
232
233

112
116
120
122
123
131
165
169
173
185
186
187
187
192
192
196
202
107
229

Type No.

SG4501
SG7805/7805C
SG7805A/7805AC
SG7806/7806C
SG7806A/7806AC
SG7808/7808C
SG7808A/7808AC
SG7812/7812C
SG7812A/7812AC
8G7815/7815C
SG7815A/7815AC
SG7818/7818C
SG7818A/7818AC
SG7820/7820C
SG7820A/7820AC
SG7824/7824C
SG7824A/7824AC
SG7905/7905C
SG7905A/7905AC
SG7905.2/7905.2C
SG7905.2A/7905.2AC
SG7908/7908C
SG7908A/7908AC
SG7912/7912C
SG7912A/7912AC
SG7915/7915C
SG7915A/7915AC
SG7918/7918C
SG7918A/7918AC
SG7920/7920C
SG7920A/7920AC
SG55236
SG55325
SG55326
SG55327
SG55450B/55450
SG55451B/55451
SG55452B/55452
SG55453B/55453
SG55454B/55454
SG75236
SG75325
SG75326
SG76327
SG754508/75450
SG75451B/75451
SG754528/75452
SG75453B/75453
SG75454B/75454
SG82727

SME00
SM600C/B/A
SM601
SM601C/B/A
SM602
SM602C/B/A
SM610
SM610C/B/A
SMB11
SME11C/B/A
SM612
SM612C/B/A
SM625
SM625C/B/A
SM626
SM626C/B/A
SM627
SM627C/B/A
SM635
SM635C/B/A
SM636
SM6E36C/B/A
SM637

Page
52
61
61
62
62
63
63
64
64
65
65
66
66
67
67
68
68
72
72
73
73
74
74
75
75
76
76
77
77
78
78

145
147
149
149
153

145
147
149
149
153

154

211
205
21
205
211

21
205
21

21
207
211
207
21
207
211
207
211
207
21
207

Type No. Page
SM637C/B/A 211
SMB45 209
SM645B/A 219
SM646 209
SM6468/A 219
SM647 209
SM647B/A 219
SM655 209
SM6558/A 219
SM656 209
SMB56B/A 219
SM657 209
SM657B/A 219

*Consult factory for data.




CROSS REFERENCE GUIDE

Silicon Texas Silicon Texas
General Fairch Motorol National | Inst. Sprague General Fairchild | Motorola | National | Inst. Sprague
SG101 UA101 LM101 LM101 LM101 *SG555 UASS55 MC1455 | LM85S5 NE555
*SG105 UA105 LM105 MC1555 SE555
5G107 LM107 LM107 LM107 *SG556 UA556 MC3456 | LM556 NE556
*5G109 UA109 LM109 LM109 MC3556 SE556
SG111 LM111 LM111 LM111 $G723 UA723 MC1723 | LM723 UA723
VAT TL111 -SG733 | UA733 | MC1733 | LM733 | UA733
SG117 UAT17 LM117 LM117 TL117 SG741 UAT41 MC1741 | LM741 UA741
$G120-05 MC7905 | LM120 UA7905 *SG741S MC1741S
SG12012 | ya7g12 | MC7912  |LM120-12 | UA7912 *SG747 UA747 mg:z;z tw:;s UA747
812015 | azgrs | MOTETS | A0S | VATETS caorass | uarass | MGiass | Cmids
$G123 SH123 LM123 LM123 SG1468 MC1468
SG124 UA124 LM124A | LM124A | LM124A *SG1488 | UA1488 | MC1488 | DS1488 | MC1488
SG133 SH133 LM133 LM133 SN55188
SG137 LM137 LM137 LM137 *SG1489 | MC1489 | DS1489 | SN55189 SN7s180
SG138 LM138
$G140-05 LM140-05 SG1489A | UA1489A | MC1489A | DS1489A | SN55189A
$G140-12 LM140-12 | LM140-12 SN75189A
SG140-15 LM40-15 | LM140-15 $G1495 MC1495
$G140-18 LM140-18 | LM140-18 $G1496 mglggg tmggg
SG140-24 LM40-24
SG150 LM150 LM150 $G1503 MC1503
$G201 UA201 LM201 LM201 LM201 SG1524 LM1524 | SG1524
UA748 MC1748 | LM748 UA748 SG1525A SG1525A
SG204 LM204 LM204 SG1526 SG1526 UL58126
$G205 LM205 LM205 SG1527A SG1527A
$G207 LM207 | LM207 LM207 $G1536 MC1536 | LM1536
G209 UA209 LM208 LM209 *SG1558 | UA1558 | MC1588 | LM1558 | MC1558
sG211 LM211 LM211 LM211 SG1568 MC1568
$G217 LM217 LM217 LM217 $G1595 mg:ggg L1596
$G220-05 LM220-05 SG1596 | UA796
$G220-12 LM220-12 $G2001 ULN2001 | ULN2001
$G220-15 LM220-15 ULNZ002 Btﬁzz(é%‘z
$G220-20 $G2002
$G223 LM223 LM223 ULS2002
SG224 UA224 LM224 LM224 LM224 $G2003 ULN2003 | ULN2003
$G233 SH233 LM233 LM233 ULS2003
S$G237 LM237 LM237 LM237 SG2004 ULN2004 ULN2004
$G238 LM238 ULS2004
*$G239 UA239 LM239 LM239 LM239 $G2021 ULN2021
$G250 LM250 LM250 ULS2021
SG301A UA301A LM301A LM301A SG2022 ULN2022
$G304 LM304 LM304 ULS2022
SG305 UA305 LM305 LM305 $G2023 ULN2023
SG305A UA305AC LM305A ULS2023
$G307 LM307 LM307 $G2024 ULN2024
*SG309 UA309 LM309 LM309 ULS2024
*SG310 LM310 LM310 SG2064W ULN2064 | ULN2064
SG311 UA311 LM311 LM311 LM311 ULS2064
SG317 UA317 LM317 LM317 LM317 SG2065W ULN2065 | ULN2065
SG320.05 | UA7905 | MC7905 | LM320:05 | UA7905 ULS2065
S$G320-08 UA7908 MC7908 UA7908 SG2066W ULN2066 | ULN2086
§G320-12 | UA7912 | MC7912 | LM320-12 | UA7912 ULS2066
LM7912 SG2067W ULN2067 | ULN2067
$G320-15 | UA7915 | MC7915 | LM320-15 | UA7915 ULS2067
$G320-18 MC7918 UAT7918 SG2068W ULN2069 | ULN2068
5G323 SH323 LM323 LM323 ULS2068
SG324 UA324 LM324 LM324 LM324 SG2069W ULN2068 | ULN2088
$G333 SH333 LM333 LM333 ULS2069
SG337 LM337 tmggg LM337 SG2070W ULN2070
Sa3ss ULS2070
SG340-05 | UA7805 | LM340-05 | LM7805 LM340-05C 5G2071W UiN2071
TL780-05
ULS2071
SG34006 | UA7806 | MC7806 UA7808 5G2074W ULN2074 ULN2074 | ULN2074
LM340-06 LM340-06 OlS2074
5G340-08 | UA7808 | MC7808 UA7808 SG20TEW ULN2075 | OLRoOTS
LM340-08 LM340-08 s
$G340-12 | ua7e12 | MC7812 | LM7812 | uA7812
LM340-12 | LM340-12 | LM340-12 $G2076W ULN2076 gtggg;g
TL780-12C
SG340-15 | uA7815 | MC7815 | LM7815 | UA7815 SG2077W 3::;‘2237777
- - 40-15
LM340-15 | LM340-15 '#7333, 5C 5G2524 LM2524 | sG2524
8 A7818 SG2525A SG2525
SG34018 | UATS Q‘ﬁ;fgﬁ 8 EM340_13 5G2526 SG2526 ULN8126
5G340-20 MGC78M20 UA78M20 ,SG25274 SG2527A
$G340-24 UA7824 MC7824 UA7824 .'SG3059 CA3059
LM340-24 LM340-24 *5G3079 CA3079
$G3%0 LM350 LM350 223123 MC3423 LS8 MC3423
$G3503 MC1503
$G3523 MC3523 MC3523
5G3524 LM3524 | SG3524
SG3525A SG3525A SG3525A




Silicon Texas Silicon Texas
Fairchil M National | iInst. Sprague General Fairchild A N I | Inst. Sprague
5G3526 5G3526 ULN8126 SG75326 SN75326
SG3527A SG3527A SG3527A S5G55327 SN55327
SG3821 UA3086 | MC3386 | LM3086 ULN2046 SG75327 SN75327
ULN2086 SG55450 | 55450 SN55450
$G3822 CA3054 ULN2054A SG75450 | 75450 MC75450 | DS75450 | SN75450
5G3851 SN75466 | ULN2001 SG55460 SN55460
ULN2001 | ULS2001 SG75460 SN75460
SG4250 LM4250 *SG55451 DS55451 | SN55451
*SG6118 UDN6118 *SG75451 7541A MC75451 | DS75451 | SN75451
ULN6118 *SG55461 DS55461 | SN55461
SG7805 UA7805 | MC7805 | LM7805 *SG75461 | 75461 MC75461 | DS75461 | SN75461
SG7805A | UA7B05A *SG55452 | 55452 DS55452 | SN55452
SG7806 UA7806C | MC7806 UA7806 *SG75452 | 75452 MC75452 | DS75452 | SN75452
SG7808 UA7808 | MC7808 UA7808 *SG55462 DS55462 | SN55462
$G7812 UA7812 | MC7812 | LM7812 | UA7812 *SG75462 | 75462 MC75462 | DS75462 | SN75462
5G7815 UA7815 | MC7815 | LM7815 | UA7815 MC75402
SG7818 UA7818 | MC7818 UA7818 *SG55453 | 55453 DS55453 | SN55453
SG7824 UA7824 | MC7824 UA7824 “SG75453 | 75453 DS75453 | SN75453
SG7905 UA7905 | MC7905 | LM7905 | UA7905 *SG55463 DS55463 | SN55463
SG7908 UA7908 | MC7908 UA7908 *SG75463 MC75463 | DS75463 | SN75463
SG7912 UA7912 | MC7912 | LM7912 | UA7912 *SG55454 DS55454 | SN55454
SG7915 UA7915 | MC7915 | LM7915 | UA7915 *SG75454 MC75454 | DS75454 | SN75454
LM320-15 *SG55464 DS55464 | SN55464
SG7918 MC7918 UA7918 *SG75464 SG75464 | SN75464
$G55236 SN55236 *5G55470 | 55470 MC55470 | DS55470 | SN55470
$G55325 MC55325 | DS56325 | SN55325 *SG75470 | 75470 MC75470 | DS75470 | SN75470 .
SG75325 MC75325 | DS75325 | SN75325 *SG55471 55471 MC55471 | DS55471 | SN55471
$G55326 SN55326 *SG75471 | 75471 MC75471 | DS75471 | SN75471
*Not Recommended for New Design
PACKAGE SUFFIXES Siicon | msc | suneuics | uiccnia | mororota| 11 ACA AMO | Raytheon | Sprague
Sllicon General Unitrode Silicon General Unitrode ) y .
SMB00 PIC600 SM635A PIC7528 o e AN I A R N S O
SMe01 PIC600° SMB36A PIC7529 e N I T A N I A
SM602 PICB02 SMB37A PIC7530 T )
SM610 PIC610 SM645A PIC7531
SM611 PIC611 SMB46A PIC7532
SM612 PICB12 SM6B47A PIC7533
SM625 PIC625 SM655A PIC7534 m o A A I I B B '
SM626 PIC628 SM656A PIC7535 '
SM627 PICB27 SM657A PIC7536
SM635 PIC635 SM600B PIC7501 Low Tamperatuce
SM636 PIC636 SM6018B PIC7502 Fier e T L A ™ !
SM637 PICB37 SM602B PIC7503 '
SM645 PIC645 SM610B PIC7504
SM646 PIC648 SM611B PIC7505 = Toee
SM647 PIC647 SM6128 PIC7506 et " " "
SM655 PICE55 SMB258 PICT507 e "
SM656 PIC656 SM626B PIC7508
SM657 PIC657 SM627B PIC7509 s
SM600A PIC7519 SM6358 PIC7510 oa Simmecs! el el o} | |0 . .
SME01A PIC7520 SM636B PIC7511 : e
SMB02A PIC7521 SM637B PIC7512
SM610A PIC7522 SMB45B PIC7513 ;ﬁ; T
SM611A PIC7523 SM646B PIC7514 I Tos 038 10 8s  en LN I wile " " v °
SMB12A PIC7524 SMe478 PIC7515 @) . " «
SM625A PIC7525 SM655B PIC7516 o0
SM626A PIC7526 SM6568 PIC7517 =9
SM627A PIC7527 SMe57B PIC7518 Coramic 017
i BLes v v be
Ceramic DIP M f o ? f
I:::::] 14,16 and 18 Load n L oo
Ty
% TO 3 Stael} X K x K
sIP s w
Ferbnd L L [T L
Bacwing w NE s




Processing and Assembly Flow

The following outline describes the standard production processing procedures used exclusively at Silicon General
to insure that all hermetically sealed products are manufactured in full conformance to the requirements of MIL-STD-

883, Class B as a minimum.

. BASIC RAW MATERIALS — Silicon,
Chemical, Masks, Headers, Wire, etc.

v QC SAMPLE INSPECTION — Each
arriving shipment is assigned a lot code
identification to assure traceability and is
then sample-processed through mechan-
ical, visual, electrical, and functional lot
acceptance testing prior to stocking.

‘ WAFER FABRICATION

¥ 100% QC INSPECTION — At each photo-
masking step, examining for:

® Mask alignment and resolution

e Oxide and diffusion quality

® |n-process electrical evaluation

100% ELECTRICAL PROBE OF COMPLETED
WAFER — Complete product performance
testing on automatic test equipment to data
sheet or customer specified limits.

¥ Qc SAMPLE INSPECTION OF
PROBING — Performed on continuous
sampling basis for evidence of adequate
probe contact, correct inking, and free-
dom from probe point damage.

, MANUFACTURING WAFER INVENTORY
‘ WAFER SCRIBE AND BREAK

‘ 100% DIE SORT AT 100X MAGNIFICATION

¥ QC SAMPLE INSPECTION (each lot) —
Per MIL-STD-883, Method 2010, Condition
B. Minimum magnification of 100X.

@ DIE ATTACH

¥ QC CONTINUOUS SAMPLING INSPEC-
TION — Per MIL-STD-883, Method 2010,
Condition B minimum; including die shear
strength testing per Method 2019.

@ LEAD BOND

—JQC CONTINUOUS SAMPLING INSPEC-
ION — Per MIL-STD-883, Method 2010,
Cohdition B minimum; including bond pull
testing per Method 2011, Condition D.

100% PRESEAL OPTICAL INSPECTION OF
COMPLETED DEVICE — Per MIL-STD-883,
Method 2010, Condition B minimum.

¥ oc SAMPLE INSPECTION — MIL-STD-883,
Method 2010, Condition B minimum, magni-
fication of 30X and 100X minimum.

FINAL SEAL — Hermetically sealed in a
controlled, dry environment.

- QC LOT INSPECTION SAMPLING AND
ACCEPTANCE — Post cap visual inspec-
tion per MIL-STD-883, Method 2010,
Condition B; including Bond Pull Strength
testing per Method 2011, Condition D, and
Die Shear Strength testing per Method 2019.

‘, MANUFACTURING POST-ASSEMBLY

SCREENING — See adjacent page.

‘ 100% ELECTRICAL TEST AND
CLASSIFICATION - Complete performance
testing of all specified parameters to either data
sheet or customer specified limits.

@ MARKING — To customer specified or
Silicon General identification plus date
code traceable to seal date.

9 PRESHIP PACKING

I QUALITY ASSURANCE — Group A
Preship Electrical Test and Final Visual
Inspection per MIL-STD-883, Method 2009.

SHIP



Post-Assembly Screening Procedures

Siticon General manufactures products to the three standard levels of quality assurance processing outlined

below. In addition, the company’s unique flexibility allows ready accommodations to special customer require-
ments. The following screening procedures are in full compliance to MIL-M-38510 and all methods are as detailed
in MIL-STD-883, Methods 5004 and 5005.

MIL-STD-883, CLASS S MIL-STD-883, CLASS B STANDARD PRODUCT
SCREEN METHOD REQMT METHOD REQMT METHOD REQM'T
Wafer Lot 5007 Sample
Acceptance
Non-Destructive 2023 100%
Bond Pull
Internal Visual 2010, Condition A 100% 2010, Condition B 100% 2010, Condition B 100%
Pre-Cap
High Temperature | 1008, Condition C 100% 1008, Condition C 100% 1008, Condition C 100%
Storage 24 Hours @ 150°C 24 Hours @ 150°C 24 Hours @ 150°C
Temperature 1010, Condition C 100% 1010, Condition C 100% 1010, Condition C 100%
Cycling 10 Cycles, 10 Cycles, 10 Cycles,
—65°C to +150°C —65°C to +150°C —65°C to + 150°C
Constant 2001, Condition E 100% 2001, Condition E 100% 2001, Condition E 100%
Acceleration 30,000 g, Y4 30,000 g, Y4 30,000 g, Y1
orientation orientation orientation
Particle Impact 2020 Test Condition
Noise Detection A
(PIND)
Hermeticity 1014, Condition B 100% 1014, Condition B 100% 1014, Condition B Sample
a) Fine Leak 5 x 1078 atm-cc/sec 5x 107° atm-cc/sec 5x 10~ atm-cc/sec
b) Gross Leak 1014, Condition C2 100% 1014, Condition C2 100% 1014, Condition C2 Sample
Pre-Burn-in Per Applicable Pro- 100% Per Applicable 100%
Electrical curement Document Procurement
Test Unit Serialization Document
as required
Burn-in Test 1015, Dynamic 100% 1015, Static or 100%
240 Hours @ 125°C Dynamic
(Note: An additional 168 Hours @ 125°C
72 Hours HTRB
burn-in and interim
electrical test
as required)
Finai Electrical Per Applicable Per Applicable Per Applicable
Test Procurement Procurement Procurement
Document Document Document
a) DC @ 25°C 100% 100% 100%
b) DC @ Max 100% 100%
and Min Rated
Temperature
c) Dynamic 100% 100%
@ 25°C
d) Functional 100% 100% 100%
@ 25°C
Hermeticity 1014, Condition B 100%
a) Fine Leak 5x 10_8, atm-cc/sec
b) Gross Leak 1014, Condition C2 100%
Radiographic Method 2012 100%
External Method 2009 100% Method 2009 100% Method 2009 100%
Visual
Quality Confor- 5005 5005
mance Testing
Group A DC, AC Parameters  +25°C DC, AC Parameters +25°C DC Parameters +25°C
+125°C +125°C
—55°C —55°C
Groups B, C*, D | 5005 Paragraph 35 5005 Paragraph 3.5

*Class B only.



MIL-M-38510 Oualification and

The following Group B, C and D tests are per-
formed on a periodic basis or when specified by
the customer. This testing is in full compliance
to MIL-M-38510 as detailed in MIL-STD-883,
Method 5005, and although Class B quality level
is shown below, other Class levels are also

[ ] I

avaitable.
Subgroup 1 Subgroup 2 Subgroup 3
Samples Taken From 2 Units 4 Units 3 Units
Periodic Production Lots No Failures ~ No Failures No Failures
1 I I I
. Physical Dimensions . | it
[ crowATestngEsen Lot _ | (e sts ™ | Possnee osevert]| ot

i 3 Units, 15 Leads

[ l ] 1
Group B Group C Group D
Construction Die-Related Package
Tests Tests Tests
|
GROUP C
Die-Related Tests
1
Y — ) [ ] I
Subgroup 1 Subgroup 2 Subgroup 1 Subgroup 2 Subgroup 3
LTPD=5 LTPD =5 LTPD =15 LTPD = 15 LTPD =15
77 Units 25 Units 15 Units 15 Units 25 Units
1 Failure Allowed 1 Failure Allowed No Failures No Failures 1 Failure
L | I ] |
Read and Record Go/No-Go Physical Lead Integrity Go/No-Go
Electrical Test Electrical Test Dimensions Method 2004 Electrical Test
L I Method 2016 Condition B2 |
Operating Life Test Temperature Cycling T Thermat Shock
1000 Hours @ 125°C Method 1010 Seal Test Methqq 1011
Method 1005 Condition C Method 1014 C105ngt|oln B
cles
| | Fine Leak Iy
168 Hours Constant Acceleration Condition B Tormoerature
Read and Record Method 2001 - I C)F/)cling
Electrical Test Condition E Seal Test Method 1010
| [ Method 1014 Condition C
. Gross Leak
504 Hours _Hermeticity Condition C2 190 Cycles
Read and Record Fine and Gross Leak T
Electrical Test Method 1014 Moisture
T Conditions B and C2 . Resistance
1 Method 1004
1000 Hours
Read and Record [ Visual Examination J |
Electrical Test T Seal Test
Method 1014
| L Go/No-Go l el
i Conditions B and C2
Read and Record Electrical Test :
Electrical Test Visual
Deita Computation l Exarr‘ﬁz:tion ‘]

1
Go/No-Go
Electrical Test

'



Quality Conformance Inspection

GROUP B
Construction Tests

I

I

I

1

Subgroup 4 Subgroup 5 Subgroup 6 Subgroup 7 Subgroup 8
1 Unit 4 Devices Not Applicable to 45 Units 15 Devices
No Failures No Failures S.G. Devices No Failures No Failures
I [ I 1 I
Internal Visual Bond Strength Internal Water Seal Test rR?gTd ?pgar.?::{ d
Method 2014 Method 2011 Vapor Content Fine Leak ectr!
1 Unit 4 Units, 15 Wires Method 1018 Method 1014, B
Gross Leak Electro Static
Method 1014, C2 Discharge
Sensitivity Class
Method 3015
GROUP D
Package Tests
I
| | | | |
Subgroin 4 Subgro;;p 5 Subgroup 6 Subgro_up 7 Subgroup 8
LTPD =15 LTPD = 15 4 LTPD =15 3
; : 3 Devices . 5 Devices
25 Units 15 Units No Fail 15 Units No Failures
1 Failure No Failures o Failures No Failures
| I | 1
Go/No-Go Rejects From Rejects From Rejects From

Electrical Test

Same Inspection Lot

I

Internal Water
Vapor Content
Method 1018

Same Inspection Lot

Same Inspection Lot

Mechanical Salt
Shock Atmosphere
Method 2002 Method 1009
Condition B Condition A
I I
Vibration, Variable Seal Test

Acceleration
Method 2001
Condition E

Frequency Method 1014
Method 2007 Conditions B and C
Condition A I

I Visual
Constant Examination

Seal Test
Method 1014
Conditions B and C2

|

Visual
Examination
|

Go/No-Go
Electrical Test

10

1 |
Adhesion of Lid Torque
Lead Finish (Frit Seal Only)
Method 2025 Method 2024




* % % % % FIVE-STAR PROGRAM

FOR PLASTIC INTEGRATED CIRCUITS

The increased reliability of a 5 Star device will help you eliminate the high cost of circuit failure — an expense
which can include the price of assembly rework, system downtime, service calls and customer goodwill. Costs that
can range from $35 to $350 are not uncommon.

Silicon General’s 5 Star Program removes marginal devices before shipment at a relatively low cost to you. This
extra screening is done during the last stage of production and results in the highest levels of performance reliabil-
ity, insuring customer satisfaction.

QUALITY IS. ..

a product’s degree of conformance to its specified
parameters. It pertains to the probability of defective
units exisiting in a given lot when received by the
user. Although zero percent defective is a goal, there
will usually be some percentage of defective units in
any lot of mass produced items. The number of defec-
tive units received by the user is a functiuon of the
outgoing inspection criteria used by the supplier.

RELIABILITY IS. ..

a measurement of how well an initially good device
will perform over time to its specified characteristics.
Semiconductor failures primarily occur duing the early
life phase of operation. After this phase, a low failure
rate can be expected until the wear-out phase is even-
tually reached. Overall system reliability is improved if
these early life failures are removed prior to system
use.

11



TEST PROCEDURES * * * % %

STABILIZATION BAKE. This is a process
designed to stabilize electrical drift and ac-
celerate chemical degradation such as surface
contamination. It is a four hour bake at
+175°C without electrical stress applied
(similar to MIL-STD-883, Method 1008).

TEMPERATURE CYCLE. This is a screening
process designed to mechanically stress the
integrated circuit by alternately heating and
cooling it. Potential failures are: bond failure,
cracked packages or chips, etc. This process
consists of ten cycles with ten minutes of
dwell at —65C and at + 150°C (air/air), with
a maximum transfer time of five minutes (MIL-
STD-883, Method 1010, condition C).

BURN-IN. The burn-in is performed specifical-
ly to screen out marginal devices, those with
inherent defects, or defects resulting from
manufacturing deviations which can cause
time or stress-dependent failures. Without
this conditioning, marginal circuits which in-
itially meet all specifications could result in
early lifetime failures under normal operating
conditions. The test is conducted 100% under
_ electrical stress conditions (similar to MIL-
STD-883, method 1015) such as:

Type of Device  Electrical Stress

Bipolar Interface Steady State Reverse
Bias
Steady State Forward
Bias

Linear Devices

QUALITY CONTROL AUDIT. A product’s
outgoing quality level from the manufacturer
determines the probability of a user receiving
defective units. Sampling procedures for 5
Star Integraded Circuits assures a tighter-
than-norma! outgoing quality level.

12

OUTLINE OF 5 STAR PROCEDURE

Silicon General Processing Flow
Pre-Conditioned Plastic Assembly

Wafer Fabrication

Elecrical Test
Wafer Probe

Plastic Assembly & Processing

100% Dice Visual Inspection
MIL-STD-883, Method 2010

100% Premold
Visual Inspection
MIL-STD-883, Method 2010
Stabilization Bake
Temperature Cycle

MIL-STD-883, Method 1010
(10 Cycles —65 to +150°C)

Electrical Test 100%
D.C. +25°C/Temperature Extremes

Burn-in 100% at 125°C
Or Equivalent
Electrical Test 100%
D.C., 25°C/Temperature Extremes

PDA=5%  Exceeds PDA=5%
Re-Burn in 100%, 125°C

Electrical Test 100%
D.C. +25°C, PDA=2%

MEETS PDA=2%

Quality Control
Visual/Mechanical
Electrical D.C., A.C. @+25°C

LTPD=3, (SS$=76, Acc=0)
SHIP




PROBABILITY OF FAILURE AS A FUNCTION OF TIME

INFANT
MORTALITIES

RANDOM FAILURES

A,

RELATIVE FAILURE RATE vs. TIME

PROBABILITY OF FAILURE

ORDERING INFORMATION:

Ali processed Silicon General Integrated Circuits are branded with the Silicon General 5-Star Trademark. The 5-Star
identifies parts subject to the screening program for extra reliability. Devices processed in the 5-Star Burn-in Program
are specified by adding the suffix ‘5 S’’ to the end of the part number. For example, to order SG3524 with this pro-
cessing, specify SG3524N5S.

NOTE: The 5-Star Program is available on selected products. Please contact Silicon General or its local representatives to discuss your specific
product interests.

13



VOLTAGE REGULATORS

Positive Adjustable Regulators
Negative Adjustable Regulators
3Terminal, Adjustable Regulators
3Terminal, Fixed Positive Regulators
3Terminal, Fixed Negative Regulators
3Terminal, 3-Amp Regulators
Precision Negative Regulators

Dual Polarity Tracking Regulators
Adjustable Dual Polarity Regulators

14




SG LINEAR VOLTAGE REGULATORS

- |aMps|  TYPE | PN | PACKAGE | VOLTAGE |
; ,
.| 50 | Pos.ADJ. [ sG138 | TO-3(K) | +1.2to+32 |
$G123 +5
30 | POS.FIXED | SG153 TO-3(K) +5, 12,15
POS.ADJ. | sG150 +1.2to +33
$G109 +5
POS.FIXED | SG140 +5, 6,8, 12, 15,
SG7800 18, 20, 24
TO-3 (K
15 | Ppos. aDg sG117 0 se( n) +1.2t0 +37
) | sG1THV 86 (R) +1.2to +57
TO-220 (P)
$G120 5, 5.
NEG. FIXED 528,12,
SG7900A 15,18, 20
NEG. ADJ. | SG137 —1.2t0 —37
SG137THV —1.2to —47
$G109 +5
POS.FIXED | SG140 +5,6, 8, 12, 15,
SG7800 18, 20, 24
pOs. ADJ. | SG117 +1.2t0 +37
0.5 SG117HV | TO-39(T) +1.210 +57
NEG.FIXED | SG120 —5,5.2,8, 12,
SG7900 15, 18, 20
NEG.ADJ. | SG137 —1.2t0 —37
SG137THV —1.2t0 —47
TO-100 (T)
0.2 | DUAL TRACK | SG1501 DIP (JN) +15
0.15 | POS.ADJ. | SG723 L?,;g(ﬁ)m +21to0 +37
DUAL TRACK | $G1502 DIP (J) +10 to +28
ADJ.
POS.ADJ. | SG1532 | TO-96(T) 210138
0.1 DIP(J)
DUAL TRACK | SG1568/ TO-100 (T)
1468 DIP (J) +15
TO-66 (R)
|0.025| NEG.ADJ. | sG104 | TO-100(T) | —0.015TO —40 |
0.020| POS.ADJ. | SG105 Tg;gig’ +4.5 TO +40
PRECISION TO-39 (T)

15



giLiGON GANAMAL

LINEAR INTEGRATED CIRCUITS SG104/204[304

Negative Voltage Regulators

This circuit is a negative voltage regulator dasigned for both linear and
switching applications. It is a complement of the SG 100/200/300, SG 105/
205/305 and $G723/723C intended for systems requiring regulated
negative voltages having a common ground with the unregulated supply.
With an input voltage rating of up to 50V, this device will deliver load
currents to 25mA. Adding external transistors will increase the current
capability to greater than 10 amps and further improve regulation.

©® Output voltage adjustable from 15mV to 40V
® 1mV regulation no load to full load

® 0.01%/V line regulation

® 1% maximum temperature variation

PARAMETERS* 104 204 304 UNITS

Operating Temperature Range —55 to +125 —25 to +85 0 to +70 oC
Package Types T
Input Voltage Range —50 to —8 —40 to —8 \4
Output Volitage Range —40 to —0.015 —30 to —0.035 \'
Input/Output Differential 15 = 20 mA! 2.0t0 50 2.0 to 40 \
Load Regulation> 0 < |g < 20 mA, Rg: = 159 5mV —

. .3 Vout< -5V
Line Regulation AVip=0.1 Vg 0.1 %
Ripple Feed thru Cqg = 10pf, f = 120Hz, =7V < Vj, < —15V 1.0 1.0 mv/V
Output Voltage Scale Factor Ro3 = 2.4k2 1.8 t02.2 181022 V/kQ
Temperature Stability Vo < —1V 1.0 1.0 %
Output Noise Voltage Cg =O0uF BW = 10Hz to 10KHz V5 < -5V 0.007 (typ) 0.007 (typ) %
Standby Current Drain V=0, I =5mA 25 25 mA
Long Term Stability Vg < —-1V, 1.0 1.0 %

*Parameters apply at junction temperatures egual to or less than operating temperature range unless otherwise specified. The line and
load reguiation specifications are for constant junction temperature. Temperature drift effects must be taken into account
separately when the unit is operating under conditions of high dissipation.

’Wlth Io = 5 MA, min differential is 0.5V. With external transistors differential is increased, in the worst case, by approx. 1V.

Output current and load regulation can be improved with external transistors. improvement factor will be approx. equal to the
composite current gain of added transistors.

3Wil:h zero output, the dc line regulation is determined from the ripple rejection. Hence, with output voltages between 0 volts
and —5 volts, a dc output variation, determined from the ripple rejection, must be added to find the worst-case line regulation.

Basic Negative Regulator Circuit

High Current Regulator

$G104/204/304 Chip_(See T-pack.
diagram for pad !um?(iom) -

CONNECTION DIAGRAM - —
UNREGULATED
Cheio REFERENCE

soosteR [ Torview @\ supLy

Thackage (7}
recuLaten\ (D (D} gerenence
ouUTPUT

su:g)\gg ADJUST

NC
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giLiGON GRNEAML

LINEAR INTEGRATED CIRCUITS SG105/205/305/305A

]
- Positive Voltage Regulators

This circuit is a positive voltage regulator designed for both linear and
switching applications. Inherent component tracking of the monolithic
integrated circuit process provides a high degree of stability and accuracy
in addition to fast response to both line and load transients. With an input
voltage rating of up to 50V, this device will deliver load currents of 20mA
(45mA with 305A). Adding external transistors will increase the current
capability to greater than 10 amps and further improve regulation.

Output voltage adjustable from 4.5 to 40V
Load regulation better than 0.01%/mA
Line regulation better than 0.06%/V
Ripple rejection of 0.01%/V

1.0% maximum temperature variation

PARAMETERS* 105 205 3056 305A UNITS
Operating Temperature Range —55 to +126 —~25 to +85 | 0 to +70 0to 70 oC
Package Types TJY T,J,Y,M,N T —
Input Voltage Range 8.5 to 50 8.0 to 40 8.5 to 50 v
Output Voltage Range 4.5 to 40 4.5 to 30 4.5 to 40 \
Input/Qutput Differential 3.0 to 30 3.0 to 30 3.0 to 30 \4
Load Regulation 01323 0.123 2023 %
Line Regulation Vin = Vour <5V 0.06 %IV

Vin — Vout > 5V 0.03

Ripple Feed thru Cref = 10uf, f=120Hz 0.01 0.01 0.003 {typ) | %/V
Temperature Stability 1.0 1.0 1.0
0(‘1':)”:;”("':?’:’:29:2' G =) 0.005 (typ) 0.005 (typ)| 0.005 (typ) | %
Feedback Sense Voltage 1.7 (typ) 1.7 (typ) 1.65 to 1.85| V
Standby Current Drain 2.0 2.0 2.0 mA
Minimum Load Current 0 4] 0 mA
Long Term Stability 1.0 1.0 1.0 %

*Parameters apply at junction temperatures equal to or less than operating temperature range, and for a divider
Impedance seen by the feedback terminal of 2V{2, unless otherwise specified.

! 1. < 12mA, Rsc = 0§2. Output current and load regulation can be improved with external transistors.
Improvement factors will be approx. equal to the composite current gain of added transistors.

2Applies for constant junction temperature. Temperature drift effects must be taken into account separately when
the unit is operating under conditions of high dissipation.

3same as Note 1, except Rsc = 102.

CONNECTION DIAGRAMS

Regulator Connected for 2-Amp Qutput Basic Regulator Circuit
I pesareo e
#
1 m
3
Eol . unEGuLATED e W 050
E e ADIST )
- = |——'—-'
Az %S a0y
o - ! J,[ S
GROUND amouNo . o j s &
[
FEEDBACK (5 [7) ReFEAENCE sos ‘ﬁl
UNREGULATED BYPASS
NPUT Ne [¥] Ne SG105/205/305 Chip (See T-Package
diagram for pad functions).
MPENSATIO
B00sTER comPe " M ToP viEw [1] 6o
REGULATED JorN UNREGULATED
Lonnent ouTPUT 1} Package |4 WPUT
CURRENT BOOSTER
] T umit i [ ourpur
REGULATED ] i
oUTPUT N i ;, NC
LT D Pu:
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GiLicon GRNeral

LINEAR INTEGRATED CIRCUITS SG109/209/309

5 VoIt Fixed Voltage Regulators

The SG 109 series is a completely self-contained 5V regulator. Designed
to provide local regulation at currents up to 1 amp for digital logic cards,
this device is available in two commonly used transistor packages — the
solid header TO—5 and the TO-—3 power package.

® Fully compatible with TTL and DTL
A major feature of the SG109's design is its built-in protective features ® Output current in excess of 1 amp
which make it essentially blowout proof. These consist of both current : :m"“! fh"m' overload protection
limiting to control the peak currents and thermal shutdown to protect o additional external components
against excessive power dissipation. With the only added component being
the possible need for an input bypass capacitor, this regulator becomes
extremely easy to apply.
PARAMETERS' 109 209 309 UNITS
Operating Temperature Range —55 to +160 —25 to +150 0to +125 oC
Package Types T,K T, K —
Qutput Voltage 49t05.1 48105.2 \4
Line Regulation 7V < Vj, < 25V 50 mV
Load Regulation 5mA < lo¢ < 0.5A (1.5A for TO-3) T0-6: 50, TO-3: 100 mv
Total Output Voltage Tolerance® 4.75 t0 5.25 v
Quiescent Current Vi, < 26V 10 mA
Ripple Rejection 10 Hz < f < 10kHz 75 (typ) dB
Output Noise Voltage 10Hz < f < 100kHz 40 (typ) uVrms
Output Impedance 10Hz < f < 10kHz 0.1 (typ) Q
Long Term Stability 10 mV

L Unless otherwise specified, T = 250C, Vj, = 10 Volts, and Igyt = 0.1A.
27V < Vin €25V, 5mA < Igyt < 1.0A (0.2A for TO-5), P < 20W (2W for TO-5), ATi max.
Tjmax = —550Cto +150°C for the SG109
= —250C to +1500C for the SG209
= 0°C to +125°C for the SG309

CONNECTION DIAGRAMS

Adjustable Output Regulator Current Regulator TOP VIEWS O
1 2 GROUND
1 2
INPUT 56109 OUTPUT it G100
R1 @ ® ®
300 @
a 4 3 % 02246 T 3 Rl @) oureur ouTPuT  tNPUT
0.22.F T = ouTPUT (0]
R2 . Q
R DETERMINES OUTPUT CURRENT D 5 A
T-Package
1 7039

K-Package
TO-3

{CASE 1S INTERNALLY
CONNECTED TO GROUND)

P-Package
TO-220
Front OUTPUT. INPUT
fron @

1 - input
2- Outpst GROUND

3- Ground O

Tab - Ground

Fixed 5V Regulator

1 2

INPUT $G109 ouTPUT
5V
*c1 3
0.22,4F -[ :I- 21

* REQUIRED IF REGULATOR {5 AN
APPRECIABLE DISTANCE FROM
POWER SUPPLY FILTER. $G109/209/309 Chip

t ALTHOUGH NO QUTPUT CAPACITOR
IS NEEDED FOR STABILITY IT DOES
IMPROVE TRANSIENT RESPONSE.

R-Package
TO-66
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SiLiGon GeneraL SG117A | SG217A | SG317A

LINEAR INTEGRATED CIRCUITS SG117 1 SG217 | SG317

1.5 - AMP Three Terminal Adjustable Voltage Regulator

DESCRIPTION FEATURES
The SG117A Series are 3-terminal positive ad-
justable voltage regulators which offer improv- * 1% Output Voltage Tolerance

ed performance over earlier devices. A major

o .
feature of the SG117A is the output voltage ¢ 0.01%/V Line Regulation

tolerance is guaranteed at a maximum of + 1%, * 0.3% Load Regulation
allowing an overall power supply tolerance to

be better than 3% using inexpensive 1% ¢ Min. 1.5 Output Current
resistors. Line and load regulation performance

has been improved as weil. Additionally, the APPLICATIONS

SG117A reference voltage is guaranteed not to

exceed 2% when operating over the full load, Wide Range Power Supplies

line and power dissipation conditions. The
SG117A adjustable regulators offer an improved Constant Current Supplies

solution for all positive voltage regulator re- Voltage Programmable Supplies
quirements with load currents up to 1.5 amps.

Regulator with Reference Output Voltage Error
o1
SG317A
N i
. ADJ $ 2mm E 9
I 14 l__} £ 8 2% RESSTORS | g a7
£ 7 Saati ; Ly
= $ 1210 5 g 7 - Lt RESSTORS s[éJ1'7‘<
b3 w popott AN
2.5 @ 5 | AT 2% RESISTORS o000
) 2 s 7 --rP': Ll
’f LT1009 g 3 L e resio gég",’,l
a 2 A ;
J_ 5, Ve }
= ° |
2 4 6810 20 40 100
OUTPUT VOLTAGE
ABSOLUTE MAXIMUM RATINGS PACKAGE ORDER INFORMATION
Power Dissipation ........ Internally Limited
Input to Output Voltage Differential . . . . .. 40V
Operating Junction Temperature Range
SGU7AMI7 .. ... ..., —-55°Cto 150°C BOTTOM VEW BOTTOM VIEW
SG217AISG217 . ......... -25°Ct0150°C : N P‘:::Z‘; :;25:0
SG317A/SG317 . ............ 0°Cto150°C o - INPUT -
Storage Temperature Range SaTITAR o saniAr
SGUM7A/M7 ............. —65°Cto150°C CASE ggﬂ;QK — g‘gﬂ?,:r“
SG217A/SG217 .. ........ -65°Ct0150°C Sureur sca17k seaim
SG317A/SG317. ... vvvvevnnt 0°Cto150°C K PACKAGE 1
Lead Temperature (Soldering, 10sec.) .. 300°C o 1058 QCETK:fEcm
ADJUST ORDER i
PART NO. Q ~_’—._:D:::*W ORDER
@ SG117AR D ——— Y, Y] PART NO.
SG217AR SG317AP
Se1m SG317P
SG217R ! s P PACKAGE
et case s wrsotag 19 oTuAT%T T0.220 PLASTIC
o6 METAL CAN




SG117A | SG217A | SG317A
SG117 /1 SG217 | SG317

ELECTRICAL CHARACTERISTICS (See Note 1)

SGHTAISG217A SGM7ISG2N7
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP UNITS
VREF Reterence Voltage 1OUT = 10MA Ty = 25° 1.238 1.250 1.262 v
3V =(VIN - VouT) =< 40V 1.225 1.260 1.270 120 125 1.30 v
10mA < IQUT = Imax; < Pmax
Avoutr Line Regulation 3V < (VIN — VouT) < 40V, (SeeNote2) 0.005 0.01 0.01 0.02 %N
AVIN 0.01 002 0.02 0.05 %V
AVout Load Regutlation 10mA = IOUT s Imax (See Note 2) )
AViN Vo = 5V 5 15 5 15 myv
Vo = 5V 0.1 0.3 0.1 0.3 %
Vo s 5V 20 50 20 50 mv
Vo = 5V 0.3 1 0.3 1 %
Thermal Regulation TA = 25°C, 20msec Pulse 0.002 0.02 0.03 0.07 %/W
Ripple Rejection Vo = 10V, f = 120Hz
CADJ = 0 65 ] d8
CADJ = WF 66 80 66 80 dB
IADJ Adjust Pin Current 50 100 50 100 KA
AIADJ AdJust Pin Current Change 10mA < IOUT = Imax
25V s(VIN — VOUT) s 40V 0.2 5 0.2 5 pA
Imin Minimum Load Current {VIN — VOUT)= 40V 35 5 3.5 5 mA
Current Limit (VIN — VouT) = 15V
K Package 15 22 15 22 A
T Package 0.5 0.8 0.5 0.8 A
(VIN - VOUT) = 4V, Ty = 25°C
K Package 03 0.4 0.3 0.4 A
T Package 0.15 0.2 0.15 0.2 A
AVout Temperature Stability 0°C < Ty < 125°C 1 2 1 %
Stemp_
Avoyt Long Term Stability TA = 125°C 03 1 03 1 %
ATime
on RMS Output Noise (% of VouT) | TA = 25°C, 10Hz = f < 10kHz 0.001 0.001 %
Sjc Thermal Resistance T Package 12 15 12 15 cw
Junction to Case K Package 23 3 23 3 CcwW
' ) SG317A G317
SYMBOL PARAMETER CONDITIONS MIN TYP MAX . MIN TYP MAX UNITS
VREF Reference Voltage IouT = 10MA Ty = 25° 1.238 1.250 1.262 \4
3V s(VIN - VOuT) s 40V 1.225 1.250 1.270 1.20 1.25 1.30 v
10mA < I0UT < Imax,P s Pmax
Avout Line Regutation 3V = (VIN — VouT) < 40V, (See Note 2) 0.005 0.01 0.01 0.04 %N
AVIN 0.01 0.02 0.02 0.07 %N
AVOUT Load Regulation 10ma s IOUT = Imax (See Note 2)
AVIN Vo s 5V 5 25 5 25 mv
Vo = 5V 0.1 0.5 0.1 0.5 %
VO s 8V 20 50 20 70 mv
Vo = 5V 0.3 1 0.3 15 %
Thermal Regulation TA = 25°C, 20msec Pulse 0.002 0.02 0.03 0.07 %W
Ripple Rejection Vo = 10V, f = 120Hz
CADJ =0 65 85 dB
CADJ = WWF 668 80 66 80 dB
1ADJ Adjust Pin Current 50 100 50 100 A
AIADJ Adjust Pin Current Change 10mA < IOUT = Imax
25V <(VIN — VOUT) 5 40V 0.2 5 0.2 5 WA
Imin Load Current (VIN — VOUT)= 40V 3.5 10 3.5 10 mA
Current Limit (VIN - VouT) = 18V
K, R, & P Package 15 22 15 22 A
T Package 0.5 0.8 0.5 08 A
VIN — VOUT) < 40V = 25°C
K, R, & P Package 015 0.4 015 0.4 A
T Package 075 0.2 .075 0.2 A
Avout Temperature Stability 0°Cs Ty <1256°C 1 2 1 %
Aemp
Avout Long Term Stability TA = 125°C 03 1 03 1 %
SMme
on RMS Output Noise (% of VouT) | TA = 25°C, 10Hz =< f < 10kHz 0.001 0.001 %
Sjc Thermal Resistance T Package 12 15 12 15 cw
Junction to Case K Package 23 3 23 3 cw
P Package 4 5 4 5 CW

The * denotes the specifications which apply over the full operating temperature range.

Note 1: Unless otherwise specified, these specifications
apply for VIN — VOUT; and10UT = 0.1Aforthe TO39and
IOUT = 0.5A for the TO-3 and TO-220 packages. Although
power dissipation is internally limited, these specifica-
tions are applicable for power dissipations of 2W for the
TO-39, and 20W for the TO-3 and TO-220. IMAX is 15A for
the TO-3 and TO-220 packages and 0.5A for the TO-39.

Note 2 Regulation is measured at constant junction
temperature, using pulse testing with a low duty cycle.
Changes in output voltage due to heating effects are
covered under the specification for thermal regulation.




SG117A | SG217A | SG317A
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Typical Performance Characteristics (K and T Packages)
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Output impedance Line Transient Respouse Load Transient Response
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APPLICATION INFORMATION
GENERAL

The SG117A develops a 1.25V reference voltage
between the output and the adjustable terminal
(see Figure 1). By placing a resistor, R, between
these two terminals, a constant current is caus-
ed to flow through R1 and down through Rz to
set the overall output voltage. Normally this
current is the specified minimum load current
of 5SmA or 10maA.

™ ——I— N SG317A OUT ; vour
I ADJ Veer E: Ry
L 4] fe
| = veer (14 -2
< taos | Vour = Ve ( " )+ b
50 uA

> Rz

1—AAA
VW

Figure 1
Because lapy is very small and constant when
compared with the current through Ry, It
represents a small error and can usually be ig-
nored.

It is easily seen from the above equation, that
even if the resistors were of exact value, the ac-
curacy of the output is limited by the accuracy
of VRer. Earlier adjustable regulators had a
reference tolerance of *4%. This tolerance is
dangerously close to the 5% supply toler-
ance required in many logic and analog sys-
tems. Further, many 1% resistors can drift
0.01%/°C adding another 1% to the output
voltage tolerance.

For example, using 2% resistors and +4%

tolerance for VRer, calculations will show that
the expected range of a 5V regulator design

would be 4.66V <Vout <5.36V or approximate-
ly =7%. If the same example were used for a
15V regulator, the expected tolerance would be

+8%. With these results most applications re-
quire some method of trimming, usually a trim
pot. This solution is both expensive and not
conducive to volume production.

One of the enhancements of Silicon
General’'s adjustable regulators over ex-
isting devices is tightened initial
tolerance. This allows relatively inexpen-
sive 1% or 2% film resistors to be used for
R¢1 and Rz while setting output voltage
within an accepatble tolerance range.

With a guaranteed 1% reference, a 5V power
supply design, using +2% resistors, would
have a worse case manufacturing tolerance of
+4%. If 1% resistors were used, the tolerance
would drop to +2.5%. A plot of the worst case
output voltage tolerance as a function of
resistor tolerance is shown on the front page.

For convenience, a table of standard 1%
resistor values is shown below.

Table of 2% and 1% Standard Resistance

Values
1.00 1.47 215 3.16 4.64 6.81
1.02 150 { 221 324 | 475 | 6.98
1.05 154 | 226 | 3.32 | 487 7.15
1.07 158 | 232 3.40 | 499 7.32
1.10 1.62 2.37 3.48 5.11 7.50
113 1.65 2.43 3.57 5.23 7.68
1.15 169 1 249 365 | 5.36 7.87
1.18 1.74 2.55 3.74 5.49 8.06
1.21 1.78 2.61 3.83 5.62 8.25
1.24 1.82 2.67 3.92 5.76 8.45
1.27 1.87 274 | 402 590 | 8.66
1.30 1.91 2.80 4,12 6.04 8.87
1.33 1.96 2.87 422 6.19 9.09
137 | 2.00 §} 294 | 432 | 6.34 9.31
140 | 205 | 3.01 442 | 649 | 953
1.43 2.10 3.09 453 6.65 9.76

Standard Resistance Values are obtained from the
Decade Table by multiplying by multiples of 10. As an
example, 1.21 can represent 1.21Q, 12.10, 1.21KQ, etc.
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SG117/ SG217 | SG317
Rp . . . "
PARASITIC Impraving Ripple Rejection
SG317A [ |INe RESISTANCE
VN ——— Vi Vour i,v\,_ga‘ SG317A
ADJ ViN —-I— VN Vour sV
CONNECT +
R1TO CASE 1uF s 3 ?21 10
SR L I (
) 3R = +
¢ S R2 Loy
$ee i B/ T Sou
\ *C1 Improves Ripple Rejection. XC should be small compared to R2.
T — Load Regulation: Because the SG117A is a
= C‘)T':)”fglo“z three-terminal device, it is not possible to pro-
_ vide true remote load sensing. Load regula-
Connections for Best Load Regulation tion will be limited by the resistance of the
Figure 2 wire connecting the regulator to the load. For
the data sheet specification, regulation is
TYPICAL APPLICATIONS measured at the bottom of the package.
SG317A Negative side sensingis a true Kelvin connec-
1.2V-25V Adjustable Regutator tion, with the bottom of the output divider
returned to the negative side of the load.
Gat7a Although it may not be immediately obvious,
™ ™ Vout Yout best load regulation is obtained when the top
20J Sa of the divider is connected directly to the
N S case, not to the load. This is illustrated in
=¢ =62 Figure 2. If Ry were connected to the load, the
“ S g effective resistance between the regulator
& sk and the load would be
1 Re x<%) Rp = Parasitic Line Resistance.
* Qotional — improves wansent Vour = 128V (1 + z—f) Connected as shown, R is not multiplied by
. Moot cence s fa om the divider ratio. Rp is about 0.004Q per foot us-
filter capactiors ing 16 gauge wire. This translates to 4mV/ft. at

1A load current, so it is important to keep the
. positive lead between regulator and load as
Bypass Capacitors: Input bypassing using a 1uF short as possible.
tantalum or 25uF electroiytic is recommended "
when the input filter capacitors are more than 5 SV Regulator with Shut Down

inches from the device. Improved ripple rejection Saa A
(80 dB) can be accomplished by adding a 10uF - ™ Vour 5v
capacitor from the adjust pin to ground. For im- 00 It Vour
proved AC transient response and to prevent the 1+ 312
possibility of oscillation due to unknown reactive T
load, a 14F capacitor is also recommended at the m A"Af‘v —
output. Because of their low impedance at high | $ 830
frequencies, the best type of capacitor to use is ®3 y
solid tantalum. J_
Remote Sensing 21V Programming Supply for UV PROM/EEROM
'™ SG317A Rp {MAX DROP 300mV) OUTPUTSV SGAI7A 21
— VN Vour VWA
o +2av N out - f
™ . “‘F+I ADJ :E%szz ‘[-:ur =
7 - I 1%
$GA01A 4 = -

3
‘ S RL $ 7500
g 21 3

> 10,
$ - T ™ SeLeCT ¢ FOR DESIRED RISE TIME
< ¢ -+ 5 “F -
3 3830 — }_..l et c

RETURN 250

%

VWA
e

H—AAA
!

[}
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2816 EEPROM Supply Programmer for Read/Write Control

+
1ufF
sT=1

FHETRIE

BYTE ERASE

l_‘

CHIP ERASE

+24v T N
&® Voo

Temperature Compensated Lead Acid Battery Charger

SG317AT IN40O 1 8G317A
out 0 Vpp VN ———p—— W vour
ADJ T g 2480 ADJ
1%
\———‘ A S0k
3

AA

sv 2w < < RMALL)
v 2w E|,” | \\212\;
LOAD ON BATTERY T“
RerD L ~ 200 uA WHEN NOT CHARGING 2N3906 oo
$ 3¢ $ 324 A
WRITE b3 :»L 1%
=+ 50k
p——— T00E
) :

>
18k
ALL GATES 7407
100K
L

Ri R2 R3
260 250 250
ozt = a8 N
Q27
—-Fm a3
29K
4
RE [y
200K R? 124
131 @
»—ﬁm{m Cll
Q3 Q5 Q.
Df‘r Rae:
83V %0
R10 R’
) Sike  300k8 0
R32  R3
70K 100 .
L XT—K" # METALTRIM it e
XX
“K"—"T" DIFFERENCES OCCUR BETWEEN (L
Q26, R26, R38 ADy.
RATED DESIGN
DEVICE | PACKAGE POWER LoAD
DISSIPATION | CURRENT
SG117 T3 20W T5A
SGZ:; T0-39 w 0sa
SGA17TP | T0-220 T5W 154
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LINEAR INTEGRATED CIRCUITS SG117HVISG217HVISG317HV
1.5-Amp Positive Adjustable Voltage Regulator

DESCRIPTION FEATURES

The SG117HV/SG217HV / SG317HYV positive ad- ¢ Output Adjustable from 1.2V to 57V
justable regulators will deliver up to 1.5 Amps . ) .

output current over an output voltage range of * 0.01%/V Line Regulation

1.2V to 57V. Silicon General has made signifi-
cant improvements in these regulators com-
pared to previous devices, such as better line
and load regulation, and a maximum output

0.1% Load Regulation
Min. 1.5 Output Current

voltage error of 1%. APPLICATIONS

Every effort has been made to make these

devices easy to use and difficult to damage. In- Wide Range Power Supplies
ternal current and power limiting coupled with ,

true thermal limiting prevents device damage Constant Current Supplies

due to overloads or shorts, even if the regulator Voltage Programmable Supplies

is not fastened to a heat sink.

The SG117HV family of products are ideal com-
plements to the SG137HV adjustable positive

regulators.
S
Regulator with Reference Temperature Stability Curve
Vie SGH7HY v 1760
——I—WN Vout s
ADJ w 1.250 -
o TN
I = 1200 N
E 1.230
LT1009
1.220
—L -75 -50 ~-25 § 25 50 75 100 125 150
= TEMPERATURE (“C)
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION
Power Dissipation ........ Internally Limited SOTTOM VIEW BOTTOM ViEW
Input tq Output Voltage Differential . ... .. 60V
Opse(r;e;gigﬂdunctlon Temperatur_eslgaorégt% 150°C PART NO. <" PART NO.
SG217HV ... —25°Ct0150°C SG117HVK o4 SG117HVT
saatrHy T 0G0 125°G 2 SGRTHVK| ol oy, SC2ITHVT
Storage Temperature Range . - 65°Ct0150°C rorAccE
Lead Temperature (Soldering, 10sec.) .. 300°C ster 0.8 Q%#:fecm

25
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ELECTRICAL CHARACTERISTICS (See Note 1)

SG117HVISG217HV SG317HV
SYMBOL| PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Veer Reference Voltage 3V =(Vin — Vour) < 60V o[ 1.20 1.25 1.30 1.20 1.25 1.30 \
10mA < IOUT = IMAXY = PMAX
AVour | Line Regulation 3V = (Vin — Vour) = 60V 0.01 0.02 0.01 004 | %IV
AVin Ta = 25°C. (See Note 2) . 0.02 0.05 0.02 0.07 | %NV
AVoyr | Load Regulation 10mA < gyt = Imax(See Note 2)
AViN Vo = 5V 5 15 5 25 mv
Vg = 5V 0.1 0.3 0.1 0.5 %
Vo = 5V . 20 50 20 70 mV
Vo = 5V . 0.3 1 0.3 15 %
Thermal Regulation | TpA = 25°C, 20msec Pulse 0.03 0.07 004 007 | %W
Ripple Rejection Vo = 10V, f = 120Hz
CADJ =0 o 65 65 dB
Capy = WWF o 66 80 66 80 dB
lapJ Adjust Pin Current . 50 100 50 100 A
Alapy | Adjust Pin Current 10mA < lout = Imax .
Change 25V <(Vjy — Vout) = 60V . 0.2 5 0.2 5 A
IMIN Minimum Load (Vin = Vour) = 60V . 35 7 35 12 mA
Current
Current Limit (Vin — Vour) = 18V
K Package |15 22 1.5 22 A
T Package /05 0.8 0.5 0.8 A
Viy — Vour) = 60V
K Package . 0.1 0.1 A
T Package . 0.03 0.03 A
AVor | Temperature Stability |0°C < Ty < 125°C 1 1 %
Alemp .
AVqr | Long Term Stability | Ta = 125°C 0.3 1 0.3 1 %
ATime )
en RMS Output Noise TA = 25°C, 10Hz < f < 10kHz 0.003 0.003 %
(% of VOUT)
Ojc Thermal Resistance |T Package 12 15 12 15 Ciw
Junction to Case K Package 23 3 2.3 3 CW
The » denotes the specifications which apply over the full operating temperature range.
Note 1: Unless otherwise specified, these specifications Note 2: Regulation is measured at constant junction
apply for VIN — Vout; and lout = 0.1A for the TO-38and lout temperature, using pulse testing with a low duty cycle.
= 0.5A for the TO-3 package. Although power dissipation is Changes in output voltage due to heating effects are
internally limited, these specifications are applicable for covered under the specification for thermal regulation.
power dissipations of 2W for the TO-39, and 20W for the Note 3: Selected devices with tightened reference voltages
TO-3. Imax is 15A for the TO-3 package and 0.5A for the are available.
TO-39.
TYPICAL PERFORMANCE CHARACTERISTICS
Dropout Voitage Current Limit Minimum Operating Current
30 —r—T—TT 0 45
5 AVgyy = 108 mV a0 ’ [
] l z, Tl 5]5“11 7
s o2 2 £ 38 1 oA
N RNy NN 2ot N R
£ 00 S Al S S H \"‘1; e tsee £ 2 Tj=150°C
5 :\:’\\ 1L - 500 mA = J \\(/ Tt e 20 -
= Ny £ o : B 18 =t
S 15 ~r ' 3 \ 2 =
5 Iy = 200 mA /\Rtr\‘ \‘: 5 10 Tj=25°C
E] R R Sy 05 +—t
Z . l ’ 1 fg =20 mA nj T =25°C 0 I ]
-75 -50 -25 0 25 50 75 100 125 150 0 0 b 80 [} 10 20 30 40

INPUT/OUTPUT DIFFERENTIAL (V)

TEMPERATURE (“C) INPUT-OUTPUT DIFFERENTIAL (V)
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SG123A / SG223A | SG323A

- LINFAR INTEGRATED CIRCUTTS

5 VOLT—3-AMP POSITIVE REGULATOR

DESCRIPTION

The SG123A family is an improved version of
the popular LM123 5 Volt, 3 Amp Regulator line.
These new devices offer maximum initial out-
put voltage tolerance of 1% and maintain a
maximum tolerance of 3% over worst case
operating conditions. Line and load regulation
are also improved by a factor of 2. These
tightened specifications ease design and ap-
plication problems since safety margins are im-
proved. Also, error budgets in other parts of the
system can be expanded, and output voltages
at the end of long supply runs can be more ac-
curately calculated.

SG123 / SG223 | SG323

FEATURES

* 1% Initial Tolerance of Output Voltage
* 3 Amp Output Current

* 30 Watt

¢ Fuli Internal Overload Protection

APPLICATIONS

® Local 5V Regulators

* On Card Regulation

¢ Lab Supplies

* Instrumentation Supplies

Precision 5 Volt Regulator Worst Case Output Voltage
5.2 G1123A { SG123A - |
5V = 1% £ s
Vin' SG323A @3~ w 51 T AL ALALALN
T T T e g {//////f////{//{//
3202‘1‘5 . GND _L.S+ 9‘50 //////////
TANTALUM I J_ I TANTALUM E VS S
= = = Eas /////////////{//{//
3 /
48 %
-50-25 0 256 50 75 100 125 150
JUNCTION TEMPERATURE (°C)
ABSOLUTE MAXIMUM RATINGS PACKAGE / ORDER INFORMATION
InputVoltage .................... 20 Volts
Power Dissipaﬁon ........ |nterna|ly Limited BOTTOM VIEW ORDER PART NO.
Operating Junction Temperature Range
SG123A/SG123.......... -55°Ct0150°C ViN Vout SG123AK
SG223A/SG223 ......... - 25°Ct0150°C SG223AK
SG323A/SG323 ......... 0°Cto125°C cAsE SG323AK
Storage Temperature Range SG123K
SG123A/SG123.......... —-85°Cto150°C K PACKAGEGROUND SG223K
SG223A/8G223 ......... —-65°Cto150°C TO-3 METQL CAN SG323K
SG323A/SG323 ......... —65°Ct0150°C (STEEL)

Lead Temperature (Soldering, 10sec.) .. 300°C
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ELECTRICAL CHARACTERISTICS (See Note 1)
SG123A/SG223A $G123/SG223
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX | UNITS
Vour - |Output Voltage Ty = 25°C,ViN = 75V,lour = 0 4.95 5.0 5.05 4.7 5.0 5.3 \
75V < V|N < 15V, TMin < TJ = TMAX
0 < oyt < 3A, P < 30W o | 485 5.0 5.15 4.6 5.4 \
&Vour | Line Regulation Tj =25°C, 75V < Viy < 16V 5 10 5 25 mv
AVin (See Note 1)
AVour  |Load Regulation Ty =25°C, Vi = 75V
Aoyt 0 = lour < 3A (See Note 1) 25 50 25 100 mV
lg Quiescent Current 75V < Vin < 15V,0 = Iyt = 3A . 12 20 12 20 mA
€n Output Noise Voltage T, = 25°C, 10Hz < f < 100kHz 40 40 “WVrms
Isc Short Circuit Ty = 25°C,
Current Limit Vin = 15V 3 45 3 45 A
Vin = 75V 4 6 4 5 A
Long Term Stability
of Output Voltage 35 35 mvV
)¢ Thermal Resistance
Junction to Case K Package 18 25 18 °‘CwW
SG323A SG323
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX | UNITS
Vour Output Voltage Ty = 25°C,Vin = 7.5V, lour = 0 4.95 5.0 5.05 4.8 50 . 5.2 \
7.5V < Viy < 15V, Tun = Ty = Tmax
0=<loyr < 3A,P < 30W(Note2) |» | 485 5.0 5.15 475 5.0 5.25 v
AVour Line Regulation T;=25°C,75V < Vjy s 15V 5 10 25 mv
AViN (See Note 1)
AVour | Load Regulation Ty =25°C, Viy = 75V
Aoyt 0 =< lour < 3A (See Note1) 25 50 25 100 mv
lq Quiescent Current 75V < VN < 15V,0< lgyr < 3A . 12 20 12 20 mA
€n Output Noise Voltage Ty = 25°C, 10Hz < f < 100kHz 40 40 #Vrms
Isc Short Circuit Ty = 25°C,
Current Limit Vi = 15V 3 45 3 45 A
Vi = 75V 4 6 4 5 A
Long Term Stability
of Output Voltage 35 35 mV
O)c Thermal Resistance
Junction to Case K Package 18 25 1.8 °CW.
The * denotes the specifications which apply Note 2: Tmin = —55°C for the SG123A / SG123,

over the full operating temperature range.
Note 1: Load and line regulation are tested with
pulsed low duty cycle techniques where pulse
width < 1msec and duty cycle < 5%.

—25°C for SG223A/5G223 and 0°C for SG323A
/8G323. Tmax = 150°C for the SG123A / SG123,
for SG223A / 8G223 and 125°C for SG323A /
SG323.

TYPICAL PERFORMANCE CHARACTERISTICS

Dropout Voltage
25

20 e %

INPUT-OUTPUT DIFFERENTIAL (V)

—75—50—25 0 25 50 75 100 125 150
JUNCTION TEMPERATURE (°C)

Peak Available Output Current

i
5 Tj = —55°CT

T = 25°C
1 H
4
T, = 150°C

3 {

OUTPUT CURRENT (A)

5 10 15 20
INPUT VOLTAGE (V)
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APPLICATIONS INFORMATION

Bypass Capacitors: The SG123A does not re-
quire an output capacitor for resistive loads.
For almost all applications, however, a 14F or
larger solid tantalum capacitor shouid be used
at the output within 27 of the regulator to im-
prove the output impedance at high frequen-
cies. For applications where very low high fre-
quency impedance is required, a 10xF solid tan-
talum output capacitor is recommended. Total
output capacitance either local or distributed
may be increased without limit.

A 2uF or larger solid tantalum capacitor or a
25uF aluminum capacitor, must be used at the
input if the regulator is more than 4" away from
the large rectifier capacitor.

Avoiding Ground Loops: For best regulation,
the ground pin of the SG123A should be tied
directly to the load point as shown. This pre-
vents excess drop in load voltage caused by
load current flowing through the ground return
lead. This is essentially a Kelvin connection for
the low side of the regulator. A Kelvin connec-
tion cannot be made for the high output of regu-
lator because only three pins are available on

the package. Therefore, every attempt should -

be made to minimize the resistance between
the output pin of the regulator and the load. #18
gauge hookup wire has a resistance of 0.006
ohms per foot. This translates to 0.36% change
in load voltage at full load current. The SG123A
is specified at 1% maximum load regulation, so
one foot of wire represents a significant loss of
regulation. If connectors are used, careful con-
sideration must be given to contact resistance,
especially if the connector is subjected to nasty
ambients, vibration, or multiple insertions.

*1.1is a nominal load regulation factor for the transformer

Raw Supply: Transformer, diode, and capacitor
selection for the raw supply to the SG123A is
very important because of the conflicting re-
quirements for reliability, efficiency, and resist-
ance to “brown-out” conditions. High second-
ary voltage on the transformer will cause un-
necessarily high power dissipation in the regu-
lator. Too low a secondary voltage will cause the
regulator output to drop out of regulation with
only a small reduction in AC mains voltage. The
following formula gives a good starting point
for transformer selection. This formula
assumes a center tapped transformer, using
two recifier diodes.

KEEP THIS RESISTANCE LOW
(<0.005Q)

SG123A / [ —
+ —N out J\[
GND I
RAW SUPPLY LOAD

12mA
—_—

’ )N -

THIS RESISTANCE DOES NOT
CONTRIBUTE TO LOAD REGULATION

where:
VQUT =5V
Voo = Minimum input-output differential of
the regulator
Vrecr = Rectifier forward drop at 3loyr
Vmp = Y2 p-p capacitor ripple voltage
=~ (6.3 x 109 (loun)
2C

Hi CURRENT PATH

Vnom = Rated line voltage for the
transformer (RMS)

Viow = Lowest expected line voltage (RMS)

lour = DC output current

TYPICAL PERFORMANCE CHARACTERISTICS
Suggested Heat
Sink Thermal Resistance

100 —
s i seaz:';A I
S
IR\
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! |
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SG123A | SG223A | SG323A
SG123/ SG223 / SG323

APPLICATIONS INFORMATION

Example: lgyr = 2.5A, Voyr = 5V
Assume: Vpo = 2.5V, Vgger = 1.1V, C = 8,000uF
Vnom = 115V, Viow = 0.88V

_ (63X 107925

The filter capacitor should be at least 2000 4 F
per amp of load current to minimize capacitor
heating and ripple voltage. The diodes should

v = 0.83V be rated at 5-6 amps even though their average
P T x 107y ) current is only 1.5A at full rated load current.
The reason for this is that although the average
Vews = (M) (ﬁ.) (1.1) current is 1.5A, the RMS current is typically
V2 05 twice this value. In addition, the diode must
= 8.03 Vams withstand very high surge currents during
Vour + Voo + Vaeer + Vae) Vioum . power turn-on. This surge can be 10-20 times the
Vaws = | == 7 Vou | 1) DC rating of the supply, depending on capacitor
lowis = (lour) (1.2) size and wiring resistance and induction.
TYPICAL APPLICATIONS
01
4
SG123A SG123A
w—\_, -—— vout W —\_—————— vour
SA 6.4V‘T 5A
FAST FAST
BLOW BLOW

Q21

INPUT CROWBAR

t Q2 and D1 must withstand large surge cur-
rents until the 5A fuse blows. Peak surge cur-
rent is limited only by the fuse, wiring, and
filter cap resistance.

t1Trip point is approximately 7.3V.

OUTPUT CROWBAR

* The 6.4V Zener is internal to the SG123A.

**Q1 must be able to withstand continuous
currents of 5A if additional system shutdown
is not used.
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giLiGON GENAraL,

LINEAR INTEGRATED CIRCUITS

SG137A/SG237A/SG337A

SG137/SG237/SG337

1.5 - AMP NEGATIVE ADJUSTABLE REGULATOR

DESCRIPTION

The SG137A/SG337A negative adjustable regulators
will deliver up to 1.5 Amps output current over an out-
put voltage range of — 12V to - 37V. Silicon General
has made significant improvements in these regu-
lators compared to previous devices, such as better
line and load regulation, and a maximum output volt-
age error of 1%.

Every effort has been made to make these devices
easy to use and difficult to damage. Internal current
and power limiting coupled with true thermal limiting
prevents device damage due to overloads or shorts,
even if the regulator is not fastened to a heat sink.

The SG137A family of products are ideal comple-
ments to the SG117A adjustable positive regulators.

FEATURES

¢ —1% initial voitage tolerance
¢ —0.01%ly line regulation

* —0.5% load regulation

¢ —0.02% Iw thermal regulation

APPLICATIONS

¢ Adjustable Power Supplies

e System Power Supplies

* Precision Voltage/Current Regulators
* On-Card Regulators

Negative Regulator

INPUT

) , 1
£
I 3 RZ.I -L g g
< - a
e, +ca < g ——/—:ﬂts_lsmﬂﬁ $6337
SuF ’ 1uF § 7 i i ;
%& " $R1 | SOUD TANTALUM g s L Jf:o “53'370“155337 R
g 5L 2% RESISTORS' .
oy g . ——
—Vw Vo sG107A Vour ~Vour = 128V ( 1+ o) S 1% RESISTORS ggz7s
g2l
Vi ‘ -
1 VOUT!
*R2 =AY (— — 0
( 1.25V ) 2 4 6810 20 40 100
OUTPUT VOLTAGE
ABSOLUTE MAXIMUM RATINGS
BOTTOM VIEW BOTTOM VIEW
PowerDissipation ............. Internally Limited PART NO. s PART NO.
input to Output Voltage Differential .. ... ...... 40v ADJ Vour gg}g;QK gg}g;f
Operating Junction Temperature Range Vour
SGI37AISGI37 . ............ ~55°Ct0150°C S$G237AK SG287AT
SG237AISG237 ... ... ... —25°C10150°C Sc237K 30 > SG237T
SG337AISG337 0°Cto125°C cascisu SESTTRN | wasemeUT et
............... o o SG337K SG337T
Storage TemperatureRange ... ... —65°Cto150°C K PACKAGE T Package
Lead Temperature (Soldering, 10sec.) ....... 300°C
ﬁ-:&;sa PART NO FRONT VIEW
ouTRUT A0J. 33133@" ~Vour PART NO.
SG237AR O . Saas7Ap
OC ~ADJ SG337P
SG237R
gggg;éﬂ T Package
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ELECTRICAL CHARACTERISTICS (See Note 1)

SG137A/SG237A/SG337A
SG137/SG237/SG337

SG137A/SG237A SG137/SG237
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
VREF Reference Voitage [MIN-VOUT | = 5V,louT = 10mA,
. T = 25°C -1.238 —1.250 -1.262 ~1.225 —1.250 ~1.275 v
3V s VN - VOUT | <40V
10mA<IOUT < IMAX P <PMAX . -1.220 -1.250 —-1.280 —-1.200 —1.250 ~-1.300 v
Aoyt Load Regulation 10MAs<IOUT = IMAX
(See Note 2 & 3)
P = 25°C, | VOUT | = 5V 5 25 15 25 mVv
] = 25°C, | VOUT | = 5V 0.1 0.5 0.3 0.5 %
VOUT |s 5V 10 50 20 50 mv
| VouT | =< 5v 0.2 1.0 0.3 1.0 %
AVout Line Regulation 3V = | VIN — VouT| = 40V,
N (See Note 2-loUT = IMAX
(See Note 2& 3) Tj = 25°C 0.005 0.01 0.01 0.02 %IV
Ripple Rejection VouT = —10V,f = 120hZ
CADJ = . 60 66 60 dB
CADJ = 104F 3 70 80 66 77 dB
Thermal Regulation Tj = 25°C, 10msec Pulse 0.002 0.02 0.002 0.02 %MW
IADJ Adjust Pin Current 65 100 65 100 pA
AlADJ Adjust Pin Current 10mA < IQUT < IMAX . 02 2 05 5 uA
Change 3V < | VIN —VouT | < 40V 1.0 5 2 5 .y
Minimum Load Current | MIN~VOUT | = 40V . 25 5 25 5.0 mA
[MN-VOUT | s 10V . 1.2 3 12 30 mA
Isc Current Limit [ VIN-VOUT | = 15V,
K and P Package . 15 22 3.2 15 22 A
T Package . 05 0.8 15 05 038 A
[VIN-VOUT | < 40V,
K and P Package 024 04 1.0 0.24 0.4 A
Tj = 25°C T Package 0.15 0.25 0.5 0.15 0.25 A
AVOUT Temperature Stabitity 06 15 06 %
ZVfomp
AVouT Long Term Stability TA = 125°C, 1000 Hours 03 1.0 0.3 1.0 %
AVTime
en RMS Output Noise TA = 25°C, 10Hz » f < 10kHz 0.003 0.003 %
(% of VouT)
eyc Thermal Resistance T Package 12 15 12 15 °CW
Junction to Case K Package 23 3.0 23 3.0 ‘CW
$G33I7A $Q@337
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
VREF Reference Voltage IVIN —VOUT | = 5V, louT = 10mA,
T = 25°C -1.238 -1.250 —-1.262 -1213 -1.250 -1.287 v
3V < [VIN—VouT | 4oV
10mA <louT = IMAX P <PMaX o | -1220 —1.250 - 1.280 -1.200 -1.250 - 1.300 N
Alout Load Regulation 10mA <IOUT = IMAX
FouT (See Note 2 & 3)
1TJ—25‘C,|V0UT =5V 5 25 15 50 mv
] = 25°C, | VOUT [= 5V 0.1 0.5 0.3 10 %
| VOUT | < 5V 10 50 20 70 mv
| VOUT | s 5V 0.2 1.0 0.3 1.5 %
AVOUT Line Regulation 3V = | IN - VouT| = 40v,
AVIN {See Note 2-10UT = IMAX
{See Note2&3) T} = 25°C 0.005 0.01 0.01 0.04 %N
Ripple Rejection VouT = -10V,f = 120hZ
CADJ = 0 o] 80 66 60 dB
CADJ = 104F . 70 80 66 dB
Thermal Regulation Tj = 25°C, 10msec Pulse 0.002 0.02 0.003 0.04 %W
1ADJ Adjust Pin Current 65 100 65 100 pA
AIADJ Adjust Pin Current 10mA < IQUT = IMAX . 0.2 2 05 5 rA
hange 3V < | VIN -VOUT | < 40V 1.0 5 2 5 wA
Minimum Load Current | IN—VOUT | s 40V . 25 5 25 10 mA
MN - VOUT | = 10V . 1.2 3 1 6 mA
Isc Current Limit | VIN-VOUT | = 15V,
K and P Package . 15 22 35 15 22 A
v T Package . 05 08 15 05 08 A
IN--VOUT | = 40V,
K and P Package 0.24 05 10 0.15 0.4 A
T = 25°C T Package 0.15 0.256 0.5 0.10 0.17 A
AVOUT Temperature Stability 06 15 0.6 %
| &¥iemp
AVOUT Long Term Stability TA = 125°C, 1000 Hours 03 1.0 03 1.0 %
AVTime
en RMS Output Noise TA = 25°C, 10Hz < f < 10kHz 0.003 0.003 %
(% of VouT}
0JC Thermal Resistance T Package 12 15 12 15 ‘CW
Junction to Case K Package 23 3.0 23 3.0 ‘CW
P Package 4 ‘oW
The ¢ denotes the specifications which apply over the full Note 2: Testing is done using a pulsed low duty cycle
operating temperature range. technique. See thermal regulation specifications for out-
N T put changes due to heating effects. Load regulation is
Note 1: Unless otherwise indicated, these specifications measured on the output pin at a point %" below the base of
apply: | Vin — Vour | = 5V; and lour = 0.1A for the T the K and T package and at the junction of the wide and
package, lour = 0.5A for the K and P packages. Power narrow portion of the lead on the P package.
dissipation up to 2W for the T package and 20W for the K
and P packages. Imax = 1.5A for the Kand P packages, and Note 3: Load Regulation for the SG337AP is the same as for
0.5for the T package. SG337P.
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SG137A/SG237A/SG337A
SG137/SG237/SG337

INPUT-OUTPUT DIFFERENTIAL

QUTPUT VOLTAGE DEVIATION (%)

TYPICAL PERFORMANCE CHARACTERISTICS

Dropout Voltage Temperature Stability Minimum Load Current
30 T 1270 [ 8 1 [ ]
16 f——rt A
I Tj- -55°C
2. 14 +
s < 1.260 ! 5
bt 12 | - g
v =} = o
22 i & £ 10 VA
‘;\l,l/ 1 ] o =" T = 25°C
- " o, 1250 - z A
Y oG . Q & 08 /
18 > ‘Qf:y / é < y
Paliva §o / & | o 08 Ti- 150°C, 7
g ,X\ / = 4040 ] 04 PN
14 \/\ . =
; 02 ;
|
10 1 1230 S : 0
0 04 08 12 16 20 ~75-50-25 O 25 50 75 100 125 150 0 10 20 30 20

QUTPUT CURRENT (A) TEMPERATURE (°C)

TYPICAL PERFORMANCE CHARACTERISTICS

Load Regulation* Current Limit Adjustment Current
3 — T T 1T 80 i
Tj= 25°C :
0.4 - === Tim —55° : ;
;, 155° C | 75 s
— = = Tj= 150°C = [
1 i i
t\ . 3 !
02 = — ==\ PANDK__ 1 __|_ _| = A e
] s PACKAGED | EOT
.
- z \o DEVICES &
| § N S g5 .
0 < A) =
\\ E_} | “ \ ~ < d é
~— 2 p ~ = :
_02 ~ g = N g 60 —
: 3 TN N 2 ;
PACKAGED b = ;
; — DEVICE S 55 —t
os ; [ R P P
’ ‘ Lo F= :
‘ L i 50 i
0 0.4 0.8 1.2 16 20 0 10 20 30 40 -75-50-25 0 25 50 75 100 125 150
QUTPUT CURRENT (A) INPUT-QUTPUT DIFFERENTIAL (V) TEMPERATURE (°C)

INPUT-QUTPUT DIFFERENTIAL (V)

*The SG137A has ibad regulation compensa-
tion which makes the typical unit read close to
zero. This band represents the typical pro-
dugtion spread.

APPLICATION INFORMATION

Output Voitage: The output voitage is determined by two ex-
ternal resistors, Ry & R2 (see Figure 1). The exact formula for
the output voltage is:

Vout = VRef (1 + _Rl) + lapy(R2)
Ry

Where: Vget = Reference Voltage, lapy = Adjustment Pin Cur-
rent. In most applications, the second term is small enough to
be ignored, typically about 0.5% of Voyr. In more critical ap-
plications, the exact formula should be used, with |apy equal
to 65pa. Solving for Ry yields:

Rz = _Your—VRet
VRt — Ippy
Vet
Ry

Smaller values of R{and Rz will reduce the influence of laps on
the output voltage, but the no-load currrent drain on the
regulator will be increased. Typical values for R¢ are between
1000 and 3000, giving 12.5 mA and 4.2mA no-load current
respectively. There is an additional consideration in selecting
R4, the minimum load current specification of the regulator.

The operating current of the SG137A flows from input to out-
put. If this current is not absorbed by the load, the output of
the regulator will rise above the regulated value. The current
drawn by R1 and Rz is normally high enough to absorb the
current, but care must be taken in no-load situations where
R1 and R2 have high values. The maximum value for the
operating current, which must be absorbed, is 5mA for the
SG137A. If input-output voltage differential is iess than 10V,
the operating current that must be absorbed drops to 3mA.

[T B

o )
S T
P in
vees
1 ~an

Figure 1

EXAMPLES:
1. A precision 10V regulator to supply up to 1Amp load current.
2. Select Ry = 1002 to minimize effect of lap,

b. Calculate Ry = %GLVL" o V12V ok
i

125V B5.A

| A
2. A 15V regulator to run off batteries and supply 50mA.
Vin MAX = 25V
3. To minimize battery drain, select R, as high as possibie

P
3mA

Ve ),

= 4170, use 4042, 1%

33



SG137A/SG237A/SG337A
S$G137/SG237/SG337

—ViN

o]
Ca S R2
. 104F T ]
2uF =< | I Cq

TYPICAL APPLICATION

the output stability, load regulation, line regula-
tion, thermal regulation, temperature drift, long
term drift, and noise, can be improved by a factor
of 6.6 over the standard regulator configuration.
This assumes a zener whose drift and noise is con-
siderably better than the regulator itself. The
LM329B has 20 PPM/°C maximum drift and about
10 times lower noise than the regulator.

In the application shown below, reguiators #2 to
“N” will track regulator #1 to within +24mV ini-

tially, and to +60mV over all load, line, and*

temperature conditions. If any regulator output is
shorted to ground, all other outputs will drop to
— 2V. Load regulation of regulators 2 to “N”” will be
improved by Voyrl.5V compared to a standard
regulator, so regulator #1 should be the one which
has the lowest load current.

Multiple Tracking Regulators

[waooel b3
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™ Reg #1 ,

SG137A

l

4+ =
1uf
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= |
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ReAgD:J: ) 1 r\ TANTALUM
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saiara 07 If Vour
|
I
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| e ——d
! L ~ 1' + =
= | 1uF
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| e |
g #N Vout &
+ VN saraza YOUTH
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|
pe—do— ;
4
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~Vouts

High Stability Regulator

o
o g Rt
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»l

||l—‘

1uf

4 SoLD
R3 R1
ST :: * TANTALUM
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Vq
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s l
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w000 22t i
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+ L < I l
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s Lo
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= 65 + 2
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GiLiGON GEnaraL

LINEAR INTEGRATED CIRCUITS SG137HVISG237HV/SG337HV

1.5 - AMP NEGATIVE ADJUSTABLE REGULATOR

DESCRIPTION FEATURES

The SG137HV/SG237HV/SG337HV negative o Output adjustable from —1.2V to —47V
adjustable regulators will deliver up to 1.5 Amps

output current over an output voltage range of e 0.01%/V line regulation

—1.2V to —47V. Silicon General has made

significant improvements in these regulators ¢ 0.5% load regulation

compared to previous devices, such as better

line and load regulation, and a maximum output ¢ 0.002% thermal regulation

voltage error of 1%.

Every effort has been made to make these
devices easy to use and difficult to damage. In-
ternal current and power limiting coupled with
true thermal limiting prevents device damage
due to overloads or shorts, even if the regulator
is not fastened to a heat sink.

The SG137HV family of products are ideal com-

APPLICATIONS
¢ Adjustable Power Supplies
* System Power Supplies

* Precision Voltage/Current Regulators

plements to the SG117HV adjustable positive ¢ On-Card Regulators
regulators.
NEGATIVE REGULATOR TEMPERATURE STABILITY CURVE
" 1.270
ch - s 1.260
Suf 1 o
SOLD SOLID TANTALUM =]
TANTALUM é 1.250
g ™
A #
) Vi SG137HY Vour | ~Vour = 125V ( 1+ %\' % 1240
'm-n1(m—1) 1.230
1.25v -75-50-25 0 25 50 75 100 125 150
TEMPERATURE (°C)
ABSOLUTE MAXIMUM RATINGS PACKAGE ORDER INFORMATION
Power Dissipation ........ Internally Limited BOTTOM VIEW BOTTOM ViEW
Input to Output Voltage Differential . ... .. 50V
Operating Junction Temperature Range A Your  PART NO.
SGIBTHV . ............ ~55°C10150°C VK
SG237HV............. —-25°Cto150°C . SG337HVK
SG337HV .........enen 0°Cto125°C CASE S Vn CASE IS NPT
Storage Temperature Range .. —65°Ct0150°C K PACKAGE T Package
Lead Temperature (Soldering, 10sec.) .. 300°C




SG137HVISG237HV/ISG337HV

[ELECTRICAL CHARACTERISTICS (See Note 1)

SG137HVISG237HV SG337HV
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
VRer Reference Voltage IViN—Vout| = 5V.lgur = 10mA, -1225 -1250 -1275 |-1213 -1250 -1.287 A
Ty= 25°C (Note 3)
3V < |ViN = Vour| = 50V e | -1200 -1250 -1300 |-1200 -1250 -—1.300 "
10mA < loyr < Imax P < Ppax
AVout Load Regulation 10mA =< loyr < Imax (See Note 2)
Alout VOUT‘ =< 20 50 20 70 mV
Vour| = 5V . 0.3 1.0 0.3 15 %
[AVout Line Regulation 3V =<|ViNn — Vout| < 50V
IAVIN (See Note 2) . 0.02 0.05 0.02 0.07 %IV
Ripple Rejection Vour = —10V, f = 120Hz
Capy = . 60 60 dB
Capy = 10uF * | 66 77 66 77 d8
Thermal Regulation T, = 25°C, 10msec Pulse 0.002 0.02 0.003 0.04 %W
IADy Adjust Pin Current ] 65 100 65 100 A
Alapy Adjust Pin Current 10mMA < loyt =< ImaxTa = 25°C 2 5 2 5 uA
Change 2.5V =<|V|y — Vout| =< 50V 3 6 3 6 puA
Minimum Load Current | |Viy — Vout] =< 50V . 25 5 25 10 mA
Vin — Vout| = 10V . 1.2 3 1.5 6 mA
Isc Current Limit |Vin = Vour| = 13V
K Package . 1.5 2.2 3.2 1.5 2.2 35 A
T Package . 0.5 0.8 1.6 0.5 0.8 18 A
Vin = Vour| < 50V
K Package . 0.2 0.4 0.8 0.1 04 0.8 A
T Package Ty, =25°C 0.1 0.17 0.5 0.05 0.17 0.5 A
AVout | Temperature Stability 0.6 1.5 0.6 %
AVTEMP
[AVout Long Term Stability Ta = 125°C, 1000 Hours 0.3 1.0 0.3 1.0 %
AVrime
en RMS Output Noise Ta = 25°C, 10Hz < f > 10kHz 0.003 0.003 %
(% of Vouyr)
O,c Thermal Resistance T Package 12 15 12 15 °CIW
Junction to Case K Package 2.3 3.0 2.3 3.0 °CW

INPUT-OUTPUT DIFFERENTIAL

The * denotes the specifications which apply over the full
operating temperature range.

Note 1: Unless otherwise indicated, these specifications
apply: |Vin — Vout| = 5V;andlgyr = 0.1Aforthe T package,
lout = 0.5A for the K package. Power dissipation up to 2W
for the T package and 20W for the K package. Iuax = 1.5A
for the K package and 0.5 for the T package.

Note 2: Testing is done using a pulsed low duty cycle
technique. See thermal regulation specifications for out-
put changes due to heating effects. Load regulation is
measured on the output pin at a point 1/8-” below the base

of the K and T package.

Note 3: Selected devices with tightened reference voitages

available.

TYPICAL PERFORMANCE CHARACTERISTICS

Dropout Voltage Current Limit
30 3 . r 18
1j- 25°C
T Desee 16
26 C — — —Tj- 150°C
t i 14
=z ==\ pank
22 L s ?  PACKAGED 2
A Ry aPZ g A\ DEvice E 1o
K g
A 3 RS g os
18 ) s - \‘ q &
RV g AN 3
,4 ; ‘#o é 1 T ~~ 06
A S
14 ,«\):' / PACKAGED [N L\\N o= 04
’ DEVICE
o ; I R Shee e 0.2
1.0 i I 0
o 04 08 12 16 20 0 10 20 30 a0
OUTPUT CURRENT (&) INPUT-OUTPUT DIFFERENTIAL (V)

Minimum Load Current
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V-
/.
4
@
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INPUT-QUTPUT DIFFERENTIAL (V)




SG138A/SG238A/SG338A
SG138/SG238/SG338

giLiGON GRNEraL,

LINEAR INTEGRATED CIRCUITS

5 AMP POSITIVE ADJUSTABLE VOLTAGE REGULATOR

DESCRIPTION

The SG138A series of adjustable regulators provide 5
amps output current over an output voltage range of
1.2 volts to 32 volts. The internal voltage reference is
trimmed to less than 1%, enabling a very tight output
voltage. In addition to excellent line and load regula-
tion, with full overload protection, the SG138A incor-
porates new current limiting circuitry allowing large
transient load currents to be handled for short
periods. Transient load currents of up to 12 amps can
be supplied without limiting, eliminating the need for
a large output capacitor.

The SG138A is an improved version of the popular

LM138 with improved circuit design and advanced pro-

cess techniques to provide superior performance and
reliability.

The graph below shows the significant improvement
in output voltage tolerance achieved by using the
SG138A or SG338A.

FEATURES

e 1% Initial Tolerance

e 0.3% Load Regulation

e 5 Amp output Current

¢ 12 Amp Transient Output Current

APPLICATIONS

e High Power Linear Regulator
e Battery Chargers

*» Power Driver

L]

Constant Current Regulator

*Parallel Regulators for Higher Current

SG338A
vin *e 5v
Vi Vour AAA- o amps
ADJ Q01Q
»E
SG350A 0.0160
ViN Vout A
ADJ 1214
] 1%
36502
1%
* THIS GIRCUIT WILL NOT WORK =

WITH LM VERSION DEVICES
* * CURRENT SHARING RESISTORS
DEGRADE REGULATION TO 1%

Output Voltage Error

11
=10
[SI L
g g 2% RESISTORS
z 8 P 'SG338
[oe} o,
£ g 1% RESISTORS cano
8 . 2% RESISTORS
£ 5 5 SG338A

o

s 5 1% RESISTORS 3 a0
S L
(&}

1

0

2 4 6810 20 40 100
OUTPUT VOLTAGE
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SG138A/SG238A/SG338A

SG138/SG238/SG338
ABSOLUTE MAXIMUM RATINGS PACKAGE/ORDER INFORMATION
Power Dissipation ............ Internally Limited BOTTOM VEW ORDER PART NUMBER
Input to output Voltage Differential ......... 35v ADJUSTMENT Y SG138AK
Operating Junction Temperature Range S AK
SG138AM38 ................. — 55C to 150°C G238
SG238A/238 ... .. ... .. ... ~25°C to 150°C SG338AK
SG338A/338 .........0iivie. 0°C to 125°C
Storage Temperature Range . .. .. —65°C to 150°C Py SG138K
Lead Temperature (Soldering, 10 sec.). . .... 300°C SG238K
T0'S NETAL CAN SG338K
(STEEL)
ELECTRICAL CHARACTERISTICS (See Note 1)
SG138A/5G238A $6138/56238
SYMBOL PARAMETER CONDITIONS L] TYP MAX MIN TYP MAX UNITS
Vrer Reference Voltage logr = 10MA T, = 25°C 1238 1250 1262 v
3V < (Viy — Vour) < 35V @ 1225 1250 1270 1.19 124 129
10mA < lgyr < 5A, P < 50W v
AV Line Regulation 3V < (Vin — Vour) < 35V, (See
Aém Note 2)
Ta = 25°C 0.005 0.01 0005 0.01 %IV
[ 002 004 002 004 %/V
Voyr Load Regulation 10mA < lgyr < 5A, (See Note 2)
Algyr Ta = 25°C
Vour < 5V 5 15 5 15 mv
Vour = 5V 0.1 0.3 0.1 0.3 %
Vour < 5V [} 20 30 20 30 mv
Vour = 5V [ 03 06 03 0.6 %
Thermal Regulation Ta = 25°C, 20msec Puise 0002 .01 0.002 0.01 %/W
Ripple Rejection Vour = 10V, f = 120Hz
Capy =0 [} 60 60 dB
Capy = 104F ®| 60 75 60 75 dB
lapy Adjust Pin Current [ ] 45 100 45 100 uh
Alapy Adjust Pin Current Change 10mA < loyr < 5A,
3V < (Vin—Voyr) < 35V ] 0.2 5 0.2 5 uh
Minimum Load Current (Vin — Vour) = 35V [ 35 5 35 5 mA
Ise Current Limit (Viy = Vour) < 10V
0C ® 5 8 5 8 A
0.5ms peak e 7 12 7 12 A
(Vin — Vour) = 30V, T; = 25°C | 1 1 A
AVoyr Temperature Stability [ 1 2 1 %
ATemp
AVoyr Long Term Stabitity Ta = 125°C, 1000 Hours 03 1 03 1 %
Time .
e, RMS Outpyt Noise Ta = 25°C, 10HZ < f < 10kHz 0.001 0.003 %
(% of Vour)
Oy Thermal Resistance K Package 1 1 “C/wW
Jungtion to Case




SG138A/SG238A/SG338A

ELECTRICAL CHARACTERISTICS (See Note 1)
SG338A $G338
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vher Reference Voltage lour = 10mA T; = 25°C 1238 1250 1.262 v
3V < (Viy — Vouy) < 35V o 1225 1250 1270 1.19 1.24 129
10mA < lgyr < 5A, P < 50W v
AV; Line Regutation 3V < (Vin — Vour) < 35V, (See
_*A ™ Note 2)
Ta = 25°C 0.005 0.01 0.005 003 %/V
[ 0.02 004 002 0.06 %/V
AVoyr Load Regulation 10mA < loyr =< 5A, (See Note 2)
Aloyr Ta = 25°C
Vour < 5V 5 15 5 25 mv
Vour = 5V 0.1 03 0.1 05 %
Vour < 5V [ 20 30 20 50 my
Voyr > 5V [ 0.3 0.6 0.3 1 %
Thermal Regulation Ta = 25°C, 20msec pulse 0002 .02 0.002 0.2 %/W
Ripple Rejection Vour = 10V, f = 120Hz
Capy =0 [ ] 60 60 dB
Capy = 104F e[ 60 75 60 75 dB
lapy Adjust Pin Current [ 45 100 45 100 wA
Alapy Adjust Pin Current Change 10mA < lgyr < 5A,
3V < (Vin—Vour) < 35V [ 0.2 5 02 5 uh
Minimum Load Current (Vin — Vour) = 35V [] 35 10 35 10 mA
Isc Current Limit (Vw — Vour) < 10V
oc e 5 8 5 8 A
0.5ms peak e 7 12 7 12 A
(Vi — Vour) = 30V, T; = 25°C 1 2 1 A
AV Temperature Stability ® 1 2 1 %
ATemp
AV Long Term Stability Ta = 125°C, 1000 Hours 03 1 03 1 %
Alime
€y RMS Output Noise Ta = 25°C, 10Hz < f < 10kHz 0.001 0.003 %
(% of Vour)
8y Thermal Resistance K Package 1 1 °C/W
to Case
The @ denotes the specifications which apply over the full operating
temperature range.
Note 1: Unless otherwise specified, these specifications apply:
Vin — Voyr = 5V and loyr = 2.5A. These specifications are
applicable for power dissipations up to 50W.
Note 2: See thermal regulation specifications for changes in output
voltage due to heating effects. Load and line regulation are
measured at a constant junction temperature by low duty cycie
pulse testing.
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Load Regulation Dropout Voltage Adjustment Current
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SG138/SG238/SG338
TYPICAL PERFORMANCE CHARACTERISTICS
Current Limit Current Limit Current Limit
1 - = PEAX CURRENT LIMIT “ HHH I " i 1" PRELOAD CURRENT = ol
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APPLICATIONS INFORMATION
General
The SG138A develops a 1.25V reference voltage between $G338A
the output and the adjustable terminal (see Figure 1). By v...—l— N out ¥ vour
placing a resistor, R1, between these two terminals, a ADJ Veer 3 R
constant current is caused to flow through R1 and down I | 1
through R2 to set the overall output voltage. Normally this = 5‘;“ AK_. (
current is the specified minimum load current of 5mA or “ ; Re
10mA. Because lap, is very small and constant when L

compared with the current through R1, it represents
a smal! error and can usually be ignored. It is easily
seen from the output voltage equation, that even if the
resistors were of exact value, the accuracy of the out-
put is limited by the accuracy of Vger. Earlier ad-
justable regulators had a reference tolerance of +4%
which is dangerously close to the +5% supply
tolerance required in  many logic and analog
systems. Further, even 1% resistors can drift

0.01%/°C, adding additional error to the output

voltage tolerance.

R
Vout = VRer ( 1+ R_f) + lapJ R2

Basic A

djustable Regulator
Figure 1
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For example, using 2% resistors and +4% toler-
ance for Vpee, calculations will show that the
expected range of a 5V regulator design would be
4.66V < Voyr < 5.36V or approximately +7%. If the
same example were used for a 15V regulator, the ex-
pected tolerance would be +8%. With these results
most applications required some method of trimming,
usually a trim pot. This solution is both expensive and
not conducive to volume production.

One of the enhancements of Silicon General's ad-
justable regulators over existing devices is the
tightened initial tolerance of Vggr. This allows rela-
tively inexpensive 1% or 2% film resistors to be used
to R1 and R2 to set the output voltage within an ac-
ceptable tolerance.

With a guaranteed 1% reference, a 5V power supply
design, using +2% resistors, would have a worst
case manufacturing tolerance of +4%. If 1% resistors
are used, the tolerance will drop to +2.5%. A plot of
the worst case output voltage tolerance as a function
.of resistor tolerance is shown on the front page.

For convenience, a table of standard 1% resistor val-
ues is shown below.

Table of 2% and 1% Standard Resistance Values

1.00 147 2.15 3.16 4.64 6.81
1.02 1.50 2.21 324 4.75 6.98
1.05 1.54 2.26 3.32 4.87 715
1.07 1.58 2.32 340 4.99 7.32
1.10 1.62 2.37 348 5.1 7.50
1.13 1.65 243 3.57 5.23 7.68
1.15 1.69 2.49 3.65 5.36 7.87
1.18 1.74 2.55 3.74 5.49 8.06
121 178 2.61 3.83 6.62 8.25
1.24 1.82 2.67 392 5.76 8.45
127 1.87 2.74 4.02 5.90 8.66
1.30 1.91 2.80 4.12 6.04 8.87
1.33 1.96 2.87 4.22 6.19 9.09
137 2.00 2.94 4.32 6.34 9.31
1.40 2.05 3.01 442 6.49 9.53
143 2.10 3.09 453 6.65 9.76

Standard Resistance Values are obtained from the Decade Table
by multiplying by muitiples of 10. As an example, 1.21 can repre-
sent 1.21Q, 12.1Q, 121Q, 1.21KQ etc.

Bypass Capacitors

Input bypassing using a 1.F tantalum or 254F electro-
Iytic is recommended when the input filter capacitors
are more than 5 inches from the device. Improved rip-
ple rejection (80 dB) can be accomplished by adding a

SG138/SG238/SG338

10uF capacitor from the adjust pin to ground. Increas-
ing the size of the capacitor to 20uF will help ripple
rejection at low output voltage since the reactance of
this capacitor should be small compared to the voitage
setting resistor, R2. For improved AC transient re-
sponse and to prevent the possibility of oscillation due
to unknown reactive load, a 1F capacitor is also rec-
ommended at the output. Because of their low imped-
ance at high frequencies, the best type of capacitor to
use is solid tantalum.

Protection Diedes

The SG138A/338A do not require a protection diode
from the adjustment terminal to the output (see figure
2). Improved internal circuitry eliminates the need for
this diode when the adjustment pin is bypassed with a
capacitor to improve ripple rejection.

T
" , Sases v
ADJ A1 3: % %’f ::?)‘OI:F
A
0 = g EE NOT NEEDED
L 1
Figure 2

If a very large output capacitor is used, such as a
100xF shown in figure 2, the regulator could be dam-
aged or destroyed if the input is accidentally shorted
to ground or crowbarred, due to the output capacitor
discharging into the output terminal of the regulator.
To prevent this, a diode D1 as shown, is recommended
to safely discharge the capacitor.

Load Regulation

Because the SG138A is a three-terminal device, it is
not possible to provide true remote load sensing. Load
regulation will be limited by the resistance of the wire
connecting the regulator to the load. The data sheet
specification for load regulation is measured at the
bottom of the package. Negative side sensing is a true
Kelvin connection, with the bottom of the output divid-
er returned to the negative side of the load. Although it
may not be immediately obvious, best load regulation
is obtained when the top of the resistor divider, (R1), is
connected directly to the case not to the load. This is
illustrated in Figure 3. If R1 were connected to the
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SG138/SG238/SG338
load, the effective resistance between the regulator -
and the load would be SG338A LINE RESISTANCE
Vv ViN Vout

Ry X (5g+_R1) , Ry = Parasitic Line Resistance. A0) CONNECT

R1 R1 710 CASE
Connected as shown, R; is not multiplied by the divid- $o A
er ratio. R, is about 0.004< per foot using 16 gauge 1
wire. This translates to 4mV/ft at 1A load current, so it 3

is important to keep the positive lead between regula-
tor and load as short as possible, and use large wire or
PC board traces.

L

————??\
?

CONNECT R2

TO LOAD

Connections For Best Load Regulation

Figure 3.

TYPICAL APPLICATIONS

Improving Ripple Rejection

1.2V-25V Adjustable Regulator

5V Regutator With Shut Down

Vn SG338A SG338A Vourt ™ SG338A sy
N Voutr 5V VN Vout n Vour
+ ADJ S R1 ADJ <RI ADY B3
twf I [ S2ie > 240 Py
1 + + 1
= A =< 61 A C21 = *
= + 1uf tut
weas T e
2 3
1 ) 10uf * 1 S 1k >
. T AAA 2N3904 3: 3650
# Cy IMPROVES RIPPLE REJECTION X SHOULD = mg i :“9;? is far from xS 1%
BE SMALL COMPARED TO Ry pa 2
t Optional—improves transient
response R2
tVWT:QSV{!*W] -
Temperature Compensated Lead Acid
Remote Sensing Battery Charger
Ve SG338A Rp (MAX DROP 300mY) ouTRUT $6338A
™ Vout AAA 5V N Vour
IAMP
s A0y Sam |
™ 1T 1% S 0k*
4
se ¥ ! : $s00 4
$
R em——— -+ —
SG301A s - - =
s et SR 23906 . T 12v
2 1210 3 v < -
;» 3 + 2 2
4 >
B 5 uf 3 5okt
3 3850 100pF ,__*."__l . 3 50k
RETURN 250 L
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Lamp Flasher Automatic Light Control Protected High Current Lamp Driver
15v 56338A SG338A ‘5v
——tIT—-—-——VN Vour —{N out 12v

5A
W A ADY EE 1.2 SG338A
1 et = — ] o
= S ul T Ll
OFF__ 1_"+_. = o gﬁo "
_l_ ao0a|  Grk 104F

.b_i l+_' = = 10
12k 10uF

SCHEMATIC DIAGRAM

SG138A/SG338A
O w
x
0|e}~ 18K S
X
{3 vour
G
PACKAGE DESCRIPTION CHIP LAYOUT

Tj max. [ fic

238A . . .
938 150°C | 35°CW | tocw

338A

338 125°C | 35°C/W | 1°C/W
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LINEAR INTEGRATED CIRCUITS

SG150A / SG250A / SG350A
SG150 / SG250 / SG350

3-AMP POSITIVE ADJUSTABLE REGULATOR

DESCRIPTION

The SG150/150A series are adjustable 3-terminal positive
voltage regulators capable of supplying in excess of 3A
over a 1.2V to 33V output range. They are exceptionally
easy to use and require only 2 external resistors to set the
output voltage. The SG150/150A series offers full overload
protection available only in IC’s. Included on the chip are
current limit, thermal overload protection and safe
operating area protection.

Since the regulator is “floating” and sees only the input-
to-output differential voltage, supplies of several hundred
volts can be regulated as long as the maximum input to
output differential is not exceeded.

Supplies needing electronic shutdown can be achieved by
clamping the adjustment terminal to ground, which pro-
grams the output to 1.2V where most loads draw little cur-
rent. Reference voltage, which is trimmed to be within
+1% at room temperature, is guaranteed to be within
+2% over all operating conditions for the “A” version and
+4% for the standard version. They are packaged in stan-
dard steel TO-3 transistor packages.

FEATURES

Trimmed = 1% reference voltage
Adjustable output down to 1.2V
Guaranteed 3A output current

Line Regulation typically 0.1%
Guaranteed thermal regulation

Current limit constant with temperature
86 dB ripple rejection

Standard 3-lead transistor package

CHIP LAYOUT

TYPICAL APPLICATIONS

BASIC REGULATOR
SG150/150A

“YIN > VIN Vo

GND GND

Output Voltage Error
12
T
Cn [L T K
£ 10
% 9
& 3 2% RESSTORS
g 7 4 ] t
S . _1%%&5101315‘6550
8 o | A errToenessions -
2 . N T SG350A
= 7 Y% RESISTORS | ||
2 3 7 =
»é 2 L et \GGF»OII’«
1
o i

2 4 6810 20 40 100
OUTPUT VOLTAGE

ABSOLUTE MAXIMUM RATINGS
Power Dissipation

Input-Output Voltage Ditferential
Operating Junétion Temperature Range

Internally limited
35V

SG150/150A —55°Cto +150°C
S$G250/250A —25°Cto +150°C
SG350/350A 0°Cto +125°C
Storage Temperature —-65°Cto +150°C

Lead Temperature (Soldering, 10 seconds) 300°C

PACKAGE/ORDER INFORMATION

BOTTOM VIEW PART NUMBER
ADJUSTMENT ViN SG150AK
SG250AK
CASE SG350AK
1S SG150K
x Package QUTPUT S$G250K
T0-3 METAL CAN (STEEL) SG350K
Vciu'r VIN
| Vour
T ., PART NO.
O ::——' SG350AT
:‘—’—l:: SG350T
P PACKAGE ADJ
10-220 PLASTIC




SG150A / SG250A / SG350A

SG150 / SG250 / SG350
ELECTRICAL CHARACTERISTICS (See Note 1)
SG150A/SG250A SG150
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX | UNITS
VRer Reference Voltage loyr = 10MA, Ty= 25°C, 1.238 1.250 1.262 \Y
3V =(ViN — Vour)=< 35V . 1.225 1.250 1.270 1.20 1.26 1.30 A
10mA < IOUT = 3A, P < 30W
AVoutr Line Regulation 3V <(Vin — Vour)< 35V, 0.005 0.01 0.005 0.01 %N
AViN (See Note 2) . 0.02 0.05 0.02 0.05 %IV
A\@ Load Regulation 10mA < loyt =< 3A, (See Note 2)
Aloyr Ta =25°C,
Vout < 5V 5 15, 5 15 mv
Vour = 5V 0.1 0.3 0.1 0.3 %
Vout = 5V . 15 50 20 50 mv
VQUT = 5V . 0.3 1 0.3 1 %
Thermal Regulation Ta = 25°C, 20msec Pulse 0.002 0.01 0.002 0.01 % /W
Ripple Rejection Vour = 10V, f = 120Hz
Capy = 0 . 65 65 dB
Capy = 10uF | 66 86 66 86 dB
laDy Adjust Pin Current . 50 100 50 100 pA
Alapy Adjust Pin Current 10mA < I < 3A
Change 3V = (Vin — Voun = 35V . 0.2 5 0.2 5 A
Minimum Load Current | (Viy — Vour) = 35V . 3.5 5 3.5 5 mA
Current Limit Vin — Voun < 10V . 3 45 3 45 A
(Vin = Voun = 30V o| 03 1 0.3 1 A
AVoutr | Temperature Stability ~55°C < Ty <+150°C . 1 2 1 %
ZTEMP ! °
AVoutr | Long Term Stability Ta= 125°C 03 1 03 1 %
ATIME
en RMS Output Noise Ta= 25°C, 10Hz < f < 10kHz 0.001 0.001 %
(% of Vour)
Oc Thermal Resistance K Package 1.5 1.5 °CW
Junction to Case
SG350A SG350
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX  UNITS
VRer Reference Voltage loytr = 10mA, Ty= 25°C, 1.238 1.250 1.262 \'4
3V =(ViN — Vour) = 35V . 1.225 1.250 1.270 1.20 1.25 1.30 \"
10mA =< IQUT = 3A, P < 30W
AVoyt Line Regulation 3V =(Viy — Vour)= 35V, 0.005 0.01 0.005 0.03 %IV
AV (See Note 2) Ta= 25°C . 0.02 0.05 0.02 0.07 %N
AVout | Load Regulation 10mA < loyt =< 3A, (See Note 2)
Aloyt Ta =25°C,
Vour < 5V 5 15 5 25 mV
Vour = 5V 0.1 0.3 0.1 0.5 %
Vout = 5V . 15 50 20 70 mv
Vour = 5V ] 0.3 1 0.3 15 %
Thermal Regulation Ta = 25°C, 20msec Pulse 0.002 0.01 0.002 0.03 %IW
Ripple Rejection Vour = 10V, f = 120Hz
CADJ =0 A4 65 65 dB
Capy = 104F .| 66 86 66 86 dB
lapy Adjust Pin Current ’ . 50 100 50 100 uA
Alapy Adjust Pin Current 10mA < oyt < 3A
Change 3V < (Vin — Vour) < 35V . 0.2 5 0.2 5 7y
Minimum Load Current | (V\n — Vour) < 35V . 35 10 3.5 10 mA
Current Limit (Vin — Voun = 10V . 3 45 3 45 A
(Vin — Voun) = 30V, Ty= 25°C e| 025 1 0.25 1 A
AVour Temperature Stability . 1 2 1 %
ATEMP
AVout Long Term Stability Ta = 125°C 0.3 1 0.3 1 %
A nime
€n RMS Output Noise Ta = 25°C, 10Hz < f < 10kHz 0.001 0.001 %
(% of Vour)
Oyc Therrnal Resistance K Package 1.2 15 1.2 1.5 °CW
Junction to Case T Package 3 4 3 4 °CwW

The » denotes the specifications which apply over the full operating
temperature range.

Note 1: Unless otherwise specified, these specifications apply for ViN —

Vour = 5V and lout = 1.5A. These specifications are applicable for power
dissipations up to 30W for the K package and up to 25W for the T package.
Power dissipation is guaranteed at these values up to 15 Volts input-output

differential. Above 15 Volts input-output differential power dissipation is
limited by device internal protections circuitry.

Note 2: Regulation is measured at a constant T,

heating must be taken into account separately.

cycle is used.

B

Changes in output due to
ulse testing with low duty
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SG150A / SG250A | SG350A
SG150 / SG250 / SG350

APPLICATIONS INFORMATION

General

The SG150A develops a 1.25V reference
voltage between the output and the adjustable
terminal (see Figure 1). By placing a resistor,
R1, between these two terminals, a constant
current is caused to flow through R1 and down
through R2 to set the overall output voltage.
Normally this current is the specified
minimum load current of 5SmA or 10mA.

SG150A

VN T N ot 1 Vout
I ADJ SRy

Vrer :,
aou | ‘——-Ld

50 uA Re

>
>
>

H—AAA

Re
Vout = VREF (1 + —R—1-) + lapyR2

Basic Adjustable Regulator
Figure 1

Because laos is a very small and constant when
compared with the current through R1, it
represents a small error and can usually be
ignored. It is easily seen from the above equa-
tion, that even if the resistors were of exact
value, the accuracy of the output is limited by
the accuracy of Veer Earlier adjustable
regulators had a reference tolerance of +4%
which is dangerously close to the £5% sup-
ply tolerance required in many logic and
analog systems. Further, even 1% resistors
can drift 0.01%/°C, adding additional error to
the output voltage tolerance.

Rp

PARASITIC
SG350A LINE RESISTANCE
VN Vout
CONNECT

o \
R17T0 CASE

>
<
2R
b3

Viv

CONNECT R2
TOLOAD
Connections for Best Load Regulation
Figure 2

L

Bypass Capacitors

Input bypassing using a 1uF tantalum or 25,F
electrolytic is recommended when the input
filter capacitors are more than 5 inches from
the device. Improved ripple rejection (80 dB)
can be accomplished by adding a 10xF
capacitor from the adjust pin to ground.
Increasing the size of the capacitor to 20uF will
help ripple rejection at low output voltage
since the reactance of this capacitor should
be small compared to the voltage setting
resistor, R2. For improved AC transient
response and to prevent the possibility of
oscillation due to unknown reactive load, a 1uF
capacitor is also recommended at the output.
Because of their low impedance at high fre-
quencies, the best type of capacitor to use is
solid tantalum.

Load Regulation

Because the SG150A is a three-terminal
device, it is not possible to provide true remote
load sensing. Load regulation will be limited
by the resistance of the wire connecting the
regulator to the load. The data sheet specifica-
tion for load regulation is measured at the bot-
tom of the package. Negative side sensing is a
true Kelvin connection, with the bottom of the
output divider returned to the negative side of
the load. Although it may not be immediately
obvious, best load regulation is obtained when
the top of the resistor divider (R1) is connected
directly to the case, not the load. This is
illustrated in Figure 2. If R1 were connected to
the load, the effective resistance between the
regulator and the load would be

R, X (ﬁz_;‘_m) , R, = Parasitic Line Resistance.

Connected as shown, R, is not multiplied by
the divider ratio. R, is about 0.004Q per foot
using 16 gauge wire. This translates to 4mV/ft
at a 1A load current, so it is important to keep
the positive lead between regulator and load
as short as possible, and use large wire or PC
board traces.
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TYPICAL APPLICATIONS

1.2V-25V Adjustable Regulator Improving Ripple Rejection

SG350A :
Vourt n SG350A
N Vour —I—- VN Vour sV
ADJ < R1 ¢ R1
J i: 240 1uf A i: 1210
L. C1* +== c2t I L 1%
T 1uF Tul -
$fr2 e |+
& sk #5038 TO
1% 10uf *
N —
= Needed it device is far from __L * C1 IMPROVES RIPPLE REJECTION X, SHOULD

filler capacitors =
t Optional—improves BE SMALL COMPARED TO Rz
transient response

Vi =1
3 Vour = 125V ( 1+ =

*Paraliel Regulators for Higher Current Remote Sensing

W SG338A ™ SG350A Rp (MAX DROP 300mV)
i Vour vy 5 — Vou WA 5v
8 amps
ADJ ADJ
*%
SG0A 0.0169 A
VN Your N $ 1210
ADJ 1210 1
1%
) $ asso 100pF
* THIS CIRCUIT WILL NOT WORK 3650 RET
WITHLM VERSONDEVICES " RETURN 250 /.
** CURRENT SHARING RESISTORS -
DEGRADE REGULATION TO 1%
BASIC REGULATOR WITH CAPACITORS *
FOR INCREASED PERFORMANCE
o
SG150/150A X
RY v, v _ N *No external capacitors are required with the SG150A/150 but in some applica-
N N o o2 > - Vout tions, performance may be improved with added capacitance as follows:
ADJ & A1 C1.An input capacitor at 0.1mfd will protect against problems when high line
: 3200 & impedance is present. The device can be more ive to input impedance
c1* 9 ca’ when output or adjustment capacitors are used.
J: C2.Bypassing the adjustment terminal to ground with a 10 mid capacitor will
T ot RS 1 improve the ripple rejection by about 15 dB.
£ < vF C3.A 1 mfd tantalum capacitor on the output will improve transient response
S R2
T b3 and keep the reguiator from ringing due to tight capacitive loading.
T ut J in addition to external capacitors, it is sometimes good practice to add protec-
GND . » GNO tion diodes D1 and D2 if there is a chance that a capacitor may discharge
o through the regulator 1C.
Vout = VRer (1 + :%) *lapy(R2) =

VREF = 1250 * 025V
IADy = SGHA.

Diode D1 protects against C3 with an input short.
Diode 2 protects against C2 with an output short.




H B ADVANCED DATA
ﬁllﬂﬂ““ ﬂﬂnﬂl‘ il SG153/SG253/SG353
Performance data described herein represent design goals.

LINEAR INTEGRATED CIRCUITS Final design specifications are subject to change.

HIGH CURRENT FIXED VOLTAGE REGULATORS

DESCRIPTION FEATURES

The SG153 family of fixed-voltage, three-terminal regulators .

are designed to supply load currents in excess of three amps * Load current in excess of 3A

over a wide range of operating conditions. Requiring nothing » Output voltage trimmed to +2%

more than a small output capacitor, these regulators feature . .

output voltages internally trimmed to greater than +2% ac- ¢ Complete self-contained protective features

curacy. In addition to excellent line regulation, a voltage-boost

b " e A A i i ist:
circuit provides positive load regulation (increasing output vol- * Correction for line resistance

tage with increasing load current) to help correct for line losses. ¢ Eliminates external voltage setting resistors
All protective features of thermal shutdown, current limiting, * Hermetically sealed steel power package
and safe-area control have been designed into these units with e Available with 5, 12, and 15 volt outputs

added reliability offered by a hard-solder eutectic die attach and
an hermetically sealed TO-3 power package.

CHIP LAYOUT
INPUT GROUND
ABSOLUTE MAXIMUM RATINGS
Input Voltage 35 Volts
Power Dissipation (Internally limited) 50 Watts
Operating Temperature Range (T )
SG153 Series -55°C to +150°C
SG253 Series -25°C to +150°C
SG353 Series 0°C to +125°C
Storage Temperature —65°C to +150°C
- Lead Temperature (Soldering, 10 sec) 300°C
SIMPLIFIED SCHEMATIC PACKAGE/ORDER
' . . o INFORMATION
i s ;f +VIN
[V [V TOP VIEWS
rJD S Y RN o
30 A ~TH
< [e)
‘ 2 2
—— 7 ©
Vout Gaomo
j ] O
2 ’ K-PACKAGE
'_s 4 T TO-3
Q % ORDER PART NO.:
7 SG153K-5 SG153K-12 SG153K-15
| GROUND | SG253K-5  SG253K-12 SG253K-15
. 1 ! O SG353K-5 SG353K-12 SG353K-15




ELECTRICAL CHARACTERISTICS (See Note 1) SG153/8G253/SG353
Vinunless otherwise specified (Note 1) 10V 19V 25V
SG153/56253-05 | $6353-05 | SG153/8G253-12] $6353-12 | SG153/56253-15]  SG353-15
PARAMETER TEST CONDITIONS MIN_TMAX [N | MAX] MIN | MAX | MIN ] MAX] MIN [mAx [ MIN [MAX | TS
Your \|2~==1?\}oiiof 2.5V) fo 30V 49 |51 {48 52| 18 |122 |15 125 | 148 |15.2 |14 |56 ¥
o = 5mA 10 3A, P< 30W 48 |52 |44 154 116 [124 {11.25{12.75 14.6 [15.4 [14.15 [15.85
: 5mA-1A 20 30 50 80 60 100 { mV
Load Regulati
Mooz | smA-3A lo, 25°C 30 50 80 130 100 150 | mv
500mA-1.5A 20 30 50 80 60 100 | mV
Line Reg. Range | (Note 2) V< Vy < 25V 5V < Vi < 30V 17.5V < VN <30V
Line Regulation | lp =1A, 25°C [50 T T 150 T T [50 | [100 | mv
Line Reg. Range | (Note 2) BV = Vy < 1V 16V < Viy < 22V 20V < Vi <26V
Line Regulation lp =1A, 25°C 25 50 30 60 30 60 | mv
Quiescent Current | lp = 1A, 25°C 9 12 9 12 9 12 | mA
With Load: lo =5mA-2A, 25°C 500 500 500 500 500 uA
Quiescent Current | With Line: Viy = 8-25V, 25°C 1.0 15 mA
Change Vin = 15-30V, 25°C 1.0 1.5 mA
Vin = 18.5-30V, 25°C 1.0 1.5 | mA
lo — Peak 25°C 3 6 3 6 3 6 3 6 3 6 3 6 A
Viy = 35V, 25°C 60 60 600 600 600 600 mA
lo, Short Circuit Vo = Viy = 35V, 25°C 100 100 100 100 100 100 | mA
; innti Vin = 8-18V, 120Hz sine, 25°C 51 41 dB
ifpl Rejecton | Vi = 15-25V, 120tz sine, 25°C 46 # a8
Vin = 18-28V, 120Hz sine, 25°C 46 41 dB

Note 1: Unless otherwise specified, these specifications apply:
-55°C < Ty < +150°C for the SG153; —25°C < Ty < +150°C
for the $G6253, and 0°C < Ty < +125°C for the SG353 and
lout = 1.0A. Although power dissipation is internally limited, these
specifications are applicable for power dissipations up to 30W.

Note 2: Regulation is measured at constant junction temperature.
Changes in output voitage due to heating effects must be taken into
account separately. Pulse testing with low duty cycle is used.
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LINEAR INTEGRATED CIRCUITS SG723/723C

General-Purpose Positive Regulator

This regulator is designed for use with either positive or negative
supplies as a series, shunt, switching, or floating regulator with currents
up to 150mA. Higher current requirements may be accommodated
through the use of external NPN or PNP power transistors.

@ Positive or neg: supply op

® 0.03% line and load regulation

® Output adjustable from 2 to 37V

® Low standby current drain

® 0.002%/°C average temperature variation

PARAMETERS 723 723c’ UNITS
Operating Temperature Range —55 to +126 0to +70 oC
Package Types. ] T,J T 14N -
Input Voltage Range 9.5 to 50 9.5 to 50 \
Output Voltage Range 2.0t0 37 2.0to 37 v
Input/Output Differential 3.0t0 38 3.0 to 38 \4
Load Regulation®"? 0.15 0.2 % Vout
Line Regulation Vj, =12 to 40V 0.2 0.5 % Vout
Ripple Rejection Cgf = 5uF; f = 50Hz to 10KHz 86 (typ) 86 (typ) dB
Reference Voltage 6.95 — 7.35 6.80 — 7.50 \"
Temperature Stability 0.015 0.015 %/0C
Output Noise Voltage Cret =0: BW = 100Hz to 10KHz 20 (typ} 20 (typ) uV rms
Standby Current Drain 3.5 4.0 mA
Minimum Load Current 0 0 mA
Long Term Stability 0.1 (typ) 0.1 (typ) %/khr

lPammeters apply at Tp = +2590C, except temperature stability is over temperature ranges.

2Applles for constant junction temperature. Temperature drift effects must be taken into account separately
when the unit is operating under conditions of high dissipation.

31 =1to50 mA.
*T-package is TO-96 {can height: 240’' max., 230’ min.)

vl e WG
agr Vou

s Vi _—C ve Vou
REGULATED v vz REGULATED
R oureur

oufPuT  fisc

1K
Vo=Vt X WG~

L]
"

b T .,
"
T arouNp
'500 oF' .
SG723/723C Chip T ]
See T-package for pad functions:
{ rpackag pad functions) Basic High Voltage Regulator

Note: Vz (Pin X) is available only in High Current Regulator
J or N-Package External NPN Transistor Vout = 7 to 37 volits
i =1A

CONNECTION DIAGRAMS

-

Vin —*—t ve Vour

vaer G

[ L . s
v o o
vz [¢] vaer cner - cone o
Vour NON-INVERTING
. E] INPUT GAOUND
INVERTING j
ve s [ ;:rw = Vour* Wrer xRkl
ackay NT
v % [ S CURRENT Basic Low Voltage
Regulator
oMp CURRENT
Freac 2 Vout = 2to 7 volts
[ [ ] h NC

VZ available only in
J or N Package
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LINEAR INTEGRATED CIRCUITS SG1501A[2501A[3501A[4501

Dual-Polarity Tracking Regulators

SG1501A dual tracking regulators are factory set to provide balanced
+15V outputs, but a single external adjustment can be used to change
both outputs, simultaneously. Line regulation of 20 mV and load
regulation of 30 mV is guaranteed, and stability, over temperature, is
1% or less. Provision is made for adjustable current limiting and
operation in excess of 2 amps is feasible with external transistors.

Inthe SG1501A, a buit-in sensing circuit monitors junction temperature
and shuts down the regulator above 170°C eliminating the need for
concern about power dissipation under short circuit conditions. The
SG1501A series also offers superior input/output voltage range and
current handling capability (refer to table of specifications.).

® Thermal shutdown protection

® 135V inputs

@ Output current to 200mA

@ Output adjustable from +10V to 23V

PARAMETERS! 1501A 2501A 3501A 4501 UNITS
Operating Temperature Range —55 to +125 0to +70 0to+70 0to +70 oC
Package Types T.J T4 N -
Output Voltage 114.8/15.2 1+14.5/15.5 | £14.25/15.75 | V
Input Voltage 135 +30 +30 v
Input/Output Differential 2 2 2 \4
Output Voltage Balance 150 300 300 mV
Line Regulation (Vi = 17 to Vmax)s 20 20 20 mvV
Load Regulation (I}_= 0 to 50mA)° 30 30 30 mv
Output Voltage Range .10 to 23 10 to 23 | 10 to 23 \'
Input Voltage Range {8Vgyy) 10 to 35 01030 | 1210 30° v
Ripple Rejection {f = 120Hz) 75 (typ} 75 (typ) 75‘(typ) dB
Temperature Stability 1.0 1.0 1.0 %
Short Circuit Current Limit? 60 (typ) 60 (typ) 60 (typ) mA
Output Noise Voltage3 50 {typ) 50 (typ) 50 (typ) uVrms
Positive Standby Current 4 4 4 mA
Negative Standby Current 5 . 5 5 mA
Long Term Stability 0.1 (typ) 0.1 (typ) 0.1 {typ) %/khr
Output Current 200 200 100 mA
Thermal Shutdown Protection yes yes yes —

! alt specifications apply to both positive and negative sides of the regulator, either singly or together.

Unless otherwise specified

Tp = +259C, Vi = 20V, Vout = 15V, 1| = 0, Rsc = 0£2, C1 = C2 = 0.01 mfd, C3 = C4 = 1.0 mfd, voitage adjust pin open
2
Rsc = 1002

S5G1501A/2501A/3501A Chip {See T-package’ diagram
for pad functions) Note: Balance Adjust (Pin X) is
available only on D or N package.)

Sgw= 100Hz to 10kHz

4lov output

5Ovar temperature range

CONNECTION DIAGRAMS

NEG. INPUT V- 7} pos. iNPuT v+
NEG. INPUT V-
ne 19 ne
NEG. QUTPUT 5] pos. ouTPUT
TOP VIEW
NEG.SENSEF] JorN  [%] POS. SENSE
; package
NEG. STAS. 1 [3] pos. sTa8.

NE

VOLT ADJ. ¢

[2} BALANCE ADJ.

|1] exp

See Applications Notes for additional information
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LINEAR INTEGRATED CIRCUITS .~ SG1502/2502/3502

]
- Adjustable Dual-Polarity Tracking Regulators

This circuit is identical to the SG1501 series of dual polarity tracking  Positive and negative output voltages inde-
regulators except that the internal voltage setting resistors are not included pendently adjustable from 10 to 28V
and the current limit inputs have been disconnected from the pass o Output currents to 100mA
transistors. While this circuit does require external divider resistors, e Line and load regulation of 0.1%

o 1% maximum temperature variation

maximum versatility is offered in adjusting the output voltage levels, and
M ! 9 P oltag o Standby current drain only 4mA -

additional current-limit inputs ease the application of foldback current

limiting. In all other respects, this circuit performs as the SG1501. ® Intemal th f st v .
PARAMETERS* 1502 2502 3502 UNITS
Operating Temperature Range —55 to +125 0to +70 0to +70 oc
Package Types AN N -
Input Voitage Range +12/30 +12/25 v
Output Voltage Range +10/28 +10/23 v
input/Qutput Differential 2 2 v
Line Regulation (A Vi, = 10V)° 0.2 0.2 % Vout
Load Regulation (1|_=0 to 50mA)° 0.3 0.3 % Vout
Temperature Stability 1.0 1.0 % Vout
Current Limit Sense Voltage 0.6 (typ) 0.6 (typ) v
Reference Voitage 6.3/6.6 6.2/6.8 v
Ripple Rejection f = 120Hz 75 (typ) 75 {typ) dB
Output Noise Voltage® 5 ) 50 (typ) 50 #Vrms
Positive Standby Current® 4 4 mA
Negative Standby Current® 5 5 mA
Long Term Stability 0.1 (typ) 0.1 {typ) %/khr

lAH specifications apply to both positive and negative sides of the regulator either singly or together. Unless otherwise specified
TA = +259C, Vjp = #20V, Vout = +15V, I_= 0, Rgc = 0£2, C1 = C2 = 0.01 mfd, C3 = C4 = 1.0 mfd.

2BW = 100HZz to 10kHz 3Dlvider 1=0.5mA 41502 not avallable in plastic 5Over temperature range

CONNECTION DIAGRAM
_BASIC REGULATOR CIRCUIT

rosITIVE . POSITIVE NEG. INPUT V- ] pos. input v+
T ouTPUT
NEG. OUTPUT [ pos. outpuT
) Kl .
- CURRENT . I5) GURRENT
. 3 NIT UMIT
NSE STAS ! TOP VIEW
NEG. SENSE -[4) PoS. SENSE
Snounp — - NEG. STAB. [3) pos. sTae.
1
i o cy SENSE STAS )

REF. BYPASS 1) A0S0
Lo
T VOLTAGE ADJUST f ﬁ 1] GND

NEGATIVE
ouTruT

k=
a8

T

=

NEGATIVE
INUT

NEGATIVE Vo = ”;‘::-ﬁ! , PORTIVE VO = B NEGATIVE Vo

For best temperature performance, the parallel im-
pedance of R1 and R2 should be 6.3 K ohm while
that of R3 and R4 should be 10 K. Increasing the
value of C1and C2 will reduce the frequency response
while transient response may be improved by increas-
ing C3 and C4. For very low-noise applications, a 4.7
mfd capacitor for Cref may be added. Rsc is selected
such that a sense voltage of 0.6 volts (at Tj = 250C)
is developed at the maximum load current desired.

See Applications Notes for additional information

‘53



aiLiGoNn GENEPAL

LINEAR INTEGRATED CIRCUITS SG1532 / $G2532 / SG3532

PRECISION GENERAL-PURPOSE REGULATOR

DESCRIPTION

This monolithic integrated circuit is a versatile, general-
purpose voltage regulator designed as a substantially improved
replacement for the popular SG723 device. The SG1532 series
regulators retain all the versatility of the SG723 but have the
added benefits of operation with input voltages as low as 4.5
volts and as high as 50 volts; a low noise, low voltage refer-
ence; temperature compensated, low threshold current limit-
ing;, and protective circuits which include thermal shutdown
and independent current limiting of both the reference and
output voltages. Also included is a separate remote shutdown
terminal and — in the dual-in-line package — open collector
outputs for low input-output differential applications.

FEATURES:

Input voltage range of 4.5 to 50 volts

2.5 volt low noise reference

Independent shutdown terminal

Improved line and load regulation

80 mV current limit sense voltage

Fully protected including thermal shutdown
Useful output current to 150 mA

ABSOLUTE MAXIMUM RATINGS:

These devices are available in both hermetic 14-pin cerdip DIL Input Voltage

and 10-pin TO-96 packages. In the T-package, these units $G1532/2532 50 Volts
are interchangeable with the LAS-1000 and LAS-1100 $G3532 40 Volts
regulators. The SG1532 is rated for operation over the tem- Output Current 250 mA
perature range of -550C to +1250C while the SG2532 and Reference Current 26 mA
SG3532 are intended for industrial applications of 00C to
+700C. Zener current (J-package only) 100 mA
Storage Temperature Range -659C to +1500C
Power Dissipation
T-Package (TO-986) 800 mwW
Derate Above 25°C 6.4 mw/oC
J-Package (TO-116) 1000 mW
O e AMS Derate Above 25°C 8 mW/oC
s e Operating Temperature Range
wuToown S$SG1532 -550C to +1250C
Ve s v Vaee SG2532 and SG3532 QOC to +700C
FRE! I:i:lT
COMPENSATION
WvERTING
T
CURRENT LiMT ~ CURRENT SENSE
T.Package (T0-96) . SIMPLIFIED SCHEMATIC
Pins numbered for J-Package — T-Package numbers in parenthesis
Ve
swuroomn v @@ r— o~ o
v, Vaer Q22
Vour N INPUT a5 Q19
v, WY ineur °‘ K
v CURRENT SENSE ar l—6 -
FREQ. COMP CURRENT LiMiT /EC—L/EIZ ® VR"‘
c c. Qs i) . > Vi
" " E R7 J Q16 Q17 16?“'
J-Package (TO-116) ﬁj_) D,
“NOTE: V, SHOULD NOT BE LEFT OPEN. a1 1 i
IF UNUSED CONNECT TO Vg AL L mK —-0p,
] N
Q9 §R|| N 6‘5’5
CHIP LAYOUT. (J-pkg) 04 ¢ —= = = —({3come
e | (*‘ *
i R12
ot 51 |8 o
cro= Ji R J | @
A3 RS
L——J a Q14
Q18
v R4 R10 ! I
- b —
{5} @ Vezed )

Revised August, 1981
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SG1532SG2532/SG3532

ELECTRICAL CHARACTERISTICS (See Notes 1 & 2)

S$G1532/2532 SG35632
PARAMETER CONDITIONS MIN| TYP |[MAX|MIN| TYP|MAX| UNITS

Input Voltage Ta = 250C 45| — | 50 |45 — | 40 Volts
Input Voltage Over Temperature Range 47| - 50 | 4.7 | — 40 Volts
Output Voltage 20| — [ 38|20 — | 38 Volts
Max Output Current Rsc=0,V0=0,Ta=250C | — | 175|250 | — | 175|250 mA
Min (VIN - VO) 10 =100 mA, Ta = 25°C — | 17120 — | 1.7] 20 | Volts
Reference Voltage TA = 250C 2.40| 2.50| 2.60]2.40| 2.50| 2.60 | Volts
Reference Voltage Over Temperature Range 235 — (265235 — |2.65| Volts
Temperature Stability — | .005{.016] — |.005|.015| %/°C
Ref Short Ckt Current VREF =0, TA = 250C - 15 | 26 — 156 | 25 mA
Line Regulation 8V < VjN < 40V — |.006] .01 | — |.005| .02 %/V
Line Regulation 8V VIN<20V,Ip=25mA | — | 01| 02| — | .01 .03 %/V
Load Regulation 1TmA<IQ<25mA — | .002|.004| — |.002|.004| %/mA
Load Regulation 1mA<I0< 100 mA — |.002|.0056| — |.002|.005| %/mA
Current Limit

Sense Voltage Rsc=1002,Vpo=0 06| .08{ .10} .06 | .08 | .10 | Volts
Shutdown Voltage

Threshold 40| 701 1.0] 40| .70 | 1.0 | Volts
Shutdown Source

Current VO = high 100| 200 | 300 | 100 | 200 | 300 uA
Zener Voltage J-Package only 6.0| 64| 70| 6.0 6.4 7.0 [ Volts
Standby Current VIN = 40V - 25| 351 — | 25} 35 mA
Error Amplifier

Offset Voltage — 1201 10| - {20] 15 mV
Error Amplifier

Input Bias Current - 4 15 — 4 20 uA
Open Loop Gain Ta = 250C 66 | 68 | 72 | 60 | 68 | 72 dB
Ripple Rejection f=120Hz, Ta = 250C - 66 — — 66 — dB
Output Noise 10Hz < f < 100kHz, TA =250C| — 50 | — — |1 80| — | uVims
Long Term Stability VIN = 30V, Ta = 1250C — 1 03| 10] — | 03] 1.0 | %/kHr
Thermal Shutdown — | 175 — - | 175 - oC

Note 1: Unless otherwise specified, ViN = 10V, VO =5V, 10=1mA, TA = specified operating range.
Note 2: Afl regulation specifications are measured at constant junction temperature using low duty-cycle

pulse test.
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S$G1532/SG2532/ SG3532

STANDBY CURRENT MINIMUM INPUT — OUTPUT VOLTAGE
Vo=5v V+H10VD mmem
Rsc=0 VC1oVQ -mw
AVQO = 100 mV
20
3 >| T =-559C
E’ 15 Ty=25C —
E: T, = 1250C S 7 —t—" L —
12 f H Ty= 12500 |t
3 Ty= o=
§ 2225 S 10
3 a
3 / Ty = -550C \ s
5 HAfr TR e
| 0s D e R
? e S g
s Sttty J
0 0 |
0 10 20 30 40 50 0 20 40 60 80 100
Input Voltage — V Load Current — mA
CURRENT LIMITING RIPPLE REJECTION
-0 T
8 VIN =10V
0 -]
g -\ v 10 z Vo =5v
S \ VN g é 20 IL=1mA
5 \ RSC = 100) H Cc= 1000 PF
e 2 & Ty = 250C
2 [3
o @
e 2 -4
z k-3
o Ty =125°C T /
g -4
W T, = 25°C /
. -60 - -]
T, =55°C [~
-6
-80
o 20 40 60 80 100 10 100 1K 10k 100k ™
CURRENT LIMIT SENSE VOLTAGE — mV Frequency — Hertz
FREQUENCY RESPONSE TRANSIENT RESPONSE
80 i
ViN = 10V
=~ Vo =5V A ‘
60 ~ g I PR
\\\ Open Loop Gain N IL=1mA +50 . + \ :
\\ | cc=0 > o N Line Response \ i
N\ € AVIN = 3V !
o N¥ Cc = 1000 PF | ‘
"I' 40 ~ 180 £ 50 —— b s e
H N N § 3 VIN=10V, Vo=5V 1
8 s Phase Angle g | 3 IL=1mA, Cc= 1000 PF i
8 N 1 - - - i
8 S cc=0 =" 2N 230 = 2 || Ty=2sec Rsc=0 Loy
s 20 << < = ® & +50 ' |
> N [ Cc = 1000 PF \ < © Load Response ! ;
h 2
\\\‘ — g 0 Al =10mA ‘\
0 - 280 I ! i :
N | |
100 ™ 10k 100k ™ 0 5
Frequency — Hertz Time — Microseconds




S$G1532/SG2532 / SG3532

APPLICATIONS
BASIC LOW CURRENT REGULATOR HIGH CURRENT REGULATOR WITH FOLDBACK
CURRENT LIMITING AND REMOTE SHUTDOWN
+VIN
9
+VIN \ Vo
| ve Vo i t |
v+ vz l
v+ vz |
VREF c.L)
R3% $ Rsc VREF c.L. A?,‘Aﬁ
NI cs| o R3 3300 ¢ Rsc
2400 050
SR N CsS. ? +Vo
sD. INV/ R1<
51002
L s.D. INV
V- COMP| < Shutdown +} Co
l 3R2 100
V- comp 3SRs < MFD
cc a7k g,$
GND - Cc o0Q
. 51
GND 1000 PF T
GND GND
R
Vo = VREF (1 &%} Isc ‘ﬁ’%ﬂ
- Output Voltage = 5V Line Reg 10 - 30V = 3mV
R3 "H'}Ti'z Cc = 1000 PF Max Output Current = 8A Load Reg 0 - 5A = 17 mV
10 to 100 mA Min VN atNo Load = 6.9V o0t Circuit Current = 1.8A
Min VN at 5A = 8.2V
HIGH EFFICIENCY, LOW VOLTAGE REGULATOR 90% EFFICIENT LINEAR REGULATOR
M neoso | High § PNP
IN ' *ViIN +Vo
[ |
S
| | Rs
A Vi Vv
| Lo_ Dy 2% ¢ °
ve vo v+ vz | 1naco2 SR1
1.5k
V+ vz VREF C.t)
R3S Rsc s 4 Co
75002 1.0 T oo
R VREF CL. NI cs. MFD
3 Rsc g
2400 b3
NI cs. 010 o 0. INV.
R1 < L
1003 s
S.D. INV. s +] co 7500 & v- comp SR2
T 100 2500
MFD Cc
v- comp R2 ¢ 1000 PF
l 5100 $ GND GND
Cc
T 1000 PF Notes:
GND GND 1. For output voltages above 8 volts and load currents

Output Voltage = 5V

Max Output Current = 9A

Min V| at 5A = 7.0V

Line Reg 7 - 20V = 10 mV
Load Reg 0 - 5A = 26 mV
Constant Current Limiting

OQutput Voltage = 5V {Note 1)
Max Output Current = 3A (Note 2}
Min (VIN - VO) at 2A = 0.4V

which allow PNP base current to be limited to 26 mA,

Line Reg 6 - 30V = 10 mV

Load Reg 0 - 2A = 20 mV

the internal zener may be used, eliminating the need
for the two external diodes and the divider on VREF.

2. RsC can be eliminated if the 200 mA current limit

on VQ is adequate, Overall current limiting is depen-

dent upon PNP 3. For greater accuracy, load current
may be sensed in the ground line.
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LINEAR INTEGRATED CIRCUITS SG1568[1468

Dual-Polarity Tracking Regulators

SG1568/1468 is a dual polarity tracking regulator designed to provide balanced positive and negative output voltages at currents to 100mA. The
device is set internally for £15V outputs but a single external adjustment can be used to change both outputs simultaneously from 14.5 to 20 volts.
Input voltages up to 230 volts can be used and there is provision for adjustable current limiting.

e Outputs balanced to within 1% (SG1568)

® Line and load regulation of 0.06% . CONNECTION DIAGRAMS
® 1% maxi tp iation due to temp # chang e
® Standby current drain of 3.0mA NEG.INPUT V- i [1} pos. iNpuT v+
e R ing provisions q "
NEG. OUTPYT [s] Pos. ouTPuT
NEG. SENSE fif [} pos. sensE
PARAMETERS* ; $G 1568 S$G1468 UNIT NEG. come (1] pos. comp
Operating Temperature Range —55 to +125 0 to +75 oC ve i (1] sALANCE ADJ.
Package Types T.J T,J.N - voLTA0J. |4 [1] 6N
Peak Load Current 100 mA
Storage Junction Temp Range —65 to +175 oC
Output Voltage o 14.8/15.2 14.5/15.5 v
input Volitage 30 30 v
Input-Output Voltage Differential 20 20 v
Output Voltage Balance +150 +300 mV
Line Regulation Voltage
{Vin = 18V to 30V) 10 10
1 2 mV
(Tiow 10 Thigh”) 20 20 O
Load Regulation Voltage
(I, = 0to 50 mA, T = constant) 10 10 mv POS. INPUT V-
(TA = Tiow to Thigh) 30 30 . 205 OuTeUT
Output Voltage Range 14.5/20 14.5/20 Vv
Ripple Rejection (f = 120Hz) 75 (typ) 75 (typ) dB POS SENSE
Qutput Voltage Temperature Stability ros comp
(Tiow to Thigh) 1.0 1.0 %
Short-Circuit Current Limit
(Rgc = 10 ohms) 60 (typ) 60 (typ) mA
Output Noise Voitage
(BW = 100Hz — 10kHz) 100 (typ} 100 (typ) pV{rms}
Positive Standby Current
(Vjn = +30V) 4.0 4.0 mA
Negative Standby Current
{Vin = —30V) 3.0 3.0 mA
Long-Term Stability 0.2 (typ) 0.2 (typ) %/k Hr SG1568/1485 Chip (See J-Packege

diagram for pad functions)

(VCC = +20V, VEg = —20V, C1 = C2 = 1500 pF, C3 = CA = 1.0 uF, Rgc* = Rgc™ = 4.0%2,
1IL* = 1" = 0, T¢ = +25°C untess otherwise noted.)

! T \ow = 09C for 1468 2Thigh = +759C for 1468

= —550C for 1568 = +1259C for 1568 +1.6 Amp Regulatc

(Short Circuit Protected,
with Proper Heatsinking)

Bulq 50 mA Regulator C1 and C2 should be located as close ATy onEow et "
I o[ cvje—%" . to the device as possible. A 0.1uF o v
- ceramic capacitor may be required on o ww
o Vo the input lines if the device is located .
el ’ e an appreciable distance from the b e
+Sense ~Senm rectifier filter capacitors. m =
GND EAEA =
+Come como . f3 'mld o:‘ may be lncms:cA:g i e mf‘«:l
- - reduce the output noise voltage. At low ~Come | tA% 1
. K . temperature operation it may be “Vin Vo “Sem [Tl .
- e y to bypass C4 with a 0.1u4F E
R = W ceramic disc capacitor.
a 5
- "
e
R T P A ) v

See Applications Notes for additional information.
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LINEAR INTEGRATED CIRCUITS

SG7800A/7800AC/7800/7800C/140/240/340

Three Terminal Positive Regulators

DESCRIPTION

The SG7800A/7800/140 series of positive regulators offer self
contained, fixed-voltage capability with up to 1.5 amps of load cur-
rent and input voitages up to 50 volts. (SG7800A series only)

These units feature a unique on-chip trimming system to set the
output volitages to within % 1.5% of nominal on the SG7800A series,
12.0% on the SG140/240 series, and +4.0% on the SG7800/340
series. The SG7800A versions also offer much improved line and
load regulation characteristics.

All protective features of thermal shutdown, current limiting, and
safe-area control have been designed into these units and since
these regulators require only a small output capacitor for satisfac-
tory performance, ease of application is assured.

Although designed as fixed-voltage regulators, the output voitage
can be increased through the use of a simple voitage divider. The

FEATURES

Two volt input-output differential
Excelient line and load regulation
Foldback current limiting
Thermal overioad protection

Voltages available — 5V, 6V, 8V,
20V, 24v

Output voltage set internally to +1.5% on SG7800A
Input voltage range to 50 volts max. on SG7800A

12v, 15v, t8v,

ABSOLUTE MAXIMUM RATINGS

low quiescent drain current of the device insures good regulation Device Input  7800A Series Input Voltage
when this method is used. Output Voitage  input Voitage (Output shorted
Voltage (operating) (transient)* to ground)
Product is available in hermetically sealed TO-3, TO-39 and TO-66 3% 3s5v 50V 3s5v
power packages as well as the plastic TO-220 package. 6V 35v 50V 35v
8v 3sv 50V 35v
. 12v 35v 50V 35v
SIMPLIFIED SCHEMATIC o o o o
20V 35v S0V 35v
" ViN 24v 40v 50V 35v
= *see note next page
af Operating Junction Temperature Range
an SG7800A/7800/140 —55°C to +150°C
o o - SG240 0°C to +150°C
SG7800AC/7800C/340 0°C to +125°C
<°' " Storage Temperature Range ~65°C to +150°C
" Typical Power/Thermal Characteristics
'out
Package K (TO-3) |R(TO-66) |P(TO-220) |T
Lr. Of
e zﬁitgdcggze, 20w ]| 15w | 15W | 2w
o gsmgd“é."m' 43w | 30w | 20w [1.0w
S - - Design Current 154 15A ] 1.0A |o05A
" " Therm. Res. 8JC (°C/W) 30| 50| 30 | 15
BJA (°C/W) 35 40 60 | 120
GROUND
CONNECTION DIAGRAMS CHIP LAYOUT
Tab
GROUND .|
F o] % Froan.
@ oXe FRONT VIEW
@ o OUTPUT  INPUT 1 Input
UTPUT — Inpu
2 — Qutput
Q @ 3- Gvo::d
INPUT GROUNO Tab - Ground
T-Package -
o oo ot~ )
T0-3 3

59




SG7800A/7800AC/7800/7800C/140/240/340

Three Terminal Positive Regulators |

CHARACTERISTIC CURVES
PEAK OUTPUT CURRENT vs. INPUT-OUTPUT DIFFERENTIAL MINIMUM INPUT-OUTPUT VOLTAGE vs. LOAD CURRENT
1 1
g o K| R, &P Pip. Only r ‘ //
7
5 ﬁ‘i\\ AVQ = 200 mv >' %_/7
E 20 \\>°.\ g 2 r ‘“/’”j;c/
3 r N {,‘::Ql\qi > K/r" K, R, & P Pkg. Only
MO T
/ NN f
i NN ,
° 10 20 ) © ) ] 1 2 3 .
Input-Output Voitage Differential-Voits Load Current - Amps
RIPPLE REJECTION vs. FREQUENCY TEMPERATURE COEFFICIENT OF OUTPUT VOLTAGE
— '\w’u * +05

SG7815

8
RRCL g /1 ~—

Ripple Rejection - dB
3

-05 A \
20— 7
ViN (low) = Vo + 3V .
" _V':m\;:o + 13V \\ ::','L ':(:.; v
Ty = 25C \ -10
om 100 K 10K 100K ™ -50 ° +50 100 150
Frequency - Hertz Junction Temperature - °C

Note: Operation at high input voltages is dependent upon load current. When load current is less than 5 mA, output will rise out of regula-
tion as input-output differential increases beyond 30 voits. Note also from curve above, that maximum load current is reduced at high volt-
ages. The 50 volt input rating of the SG7800A series refers to ability to withstand high line or transient conditions without damage. Since
the regulator's maximum current capability is reduced, the output may fall out of regulation at high input voltages under nominal loading.

APPLICATIONS
FIXED OUTPUT REGULATOR CIRCUIT FOR INCREASING OUTPUT VOLTAGE

INPUY 1 2 oureut INPUT 1 2 ouTPuT

|  SG78XX o SG78XX T ’ 0
| Vax :: R
0.33uFt 3 0.1 uF* 3| I <
T T 0334F 3 \ 1 0.1 4F
Q <
<4 R2 T

f

*INCREASING VALUE OF OUTPUT CAPACITOR -
IMPROVES SYSTEM TRANSIENT RESPONSE R2
Vo = Vxx (| . ;) + 1gR2

TREQUIRED ONLY IF REGULATOR IS LOCATED AN
APPRECIABLE DISTANCE FROM POWER SUPPLY FILTER

ADJUSTABLE OUTPUT REGULATOR, 7 to 30 VOLTS
HIGH OUTPUT CURRENT, SHORT CIRCUIT PROTECTED

INPUT OUTPUT
INPUT m n4a30s o 'l sarss |2 o

RS 2N6124
>

2 outpuT .
SG7T8XX 0 I Bl
r /smu
033

1
F l 3] = 0.1,uF > +
“ I I :: 1ks2

|
F

ro.ur

S10x
>




Pos. 5.0 Volts
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Pos. 6.0 Volis
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Pos. 8.0 Volts
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Pos. 12 Volts
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Pos. 15 Volts
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Pos. 20 Volts

n
|
@]
-
8
3J
oD
Q
(14
0
2
)
0
a
©
£
£
| .
Q
-
(]
o
1 -
e
T

‘Asg = NIA 01 painsse Ajuo si uonnoajosd ynoad Loys 9

"B3d-1 104 ywool = O)

“Bd-d'd') 104 ywoos = Ot pue pgz = NI ‘payioads asimieyio ssejun ‘g

"AS'Z = (OA - NIp) wnwiviw '9.65- =L v 5
-Bunsey ‘WWwOOS St 6xd-1 10§ uBLIND 1$3) WnWIXeW 2
8194A0-A1np moj ynm ainjeiadwal uoiouni Jueisuod Je apew aJe s3se) uone|nbas Iy ¢ ‘Ywg st uonenbal aul| ||y 104 JUSLIND PBOJ WNWILIN |
‘SILON
Do S1 Sut Sl1 Sl Sl SL1 vug = 0 umoPINYS fBwey )
AW 08 08 08 08 08 08 .52t =Liesiyooor | Amngeis wiey Buoy
sul . abejlon
- _r
A ort ovL ovi ort ort ort ZHX 004 03 ZHOL = 3 'D.52 =ML o510N INING
ap 09 09 09 09 09 09 Aok = NIAY ‘2HozL = 0.5z = 1L uonosley 8|ddiy
0o/ . . . . . . _ Wa1Y800
Aw €l- €1 €l €1 £l el vuwg = O ainteiedway
v 20 20 20 20 20 20 Bid-1 N weingy
v 60 60 60 60 60 60 Bid-d'H'M HNaID Hous
v 60 60 60 60 60 60 Bxd-L osz=r1L wauny
v 44 ze ze ze A4 (A4 Bd-d'Y'M Indino yeed
A gl 8l gL 8L 81 gl vwoos = Oy :Bxd-L — AwQoL = OAY
02 02 02 0z 02 02 vi = O :5%d-d'u'H abeyjop inodosg
vw | 50 S0 50 S0 50 S0 Vw000t 01 G = O) :peoj yum abuey)
vw | ot oL oL 80 80 80 Ase 01 vz = NIA :aun yum auny JusdseIND
vw [-X°] S8 " / . 7 abuey ainjesadwa JaAQ
uaung WeosaIinDd
va | g | ¢ 8 [ ¥ 9 | v 9 { ¥ 9 | v 9| v 0.52="1
=d° = Oy :bxd-.
MZ=d 'VW00s 01 § = Of :Bxd-L Ase 03 vz = Nip
A Jole o6L]oie o6L| 902 veLfoLe o6L]| 0tz 06t 902 v'61| MSL= d 'vwoooL 03 G = Oy :Bxd-d't 9oueIaj0) abEIOA
— o indingQ |eio)L
MOz d 'VO'L 01 G =Oj:6xg-H
Aw ooz | os oot | oz oot | oz oot | oz oot | oe oL | oz Yw(Qos 0} vuwg = O} Byd-1 .
uoneinbe;
Aw | ooz | og oot | oz o0t | oz oot | oz oL | oz oL | oz VW0SZ 01052 = O1] 0a52 =L [ bwg | " peen
Aw | oor |ost 00z | v 00z | S¥ 002 | S¥ 00z | sv ovL| sy V5t 03 yuig = Of NY'd
AW ooz | ve 0oL | 2t oot | 2t 0oL | 2t ooL| 2t 05 | 2t Aze 019z = Nip
29.52="1 uone|nBay aur
AW foov | v o0z | 22 00z | 22 ooz | @2 ooz | 22 0oL | 22 AsE 01 g2 = Nip
A |eoe z6l |80z z6L| coz 61| 802 z6L| 80z z6L]| eo02 161 29.52="1 abeyop Indino
SLINN | XY | dAL | NIW | XYW | dAL | NIW | XYW | dAL | NIW | XVIN | JAL | NIW [ XY | AL | NIW | XYW | dAL | NIW | (moteq sajou 308) SNOILIONOD 1S3L SHILINVHVI
fo s 4§ D.5¢Ct D.5¢t D,.0S1 04081 06061+ (mojoq payjoads asimiayio ssajun)
01940 01 0.0 0} 0,0 01 D85 0} 0,55 0} 0,55~ IDNVH JHNLVHIANIL NOLLONNT ONILYHILO
L'd'd™ L'd'd™ L'e'd™ L9 LY Ly (X144NS N/d) STTALS IDVIOVI
002899 02-0Y€9S ov028.DS 028.9S 02-07LOS V028,98 SHIAWNN LUVd 3DIA3a

67



Pos. 24 Volts
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aiLiGON GRNAPAL SC120/220/320

LINEAR INTEGRATED CIRCUITS $G7900/7900C

THREE TERMINAL NEGATIVE REGULATORS

DESCRIPTION

The SG7900A/7900/120/220/320 series of negative regulators | FEATURES _
offer self-contained, fixed-voltage capability with up to 1.5 amps ® Output voltages set internally to
of load current. With a variety of output voltages and four +1.5% (SG7900A)
package options this regulator series is an optimum comple-
ment to the SG7800A/7800/140/240/340 line of three terminal ¢ Output current to 1.5 amp
regulators. . .
These units feature a unique band gap reference which | © Excellentline and load regulation
allows the SG7900A series to be specified with an output .
voltage tolerance of +15%. The SG7900A versions also offer
much improved line regulation characteristics. o e Thermal overload protection
All protective features of thermal shutdown, current limiting,
and safe-area control have been designed into these units and

Foldback current limiting

Voltages available — -5V, —5.2V,

since these regulators require only a single output capacitor -8V, —12v, —15V, —18V, —20V
(7900 series) or a capacitor and 5 mA minimum load (SG120 * Contact factory for other
series) for satisfactory performance, ease of application is voltage options

assured. .

Although designed as fixed-voltage regulators, the output CHIP LAYOUT
voltage can be increased through the use of a simple voltage )

divider. The low quescent drain current of the device insures
good reguiation when this method is used, especially for the
SG120 series.

These devices are available in hermetically sealed TO-3,
TO-39 and TO-66 power packages as well as the plastic comer-
cial power TO-220 package.

Silicon General specializes in testing parts for unique
customer requirements. If certain parameters are required for
your application, contact factory for testing to your specifica-
tion.

ABSOLUTE MAXIMUM RATINGS

Device Output Input Input-Output Storage Temperature Range .............. -65°C to +150°C
v°_"5?,°° Voitage D'"°2"5°v"“" Lead Tamperature (Soldering, 10 Sec)............. +300°C

—_5.2V :::\\: 25v Power/Thermal Characteristics

-8V —35v 30v Package K (T0-3) | R (TO-66) |P(T0-220)| T (T0-39)

-12v -35v 30v 25°C Case 20w 15w 15w 2w

-1V ~40v 3ov 3 ::: ower

~lav -4V 3ov Ambient

-20V —40v 35v Rated 4.3W 3.0w 2.0w 1.0W

lower
. Design 1.5A 1.5A
Operating Junction Temperature Range Current : -5 1.0A 0.5A
SG7900A/7900/120 ........... ..—55°C 1o +150°C vherm. Res
$G220 .............. ....0°Cto +150°C JC (°C/W) 3.0 5.0 3.0 15
SG7900AC/7900/320 . R ....0°Cto +125°C YA ((C/W) 35 40 60 120
APPL|CATI0NS Fixed Output Reguiator Circuit for Increasing Output Voltage
Jf- c3 1 Rygr
L 25uF sE
. ; o1 c2
c1 ) F C2 2.2uF 1.0uF
2271 3 wecatve o [ %F r—l—L R2 "
INPUT OUTPUT a
REGULATOR 3 NEGATIVE 2
INPUT —4 REGULATOR QUTPUT
NOTE: 1. C1is required only if regulator is separated from rectifier filter NOTE C3 optiona! for improved transient response
2. Both C1 and C2 should be low E.S R. types such as solid tantalum. if aluminum and upple rejection
electrolitics are used. at least 10 times values shown should be selected
3. It large output capacities are used, the regulators must be protected from Ry . Ry VIREGS
momentary input shorts. A high current diode from output to input wili suffice. Vout V(REGULATOR) 2 TR
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SG7900A/7900AC

SGSG120/220/320
SG7900/7900C
TYPICAL PERFORMANCE CHARACTERISTICS ||.
MAXIMUM AVERAGE POWER DISSIPATION QUIESCENT CURRENT vs. LOAD
e grm mepsimnuuandh - - 14 .
: » T M
» i i
< 3
E 103 i E_
;” B t i - f E 12
JEER :
E " T f : =%
g | ™ 357CwHEATSINK 8
S . ‘ “ ; [
[} 10°CWH i A E
Ll s e ! ; Q
p o ; b @ s
g ] ENYRE &
2 5[ .. | NOHEATSINK \: . 8 .
o i Lo o LT _ l v : U
3 « s 1% 128 136 Al IS [ e SN o . i
AMBIENT TEMPERATURE, °C OUTPUT CURRENT, mA
TEMPERATURE COEFFICIENT SHORTCIRCUIT CURRENT vs. ViN
o] cl ‘
1 . TP, 1099,
...... NY saroosT
L \ e
s ™
- . i N N A s N
AN ™ N
N
: ] e N I
WL | : | | DN |
ey E. C ] % o b Sl 1 _—Y -
TEMPERATURE, °C —ViN, VOLTS
QUIESCENT CURRENT vs. ViN SHORT CIRCUIT CURRENT vs. Vin
T T [ T T
! ! i . [,! ;
Al ] = : _K PAGKAGE, TO-3
oo 0,25°C
- 2
< 2
€ E
i<} S | ,
@ .
- !
1
E 1
5 0 2 a 0 o T e X x !
—ViN, VOLTS - ViN, VOLTS
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SG7900A/7900AC

SGSG120/220/320
SG7900/7900C
DROPOUT CHARACTERISTICS RIPPLE REJECTION vs. FREQ.
o -l ; £
=T S A H
o i _
s T w RAL HH
g 5 i o ™
o] ,“ 5 T H
> Q |
> E H H-HH
b Z | ' -
[ i : E :
1. T 1’ - E 5
i o __ L L H H %i B 41
[] 0 D0 X 10K 109K
—VIN, VOLTS FREQUENCY, Hz
. . [ow)
|-
R4 RS A1z
-4'J)m
o RE 8 R11A
! R22
i ~ 25K
e R11B J:t gf’:vmcn ?(KCEPT —5Va ~52V
a3 R11C
Rl o a1g oL
a2 A1D 82 65K
-8 55K
Q19 Q0 :12 925;:(
s a8 p3 TR
08, T w-Kos azen} vo] sense
0'\‘ R7 R10 uJ Cé? Vozs ‘—.FORCE
f' Kan ,J., . .
R19 Q27
) cu;’— “2!21 R18
1 2] & 2o
m;‘—l go Q15 e O‘:m G202 ne
rfr" hj '\l RIS RI6 —
5 |
PACKAGE ORDER INFORMATION
INPUT (case) - » OUTPUTGROUND PACKAGES Tabo
-Package K-Package R-Pack P-Packi F q
O} 1039 103 O O o668 To220
®@))oureur TOP VIEWS anévwd ‘l
1 - Grount
SG79XXAT SG79XXAK SG7IXXA -
D SG79XXT SG79XXK SGTO0R, Soo |
INPUT SG120XXR Tab - Input
GROUND SG220XXR fab - Inpu!
T-Packege SG120XXT SG120XXK R-Packege SG320XXR
T0-3 SG220XXT SG220XXK K-Package To-86 SG79XXACP ¢
SG320XXT SG320XXK TO-3 SG79XXCP
TOP VIEWS SG320XXP ) 2
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LINEAR INTEGRATED CIRCUITS

SG1524 | SG2524 | SG3524

Regulating Pulse Width Modulator

Description

This monolithic integrated circuit contains all the control
circuitry for a regulating power supply inverter or switching
regulator. Included in a 16-pin dual-in-line package is the
voltage reference, error-amplifier, oscitlator, pulse width
modulator, pulse steering flip-flop, dual alternating output
switches and current limiting and shut-down circuitry. This
device can be used for switching regulators of either polar-
ity, transformer coupled DC to DC converters, transformer-
less voltage doublers and polarity converters, as well as
other power control applications. The SG1524 is specified
for operation over the full military temperature range of
~B5OC to +125°C, while the SG2524 and SG3524 are
designed for commercial applications of 0°C to +70°C.

Features

Complete PWM power control circuitry
Single ended or push-pull outputs

Line and load regulation of 0.2%

1% maximum temperature variation
Total supply current less than 10mA
Operation beyond 100kHz

Absolute Maximum Ratings

Input Voltage 40V
Output Current (each output) 100mA
Reference Output Current 50mA
Oscillator Charging Current 5mA
Power Dissipation (package li ion) 1000mW

Derate above 25°C 8mwW/°C

Operating Temperature Range

$G1524J -55°C to +125°C
5G2524J -25°C to +85°C
$G3524) 0°C to +70°C

Storage Temperature Range -65°C to +150°C

BLOCK DIAGRAM
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REFERENCE
REGULATOR

+5V 1o all
intemal circuitry
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CONNECTION DIAGRAM

ToP ViEw
Compensation [] 8 Jarouna
stundown (] 10 e
Emirwr & (] 11 s,
Coliector & (] 12 5160 seme
Coltector 8 (] 13 et sonse
Emittar 8 [} 10 3 [J ose. output
Ve (15 2 [JNon. tnw. nput
Veer [] 18 ﬂ 1 [Jinvert tnput

CHIP LAYOUT
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SG1524 | SG2524 | SG3524

egulating Pulse Width Modulator

Electrical Characteristics (Uniess otherwise stated, these specifications apply for T 4= ~56°C to +125°C for the SG1524 and 0°C to
+70°C for the SG2524 and SG3524, V= 20V, and f = 20kHz

§G1524__$G2524] __ SG3624 |
PARAMETER CONDITIONS MIN [ TYP [ MAX | MIN | TYP | MAX | UNITS
Reference Section:
Output Voltage: 48 | 50 5.2 46 | 50 5.4 v
Line R i Vn =8 to 40 Volts - 10 20 — 10 30 mV
Load Regul I,_=01020mA — 20 50 — 20 50 mV
Ripple Rejection f=120Hz, T, = 25°C - 66 - - 66 - dB
Short Circuit Current Limit Vger =0, Ty =25°C — 100 — - 100 — mA
Temperature Stability Over Operating Temperature Range | — 0.3 1 — 0.3 1 %
Long Term Stability Ta =25°C — 20 — — 20 - mV/khr
Oscillator Section:
Maximum Frequency Cy = .001 mfd, Ry = 2k — 300 — — 300 - kHz
Initial Accuracy Ry and Cy constant - 5 — - 5 — %
Voltage Stability Vin =8 to 40 Volts, T, = 25°C — — 1 - — 1 %
Temperature Stability Over Operating Temperature Range - - 2 - — 2 %
Qutput Amplitude Pin 3, T = 25°C — 35 — — 3.5 — Vv
Output Pulse Width Cy = .01 mfd, To= 26°C - 105 - - | 05 — 1S
Error Amplifier Section:
Input Offset Voltage Vem= 2.5 Volts — | o5 5 — 2 10 mvV
Input Bias Current Vem= 2.5 Volts - 2 10 - 2 10 MA
Open Loop Voltage Gain 72 80 - 60 80 - dB
Common Mode Voltage Ta=256°C 1.8 - 3.4 1.8 — 3.4 v
Common Mode Rejection Ratio Ta=25°C - 70 - - 70 — dB
Small Signal Bandwidth Ay = 0uB, Ty = 25°C — 3 - - 3 - MHz
Output Voltage Ta=25°C 0.5 - 38 0.5 - 38 Vv
Comparator Section:
Duty Cycle % Each Output On 0 - 45 0 - 45 %a
Input Threshold Zero Duty Cycle - 1 - — 1 - \2
Input Threshold Max. Duty Cycle - 3.5 ~ - 3.5 - Vv
Input Bias Current - 1 - - 1 - uA
Current Limiting Section: Pin 9 = 2V with Error Amplifier
Sense Voltage Set for Max Qut, To= 25°C 190 | 200 | 210 | 180 | 200 | 220 mv
Sense Voitage T.C. - o2 - - Jo02] ~ TmvPc
Common Mode Voltage -03 | - +03 | -03 — +03 v
Output Section: (Each Output}
Collector-Emitter Voltage 40 - - 40 — - \
Collector Leakage Current Veg = 40V - 0.1 50 - 0.1 50 BA
Saturation Voltage l¢ =50mA - 1 2 - 1 2 v
Emitter Output Voltage Vin =20V 17 18 — 17 18 — Vv
Rise Time Rc= 2K ohm, Tp = 25°C - 0.2 = - | 0.2 — uS
Fall Time Re= 2K ohm, To = 25°C - 0.1 - - 0.1 - Hus
Total Standby Current: Vin =40V - 8 10 - 8 10 mA
(Excluding oscillator charging
current, error and current limit
dividers, and with outputs open)
OPEN LOOP TEST CIRCUIT
2k <} 2k
WS Siw
Vin
15 1‘2 Oompw
Osc. out O~—3 5G1524 " ©
L
Vrer 6 ; 2 4 10 A 14—
1. Inv,
(]Pmmp l-’-‘p:n n';n Comp. J)gho;tn Il.'lm"'lrtn
Vin
8-40v >
%; 2% 2 P
< P < ]L
0.1 Rr< the ol ‘,wk wg
I —
S 2k
T
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Oscillator

The oscitlator in. the SG1524 uses an external resistor (Ry)
to establish a constant charging current into an external
capacitor (Ct). While this uses more current than a series
connected RC, it provides a linear ramp voltage on the
capacitor which is also .used as a reference for the compara-
tor. The charging current is equal to 3.6V + Ry and should
be kept within the range of approximately 30 uA to 2 mA,
i.e., 1.8k < Ry < 100k. The range of values for Cy also has
limits as the discharge time of C; determines the pulse
width of the oscillator output pulse. This pulse is used
(among other things) as a blanking pulse to both outputs
to insure that there is no possibility of having both outputs
on simultaneously during transitions. This output dead
time relationship is shown in Figure 1. A pulse width below
approximately 0.5 microseconds may allow false triggering
of one output by removing the blanking pulse prior to the
flip-flop’s reaching a stable state. If small values of Ct
must be used, the pulse width may still be expanded by
adding a shunt capacitance (=~ 100 pf) to ground at the
oscillator output. (Note: Although the oscillator output is
a convenient oscilloscope sync input, the cable and input
capacitance may increase the blanking pulse width slightly.)
Obviously, the upper limit to the pulse width is determined
by the maxithum duty cycle acceptable. Practical values of
C fall between .001 and 1.0 mfd.

The oscillator period is approximately t = R+Cy where t is
in microseconds whenR+ = ohms and Cy = microfarads.

| z
V.
|
§
§ 1 >
Fof =T
001 002 008 01 02 05 a

TIMING CAPACITOR VALUE (Cr) - MICROFARADS

FIGURE 1. Output stage dead time as a function
of the timing capacitor value.
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[l Regulating Puise Width Modulator

The use of Figure 2 will allow selection of Ry and Cy
for a wide range of operating frequencies. Note that for
series regulator applications, the two outputs can be con-
nected in parallel for an effective 0 - 90% duty cycle and
the frequency of the oscillator is the frequency of the out-
put. For push-pull applications, the outputs are separated
and the flip-flop divides the frequency such that each
output’s duty cycle is 0 - 45% and the overall frequency is
% that of the oscillator.

If it is desired to synchronize the 5G1524 to an external
clock, a pulse of ~ + 3 volts may be applied to the oscilla-
tor output terminal with RyCy set slightly greater than
the clock period. The same considerations of pulse width
apply. The impedance to ground at this point is approxi-
mately 2k ohms.

If two or more $G1524's must be synchronized together,
the easiest method is to interconnect all pin 3 terminals,
tie all pin 7's together and to a single Cy, leave all pin 6's
open except one which is connected to a single Ry.

- A7
%',n o ?/‘/ {/
E.'o ; %éﬁ‘n’ f </
LA
. AN/

4 7 vy

OSCILLATOR PERIOD — MICROSECONDS

FIGURE 2. Oscillator period as a function of Ry and CT.




SG1524 | SG2524 | SG3524

Regulating Pulse Width Modulator

transition region as the current limit amplifier takes over

Current Limiting
pulse width control from the error amplifier. For testing

T'he current limiting circuitry of the SG1524 is shown in purposes, threshold is defined as the input voltage to get
Figure 3. 25% duty cycle with the error amplifier signaling maximum
By matching the base-emitter voltages of Q1 and Q2, and duty cycle.

assuming negligible voltage drop across R4,
Threshold = Vgg (Q1) +1,R; — Vge (Q2) = I41R;,
~200mV

Although this curcuit provides a relatively small threshold
with a negligible temperature coefficient, there are some
limitations to its use, the most important of which is the
+1 volt common mode range which requires sensing in the
ground line. Another factor to consider is that the frequency
compensation provided by R{C; and Q1 provides a roll-
off pole at approximately 300 Hertz.

Since the gain of this circuit is relatively low, there is a

If this current limit circuitry is unused, pins 4 and 5 should
both be grounded.

ERROR
AMPLIFIER

FIGURE 3. Current Limiting Circuitry of the SG1524.

o ] D9mH Q 28v
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£ . 1o IN3880 M G
" Eaf— " . . m.o—:/_ DSAKSO 3oy
1 2 00t
1+ e 2, 35 . wg ) o1 otk
3K a o r -0
v 2 N *® E“ ‘
2,
e LS ™ o SVTe0—5 08RE0S0
it v
o [
o O——fom: C-
. Do
e +
Gnd = 001 o 8. On.  Comp oo :,me
Gnd
K . 1
nrr(:\m =T >—8 RETURN L

In this conventional single-ended regulator circuit, the two outputs of  Push-pull outputs are used in this transformer-coupled DC-DC regu-

the SG1524 are connected in parallel for effective 0 - 90% duty-cycle  lating converter. Note that the oscillator must be set at twice the

modulation, The use of an output inductor requires and R-C phase  desired output frequency as the SG1524’s internal flip-flop divides the

compensation network for loop stability. freq y by 2 as it switches the P.W.M. signal from one output to the
other. Current limiting is done here in the primary so that the pulse
width will be reduced should transformer saturation occur.

83 See Applications Notes for additional information.
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LINEAR INTEGRATED CIRCUITS

SG1524B/SG2524B/SG3524B

REGULATING PULSE WIDTH MODULATOR

DESCRIPTION FEATURES
The SG1524B is a pulse width modulator for switching power e 7 to 40 voit operation
supplies which features improved performance over industry o 5 voit reference trimmed to +1%
standards like the SG1524. A direct pin-for-pin replacement for the o 100 Hz to 400 kHz oscillator range
egrligr devige, it combiqes qdvanced processing techniques and o Excellent external sync capability
circuit design to provide improved reference.gccuracy, and * Dual 100 mA output transistors
gxtqued common mode range at thAe error ampl me_r and cur(ent o Wide current limit common mode range
limitinputs. A DC-coupled flip-flop eliminates triggering and glitch e DC pled toggle flip-fiop
problems, and a PWM data latch prevents edge oscillations. The o PWM data latct
circuit incorporates true digital shutdown for high speed response, .
while an undervoltage lockout circuit prevents spurious outputs ® Undervoltage lockout
when the supply voltage is too low for stable operation. Full double- * Full double-pulse suppression logic
pulse suppression logic insures alternating output pulses when the ® 60 voit output collectors
Shutdown pin is used for pulse-by-pulse current limiting. The
SG1524B is specified for operation over the full military ambient
temperature range of —55°C to +125°C. The SG2524B is
characterized for the industrial range of —25°C to +85°C, and the
SG3524B is designed for the commercial range of 0°C to +70°C.
BLOCK DIAGRAM CONNECTION DIAGRAM
(TOP VIEW)
Y. NeUT E E Vner
NL INPUT E E Vin
osc oureur [3] Eﬂ &
+¢L:nu:[z Eﬂ Cy
COLLECTOR A ~C.L SENSE E E CA
< ~O @
& O] [10] smutDown
couscTons GROUND E El COMPENSATION
I J AND N PACKAGE
TO-116
CHIP LAYOUT
11 0.105
ORDER INFORMATION
Part Number Temperature Range Package
S$G1524BJ —55°C to +125°C 16 Pin Ceramic DIP
S$G25248J —25°Cto +85°C 16 Pin Ceramic DIP
SG3524BJ 0°Cto +70°C 16 Pin Ceramic DIP T
SG3524BN 0°C to +70°C 16 Pin Plastic DIP ~—0.110 —>

August 1983
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SG1524B/SG2524B/SG3524B

ABSOLUTE MAXIMUM RATINGS (Note 1)

Input Voitage (+V)N) +42v Power Dissipation at Ty = +25°C (Note 2) 1000mW
Collector Voltage +60V Thermal Resistance: Junction to Ambient 100°C/W
Logic Inputs —0.3Vto +5.5V Power Dissipation at T = +26°C (Note 3) 2000mW
Current Limit Sense Inputs —0.3Vto+V)y  Thermal Resistance: Junction to Case 60°C/W
Output Current (each transistor) 200mA Operating Junction Temperature +150°C
Reference Load Current 50mA Storage Temperature Range ~65°C to +150°C
Oscillator Charging Current 5mA Lead Temperature (Soldering, 10 seconds) +300°C
Note 1. Values beyond which damage may occur.

Note 2. Derate at 10 mW/°C for ambient temperatures above +50°C.

Note 3. Derate at 16 mW/°C for case temperatuies above +25°C.

RECOMMENDED OPERATING CONDITIONS (Note 4)

Input Voltage (+V|) +7V to +40V Oscillator Frequency Range 100Hz to 400kHz
Collector Voltage oV to +60V Oscillator Timing Resistor (Ry) 2k(} to 150kQ2
Error Amp Common Mode Range +2.3Vto +5.2V Oscillator Timing Capacitor (C) 1nF to 0.1uF
Current Limit Sense Commoh Mode Range OV toV|y25V  Operating Ambient Temperature Range

Ouput Current (each transistor) 0 to 100mA SG15248 —55°C to +125°C
Reference Load Current 0 to 20mA SG25248 —25°C to +85°C
Oscillator Charging Current 25uA to 1.8mA SG3524B 0°C to +70°C

Note 4. Range over which the device is functional and parameter limits are guaranteed.

ELECTRICAL CHARACTERISTICS (+V|N = 20 volts, and over operating temperature, unless otherwise specified)

PARAMETER CONDITIONS SG15248/25248 Sasse UNITS
N [ Tvp [ max] min | Tvp [max

REFERENCE SECTION (Note 5)
Output Voltage Ty= +25°C 495 | 500 | 505 | 490 | 5.00 | 5.10 v
Line Regulation +ViN =7 to 40 volts 3 20 3 | 30 mv
Load Regulation IL=01020mA 5 | 30 5 | 50 mv
Temperature Stability (Note 9) Over Operating Temperature Range 15 | 50 15 | 50 mv
Total Output Voltage Range Over Line, Load and Temperature 4.90 510 | 4.80 5.20 \"
Short Circuit Current VReF = 0 volts 25 | 50 | 100 | 26 | 50 | 100 mA
UNDERVOLTAGE LOCKOUT
Threshold Voltage | 43 | 45 l 47 [ 43 l 45 [ 47 l v
OSCILLATOR SECTION (Note 6)
Initial Accuracy Ty=+25°C 40 | 43 46 38 |43 48 kHz
Voltage Stability +V) =7 to 40 voits 0.1 1 0.1 1 %
Temperature Stability(Note 9) Over Operating Temperature Range 1 2 1 2 %
Minimum Frequency Ry =300k(3, Cy = 0.14F 50 | 100 50 [ 100 | Hz
Maximum Frequency’ Ry = 2k0), Cy =470 pF 400 | 600 400 | 600 kHz
Sawtooth Peak Voltage +Vyy = 40 olts 35 | 39 35 | 39 v
Sawtooth Valley Voltage +Vjy = 7 volts 06 | 1 06 | 1 v
Clock Ampiitude 30 | 40 30 | 40 v
Clock Pulse Width (Note 9) 02|05 (1202|0512 uSec

Note 5.1 =0mA

Note 6. Fog =43 kHz (Ry =27000Q, Cy = .01 4F)




SG1524B/SG2524B/SG3524B

ELECTRICAL CHARACTERISTICS (Continued)

PARAMETER CONDITIONS Sa1sae8/za8 Sa3s248 UNITS
MiN [ Tvp [max | N [ Tve [ Max

ERROR AMPLIFIER SECTION (Note 7)

Input Offset Voltage Rg =2kQ 05 5 2 10 mv

Input Bias Current 1 5 1 10 HA

Input Offset Current 1 1 HA

DC Open Loop Gain R =10 Megohms ) 60 | 78 60 78 dB

Output Low Level Igink = 100uA; Vi 1 — VpyN 2 2 150 mV 02 | 05 02 | 05

Output High Level ISOURGE = 100A; Vpjpy o — Vpyy 1 2150mV | 3.8 | 42 38 | 42 Y

Common Mode Rejection Veom =123 to 5.2 voits 70 | 90 70 | 90 dB

Supply Voltage Rejection +V|N =7 to 40 voits 76 | 100 76 | 100 dB

Gain-Bandwidth Product (Note 9) Ty=+25°C 1 2 1 2 MHz

P.W.M. COMPARATOR (Note 6)

Minimum Duty Cycle Vcomp = 105 volts V] (v} %

Maximum Duty Cycle Vcomp = 139 volts 45 | 49 45 | 49 %

CURRENT LIMIT AMPLIFIER (Note 8)

Sense Voltage 180 | 200 |220 | 170 | 200 | 230 mv

Input Bias Cyrrent -3 [—10 -3 | -10 HA

SHUTDOWN INPUT

HIGH Input Voltage 20 2.0 v

HIGH Input Current VSHUTDOWN = 5.0 voits 0.1 1 0.1 1 mA

LOW Input Voltage ' 0.6 06

OUTPUT SECTION (Each transistor)

Collector Leakage Gurrent ' Ve = 60 volts 50 50 HA

Collector Saturation Voltage 'c=10mA 02 |04 02 | o4 v
Ig=100mA 10 |20 10 | 20 v

Emitter Output Voltage Ilg=10mA 175 | 19 175 | 19 v
Ig = 100 mA 17 18 17 18 '

Emitter Voltage Rlse Time (Note 9) |Rg=2kQ, Ty =+25°C 02 |05 02105 uSec

Collector Voltage Fall Time(Note 9) |Rg =2k, Tp =+25°C 01 [o02 01 102 | uSec

POWER CONSUMPTION

Standby Current [+Vy = 40 volts, Ve rpown = 20V [ [s]wo] Js]w] m

Note 7. Vo = +2.3V to +5.2Y
Note 8. Vg =0to +17.5V

Note 9. These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production.
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ﬁillinn“ ﬂﬂ“ﬂpﬂll SG1525A / SG2525A | SG3525A

LINEAR INTEGRATED CIRCUITS SG1527A | SG2527A | SG3527A

Regulating Pulse Width Modulators

FEATURES

DESCRIPTION

The SG1525A/1527A series of pulse width modulator integrated ® 8 to 35 volt operation

circuits are designed to offer improved performance and lowered
external parts count when used to implement all types of switching
power supplies. The on-chip +5.1 volt reference is timmed to +1%
initial accuracy and the input common-mode range of the error
amplifier includes the reference voltage, eliminating external
potentiometers and divider resistors. A Sync input to the oscillator
allows multiple units to be slaved together, or a single unit to be
synchronized to an external system clock. A single resistor be-
tween the CT pin and the Discharge pin provides a wide range of
deadtime adjustment. These devices also feature built-in soft-start

5.1 volt reference trimmed to + 1%
100 Hz to 500 kHz oscillator range
Separate oscillator sync terminal
Adjustable deadtime control

Input undervoltage lockout
Latching P.W.M. to prevent multiple pulses

[ ]
[ ]
L]
[ ]
e Internal soft-start
L ]
[ ]
L ]

circuitry with only a timing capacitor required externally. A Shut- Dual source/sink output drivers
down pin controls both the soft-start circuitry and the output
stages, providing instantaneous turn-off with soft-start recycle for
slow turn-on. These functions are also controlled by an under-
voltage lockout which keeps the outputs off and the soft-start

- capacitor discharged for input voltages less than that required for 4
normal operation. Another unique feature of these PWM circuits is
a latch following the comparator. Once a PWM pulse has been
terminated for any reason, the outputs will remain off for the
duration of the period. The latch is reset with each clock pulse. The
output stages are totem-pole designs capable of sourcing or sink- .088”
ing in excess of 200 mA. The SG1525A output stage features NOR
-logic, giving a LOW output for an OFF state. The SG1527A utilizes
OR logic which resuits in a HIGH output level when OFF.

CHIP LAYOUT

v
BLOCK DIAGRAM
CONNECTION DIAGRAM
VRer T TOP VIEW
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R @ 9 ° Ew M ! wv.weut ] 7 [ veer
[OBCRLATOR| FIF } i
or @ Ul £ outeuT 8 | N ineuT 2] 15 +v,
1. N
DISCHARGE | 1 1
ewm _|n b Semsaoumutsmes swe [3] uj outPuT 8
COMPENSATION ©-_—W — 8 x | s | 0SC. OUTPUT [¢] 3] ve
eere—plL ] : o S
LI, ¥e) ERAOR | 5o,a A Ar[e [] ouTpuT A
SOFT-START @—L—@—»vﬂg ! =3 ! ]
! I DISCHARGE [7] o] sHuTDOWN
5k |
suuTDowN @ A Sj outpuT 8 [ SOFT-START 1] [2] compensaTION
5k | = |
jE L L _ SCISTAOUTPUTSTAGE _ Note: Pins 9 and 10 are interchanged from

non-“A" versions.
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SG1525A | SG2525A | SG3525A
SG1527A | SG2527A | SG3627A

Regulating Pulse Width Modulators

ABSOLUTE MAXIMUM RATINGS (Note 1)

Supply Voltage (+VIN) +40V Power Dissipation at TA = +25°C (Note 2) 1000 mW
Collector Supply Voltage (VC) +40V Thermal Resistance: junction to ambient 100°C/W
Logic Inputs -0.3V to +5.5V Power Dissipation at TG = +25°C (Note 3) 2000 mW
Analog Inputs -0.3V to +VIN Thermal Resistance: junction to case '60°C/W
Output Current, Source or Sink 500 mA Operating Junction Temperature +150°C
Reference Output Current 50 mA Storage Temperature Range -65°C to 150°C
Oscillator Charging Current 5 mA Lead Temperature (Soldering, 10 seconds) +300°C

Note 1. Values beyond which damage may occur.
Note 2. Derate at 10 mW/° C for ambient temperatures above +50°C.
Note 3. Derate at 16 mW/° C for case temperatures above +25°C.

RECOMMENDED OPERATING CONDITIONS (Note 4)

Input Voltage (+V|N) +8V to +35V  Oscillator Timing Capacitor .001 uF to 0.1 uF
Collector Supply Voltage (VC) +4.5V to +35V Deadtime Resistor Range 0 to 500Q
Sink/Source Load Current (steady state) 0to 100 mA Operating Ambient Temperature Range

Sink/Source Load Current (peak) 0 to 400 mA SG1525A, SG1527A -55°C to +125°C
Reference Load Current 0to 20 mA  SG2525A, SG2527A ~25°C ta +85°C
Oscillator Frequency Range 100 Hz to 400 kHz SG3525A, SG3527A 0°C to +70°C
Oscillator Timing Resistor 2kQ to 150kQ

Note 4. Range over which the device is functional and parameter limits are guaranteed.

ELECTRICAL CHARACTERISTICS (+Viy = 20V, and over operating temperature, unless otherwise specified)

SG1525A / 2525A SQ3525A

) " SG1527A | 2527A SG3527A
PARAMETER | CONDITIONS Mv [ Tve [ max [ min ] v | max UNITS
REFERENCE SECTION ‘
Output Voltage Tj = 25°C s05 | 510 | 515 | 500 | 510 | 520 v
Line Regulation "VIN = 810 35V 10 20 10 20 mv
Load Regulation IL=0to20 mA 20 50 20 | 50 mv
Temperature StabilityS Over Operating Range 20 50 20 50 mv
Total Output Variation® Line, Load, and Temp 5.00 520 | 495 5.25 Y
Short Circuit Current VReF = 0, Tj = 25°C 80 100 80 100 mA
Output Noise VoltageS 10 Hz <t S 10 kHz, Tj = 26°C 40 200 40 200 | uVrms
Long Term StabilityS Tj = 125°C 20 50 20 §0 | mv/khr
OSCILLATOR SECTION (Note 6) _
Initial Accuracy>® Tj = 25°C +2 +6 +2 +6 %
Voltage Stability5-5 V|N = 8 to 35V $03 | 11 +1 +2 %
Temperature StabilityS Over Operating Range +3 +6 +3 +6 %
Minimum Frequency Ry = 150k, Ct = 0.1 UF 100 100 Hz
Maximum Frequency R =2kQ,Cyr= 1nF 400 400 kHz
Current Mirror IRT =2mA 1.7 2.0 22 1.7 20 22 mA
Clock Amplitude5+6 3.0 35 3.0 35 \
Clock Width5:6 Tj = 25°C 0.3 0.5 1.0 0.3 05 1.0 u sec
Sync Threshold 1.2 2.0 2.8 1.2 20 2.8 \"
Sync Input Current Sync Voltage = 3.5V 1.0 25 1.0 25 mA
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Regulating Pulse Width Modulators

ELECTRICAL CHARACTERISTICS (Continued)

SG1525A / 2525A SG3525A
PARAMETER CONDITIONS SG1527A 1 2527A Sassara UNITS
Mn | Tve | max | win | Tve | max
ERROR AMPUIFIER SECTION (VoM = 5.1 Volts)
Input Offset Voltage 0.5 5 2 10 mv
Input Bias Current 1 10 1 10 HA
Input Offset Current 1 1 HA
DC Open Loop Gain RL =10 Meg 2 60 75 60 75 dB
Gain-Bandwidth Product5 Ay = 0B, Tj = 25°C 1 2 1 2 MHz
Output Low Level 0.2 0.5 0.2 0.5 v
Output High Level 38 5.6 38 5.6 v
Common Mode Rejection Vcm = 1.5 to 5.2V 60 75 60 75 dB
Supply Voltage Rejection VIN = 8 to 35V 50 60 50 60 dB
P.W.M. COMPARATOR
Minimum Duty Cycle 0 0 %
Maximum Duty Cycle 45 49 45 49
Input Threshoid6 Zero Duty Cycle 0.6 0.9 0.6 0.9 v
Input Threshoid® Max Duty Cycle 33 36 33 36
Input Bias Current5 .05 1.0 .05 1.0 HA
SOFT—START SECTION
Soft Start Current VSHUTDOWN = OV 25 50 80 25 50 80 HA
Soft Start Voitage VSHUTDOWN = 2V 0.4 0.6 0.4 0.6 v
Shutdown Input Current VSHUTDOWN = 2.5V 0.4 1.0 04 1.0 mA
OUTPUT DRIVERS (Each Output) (V¢ = 20 Volts)
Output Low Level ISINK = 20 mA 0.2 04 0.2 0.4 v
ISINK = 100 mA 1.0 20 1.0 20 \
Output High Level ISOURCE = 20 mA 18 19 18 19 v
ISOURCE = 100 mA 17 18 17 18 v
Undervoltage Lockout VComp and VSS=high 6 7 8 6 7 8 v
Collector Leakage? Vg = 35V 200 200 A
Rise Time5 CL = 1nF, Tj = 25°C 100 600 100 600 nsec
Fall Time5 CL = 1nF, Tj = 25°C 50 300 50 300 nsec
Shutdown Delay5 Vsp=3av, Cg = 0, Tj = 25°C 0.2 05 0.2 0.5 usec
TOTAL STANDBY CURRENT
Supply Current l VIN = 35V | l 14 I 20 I I 14 ] 20 I mA

Note 5. These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production.
Note 6. Tested at fogc = 40 kHz (R = 3.6 k2, CT = .01 UF,Rp = 02).
Note 7. Applies to SG1525A/2525A/3525A only, due to polarity of output pulses.




APPLICATIONS

SG1525A | SG2525A | SG3525A
SG1527A | SG2527A | SG3527A

Regulating Pulse Width Modulators

SHUTDOWN OPTIONS (See Biock Diagram, Page 1)

1. Use an external transistor or open-collector comparator
to pull down on the Comp Terminal (pin 9). This will setthe
PWM latch turning off both outputs. If the shutdown signal
is momentary, pulse-by-pulse protection can be accom-
plished as the PWM latch will be reset with each clock
pulse.

2. The same results can be accomplished by pulling down
on the Soft-Start terminal (pin 8) with the difference that
on this pin, shutdown will not affect the amplifier compen-
sation network but must discharge any Soft-Start capacitor.

3. Apply a positive-going signal to the Shutdown terminal
(pin 10). This will provide most rapid shutdown of the
outputs but will not immediately set the PWM latch if there
is a Soft-Start capacitor. This capacitor will discharge but
with a current of approximately twice the charging current.

4. The shutdown terminal (pin 10) can be used to set the
PWM latch on a pulse-by-pulse basis if there is no external
capacitance on pin 8. Slow turn-on may still be accom-
plished by applying an external capacitor, blocking diode,
and charging resistor to the comp terminal (pin 9). (See
SG1524 Application Note).
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Regulating Pulse Width Modulators

OUTPUT APPLICATIONS (OUTPUT CIRCUITS)

SG1525A | SG2525A / SG3525A
SG1527A | SG2527A | SG3527A

$G1525A OUTPUT CIRCUIT (% CIRCUIT SHOWN)

®+Vc

+ViN

S$G1525A OUTPUT SATURATION
CHARACTERISTICS

For single-ended supplies, the driver outputs are grounded.
The V¢ terminal is switched to ground by the totem-pole
source transistors on alternate oscillator cycles.

4
5
o
>
A |
w
1< —(@D outpur g /
as 5 /
K an 2
[ 7

——K g L1

=
x g [~
\ 2, é . L7 SOURCE $AT, V¢ — Vo
Q5 OMITTED ° /‘ | 1
IN SG1527A / I SINK SAT, VoL
] ; l
4 0 .02 03 .05.05 07 .10 2 3 4 5 7 1A
= OUTPUT CURRENT, SOURCE OR SINK — AMPS
CLOCK F/F PWM
+VSUPPLY © TO OUTPUT FILTER +VSUPPLY ©
Ry
C1
FV
c A Q1 Tt
s Il
SG1525A c2 =
GNDB 4 Q2
RETURN RETURN

In conventional push-pull bipolar designs, forward base drive
is controlled by Ry-R; Rapid turn-off times for the power
devices are achieved with speed-up capacitors C, and C,.

+VSUPPLY

RETURN ©

The fow source impedance of the output drivers provides rapid
charging of power FET input capacitance while minimizing ex-
ternal components.

+VSUPPLY o

=C1

3

=C2

Low power transformers can be driven directly by the SG1525A.
Automatic reset occurs during deadtime, when both ends of the
primary winding are switched to ground.
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S$G1525A/1527A LAB TEST FIXTURE
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LINEAR INTEGRATED CIRCUITS S$G1526/SG2526/SG3526

REGULATING PULSE WIDTH MODULATOR

DESCRIPTION FEATURES
The 1526 is a high' performance monolithic pulse width modulator ¢ 8 to 35 volt operation
circuit designed for fixed-frequency switching regulators and other o 5 volt reference trimmed to +1%

power control applications. Included in an 18-pin dual-in-line
package are a temperature compensated voltage reference,
sawtooth oscillator, error amplifier, pulse width modulator, pulse
metering and steering logic, and two low impedance power drivers.

® 1 Hz to 400 kHz oscillator range
¢ Dual 100 mA source/sink outputs
Digital current limiting

Also included are protective features such as soft-start and under- * Double pulse suppression
voltage lockout, digital current limiting, double pulse inhibit, a data * Programmable deadtime
latch for single pulse metering, adjustable deadtime, and provision & Undervoltage lockout
for symmetry correction inputs. For ease of interface, all digital e Sinale pul teri
control ports are TTL and B-series CMOS compatible. Active LOW ngle puise metering
logic design allows wired-OR connections for maximum flexibility. ¢ Programmable soft-start
This versatile device can be used to implement single-ended or ® Wide current limit common mode range
push-pull switching regulators of either polarity, both transform- ¢ TTL/CMOS compatible logic ports
erless and transformer coupled. The SG1526 is characterized for e Symmetry correction capability
operation over the full military junction temperature range of —55°C e Guaranteed 6 unit hronization
to +150° C. The SG2526 is characterized for operation from —25° C uaran unit synchronizatio
to +150°C, and the SG3526 is characterized for operation from 0°C )
to +125°C.
BLOCK DIAGRAM CONNECTION DIAGRAM
(TOP VIEW)
+ERROR [ 1] E VREF
~ERROR [2] 7] +vin
P CoMPENSATION [3] [16] outPuUTB
CSOFTSTART [4] [5] GRounD
— RESET [ [14] +veorLecToR
—CURRENT SENSE n E OUTPUT A
+CURRENT SENSE [ 7] [12] WG
oo SHUTDOWN [ o | [11] RoeabTIME
RTiMiNG [9] [10] cTminG
J PACKAGE
TO-116 STYLE
CHIP LAYOUT

ORDER INFORMATION

Junction
Part Number Temperature Range Package
S$G1526J —55°C to +150°C 18-pin Ceramic DIP
S$G2526J —25°C to +150°C 18-pin Ceramic DIP
SG3526J 0°C to +125°C 18-pin Ceramic DIP
SG3526N 0°Cto +125°C 18-pin Plastic DIP
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SG1526/5G2526/SG3526

Regulating Pulse width Modulator

ABSOLUTE MAXIMUM RATINGS (Note 1)

Input Voltage (+VIN) 440V Power Dissipation at TA = +25°C (Note 2) 1000 mW
Collector Supply Voltage (+ VC) +40V  Thermal Resistance: junction to ambient 100°C/W
Logic Inputs —0.3Vto +5.5V  Power Dissipation at TC = +25°C (Note 3) 3000 mW
Analog Inputs —0.3Vto+VIN Thermal Resistance: junction to case 42°C/W
Source/Sink Load Current (each output) 200 mA  Operating Junction Temperature +150°C
Reference Load Current 50 mA  Storage Temperature Range —65°C to +150°C
Logic Sink Current 15mA  Lead Temperature (soldering, 10 seconds) +300°C
Note 1. Values beyond which damage may occur.
Note 2. Derate at 10 mW/°C for ambient temperaures above +50°C.
Note 3. Derate at 24 mW/°C for case temperatures above +25°C.
RECOMMENDED OPERATING CONDITIONS (Note 4)
Input Voltage +8V to +35V  Oscillator Timing Capacitor 1nF to 20uF
Collector Supply Voltage +45Vto +35V  Available Deadtime Range at 40kHz 3% to 50%
Sink/Source Load Current (each output) Oto 100 mA  guaranteed.
Reference Load Current 010 20 mA SG1526 —55°C to +150°C
Oscillator Frequency Range 1 Hz to 400 kHz SG2526 —25°C to +150°C
Oscillator Timing Resistor 2 kQ to 150 kQ SG3526 0°C to +125°C
Note 4. Range over which the device is functional and parameter limits are
ELECTRICAL CHARACTERISTICS
{(+VIN = 15V, and over operating junction temperature, uniess otherwise specified)
$G1526/2526 S$G3526
PARAMETER CONDITIONS UNITS
MIN | TYP \ MAX MIN ‘ TYP ‘ MAX
REFERENCE SECTION (Note 5)
Output Voltage Tj=+25°C 4.95 5.00 5.05 490 5.00 5.10 \
Line Regulation +ViN =8 to 35V 10 20 10 30 mV
Load Regutation IL=01t020 mA 10 30 10 50 mV
Temperature Stability Over Operating Tj 15 50 15 50 mvV
Total Output Over Recommended
Voltage Range Operating Conditions 490 5.00 510 485 500 515 v
Short Circuit Current VREF = 0V 25 50 100 25 50 100 mA
UNDERVOLTAGE LOCKOUT
RESET Output Voltage VREF = 3.8V 0.2 0.4 0.2 04 \
RESET Output Voltage VREF = 4.8V 24 48 24 48
OSCILLATOR SECTION (Note 6)
Initial Accuracy Tj=+25°C +3 +8 +3 +8 %
Voltage Stability +VIN = 8to 35V 05 1 05 1 %
Temperature Stability Over Operating Tj 7 10 3 5 %
Minimum Frequency RT =150kQ, CT =20 uF 1 1 Hz
Maximum Frequency ART=2kQ, CT=1.0nF 400 400 kHz
Sawtooth Peak Voitage +VIN = 35V 3.0 35 3.0 35 \
Sawtooth Valley Voltage + VIN =8V 05 1.0 0.5 1.0 v

Note 5. [L = 0 mA.

Note 6. FOSC = 40 kHz (RT = 4.12 kQ + 1%, CT = .01 4F = 1%, RD =0Q
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SG1526/SG2526/SG3526
Regulating Pulse Width Modulator

ELECTRICAL CHARACTERISTICS (continued)
$G1526/2526 $G3526 I
PARAMETER CONDITIONS
MIN l TvP [ MAX | MIN l TP [ Max (UNITS
ERROR AMPLIFIER SECTION (Note 7)
Input Offset Voltage RS <2kQ 2 5 2 10 mv
Input Bias Current —350 | —1000 —350 | —2000 nA
Input Offset Current 35 100 35 200 nA
DC Open Loop Gain RL =10 Meg ©2 64 72 60 72 dB
High Output Voltage Vpin1 ~Vpin2=150mV, Igo, oo = 100uA | 36 4.2 36 42
Low Output Voltage Vpin2 —Vpin1=150mV, g, = 100uA 0.2 0.4 0.2 0.4
Common Mode Rejection RS < 2kQ 70 94 70 94 dB
Supply Voltage Rejection +VIN =121t0 18V 66 80 66 80 dB
P.W.M. COMPARATOR (Note 6)
Minimum Duty Cycle Vcompensation = +0.4V 0 0 %
Maximum Duty Cycle Vcompensation = +3.6V 45 49 45 49 %
DIGITAL PORTS (SYNC, SHUTDOWN, and RESET)
HIGH Ouput Voltage Isource = 40 pA 24 4.0 24 4.0
LOW Output Voltage Isink = 3.6 mA 0.2 0.4 0.2 0.4
HIGH Input Current VIH =+2.4V —125 —200 -125 —200 LA
LOW Input Current VIL = +0.4V —225 —360 —225 —360 HA
CURRENT LIMIT COMPARATOR (Note 8)
Sense Voltage Rs<500Q 90 100 110 80 100 120 mVv
Input Bias Current -3 -10 -3 -10 HA
SOFT-START SECTION
Error Clamp Voltage RESET = +0.4V 0.1 04 0.1 04 Vv
Cs Charging Current RESET = +2.4V 50 100 150 50 100 150 MA
OUTPUT DRIVERS (Each Output) (Note 9)
HIGH Output Voltage Isource = 20 mA 125 135 125 135 \
Isource = 100 mA 12 13 12 13 v
LOW Output Vottage , Isink = 20 mA 0.2 03 0.2 0.3 v
Isink = 100 mA 12 20 1.2 20 \
Collector Leakage Ve =4ov 50 150 50 150 A
Rise Time CL = 1000 pF 0.3 0.6 03 0.6 uSec
Fall Time CL = 1000 pF 0.1 0.2 0.1 02 uSec
POWER CONSUMPTION (Note 10) i
Standby Current SHUTDOWN = +0.4V | IENEN [ 18 [ 20 [ ma
Note 7. Vopm = 0 to +5.2V
Note 8. Vgm = 0 to +12V
Note 9. Vg = +15V
Note 10. +V)n = + 35V, RT = 4.12kQ2
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Pulse Width Modulator

SG1526/SG2526/SG3526
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S$G1526/5G2526/SG3526
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VOLTAGE REFERENCE

The reference regulator of the SG1526 is based on a temperature compensated zener
diode. The circuitry is fully active at supply voltages above +8 volts, and provides up to
20 mA of load current to external circuitry at +5.0 volts. In systems where additional
current is required, an external PNP transistor can be used to boost the available current.
A rugged low frequency audio-type transistor should be used, and lead lengths between

the PWM and transistor should be as short as possible to minimize the risk of oscillations.

Even so, some types of transistors may require collector-base capacitance for stability.
Up to 1 amp of load current can be obtained with excellent regulation if the device
selected maintains high current gain.

cro= *May be required
=T with some types
== =< of transistors

VIN.

GND

FIGURE 17.
EXTENDING REFERENCE OUTPUT CURRENT

UNDERVOLTAGE LOCKOUT

The undervoltage lockout circuit protects the SG1526 and the power devices it controls from inadequate supply voltage. If +V|,N is too low,
the circuit disables the output drivers and holds the RESET pin LOW. This prevents spurious output pulses while the control circuitry is

stabilizing, and holds the soft-start timing capacitor in a discharged state.

The circuit consists of a +1.2 volt bandgap reference and comparator circuit which is
active when the reference voltage has risen to 3 Vgg: or +1.8 volts at 25°C. When the
reference voltage rises to approximately +4.4 volts, the circuit enables the output drivers
and releases the RESET pin, allowing a normal soft-start. The comparator has 200 mV of
hysteresis to minimize oscillation at the trip point. When +V| to the PWM is removed
and the reference drops to +4.2 volts, the undervoltage circuit pulls RESET LOW again.
The soft-start capacitor is immediately discharged, and the PWM is ready for another
soft-start cycle. .

The SG1526 can operate from a +5 volt supply by connecting the Vg pin to the +V\
pin and maintaining the supply between +4.8 and +5.2 volts.

VREF

TO RESET

TO DRIVER A
TO DRIVER B

1.2v
BANDGAP
[REFERENCE.

FIGURE 18.
SIMPLIFIED UNDERVOLTAGE LOCKOUT

SOFT-START CIRCUIT

The soft-start circuit protects the power transistors and rectifier diodes from high current
surges during power supply turn-on. When supply voltage is first applied to the SG1526,
the undervoltage lockout circuit holds RESET LOW with Q3. Q1 is turned on, which
holds the soft-start capacitor voltage at zero. The second collector of Q1 clamps the
output of the error amplifier to ground, guaranteeing zero duty cycle at the driver
outputs: When the supply voltage reaches normal operating range, RESET will go HIGH.
Q1 turns off, allowing the internal 100 uA current source to charge Cg. Q2 clamps the
error amplifier output to 1 Vgg above the voltage on Cg. As the soft-start voltage ramps
up to +5 volts, the duty cycle of the PWM linearly increases to whatever value the voltage
regulation loop requires for an error null. Figure 10 gives the timing relationship between
Cg and ramp time to 100% duty cycle.

VREF
—

)100
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+ERROR + P.W.M,
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~ERROR
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UNDERVOLTAGE |

LOCKOUT = CSOFTSTART

||H

FIGURE 19.
SOFT-START CIRCUIT SCHEMATIC

DIGITAL CONTROL PORTS

The three digital control ports of the SG1526 are bi-directional. Each pin can drive TTL
and 5 volt CMOS logic directly, up to a fan-out of 10 low-power Schottky gates. Each pin
can also be directly driven by open-collector TTL, open-drain CMOS, and open-collector
voltage comparators; fan-in is equivalent to 1 low-power Schottky gate. Each port is
normally HIGH; the pin is pulled LOW to activate the particular function. Driving SYNC
LOW initiates a discharge cycle in the oscillator. Pulling SHUTDOWN LOW immediately
inhibits all PWM output pulses. Holding RESET LOW discharges the soft-start capacitor.
The logic threshold is +1.1 volts at +25°C. Noise immunity can be gained at the expense
of fan-out with an external 2K pullup resistor to +5 volts.

VREF

:Em( 20K
-
I, | seiom
Logle RESET
o
FIGURE 20.

DIGITAL CONTROL PORT SCHEMATIC




$G1526/5G2526/5G3526

APPLICATIONS INFORMATION (CONTINUED)

Regulating Pulse Width Modulator

OSCILLATOR .
The oscillator is programmed for frequency and dead time with three components: Ry, Ct, and Rpy. Two waveforms are generated: a
sawtooth waveform at pin 10 for pulse width modulation, and a logic clock at pin 12. The foliowing procedure is recommended for choosing
timing values:
1. With R =0 ohms (pin 11 shorted to ground) select values for Ry and C from Figure 7 to give the desired oscillator period.
Remember that the frequency at each driver output is half the oscillator frequency, and the frequency at the +V terminal is the
same as the oscillator frequency.
2. If more dead time is required, select a larger value of Ry using Figure 6 as a guide. At 40 KHz dead time increases by 400 nSec/ohm.
3. Increasing the dead time will cause the oscillator frequency to decrease slightly. Go back and decrease the vaiue of Ry slightly to
bring the frequency back to the nominal design value.
The SG1526 can be synchronized to an external logic clock by programming the
oscillator to free-run at a frequency 10% slower than the sync frequency. A periodic LOW $G1526 —{ svNc I
logic pulse approximately 0.5 uSec wide at the SYNC pin will then lock the oscillator to
the external frequency.

Ap
Multiple devices can be synchronized together by programming one master unit for the ® /\/\/

desired frequency, and then sharing its sawtooth and clock waveforms with the slave =
units. Alf Cy terminals are connected to the Cr pin of the master, and all SYNC terminals RT
are likewise connected to the SYNC pin of the master. Slave Ry terminals are left open or
connected to Vreg. Slave Rp terminals may be either left open or grounded.

FIGURE 21
OSCILLATOR CONNECTIONS AND WAVEFORMS

NEGATIVE
ERROR AMPLIFIER o n T voliade
The error ampilifier is a transconductance design, with an output impedance of hd © ver ©
2 megohms. Since alil voltage gain takes place at the output pin, the open-loop gain/ ® ®
frequency characteristics can be controiled with shunt reactance to ground. When " ™ POSITIVE o
compensated for unity-gain stability with 100 pF, the amplifier has an open-loop pole at oo VoTAGe oo
400 HZ. . ) . vour = vaer (B1;572) vour = vaer (B1)
The input connections to the error amplifier are determined by the polarity of the
switching supply output voltage. For positive supplies, the common-mode voitage is M (:':z ) s .(:-::M)
+5.0 volts and the feedback connections in Figure 22A are used. With negative supplies, 1 -
the common-mode voltage is ground and the feedback divider is connected between the FIGURE 22A FIGURE 228
negative output and the +5.0 volt reference voltage, as shown in Figure 22B. ERROR AMPLIFIER CONNECTIONS
OUTPUT DRIVERS

The totem-pole output drivers of the SG1526 are designed to source and sink 100 mA continuously and 200 mA peak. Loads can be driven
either from the output pins 13 and 16, or from the +V pin, as required. Curves for the saturation voltage at these outputs as a function of
load current are found in Figures 14 and 15.

Since the bottom transistor of the totem-pole is allowed to saturate, there is a momentary conduction path from the + V¢ terminal to ground
during switching. To limit the resulting current spikes a small resistor in series with pin 14 is always recommended. The resistor value is
determined by the driver supply voltage, and should be chasen for 200 mA peak currents, as shown in Figure 25.

+V SUPPLY O~ TO OUTPUT FILTER

RETURN O

FIGURE 23 FIGURE 24 FIGURE 25
PUSH-PULL CONFIGURATION SINGLE-ENDED CONFIGURATION DRIVING N-CHANNEL POWER MOSFETS
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ADVANCED DATA
SG1526A/SG2526A/SG3526A

Performance Data described herein represent design goals.
Final device specifications are subject to change.

giLiGON GRNEraL

LINEAR INTEGRATED CIRCUITS

REGULATING PULSE WIDTH MODULATOR

DESCRIPTION FEATURES
The SG1526A high performance pulse width modulator (PWM) cir- ¢ Low drain and switching currents
cuit is a direct replacement for the SG1526 in all applications and o 7 to 35V operation
features improved parametric performance in several key areas. : o
Included are a temperature compensated voltage reference, * High performance 5V + ': % refe::ntc e
sawtooth oscillator, error amplifier, pulse width modulator, pulse * Low tempco 1 Hz to 400 kHz oscillator
metering and steering logic, and two low impedance power ¢ Dual 100 mA source/sink outputs
drivers. Also included are protective features such as soft-start * Digital current limiting
gnq t_mder-voltage Iockou‘t, digital current limiting, double pulse - Double pulse suppression
inhibit, a data latch for single pulse metering, adjustable dead- * Programmable deadtime
time, and provision for symmetry correction inputs. For ease of d i jockout
interface, all digital control ports are TTL and B-series CMOS * Undervoltage lockou
compatible. Active LOW logic design allows wired-OR connec- ¢ Single pulse metering
tions for maximum flexibility. This versatile device can be used to ¢ Programmable soft-start
implement single-ended or push-pull switching regulators of ¢ Wide current limit common mode range
either polarity, both transformerless and transformer coupled.
The SG1526A is characterized for operation over the full military : ;TL’CM::’S °°mp;:tib'° '°°::"p° rs
junction temperature range of —55°C to + 150 °C. The SG2526A ymmetry correction capabliity
*

is characterized for operation from —25°C to +150°C, and the Guaranteed 6 unit synchronization

SG 3526A is characterized for operation from 0°C to + 125°C.

BLOCK DIAGRAM CONNECTION DIAGRAM
(TOP VIEW)
+ERROR 1| (18] vRer
~ERROR [2] [17] +vin
e
COMPENSATION {3] [16] outPuTB
CSOFTSTART [ 4] [15] GrRouND
T RESET [5] [14] +vcoLLEcTOR
~CURRENT SENSE [ [13] outpuT A
+CURRENT SENSE [ 7 | 12] SVNC
e SHUTOOWN [ 8] [7] RpeaoTime
ATIMING [ 9] » [10] cTiming
J PACKAGE
TO-116 STYLE
CHIP LAYOUT
ORDER INFORMATION
Junction
Part Number Temperature Range Package
SG1526AJ —55°C to +150°C 18-pin Ceramic DIP
SG2526AJ —25°C to +150°C 18-pin Ceramic DIP
SG3526AJ 0°C to +125°C 18-pin Ceramic DIP
SG3526AN 0°Cto +125°C 18-pin Plastic DIP
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SG1526A/SG2526A/SG3526A
Regulating Pulse Width Modulator

ABSOLUTE MAXIMUM RATINGS (Note 1)

Input Voltage (+VIN) +40V  Power Dissipation at TA = +25°C (Note 2) 1000 mW
Collector Supply Voltage (+ VC) +40V  Thermal Resistance: junction to ambient 100°C/W
Logic Inputs —0.3Vto +55V  Power Dissipation at TG = +25°C (Note 3) 3000 mW
Analog Inputs —0.3Vto+VIN Thermal Resistance: junction to case 42°C/W
Source/Sink Load Current {each output) 200 mA  Operating Junction Temperature +150°C
Reference Load Current 50 mA  Storage Temperature Range —65°C to +150°C
Logic Sink Current 15mA  Lead Temperature (soldering, 10 seconds) +300°C
Note 1. Values beyond which damage may occur.
Note 2. Derate at 10 mW/°C for ambient temperaures above +50°C.
Note 3. Derate at 24 mW/°C for case temperatures above +25°C.
RECOMMENDED OPERATING CONDITIONS (Note 4)
Input Voltage +7Vto +35V  Oscillator Timing Capacitor 1nF to 20uF
Collector Supply Voltage +4.5V to +35V  Available Deadtime Range at 40kHz 3% to 50%
Sink/Source Load Current (each output) 0to 100 mA  Operating Junction Temperature Range
Reference Load Current -5t020mA SG1526A —55°C to +150°C
Oscillator Frequency Range 1 Hz to 400 kHz SG2526A ~25°C to +150°C
Oscillator Timing Resistor 2 kQ to 150 kQ SG3526A 0°C to +125°C
Note 4. Range over which the device is functional and parameter limits are guaranteed.
ELECTRICAL CHARACTERISTICS
(+VIN = 15V, and over operating junction temperature, uniess otherwise specified)
SG1526A/2526A SG3526A
PARAMETER CONDITIONS UNITS
MIN T TYP I MAX MIN l TYP ’ MAX
REFERENCE SECTION (Note 5)
Output Voltage Tj=+25°C 4.95 5.00 5.05 4.90 5.00 510 \
Line Regulation +VIN = 71035V 2 10 2 15 mv
Load Regulation IL = —5t0 +20 mA 5 10 5 20 mV
Temperature Stability Over Operating Tj 15 50 15 50 mV
Total Output Over Recommended
Voltage Range Operating Conditions 490 5.00 5.10 485 5.00 515 v
Short Circuit Current VREF = 0V 25 50 100 25 50 100 mA
UNDERVOLTAGE LOCKOUT
RESET Output Voltage VREF = 3.8V 0.2 04 0.2 0.4
RESET Output Voltage VREF = 4.8V 24 48 24 48
OSCILLATOR SECTION (Note 6)
Initial Accuracy Tj=+25°C +3 +8 +3 +8 %
Voltage Stability +VIN = 7 to 35V 05 1 05 1 %
Temperature Stabitity Over Operating Tj 1 3 1 3 %
Minimum Frequency RT =150kQ, CT = 20 uF 1 1 Hz
Maximum Frequency RT=2kQ, CT=1.0nF 400 400 kHz
Sawtooth.Peak Voltage +VIN = 35V 3.0 35 3.0 35 \Y
Sawtooth Valley Voltage +VIN=7V 05 10 05 1.0 \

Note 5. I = 0. mA.

Note 6. FOSC = 40 kHz (RT = 4.12kQ + 1%, CT = .01 uF £ 1%, RD = 0Q
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SG1526A/SG2526A/SG3526A
Regulating Pulse Width Modulator

ELECTRICAL CHARACTERISTICS (continued)

PARAMETER CONDITIONS SG1526A/2526A SG3526A UNITS
MIN | TYP l MAX MIN | TYP I MAX
ERROR AMPLIFIER SECTION (Note 7)
Input Offset Voltage RS =<2kQ 2 5 2 10 mV
Input Bias Current —350 | —1000 —350 | —2000 nA
Input Offset Current 35 100 35 200 nA
DC Open Loop Gain RL=10Meg Q 64 72 60 72 dB
High Output Voltage Vpin1 —Vpin2=150mV, Igg rce = 100uA | 36 42 36 42
Low Output Voltage Vpin2 ~Vpin1=150mV, Igi, = 100uA 02 0.4 02 04
Common Mode Rejection RS < 2kQ2 70 94 70 94 dB
Supply Voltage Rejection +VIN = 12 to 18V 66 80 66 80 dB
P.W.M. COMPARATOR (Note 6)
Minimum Duty Cycie Vcompensation = +0.4V 0 o] %
Maximum Duty Cycle Vcompensation = +3.6V 45 49 45 49 %
DIGITAL PORTS (SYNC, SHUTDOWN, and RESET)
HIGH Ouput Voltage Isource = 40 uA 24 40 24 40 \
LOW Output Voltage Isink = 3.6 mA 0.2 04 0.2 0.4 v
HIGH Input Current ViH = +2.4V -125 —200 —-125 —200 HA
LOW Input Current ViL = +0.4V —225 —360 —225 —360 uA
CURRENT LIMIT COMPARATOR (Note 8)
Sense Voltage RS <500 90 100 110 80 100 120 mv
Input Bias Current -3 —10 -3 -10 LA
SOFT-START SECTION
Error Clamp Voltage RESET = +0.4v 0.1 0.4 0.1 0.4 v
Cs Charging Current RESET = +2.4v 50 100 150 50 100 150 uA~
OUTPUT DRIVERS (Each Output) (Note 9)
HIGH Output Voltage Isource = 20 mA 125 135 125 135 v
Isource = 100 mA 12 13 12 13 v
LOW Output Volage Isink = 20 mA 02 0.3 0.2 03 v
Isink = 100 mA 12 20 ) 12 20 Vv

Collector Leakage VC = 40V 50 150 50 150 UA
Rise Time CL = 1000 pF 03 06 03 06 uSec
Fall Time CL = 1000 pF 0.1 0.2 0.1 0.2 LSec
POWER CONSUMPTION (Note 10)
Standby Current SHUTDOWN = +0.4V 1 IENES [ 4 [0 | ma

Note 7. Vg =0 to +5.2V

Note 8. Vopm =0to VIN — 2.5V

Note 9. Vg = +15V

Note 10. +Vyy = + 35V, RT = 4.12kQ
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ADVANCED DATA
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LINEAR INTEGRATED CIRCUITS Final device speciications are subject to change.

; OFF-LINE START-UP CONTROLLER

DESCRIPTION
FEATURES
The SG1540 is an integrated circuit designed to efficiently .
provide start-up power from a high-voltage bus to a PWM * Eliminates bulky 50/60 Hz
control circuit in a switching power supply. When used on transformer
the primary side, it reduces start-up current to less than 1
mA and allows any standard PWM control circuit to be « Minimizes high voltage bleeder
used as a primary-side controller. When used to power a current
controller on the secondary side, it effectively eliminates
the need for a heavy 50/60 Hz line transformer with its « Usable with primary or
associated low frequency magnetic fields. - - secondary control PWM
The circuit consists of three sections: a micropower band-
gap comparator/power switch referenced to + 2.5 volts ¢ Programmable start voltage and
which isolates the start-up capacitor from its load; a high hysteresis
frequency square-wave oscillator with 200 mA totem -pole
output for driving an isolation transformer; and a second ¢ Programmable overvoltage latch
bandgap comparator with latching crowbar to protect
against overvoltage faults while starting or running.
The SG1540 is specified for operation over the full military
ambient temperature range of —55°C to +125°C. The
8G2540 is characterized for the industrial range of — 25°C
to +85°C, and the SG3540 is desugned for the commercial
range of 0 °C to +70°C.
BLOCK DIAGRAM CONNECTION DIAGRAM
(TOP VIEW)
+Vn @
START  (D——
v START [1] [a] Vour
+25V
HYSTERESIS HYSTERESIS (2] 7] +VN
OVERVOLTAGE {3/ ¢} ACOUT
= TIMING [¢] [s] GROUND
OVERVOLTAGE @:D__}!
28V = Yor M PACKAGE
. TO-116 STYLE
TIMING

ORDERING INFORMATION

Part Number Temperature Range Package
SG1540Y -55°Cto +125°C 8 Pin Ceramic DIP
SG2540Y -25°Cto + 85°C 8 Pin Ceramic DIP
SG3540Y 0°Cto + 70°C 8 Pin Ceramic DIP
SG3540M 0°Cto + 70°C 8 Pin Plastic DIP
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LINEAR INTEGRATED CIRCUITS $G1731/8G2731/SG3731

DC MOTOR PULSE WIDTH MODULATOR

DESCRIPTION FEATURES

The SG1731 is a pulse width modulator circuit e +3.5to =+ 15 volt control supply
designed specifically for DC motor control. It provides e +251t0 =22 volt driver supply
a bi-directional pulse train output in response to the « 50Hz sourcelsink output drivers

magnitude and polarity of an analog error signal input. .
Theg device is useful ;ys the control elementgin motor- * 5kHz to 350kHz osclllator.r‘ange
driven servo systems for precision positioning and  High slew rate etrror amplifier
speed control, as well as in audio modulators and ¢ Adjustable deadband operation
amplifiers using carrier frequencies to 350 kHz. « Digital SHUTDOWN input

The circuit contains a triangle waveform oscillator, a
wideband operational amplifier for error voltage
generation, a summing/scaling network for level-
shifting the triangle waveform, externally program-

mable PWM comparators and dual 100 mA, £22 volt CHIP LAYOUT
totem pole drivers with commutation diodes for full
bridge output. A SHUTDOWN terminal forces the
drivers into a floating high-impedance state when
driven LOW. Supply voltage 1o the control circuitry and
to the output drivers may be from either dual positive
and negative supplies, or single-ended.

0.145in.
BLOCK DIAGRAM CONNECTION DIAGRAM
. TOP VIEW
w @
+VT q e} +vs
va+ [7] '] SHUTDOWN
® N.LINPUT [3] M +vo
INV. INPUT 4] 3] OUTPUT A
ERROR [ izl outPUTB
) cr [¢ 1 -vo
2Va- [ [17] SUBSTRATE
-vT & E} Vs
J PACKAGE

TO-116 CERDIP
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S$G1731/8G2731/SG3731

ABSOLUTE MAXIMUM RATINGS (Note 1)

Supply Voltage (1Vg) +18v
Analog Inputs +Vg
Output Driver Voltage (+Vg)
S$G1731/8G2731 +35V
SG3731 +25V
Source/Sink Load Current (Continuous) 200 mA
Source/Sink Load Current (Peak, 1uSec) 400 mA

Note 1. Values beyond which damage may occur.

Power Dissipation at Ta = +25°C (Note 2) 1000 mW
Thermal Resistance, junction to ambient 125°C/W
Power Dissipation at T¢ = +25°C (Note 3) 3000 mW
Thermal Resistance, junction to case 42°C/W
Operating Junction Temperature +150°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) +300°C

Note 2. Derate at 8 mW/°C for vambient temperatures above +25°C.
Note 3. Derate at 24 mW/°C for case temperatures above +25°C.

RECOMMENDED OPERATING CONDITIONS (Note 4)

Supply Voltage Range +3.5V to £15V
Error Amp Common Mode Range +0.5V to +12v
Output Driver Voltage Range
SG1731/SG2731 +25V to 22V
SG3731 +2.5V to +22v
Source/Sink Load Current (Continuous) 100 mA
Source/Sink Load Current (Peak, 1uSec) 200 mA

Oscillator Frequency Range 5 kHz to 350 kHz

Oscillator Voltage (Peak-to-Peak) 1V to 10V
Oscillator Timing Capacitor (CT) 200 pF to 0.5 uF
Operating Junction Temperature Range
SG1731 ~55°C to +125°C
SG2731 —25°C to +85°C
SG3731 0°C to +70°C

Note 4. Range over which the device is functional and parameter limits are guaranteed.

ELECTRICAL CHARACTERISTICS (Vs = VO = 15V, and over operating junction temperature, unless otherwise specified)

$G1731/8G2731 S$G3731

PARAMETER CONDITIONS MIN | TYP | MAX | MIN | TYP | MAX UNITS
OSCILLATOR SECTION
C Charging Current Ty =+25°C 450 | 500 | 550 | 400 | 500 | 600 | wA

Over Operating Temperature 400 600 350 650 HA
2VA+ Input Bias Current VCM = —5V to +5V -5 - —5 HA
ERROR AMPLIFIER
Input Offset Voltage 1 6 2 10 mV
Input Bias Current 02 | 10 04| 20 | uA
Input Offset Current 30 | 500 60 | 800 | nA
Open Loop Voltage Gain R = 2K 80 106 75 106 dB
Output Voltage Swing RL = 2K +10 | *13 *+10 | +13 Vv
Short Circuit Qutput Current | VERROR ='OV 10 35 10 35 mA
Slew Rate Unity Gain Inverting 15 B 15 V/uSec
Unity Gain Bandwidth 10K Feedback Resistance 1 1 MHz
PWM COMPARATORS
+VT Input Bias Current VeM = —3V to +3V 1 1 HA
SHUTDOWN HIGH Voltage Pin 15 Open 15 15 \
SHUTDOWN LOW Current Pin 15 =~ Vs —06 | —1.0 —06{ —1.0 | mA
OUTPUT DRIVERS (Each Output) (Note 5)

ISOURCE = 20 mA +21 +21 \'J
HIGH Output Voltage ISOURCE = 100 mA +19 | +20 +19 | +20 v

ISINK = 20 mA ~-21 -21 \']
LOW Output Voltage ISINK = 100 mA 20 | 19 —20] 19| v
Rise Time CL = 1000 pF 200 200 nSec
Fall Time CL = 1000 pF 200 200 nSec
POWER CONSUMPTION (Note 5) ’ )
Vs Supply Current FOSC = 50kHz 7 7 mA
VO Supply Current SHUTDOWN LOW 1 ) 1 mA

Note 5. £V = £22 volts.
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$G1731/8G2731/SG3731

APPLICATION NOTES

Supply Voltage

The SG1731 requires a supply voltage for the control

circuitry (Vg) and for the power output drivers (VQ).

Each supply may be either balanced positive and

negative with respect to ground, or single-ended. The

only restrictions are:

1. The voltage between +Vg and —Vg must be at
least 7.0 volts, but no more than 30 volts.

2. The voltage between +Vo and —VQ must be at
least 5.0 volts; but no more than 44 voits.

3. +VO must be at least 5 volts more positive than
—VSs. This eliminates the combination of a single-
ended positive control supply with a single-ended
negative driver supply.

Substrate Connection

The substrate connection (Pin 10) must always be
connected to either —VS or —VO, whichever is more
negative. The substrate must also be well bypassed to
ground with a high quality capacitor.

Oscillator

The triangle oscillator consists of two voltage
comparators, a set/reset flip-flop, a bi-directional 500
MA current source, and an external timing capacitor
CT. A positive reference voltage (2VA+) applied to Pin
2 determines the positive peak value of the triangle, and
a negative reference voltage (2VA—) at Pin 7 sets the
negative peak value of the triangle waveform.

Since the value of the internal current source is fixed at
a nominal 500 uA, the oscillgtor period is a function of
the selected peak-to-peak voltage excursion and the
value of Ct. The theoretical expression for the oscil-
lator period is:

Tosc=gx g4 (a1

where CT is the timing capacitor in Farads and dV is
Vogg_ in \_'glts peak—to-peak.

As a design aid, the solutions to Equation 1 over the
recommended range of TOgc and Vg are given in
graphic form in Figure 1. The lower limit on TOSC is
2.85 uSec, corresponding to a maximum frequency of
350 kHz.

The maximum value of VOSC, (2VA+) — (2VA-), is
10 volts peak-to-peak for linear waveforms.

Error Amplifier

The error amplifier of the SG1731 is a conventional
internally-compensated operational ampiifier with low
output impedance. All of the usual feedback and
frequency compensation techniques may be used to
control the closed-loop gain characteristics. The con-
trol supply voltage +Vg will determine the input
common mode range and output voltage swing; both
will extend to within 3 volts of the Vg supply.

Pulse Width Modulation

Pulse width modulation occurs by comparing the
triangle waveform to a fixed upper (+VT) and lower
(—VT) threshold voltage. A crossing above the upper
threshold causes Output A to switch to the HIGH state,
and a crossing below the lower threshold causes
Output B to switch to the HIGH state.

Threshold crossings are generated by shifting the
triangle waveform up and down with the error voitage
(Pin 5). A positive error voltage will result in a pulse
width modulated output at Driver A (Pin 13). Similarly, a
negative error voitage produces a pulse train at Driver
B (Pin 12). Figure 2 illustrates this process for the case
where Vp + is greater than +VT.

It is important to note that the triangie shifting circuit
also attenuates the waveform seen at Ct by a factor of
2. This results in a waveform at the PWM comparators
with a positive peak of VA+ and a negative peak of
VA—, and must be taken into account when selecting
the values for +V1 and —V7.
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ZERO ERROR

VOLTAGE . :: I :
outpute | I I
. i e 7
s sftefrof /1
I A & A / AN
S CASE B VR SR PR, AP [ I R
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E
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Figure 1. SG1731 Oscillator Period vs. VOSC and CT
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VT/_"V-"-\-K
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Figure 2. Pulse Width Modulation with no Deadband
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SG1731/SG2731/SG3731
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Figure 5. Bi-directional speed controi resuits when the
feedback voltage transducer is a tachometer.
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Figure 6. The two-quadrant transfer function of the
S§G1731 is ideal for pulse width modulated audio power
amplifiers.
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LINEAR INTEGRATED CIRCUITS SG1542 / SG2542 / SG3542

VOLTAGE SENSING CIRCUIT

DESCRIPTION - FEATURES .

This monolithic integrated circuit provides the control e Operation from 4.5 to 40 volts

functions necessary to protect sensitive electronic

circuitry from over-voltage transients or the effects of e Useful for either over- or under-voltage
voltage regulator failure. It is designed for use with an sensing :

external SCR “crowbar” forimmediate shutdown of the

power supply, but additionally provides logic level ¢ Sensing threshold accurate to 2%

outputs for regulator turn-off and/or operatororsystem

out-of-tolerance indication. ¢ Built-in input hysteresis

This device contains an accurate, stable 2.6 volt e Zero to 35 volt sensing capability
reference which allows the sensing threshold to be set .
predictably without the need for potentiometers. ¢ ngrammable time delay
Uncommitted availability of both polarity inputs to the o SCR “Crowbar” drive of 200mA
sensing comparator allows a wide flexibility of use L. -
including the ability to sense voltages less than the ¢ Remote activation capability
reference voltage. An exte(nal capacitor can be used to e 2.6V 1% reference available
program an accurate time delay between fauit
occurrence and crowbar triggering, but this delay may
be bypassed by inputing at the Sense 2 terminal or by
using the remote activation capability.
For additional circuit functions, see SG1543 data
sheet.
BLOCK DIAGRAM
@ VREF
<@ V+
l d) 250uA Ve
26V
REF
1
> 1 SCR
@ TRIGGER
+ ABOVE
LIMIT
_@ WITHIN
’_% LIMIT
12 common
nt (8 INV.  DELAY 4 (1) remote
SENSE 1 SENSE 1 CURRENT SENSE 2 ACTIVATE
CHIP LAYOUT CONNECTION DIAGRAM
nc.d [ 70INC.
WITHIN LIMIT []9 6] ] SENSE 1INV.
REMOTE ACT.[10 5[] SeENSE 1 NI
ABOVE LimiT (1 4[] SENSE 2
comMMON iz 3 ;l DELAY CURRENT
Veee [ 2[] v+
SCR TRIGGER 14 1 p ve

J, N PACKAGES (TO-116)
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SG1542 / $G2542 / SG3542

ABSOLUTE MAXIMUM RATINGS

Input Supply Voltage; V+

Collector Supply Voltage, Vg

Sense Voltage (1)
Sense Voltage (2)

Remote Activation Input Voltage

SCR Trigger Current

Limit Indicators Output Voltage
Limit Indicators Output Sink Current

40V
40V
V+
6.5V
7.0V
300mA*
40V
50mA

Power Dissipation

1000mW
(Package Limitation) )
Derate above 25°C 8.0mw/°C
Operating Temperature Range )
SG1542 —55°Cto +125°C
SG2542 —25°Cto +85°C
S$G3542 0°Cto+70°C
Storage Temperature Range —65°Cto +150°C

*At higher input voltages, a dissipation limiting resistor, RG, is required. See graph.

ELECTRICAL CHARACTERISTICS
(Unless otherwise stated, these specifications apply for V+ =510 35Vand T j =—55°Cto +125°C for the SG1542,
—25°C to +85°C for the SG2542, and 0° C to +70° C for the SG3542.)

S$G1542/2542 S$G3542

PARAMETER CONDITIONS MIN | TYP |MAX | MIN.| TYP | MAX | UNITS
Input Voltage Range Ty =25°C to Tax 45 — 40 | 45 | - 40 \Y
Input Voltage Range Tmin t© Tmax 4.7 - 40 47 - 40 \Y
Supply Current V+ =40V, Outputs open - 5 7 - 5 10 mA
Reference Voltage T =25°C 258 | 2.60 | 2.62 | 265 [ 2.60 | 2.65 \
Reference Voltage Over Temp. Range 2.55 - 2.65 | 2.50 - 2,70 \"
Line Regulation V+=5 to 40V - 1 5 - 1 5 mV
Load Regulation IReF =0 to 10mA - 1 10 - 1 10 mV
Short Circuit Current VRep =0 12 25 40 12 25 40 mA
Temperature Stability — | .005 — - .005 - %/°C
Sense 1 Offset Voltage Sense 1 (+) rising -10 0 +10 | -20 0 +20 mV
Sense 1 Offset Volitage Sense 1 (+) falling =35 | -25 -15 | -50 | -25 0 mV
Sense 1 Common Mode 0 — {whH-3] 0 — | vh-3 v
Sensé 1 Bias Current - -03 | -1.0 - -03| -1.0 UA
Sense 2 Threshold 250 | 260 | 2.70 | 250 | 2.60| 2.70 \%
Sense 2 Bias Current_ — 1.0 10 - 1.0 10 nA
Delay Current 200 | 250 | 300 | 200 | 250 | 300 uA
Remote Activation Current - 120 { 180 - 120 | 180 MA
Remote Act. Threshold 08 )10 )20 |08 | 10| 20 v
Peak Output Current Vec=5V,Rg=0,Vp=0 100 | 200 | 400 | 100 | 200 | 400 mA
Peak Output Voltage Ig = 100mA VINT2|VN-18] —  |VIN-2|vin-18  — \
Output Off Voltage V+=Vg =40V - 0o |01 | -] 0 0.1 v
Limit Indicators VgaT I =-10mA - 02 | 05 -1 02 0.5 \
Limit Indicators Leakage VinD =40V - .01 1.0 - .01 1.0 uA
Propagation Delay To Ind., T = 25°C - |s00] - | - |s00]| - ns
Propagation Delay T Trigger, Ty = 26°C - 500 - - 500 — nS
Qutput Current Rise Time R =508, T;= 25°C - 400 — - 400 - mA/uS
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S$G1542 / SG2542 / SG3542

GATE LIMITING RESISTORS Rg — OHMS

TYPICAL CHARACTERISTICS

MINIMUM GATE CURRENT LIMITING RESISTANCE ACTIVATION DELAY VS. CAPACITOR VALUE
73 [ 26C
100 g 1.0 DELAY = —'|—D—n
£ = 10 mS/uF
=}
75 RG> -\-’%;—5 / S oa
s
/ ]
w
S
50 é 01
Q
b5
a.
/ g
25 > 001
/ % 001
r
=]
0 i 0001
) 10 20 30 20 001 o1 0.1 1. 10
COLLECTOR VOLTAGE, V¢ - VOLTS DELAY TIME —MILLISECONDS

BASIC OVER-VOLTAGE PROTECTION CIRCUIT CONFIGURATION

L1 L2

OO 7 ' Fq = Only necessary if power supp'y is not current
f % * limited
2m 2.6V (R1+R9)
> Y = _FT]_Z
3 '] - TRIP { 1 , Ry < 100kS2
hd CROWBAR
e tp = 10* Cp
powen 6 SG1542 14 TO LOAD V-5
SUPPLY
Ra Rg > —ST
:“ 4 0 12 -
i 3R J L4, Lo = Indicator selected for max. current ~
10mA @ VTRip
T SCR = Selected for max. peak current capability

S$G1542 SIMPLIFIED SCHEMATIC DIAGRAM

VREF SENSE 1 (-) SENSE 1(+] DELAY SENSE 2 REMOTE
® © wv. NL® @ cuRReNT @ @ AcTivate
. J 1) ", o
N K
TRK B Ve
T,
¢ AT K -
A ! R_‘w 3 o sch
‘—}? j: TRIGGER
”E-Fwom
=
L t WITHIN
o v ] LiMIT
b '] ) ABOVE
LIMIT
( :-Kl
! ! ! @ comMON
SUBSTRATE by
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APPLICATIONS

SG1542 / SG2542 / SG3542

OVER-VOLTAGE SENSING FOR
VOLTAGES ABOVE 2.6 VOLTS ~
POWER SUPPLY QUTPUT VOLTAGE
LOW-CURRENT BIAS SUPPLY | (OPTIONAL)

OVER-VOLTAGE SENSING FOR
VOLTAGES LESS THAN 2.6 VOLTS
POWER SUPPLY OUTPUT VOLTAGE

BIAS SUPPLY > 4.7V

L

VRge  ABV. LMT.f——

4 SENSE 1 WTH.
R1 +) LM

SCR
CROWBAR

R1 $ L v+ ve —
—_‘ VRep  ABV. LMTA—}

sense 1 WITH. 7 SCR
+ LMT. CROWBAR
SENSE1 T
[ A
R DELAY REM. ACT. G
2 <
|sense2  com.
[
TCe
GROUND

Rq+R
VTRIP = 2.6V <_1.H2—2.>

SENSE1 T

)
[DELAY REM. ACT.

|SENSE 2 COM.|

Cp
T y R
GROUND VTRIP =26V (R“ﬁzﬁ'z)

OVER-VOLTAGE SENSING FOR
NEGATIVE OUTPUT VOLTAGES*
NEGATIVE POWER SUPPLY OUTPUT VOLTAGE

POSITIVE BIAS SUPPLY

UNDER-VOLTAGE SENSING

POWER SUPPLY OUTPUT VOLTAGE

BIAS SUPPLY
\
3R L _J
Ry |V ve | ” v ~— HIGH INDIGATE
A VRer  ASV.LUT. Rq 3 Veee  ABY.LMT [ LOW INDICATE
SENSE 1 WTH. b: REF LLMT.
+ MR a sensey Wit
SENSE 1 TRIGGER 1 ) LMT.
S " ense 1 T LOW SUPPLY
DELAY REM. ACT. e ©) OUTPUT SIGNAL
CROWBAR (—— DELAY REM.ACT.
SENSE 2 com, Ro S
2 2 com.
TC I } ﬁ‘E cp
GROUND R d
VTRtp = -2.6V GROUND .
RJZ ViRip = 2-6V< i
*Without a positive bias supply, the basic OVP circuit on page 3 can be used /
equally well with either positive or negative voltages.
DELAYED THRESHOLD SENSE PLUS IMMEDIATE OVER-VOLTAGE SENSING
TRIP FOR HIGH OVER-VOLTAGE WITH MINIMUM TIME DELAY
POWER SUPPLY VOLTAGE
POWER SUPPLY OUTPUT VOLTAGE ' Y
BIAS SUPPLY I -
v+ Ve
vr ve — | ——{VRgr ABV.LMT.f—
Rq3 ——{VREF ABV.LMT.f—— R1 g SENSE 1 winl vl
4] SENsEr  WIH L SENSET T LW'M
e LT ISE 1 TRIGGER
SENSE 1 TRIGGER —— }—{DELAY REM. ACT,
R23 DELAY REM.ACT SENSEZ  cOM|
SENSE2  COM. 1K R2S
T
GROUND GROUND VrRIp = 2.8V <11$1>

OVER-VOLTAGE LATCH WITH RESET
POWER SUPPLY VOLTAGE

Ry 3 V4 ve [—
—VRer  ABV.LMTL—

SENSE 1 WTH
"

( LMT.
SENS)E 1 TRIGGER |
i

DELAY REM. ACT
Ry $
9 SENSE 2 com
RESET
1>

GROUND

INTERCONNECTING MULTIPLE SG1542'S

10K I
S

v+
ABV. LMT.

REM. ACT,|
L
$ K 3K CEFM-

TO ADDITIONAL
OVP CIRCUITS

Q1 must provide =>2mA for each OVP circuit. With this arrangement, activation of
any circuit will activate all. For a master-slave relationship, the WITHIN LIMIT
terminal of the master may be directly connected to the REMOTE ACTIVATE
terminals of all the slaves.

115 See Applications Notes for additional information.
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LINEAR INTEGRATED CIRCUITS SG1543 /2543 /3543

Power Supply Output Supervisory Circuit

DESCRIPTION FEATURES

This monoiithic integrated circuit contains all the

functions necessary to monitor and control the output ® o"e’_ -voltz.!ge,_undel:-voltage, and current
of a sophisticated power supply system. Over-voltage sensing circuits all included

(O.V.) sensing with provision to trigger an external .

SCR “crowbar” shutdown; an under-voltage (U.V.) * Reference voltage trimmed to 1% accuracy

circuit which can be used to monitor either the output ¢ SCR “Crowbar” drive of 300 mA
or to sample the input line voltage; and a third op
amp/comparator usable for current sensing (C.L.) are * Programmable time delays

all included in this IC, together with an independent,
accurate reference generator. e Open-collector outputs and remote

Both over and under-voltage sensing circuits can be activation capability
externally programmed for minimum time duration of e Total standby current less than 10mA
fault before triggering. All functions contain open
collector outputs which can be used independently or
wire-or'ed together, and aithough the SCR trigger is
directly connected only to the over-voltage sensing
circuit, it may be optionally activated by any of the
other outputs, or from an external signal. The O.V.
circuit also includes an optional latch and external

reset capability. CHIP LAYOUT CONNECTION DIAGRAM

The current sense circuit may be used with external — 55 I
compensation as a linear amplifier or as a high-gain '
comparator. Although nominally set for zero input e weut [0 73 ovwer
offset, a fixed threshold may be added with an external o nt weor [ o1 o meur
resistor. Instead of current limiting, this circuit may g
also be used as an additional voltage monitor. 2 orrsericow [ 12 o ovpeay

The reference generator circuit is internally trimmed cuoureur [ +[J ov.morcare
to eliminate the need for external potentiometers and anouno [ 14 a[] meser
the entire circuit may be powered directly from either
the output being monitored or from a separate bias ™ l e (s 2[] mewore acrare
voltage. vin [ve ﬂ 1[] scn taicaen
o7 J-Package
TO-116 Cerdip
ABSOLUTE MAXIMUM RATINGS "~ BLOCKDIAGRAM
V'

Input Supply Voltage, V|N 40v oy i
Sense inputs VIN SENSE Ly
SCR Trigger Current 400mA* @ } IDICAITE.
Indicator Output Voltage 40v VREF, [
Indicator Output Sink Current 50mA VING U.V. DELAY
Power Dissipation (Package Limitation) 1000mW . Vin -

Derate Above 25°C 8.0mW/°C ® <)
Operating Temperature Range GROUND -

G1543 —55°Ct0+125°C NG

SG2543 —25°Cto +85°C SENSE ®S.C.R.

SG3543 0°Cto+70°C O.V.DELAY TRIGGER
Storage Temperature Range —65°Cto+150°C INV.®@ p. ® ® 6 @ Oo.V.
* Athigher inputvoltages, adissipation limiting resistor, NIL® e INDICATE

RG, is required. &
OFESET/COMP (GROUND TO ACTIVATE)
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SG1543 /2543|3543

ELECTRICAL CHARACTERISTICS
(Unless otherwise stated, these specifications apply for TJ =
+85° C for the SG2543 and 0°C to +70° C for the SG3543; and for Vyy =10 Volts.

—55°C to +1 25°C for the SG1543, —25°C to

S$G1543/2543 $G3543
PARAMETER CONDITIONS MIN [ TYP | MAX | MIN [ TYP [ MAX | UNITS
Input Voltage Range Ty =25°C to Tmax 45 - 40 45 - 40 v
Input Voltage Range Tmin 10 Tmax 4.7 - 40 4.7 - 40 \4
Supply Current Ty= 259C, VN =40V - 7 10 - 7 10 mA
REFERENCE SECTION (Pins 15, 16)
Output Voltage Ty=25°C 248 | 250 | 252 | 245 | 250 | 255 \Y
Output Voltage Over Temp. Range 245 - 255 2.40 — 2.60 \
Line Regulation VN = 5 to 30V - 1 5 - 1 5 mV
Load Regulation IREF =0to 10mA - 1 10 - 1 10 mVv
Short Circuit Current VRer =0 12 25 40 12 25 40 mA
Temperature Stability — 50 — — 50 —  fppm/°C
SCR TRIGGER SECTION (Pins 1,2, 3)
Peak Output Current ViN=5V,Rg=0,Vp=0 100 200 400 100 200 400 mA
Peak Output Voltage Vin = 15V, 1g = 100mA 12 13 - 12 13 - \
Output Off Voltage Vin = 40V - ] 0.1 - 0 0.1 v
Remote Activate Current Pin 2 =Gnd - 4 8 — 4 .8 mA
Remote Activate Voltage Pin 2 open - 2 6 — 2 3] \Y
Reset Current Pin 3 =Gnd, Pin 2 = Gnd — 4 .8 - 4 8 mA
Reset Voltage Pin 3 open, Pin 2 = Gnd - 2 6 - 2 6 Vv
Output Current Rise Time Ry =508 - 400 - - 400 — | mA/us
Prop. Delay from Pin 2 Ty= 25°C | V(pin2) =04V — 300 - - 300 - nS
Prop. Delay from Pin 6 Cp=0 Vping) = 2.7V, = 500 — - 500 - nS
COMPARATOR SECTIONS (Pins 6,7,5, 8,4, 9)
Input Threshold {Input Ty =25°C 245 | 250 | 265 | 240 | 250 | 260 Vv
voltage rising on Pin 6
and falling on Pin 7) Over Temp. Range 240 - 2.60 2.35 - 2.65 v
tnput Hysteresis — 25 — - 25 — mvV
Input Bias Current Sense input = 0V - 0.3 1.0 - 03 1.0 MA
Delay Saturation - 0.2 05 - 02 0.5 v
Delay High Level — 6 8 - 6 8 \%
Delay Charging Current Vp=0Vv 200 250 300 200 250 300 HA
Indicate Saturation I =-10mA - 0.2 0.5 - 0.2 0.5 \
indicate Leakage VInD = 40V - .01 1.0 - 01 1.0 MA
Viping) =27V | cp=0 - 400 - - 400 - ns
Propagation Delay V(Pin7) = 2.3v
T,=25% Cp = 1uf - 10 - — 10 — m$S
CURRENT LIMIT SECTION {Pins 10, 11, 12, 13)
Input Voltage Range 0 - |vy-3v| 0 —  |vn3Y \
Input Bias Current Pin 12 open, Vopm = OV - 0.3 1.0 - 0.3 1.0 MA
Input Offset Voltage Pin 12 open, Vopm = OV — 0 10 — 0 15 myVv
Input Offset Voltage 10kS2 from Pin 12 to Gnd 80 100 120 70 100 130 mV
CMRR 0<Vem K12V, VN = 15V 60 70 - 60 70 - dB
AVOL Pin 12 open, Vom = OV 72 80 - 72 80 - dB
Qutput Saturation I =-10mA - 0.2 0.5 - 0.2 05 v
Output Leakage V|ND = 40V - 01 1.0 — .01 1.0 MA
Small Signal Bandwidth Ay =0dB, Ty =25°C - 5 - - 5 - MHz
Propagation Delay Voverdrive = 100mV, Ty=26°C| — 200 - - 200 - nS
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SG1543 /2543 /3543

TYPICAL CHARACTERISTICS
‘ SCR TRIGGER POWER LIMITING ACTIVATION DELAY VS. CAPACITOR VALUE
200 } — J.— 10
@ RECOMMENDED SERIES GATE RESISTANCE, Rg . _2s¢C
z FOR USE WITH HIGHER SUPPLY VOLTAGES ] DELAY = S5
o < =10 mS/uF
' &
CRTh) . VIN -5
g ARG =0 g o
= s
17} |
17} w
& g
E 00 oo
o O
@ 3
w <
T [3)
w >
@ 50 < 001
& &
0 0001
10 15 20 25 30 35 40 1007 o1 0.1 .0 7
ViN SUPPLY VOLTAGE — VOLTS DELAY TIME — MILLISECONDS
COMPARATOR INPUT HYSTERESIS ) : CURRENT LIMIT INPUT THRESHOLD
§ OVER-VOLTAGE UNDER-VOLTAGE E . ViN = 10V
3 INPUT INPUT ‘ RL= 2k
E 70|
N (1 T g,
[} = %
< 5
5 A A S
g 3
B3 A o 20—
S 2 VTR
> v o
° T 10—
< £,
§ o - A, < = \
Rt \
. it N\
2
246 2.48 250 2.50 252 254 1k 2k 3k 5k 7k 10k 20k 30k 50K 70k 1M 2M 3M M 1M
SENSE INPUT VOLTAGE — VOLTS R, THRESHOLD SETTING RESISTOR — OHMS
CURRENT LIMIT AMPLIFIER
CURRENT LIMIT AMPLIFIER GAIN FREQUENCY RESPONSE
- ViN = 10V
Py i 80 A= 2ka
ViN = 10V Ty=25°C
AL = 240
a Ry = 100k Ty=25°C ]
! - \‘ | PIN 12 OPEN \ @
z w
5§ AT = 30kO \ & T ¥
§ e \ 3 &
3 \ g b |
g N 5P T y
8 | Aar=1xa A 0 4ol mmmc 3 2708
2 LLIL B — > T z
9] 8 ~ &
2 2 ~ i
& NOTE: Ry IS CONNECTED FROM PIN 12 TO GND. & | 01mFdTO GROUND \ ~ &
& sob— VALUES OF RT BELOW 5.0kQ MAY CAUSE —— S 201 100 pF TO OUTPUT N 360
AMPLIFIER CUTOFF AT ~55°C 4
GAIN MAGNITUDE
PHASE ANGLE | — — —
40 o
00 i 10K 00k M i 00K
FREQUENCY — HERTZ FREQUENCY — HERTZ




SG1543 /2543 /3543

APPLICATIONS

TYPICAL APPLICATION

BIAS SUPPLY

FROM POWER suvm] Rsc

QUT-OF-TOLERANCE
INDICATORS

TO VOLTAGE
CONTROL LOOP

e TO SYSTEM
CONTROL
O

S.CHR
“CROWBAR"

BIAS
SUPPLY

MAIN
POSITIVE
supPLY

GROUND

ADDITIONAL. A

TO G139 COMPARATORS

The values for the external components are deter-
mined as follows:

Current limit input threshold, Vth & __13(11_0

Cs is determined by the current loop dynamics

Peak current to load, Ip = m vo (_&)
Rsc Rsc \R2 + R3,

o Vth
Short circuit current, Isc = —
sC

Low output voltage limit,

2.5 (R4 + R5 + R6)
Vo (Low)= ————————

RS + R6

High output voltage limit,

2.5 (R4 + R5 + RS,
Vo (High) = 25 (R4 + RS + RE)

R6
Voltage sensing delay, td = 10,000 Cd
Vin-§

SCR trigger power limiting resistor, Rg > 02

SENSING MULTIPLE SUPPLY VOLTAGES

POSITWE v ‘%
SUPPLY
Rg
NEGATIVE -
SUPPLY
VOLTAGE
INPUT LINE MONITOR

T0
SHUTDOWN
TIRCUIT

= MASTER POWER SUPPLY
" sdwscuas cow | conprrion
. I
- g | I
[
= : I
I . i
OVERCURRENT SHUTDOWN

MAIN SUPPLY BUS:

BIAS VOLTAGE
T ® 561543 1

SUPPLY BUSS

S.C.R.
“CROWBAR™

RETURN

s

Data subject to change without notice.
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LINEAR INTEGRATED CIRCUITS SG1544 / SG2544 / SG3544

LOW-VOLTAGE SUPERVISORY CIRCUIT

DESCRIPTION FEATURES
This device was designed to provide all o Uncommitted comparator inputs for wide input
the operational features of the SG1543/ flexibility

2543/3543 devices but with the added ad-
vantage of uncommitted inputs to the vol- mmon-Mode from zero
tage sensing comparators. This allows mon- ¢ Co - range to near supply
itoring of voltage levels less than 2.5 volts by voltage

dividing down the internal reference supply.

e Reference voltage trimmed to 1% accuracy

In all other respects, the SG1544 series is o All other features of SG1 |
identical to the SG1543 series. These mono- All o 543 sories

lithic devices contain all the functions neces-
sary to monitor and control the output of a

sophisticated power supply system. Over- BLOCK DIAGRAM
voltage sensing. with provision to trigger an
external SCR “crowbar” shutdown; an under-
voltage circuit which can be used to monitor
either the output or sample the input line
voltage; and a third op amp/comparator
usable for current sensing are all included in
this IC, together with an independent, ac-
curate reference generator.

The voltage-sensing input comparators
are identical and can be-used with threshold
levels from zero volts to (V)y —3V). Each
has approximately 25 mv of hystersis which
is offset so the switching differential thresh-
old is zero on the non-inverting input for ris-
ing levels and zero on the inverting input for
falling signals. All other operating character-
istics are as described in the SG1543 data
sheet and application note.

CONNECTION DIAGRAM
TOP VIEW
u.v. oELAY 7] (] u.v. v iNpUT
U.V. INDICATE [i1 [%] u.v. M iNeUT
C.L NV INPUT [12 [7] o.v. mev. vpuT
C.L N INPUT [13] [+] o.v. i INPUT
OFFSET/COMP [u] [+] O.v. DELAY
c.L ouTtPuT (i} [4] O.v. NDICATE
GROUND [it] [3] reser
Vrer [7] [2] REMOTE ACT
vin [31 Fl SCR TRIGGER
L~ |
J-PACKAGE 18-PIN TO-116 CERDIP
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SG1544 / SG2544 / SG3544

ELECTRICAL CHARACTERISTICS
Unless otherwise stated, these specifications apply for T) = <55°C to +125°C for the SG1544, —25°C to +85°C for
the SG2544 and 0°C to + 70°C for the SG3544; and for ViNy = 5 to 35 Volts. Electrical tests are performed with
VIN = 10 Voits and 2k pull-up resistors on all indicator outputs. All electrical ratings and specifications are tested
with the inverting over-voltage input &id.the non-inverting uhder-voitage input externally connected to the 2.5 volt
reference.
SG1544/2544 SG3544
PARAMETER CONDITIONS MIN | TYP | MAX | MIN | TYP | MAX | UNITS
Input Vottage Range Ty = 25°C 10 Tmax 45 | - 0 |as5 | - 40 v
Input Voltage Range Tmin © Trmak 47 40 47 - 40 v
Supply Current Vin = 40V, Outputs opert - 7 10 - 7 10 mA
REFERENCE SECTION (Pins 17, 18) X
Cutput Voltage Ty = 25°C 248 | 250 | 252 | 245 | 250 | 255 v
Output Voltage Over Temp. Range 245 - 255 | 240 - 2.60 v
Line Regulation VIN = 5 o 30V - 1 5 - 1 5 mv
Load Regulation IREF = 0 1o 10 mA - 1 10 - 1 10 mv
Short Circuit Current VREF = 0 12 25 40 12 25 40 mA
Temperature Stability - 50 - - 50 - ppm/°C
SCR TRIGGER SECTION (Pins 1, 2, 3)
Peak Output Current ViN=5V.Rg =0, Vg =0 100 200 400 100 200 400 mA
Peak Output Voltage ViN = 15V, Ip = 100mA 12 13 - 12 13 - v
Output Off Voltage VIN = 40V - [}} 0.1 - 0 0.1 v
Remote Activate Current Pin 2 = Gnd - 4 8 - 4 .8 mA
Remote Activate Voltage Pin 2 open - 2 6 - 2 6 v
Reset Current Pin 3 = Gnd, Pin 2 = Gnd - 4 .8 - 4 .8 mA
Reset Voltage Pin 3 open, Pin 2 = Gnd - 2 6 - 2 6 \Z
Output Current Rise Time RL =500 - 400 - - 400 - mA/uS
Prop. Delay from Pin 2 Ty =25°C V(Pin 2) = 0.4V . 300 - - 300 - nS
Prop. Delay from Pin 6 Cp=0 V(Pin 6) = 27V - 500 - - 500 - nS
COMPARATOR SECTIONS (Pins 6, 7, 5, 4; 8, 9, 10, 11)
input Threshoid (Input Ty = 25°C 245 [ 250 | 255 | 240 | 250 | 2.60 v
voltage rising on Pin §
and falling on Pin 9) Over Temp. Range 240 - 260 | 235 - 265 v
Input Hysteresis - 25 - - 25 - mv
Input Bias Current Sense input = 0V - 03 1.0 - 03 1.0 uA -
Delay Saturation - 0.2 0.5 - 0.2 0.5 v
Delay High Leve! - 6 8 - 6 8 v
Delay Charging Current Vp = 0V 200 | 250 | 300 | 200 | 250 | 300 | wA
Indicate Saturation I = —10mA - 0.2 0.5 - 0.2 05 v
Indicate Leakage VIND = 40V - ot | 10 | - 01| 10| wA
ViPng =27V | Co=0[ - [a0| - - [ a0 ] - nS
Propagation Delay V(Pin 9) = 2.3V
Ty = 25°C o=t} - 0| - - 10 - ms
CURRENT LIMIT SECTION (Pins 12, 13, 14, 15)
input Voltage Range [ - |wvin-w| O = | vn-3V)] v
Input Bias Current Pin 14 open, VoM = OV - 03| 10 . 03| 10| uA
input Offset Voltage Pin 14 open, Vem = OV - [} 10 - [ 10 mvV
Input Offset Voltage 1082 from Pin 14 to Gnd 80 100 120 80 100 120 mv
CMRR 0< VoM <12V, ViN = 15V 60 70 - 60 70 - dB
AVOL Pin 14 open, Vcm = OV 72 80 - 72 80 - dB
Output Saturation I = —10mA - 0.2 0.5 - 0.2 05 v
Output Leakage VIND = 40V - 01| 1.0 - 01 1.0 uA
Small Signal Bandwidth Ay = 0dB, Ty = 25°C - 5 - - 5 - MHz
Propagation Delay Voverdrive = 100mV, T, = 25°C - 200 ~ = 200 - nS
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aiLiGON GANAPAL

LINEAR INTEGRATED CIRCUITS

S$G1548/5G2548/5G3548

Performance data described herein represent design goals.
Final device specifications are subject to change.

ADVANCED DATA

QUAD POWER FAULT MONITOR

DESCRIPTION

The SG1548 is an integrated circuit capable of
monitoring up to four positive DC supply voltages
simultaneously for overvoltage fault conditions.
An on-chip inverting op amp also allows monitor-
ing one negative DC voltage. The fault tolerance
window is accurately programmable from 2% to
+40% using a simple divider network on the +2.5
volt reference. A single external capacitor sets the
fault indication delay, eliminating false outputs
due to switching noise, logic transition current
spikes, and short-term AC line interruptions. An
additional comparator referenced to +2.5 volts
allows the AC line to be monitored for under-
voltage conditions or for generation of a line clock.
The comparator can also be used for program-
mable undervoltage lockout in a switching power
supply. Uncomitted collector and emitter outputs
permit both inverting and non-inverting operation.
External availability of the precision +2.5 volt
reference and open-collector logic outputs permit
expansion to monitor additional voltages using
available open-collector quad comparators.

FEATURES

Monitors four DC voltages and the AC line
Precision +2.5 volt + 1% low-drift reference
Fault tolerance adjustable from +2% to +40%
Separate overvoltage, undervoltage and AC line

outputs

Fault delay programmable with a single

capacitor

Comparator hysteresis to prevent oscillations
On-chip inverting op amp for negative voltage
Open-collector output logic for expandability
Operation from +4.5 to + 40 volt supplies
Standard 16 pin dual-in-line package

N

BLOCK DIAGRAM

VREF DELAY

€ ®

LINESENSE

+VIN

GROUND

!

@ +25V0LTS S
a—— Rt
- df}‘ \————’_E

®
COLLECTOR OUTPUT
[}
v ® EMITTER OUTPUT

® OVERVOLTAGE FAULT

UNDERVOLTAGE FAULT

INVERTER INPUT

LOWER THRESHOLD(@)————————————

SENSE1 @ w

SENSE2 @ ? R "A$ "

SENSE3 @ R D{ ;

SENSE4 @———4 % I
INVERTER OUTPUT 1

CONNECTION DIAGRAM
(TOP VIEW)

L. THRESH [} ¥ INV.OUT

GROUND [F] [§ INV. IN
VREeF 3 [“] SENSE 4
+ViN [{] %) SENSE 3
LINE SENSE[3] [3 SENSE 2
EMITTER(E] [ SENSE 1
COLLECTOR[| 1 U.V. FAULT
DELAY (3] 5] O.V. FAULT
J or N PACKAGE
TO-116 STYLE

Part Number

$G1548J
§G2548J
SG3548J
SG3548N

ORDERING INFORMATION

Temperature Range

-55°Cto +125°C
-25°Cto + 85°C
0°Cto + 70°C
0°Cto + 70°C

Package

16 Pin Ceramic DIP
16 Pin Ceramic DIP
16 Pin Ceramic DIP

16 Pin Plastic DIP

JANUARY, 1984
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LINEAR INTEGRATED CIRCUITS SG1549 / SG2549 / SG3549

CURRENT SENSE LATCH

DESCRIPTION FEATURES

This monolithic integrated circuit is an analog latch e Current sensing with 100mV threshold
device with digital reset. It was specificaily designed to

provide pulse-by-pulse current limiting for switch-mode e Common-mode input at ground or to 40V

power supply systems, but many other applications are
also feasible. Its function is to provide a latching switch
action upon sensing an input threshold voltage, with
reset accomplished by an external clock signal. This

* Complementary outputs

device can be interfaced directly with many kinds of ¢ Automatic reset from PWM clock

pulse width modulating control IC's, including the

SG1524, SG1525A and SG1527A. * 180nS delay

The input threshold for the latch circuit is 100mV, which

can be referenced either to ground or to a wide-ranging ¢ Interface direct to SG1524, SG1525A, SG1527A

positive voltage. There are high- and low-going output
signals available, and both the supply voltage and clock
signal can be taken directly from an associated PWM
control chip.

With delays in the range of 200 nanoseconds this latch
circuit is ideal for fast-reaction sensing to provide
overall current limiting, short circuit protection, or
transformer saturation control.

BLOCK DIAGRAM

. ® +vs
I C +Q
HI CM
INPUT ® 200 2K %2&“
- A

1K
VAVAv - 1K
o HI
1K QUTPUT
+(® + v i
7K

LO CM 500 .E 500 ® SreuT
INPUT Q T > Q
-® SUBSTRATE
CHIP LAYOUT CONNECTION DIAGRAM
TOP VIEW
—_—
v,
Hi oM +I; @ s
INPU
-2 zl CLOCK RESET
+ OUTP
Lo om 3 6] +ioutpuT
INPUT
-14 5] Looutput
Y OR M PACKAGES (MIN'DlP)
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SG1549 / SG2549 / SG3549

ABSOLUTE MAXIMUM RATINGS

Input Supply Voltage, Vg 25V
Hi CM Input Voltage 40V
LO Output "off” voltage 40V
LO Output “on” current 25mA
Power Dissipation 600mW

Derate above 25°C 5.0 mW/°C

Operating Temperature Range

SG1549 Y
S$G2549 Y or M
SG3549 Y or M
Storage Temperature Range

—55°C to +125°C
—25°C to +85°C

0°C to +70°C

—65°C to +150°C

ELECTRICAL CHARACTERISTICS

(Unless otherwise stated, these specifications apply over the operating temperature range, with Vg =+5.0 voits, and

with the circuit unlatched, or reset.)

$G1549/2549 S$G3549
PARAMETER TEST CONDITIONS | MIN | TyP [ mAX | Mmin | Tvp [ max |uniTs

CM Input (Note 1)

Threshold Voltage Pin 1 & 2 shorted 90 100 110 80 100 120 mV

Input Impedance V(Pin 3) = 50mV 400 500 600 400 500 600 Q
HI CM Input (Note 1)

Threshold Voitage VCM = 2V, Pin 3 open 90 100 110 80 100 120 mV

Threshold Voltage VCM = 40V, Pin 3 open 20 100 110 80 100 120 mV

Input Current V(Pin 1) = V(Pin 2) = 40V — 200 300 — 200 300 HA
Clock Reset

Min. Trigger Voltage — 2.0 25 — 2.0 25 \'

Input Current V(Pin 7) = 4V — 20 40 — 20 40 UA
HI Output

Off Voltage — 0 0.1 — 4] 0.1 \%

On Voltage IL=1mA 2.8 3.2 — 2.8 3.2 — \%
LO Output

Off Leakage V(Pin 5) = 40V — .01 1.0 — .01 1.0 LA

On Voltage IL=-10mA — .3 0.5 — .3 0.5 \

Supply Current V(Pin 8) = 6V — 2 3 — 2 mA

V(Pin 8} = 20V — 10 15 — 10 15 mA

Note 1:

Input threshold voltages and supply current are directly proportional to supply voltage, VS'

TYPICAL SWITCHING CHARACTERISTICS

VS =5V, TA=25°C

PARAMETER SYMBOL CONDITIONS TYPICAL UNITS

Reset Minimum twi Amplitude = 3.0V 150 nSec
Pulse Width

Delay from Reset tp (off) R = 4700 to Vs 300 nSec
to LO Output

LO Input Minimum tw2 Amplitude = 200mV 50 nSec
Pulse Width

Delay from LO (nput tp. (on) Amplitude = 200mV 180 nSec
to LO Output LO CM RL = 470Q to Vg

Delay from HI input tp (on) Amplitude = 200mV 300 nSec
to LO Output HI CM Vcm = 5V

Delay from HI Output LO CM Input = 200mV 30 nSec
to LO Output
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SG1549 / SG2549 / SG3549

DYNAMIC TEST CIRCUIT SWITCHING WAVEFORMS
PULSE PULSE
GEN. 1 GEN. 2 § IV — ﬂ
RESET ﬂ I:‘w (GEN 1) | |
ouTPUT J————l.?———c TRIG out )—] l ov -
2V e ‘ )
oo A T
oV ——t e ———————— -
~| Sear_ =
*Veum O- q l 1 s oV W CM{ A it e E _,l I_. tw (GEN 2)
35t . -2v
> LOIN
2N2222'S 2 7 : 470
N | ) v =]~ D (ON) 1D (ON)
o : D.UT. LO OUTPUT | B LoGCM HI OM
——0 wi, 3 6 OH oV=——T" (oFF) =77
° HiUIN 4 QuUTPUT
L 51K 5 $ 51 K { 3"—1 ""n J‘—"]
1% $s1 HI QUTPUT I
< b3 4 H O Lo ov
OUTPUT
I —O GROUND
Note: Puise Gen. 2 must have triggering, Note: HI OUTPUT Precedes LO OUTPUT
delay and amplitude controls. by approximately 30 nSec.
SCHEMATIC
HICM + -
o 0 > —(8) Vs
R6 R7 R8 R9
1K 1K 500 : 1K
Q Qs
AT ™Ner a8 Q9 IW
Qi
R1
R13 .
490
2K Q18 RESET
A
D2 D3
hl ld
D1 L Ll
2 R10 ,
03/1 1 1 K Q11 a1
W Q10 Q13 r HI
OUTPUT
Lo cm B) ANA—
+ R12
® Q16 °
R2g Q4 Qs S R11 Q14 Q15 =
5003 $ 500 OuTPUT
R4 RS
_ 1K 1K
aND (3)- <
mrn
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| SG1549 / SG2549 / SG3549

APPLICATIONS
W fAsc SwITCH v .
HIGH LINE SENSING — The SG 1549 will provide current o= T oo
sensing in the positive supply line in the typical SG1524 sa1569 i ¥
‘ single-ended switching regulator application shown in l; + Vs o
Figure 1. The HI CM sense circuitry can be used withinput i

VREF

voltages between 2 and 40 volts. R I
Avalue for Rg is determined by dividing the 100mVinput o
threshold by the peak current desired. High-frequency 4 o
noise, or switching transients, can usually be eliminated Re
by a small capacitor between pins 3 and 4. comon O °

Current control may be accomplished by either the Ht . M L A . -

OUTPUT pin connected to the SG1524's Shutdown pin, Figure 1 H'gv:;,t";f, s:gi'g‘;’,‘,‘&,"&";?,?,},?‘}g‘" conjunction
or the LO OUTPUT pin connected directly to the
Compensation Terminal. In either case, activation of the

osc r 3 =

comp

it
1
o
o

current sense latch will tend to discharge the compensa- U Ogon N vour
tion capacitor, Cc, which may cause slow recovery from | |

pulse limiting. If this feature is desired, the LO OUTPUT | |

pin may be used to discharge a soft-start network instead L= _ 14 ]:
of coupling directly to the SG1524. If it is not desired, the —— = V::‘“‘ =
use of asmall value of Cc, and perhaps adiode across Rg, aon :

will enhance recovery. L. aes e R
Another method of introducing the current shutdown wour o 3| L

signal is shown in Figure 2 where the SG1524 is used to Loour W

activate a constant drive current to the high-current Moo R
switch, in this case an SM600. The 2N2222 forms - E’

a constant current generator when driven from the -L— i-_

SG1524's 5.0 volt reference through a 1K resistor. This ' .
transistor is then switched off by the LO OUTPUT Figure 2 — Gurrant control for & busk regulator with
transistor in the SG1549, achieving the fastest response to constant drive current.

the output of the regulator.

LOW LINE SENSING — In many types of feed-forward or sorses
push-pull converters, current protection may be provided Aour

by sensing in an emitter resistor referenced to ground on o

the primary side of an output transformer. The fast- E
reacting SG1549 can easily sense secondary overload as 8 ouT

reflected back to the primary and, additionally, provide l:V"EF ouTRUT n
protection from unbalanced transformer saturation. sarso

When using the LO CMinputs,.the Hl CM inputs should be vs +

shorted together. While the LO CM inputs may be “'°'f:]

connected directly across a sense resistor, Rgc, a small ar

low-pass fiiter.as shown in Figure 3 is often required to T

eliminate high frequency transients. It must be remem- o dogr M T fsc

bered that the 500 ohm input impedance at the LO CM =

terminals will cause the use of R1 to increase the effective Figure 3 — A push-pull converter with low-line
threshold; however, this also offers the possibility of an emitter current sensing.

easily adjustable threshold by incorporating a poten- w

561524 sG1627

tiometer at the input.

Coupling the outputsignal from the SG1549 to the control et ‘oo ‘

chip may be done in several ways including the use of | 3

either the Compensation or Shutdown pins on the wour k| 1

$G1524 as described earlier. 1 ‘ e
;D%

Another convenient way to tie the output of the SG1549
into the PWM control in higher power applications is by
using the SG1627 Dual Interface Driver and connecting sour ]
the LO OUTPUT terminal of the SG1549 directly to the

two Non-Inverting inputs of the SG1627 as shown in

1
Figure 4. osc r—l

And finally, keep in mind that the LO OUTPUT terminal of S woh ]
the SG1549 will easily drive most high-speed optical = -
couplers should some type of isolation between current N it ~
sense and shutdown control be required. E] oom

Figure 4 — Power Boost and current control with the SG1627.
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ADVANCED DATA

giLiGon GANAML SG3509

Performance data described herein represent design goais.

|.| NEAR |NTEGRATED C|RCU|TS Final device specifications are subject to change.

AIR FAULT DETECTOR

DESCRIPTION FEATURES

Operation from 4.5 to 40 volts
2.2 volt reference with respect to ViN

This monolithic integrated circuit provides
the control functions necessary to protect
equipment with forced air cooled system Matching programmable current sources
from loss of air flow. It is designed to provide Programmable heater current source up
a positive indication of the presence of air to 100mA

flow independent of air temperature. Outputs Zero to 35 volts sensing capability
FAULT and FAULT are used to activate an Programmable time delay

alarm or shut-down equipment when air flow Remote activation capability

drops below a preset level for a programmed Latching/Non-latching capability

time period. Fault and Fayit output available
Open-collector outputs with 50mA

This device contains a regulated, stable 2.2 sink capability

volt reference with — 2mV/°C temperature co-
efficient which provides a bias for the heater
current source and the matching program-
mable current sources. Availability of both
polarity inputs to the comparator #1 allows a
wide flexibility of use. An external capacitor
can be used to program an accurate time
delay between occurence and fault indica-

tion.
CHIP LAYOUT
BLOCK DIAGRAM
[ INPUTS COMPI2
ViN Rexr REXT ot N.E DNV,
¢ q
T A3uA ? ? (?\M
| CONNECTION DIAGRAM
comeez i TOP VIEW

Yrer (B)————— \

BUFFER ' o
@ ouTPuT

BUFFER |
ouT .
L] ____‘ (1§ FAULT ouTPUT
RyurFer D »

LoGIC

FAUILT
-® oureur ) (@] eser

@ ©® 0 ©
N1

mwy.
N ROWTE  RESET
7 crivate ;
INPUTS PACKAGE

INV. INPUT COMP #1

T0-116 STYLE
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SG3509

ABSOLUTE MAXIMUM RATINGS (Note 1)

RECOMMENDED OPERATING CONDITIONS (Note 3)

Supply Voltage (+ Vin) +40V Input Voltage (+ V) +45t0 + 40V
Sink Load Current (continuous) 50mA Common-Mode Voltage Range Comp#1{(Vg) OtoVy — 15V
Power Dissipationat Ty = +25°C(Note2) 600mW Collector Voltage FAULTIFASETOulputs Oto + 40V
Operating JunctionTemperature -125°C Sink Load Current FAULT/FAULT Outputs 0to50mA
Storage Temperature Range ~55°Ct0150°C Programmable Current
Lead Temperature (Soldering, 10 seconds) +300°C Sources Resistors (Rgxr) 150KQto 7.5KQ
Note 1. Values beyond which damage may occur. Reference Sink Current
Note 2. Derate at 6.67mW/°C for ambient WithViy = 4.5Vto6V Oto1mA
temperatures above +35°C. with Vi > 6V 010 10mA
Buffer Out Sink Current 0to100mA

Note 3. Range over which the device is functional and
parameter limits are guaranteed.

ELECTRICAL CHARACTERISTICS
Unless Otherwise stated, these specifications apply for Ty = 25°C

PARAMETER REQUIREMENTS
NAME SYMBOL TEST CONDITION (3) MIN | MAX | UNIT|

Reference Section Output Voltage
(Note 6) Vgeel Vpy = 45V 2.09 2.31 Vi
Line Regulation LINEREG | Vp = 45Vtodov,l =0 10 mV
Load Regulation LOAD REG | | = 0to 1mA, Vjy = 45V 10 mV
Short-Circuit Current _los Vi = 12V 5 25 mA
Comparator 1, Input Offset Voltage Vos Tp = 25° to 70°C +10 mV
Input Bias Current Ig -1 A
Output Offset Current lio In+) = In(=) +100 nA
Input Common-Mode Voltage Range Ve 0 Viy —2 \
Voitage Gain Vg R, = 15K Ohms 4 VimV]
Output Source Current (SOURCE) lg| Vpny10 = 0 34 52 pA
Comparator 2, + input Bias Current g+ Vpin12 = Vger 2 A
— Input Reference Voltage Vpee2 | L =0 2.0 3.80 \'
input Resistance to Ground Ry 12.6 234 | Kohms
Remote Activate Current IRA +Vyy = +12V,Pin 14 = OV 0.9 mA
Remote Activate Voltage Via + Vpy = 12V, Pin 14 open 2 7 \4
Reset Activate Current lReA +Viy = +12V,p 14°= 0V, V13 = OV 0.9 mA
Reset Activate Voltage Vhea Pin 13 open, Pin 14 Gnd 15 Vv
Fault Low Output Vaar Iging = 50mA 20 Vv
Fault Low Output Vsar Isink_= 16mA 0.5 \
Programmable Current Sources

Output Current (Notes 4 & 5) loyt Rexg= 20K = 1% 10 200 pA
Current Match IMATCH Rexy = 20K + 1% +1 %
Buffer Output, Pin 2 Voltage Ve 2 Input Current = 100mA 19 23 \

Notes: (3) T4 = 25°C unless otherwise specified.
4) P'? 6, 20K to V)y measure Ic pin to 7 Gnd.
(5) Pin 8 same ZOIyto Viy measure lc pin 9 to Gnd.
6) Vger 11is designed fora —2mV°C + 1mV output voltage temperature coefficient.
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gilican Genarat

LINEAR INTEGRATED CIRCUITS SG3523/3523A /3423 /3423A

Over-Voltage Sensing Circuit

DESCRIPTION FEATURES
This monolithic integrated circuit provides the control Operation from 4.5 to 40 volts

functions necessary to protect sensitive electronic ¢

circuitry from over-voltage transients or the effects of ¢ Highly accurate sensing threshold
e Built-in input hysteresis
.
]

voltage regulator failure. It is designed for use with an

external SCR “crowbar” forimmediate shutdown of the

power sfupply, but additionally provides logic level Programmable time delay

outputs for regulator turn-off and/or operator or system

outFof-toIerar?ce indication. P Y SCR “Crowbar” drive of 200mA
This device contains an accurate, stable 2.6 volt Remote activation capability

reference which allows the sensing threshold to be set

predictably without the need for potentiometers. An

external capacitor can be used to program an accurate

time delay between fault occurence and crowbar

triggering, but this delay may be bypassed by inputing

at the Sense 2 terminal or by using theremote activation

capability.
For additional circuit functions, see SG1542 and

SG1543 data sheets.

BLOCK DIAGRAM

(52“"“ K
26v LN
REF

—®+vin

] -
(®outpuT
INDICATOR
OUTPUT
% ¢ —(7) GROUND
current®@ @ REMOTE
SENSE 1 SOURCE  SENSE2  ACTIVATE
CHIP LAYOUT CONNECTION DIAGRAM
Top View
REMOTE ACT. E 3 CURRENT SOURCE
INDICATOR QUT E 3 SENSE 2
GROUND E E] SENSE 1
OUTPUT E ﬂ El +Vin

Y, M-PACKAGES (MINIDIP)
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SG3523/3523A /3423 /3423A

ABSOLUTE MAXIMUM RATINGS
Power Dissipation (Package Limitation)
Input Supply Voltage, ViN 40V Ceramic minidip (Y-pkg.) 800mwW
Sense Voltage (1) VIN Derate above 25°C 8.0mwW/°C
Sense Voltage (2) 6.5V Plastic minidip (M-pkg.) 400mwW
Remote Activation Input Voltage 7.0V Derate above 25°C 4.0mW/°C
SCR Trigger Current 500mA Operating Temperature Range
Indicator Output Voltage 40V S$G3523/3523A -55°Cto+125°C
Indicator Output Sink Current S50mA SG3423/3423A 0°Cto+70°C
ELECTRICAL CHARACTERISTICS
(Unless otherwise specified, these specifications apply for VIN = 510 35V and Tj =—-55°C to +125°C for the
S$G3523/3523A and 0°C to +70°C for the SG3423/3423A.)
SG3523A SG3423A $G3423/5G3523
'PARAMETER CONDITIONS MIN | TYP [MAX] MIN | TYP [MAX| MIN | TYP | MAX | UNITS
Supply Voltage Range ’ 45| — | 40145 | — (40} 45| — | 40 v
Supply Current - 5 7 — 5 7 — 5 10 mA
Sense Threshold Ty=25°C 2.55) 260|265} 2.50 | 2.60 | 2.70 | 2.45 | 2.60} 2.75 v
Sense Threshold Over Temp. Range 250 — |270)245} — |275]235| - |285 \Y
Input Hysteresis Sense 1 only - 25 — - 25 - - 25 - mV
Sense 1 - }|-03|-10}] - |-03}|-1.0 — - - MHA
Input Bias Current
Sense 2 — +5 | +10 - +5 | +10 - - ~ MA
Current Source 200 | 250 | 300 | 200 | 250 | 300 | 100 | 250 | 300 MA
Remote Activation Vpin = 20 - [ s 4] - |5 [a] -]s]a] u
tnput Current Vping =08V - |-120|-180} — [-120{-180] — |[-120|-180| uA
Output Voltage lg = 100mA vin-22lviy-18] — Jvw-22|vin-18] —~ Jviy-22]v-18]  — \Y%
Peak Output Current VinN=5V,Vg=0V | 100| 200 | 400 | 100 | 200 | 400 | - - - mA
Output Off Voltage VlN =40V - 0 0.1 — o 0.1 - - — v
indicator Saturation I =-1.6mA - lo1 | - - | 01 - - | 01| 04 v
Voltage I =-10mA ~ - |o02{o0o8|] — |o0o2|os]|] - 04| — \
Indicator Leakage Vpin 6 = 40V - .01 | 1.0 - 01110 - - - HA
Propagation Delay T, - 259¢ Sense 1 - 1.0 - - 10 - - 1.0 - uSs
to Output Sense 2 -~-los5| - -(05| - - JoOos| — us
Qutput Current Rise Time TJ = 259C — 400 — — 400 -~ — 400 - mA/uS
130 See Applications Notes for additional information.




| ADVANCED DATA
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LINEAR INTEGRATED CIRCUITS Final device specifications are subject to change.

TRIPLE CURRENT SENSE LATCH

DESCRIPTION FEATURES
This monolithic integrated circuit is a triple ¢ Three Current Sense Latches
current sense comparator with latch and e +5% Accuracy on Current Sense

digital reset. It was specifically designed for Threshold

printer coil saturation control. Each com- +4.5 to + 25 Volt Supply Voltage Range
parator input has a fixed 360 mV threshold to Common Mode Range up to 40 Volts
allow direct current sensing across a sampl- On-chip Bandgap Reference

ing resistor. When coil current exceeds a 40 Volt, 25 mA Open-Collector

preset level, the comparator changes state Outputs

and latches the drive control off. A reset com-

mand unlatches the driver and initiates

another current ramp to the solenoid.
An on-chip bandgap regulator allows this CHIP LAYOUT
device to maintain threshold accuracy over a
supply voltage range of +4.5 to + 25 voits. a
The common-mode range of the differential
current sense inputs is not limited by the P-I e
latch supply voltage, and may be as high as
+ 40 volts. The SG3551 is available in a 14 pin
plastic dual-in-line package, and is rated for
operation over an ambient temperature range # e
of 0 to +85°C. + ! g
L.
=15 1 B
DIE SIZE : 73 X 93 MILS
ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAM
—
PARAMETER RATING UNIT cwour 2 7] wr}{e] i
Input Supply 25 v |
~INPUT A @ 13| RSETA
IN + 40 v =
IN - 40 v »/NPUT 8 a " 3 OUTPUT A
Output Off Voltage 40 v —moura [Z (7] reser s
Output On Current 25 mA =
A < |5 L]
Reset Input Voltage 7 v weur ¢ 5] - 0] ourrur
Power Dissipation 600 W ~meore (4] ZI esser ¢
Temperat, R i 0
perature Range Operating 0 to +85 C sﬁ«:::! 7 4 Z,ourﬁ:/rc
Storage -65 to +150 oc =
TOP VIEW
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SG3551

ELECTRICAL CHARACTERISTICS

(Unless Otherwise stated, these specifications apply over the operating
temperature range of 0-85°C with Vg = 5V + 10%)

[PARAMETER (+, — INPUTS) CONDITIONS MIN | MAX | UN
[Threshold Voltage Vom = 35to 40V 340 380 mVvV
. Vg = 451025V
Positive Input Current +Vy = —V.N = 40V 15 mA
Reset = 04V
Negative Input Current +Vye = + 4OVAV,N 360mvV 15 A
Reset = 24

RESET

High-Level Reset Voltage 2 v
Low-Level Reset Voltage 08 v
H|gh-Leve| Input Current Vs = 25V, Reset = 24V 20 A

Leve! Input Current S = 25V] Reset = 04V ~ 400 WA

Reset Minimum Pulse Width Amplitude = 30V 500 nS
OUTPUT VOLTAGE

Off-State Leakage ‘ Vo = 40V 10 sA
On-State Voltage (latched) lo = 10MA, +Vpy = —Vpy Reset= 24V 05 \"
Supply Current (unlatched) Vg = 25V, Reset = 04V 10 mA
PROPAGATION DELAYS

From Reset to Output R, = 4700 to Vg (See figure 1) 15 s
{From Input to Output R = 4709 to Vg (See figure 2 15 P

BLOCK DIAGRAM

+INPUTS O -
| AN } ouUTPUTS
(3

() [ker >
[V (} & ¢ b— -
= L.O RESET
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OPERATIONAL AMPLIFIERS
General Purpose, Compensated Op Amps
General Purpose, Uncompensated Op Amps
Quad Op Amps

High Voltage Op Amps

High Power Op Amp

Micropower Op Amp
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giLiGoN GENeraL

LINEAR INTEGRATED CIRCUITS SG101/201 SG101A[201A[301A

Uncompensatea Operational Amplifiers

The SG101/201 are general purpose operational amplifiers. Features The SG101A/201A/301A offer improved performance over the SG 101/
include excellent input bias/current and drift characteristics plus short 201 operational amplifiers and also provide short circuit protection and pin
circuit protection and pin compatibility with many industry-standard compatibility with industry standard types.

operational amplifiers. ‘

® Frequency compensated with a single capacitor — no resistor ® 3mV offset voltage over temperature
required ® 100nA input current over temperature
® Low current drain: 1.8mA at120V ® 20nA offset current aver temperature
® Continuous short circuit protection ® G teed drift ch istics
® Operation as a p with diff ial inputs as high ® Offsets g d over full mode range
as130V
® No latch up when common mode range is exceeded
PARAMETERS* 101 201 101A —I 201A 301A UNITS
Supply Voltage 15 to +20 16 to +20 +5 to £20 +5t0 £15 | V
Operating Temperature Range —55 ta +125 0to +70 —55 t0 +125 —25 to +85 0 to +70 oC
Package Types T,Y,J,F T.YJ,F.NM T,Y,J,F T,Y,J,F,N,M —
Input Offset Volitage 5.0 7.5 2.0 (3.0) 75 {(10) | mv
Input Offset Current 200 (500) 500 (750) . 10(20) 50 (70} nA
Input Bias Current 0.5 (1.5) 1.5 (2.0) 0.075 (0.1) 0.25 (0.30)] pA
Temp Coeff Input Offset Voltage (3.0 typ) {6.0 typ) 15 30 uV/oC
Temp Coeff INput Offset Current - - 0.2 0.6 nA/oC
Large Signal Voltage Gain 50 (25) 20 (15) 50 (25) —o (18} | V/mv
Common Mode Rejection {70) (65) (80) (80) dB
Power Supply Rejection (316) (316) (100} (100) uvIiv
Input Common Mode Voltage Range2 {+12) (£12) (+15, —12) (+15, —12)| v’
Differential Input Voltage +30 +30 +30 +30 \"
Slew Rate A, =1, 0.2 0.2 0.2 0.2 VinS
Ay =10 3 (typ) 3 (typ) 3 (typ) 3 (typ)
Unity Gain Bandwidth . 0.5 (typ) 0.5 (typ) 0.5 (typ) 0.5 {typ) MHz
Supply Current 30 3.0 3.0 3.0 mA
Vout RL =2kQ +10 110 +10 +10 v
R = 10kQ £12 +12 +12 +12 v
Noise
Rg = 1k§2 f=10Hz to WOkHz 4 4 4 4 1V (rms)
Rg =500k2  f=10Hz to 10kHz 25 25 25 25 (typ)

‘Para meters apply over supply voltage range and are min./max. timits either at Ta = 259C (or over operating temperature range
if enclosed in parentheses), unless otherwise indicated.

'R =2k Zyg= +15v

Compensation and Optional
Balancing Circuit

CONNECTION DIAGRAMS

el [ we
OFFSET[3 v
ADJUST U o
T [s] NON-INVERTING
Roist B g v- ournr4 TOP VIEW [ INPUT
i JorN INVERTING
outeut [§  Mini [ O VERTING v [ e i
Mory 1 QFFSET ADJUST/
v+ é Package 1] INVERTING conPensTIonEd [ Subensation
N
nefd ] ne
QFFSET ADJUST/
S COMPENSATION [§ I1] QEFSET ADusT . -
SSG':Q“VIIZOL SG101A/201A/301A Chip E‘

-package diagram for pad
functions)

Feedforward Compensation = v
INCREASES SLEW RATE AND GAIN-BANDWIOTH OFFSET )
TYPICALLY BY A FACTOR OF 10, ADIUST & ® ® NONINVERTING
[3] NONINVERTING INPUT ar view
Tom INVERTING
g 3] INVERTING INPUT oureuT {® T @ NPUT

Flatpack
FPackoge

150 pF 134
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LINEAR INTEGRATED CIRCUITS SG741|741C

General-Purpose Compensated Operational Amplifiers

S$G741/741C are pin compatible with the
most widely accepted operational amplifiers
and provide excellent performance for a wide
range of applications.

The SG107/207/307 offer excellent input
bias currents and drift characteristics as well as
short circuit protection and pin compatibility
with the 741 class of amplifiers.

® 3mV max offset volitage over
temperature

. Complete short circuit protection
M :%"‘e#x,;tﬁ‘ bias current : Offs:: voltage null upa’:ility
® 20nA max offset current over ® High common mode voltage range
temperature @ High differential input voltage range
@ Offsets guaranteed over full
©  common mode range
® G d drift ch sti
PARAMETERS* 107 | 207 307 741 741C Units
Supply Voltage 15 to £20 1510 +£20 | £15 +15 \4
gperating Temperature ~55 to +125 | —256 to +85 010 +70 —55 to +125 Oto +70 oc
ange
Package Types T,3,F,Y T,4,F,Y,M N T,4,FY |TLYEMN —
Input Offset Voltage 2.0 (3.0) 7.5 (10} 5.0 (6.0} 6.0 (7.5) mvV
Input Offset Current 10 (20) 50 (70) 200 (500) 200 (300) | nA
Input Bias Current 0.075 (0.1) 0.25 (0.3) | 0.5(1.5) 0.5 (0.8) HA
Temp. Coeff. Input Offset {15)° (30)* (3.0 typ) (6.0 typ) uv/oC
Voltage
Temp. Coeff. Input Offset (0.2) (0.6) (0.5 typ) (0.5 typ) nA/oC
Current
Large Signal Voltage Gain 50 (25) 25 (15) 50 (25) 20 (15) V/mV
Common Mode Rejection (80) (80) (70) 70 dB
Power Supply Rejection {100) {100) {150) 150 VIV
Input Common Mode Range +15, -12 +15, —12 112 +12 v
Differential Input Voltage +30 430 130 130 \
Unity Gain Bandwidth 0.5 (typ) 0.5 {typ) 0.8 (typ) 0.8 (typ) MHz
Slew Rate" 0.2 0.2 0.3 0.3 ViuS
Supply Current 3.0 3.0 2.8 2.8 mA
Output Voltage Swing
RL =2k +10 +10 +10 10 \
RL =10kQ +12 +12 112 v
Noise (typ)
fR: 1(:!:?to 10kHz 4 4 3 3 “‘\t’y(')"“)
Rg = 6500kQ e
f: 10Hz to 10kHz % % % %

*Parameters apply over supply voltage range and are min./max. limits either at T = 259C (or over operating temperature range if enclosed in
parentheses), unless otherwise indicated.

lyg=sx15v

274 = +250C < +1250C

3Minimum recommended closed loop gain of 10.

5
: —— Optional
Balancing
sa Chip (See T-Packag SG741/741C Chi T-Package v [y [ne -
diagram for pad functions). diagram for pad functions) OFFsET _ Circuit
thional = el ! n :OH ANVERTING (741 )
Balancing ~ OFFSET ADJUST [1] ] v- outeuTH 10p ViEW B INPUT v
Circuit ourput 1} o view [4] NON-ANVERTING INPUT [T 0| l‘:\'/‘e’%muﬁ
v Fatpack [3] INVERTING INPUT
(107) we @ F Packam LT} OFFSET ADJUST we ) Rhiier
e o] LIJOIC e 3 i) nc
IS
Ne i [N
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LINEAR INTEGRATED CIRCUITS 56124I224[324

Quad Operational Amplifier

The SG124 series integrated circuit contains four true-differ-
ential, independent operational amplifiers. Each amplifier has
been designed to operate from either a single supply voltage or
plus and minus voltages and features internal frequency compen-
sation, high gain, and very low supply current requirements. An
additional significant advantage of these amplifiers is that when

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, V*
Differential Input Voltage
Input Voltage

Power Dissipation {Note 1}

32Vpc or 216Vpc
32Vpe
~0.3Vpc to +32Vpe

using a single supply, the input and output can be operated down N Package {plastic) 600mwW
0 ground potential. Thus, they can be powered by a standard Derate above 250C 6.0mW/oC
+5V DC logic supply and still be compatible with ali forms of J Package (cerdip} 1000mW
logic inputs and outputs, Derate above 25°C 6.7mw/oC

* Four internaily compensated op amps In a single package Output Short-Circuit to Gnd (Note 2) Continuous

v+ <18Vpc and Tp = 259C

. :’nputs and outputs can go to ground with a single supply Operating Temperature Range

0 o
* input bias current s both low and constant with 56124 —859C to +1259C
temperature $G224 —259C to +859C
$G324 0°C to +70°C
Ide voltay L] it g
* Wide supply 9e compatibilty with low current drain Storage Temperature Range —659C to +1500C
© Available In 14-pin plastic or cerdip package Lead Temperature (Soidering, 60 sec) 300°C
Electrical Characteristics (V' =+5V DC and TA = 259C unless otherwise noted) CONNECTION DIAGRAM
$G124 $G224/5G324
Parameter Conditions Min. Typ. Max. Min. Typ. Max. Units
Input Offset Voltage Rg = 09 - 2 5 — 2 7 mVpc
Input Bias Current (Note 3) [hin B+t )72 - 45 300 —_ 45 500 nApc
Input Offset Current T Iin =) - *3 *30 — +5 +50 nADC
Input Common-Mode Voltage
Range (Note 4) ] ——  V*a5 1] —-— V5 | vpc
Supply Current RL = On All Op Amps —_— 08 2 —_ 08 2 mADpC
Large Signal Voltage Gain R =2k - 100 —_ — 100 — V/mV
Output Voltage Swing Ry =2k§2 o -— Vtas 0 —-— vta5 | vpc
Common Mode Rejection
Ratio oc — 85 - — 85 - dB
Power Supply Rejection
Ratio oc - 100 - — 100 - dB
Amplifier-to-Amplifier
Coupling f=1%kHz 10 20 kHz
{Input Referred) —_ -120 - - -120 — dB
Output Current Source Vint =+1Vpe, VIN© =
0 Vpe 20 40 —_ 20 40 — mApC
Qutput Current Sink VINT =+1Vpc, VIN* =
0Vpc 10 20 — 10 20 - mApC

Note 1: For operating at high temperatures, the SG324 must be
derated based on a +1250C maximum junction temperature and
@ thermal resistance of 1750C/W which applies for the device

tinuous short-circuits can exceed the power dissipation ratings
and cause eventual destruction.
Note 3: The direction of the input current is out of the iC

CH!P BONDING

soldered in a printed circuit board, operating in a still air amb-
ient. The $G224 and SG124 can be derated based on a +1500C
maximum junction temperature.

Note 2: Short circuits from the output to V* can cause ex-
cessive heating and eventual destruction. The maximum output
current is approxi y 40 mA i of the i

of V*. At values of supply voitage in excess of +15Vpc, con-

due to the PNP input stage. This current is essentially con-
stant, independent of the state of the output so no loading
change exists on the input lines.

Note 4: The input common-mode voltage of either input signal
voltage should not be allowed to go negative by more than 0.3V.
The upper end of the common-mode voltage range is V*-1.5V,
but either or both inputs can go to +30Vpc without damage.

DIAGRAM

APPLICATIONS INFORMATION

To reduce the power supply current drain, the amplifiers have a class
A output stage for small signal levels which converts to class B in a large

put of the amplifier, a resistor should be used, from the output of the amp-
lifier to ground to increase the class A bias current and pravent crossover

signal mode. This allows the amplifiers to both source and sink large out-
put currents. Therefore both NPN and PNP externsl current boost tran-
sistors can be used to extend the power capability of the basic amplifiers.
The output voltage needs to raise approximately 1 diode drop above
ground to bias the on-chip vertical PNP transistor for output current sink-
ing applications.

For AC applications, where the load is capacitively coupied to the out-

distortion. Where the load is directly coupled, as in OC applications, thers
is no crossover distortion.

Capacitive loads which are applied directly to_the output of the amp-
lifier reduce the loop stability margin. Values of 50 pF can be accommo-

dated using the worst-case non-inverting unity gain connection.

Large

closed loop gains or resistive isofation should be used if larger load capaci-
tance must be driven by the amplifier.

v # -
av e
v Ll
S "y
[ by
"% oo % 5G124 it rour
= X LN
oo
Ve o
= oo

SINGLE SUPPLY INVERTING AC AMPLIFIER WITH
INPUT BIASED TO ONE—HALF SUPPLY

TTL INTERFACE
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LINEAR INTEGRATED CIRCUITS

3.5 AMP POWER OP AMP

- SG1173/SG3173
- ADVANCE DATA

DESCRIPTION

The SG1173 is a monolithic operational amplifier
with a high current output stage capable of sinking
or sourcing up to 3.5 amps. It operates with supply
voltages up to +24V. Internal current limit, thermal
shutdown, and on-chip compensation make the
SG1173 easy to use both for new designs and
retrofit applications. The input specifications of the
amplifier are competitive with industry standard
devices that offer much lower output currents.

CONNECTION DIAGRAMS (Top Views)

R-Package

FEATURES

+ 3.5 Amps output current

¢ Current limit and thermal shutdown protection
¢ Internal compensation

e Available in TO-220 and TO-66 packages

APPLICATIONS

* Motor drivers
* Servo systems
¢ Power amplifers

PACKAGE INFORMATION

/0 L o Tom O — R-Package:TO-66 P-Package: T0O-220
® © ©) 2' Vee 12345 §' ‘IIN- ©yc = 6°C/W max Oyc = 5°C/W max
« Vee . VEE . _ .
@ @ 4, Vour 4, Vour Bya = 50°C/W max eJA = 65°C/W max
o/ > ™ 5. Vec Order SG1173R Order SG1173P
SG3173R SG3173P
NoTE: Case & TAB INTERNALLY CONNECTED To VEE
Equivalent Schematic D
+Vs
IN+ Qi Q3 %
Q2 Q4 IN- <Q1e
D3 —Ka17
Q15 R63 Q18
ct RS Rsc;
): l 4 ‘ —{Jvour
K
Q10
Qs a8 iF.Dz
Q9 it D1
Q7 é
8 [as
R2
0-vs
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SG1173/SG3173

ABSOLUTE MAXIMUM RATINGS

SupplyVoltage.............c..covieinnin.. + 25V
OutputCurrent .................... Internally Limited
Differential InputVoltage. ..................... +50V
CommonModeVoltage ........................ +25
OperatingJunctionTemp..................... 150°C

ELECTRICAL CHARACTERISTICS Vs = + 24V

Vio Input Offset Voltage 25°C 2.0 4.0 2.0 6.0 mV
Tiow — Thigh 6.0 8.0 mv , -
lis Input Bias Current 25°C 250 | 500 250 | 700 nA
Tiow — Thigh 750 1000 nA
o Input Offset Current 25°C 50 150 50 200 nA
Tiow — Thigh 250 300 nA
Vour Output Voltage Swing R. = 10Q 25°C |18 | +20 +18 | £20 Volts
Tiow — Trigh +17.5 +17.5 Voits
los Output Short Circuit Current| 25°C +35 +35 Amps
CMRR Common Mode AVem= 212V 25°C 76 90 70 90 dB
Rejection Ratio Tiow — Thigh 70 dB
PSRR Power Supply AVg= 12V 25°C 80 90 76 90 dB
Rejection Ratio Tiow — Thigh 74 dB
AvoL Open Loop Voltage Gain Ri< 100 Vour=10v25°C | 40K | 100k 25K | 100k viv
Tiow — Thigh 25K \\'
Is Supply Current 25°C 20 20 mA
Tiow — Thigh 30 mA

Notes: Tpw = —55°C for SG1173R, 0°C for SG1173P and SG3173
Thigh = 125°C for SG1173R, 70°C for SG1173P and SG3173

Small Signal Transient Response Large Signal Transient Response

50mV/vertical division § Vivertical division
1usec/horizontal division 20, sec/horizontal division
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SG1173/SG3173

TYPICAL PERFORMANCE CHARACTERISTICS

Frequency Response Positive Voltage Swing
S T T
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SG1173/SG3173

APPLICATIONS

Proper usage of the SG1173 requires the same loads, protection diodes must be used to
design and layout considerations used with clamp the output voltage to the power sup-
other op amps. Power supplies should be ade- plies. This protects the amplifier from high
quately bypassed and clamped with Zener voltage transients caused by the stored energy
diodes if transients are a problem. Leads to in the inductor. Some loads may require exter-
high impedance nodes should be kept as short nal load compensation. Examples of this are
as possible to minimize undesirable input- shown in Figure 1 and 2. Safe operating area
output coupling or RF pick-up. In addition to (SOA) is another area where extreme care must
these, the high current capability of the SG1173 be used. Simultaneous conditions of high cur-
presents some new challenges that a designer rent and high voltage on the part may cause
must be aware of. Special care should be the junction temperature to exceed the max-
taken to avoid spurious feedback due to imum rating. In any application, the worst case
ground loops or voltage drops in high current power dissipations should be calculated and
paths, Kelvin connections should be used adequate heat sinking must be provided.

when applicable. When driving inductive

Rr +Vs
+Vs Vin
Rs
v
n b0 Vout -Vs
Lc- O1to 14F
RF
—Vs ia Rs
L L —
= FIGURE1 = - FIGURE 2 FIGURE 3
Inverting amplifier with Non-inverting amplifier Protection diodes used
RC load compensation with capacitive load with inductive load
compensation

v =,
3"—I} L

MOTOR g__L

-Vs

i
FIGURE 4

Motor speed control
with tachometer feedback.

IH

FIGURE 5
Audio Amplifier
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LINEAR INTEGRATED CIRCUITS

SG1253/SG2253/SG3253

Low Power Operational Amplifiers — Triple

DESCRIPTION

SG1253/2253/3253 operational amplifiers are triple
operational amplifiers which have been designed
to offer exceptional performance under conditions
of extremely low internal power consumption.
Quiescent current is determined by a single exter-
nal resistor which permits operation over a wide

range of currents and voltages.

FEATURES

« Adjustable power consumption to less than
20 microwatts

Supply voltages from +0.75 to =18 volts
Less than 15 nA bias currents

Complete short-circuit protection

Internally compensated

SCHEMATIC DIAGRAM (Each Amplifier)

Sre
$ 100

vV +

QUIESCENT j

10K
INVERTING at
INPUT

% R\O
R1

j a1
5K
N

NON-INVERT
INPUT
3t
BALANCE O=———nee—of

BALANCE

>
>
>

o
23

AAA

< R12
S 25K

NOTE: Balance adjust not available in triple op amp.

CONNECTION DIAGRAM

POSITIVE
SUPPLY

INVERTING
INPUT

OuUTPUT
I NON-INVERTING

INPUT
, o P

RseT

|
|
;

NEGATIVE
SUPPLY

NOTE: RgeT is required to establish the in-
1ernal operating currents. its value may be
determined on the table given on page 2

TRIPLE

ne [1]

INV. INPUT A [Z]

NON-INV. INPUT A [F]

ouTPuT B (]

+DC SUPPLY B&C [5]

QUIESG -
CURRENT SET G [8]
INV. INPUT C [

NON-INV. INPUT C []

ﬁl |
AA Y
HEE N EEEE

TOP VIEW
S§G1263/2253/3253

QUIESC
CURRENT SET A
+DC SUPPLY A
OUTPUT A
NON-INV. INPUT B
INV.INPUT B
QUIESC
CURRENT SETB
OUTPUT C

DC SUPPLY

"



S$G1253/58G2253/SG3253

SETTING QUIESCENT CURRENT

ABSOLUTE MAXIMUM RATINGS nssasrqn BIASING
Supply Vohtage 18V Vs QUIESCENT CURRENT
1044 30uA 1004 A 3004 A
Differential Input Voltage (Note 1) 215V s 3 5; a 470‘:( ° 150: a —
Common Mode Input Voltage (Note 2) 215V : 3 T TV 330'(‘0 pro
Output Short Circuit Duration Indefinite (Note 3) . :
Power Dissipation (Pkg. Limitation) 28 7.5M0 27Ma S0Ke  220Kq
9 13M aMQ 1.3M0 350K
- 1000mwW -
s l?:rl:geabove 25°C 8.0MWI°C 112 18M0 5.6M0 1.5Mn 510Kn
Storage Temperature Range 15 2M0 7.5M0 2.2M0 620K
J-Package -65°Cto +150°C CURRENT SOURCE BIASING
M-Package -55°Cto +125°C o 0.A WA 00 A 004
Isat 1.3uA 4uA 154 A 50, A

Note 1. This rating'applias to i voltage input
terminals. The maximum input voltage on either input terminal is limited to
supply voitage up to a limit of +15Y. .

© Vout

Note 2. This rating limited to + supply voitage to a maximum of + 15V.

st - V- tovi-o7
Note 3. With the output shorted to ground or either supply. Rating applies to Rset
+125°C case or +75°C i v.
ELECTRICAL CHARACTERISTICS
PARAMETERS/CONDITIONS 12537 2253 3253 UNITS
Operating Temperature Range 5510 +125 | 0to -70 | Oto -70 °C
Supply Voltage £18
Differential Input Voltage 3 15
Common Mode Range 3 +15
input Offset Voitage RS <100K - - - mv
RS < 10K 3(4) 3(4) 6.0(7.5)
Input Bias Current Vg = +3v 18(20) 18(20) 40(50) nA
Vs = 115V 12(15) 12(15) 25(30)
Input Offset Current 5(8) 5(8) 10(15) nA
Input Resistance 3 3 3 M
Large Signal Voltage Gain RL = 10K V§=13V 40(25 40(25) 40(25) VimV
RL = 10K V§ =:15V 400(50) 100(50) 75(50)
Output Vottage Swing VS =123V, RL = 10KQ 21.5(21.0) v
VS =215V, RL = 10K 2 11(£10)
CMRR RS «10K12 (70) - (70) {70) dB
PSRR RS~ 10K Vs = 3 (200) (200) (200)
Vs = 215V (150) {150) (150) i
Power Consumption Vs =123V (240) (240) (240)
VS = +15V. RL = 0 (1200) (1200) (1200) uW
Average TC of Offset Voltage RS = 10K (215V for 1250) 4A(typ) 4(typ) 6(typ) wvrc
Average TC of Offset Current RS = 20K (215V for 1250) 2(typ) 2(typ) 1(typ) pA/°C
Equiv. Input Noise Voltage f=10Hz {15V for 1250) 35(typ) 35(typ} 35(typ) nv/ivHz
Equiv. Input Noise Current £=10Hz (+15V for 1250) 0.5(typ) 0.5(typ) 0.5(typ) pA/ JHz
Slew Rate RL = 10K, CL = 100pF 0.2(typ) 0.2(typ) 0.2(typ) ViuS
Small Signal Unity Gain-Bandwidth Rt =0 - - - kHz
Vin = 20mV, RL = 20KQ2

Parameters for the SG1253 are min/max timits either at Ta = 25°C (or over operating temperature range if enclosed in parentheses), for supply voltage
of +3V to +15V and for a quiescent current of 30 A established by an Rggyof 1.1.
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LINEAR INTEGRATED CIRCUITS SG1536/1436/1436C
General-Purpose Compensated Operational Amplifiers

SG1536/1436/1436C are intended specifically for use in high voltage
applications where high common mode input ranges, high output voltage
swings and low input currents are required. These devices are internally
compensated and are pin compatible with industry-standard operational

amplifiers.
® Usable with up to +40V supplies
e Provides up to +30V output voltage swing
e Common mode voltages to 124V
o Input current 35nA max over temperature
PARAMETERS* 1536! 1436' | 1436c® | uNITS
Supply Voltage 140 134 +30 A\
Operating Temperature Range —565 to +126 0to +75 0to +75 oc
Package Types TY. -
Input Oftset Voltage 5.0 (7.0) 10 12 mv
Input Offset Current 3.0(7.0) 10 (14) 25 nA
Input Bias Current 20 (35) 40 (55) 90 nA
Large Signal Voltage Gain 100 (50) 70 (50) 50 VimV
Common Mode Rejection 80 70 50 dB
Power Supply Rejection 100 200 50 rVIV
Input Common Mode Range2 +24 +22 +18 v
Differential Input Voltage (V) +(VH+ V=]~ 3V) v
Unity Gain Bandwidth 1.0 (typ) 1.0 (typ) 1.0 (typ) MHz
Slew Rate " 2.0 {typ) 20 (typ) | 20 ltyp) | V/uS
Supply Current 4.0 5.0 5.0 mA
Output Voltage Swing Ry = 2k +227 +207 +20] v
R =10k | +30° — - v
Nifsc i“1'8%) Rg = 10kS2, f = 1.0 KHz nV/{H2)%
BV‘G = 1.0Hz s ’ ’ ‘| 80 50 50 (typ)

*parameters apply over supply voltage range and are min./max. limits either at Tg = 259C (or over operating temperature range if

enclosed in parentheses), uniess otherwise indicated.
lyg=r28v Zyg= 215V
R =5 kO SR = 5.0k, Vg = £36V.

$G1536/1436/1436C Chip (See T-package diagram
for pad functions)

Balancing Circuit (Optional)

0KS
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3Ir\puts are shunted with back-to-back diodes for over voitage protection

CONNECTION DIAGRAMS

[
OFFSET
ADIUST L’-J TOP VIEW
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INTERFACE CIRCUITS

Sense Amplifiers
Core Drivers
Dual Peripheral Drivers
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LINEAR INTEGRATED CIRCUITS

Dual Sense Amplifier/Data Registers

ADVANCE DATA
$G55236/5G75236

Performance data described herein represent design goals.
Final device specifications are subject to change.

récommended operating conditions

MIN  NOM HA_X_ UNIT

Supply voltage, VcC+ 475 .5 828] V
Supply voltags, Voo —4.75 -5 -8.28] V
Reference voitage, Vm +1.6 3221 48] V
High-level output voitage, VOH | Detector and buffer veel V
High-level output current, IoH -400| sA

Register 16

Ml
Lowslevet output current, IgL | Butfer 26| mA

Detector 3.2
Wﬂmofnmwl-,tﬂm 118 ns

Supply voltages (see Note 1)

Vees v
vee- - - AL
Reference velup Vm BV
Ditterential input voitage, ViD /v
Voltage from any input to ground . .8.26V
Continuous total dissipation at (or below) 70°C frn-air umporltun . 450 mW
(see Note 3)-
Operating free-air range: SG 55236 —65°C to 126°C
SG 75236 - - - <« - - . 0°C1070°C
Storage Temperature rangs- . . -86°C to 150°C
Lesd temperature 1/1s.m«omuumeomm 300°C

NOTE: 1. Voitage values, except ditferential input voltage, are with respect to the network ground terminal.

glectrical characteristics over recommended operating free-air temperature range, Vet =+ 2.1V

(unless otherwise noted)
PARAMETER TEST CONDITIONS MmN TYPT MAX | uNIT
SG56236 ] 1 9
Vec+*BV. Vee-=-8V.,
Ta=25°C $G75236 4 710
o "
v Y mv
T voltage (see Now 3} Voce -6V £ 6%, [Scseaos | a5 7 _es
Veg.» —BV 2 6%
! SG75236 4 7 10
Vee+ =SV, Vee-= -8V
Common-mods input
Vi = 0.1 MHz 10 20 MH: 1185 v
1CF firing voltage t=0.1 MHz to 20 MH2
\ijp _Ditterential-input biss current Voo =8V, Vee-=-BV, Vip=0 20 A
ljo~  Ditterential-input offset current | Vecs = sV, Vee—=~-5V, Vip=0 0.5 HA
High-level input voltage 2 v
Vi :
(strobe and logic inputs)
Low-level input vol
viL tog o8| v
(strobe and logic inputs)
Vi =478V, Vog-= =475V, Viu=2V,
High-level megewr |, g IOC-—wOnA "
Vou e o2 oH 24 v
OH  oumput voitege ewctor | VEG+ =478V, Vec_ = 475V, Vig=2V,
Vi =08V
\ High-level Butter Veo+=4.78V, Voe— = —4.75V, Vi =2V, 260 | ua
OH  output current v Vi =08V, Vou =475V
a Vec = 476V, Voo = 475V, Vig=2V, oal v
Vi~ 08V, 1oy = 18 mA
=475V, Voe—=—4.75V, Vig=2V,
vou :::"::; Butfer :cc 4.7 cc- A 05| v
tage =08V, iop = 26 mA
=476V, Vee-=—4.78V, Vig=2V,
Detactor | VCC " 47® ce M 04| v
ViL=08V
Input current at maximum - -2V - v 1| ma
" input voltage (logic inputs) Vcos =525V, Veg- = ~6.28V, Vi = 6.26
Dats in or «©
channel select
High-tevel
ryen -750
W input s"'::" '"W';m Voo =625V, Veg- =-52BV, Viu=24V wA
current " ‘ 80
butfer input
Data losd 160
Strobe, reset, or _32
Lowleve! Na.g."‘":::-u:m L] 3
4 i - - -5 Vi =04V
I ::u:m — Vec+* 525V, Voo« ~5.26V, V) =04 % mA
Data lcad —8.4
Data i -2
Short-circuit
[l R =525V, Veg-=—525V, Vo =0 -20 -60 A
05 Gutput current? egister | Voce =525 cC ° b
Vee+ =528V, Vee—=-5.26V, Vgt = -2.1V,
lret  Reference-input current L Vee+ 528 ce ret 2 05 | mA
Ta = 26°C
icce  Supply current from Vecy Vec+ =626V, Voc— = —6.25V, Ta = 25°C 55 | mA
ioc—  Supply current from Voo Ve =628V, Voe—=-5%V, Ta=26°C 18 | mA
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$G55236
SG75236

HIGH-SPEED SEWNSE AMPLIFIERS WITH BUILT-IN DATA REGISTER AND BUFFER
FOR APPLICATION IN COINCIDENT-CURRENT CORE MEMORIES

+ 2-mV Threshold Sensitivity with
Threshold Volitage Independent of

Temperature and Supply-Voltage vec 2 v wm
Variations 1l (5] fos] [n] {w] [w] (@] {0} (W] [S] {w].[w]

Adjustable Differential-Input
Threshold Voltage [

AY w) —qn v
Reference Amplifier Inherently Stable " A
with No External Frequency o ~a
Compensation Required ¢
Built-In Data Register with Provisions = L

I

for External Data Inputs N EnER0-0:0:030s 000 0
Built-in Data Buffer Drives 450-pF W W Ve &8 ’; W T
Load in 15ns PIN § 1S IN ELECTRICAL CONTACT WITH N "AL BASE
Low Power Copsumption NC—No internal connection

Internal Reference Voltage Attenuator Makes Reference Amplifier Less Sensitive to Noise
Two Independent Channels with TTL Compatible Logic Inputs and Qutputs

FUNCTION TABLE FUNCTION TABLE FOR DUAL-CHANNEL
INPUTS QUTPUTS | DETECTOR OPERATION
AC SIwrilL DRG] Y 2 (2W connected to TW/1R1)
HHH L X X XHIH L INPUTS OUTPUT
HHHI L IXXXLtIH H 1A 1C 2A 2 S | w-aw
+ HH t LXHHIH L H H X X H L
+ HH t LXHL[H H X X H H H L
H I H t LXHHIH L i H L X H t
H 1 H t LXHL]H H +{ H X L H t
HH t LXHHIH L L X I+ H H t
HH i LXHLIH H X L { H H +
L X X M HHX X! L H Any Other
LX X} H IRL XHIH L Combination H
LXX{ HOHLXLIH " H = high level (stead) ), L = low leve! (stead )
- level (steady state), L = low leve! (steady state!
L XXl H L XL xyL H X = irrelovant lany input, including transitions)
L X X H fe x ¢t x| L H 1 = transition from high leval 1o low level, t = transition from low lavel to high leve)
XL X[ H |JHHX X[ L X tThe W/RI column shows the output from the detector resulting from the Inputs A,
xLX| H |HL XxXHlIH L C. and S. In positive logic, W = ACS. For dusl operstion with 2W connected to 2R1,
XL X M HLXL|n H this column represents an intermadiate node and can be ignored.
XL X H LXxL x| H For indspendent operation of register 2, this column is an input snd the A, C, end $
X L X N L xt x|t H cclumns should be ignored.
For dusl-channel operation with 2W connected to TW/1R 1, this column is the result
: : t : : : : g : : of W = BTTA-TETZA2C] a8 shown In the teble above.
xxt|l wlnexelun w definition of logic levels
X X Lp 8 L XL XL H INPUT H L
XX LI H JL Xt x| L H
At Vip > VT mex | VID < VT min
The normal sequence of operation is LOGIC ViI2 Vidmin | VI < VIL max

shown in the timing disgram.
£A is & differantisl voltage {V,p) between A1 and A2. For thess circuits, V)p s

consider positive regerdisss of which terminal is positive with respect to the other.
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Gilicon GRneral

LINEAR INTEGRATED CIRCUITS

Memory Drivers

S$G55325/5G75325

PERFORMANCE
e 600-mA Output Capability
+  Fast Switching Times
s Output Short-Circuit Protection
e Dual Sink and Dual Source Outputs

®  Mipimum Time Skew between
Address and Output Current Rise

® 24-Volt Output Capability

EASE OF DESIGN
Source Base Drive Externally Adjustable
TTL or DTL Compatibility
input Clamping Diodes
Transformer Coupling Eliminated
Reliability Increased
Drive-Line Lengths Reduced
Use of External Components Minimized

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

SG55325 SG75325 |UNIT
Supply voltage VCC1 (see Note 1) 7 7 v
Supply voltage VCC2 (see Note 1) 2% 2% v
Input voltage {any address or strobe input) 55 55 Vv
Continuous total dissipation at (or below} 100°C case temperature 1 1 w
Operating free-air temperature range —56 10 126 010 70 °c
Storage temperature range ) —66 to 150 —65 to 150 °C
Lead temperature 1/16 inch from case for 60 seconds 12 package 300 300 °c
Lead temperature 1/16 inch from casa for 10 seconds [N peckage 260 260 °c
NOTE: 1. Voitage valuss are with respect to network ground terminal.
electrical characteristics over rated operating free-air temperature range (uniess otherwise noted)
SG553256 SG75325
PARAMETER TEST CONDITIONS MIN_ TYPT MAX|MIN TYPT MAX UNIT!
ViH High-level input voltage 2 2 v
Vie Low:level input valtage 08 * 08| Vv
Veet =45V, Veca=24V. 13 -7 13 -7
Vi Input clamp voltage Iy = ~10 mA, Tax 2%°C . B . B v
) Source-collectors terminal Vcc1 =45V, Full ran, 500 200 uh
(0} off.state current Vec2 =24V Ta-26C 3 150 3 200
Vi =45V, Vi =24V,
VOH High-level sink output voltage I:S‘O cez 19 23 19 23 v
Vecr =45V,
veez =15V, Full range 09 0.9
Source outputs| Ry =24 52,
l{source) = —600 mA.| T, - 26°C 043 07 043 0.75
v .
(st} voltege Vveet1 =45 V. v
Vee2 s 15V, Full range 09 08
Sink outputs | R = 24 82,
Iisink) = 600 mA, Ta=25"C 043 07 043 076
' Input current at maxi| address inputs [ Vecy =55V, Vec =24V, * 1 R
! mum input voltage strobe inputs | V| =55V 2 2 ™
' High-levet input address inputs | Vo) =55 V. Veez=24V, 3 40 3 40 N
M current Strobe mputs | Vi =24V 5 80 s B0 “
' Low-level input address inputs | VCC1 =55V, vecza=24V, -1 -16 -1 16 A
' current Stobe mputs | V1=04V 7 32 =2 33|
Supply current, all from V, Vi =85V, Vi =24V, 14 22 14 22
oty P " el ca =’ ccz 2 A
sources and sinks off | from Vce2 TA=25°C 75 20 75 20
Supply cucrent from Vecy, Vec1 =55 V, Vec2 =24V,
|
CC1  gitner sink on o) = 50 mA. Tazsc 55 70 55 70| mA
‘cc2 Svupply current from Vg2, vec1=55V, Veez =24V, 32 50 32 60| ma
either source on Wsource) = —S0mA, T =25°C,
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8$G55325/5G75325

switching characteristics, Vcc1 =5 V, Ta = 25°C

PARAMETERY TO (QUTPUT) F::ls.l;E TEST CONDITIONS MIN TYP MAX|UNIT
t '/ =15V, Ry =24Q, 25 50
PLH Source collectors 9 ce2 L ns
tPHL C=25pF 25 50
tTLH Vecz2=20V,  R_=1ka, E3
So! tput: 10 ns
THL urce outputs CL=26pF 5
tPLH ) Veez= 15V, R =249, 20 45
Sink it 9 ns
T ink outputs €y =25 pF % %
tTLH - Vo2~ 15V, RL-244, 7 16
k output: 9 ns
THL Sink outputs L = 25pF s 20
Veoz< 18V,  RL =240,
15 Sink outputs 9 cc2= 18V, L 15 30| ns
Cp = 25pF
YtpLn = pr ion delay time, I high-level output J. OR N DUAL-IN-LINE
PHL T ion delay time, high-to-low-level output OR F FLAT PACKAGE (TOP VIEW)
tTLM = transition time, low-to-high-level output
1THL = transition time, high-to-low-level output NODE
g = storage time veez Rint veet

w X Y Z

TRUTH TABLE F
ADDRESS INPUTS [STROBE INPUT§1 OUTPUTS
SOURCE | SINK | SOURCE | SINK | SOURCE. SINK
v

A B|C D
L H X X L H ON OFF |OFF OFF SOURCE —W - o 5 =0
H L X X L H |OFF ON |OFF OFF COLLECTORS
STROBES
X x|t H i L |OFF OFF | ON OFF PIN B OF THE F FLAT PACKAGES IS IN
X XiH L H L |OFF OFF |OFF ON ELECTRICAL CONTACT WITH THE METAL BASF
x x|x x| w H |OFF OFF |OFF OFF —
H Hl{H H X x |oFF oOfFf|oFF OFF positive logic: See truth table
H = high level, L = low fevel, X = irrelevant
NOTE: Not more than one output is to be on at any one time. [clclolololvlore]
e aiechiind o i I

COLLECTORS Vee 2

.
B

x e HH f

P! —

NobE —~ | S—
OOOOOOOG

STROBES F-FLAT PACKAGE

Rt 16 PIN CERAMIC
M Y
w1
z bt

T —

-

. ]

4

uF R

GnD Veer L
w v oo
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l I ﬂ“ﬂllﬂll $G55326/SG75326

LINEAR INTEGRATED CIRCUITS §G55327/5G75327

Memory Drivers

FEATURES

® Quad Positive or Sink Memory Drivers ¢ High-Repetition-Rate Driver Compatible

. - with High-Speed Magnetic Memories
® 600 mA Output Current Sink Capability o Inputs (g:om:: tible w?th TTL Decoders
® 24V Output Capability

Minimum Time Skew between Strobe
Clamp Voltage Variable to 24V

and Output-Current Rise

SG55327, SG75327 PERFORMANCE ® Pulse-Transtormer Coupling Eliminated
Quad Memory Switches ® Drive-Line Lengths Reduced

600 mA Output Current Capability

VCC2 Drive Voltage Variable to 24V

Qutput Capable of Swinging Between
VCC2 and Ground

ABSOLUTE MAXIMUM RATINGS

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

$G75326 $G55327 $G75327 UNIT
Supply voltage, Vo or Vgt (see Note 1) 7 7 7 7 \
Supply voltage, Voo 25 25 v
input voltage, any address or strobe 55 5.5 55 55 \"
Output collector voltage 25 25 25 25 v
Output clamp voltage 256 25 \Y
Output collector current 750 750 750 750 mA
Continuous total dissipation st {or below} N f 3 1 w
100°C case temperature (see Note 2)
Operating free-air temperature range —55 10 125 0to 70 —55t0 125 0t 70 °c
Storage temperature range —65 to 150 65 to 150 —65 10 150 —66 to 150 °C
Lead temperature 1/16 inch from 300 300 300 300 oc
case for 60 seconds: J, Y or M package
Lead temperature 1/16 inch from 260 260 260 260 °c
case for 10 seconds: N package -

recommended operating conditions

$G75326 7 $G75327 UNIT
MIN NOM MAX | MIN NOM MAX | MIN NOM MAX | MIN NOM MAX
Supply voltage, Ve or Vet a5 5 655 |45 ©5 55| 45 65 55|45 5 65| V
Supply voltage, VCC2 45 24 | 45 24| vV
Output collector voitage 24 24 24 24 v
Output-clamp voitage, V(clamp) 45 24 | A4S 24 v
Output collector current 600 600 600 600 | mA
Operating free-air temperature, T —55 125 ] 70 | ~55 128 0 7| °C

NOTE: 1. Voltage vajues are with respect to network ground terminalis).
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$G55326, SG75326 electrical characteristics over recommended operating tree-air temperature
range (unless otherwise noted)

$G55326 S$G75326
10NSst
PARAMETER TEST CONDIT MIN TYPI MAX | MIN TYPT MAX UNIT
in High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 08| v
Vec=45V, I{=—10 mA,
\ -1 -1 -1 -1
'\ Input clamp voltage Ta<25°C 1 1.7 1 1.7 v
VoH High-level output voltage Vec =45V, Io=0 19 23 19 23 v
Vcc =45V, Full range 09 09
Visat) Saturation voltage Usink) = 600 mAS, - v
See Note 3 Ta =25°C 043 0.7 043 0.75
Output-clamp-diode Viclamp) = 0, l(clamp) = ~10 mA,
V| E
FIelomD) (00 vvard voltage Ta-29°C 15 15{ v
Output-clamp current,
i . = =
(clamp) one output on I(sink) =50 mA, Tp =26°C [ 7 5 7| ma
Input current at Address 1 1
I i input Vi=65V mA
voltage Strobe 4 4
High-level Address 40 40
[} V= 2.
H input current Strobe 1=24v 160 160 kA
Low-level Address -1 -16 -1 -16
) Vi=04V
i input current Strobe 1=0. —4 —6.4 -4 —-6.4 mA
icCloff)  Supply current, all outputs off Allinputs at5V, Tp =25°C 18 25 18 25 mA
IcClon) Supply current, one output on l(sink) =S50 mA, Tp =26°C 58 7% 58 75 | mA
$G55326, SG75326 switching characteristics, Vce =5V, Ta = 25°C
PARAMETERY TO (OUTPUT) TEST CONDITIONS § MIN  TYP MAX |UNIT
t
:::: WX, Y,0r2 E L
Vs =Viclamp) = 15V, R =249, Cy_=25pF, 2 s
L W, X, Y, 0r2 See Figure 5 . LA B
THL 10 20
L W, X, Y, or2 24 35 ns
VoH W, X, Y,o0r2 Vs = Viclamp) =24V, R =478, CL=25pF, Vg—25 mv
Hsink) = 500 mA, See Figure 5

$G55327, SG75327 electrical characteristics over recommended operating free-air temperature
range (unless otherwise noted)

$G55327 $G75327
PARAMETER TEST CONDITIONS' l}
NDIT MIN_TYPF MAX |MIN TvpT Max | N
ViH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 08| Vv
Vec=45YV, I =—10mA
V| 1 I -1 - -1 -1,
| Input clamp voltage Ta<28°C 1 -7 1 7] Vv
. Collectors terminal Vcci1=45V, Full range 500 200 WA
(off) off-state current Vicon) =24V Ta=25C 150 200
V =45V,
cho Full range 09 09
. 0=0,
V{sat) Saturation voltage _ § v
lsource) = —600mAS, | o _ e 043 07 043 075
See Notes 3and 4
Input current Address 1 1
I at maxi V)=55V 1™
input voltage Strobe 4
High-level Address 40 40
I Vy=24Vv HA
H input current | Strobe ! 160 160
Low- -1 —16 -1 -16
e ow-level Address Vi-04V mA
input current | Strobe —4 64 ~4 —6.4
Supply current, | From Vg . o 7 10 7 10
Al t5V, Ta=25°C mA
feclofn) all outputs off | From Voo inputs & A 13 20 13 2
Supply current, | From Ve | Vieo) =6 V., Hsource) = —50 mA, 8 12 8 12 mA
fcciont g ng output on | From Vgga| Ta = 26°C, See Nate 3 36 55 36 85
$G55327, SG75327 switching characteristics, Vee1 =5V, T =25°C
PARAMETER ¢ TO (OUTPUT) TEST CONDITIONS § MIN  TYP MAX [UNIT
tPLH Collectors Vg=Veez=16V, Ry =24Q, C_=25pF, 35 55 e
—
tPHL W, ZorX, Y See Figure 5 and Note 4 30 55
LR Vicol) = Vcc2=20V, R =100 Q,C_ = 25 pF, 30
THL WX, Y, 0or2 See Figure 6 and Note 4 10 "
Collectors Vg=Vcea=24V, R =479, C_=25pF,
Vg—
VoH W,ZorX,Y I(sink) ®500mA,  See Figure 5and Note 4 | 'S 22 mv
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$G55326/5G75326

S$G55327/SG75327
CONNECTION DIAGRAMS
$G55327, SG75327 $G55326, SG75326
J OR N DUAL-IN-LINE OR J OR N DUAL-IN-LINE OR
F FLAT PACKAGE (TOP VIEW) F FLAT PACKAGE (TOP VIEW)
coL cOoL
w,Z 2 [ S veer € Y XY cLamP cLaMP
2z o s vce c v X
LIS TR S SRS S LIS L w] [w) [w] Jis] Ji2) [n] [u]]s
o
w H R e s s :
A GND (] A Rex NC B X GND
PIN 8 OF J AND N PACKAGES IS IN PINS 1 AND 8 OF J AND N PACKAGES ARE
ELECTRICAL CONTACT WITH THE METAL BASE IN ELECTRICAL CONTACT WITH THE METAL BASE
SCHEMATICS
SG55326, $G75326 $G55327, SG75327
o o fn v
™ by el ha. 18 z
VW U ¥ ...Vce Vec. or Veez bus, respectivaly. Resistor values shown are nominal and in 6hms.
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S$G55327/8G75327
THERMAL INFORMATION
CASE TEMPERATURE FREE-AIR TEMPERATURE
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE
1200 1200 T— T T T—71
- SERIES 75 SERIES 55
£ T MAXTa MAX Ta
F1000 ~ % 1000
3 F x NN 5 L
800 \\\ \\ § 800 A '
P Q N 2 N LY N H
N \ - F
600 N 3 600 h
c 1
400 S N 3 P t
3 G DERATE k=’jmom NN - 400 ~ N
22 mW/°C  104°C \\ L Z
200 24 mW/°C  108°C \C See £ 200 PKG DERATE FROM \‘\
= 30 mW/°C  117°C Note s F 60mW/°C  25°C
36 mW/°C_ 121°C A J,Y,N o04mwrc_sa°c
100 10 120 130 140 150 20 30 40 50 60 70 80 90 100110 120 130
Tc—Case Temperature—°C Ta—Free-Air Temperature—°C

NOTE A: Rated operating free-air temperature ranges must be
observed regardless of hest-sinking.
FIGURE 1

FIGURE 2
PACKAGES
[olc]olelolololo]
B -t e e
-
"...."'\ LT S
J -
[l i
" u
i it Lo - i - o
COROOOOO Lﬁu:‘]um-mm‘".m
F-FLAT PACKAGE N-PACKAGE J-PACKAGE
16-PIN CERAMIC 16-PIN PLASTIC 16-PIN CERDIP

152




giLiGon GRNral,

LINEAR INTEGRATED CIRCUITS SG55450B[75450B SG55460[75460
Dual Peripheral Drivers

The SG554508 and SG55460 Series are general purpose dual A Teg SeapxIMUM SGe54608 5655400
peripheral drivers whose output stage includes a completely un- Supply Voitage, Voo v v
committed, high-voltage, high current NPN transistor. Inputs to Input Voltaga 5.5V 55V
the standard TTL gates are diode clamped and fully DTL/TTL VG to Substrate Voltage 3sv 4q0v
compatible. The output transistors of the SG554508 and Collector to Substrete Voltege 35V 40V
SG754508B are capable of sinking 300 mA and will withstand 30 Coliector to Base Voltage 35V 40v
volts when off. The SG65460 and SG75460 devices have the Collector to Emitter Voltege {Note 2) 3ov 40v
same current rating but with higher voltage capability of 40 volts Emitter to Base Voltage 5v sV
and only slight reduction in switching speeds. Collector Current {Note 3} 300mA 300mA

Power Dissipation

The SG65460B and SG55460 are characterized for operation N Package {plastic) 600mW 600mW
over the full military temperature range of -55°C to +1259C Derate above 26°C 6.0mW/°C  6.0mw/°C
while the SG75450B and SG75460 are designed for 0°C to J Package (cerdip) 1000mW  1000mW
+70°C operation. Derate above 269C 8.7mW/°C  6.7mW/°C

Operating, Free Air Temperature
® Current capacity of 300 mA per Range

driver SG55450B, SG55460 —56°C 10 +126°C
ve 5G764508, SG75460 0°C to +70°C
® High output volitage capability Storage Temperature Range —85°C to +160°C
@ High-speed switching characteristics NOTES:

ili H - 1. Voltage values shown are with respect to ground terminat unless
©® Both military and commercial tem: gt iy

perature ranges 2. With base-to-emister resistance less than 500,
3. Both sides of circuit msy conduct rated current simultaneously
provided powsr dissipation rating is not exceaded.

ELECTRICAL CHARACTERISTICS
(over operating temperature range and with Vg =5V 5‘)_6, unless otherwise specified)

TTL GATES
Parameter Test Conditic Min. Typ. Max. Units.
High-level input voltage, V) VoL <04V, 1o, =16mA 2 —-— — v
Low-level input voltage, V(| Voh > 24V, gy = —4mA —— p— 0.8 Vv
High-level output voitage, Vor ViL =08V, ToH = —.4mA 2.4 33 f— v
- Low-level output voitage, Vor Vil = 20V, gL = 16 mA — 25 0.4 v
Input clamp voltage, V) fj=—-12mA — —1.2 —1.5 v
High-level input current, 14 Vi =24V e - 40 HA
High-level strobe current, Igy V| =24V - - 80 HA
Low-level input current, 1| Vi =04V — —_— —16 mA
Low-level strobe current, IgL V| =04V — e 3.2 mA
Input current at max. V, Ty V| =55V —— - 1.0 mA
Strobe current at max. V, Ig Vg = 5.5V —= - 2.0 mA
Output short circuit current, tos -18 -35 55 mA
Supply current, high out, TccH V=0 — 2 4 mA (TOP VIEW)
Supply current, low out, Iccy Vi=5v - [ n mA SUBSTRATE[E1— _—1{7)crouno
OUTPUT TRANSISTORS (High current measurements made with puise techniques) emiTTER[S] = (6] EmITTER
Parameter Test Conditions 654508 754508 55460 76460 Units "
Collector-base breskdown BVCRO 1C= 100pA, Ig = 0 3% 3 40 40 Vmin. coLLectonfig [%] cotecton
Coltector-emitter breakdown BVCER \c = 100MA, Rpg = 5008} 30 30 40 40 V min. BASE 11} a]ease
Emitter-base breakdown BVE Tg = 100pA, Ic=0 5 5 5 5 V min.
Base-emitter voltage Vpr £80 Tn = 10mA, ic = 100 mA 72 70 12 0 Vemax ourrT 2louteur
Tg = 30mA, Ic = 300mA 14 1.2 1.4 1.2 Vmax, NPUT i3] 2] NPt
Collector-emitter saturation VCE (SAT) Ig=10mA, Ig = 100mA 5 A 5 4 Vmax Ve [id 7] strose
Ig = 30mA, Ic = 300mA 8 7 8 7 Vmex
Current transfer ratio hgg VCE = 3V, Ig = 100mA, TA = 259C 75 75 25 25 min. CONNECTION DIAGRAM
VCE=3V, Ic=300mA, Tp=260C 30 30 30 30 min. :
VCE =3V, Ic=100mA, To=min. 10 20 10 20 min. Note: L“:"‘:hb:‘m“y’:';s"iv:‘"v;";‘:ﬁ;
Vgg =3V, Ic =300mA, Ta = min. 15 25 15 25 min. proper device operation.
SWITCHING CHARACTERISTICS (Vge =5V, Ta = 259C)
654508, 754508 55460, 75460
Parameter Test Conditions Typ. Max. Typ. Max. Units
TTL GATES
Propagation delay time
Low-to-high-level output, tp H C =16 pF 12 22 22 —_ as
ropagation delay time
High-to-low-level output, tpHL Ry = 40082 8 15 8 _— as
OUTPUT TRANSISTORS
 Delay time, tg I = 200mA 8 15 10 — nS
Rise time, t To(1) = 20mA 1z 0 16 — nS CHIP BONDING
'b(2) = —40mA DIAGRAM
Storage time, tg VBE(OH) = ~1V. 7 15 23 —_ nS
Fall time, tf CL = 16pF, (] L] 14 == nS
R =500
GATES & TRANSISTORS COMBINED
Propagation delay time
Low-to-high-level out, tp 4 Ic = 200mA 20 30 45 65 nS
High-to-low-level out, tppy} CL=15pF 20 30 3% 650 nS
Transition time
Low-to-high-level out, tT_H R =508 7 12 10 20 ns
High-tolow-level out, tTH| 9 15 10 20 nS

153



giLiGON GENAralL

LINEAR INTEGRATED CIRCUITS

DISK DRIVE INTERFACE

ADVANCED DATA
$G82727

DESCRIPTION:

The SG82727 is a monolithic integrated circuit designed to
interface the standard disk drive bus to the actuator stepping
motor, read/write circuitry and a microprocessor. A full
featured 5% inch disk drive can be implemented with only
three devices: the SG82727, an integrated read/write circuit
and a microprocessor.

The SG82727 is designed for direct interface to the 8048 or
8049 microcontrolier. The device can also be addressed by
8051, 6500/1, 6805 and similar microcontrollers with some
external circuitry.

No external components are required between the host
cable and the SG82727 (a single resistor packet may be
required to pull up inputs in one drive per system). internally
clamped stepping motor outputs can sink and source 275
mA and the door latch solenoid driver can source 250 mA.
The SG82727 supports direct interface to optical sensors.
All other inputs are TTL compatible.

FEATURES:

Direct drive of stepping motor (bipolar, 275 mA)
Direct drive of door lock solenoid (250 mA)
Direct Drive of LED activate indicator

Direct interface to host disk drive bus

Power saving feature for door lock

300 Hz output for spindle motor control

Direct interface to microprocessor

Two internal one-shots to shape index pulse
TTL compatible logic input and outputs
Packaged in a 40 pin DIP

CONNECTION DIAGRAM
(Top View)

12 V (SWITCHED) []
sTEP 2 [

STEP 1 []
SOLENOID DRIVE []
12v ]

Vee O

SPARE OUT [

LED ouT [

§/12 SELECT []
SPARE IN

INTR

WRITE ENABLE
MOTOR ON

Tt

STEP

DIR

DS

TRACKO SENSOR
INSERT SENSOR
RC (DELAY)

© 0 N oG AN =

aO0000000mn

40
39
38
37
36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
21

"] RD DATA

1 READ DATA

[] TRACKO

] READY

] WRPROT

] INDEX

] PROG

] WRITE SENSOR
] INDEX SENSOR
] RC (DELAY)
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10

11

12
13
14

15

FUNCTION
12 Volt Input, Switched — Power to the stepping
motor drivers. May be switched to 5 volts through
an external transistor to save power. The output
signal to select 5 or 12 volts is supplied at pin 9
(5712 select).
Step Output 2 — Pins 2, 3, 39 and 40 are 275 mA
push-puli drivers which can directly control the
actuator arm stepping motor. These outputs have
internal clamping diodes.
Step Output 1 — See pin 2.
Door Solenoid Driver Output — The output can
source 250 mA. It is intended to drive a door lock
solenoid.
12 Volt Input — Power for the door lock solenoid
driver.
5 Volt Input (Vo) — Power to the SG82727 logic
circuits.
Spare Output — This TTL compatible output is
user definable. It is gated with DS’ (Drive Select)
and controlled by the microprocessor.
Activated LED Output Driver — Directly drives the
activated LED.
5/12 Select Output — This output can be used to
control a power save feature. It should be connec-
ted, through a resistor, to the base of the external
transistor which supplies power to pin 1.
Spare Input — This TTL compatible input is user
definable. The signal is inverted when read by the
microprocessor.
INTR’ Output — TTL compatible interrupt signal
to the microprocessor. An INTR' is generated for
each STEP' input. The signal may be masked by
the microprocessor.
WRITE ENABLE' Input — Write enable input from
the host system.
MOTOR ON' Input — Motor on input from the
host system.
T1 Output — This TTL compatible output is
toggled every other STEP' input.
STEP’ Input — Step input from the host system.

16
17

18

19

20

21

22

23

24

25

26

27

28

29

DIR' Input — Direction input from the host
system.

DS’ Input — Drive select input from the host
system.

Track 0 Sensor input — Direct interface for opticat
sensor. This input has a minimum of 200 mV input
hysterisis and 22K input resistance.

Insert Sensor Input — Direct interface for optical
sensor. This input has a minimum of 200 mV input
hysteristis and 22K input resistance.

RC Control — An external resistor and capacitor
adjust the time out of an internal one-shot to
control the index to data delay.

RC Control — An external resistor and capacitor
adjust the time out of an internal one-shot to
control the width of the index pulse.

Index Sensor Input — Direct interface for optical
sensor. This input has a minimum of 200 mV input
hysterisis and 22K input resistance.

Write Protect Sensor Input — Direct interface for
optical sensor. This input has a minimum of 200
mV input hysterisis and 22K input resistance.
PROG Input — The negative transition of this TTL
compatible input strobes commands to the
SG82727 from the microprocessor; data are
passed between the microprocessor and the
SG82727 on the positive transition. This signal is
directly compatible with the PROG output of an
8048 or 8049.

INDEX' — This TTL compatible output provides
the index pulse to the read/write circuit. It is gated
with DS’ (drive select).

WRPROT' Output — Write protect output to the
host system. Gated by DS’ (drive select).

READY' Output — Ready output to the host
system. Gated by DS’ (drive select).

TRACKO' Output — Track 0 output to the host
system. Gated by DS’ (drive select).

READ DATA' Output — Read data output to the
host system. Gated by DS’ (drive select).
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RD DATA Input — A TTL compatible input from
the read/write circuit. This signal is the data from
the disk. The SG82727 gates the data with DS’
(drive select) and makes it available to the host
system on pin 29,

35
36

SG82727

P23 — See pin 32.

ALE Clock Input — A TTL compatible input used

in conjunction with MTR clock output to generate
a 300 Hz signal to control the speed of the spindie
motor. The ALE clock of an 8048 or 8049 running

31 WGATE' Output — This is a TTL compatible at a 4.608 MMz clock rate may be input to this pin.
output to the read/write circuit. It is gated by The SG82727 will function without this input if
WRITE ENABLE’ (pin 12), DS’ (drive select) and spindle motor timing is generated from some
the input from the write protect sensor. It can be other source.
enabled by the microprocessor. 37 MTR Clock Output — TTL compatible output. See

32 P20 — P20, P21, P22 and P23 form a 4 bit TTL pin 36.
compatible interface to the microprocessor. They 38 Ground — Drive and device common.
are directly compatible with the lower 4 bits of _ ;

o2 1 an Ao 8. B e s mpns
33 P21 — See pin 32. p Dulp pin &
34 P22 — See pin 32.
8048 FUNCTION BITS
COMMAND PORT DIRECTION 0 2 3
1 5 Read Track Write Prot. Index Spare In.
Sensor Sensor Sensor F/F
2 6 Read DIR MOTOR ON WENABLE DS
3 7 Read Insert — - —
Sensor
4 4 Write STEPPING MOTOR BIT PATTERN
5 5 Write Preset Clock Act LED 12/5
INT INT Select
6 6 Write Reset READY TRACK 0 Enable
index WGATE
Sensor F/F
7 7 Write 5/12 Door Lock Spare —
Enable Solenoid Qutput

NOTE: 8048 instructions MOVD P,A and MOVD AP select the SG82727. ORLD and ANLD jinstructions are ignored.
P defines the 8048 part. A is the accumulator. Other microprocessors should send the appropiate command to
the SG82727 as the PROG input is strobed.
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PARAMETER SYMBOL CONDITION MIN TYP MAX [UNITS
Output High Voltage (WGATE', VoH IOoH = —400uA 35 Volts
MTR Clock, INTR’, T1
Output Low Voltage VoL oL =4 mA 4 Volts
High Level Output Current IoH VOH =5V 250 uA
(INDEX', WR PROT’, READY’

TRACKO', READ DATA’, SPARE

ACLED, 5/12 Select)

Low Level Output Current loL 48 mA

Low Level Output Voltage VoL oL =48 mA 4 Volts

Output High Voltage VOH loH = 400 pA 2.4 Volts
(P20 — P23) .

Output Low Voltage VoL loL=16mA 45 Volts

Positive Going Threshold vT+ 1.2 1.6 1.9 Volts

(DIR’, STEP', DS, WENABLE',

MOTOR ON’, SPARE)

Negative Going Threshold V11— 0.5 0.8 1.0 Volts

Input High Current IIN V=27V 20 UA

Input Low Current TR V)= .4V —400 MA

Input High Voltage VIH 2 Volts

(ALE, PROG)

Input Low Voltage ViL 0.8 Volts

High Level Input Current IH V=27V 20 HA

Low Level Input Current L V) =4V —400 MA

Input High Voltage VIH 2 Volts

Input Low Voltage ViL 0.8 Volts

Input High Current IiH —500 LA

Input Low Current L 400 UA

Comparator Positive VT+ 16 22 Volts

Threshold (TRACKO SENSOR,

WRITE PROT SENSOR, INDEX

SENSOR, INSERT SENSOR)

Comparator Negative Threshold V1— 1.1 17 Volts

Hystersis (VT+ — VT—) VHYS 200 600 mV

Input Resistance RIN 17.6 26.4 KQ

Input Current N VIN = 1.5V 4 LA

Output Low Voltage VSATSINK 1 =275 mA 0.7

(Step 1 — Step 4)

Output High Voltage VSATSOURCE | =275 mA Vioy—1.8

Positive Clamp Voltage Vp+ 1 =275 mA Vioy+1.2

Negative Clamp Voltage Vp— | =275 mA —1.2 Volts

Output High Voltage VSATsvV 1 =100 mA Vsy—2.6

5 Volt Mode (Solenoid Driver)

Output High Voltage VSAT12v | =250 mA Viov —3.6

Negative Clamp 12V Mode VD— | =250 mA —1.2 Volts
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AC CHARACTERISTICS

tpp PROG’ Pulse Width 2.03 uS Min. tpp Output Data Hold 276 nS Min.
tcp Port Control Setup to PROG' 355 nS Min. tpr_ Input Data Hold from PROG’ 326 nS Min.
tpc Port Control Hold to PROG’ 669 nS Min. tpr PROG!’ to P2 Input Valid 1.84 uS Max.
tpp Output Data Setup 1.15uS Min.

— —— tgp — tpa

port control

output data

‘-—-—tp, ———— ‘pf

-
X

port contgol

isput
data

- tcp -"tpc’l

| -

PP

S$G82727

Timing Diagram

APPLICATIONS

8048 or 8049 Interface

The SG82727 may be directly connected with an 8048 or
8049 microprocessor. The P21 to P24 pins should be
connected to bits 1 through 4 of port 2. The PROG' pin on
the SG82727 should be connected to the same pin on the
8048 or 8049. At a clock rate above 4.608 MHz the
SG82727 must be controlled from a standard 1/0O port
with an appropriate software driver.

8051 Interface

The SG82727 can be controlled from any 1/0 port on the
8051. The following software driver subroutine assumes
that the lower 4 bits of port 2 are connected to P21
through P24 and that bit 4 of port 2 is connected to the
PROG' input of the SG82727. To call this driver the A
register must contain the command and the RO register
the data for a write command. After execution the A
register will have the data on both a read and a write.

DRIVER ORL A,10H
MOV P2 A ;OUTPUT COMMAND
CLR P24 ;SET PROG' LOW
JB  ACC.2WRITE ;IF BIT 2=1
;WRITE,ELSE READ
READ ORL P2,0FH ;SET P2 FOR INPUT
MOV A,P2 ;READ DATA
SETB P24 ;SET PROG' HIGH
RET
WRITE MOV ARO ;PLACE DATA IN ACC
ANL A OFH ;KEEP PROG'LOW
MOV P2 A ;WRITE DATA
gE’_Ir'_B P24 ;SET PROG’ HIGH

6500/1 Interface

The SG82727 can be controlled from any 1/0 port on the
8500/1. The following software driver subroutine assumes
that the lower 4 bits of any port are connected to P21
through P24 and that bit 7 of that port is connected to the
PROG' input of the SG82727. To call this driver the A
register must contain the command and the X register the
data for a write command. After execution the A register
will have the data on both a read and a write.

DRIVER ORA #$80
STA PORT ;WRITE COMMAND TO
PORT
AND #$OF ;STROBE PROG’ AND
;WRITE COMMAND
STA PORT
CMP #$04 ;\F BIT 4 READ, ELSE
JWRITE
BMI READ ;GO READ
WRITE TXA ;GET DATAIN A
STA PORT SWRITE DATA TO
;PORT
out ORA #$80 ;SET PROG' HIGH
STA PORT
AND #$0F ;CLEAN UP DATA
RTS
READ LDA #$0F ;SET BITS 0-3 FOR
JINPUT
STA PORT
LDA PORT ;GET DATA
BPL OUT SNOTE:BIT7ISAOQ
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POWER DRIVERS

High Current Output Drivers
Switch Drivers

Half Bridge Drivers

Dual H Bridge

Power Drivers

Quad Darlington Drivers
Motor Control Circuits
Quad Drivers
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ADVANCED DATA

aiLiGON GRNArAL : SG293D

Performance data described herein represent design goals.

LINEAR INTEGRATED CIRCUITS Final device specifications are subject to change.

’ QUAD BI-POLAR DRIVER

DESCRIPTION FEATURES

The SG293D is a four channel high current high
voltage bi-polar driver. It is designed to provide a
dual H bridge interface between most standard
logic families and fractional horsepower motor
coils. The circuit has built in thermal protection
and clamp diodes for inductive load suppression.

2 Full H bridges with clamp diodes
Current source and sink to 1.5 amps peak
40 Volts operation

Thermal protection

Chip enable

16 Pin dip package

LOGIC DIAGRAM

16
Vss?

SQVS
OUTPUT 1 OUTPUT 2
3 6 11 14
lGND
451213
OP1 éENABLE1 oP2 OP3 (‘LENABLEZ OP4
2 1 7 10 9 15
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CONNECTION DIAGRAM
N
Enable E 18] Ve
TRUTH TABLE Pulse E 18| Puise
ENABLE Vp OUTPUT Out E 14] Out
0 0 Off
; 13
0 0 Off ¢
Gnd Gnd
0 (sink
1 0 (sink) s 12
1 1 1 (source)
out [8] 11] out
| S
Pulse E 10} Pulse
Vg Ej 9| ENABLE
ABSOLUTE MAXIMUM RATINGS
Vg = 40 Volts Vgs = 40 Volts
IOUT = 15 Amps le = 15 Volts
ELECTRICAL CHARACTERISTICS (each channel)
Vg = 24 Volts, Vgg = 5 Volts
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Vsg Supply Current lss 15 mA
Vg Supply Current lg lo=0 6 mA
“0” Input Current N © Inputs = Gnd 100 A
“1” Input Current N Inputs = 5.0V 10 »A
“0” Input Voltage V,(0) 0.8 Volt
“1” Input Voitage v, (1 2.0 Volt
Vce (Sat) Source Vour (H) lsource = 10 Amp 1.8 Volt
Ve (Sat) Sink Vour (U lsnk = 10 Amp 18 Volt
Diode Forward Voltage { Vg Ig = 1.0 Amp 1.8 Volt
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LINEAR INTEGRATED CIRCUITS

ADVANCED DATA
SG298D

Performance data described herein represent design goals.
Final device specifications are subject to change.

QUAD BI-POLAR DRIVER

DESCRIPTION FEATURES
The SG298D is a four channel high current high ¢ 2 Full H bridges with clamp diodes
;olt?gHe l:t:i-golar driver. It is designed to provide a ¢ Current source and sink to 2.5 amps peak
ua ridge interface between most standard :
logic families and fractional horsepower motor : ::W“s‘ ope‘raht?n
coils. The circuit has built in thermal protection ?rma protection
and clamp diodes for inductive load suppression. e Chip enable
* 15 sip package
LOGIC DIAGRAM
our 1 our 2 Vg ours ouT 4
[o] Q [}

T g (I

1 2 3 &
[l na
D =
w2 N3
O 0
EN A Ea B
O-
; L &
SENSE A aw SENGE B
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ELECTRICAL CHARACTERISTICS (for each channel Vg = 42V, Vg = 5V, T; = 25°C)

SYMBOL | PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vs Supply Voltage Operative condition Vin+25 46 \"
Vss Logic Supply Voltage 45 7 v
ls Quiescent Supply Current Vinh = H vi=L 3 5

IL=0 Vi=H 15 20 mA

Vinn = L 1
Iss Quiescent Current from Vg Vioh = H vi=L 5 8

IL=0 V,=H 15 2 mA

Vih = L 1 15
ViL input Low Voltage -03 15
ViH Input High Voltage 23 Vss v
yL Low Voitage Input Current V= -10 WA
W H High Voltage Input Current V= 30 100
Vinh L Inhibit Low Voltage -03 15
Vin H inhibit High Voltage 23 7 v
linh L Low Voitage Inhibit Current Vioh = L -10 A
linn H High Voltage Inhibit Current VimH = <Vgg — .06V 30 100
VoesatH) | Source Saturation Voltage Ip = 1A 1.2 16

L= 2A 18 26 v
Veesat@ | Sink Saturation Voltage IL=1A 1.2 16

I, = 2A 17 24 v
VGE sat Total Drop IL=1A 3.2

L= 2A 48 v
Vsens Sensing Voltage -1 2 \
T, V) Source Current Turn Off Delay [ 0.5 V,t0 0.9 1. 17 r)
T (V) Source Current Fall Time 091, t00.11 0.2 ]
T3(V) Source Current Turn On Delay | 0.5 V;to 0.1 1, 25 S

PACKAGE
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LINEAR INTEGRATED CIRCUITS

SG1627 / $G2627 | SG3627

DUAL HIGH-CURRENT OUTPUT DRIVER

DESCRIPTION

The SG1627 series devices are manolithic, high-speed
driver integrated circuits designed to interface digital
control logic with high current loads. Each device con-
tains two independent drivers which will either source
or sink up to 500 mA of current. The sink transistor is

FEATURES

* Two independent driver circuits

e Outputs will source or sink currents to 500 mA

designed as a saturating switch while the source tran- * 100 nSec response time
sistor can be used either as a switch or as a constant
current generator with external resistor programming. ¢ Full compatibility with SG1524 PWM circuit

Each half of this device contains both inverting and
non-inverting inputs which have two volt thresholds for
high noise immunity. Either input can be used alone to
switch the output, or one input can be strobed with the
other. These units have been designed to directly inter-
face with the SG1524 Regulating Pulse Width Modu-
lator Circuit.

These devices are supplied in ceramic 16-pin D.L.L.
packages. The SG1627 is specified for operation over a
-55°C to +125°C temperature range while the
$G2627 and SG3627 are intended for industrial applica-
tions of 0°C to + 100°C.

* Constant current drive capability
¢ Two volt threshold for high noise immunity

* Source and sink can be separated for com-
plementary outputs

SCHEMATIC (one half of total device shown)

To Side B

Yo Side B

CHIP LAYOUT

CONNECTION DIAGRAM (TO—116 OUTLINE)
(TOP VIEW)

R1 [ R2S R4S R5S R7S Source
3 WP kS %% 5% Collactor
nvert o
Input Source
Emitter
Non-inv. ¢,

Input Current

Sense/Boost
03 CED)
Sink
4
o <3 Collector
02 hﬁ
D1 02 R6S D5 Qs
&V &V SR3 p: v >
w3 She Sink
> 500 Emitter
Ground O—
777
Substrate

Side
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$G1627/5G2627/SG3627

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, Voo SG1627, 2627 30V Operating Junction Temperature Range
3627 20V SG1627 . —55°C to +125°C
Output Collector Voltage $SG1627, 2627 30V SG2627 & 3627 0°C to +100°C
SG3627 20V
Source or Sink Current, DC 500 mA Storage Temperature Range —65° to +150°C
Peak Current (<2% duty cycle) 1A )
Input Voltage 5.5V Note 1: Total power dissipation is the sum of the
Input Current 10 mA control logic power plus the power of each source
Avg. Total Power Dissipation (Note 1) 1000 mW and sink output transistor, factored duty cycle.
Derate Above 50°C 10 mW/°C

ELECTRICAL CHARACTERISTICS

Unless otherwise stated, these specifications apply for Tj = —55°C for the SG1627 and 0°C
to +100° C for the SG2627 and 3627. Vo =5V.

PARAMETER CONDITIONS MIN TYP | MAX | UNITS
High-Level Input Voltage 238 — 5.5 Volits
Low-Level Input Voltage 0 - 1.4 Volts
Input Threshold — 2.0 - Volts
Low-Level Input Current Vi=0 — -1.0 -2.0 mA
Source Off, Leakage Current Collector V = Vimax - 0.3 1.0 mA
Source On, Collector Sat. Isource = 50 mA - 1.1 1.7 Volts

{Source Emitter Grounded, Isource = 300 mA — 1.2 1.9 Volts
Rsc =0) lsource = 500 mA — 1.3 Volts
Source On, Emitter Voltage Isource = -50 mA (Vee—3V) - - Volts
Sink Off, Leakage Current Collector V= Vmax — 1.0 100 MA
lsink = 50 mA - 0.2 0.4 Volts
Sink On, Collector Sat. Isink = 300 mA, Ve = 20V 0.5 0.7 Volts
Isink = 500 mA, Ipoost = 256 mA 0.5 Volts
Current Limit Sense Voltage Rsc = 102, Ta = 250C 600 700 900 mV
Sense Voltage Temp. Coef. Rgc = 1002 — 1.8 - mV/oC
Supply Current Ve =5V 15 22 mA
{Both sink transistors on) vee = 20V 50 73 mA
Vee =30V (ex. 3627) 80 115 mA
Output Response, Turn On Fig. 4, R =248, Ta = 250C - 50 — nS
Output Response, Turn Off Fig. 4, R|_=24Q, Ta = 250C - 100 - nS
Thermal Resistance 0 3 ) - 80 110 oc/W
Thermal Resistance 6 jC — 45 60 oCc/W

TOTEM POLE OUTPUT SWITCH CIRCUIT

200 ns/division
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S$G162715G2627 / SG3627

Input Threshold — Volts

Saturation Voltage — V.

INPUT THRESHOLD vs. TEMPERATURE

Ve SUPPLY CURRENT vs. VOLTAGE

| A A [ vec=sv 100
Source and Sink
Currents = 50 mA

|
| 80
3 | 2
|
- §
‘§ § 60
B —— Non-inverting >
2 l_ﬁ‘ Input &
Inverting R o
Input o4
! = >
.
, -
]
: | 20
0 I \ ] 0

¥
Source and Sink Collector
Currents are not included.

Ty =250C

100 150 0

Junction Temperature — 9C

SOURCE TRANSISTOR SATURATION

’ i
_ ! |
Collestor to Emitter Voltage s
VCC 1o Emitter Voltage == ——
- - - 3.0
525
|
520
3
A
§
S1s
Ty=259C &
[ T3 = 1250C -
— 05
_ o
0 100 300 400 500

Collector Current — mA

15
Vc Supply Voltage — V

20 25 30

SINK TRANSISTOR SATURATION

=1250C

Coltector Current —mA

DYNAMIC RESPONSE (See Figure 4 for Test Circuit, R = 240)

200 ns/division

Source
Collector

200 ns/division

400 500
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$G1627 1 SG2627 / SG3627

APPLICATIONS

Vin = +10V

Power
Switching
Transistor

Figure 1. Basic 300 mA switched drive circuit. If the external output transistor
is to be on when the driving transistor is on, use the inverting input with the
non-inverting input left open. For opposite phasing, use the non-inverting
input with the inverting input grounded.

Vin = 420V

100 mA
Constant

R2

68 Power

Switching
Transistor

Figure 2. Use of higher input voltage provides greater drive for higher
sink-transistor peak current white R2 provides constant source current. R1
helps minimize power in the SG1627. Although the sink emitter may be
connected to a different ground point from pin 5, any voltage differences
between them will directly affect the input threshold level.

HVIN

———————
,_ %2 $G1627 2N6109
| or equiv.
Vee
¥ Amp
> R2
| o8
o—{n.1 <
o
l Power
Switching

[ GRouno Transistor
| =
L 1 =

Figure 3. Additional source current or power handling capability may be
added with the use of an external PNP transistor. For optimum performance, a
low storage-time unit should be selected. If current limiting is not required, an
NPN emitter follower could also be used for source boost.

vee = 5V

Figure 4. Source and sink tr: can be used for comple-
mentary outputs. At low supply voltages the sink current is limited to approxi-
mately 100mA, but if current limiting is not required sink drive boost may be
added with R1. The current in R1 should be .05 times the sink load current to
insure saturation,

Figure 5. Source and sink
transformer driver. Here the source provides constant
magnetic reset accomplished by a flux clamp utilizing the sink transistor. With
the source current sense terminai connec(ed to ground, there will be a

can be used for an efficient

current drive with

residual current of app! 3004A. If this is objectionable,
insert a diode between current sense and ground.

See Applications Notes for additional information.

“Via

________ ar -
i_ r i 561627 A r
D S, |
! | I I
e |
somze
Fam | ! ! !

Cl_f et

Figure 6.

of the output

an be
positively prevented by using diodes to crossrcouple a gatlng signal mto the

non-inverting inputs. For power the source
transistor is driven into saturation with the current Inmmng provided by R1.

Data subject to change without notice.
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LINEAR;INTEGRATED CIRCUITS - ‘ . . $G1629/8G3629

HIGH-CURRENT FLOATING SWITCH DRIVER

DESCRIPTION

The SG1629 and SG3629 are monolithic integrated circuits FEATURES

designed to generate the positive and negative base drive

currents (Ib1 and Ib2) required for high-speed, high power * Self-generating positive and negative currents
switching transistors. These units are intended to interface
between the secondary of a drive transformer and the base of * Constant source current (Ip1) to one amp

an NPN switching device. Positive drive current can be made ~ ® Two amp peak sink current (Ip2) to negative voltage
constant with an extemal programming resistor, or can be * Floating operation

clamped with a diode to keep the switching device out of

saturation. Negative tum-off current is derived from a  °® Baker clamp input for non-saturated switching
negative voltage generated in an external capacitor. All e Provisions for source and sink gating

operating power is supplied by the transformer secondary
and these devices can be floated at high levels with respect to
ground for off-line, bridge converters.

* 100 nanosecond response

For medium power applications, these units are available in
10-pin, TO-100 package; while high power capability is offered
in a 9-pin, TO-66 case. In either package , the SG1629 is
specified for operation over an ambient temperature range of
-55°C to +125°C while the SG3629 is intended for industrial
applications of 0 to 70°C.

SCHEMATIC _.__M___m )
O ' v —Q®
R7
D b3 T2 a3 Re E‘;M 200

Source F Current

clamp (& as Sone

gmlt @ I

e

Sink | Sink

Gate @ a1 Collecto

10K
AAA V Q1 Q2
R3
02 5K
v QK Ee
Substrate & Case
CHIP LAYOUT CONNECTION DIAGRAMS
R-PACKAGE
TO-66
T-Package
TOP VIEWS
TO-100 O
Sink Col

Sink Gate Swnk Em
Cur. Sen. Sk Or
So. Clamp Vin
Source Em. “Vin

Note: Case is internally
connected to pin 4.
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$G1629/5SG3629

ABSOLUTE MAXIMUM RATINGS

input Voltage + or - Inputs

Collector to Emitter Voltage, Source

or Sink
Source Current
Sink Current
Sink Rectifier Current (peak)

Average Total Power Dissipation (Note 1)

R-Package {(TO-66)
Derate above 50°C

T-Package (TO-100)
Derate above 50°C

20v Operating Junction Temperature Range

SG1629 -55°C to +150°C

20V SG3629 09C to +125°C

20A Storage Temperature Range  -65°C to +175°C
3.0A
20A
3000 mW

24 mW/°C Note 1: Total power dissipation must include

680 mwW the power in both source and sink tran-

5.4 mW/°C sistors times the duty cycle for each.

ELECTRICAL CHARACTERISTICS

Unless otherwise stated, these specifications apply for Tj = —55°C to +150°C for the SG1629 and 0°C to

125°C for the SG3629.

PARAMETER CONDITIONS MIN | TYP | MAX | UNITS
Col;metgrEsrir:’t(ter Voltage Vg =0 20 30 _ Volts
Col;zc::::retersr:::ter Leakage VgE = 0, VgE = 15V _ 5 100 uA
Input Leakage V+ to V- {nput Voltage = +15V - 1 100 HA
Input Leakage V- to V+ Input Voltage = -15V — 2 4 mA

Sink Emitter = -6V
Standby Current from 1k§2 from “VIN to Sink Drive
Sink Emitter Voltage Source Ermtter Connected to - 5 10 mA
Sink Coltector
+V|N = -VlN =0V
Clamp Current J \:l':‘m: ':5:\/ 15 20| ma
| source = 100 mA (T-Package) — 1.7 — Volts
Source Saturation Voltage | source = 500 mA (R-Package) — 1.8 - Volts
I'source = 1A T,=25°C - 2.0 3 Volts
Sink Saturation Voltage | sink = 100 mA (T-Package) — 1.2 — Volts
Force beta = 100 | sink = 500 mA (R-Package) - 1.3 — Volts
)sink = 1A Tj=25°C — 1.5 2 Volts
Sink Current Gain I sink = 2A, Vg = 3V 300 | 500 -
Current Limit Sense Voltage RSC =07Q Ty= 25°C 0.55 [ 065 080 | Volts
Sink Rectifier Forward Voltage lIg=1A T,=25°C - 1.0 | 20 | Volts
Sink Gate Output Saturation Sink Drive = 10 mA
’ Sink Gate Input Current = 1 mA B 02 04 | Volts
Source Response { source = 1A - 100 - nS
Sink Response I sink = 1A -~ 100 - nS
0JA — 40 — ocw
] R-Package 83C — 5 — oC/W
Thermal Resistance — 9IA — 50 — SCW
GJIA — 25 — ocw
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§G1629/5G3629

SOURCE SATURATION SINK SATURATION
49 4.0
Rgc=0Q Force hyy = 100
5 30 § 30
| ¥, = -85°C. |
4 !-
3 40! T 3 g
20 > 20
5 L~ 2 T,=250C
g 1, 126°C / g ya T
5, — LN — i
N > Ty 1280C
0 o
0 04 [X] 1.2 18 20 ° 04 o8 12 16 20
Source Current~Amps Sink Current—Amps
CONSTANT SOURCE CURRENT RECTIFIER FORWARD VOLTAGE
20 40
Rge <0702 T,=259C
ats 230
= s
3 U sinahs 1 /
H - z
10 y. Lo S 20
§ T,=125°C T )/
£ H
5 K D2
4 (X3 10 4(}/
e
o 0
° 3 6 9 12 [ o 0.2 04 [X3 08 10
Source (Vyy — Vo) Voltege — Volts Forward Current—Amps

DYNAMIC RESPONSE

200 nS/Division
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$G1629/8G3629

APPLICATIONS

2N6583

1
Drwver

+10v.

To
Dewver

2N6583

Core 531629 Curcunt
2213P 3C8 ve
C, l

Figure 1. Two SG1629 devices can be combined to form
the drive signals for the power transistors in a 5-amp, half-
bridge switching supply.

Ant Sotoration Clamp

Figure 2. A load-dependent drive current may be provided
by eliminating the current sensing resistor and adding the
anti-saturation clamp diode D1.

| Res

Figure 3. Where transformer inductance would normally
degrade turn-on current rise time, the use of the sink gate
with a relatively slow external transistor, Q1, will delay the
sink turn-off until after source current has been

established.

[

Figure 4. A simplitied drive system for a half-bridge
switched mode converter. A full bridge drive may be
accommodated with four SG1629 drivers and additional
current boosting for the SG1627.
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g = SG1635A/3635A
ﬁll.lﬂl]ll ﬂﬂ“ﬂl‘ﬂl: SG1635/SG3635

LINEAR INTEGRATED CIRCUITS

TWO-AMP, HALF-BRIDGE DRIVER

DESCRIPTION FEATURES

The 8G1635 and SG3635 are monolithic integrated cir- e Source or sink five amps peak
cuits designed to interface low-level, logic signals with

high-current, inductive or capacitive loads. These * 100 nanosecond response

devices are particularly adept at high speed pulse width
modulation for motor drives or Class D audio amplifiers,
and when used in pairs, they can provide full bridge e TTL input compatibility
drive for bi-directional control.

e Half-bridge with internal diodes

¢ Either dual or tri-state output
With TTL compatible inputs, these devices will either
source or sink up to 5 amps of peak current with in-
terlock protection to insure that source and sink cannot
be on simultaneously. Additional protection is provided
by thermal shutdown of the source output if the chip
temperature rises above 160°C. High speed internal
commutating diodes are also included.

Direct PWM motor drive from microprocesser

Built-in thermal protection

TRUTH TABLE LOGIC DIAGRAM
5V
THERMAL REG. O
Enable| Pulse Output SHUTDOWN +Vs
TO LOGIC
1 1 Off (High with no foad) SOURCE "
o | High I wn ]
' 19 Low o
0 0 High O
OUTPUT
(1= open or high) L
o SUBSTRATE AND CASE —O

CONNECTION DIAGRAMS (Top Views) CHIP LAYOUT

R-Package

P-Package
TO-66

O TO-220

+Vs @ GND 12345

.090"

ENABLE PULSE

+Vs | \\\“—PULSE
ENABLE GND OUTPUT o . 1635

Note: Case and mounting tab are internally connected to ground pin.
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SG1635A/SG3635A
SG1635/SG3635

ABSOLUTE MAXIMUM RATINGS
Input supply voltage, Operating junction Average total power dissipation
8G1635/3635, Vg 35v temperature range without heat sink (Note 1)
SG1635A/3635A, Vg 40V SG1635/1635A -55°C to + 150°C P -Package (TO-220) 2w
Peak output current 5A SG3635/3635A - 0°C to +125°C Derate above 50°C 20mW/°C
Continuous output current 2A Storage temperature R -Package (TO-66) 3w
Peak diode current 5A range 65°Cto +150°C Derate above 50°C 30mW/°C
NOTE 1: Total power dissipation must include
power in both source and sink plus diodes,
with factors for duty cycle.
ELECTRICAL CHARACTERISTICS
Unless otherwise stated, VS = 24V VE = 2V, VP = 2V, and T = ~55°C to +125°C for the SG1635 and 0°C to
70°C for the SG3635. Input limits apply to either Enable or Puise inputs.
PARAMETER TEST CONDITION MIN. | TYP. | MAX. |UNITS
Input Voltage IN=0 1.0 1.8 25 v
Input High Current VIN = 4.5V — 3 200 MA
Input Low Current VIN = OV - -1 -3.2 mA
Input Threshold 0.8 1.2 20 v
Output High Leakage Vo = 24V — 1.0 500 LA
Output Low Leakage Vo = OV — 20 40 mA
Source Saturation VE = 08V, 1lp = —100mA — 14 2 "
Vs-VoH VE = 08Y, lp = —2A = 2.0 3 v
Sink Saturation VP = 0.8V, lg = 100mA - 0.8 2 v
VoL Vp = 03V, Ig = 2A - 2.0 3 v
Source Diode Forward Voltage Ip = 2A - 22 3 \)
Sink Diode Forward Voltage Ip = 2A - 18 3 \
SG1635A/3635A Vg = 40V — 10 25 mA
VoH, VE = OV - 10 25 mA
VoL, Vp = OV - 27 70 mA
Supply Current SG SG1635/3635 Vg = 35V - 10 25 mA
VOH. VE = OV — 10 25 mA
VoL, Vp = V —_ 27 65 mA
P -pkg eJA — 60 70 °CIW
Thermal Resistance 8¢ — 30 50 oW
R -pkg 9JA —_ 40 50 °CIW
O)c — 4.0 6.0 "CW
SWITCHING CHARACTERISTICS See test circuit, Ty = 25°C.
PARAMETER TEST CONDITION MIN TYP. | MAX. | UNITS
Turn on | Delay Time tPDHL — 50 - nSec
Pulse Switching Transition Time tPTHL — 200 — nSec
Characteristics Turn off | Delay Time tPDLH — 100 — nSec
Transition Time tPTLH — 100 — nSec
Turn on Delay Time tEDLH — 200 — nSec
Enable Switching Transition Time tETLH — 100 . nSec
Characteristics Turn off | Delay Time tEDHL - 100 - nSec
Transition Time tETHL — 100 — nSec
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SG1635A/SG3635A
SG1635/SG3635

SWITCHING TEST CIRCUIT

' 4 ‘ +20V
i <
|

|
|
x
ENABLE E RL
100, 40W SINK
1
1
S

SOURCE
PULSE c

GEN.

|
& .
A <

PULSE INPUT ENABLE INPUT
3.ov .
INPUTS
ov
tEDHL | teDLH | tPOLH | tPOHL
teTHL tETLH tPTLH tPTHL
<+Vs s%‘:’:f‘ -
OUTPUTS
SINK
VsaT GND —»
SINK OUTPUT SOURCE OUTPUT

Notes:
A. Pulse Generator has: Width = 0.5 uSec, Rep. rate = 20kHz.
B. R must be non inductive for equivalent current waveforms.

SCHEMATIC
—9 —O +Vs
24K ::
3 & s
ats
»—K a1
out
| ‘L O
a < 1.5k < a 1.5k
9 D1 w
il
Ll
Q3 800
4.6k __K as
a7
ata
s.ev 7 Q10 03 '
F [ Pt ¥ A 05
Q2 600 Qs Vv
W
Q4 Q8 ate
I L 7 Q9 Q12
AN T
700 o 300
20k < 1Kk
j ’]fs.av r 5.8V
. O ano

ENABLE INPUT PULSE INPUT
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SG1635A/SG3635A
S$G1635/SG3635

APPLICATIONS
s Typical Motor Drive Application
77 sews T T T sews ! Two SG1635's form a full bridge motor
l ] i | drive circuit with the appropriate Enable
[ . Input determining motor direction and

| | | 1 | a PWM signal into the Puise Inputs de-

E x X E termining speed. Because of the inter-
| | | | nal Enable interlock, both Pulse Inputs
I i may be connected together to a single-

p x ! i: . | ended PWM signal.
I L — |
L — — — — — 1 I L . _— 4

O—
cw ccw

s:vzv:n = DIRECTION
CONTROL

PACKAGE DIMENSIONS
R-Package TO-66

0.395 0.180 —f MAX 470

- 520
Ffm‘-"gi *0.005 - I-—o.uso:nmz i
@ 0.110 y 7 050 MAX
55 : O T e — R
0.151 = .002 — s

i
P s .
L 078 L ’—'T"'"
Tir HJ ] 1.020 = 0.010
0500 i
uin ‘
L "

0.340
J '
0.015
0.067 - L +0.010 - i—
~0.002
0.035 + 0.005 o. 0.105 +0.010
-0,015

+0.010
P-Package TO-220

r;
1’{‘

325 DIA

" PIN CIRCLE
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aiLiGon General

LINEAR INTEGRATED CIRCUITS

SERIES 2000

HIGH VOLTAGE, HIGH CURRENT DRIVER ARRAYS

DESCRIPTION

filament lamps.

These high voltage, medium current driver arrays are comprised of
seven silicon NPN Darlington pairs on a common monolithic
substrate. All units feature open collector outputs and integral
suppression diodes for inductive loads. Peak inrush currents to 600
mA are allowable, making these devices ideal for driving tungsten

Five different input configurations provide optimized designs for
interfacing with TTL, DTL, PMOS or CMOS drive signals.

In all cases, the individual Darlington pair collector current rating is
500 mA. However, outputs may be paralleled for higher load current
capability. All devices are supplied in a 16-pin dual in-line ceramic

FEATURES

@ Collector currents to 600 mA
@ Low saturation voltage

® High speed switching

® Closely matched parameters
@ Plastic and hermetic packages

(each driver)
105K

package.
PARTIAL SCHEMATICS CONNECTION DIAGRAM
$G2002/2012/2022 -
(each driver) b 2
7V 10K i E 15
1 i
R e CrDoty
] 7K 3K
$G2001/2011/2021 I _1l_ 1 sG2003/2013/2023 E%ﬂ-‘ 1
(each driver) +v /;7 (each driver) W E_DC o El
27K tﬂq
: (-0t
i o7 10
| B E%Lj
I__...-K—- E_;; 9

+ (each driver)
1.05K

+V

ABSOLUTE MAXIMUM RATINGS (Note 1)

116

Output Voltage (Vi) 50V Storage Temperature Range (TS)

Input Voltage (V) 20V —65°C to +175°C
Peak Collector Current, IC 600 mA  Note 1. At 25°C free-air temperature for any one
Continuous Collector Current, IC 500 mA Darlington unless otherwise noted.
Continuous Base Current, IB 25MA  Note 2. Under normal operating conditions, these

Power Dissipation (PD) (per device) 1.0W units will sustain 350 mA per output with VCC
Total Package Limitation (Note 2) 2.0W = 1.6V at 70° C with a pulse width of 20mS and

Derating Factor Above 25°C 13mwW/°C a duty cycle of 30%.

Ambient Operating Temperature Range (TA)
—55°C to +125°C
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SERIES 2000

$G2001 through SG2005 Electrical Characteristics
(Parameters are specified at T 5 = +25°C unless otherwise noted)

i APPLICABLE LIMITS
CHARACTERISTIC SYMBOL DEVICES TEST CONDITIONS MIN]| TYP]| MAX |UNITS
Output Leakage Current IcEX ALL Vg =50V, Tpo= 25°C — — 50 LA
Vg =50V, Tp =70°C — | — |10 | A
$G2002 VGE = 50V, Tp =70°C, V) = 6.0V — | — |50 | wA
5G2004 Vog =50V, TA =70°C, Vi = 1.0V — | — I's00 uA
Collector-Emitter VCE(SAT) ALL Ic=100mA, Ig = 250 uA — 09 | 11 \%
Saturation Voltage I = 200 mA, Ig = 350 uA — 11 13 v
Ic=350 mA, |g = 500 pA — 13 16 v
Input Current liN(ON) SG2002 Vin=17V — 082|125 mA
$G2003 V) = 385V — [093 (135 | mA
SG2004 VIN= 5.0V — (035 05 mA
Vi =12V — |10 [145 | mA
SG2005 VN =30V — |15 | 24 mA
IIN(OFF) ALL I =500uA, Tp =70°C 50 | 65 | — HA
Input Voltage VIN(ON) $G2002 Veg =20V, I =300 mA — — 13 2
$G2003 Vg = 2.0V, Ig = 200 mA — = |24 v
Vee= 2.0V, I = 250 mA — — 27 3
Vg = 2.0V, I = 300 mA — | — |30 v
$G2004 Ve =20V, Ig =125 mA — | — |50 v
Ve =20V, Ig = 200 mA — | — |80 v
Vog =20V, I =275 mA — | — |70 v
Vg =20V, Ig =350 mA — | — |80 v
SG2005 V= 2.0V, I =350 mA — — 24 \
D-C Forwara Surrent - $G2001 VGE = 20V, I = 350 mA 1000 | — | —
Input Capacitance CiNn ALL —_ 15 25 pF
Turn-On-Delay oL ALL 05 Ep 1005 Eqyt — 1025 | 1.0 uSec.
Turn-Off Delay tpL ALL 05 g\ 1005 Egyt — 026 | 10 | uSec.
Clamp Diode IR ALL VR =50V, Ty =25°C — | = |50 uA
Leakage Current Vg =50V, IA =70°C — _ 100 uA
o P \etage Ve ALL Ig =350 mA — |17 20 | v
S$G2011 through SG2015 Electrical Characteristics
(Parameters are specified at Tp = +25°C unless otherwise noted)
APPLICABLE LIMITS
CHARACTERISTIC SYMBOL DEVICES TEST CONDITIONS MIN | TYP | MAX | UNITS
Output Leakage Current Icex ALL Vog =50V, Tp =25°C — — 50 LA
V(:&=50V, Tp=70°C _ — 100 | uA
$G2012 Vg =50V, Tp =70°C, Vj = 6.0V — | — 1500 | uA
$G2014 Vog =50V, T = 70°C, Vjy = 1.0V F— ] — ]500 @ uA
Collector-Emitter VCE(SAT) ALL Ic =200 mA, Ig =350 yA = 1l v
Saturation Voltage ! : I =350 mA, g = 500 uA _ 13 ' 16 5 v
: I = 500 mA, Ig = 600 uA — 17 19 v
Input Current 'IN(ON) SG2012 VinN= 17V — 1082 | 125 mA
SG2013 VN = 385V — 1093 1135 mA
| SG2014 Vin = 5.0V — 1035 05 | mA
: Vi =12V — 10 (145 mA
| G015 Vi = 3.0V — [15 24 mA
IN©OFF) | ALL Ig =500 pA, T =70°C 50 |65  — o uA
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SERIES 2000

SG2011 through SG2015 Electrical Characteristics (continued) (Parameters are specified at T = +25° unless otherwise noted)
Input Voltage ViIN(ON) $G2012 VGE = 20V, Ig = 500 mA - | = v
8G2013 Vg = 20V, I = 250 mA — | — |27 v
VCE = 2A0V, IC =300 mA —_— _ 3.0 \)
VGE = 20V, I = 500 mA — | — |35 v
SG2014 Vo= 20V, lc = 275 mA - _ 70 \'
Vg = 2.0V, i = 850 mA — | — |80 v
Vg = 20V, I =500 mA — | — |95 v
5G2015 VGE = 2.0V, Ig =500 mA — | — |26 v
D-C Forward Current heg SG2011 Vog =20V, Ig= 350 mA 1000 | — —
Transfer Ratio VGR = 20V, I = 500 mA %0 | — | —
input Capacitance CiN ALL - 15 25 pF
Turn-On Delay tpLH ALL 05 Ejy to 05 Eqyr — [025] 10 | uSec.
Turn-Off Delay tppL ALL 05 Epy 1005 EquT — |025| 1.0 | pSec.
Clamp Diode IR ALL VR =50V, Tp = 25°C — | — |0 uA
Leakage Current Vg = 50V, Tp =70°C — = 1100 uA
Clamp Diode Vg ALL Ig = 350 mA — 117 | 20 \
Forward Voltage L I = 500 mA —To1 Vas v
$G2021 through SG2025 Electrical Characteristics
(Parameters are specified at Tp = +25°C unless otherwise noted)
APPLICABLE LIMITS
CHARACTERISTIC SYMBOL DEVICES TEST CONDITIONS MIN | TYP [ MAX | UNITS
Output Leakage Current IcEX ALL Vee= 95V, Tp =25°C _ — 50 A
Vop =95V, TA =70°C — | — w0 | uA
$G2022 Vg = 95V, Tp =70°C, Vi = 6.0V — | — |s00 | pA
$G2024 Vg = 95V, To = 70°C, Vi = 1.0V — | — | 500 | uA
Collectgr-Emitter VCE(SAT) ALL Ic = 100 mA, ig =250 HA — | 09 | 1.1 v
Saturation Voltage I = 200 mA, Ig = 350 A — 111 |13 v
IC:350mA, IB=500uA — 13 1.6 \
fnput Current N (ON) S$G2022 ViN= 17V — |-082 | 125 mA
SG2023 VN =385V — 1093|135 mA
5G2024 Vin = 5.0V — 1035] 05 [ mA
VN = 12V — 110145 | mA
SG2025 Vi =30V — | 15| 24 mA
IN(OFF) ALL Ic=500pA, Tp = 70°C 50 65 - MA
Input Voltage VIN(ON) $G2022 VGE = 20V, Ig = 300 mA - | -1 13 v
SG2023 Vg =20V, Ig =200 mA — — 24 \
VoE = 20V, Ig = 250 mA — | =7 v
Vg = 2.0V, Ig = 300 mA N v
8G2024 Ve = 20V, I =125 mA — | — |50 v
Vg = 20V, Ig = 200 mA — | — |80 v
Veg =20V, Ig =275 mA — | =70 v
Vg = 20V, Ig =350 mA — | — |80 v
$G2025 Vg = 20V, Ig = 350 mA — | — | 24 v
Do e Current heg sG2021 VGE =20V, I =350 mA 1000 — | —
Input Capacitance CiN ALL - 15 25 pF
Turn-On Delay tpLH ALL 0.5 Ejp 10 0.5 Eqyt — 025 10 uSec
Turn-Off Delay tpHL ALL 05 Ej t0 05 EqyT — | 025] 1.0 | uSec.
Clamp Diode IR ALL Vg =95V, TaA= 25°C - - 50 MA
Leakage Current Vg =95V, To =70°C — 100 A
,?(';'N":“?{?;fag o Ve ALL I = 350 mA — 17|20 | v
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SERIES 2000

TYPICAL APPLICATIONS
PMOS TO LOAD TTL TO LOAD

+Vee E——D(} M

+V

Y
B E B E

TTL
OuUTPUT

PMOS
OUTPUT_EE

k—-D(%iN_‘ 11
>0y
.__r_}_'

PACKAGE CONFIGURATION
1 1 M _[rmM s S | I
0.280
/ o.zlzo
0.290 0.070
l NOTCH 0780 L_ e

———1 SEATING

O ) R ¥+ PLANE

] TYP 0.015
0.035

0.015
J PACKAGE 16-PIN CERDIP

ORDERING INFORMATION

DEVICE  Voe MAX I MAX  LOGIC INPUTS DEVICE  Vop MAX  Io MAX  LOGIC INPUTS
SG2001 50V 500mA  General Purpose SG2014 50V 600mA  6-15V CMOS, PMOS
PMOS, CMOS SG2015 50V 600mA _ High Output TTL
$G2002 sov 500mA__ 14-25V PMOS $G2021 95V 500mA  General Purpose
SG2003 50V 500mA 5V TTL, CMOS PMOS, CMOS
SG2004 . 50V 500mA _ 6-15V CMOS, PMOS SG2022 95V 500mA  14-25V PMOS
SG2005 50V 500mA  High Output TTL $G2023 95V 500mA 5V TTL, CMOS
SG2011 50V 600mA _ General Purpose 5G2024 95V 500mA _ 6-15V CMOS, PMOS
PMOS, CMOS SG2025 95V 500mA __ High Output TTL
SG2012 50V 600mA  14-25V PMOS
5G2013 50V 600mA 5V TTL, CMOS
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LINEAR INTEGRATED CIRCUITS 892064 THRU SG2077

QUAD 1.5 AMP DARLINGTON SWITCHES

DESCRIPTION FEATURES
These high-voltage, high-current Darlington arrays are monolithic bi- o Four power drivers per package
polar devices especially designed for interfacing low-level control logic ints
and peripheral loads such as relays, solenoids, DC and stepping ¢ 1.5 amp collector curren
motors; multiplexed LED and incandescent displays; and heaters. The 50 volt BV ratinas
logic inputs are designed to be compatible with TTL, DTL, LSTTL, * 80 and 50 volt BVCEX rating
CMOS and NMOS logic families. Several of the arrays include integral ¢ Integral clamp diodes for inductive loads
clamp diodes for driving inductive loads, and breakdown voltage .
ratings to 80 volts are available. e Compatibility with all popular logic families
All devices are supplied in a modified 16-lead plastic dual-in-line o Low internal parasitics
package. A copper alloy lead frame with webbing between the central
pins provides low thermal resistance to ambient air, and allows a 2.8
watt total power dissipation rating within a standard footprint.
These devices are direct replacements for ULN-2064B thru ULN-2077B
devices.
$G2064 thru SG2067 S$G2068 thru SG2071 S$G2074 thru SG2077
SCHEMATIC DIAGRAMS
RiIN K
B
c
7.2K
SG2064/2065: RN = 3500 $G2068/2069: RN = 2.5K, Rg = 900Q SG2074/2075: Ry = 3500
SG2066/2067: RyN = 3K SG2070/2071: RiN = 11.6K, Rg = 3.4K SG2076/2077: RiN = 3K
V4 SCHEMATIC SHOWN Y4 SCHEMATIC SHOWN 4 SCHEMATIC SHOWN
CONNECTION DIAGRAMS
K1a.4[j [16] c4 Kias [1] 18] cs ci [ [1¢] ca
o [ ) ne o [3] ] 8 & 3] ) e
81 3] 4] B4 81 3] 1] vs 81 [5] 4] B
GND (4 13| GND GND |4 13| GND SUB |4 13| SUB
GND 5] ;I-, [11 GND GND (5 }T{ﬂ GND SusB |5 }T£12 suB
82 [¢] 1] B3 B2 [¢] [1] Ba 82 [¢] [1] e
cz [7] o] NC ucE] 9] ca E2 [7 L1__o]E3
K283 o] [s] c3 cz 3] 9] K243 cz [} [=] s
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$G2064 THRU SG2077

ABSOLUTE MAXIMUM RATINGS (Note 1)

Logic Input Voltage See Selection Guide Power Dissipation at Tp = +25°C (Note 2) 2.77TW

Logic Input Current 25mA Thermal Resistance: junction to ambient 45°C/W

Supply Voltage Operating Junction Temperature +150°C
gggg% ggg? 10v Operating Ambient Temperature Range 0°C to +70°C

Outout Vol ’ s _ 22\/ Storage Temperature Range —55°C to +125°C

Oztgﬂt CZ:?SS See Selection ?}’7‘5: Lead Temperature’(Solderi ng, 10 seconds) +300°C

Note 1. Values beyond which damage may occur. Note 2. Derate at 22.2 mwW/° C for ambient temperatures above +25°C

SELECTION GUIDE

DEVICE VCEX MAX VCE (sus) MAX ViN MAX LOGIC INPUTS

SG2064W 50V 35V 15V TTL, DTL, Schottky TTL,

SG2065W 80V 50V 15V 5V CMOS and NMOS

SG2066W 50V 35V 30V 6 to 15V CMOS

SG2067W 80V 50V 30V and PMOS

SG2068W 50V 35V 15V TTL, DTL, Schottky TTL,

SG2069W 80V 50V 15v 5V CMOS and NMOS

SG2070W 50V 35V 30V 6 to 15V CMOS

SG2071W 80V 50V 30V and PMOS

SG2074W 50V 35V 30V G P

SG2075W 8oV 50V 60V eneral Furpose

SG2076W 50V 35V 30v 6 to 15V CMOS

SG2077W 80V 50V 60V and PMOS

$G2064 THRU SG2067 ELECTRICAL CHARACTERISTICS

(Parameter limits are specified at Ta = +25° C unless otherwise noted.)

PARAMETER DEVICES CONDITIONS MIN MAX | UNITS
Output Leakage Current $G2064/66 | Vog = 50V 100 HA
Vgg = B0V, Tp =700C 500 MA
SG2065/67 | Vo = 80V ) - 100 LA
Vg = 80V, Tp =700C 500 MA
Output Sustaining Voltage | SG2064/66- [ Ic . = 100 mA, V| = 0.4V 35 \Y
5G2065/67 | Ic = 100 mA, V| =04V 50 Vv
Collector-Emitter All Ic = 500mA, Ig =625 uA 1.4 v
Saturation Voltage Ilc = 750mA, Ig =935 uA 1.2 \
Ic_ - 1.0A,lg=126mA 13 Y
SG2064/66 Ic = 1.25A,1g=2.0mA 14 Y
SG2065/67 [ Ic = 15A,lg=225mA 1.5 \
Input Current SG2064/65 | Viy = 2.4V 1.4 43 mA
ViN_= 3.75V 33 | 96 mA
5G2066/67 | Vj\y = 5.0V 06 | 18 mA
ViN = 12V 17 | 52 mA
Input Voltage SG2064/65 | Vog = 2.0V, Ic=1.0A 20 Vv
Veg = 20V,Ic=15A 25 Vv
SG2066/67 | Vop = 2.0V, Ic=10A 6.5 Vv
Vcg = 20V, Ic=15A 10 \
Turn-On Defay All 0.5 Ej; t0 0.5 Eyy ¢ 1.0 uS
Turn-Off Delay All 05 Ej 006 E, 15 uS
Cilamp Diode SG2064/66 VR = 50V 50 HA
Leakage Current VR = BOV,Tp =700C 100 uA
SG2065/67 | vg = 80V 50 MA
Vg = 80V, Tp =700C 100 MA
Clamp Diode All I = 10A 1.75 \
Forward Voltage Ig = 156A 20 \Y
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$G2064 THRU SG2077

$G2068 THRU SG2071 ELECTRICAL CHARACTERISTICS
(Parameter limits are specified at TA = +25°C unless otherwise noted.)

PARAMETER DEVICES CONDITIONS MIN | MAX | UNITS
Output Leakage Current $G2068/70 | Vg = 50V 100 uA
Veg = 50V, Tp = 700C 500 uA
SG2069/71 | Vg = 80V 100 uA
Vcg = 80V, Tp =700C 500 HA
Output Sustaining Voltage | $G2068/70 | Ic = 100 mA, VN = 04V 35 Vv
§G2069/71 | Ic = 100 mA, VN = 0.4V 50 v
Collector-Emitter SG2068/69 | Ic = 500 mA, VN =2.75V 1.1 \
Saturation Voltage Ic__= 750mA, V| =275V 1.2 v
Ic = 10A, Vyy =275V 1.3 v
lc = 1.25A, V=275V 1.4 Vv
5G2069 lc_ = 18A V|N=275V 15 v
$G2070/71 | Ic = 500 mA, V| = 5.0V 1.1 v
Ic = 750 mA, Vi =5.0V 1.2 Vv
Ic = 1.0A,V)y=5.0V 1.3 Vv
Ic = 125A,V|y=50V 14 v
$G2071 Ic = 15A,V|Ny=5.0V 1.5 Vv
Input Current SG2068/69 | Vy\y = 2.75V 550 HA
VN = 3.75V 1000 uA
SG2070/71 | Vyn = 5.0V 400 HA
ViN = 12V 1250 nA
Input Voltage " SG2068/69 | Vo = 2.0V, Ic=15A 2.75 v
§G2070/71 | Veg = 2.0V.ic=1.5A 5.0 v
Supply Current SG2068/69 | Ic = BOOmMA, V|n = 2.4V 6.0 mA
5G2070/71 | Ic = 500 mA, Vin =5.0V 45 mA
Turn-On Delay All 05E 1005k, 1.0 uS
Turn-Off Delay All 0.5 Ej, t0 0.5 Egyt 1.5 us
Clamp Diode SG2068/70 | Vg = 50V 50 uA
Leakage Current VR = 50V, Tp =700C 100 LA
SG2069/71 | Vg = 80V 50 HA
VR = 80V,Tp=700C 100 nA
Clamp Diode All g = 10A 1.75 Vv
Forward Voltage Ig = 15A 2.0 Vv
$G2074 THRU SG2077 ELECTRICAL CHARACTERISTICS
(Parameter limits are specified at TA = +25° C unless otherwise noted.)
PARAMETER DEVICES CONDITIONS MIN MAX | UNITS
Output Leakage Current SG2074/76 | Vo = 50V 100 uA
) Vg = 50V, Tp = 709C 500 A
SG2075/77 | Vg = 80V 100 uA
Veg = 80V, Tp= 700C 500 HA
Output Sustaining Voitage | SG2074/76 | Ic = 100 mA, V| = 0.4V 35 Vv
SG2075/77 | 1c = 100mA, V| =04V 50 Vv
Collector-Emitter All ic = 500 mA, Ig =625 uA 1.1 v
Saturation Voltage Ic = 750mA, Ig =935 uA 1.2 v
Ilc = 10A,Ig=125mA 1.3 v
SG2074/76 | I = 1.25A,lg=20mA 14 v
5G2075/77 | Ic = 15A,lg=2.25mA 15 v
Input Current SG2074/75 | V|n = 2.4V 2.0 43 mA
Viy = 3.75V 45 | 96 mA
$G2076/77 | Vi = 5.0V 0.9 1.8 mA
Vin = 12V 275 | 52 mA
Input Voltage SG2074/75 | Vpog = 2.0V, Ic=1.0A 2.0 Vv
VCE = 20V, Ic=15A 25 v
$G2076/77 | Vg = 2.0V, Ic=1.0A 65 v
VoE = 20V,Ic=16A 0 v
Turn-On Delay All 0.5E;,t005E, .+ 1.0 us
Turn-Off Delay All 0.5 Ej, t0 0.5 Egy¢ 1.5 us
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$G2064 THRU SG2077

CHARACTERISTIC CURVES
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ADVANCED DATA

ﬁ.ll-nn“ ﬁﬂ“ﬂpﬂl.l SG3636
I l Performance data described herein represent design goals.

LINEAR INTEGRATED CIRCUITS Final device specifications are subject to change.

1.5 AMP DUAL HALF BRIDGE DRIVER

DESCRIPTION FEATURES

The SG3636 is a monolithic integrated circuit * Low voltage operation 8 to 25 volts
designed especially for driving loads con- .

nected in an H bridge configuration. Inputs to * Source or sink up to 1.5 Amps

this device are TTL compatible and the outputs * TTL compatible inputs

are capable of sourcing and sinking up to 1.5 « Built-in clamp diodes for inductive loads
Amps of current. Suppression diodes are in- L J

cluded on chip for use with inductive loads. e Built in thermal protection

ABSOLUTE MAXIMUM RATINGS
Vs = 30 volts Diode current 2.0A
lout = 2.0A ViN = 7 volts LOGIC DIAGRAM
ELECTRICAL CHARACTERISTICS
Unless otherwise stated, Vg = 25 Volts
PARAMETER SYMBOL TEST CONDITIONS TYP UNITS
Input High Current| i (1) | Vi = 2.4V 200 KA Enable L ~ —
Input Low Current | n(© | Vip = OV 24 | mA tnput = e
Low Level —
Input Voltage Vi, (0) 08 | volts G Lo % || —{= Output
High Level
Input Voltage Vin () 20 | Voits Pulse [5 1 x m
Source Saturation | Vee (sat)| lsource = 1amp 20 | Volts Input 4
Sink Saturation Vee (sat)| Igink = 1amp 20 | Volts
Supply Current I Vg = 25v 50 mA Gnd (4 (] Gnd
\9<i>cl)tde Forward v
= N A .
age £ Ig = 1.0 1.2 Volt Gnd E‘ Q Gnd
TRUTH TABLE EACH HALF BRIDGE
E 3 Pulse
Input
Enable| Pulse Output
1 1 | Off (High with no load) output [~ o] e
0 i ‘
1 High E 3 Vs
1 o] Low
0 0 High
(1= open or high)
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ADVANCED DATA

aiLiGON GRNeraL SG3637

Performance data described herein represent design goals.

L| NEAR |NTEGRAT§D CIRCU ITS Final device specifications are subject to change.

UNIVERSAL QUAD 2 AMP DRIVER

DESCRIPTION FEATURES

The SG3637 is a four channel high current, high ¢ Output currents to 2.0 amps
voltage integrated circuit designed to provide - . .
the interface between stepper motors and * 40 volt outputs to positive or negative rails
micro-processor or logic motor control circuitry. * Compatibility with all popular logic families
The SG3637 will accept most standard logic i ; : ;

signal inputs and provide motor drive current to ¢ Bu?lt in clamp dlo?es for inductive loads
both positive and negative supply rails. * Chip enable for microprocessor control

ABSOLUTE MAXIMUM RATINGS

Vss = 20 volts Vout = 45 volts

loutr = 2.5 amps Vin = 25 volts

ELECTRICAL CHARACTERISTICS @ 25°C d

Unless otherwise stated, Vgs = 15V, pins 4, 5, 12 and 13 are ground n1 E T out 1
PARAMETER SYMBOL TEST CONDITION MIN TYP MAX UNITS i .
“O" Level Enabl 1 .
Supply Current Iss (O) 40 mA navle E N ._E Diode Gommeon
“I” Level
Supply Current Iss(1) | Allinputs = 50V 20 mA n2 E §- M 14] Out2
“O” Input Current o
Except Enable Iin(O) | Allinputs ground 200 A Emitter [7 B Emitter
“O"” Input Current and W . r and
Enable Input Iine (©) | Enable input ground 400 uA _1
“I” Input Current Substrate |5/ | | il 12| substrate
All Inputs Iin() | Driven input = 15V 50 | A J-_ —L
Output Leakage leex Vout = 60V, Vin = In3 E 1] Out3
Current 2.0V, other inputs

ground 500 A
I t4
Output Sustaining Vee (sus) lout = 100mA, inputs n4 E'L_. 10 Ouf
Voltage = 5.0V 35 Volts —1
Output ON Voltage | Vee (sat) | tout = 2.0 Amp, end [} ERS
inputs ground 22 | Volts

Diode Leakage IR VR = 60V 50 pA
Diode Forward VE IF = 2.0 Amp
Voltage 2.5 | Volts
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LINEAR INTEGRATED CIRCUITS

ADVANCED DATA
SG3638/SG3638A
SG3639/SG3639A

Performance data described herein represent design goals.
Final device specifications are subject to change.

4 AMP SOLENOID AND MOTOR DRIVER

DESCRIPTION

The SG3638 and SG3639 are high voltage inte-
grated circuits designed to be used as “H”
bridge drivers, dual solenoid drivers and
more. These devices allow current control of
loads by means of external series sense
resistors and a threshold control input. The
SG3638 and SG3639 feature built-in thermal
protection. They are designed for use with a
split power supply for the motor or solenoid.

FEATURES

* Chopped Mode Current Control

¢ Output Current to 4 Amps

* 60 Volt Output Drivers (A Suffix)

¢ TTL Compatible INPUT and MODE pins

« Combined Threshold and Logic Input

e Built-in Thermal Protection

o Built-in Clamp Diodes for Inductive Loads
e Split Voltage Power Supply Operation

* Packaged in a 12 Lead Power SIP

TRUTH TABLE
In Enable Sink Source
S$G3638 | (e]]] Off Off
o | Oon On
0 0 On Off
SG3639 | Oll Off Off
(o] | On On
(o] ) On Off
(o] t On Off

BLOCK DIAGRAM

(O (8
SOURCE 1 SOURCE 2
SINK 1 of P SINK 2
0 (O]

1) sase
(0) 3838

4o

®
R THRESHOLD R 4
INPUT INPUT 2

INPUT 1

CONNECTION DIAGRAM (Top View)

Pin Function

Vee
Input 1
Sense 1
Sink 1
Source 1

Voe
Source 2
Sink 2
10 Sense 2
11 Input 2
12 GND

OCOO~NORNAEWN =

Threshold Input

ORDER INFORMATION

Part Number Max Voltage Package
(Vg to Veg)

SG3638S 40V 12 pin SIP

SG3638AS 50V 12 pin SIP

SG3639S 40V 12 pin SIP

SG3639AS 50V 12 pin SIP
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ADVANCED DATA

SG3638/SG3638A
SG3639/SG3639A
ABSOLUTE MAXIMUM RATINGS
Supply Voltage +20 (+25) Continuous Output Current +1A
VEE to Vo Package Power Dissipation (average) 4.5 watts
Input Voltage Range 0.0V to 7.0v (without heatsink Ty = 25°C)
Peak Output Current +5A Operating Temperature Range -2°Cto +85° C
Output Current 33% D.C. +44A Storage Temperature Range —55°C to +150°C
ELECTRICAL CHARACTERISTICS (Vs = 40V, Tp = —-20°C to +85°C)
PARAMETER SYMBOL CONDITION MIN TYP | MAX | UNIT
Supply Voltage Vees Vee operating +15 — +20
(£25) | volts
Package Power Dissipation Vs = £20(%25) — 10 — Watts
Supply Current Vg = +20(%25) — 12 20 mA
Signal Input Threshold Vaig — 1.4 — volts
Mode Input Threshold Vinode - 14 — volts
Internal Chopping Threshold VTHE chop — 4.0 — voits
Threshold Input Disable Voitage VIHE enable] _ 045 | — volts
Signal Input Current (low) lsg L Vgig = 4V -1.6 — —_ mA
Signal Input Current (high) lsgh Vsig = 24V — — 100 pA
Mode input Current (low) fmode L Vimoge = -4V -16 - —_ mA
Mode Input Current (high) tmode H Vimoge = 2.4V - — 100 A
Threshold Input Current (low) lTHEL V1HE < VTHE enable — ~6.0 — 77.3
| Threshold Input Current (high) ltHEH V1HE > VIHE enable - -20 — rA
Internal Hysteresis Current Inys — |lipeak| —
External Hysteresis Current lhys ext 140 200 260 pA
Output SAT Voltage sink VsaT sink lay = 4.4A - 2.0 25 | volts
Output SAT Voltage source VSAT source lout = —4.4A — 25 3.0 | volts
Output SAT Voitage sink VsaT sink lout = 1.0A — 1.0 1.2 | volts
Output SAT Voltage source VsaT source lout = —1.0A —_ 15 1.8 | voits
Output Leakage sink loL sink Vce =40V (60) - - 1.0 mA
Output Leakage source loL source Vee =40V (50) — — 1.0 mA
Output Current 30% on — +40 | +4.4 A
Transconductance Tolerance (note 1) Ve = 2.0 to 3.6V -5% — + 5%
mHe = 1.0 to 2.0V -10% | — +10%
e = 0.6 to 1.0V -25%| — +25%
Clamp Diode Voitage sink Ve sink | = 4.4A — 20 25 | volts
Clamp Diode Voltage source Ve source | = 44A — 3.0 3.5 | volits
GAIN 1oyt ! Viye (Rg) —_ 1
INOTE (1) Assumes Rg is exactly known. Rg includes parasitic wiring resistances external to the I.C. package in|
jaddition to the intended sense resistor.
ITCHING CHARACTERISTICS (Vs = 20°C to +85°C)

PARAMETER SYMBOL | CONDITION MIN TYP | MAX | UNIT
Source Turn On Delay toon 1.4V Vgg t0 10% Vgource 300 ns
Source Rise Time tgon Vsource 10% to 90% 100 ns
Source Fall Time tgon Vsource 90% to 10% 500 ns
Sink Turn Off Delay tp off 1.4V Vgiz 10 10% Vgini 500 ns
Sink Rise Time tg off Vsink 10% to 90% 400 ns
Sense Loop Turn On Delay tpg on V1 sense 1 10 50% Vsource TBD*

Sense Loop Turn Off Delay tpg off V1H sense 2 10 50% Vgink TBD*
*To Be Determined
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ADVANCED DATA
SG3638/SG3638A
SG3639/SG3639A

FUNCTIONAL DESCRIPTION

SG3638 (non-chop drive)
The state of the INPUT pin directly controls the state
of the sink transistor. When INPUT ( Vgg) is

is high the sink transistor is turned off. When INPUT is
low sink transistor acts as a saturation switch.

The source transistor is directly controlled by a high to
the INPUT pin. When INPUT is low the source is con-
trolled by the result of a comparison of the voltage
across an external resistor and the THRESHOLD IN-
PUT.

With a high on the INPUT, both the output sink and
source transistors are turned off which force SENSE
to be pulled to ground through an external resistor.
This produces a high on the output of the internal
comparator and forces the output of the latch to a low
state. As INPUT is switched low, both the sink and
source transistors are turned on. This causes both the
current in a coil, located between the SINK and
SOURCE outputs, as well as the voltage across the
sense resistor to rise. When the voltage across the
sense resistor reaches one tenth the THRESHOLD IN-
PUT voltage the comparator trips and sets the latch
thus turning the source transistor off. The latch is
reset when the INPUT returns to a high state.

SG3639 (chop drive)

The initial conditions are the same as in the SG3638
except the latch is disabled and acts as a simple in-
verter. Both SINK and SOURCE turn on as INPUT goes
low. When the voltage across the external sense
resistor reaches one tenth the THRESHOLD INPUT
voltage the comparator switches turning SOURCE off
and causing the voltage across the sense resistor to
decay. The tripping of the comparator also turns on a
current source (Iyys, typically 200 uA) which is tied to
the THRESHOLD INPUT and lowers the threshold by
an amount determined by the external impedance at
the THRESHOLD INPUT (Ryys). This impedance sets
up the externally adjustable hysteresis. When the cur-
rent decays to the new lower threshold level the com-
parator trips again turning the SOURCE on and reset-
ting the threshold to its original value.

Chop Mode Default Hysteresis

In the Chop Mode, if the THRESHOLD INPUT signal
becomes larger than 4 volts (approx.) the output cur-
rent will no longer increase. At this point the chop
hysteresis will switch to an internaily controlled value
of approximately 10%. This allows the threshold to be
left floating and provides a default to the maximum
operating current with a 10% hysteresis.

THERMAL AND POWER CHARACTERISTICS

CASE TEMP. (°C)
1301

5

120+

110

1004
904
80+

128-26%C

1> —_—
4 WATTS

70 A= =26.8 °C/WATT
60 4

50
40

30 1
25

{ Il
1 T
z 3

POWER IN (WATTS)

Figure 2 SIP Package Dissipation
(No Air Flow or Heat Sink)

4
L
1

Thermal Shutdown

Thermal Resistance

18V
Vs
—{ THRESHOLD « 0
1 INPUT SINK 1|—— \ "
) ;Vln
[ —inpuT1
= GND SENSE 1
Figure 5 Test Fixture for
Thermal Measurements
Tygp = 160°

644 = 30° C/W (typical)
Oyc = 2° C/W (typical)
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ADVANCED DATA

SG3638/SG3638A
SG3639/SG3639A
Ven Vec ’T\ Vee
SOURCE 1 SOURCE 2 1
SOURCE S hading g X |
T T i
- coiL :
b O bpi| 4
SINK L [SINK ¢ SINK 2 L"\ ]
. £
n " |'sense 1 SENSE 2
Rsense Q 8
Vee Vee Vee

APPLICATIONS

The SG3638 or 3639 can be used to drive a solenoid as

seen in Figure 4. The coil is connected between the

collector of the source and the collector of the sink

transistors. The internal clamp diodes make this ap-

plication possible without external diodes.

When driving a motor, both halves of the device are us-

ed in a cross coupled configuration as seen in Figure

5. In this configuration external diodes must be used

1o isolate an internal paracitic diodes. Without these

external diodes the device will be damaged. These

diodes must be of the high speed type with voltage

ratings above 70 volts and capable of handling 4

Amps. Both inputs should not be turned on at the

same time.

The SG3639 requires a resistor (Ryyg) in series with

the THRESHOLD INPUT and the external circuit

which controls the THRESHOLD INPUT to set the

amount of hysteresis.
CIRCUIT CONSIDERATIONS
PC Board Layout — The output current is controlled Thermal — Because of the large power dissipation
by both the voltage at the SENSE pin and the sense . usually associated with this device, a heat sink is
resistor. Because of the large currents and low recommended. Air flow around the package may also
resistances, it is critical to have an extremely good PC reduce package temperature. The device has built in
board layout to reduce paracitic wiring resistances thermal shutdown capabilities which will turn the out-
which could add to the sense resistor and reduce the put off when the substrate reaches a temperature of
output current. 140 to 160 degrees C.
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ADVANCED DATA
SG3638/SG3638A
SG3639/SG3639A

sIG
VsouRce
Vsink
! senseé
1
lsenss
lcon

.15 DIA

13,

-555

F.uz I, 140
365 R

PINAILD. /
015 SPHER. RAD. _/ 1
.e12 DEEP r -
>
H
30° - ”
3
ol l ! |
=
|15 TYP. 100 TYP.
e 175 0er. | ezsTYP. RYELLN ozl Ly 4075
- ._.{ le— se0 TYP.
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ADVANCED DATA

SiLicon General SG3640/SG3641

Performance data described herein represent design goals

LINEAR INTEGRATED CIRCU ITS Final device specifications are subject to change.

4 AMP SOLENOID AND MOTOR DRIVER

DESCRIPTION FEATURES

The SG3640 and SG3641 are high voltage inte- ¢ Chopped Mode Current Control

grated circuits designed to be used as 2 “H” * Output Current to 4 Amps

bridge drivers, solenoid drivers and more. ¢ 40 Volt Output Drivers

Both devices allow current control of loads by ¢ Source Current 500 Times Input Current
means of internal series sense resistorsand a * Combined Threshold and Logic Input
current level control input. Both feature built- e Built-in Thermal Protection

in thermal protection. * Built-in Clamp Diodes for Inductive Loads
The built-in sense resistors, the current input * Available in a 5 lead Power TO-220 Package

and the 5 lead TO-220 package offer substan-
tial advantages over the SG3638 and SG3639
in many applications.

The SG3640 provides continuous chop mode
control, while the SG3641 provides a single
pulse which drives the source output to the
controlled current.

BLOCK DIAGRAMS Vs vg

$)SOURCE
(O SINK
CONNECTION DIAGRAM (Top View) ORDER {INFORMATION
O Part Number Mode Package
SG3640P Chop TO-220
SG3641P Non-Chop  TO-220
Package SG3641R Non-Chop  TO-66
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ADVANCED DATA

SG3640/SG3641

ABSOLUTE MAXIMUM RATINGS

Supply Voitage 40V

Input Voltage Range —-1.0Vto7.0V

Peak Output Current +5A

Output Current 33% D.C. +4.4A

Continuous Output Gurrent +1A

Operating Temperature Range —2°Cto +8°C

Storage Temperature Range —55°C to +150°C|
ELECTRICAL CHARACTERISTICS

PARAMETER CONDITIONS MIN TYP MAX UNIT
Temperature Range, Operating Ta -20 — 85 °C
Package Power Dissipation Vg = 40V — 10 — Watts
Supply Voltage, Vg Operating 15 — 40 Volts
Supply Current, idie Vg = 40 — 12 20 mA
Input Voltage Range All -01 — 6 Volts
Input Current Vin = 2.5V —_ -20 -10.0 A
Input Hysteresis Current Viy = 2.5V 140 200 260 A
Current Regulation ViN = 2to4V — — 5 %
Output Current 30% ON — +4.0 +4.4 A
Output Sat Voltage, Sink +4.4A — 2.0 25 Volts
Output Sat Voltage, Source —4.4A — 25 3.0 Voits
Output Sat Voltage, Sink +1.0A _ 1.0 1.2 Volts
Output Sat Voitage, Source -1.0A — 1.5 1.8 Volts
Output Leakage Veg = 40V — — +1 mA
Clamp Diode, VE 4.4A — 20 25 Volts

SWITCHING CHARACTERISTICS (Vs = —20°C to +85°C)

PARAMETER SYMBOL CONDITION MIN TYP  MAX UNIT
Source Turn On Delay tpon 1.4V V55 10 10% Vsource 300 ns
Source Rise Time tgon Vsource 10% t0 90% 100 ns
Source Fall Time tpon Vsource 90% to 10% 500 ns
Sink Turn Off Delay tp off 1.4V Vg t0 10% Vgink 500 ns
Sink Raise Time tg off Vsink 10% to 80% 400 ns
Sense Loop Turn On Delay tpson V14 sense 1 10 50% Vsource TBD*

Sense Loop Turn Off Delay tpg off V1H sense 2 10 50% Vgink TBD*

*To Be Determined
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ADVANCED DATA
SG3640/SG3641

FUNCTIONAL DESCRIPTION

The following discussion assumes an inductive load
between the SOURCE and SINK outputs. Current in-
to the INPUT pin directly controls the state of the
SINK output. When the INPUT is above 1.4 volts the
SINK output will be held low. When the INPUT is
below 0.8 volts the SINK output will be off.

S$G3640

The SOURCE output is controlled by the INPUT cur-
rent and the state of an internal comparator. One in-
put to the comparator is the voltage across the inter-
nal sense resistor and the other is a voitage produc-
ed by the INPUT current. Initially, when the INPUT
goes above the threhold both the SOURCE and SINK
transistors are turned on. When current through the
sense resistor reaches 500 times the INPUT current
the SOURCE will be turned off. Threshold hysteresis
of 10% is built into the comparator. When the voltage
across the sense resistor falls to the new threshold
the SOURCE transistor will again be turned on and
the comparator threshold will be raised to its initia|
state.

SG3641

The SG3641 works in the same manner as the
SG3640 except that when the comparator turns the
SOURCE transistor off it also sets a flip/flop to inhibit
the SOURCE from being turned on until the flip/flop
is reset by INPUT going low.

TIMING DIAGRAM

Vsia

VSouRce

vSINK

lcon
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ADVANCED DATA
S$G3640/SG3641

APPLICATIONS

ViMPACT

— <

Figure 2

APPLICATIONS

The SG3640 or SG3641 can be used to drive a
solenoid as illustrated in Figure 1. R IN and V IM-
PACT should be chosen to provide input current to
the SG 3640 or SG3641 (8 mA will provide 4 Amps of
peak SOURCE current). Changing V IMPACT will
control the peak current. No external diodes are re-
quired.

Two SG3640 or SG3641 devices can be used to drive
a motor as illustrated in Figure 2. When used in this

way external diodes are required to protect the
devices against parasitic diodes which may form in
the devices when the source is turned off. These ex-
ternal diodes must be the high speed type with
voltage ratings above 70 volts and capable of handl-
ing 4Amps. Care should be taken to insure that both
INPUTS are not on at the same time. 10 to 20 ms off
dead time may be required from the time one INPUT
is turned off and the alternate INPUT is turned on.

PACKAGE DIMENSIONS

0.151 + .002 —

0.180 —=
+0.005

—-1 me +0.002
! 1

0.015 J
+0.010
-0.002
be—0.105 +0.010
~0.015

P-Package TO-220
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ailiGon GRNEraL

LINEAR INTEGRATED CIRCUITS

ADVANCED DATA
SG3643/SG3643A

Performance data described herein represent design goals.

Final device specifications are subject to change.

DESCRIPTION FEATURES

The SG3643 is a high voltage integrated circuit ¢ Chopped Mode Cumrent Control
designed to be used as a “H” bridge driver, dual tput Current to 4 Am

solenoid driver and more. This device allows current * Output Cu ps !

control of loads by means of external series sense e 60 Volt Output Drivers (A suffix)
resistors and a threshold control input. The SG3643 o TTL compatable INPUT and MODE pins

and SG3643A feature built-in thermal ion.
ature built-in thermal protection « Combined Threshold and Logic Input

¢ Built-in Thermal Protection

¢ Builtin Clamp Diodes for Inductive Loads
« Single Voltage Power Supply Operation

e Packaged in a 12 lead power SIP

TRUTH TABLE BLOCK DIAGRAM
Mode IN Enable Sink Source ]
01 _1__01__OFF OFF
NonChop 0 0 1 ON ON
Mode 0 0 1 ON ON e L S ounce 2
0 0 0 ON OFF s 3 g2
1 0 1 ON ON
CHOP 1 0 + ON OFF
MODE 1 0 4 ON_ ON ‘j
LO";{‘;:%L INPUT 2 SENSE 2
rnr}igsgLo [> SR R L _:Leuo

PIN ASSIGNMENTS ORDER INFORMATION

Part Number Max Voltage  Package

SG3643S
SG3643AS

40V
60V

12 pin SIP
Source 1 12 pin SIP
Threshold Input
Vs

Source 2

Sink 2

Sense 2

In2

Mode Control
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ADVANCED DATA

SG3643/SG3643A
ABSOLUTE MAXIMUM RATINGS
Supply Voltage SG3643 45V Continuous Output Current +1A
SG3643A 60V Package Power Dissipation (average)| 4.5 watts
Input Voltage Range QVtio7v (without heatsink Ty = 25°C)
Peak Output Current +5A Operating Temperature Range -20°Cto +8°C
Qutput Current 33% D.C. +4.4A Storage Temperature Range -55°C to +150°C

ELECTRICAL CHARACTERISTICS (Vs = 40V, Ta = —20°C to +85°C)

PARAMETER SYMBOL CONDITION MIN TYP | MAX | UNIT
Supply Voltage Vs operating 15 — | 40(60) | volts
Package Power Dissipation Vg = 40 — 10 — Watts
Supply Current Vg = 40 — 12 20 mA
Signal Input Threshold Vsig — 14 — volts
Mode Input Threshold Viode — 1.4 — volts
Internal Chopping Threshold VTHE chop - 4.0 — volts
Threshold Input Disable Voltage VIHE enable — 045 | — volts
Signal Input Current (low) lsig L Vaig = 4V -16 — — mA
Signal Input Current (high) lsig 1 Vag = 24V — — 100 A
Mode Input Current (low) Imode L Vinode = -4V -16 — — mA
Mode Input Current (high) Imode H Vinode = 2.4V — — 100 uA
Threshold Input Current (low) ITHE L V1HE < VTHE enable — -6.0 — A
Threshold Input Current (high) HHEH V1HE < VTHE enable - -20 — A
Internal Hysteresis Current lhys — [.11peak| —

External Hysteresis Current IHYS ext 140 200 260 pA
Output SAT Voltage sink VsAT sink lat = 4.4A — 2.0 25 | volts
Output SAT Voltage source VSAT source lout = —4.4A — 25 3.0 | volts
Output SAT Voltage sink VsAT sink lout = 1.0A — 1.0 1.2 | volts
Output SAT Voltage source VsAT source lout = —1.0A — 1.5 1.8 | volts
Output Leakage sink loL sink Ve =40V (60) - — 1.0 | mA
Output Leakage source loL source Voe =40V — — 1.0 mA
Output Current 30% on — +40 | +4.4 A
Transconductance Tolerance (note 1) Viye = 2.0t0 3.6V ~5% + 5%
Viye = 1.0to 2.0V -10% | — +10%
Viye = 0.6 to 1.0V -25% +25%
Clamp Diode Voltage sink VG sink | = 4.4A — 2.0 2.5 | volts
Clamp Diode Voltage source Ve source | = 44A - 3.0 3.5 | volts

GAIN ot/ Ve (Rg)

1

NOTE (1) Assumes Rg is exactly known. Rg includes parasitic wiring resistances external to the 1.C. package in
addition to the intended sense resistor.

SWITCHING CHARACTERISTICS (Vs = 20°C to +85°C)

PARAMETER SYMBOL [CONDITION MIN TYP | MAX | UNIT
Source Turn On Delay tp on 1.4V Vgg t0 10% Vsource 300 ns
Source Rise Time tgon Vsource 10% to 90% 100 ns
Source Fall Time tron Vsource 90% to 10% 500 ns
Sink Turn Off Delay tp off 1.4V Vg5 t0 10% Vgink 500 ns
Sink Rise Time tg off Vgink 10% to 90% 400 ns
Sense Loop Turn On Delay tpg on V1H sense 1 10 50% Vgource TBD*

Sense Loop Turn Off Delay tpg off V1H sense 2 10 50% Vgink TBD*

*To Be Determined
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ADVANCED DATA
SG3643/SG3643A

FUNCTIONAL DESCRIPTION

Non-Chop Mode (MODE Pin tied low):
The state of the INPUT pin directly controls the
state of the sink transistor. When INPUT (V_) is

hngh the sink transistor is turned off. When INPUT

is low the sink transistor acts as a saturation

switch.

The source transistor is directly controlled by a high to
the INPUT pin. When INPUT is low the source is con-
trolled by the result of a comparison of the voltage
across an external sense resistor and the
THRESHOLD INPUT.

With a high on the INPUT, both the output sink and
source transistors are turned off which force SENSE
to be pulled to ground through an external resistor.
This produces a high on the output of the internal
comparator and forces the output of the latch to a low
‘state. As INPUT is switched low, both the sink and
source transistors are turned on. This causes both the
gurrent in a coil, located between the SINK and
SOURCE outputs, as wells as the voltage across the
sense resistor to rise. When the voltage across the
sense resistor reaches one tenth the THRESHOLD IN-
PUT voltage the comparator trips and sets the latch
thus turning the source transistor off. The latch is
reset when the INPUT returns to a high state.

Chop Mode (MODE pin tied high):

The initial conditions are the same as in the non-chop
mode except the latch is disabled and acts as a sim-
ple inverter. Both SINK and SOURCE turn on as INPUT
goes low. When the voltage across the external sense
resistor reaches one tenth the THRESHOLD INPUT
voltage the comparator switches turning SOURCE off
and causing the voltage across the sense resistor to
decay. The tripping of the comparator also turns on a
current source (IHys, typically 200 pA) which is

tied to the THRESHOLD INPUT and lowers the
threshold by an amount determined by the external
impedance at the THRESHOLD INPUT (Ryys).

This impedance sets up the externally adjustable
hysteresis. When the current decays to the new lower
threshold level the comparator trips again turning the
SOURCE on and resetting the threshold to its
oroiginal value.

Chop Mode Default Hysteresis:

In the Chop Mode, if the THRESHOLD INPUT signal
becomes larger than 4 volts (approx.) the output cur-
rent will no longer increase. At this point the chop
hysteresis will switch to an internally controlled value
of approximately 10%. This allows the threshold to be
left floating and provides a default to the maximum
operating current with a 10% hysteresis.

THERMAL AND POWER CHARACTERISTICS

CASE TEMP. (°C)

1304

1204+

1ol
1004

90~

804~

704 Oca= '::l:::c' = 25.8 °C/WATT
601

80+

a1

0+

P : ———t——+

1 2 3 .

POWER IN (WATTS)

Figure 2 SIP Package Dissipation
(No Air Flow or Heat Sink)

18v
Vs
—i—vln
L— INPUT1
= GND SENSE 1

I

Figure 5 Test Fixture for
Thermal Measurements

Thermal Shutdown
Thermal Resistance

Tygp = 160°
e ya = 30° C/W (typical)
e JC = 2° C/W (typical)
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ADVANCED DATA
SG3643/SG3643A

1/2 SGie43 1/2 SG3643

—t SOURCE

COIL

1/2 8G3643

'SOURCE 1 SOURCE 2

SINK

RsEnsE

Figure 4 Figure5

APPLICATIONS

The SG3643 can be used to drive a solenoid as seen in
Figure 4. the coil is connected between the collector
of the source and the collector of the sink transistors.
the internal clamp diodes make this application
possible without external diodes.

When driving a motor, both halves of the SG3643 are
used in a cross coupled configuration as seen in
Figure 5. In this configuration external diodes must be
used to isolate an internal paracitic diode. Without
these external diodes the device will be damaged.
These diodes must be of the high speed type with
voltage ratings above 70 volts and capable of handling
4 Amps. Both inputs shouid not be turned on at the
same time.

When in the Chop Mode a resistor (Ryyg) in series

with the THRESHOLD INPUT and the external circuit
which controls the THREHOLD INPUT will set the
amount of hysteresis (see the design example).

CIRCUIT CONSIDERATIONS

PC Board Layout — The output current is controlled
by both the voitage at the SENSE pin and the sense
resistor. Because of the large currents and low
resistances, it is critical to have an extremely good PC
board layout to reduce paracitic wiring resistances
which could add to the sense resistor and reduce the
output current.

Thermal — Because of the large power dissipation
usually associated with this device, a heat sink is
recommended. Air flow around the package may also
reduce package temperature. the device has built in
thermal shutdown capabilities which will turn the out-
put off when the substrate reaches a temperature of
140 to 160 degrees C.
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ADVANCED DATA
SG3643/SG3643A

DESIGN EXAMPLE — Chop Mode

dig diq

dl\ /T

Desired: A 3.0A Peak, 20KHz chop frequency.
Given: Vg = 40V,L = 2mh
Assume: Rg = .10

Procedure: For a 3 Amp Peak and Rg = .1; dit _ Vs —2Vea
1) Veense = 3(1) = 300mV e
Vinreshold = 10V « Vgense = 3V; —_ 40 —22(2-5)
D T=T +Th=xd_
20KHz = 175A/ms
=_lvs 4+ luys
25A/ms 175Aims d2 _ _ Vsat _l\-/c 1amp
T=1 e 1 Y\ms G
e\ 25 17.5) _25+25
1 2
Slhys = 20KHz = .109 Amps = 25A/ms
— +t ——\ x10°
25 175
3 %HYS=_luys = _109 = 365%
peak 3
Aereshom = .0365 (3V) = 109mV
Ruys = AVineshold = 5479
200pA




ADVANCED DATA
SG3643/SG3643A

TIMING DIAGRAM

Va6
VeouRce
Veinx
lcoiL
PACKAGE DIMENSIONS
1.250 (eATTAR ﬂ 170:00
L‘.fon_, o 770 — 235

le-182 22001, 140_J . 113
.
—

vz
555

i
N
Ve
N
|
— O
|
T

s

-
__JI L.o15TYP. 100 TYP.
e 175z ,_4.1 | ezsTYP. le-- 17525 ] 020, o |07
- 06O TYP.
L2502 %
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aiLiGON GRNAPAL

LINEAR INTEGRATED CIRCUITS SG3700

DUAL HAMMER DRIVER

DESCRIPTION
FEATURES:
The SG3700 is a monolithic integrated
circuit that will provide up to 1 Amp - Output Currents to 1 Amp
of curr‘en§ to each output. An external - Output Voltage to 35 Volts
sense resistor and an external refer- . . .
ence control voltage is required for - Built in Clamp Diodes
programming the output current to the - Thermal Protection
desired value. On chip TTL compatible . .
Togic is provided for timing of the - Logic Control of Pulse Duration
output current pulse duration.
16-PIN Yss O— w1 &
AOIIH)
CONFIGURATION 5o @ED —MKI
r_——\j_ DATA r{/‘ O>l(R
! PROTE E s . I THERMAL o3
w1 [2] 18] 1 2 il:ggu‘l}?;"\: ehot
YCRY
X1 [3] (4] xr 2 o O
: LR 3
Vee E El VCL 510 1 _’\ OIZ‘D
st [f] 2] ) pATA $
2
1ATA 1 8] [11] paTa 2 Yot Ot Ve
0 E EC2 GND O 6D
o [e o) T, QO
Yo O —
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SG3700

ABSOLUTE MAXIMUM RATINGS

Vee

vin

=7 Volts
= 5.5 Volts

VS = 40 volts
Tout = 1 Amp

ELECTRICAL CHARACTERISTICS
Vee = 5V T = 25°C

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
" In 1. (0) PN
put Current in Logic inputs 200 vA
Vin = gnd
“1" Input Current Iin(‘) Logic inputs 10 pA
in = gnd
"0" Input Voltage Vin(0) 0.8 | volts
“1" Input Voltage vin(1) 2.0 Volts
Control Voltage 1c1 vcl =1.0 to 10 A
Input Current 1.8 Volts
Output Leakage Ioff vs = 35 Volts 500 vA
vfault Sense Vprot. Iprot. = 1.5 Volts
Output 1.5 mA
Clamp Diode Ve IF = 1.0 Amp 3.0 | volts
Forward Voltage
Clamp Diode Ip VR = 35 volts 100 | A
Leakage Current
TYPICAL APPLICATIONS
TO FAULT SENSING C? Vg
CIRCUITRY
THERMAL
PROTECTION
Veu

CONTROL VOLTAGE
o——

SET.

DATA
CLEAR

LOGIC

=

REXTERNAL

'IF"—*VVNF——
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POWER OUTPUT STAGES
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SM600 SM601 SM602

ﬁihiﬂn“ ﬂﬂ“ﬂl‘ﬂl. SM610 SM611 SM612

FUNCTION MODULE PRODUCTS

SWITCHING REGULATOR POWER OUTPUT STAGES

Power Output Stages for 5 Amp Positive and Negative Switching Regulators

FEATURES
¢ Equivalent to the Unitrode PIC 600, 601, 602, 610, 611, 612
¢ Designed and characterized for switching regulator applications

¢ Cost saving design reduces size, Improves efficiency, reduces noise
and RFI (See note 4)

¢ High operating efficiency, Typical 2A circuit performance —
Rise and Fall time < 75ns
Efficiency > 85%

* No reverse recovery spike generated by commutating diode. (See note
4 and Fig. 2)

e Electrically isolated, 4-Pin, TO-66 hermetic case

DESCRIPTION

The SM600 series Power Output Stages are designed and characterized to be
driven with standard integrated circuit voltage regulators. They are completely
characterized over their entire operating range of —55°C to +125°C. The de-
vices are enclosed in a special 4-pin TO-66 package, hermetically sealed for
high reliability. The hybrid circuit construction utilizes thick film resistors on a
beryllia substrate for maximum thermal conductivity and resultant low thermal
impedance. All of the active elements in the hybrid are fully passivated.

MECHANICAL SPECIFICATIONS  SM600, 801, 602, 610, 811, 612 iﬁHEMAﬂc
600
SM601
POS. 4 SM602 1 POS.
INPUT OUTPUT

.96, 3 2
- 5 DRIVE COMMON
comion 25y S QA > smeto
OuUTPUT (1) : I I I NEG. 4 SM612 1 NEG.
INPUT O~ OuTPUT
4-Pin TO-66
NOTES:
1. Case is electrically isolated.
2. Loads may be soldered to within
1/16" of base provided temperature- N )
time exposure is less than 260°C for DRIVE COMMON

10 seconds.
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600 Series Power Output Stages

ABSOLUTE MAXIMUM RATINGS SMB00  SM601  SM602 SM610  SM611  SM612
input Voltage, Va2 6oV 8sov 100V - 60V - 80V - 100V
Output Voltage, V4.5 60V 80v 100V ~ 60V -80v  -100V
Drive input Reverse Voltage, Va4 5V 5v 5v ~-5v -5v -5V
Output Current, I4 5A 5A 5A - 5A ~5A —~5A
Drive Current, I3 -0.2A -0.2A —-0.2A 0.2A 0.2A 0.2A

Thermal Resistance
Junction to Case, 6).c

Power Switch 4.0°C/W
Commutating Diode 4.0°C/W
Case to Ambient, 6c.A 60.0°C/W
Operating Temperature Range, Tc —55°C to +125°C
Maximum Junction Temperature, Tj +150°
Storage Temperature Range —65°C to +150°C

ELECTRICAL SPECIFICATIONS (at 25°C unless noted)

SM600, 601, 602 SMe610, 611, 612
Test Symbol  |Min | Typ | Max | Min| Typ | Max | Units| Conditions
Current Delay Time tdi - | 2 0 | - | 20 40 ns | Vin=25V(-25V)
Current Rise Time ty - | s0 7 | - |50 |75 ns | Vout=5V(-5V)
Voltage Rise Time tv - 30 50 = 30 50 ns lout=2A(—2A)
Voltage Storage Time tsv - 175 500 - 150 700 ns I3=—20mA(20mA)
Voltage Fall Time Yy - 50 75 - 50 75 ns See Figure 2.
Current Fall Time tfi - 70 150 - 70 150 ns See notes 1, 2, 4
Efficiency (Notes 2 & 4)) n - 85 - - 85 - %
On-State Voltage (Note 3) Vaqon)f - | 10 15 | - | -10|-15 v 14=2A(—2A),l3= —.02A(.02A)
On-State Voltage (Note 3) Vaqon)| - | 26 | 35 | - | -25 | -35 v 14=5A(—5A),I3=—.02A(.02A)
Diode Forward Voltage (Note 3) V2.1(on)| - 8 1.0 - -8 | -10 v Ip=2A(—2A)
Diode Forward Voltage (Note 3) [ Vo.1om)| - | 1.0 | 15 | - | =10 | -15 v lp=5A(-5A)
Off-State Current 14-1 - 0.1 10 - | -01 | -10 uA V4=Rated input voltage
Off-State Current lg-1 ~ 10 1.0 -.10 1.0 mA | V4 =Rated input voit. TA = 100°C
Diode Reverse Current 1.2 - 1.0 10 - -1.0| -t0 «A | Vi=Rated output voltage
Diode Reverse Current 192 + | .500 1.0 - .500 1.0 | mA |Vy=Rated output volt., Tp=100°C
Notes:

1. In switching an inductive load, the curment will lead the voltage on Jurn-on and lag the voitage on tum-off (see Figurs 2). Therefore, Vottage Delay Time (tpy) < ty; + tj and
Current Storage Time (tg)) = tgy + Y.
2. mmbamammmmuwnwtmmwmm The switching speed circuit of Figure 1, in which the efficiency is
reguistors.

D of typical g conditions for the SME00 series switching
3. Puise teet: wuon 300ms, Duty Cycie < 2%,
4hmummmmmmmmuz,mrmwmm Yy spike is by the g diode during switching! This
reduces seif-generated noies, 0 NO current spike is fed through the 9 reg: It aiso Imp 0 y and reliability, since the power only carries current
during tum-on.
300xH s ' v 1 ; > . ee
Vi =425 d N ! . i POWER SWITCH i
- 1 ;
SM600 - +1 Sp= Ve S y Z
Shafg | T Saw =¥ R
loaive = —20mMA 3 2
Pulse Width = 10us A Y
Rep. Rate = 20kHz we L ?  COMMUTATING DIODE i
U - "
~ Qv
Figure 1. SM600, 601, 602 Switching Speed Circult Figure 2. SM600, 601, 602 Switching Waveforms
Note: SM610, 811, 612 Test Clrouit and are but of op polarity (Vip = —25V, Ve = ~5V, IpRive = +20MA).
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SM625 SM626 SM627
SM635 SM636 SM637

giLiGON GENAraL

FUNCTION MODULE PRODUCTS

SWITCHING REGULATOR POWER OUTPUT STAGES

Power Output Stages for 15 Amp Positive and Negative Switching Regulators

FEATURES
¢ Equivalent to PIC 625, 626, 627, 635, 636, 637
¢ Designed and characterized for switching regulator applications

* Cost saving design reduces size, Improves efficiency, reduces noise
and RFI (See note 4)

¢ High operating frequency (to > 100kHz) results in smaller inductor-
capacltor fliter and improved power supply response time

¢ High operating efficiency: Typical 7A circuit performance —
Rise and Fall time < 300ns
Efficlency > 85%

¢ Electrically isolated, 4-pin, TO-66 hermetic case

DESCRIPTION

The SM600 series Power Output stages are designed and characterized to
be driven with standard integrated circuit voltage regulators. They are com-
pletely characterized over their entire operating range of —~55°C to +125°C.

The devices are enclosed in a special 4-pin TO-66 package, hermeticaily
sealed for high reliability. The hybrid circuit construction utilizes thick film re-
sistors on a beryllia substrate for maximum thermal conductivity and resul-
tant low thermal impedance. All of the active elements in the hybrid are fully

passivated.

NOTES:

1. Case is electrically isolated.

2. Loads may be soldered to within
1/16" of base provided temeperature-
time exposure is less than 260°C for
10 seconds.

4-Pin TO-66

INPUT

3
DRIVE

MECHANICAL SPECIFICATIONS SM625, 626; 627, 635, 636, 837 SCHEMATIC
SM625
SMez2é
POS. 4 SM627 1 POS.
INPUT ouTPUT
210
41”’-— DRIVE (3)
e (o) INPUT (4)
k. ) C
N — it RAD.
962 - T I::’
T \ o / 3
co*;——-» . DRIVE COMMON
MON (2) 152 ' I
w— 8 | swess
NEG. 4 SMB837 1 NEG.

QUTPUT |

COMMON




600 Series Power Output Stages

ABSOLUTE MAXIMUM RATINGS SM625 SM626 SM627 SM635 SM636  SM637
Input Voltage, V4.5 60V 80v 100v - 60V - 80V -100V
Output Voitage, V4.5 : 60V 8ov 100/vV - 60V - 80V -100V
Drive Input Reverse Voitage, Vayg 5V 5V 5v -5V -5V -5V
Output Current, |4 15A 15A 15A - 15A —15A -15A
Drive Current, I3 - 0.4A ~0.4A -0.4A 0.4A 0.4A 0.4A

Thermal Resistance
Junction to Case, 6.c

Power Switch 4.0°C/W
Commutating Diode 4.0°C/W
Case to Ambient, 8¢c.A 60.0°C/W
Operating Temperature Range, T¢ —-55°C to +125°C
Maximum Junction Temperature, Tj +150°C
Storage Temperature Range —-65°C to +150°C

ELECTRICAL SPECIFICATIONS (at 25°C unless noted)

SM625/625/627 SM635/636/637
Test Symbol |Min. | Typ. | Max. | Min. | Typ. | Max. |Units| Conditions
Current Delay Time tdi - 35 60 - 35 60 ns | Vin=25V(-25V)
Current Rise Time tri - 65 150 | - 65 175 | ns | Vout=5V(-5V)
Voltage Rise Time trv - 40 60 = 40 60 ns | loyt=7A(-7A)
Voltage Storage Time tsv - 500 | 1000 - 500 { 1000 | ns | I3=—30mMA(30mA)
Voltage Fall Time ty - 70 175 | - 100 | 300 | ns | See Figure 2
Current Fall Time ti - 176 | 300 e 175 | 300 | ns | Seenotes 1, 2, 4
Efficiency (Notes 2 and 4) L - 85 - - 85 - %
On-State Voitage (Note 3) Va-1on)| - 1.0 1.5 - -10| -15 Vv 14=7A(-7A), I3=—.03A(.03A)
On-State Voltage (Note 3) Vagom| - | 25| 35| - | -25| -35 | v | 14=15A(-154), I3=-.03A(.034)
Diode Fwd, Voltage (Note 3) Voqon)] — | 85| 125| - | -.85| -125| v | 1=7A(-7A)
Diode Fwd. Voltage (Note 3) V2-1(on)] - 95| 175 - | -95|-175 | V | I2=15A(-15A)
Off-State Current 14-1 - 0.1 10 - | -0.1 | -10 | xA ]| V4=Rated input voltage
Off-State Current l4-1 - .10 1.0 - |-.10 1.0 |mA | V4=Rated input voltage, TA —100°C
Diode Reverse Current 4.2 - 1.0 10 - | -10 | —10 |xA | Vi=Rated output voltage
Diode Reverse Current ly-2 - |.500 1.0 - .500 1.0 |[mA | Vi=Rated output voitage, To=100°C

|,lns:wildlingmmu:ﬁv.W.mwwmemmmlr\dlnﬂ\Gwlmwon tumn-off (see Figure 2). Theretore, Voitage Delay Time (tpy) = tg; + t; and
Current Storage Time (tgj) = tg, + ty,.
2. ThoomemacylsamndcmWMmebWPmdwmbylmm The switching speed circuit of Figure 1, in which the efficiency is

of typical ions for the SMB00 series switching regulators.
3PuluTes|Dwmon SOQIBD\MCydl<2% )
4. As can be seen from the switching waveforms shown in Figure 2, no reverse or forward ery spke is by the diode during g! This reduces self-

generated noise, since no current spike is fed through the switching regulator. nnlammpfovoda"mncywmmw smmmmmyamwmmm
turn-on.
p———

v - T
PR H
V.= 425V + POWER SWITCH
v 5 L -
L= o T, = 40us
N nse =%
lopive = —30MA
Pulse Width.= 10us - I A "
Rep. Rate = 20kHz { " COMMUTATING DIODE 1
+25v —U—L i i 3
Flgurc 1. SM625, 628, 827 Switching Speed Circult Figure 2. SM625, 626, 627 Switching Waveforms
Note: SM635, 638, 837 Circuit and butof Ite polarity (Vin = —25V, Vout = ~5V, IpRive = +30MA).
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giLiGon GRNEMAL SMass Shese Swis?

FUNCTION MODULE PRODUCTS

SWITCHING REGULATOR POWER OUTPUT STAGES

Power Output Stages for 15 Amp Positive and Negative Switching Regulators

FEATURES
« Equivalent to the Unitrode PIC 845, 646, 847, 655, 656, 657

* Cost saving design reduces size, Improves efficiency, reduces nolse and
RFl (See note 4)

¢ High operating frequency (to > 100kHz) results in smaller Inductor-
capacitor fliter and Improved power supply response time

* High operating efficlency: Typlcal 7A circult performance —
Rise and Fall time < 300ns
Efficlency > 85%

DESCRIPTION

The SM600 series Power Output stages are designed and characterized to
be driven with standard integrated circuit voitage regulators. They are com-
pletely characterized over their entire operating range of —55°C to + 125°C.
The devices are enclosed in a special 3-pin TO-3 package, hermetically
sealed for high reliability. The hybrid circuit construction utilizes thick film re-
sistors on a beryllia substrate for maximum themal conductivity and resultant
low thermal impedance. All of the active elements in the hybrid are fully pas-

sivated.
MECHANICAL SPECIFICATIONS  SM645, 648, 647, 655, 656, 657 SCHEMATIC
SM645
SMé48
POS. 4 SMe47 1 POS.
INPUT OuTPUT
(4 ~ S 3 2
\%’/)/ DRIVE COMMON
SM655
SMe56
NEG.
n?nsgi . Smes? : OUTPUT
3-Pin TO-3
NOTE:
Loads may be soldered to within
1/16" of base -provided temperature- 5 R
time exposure is less than 260°C for 10 DRIVE COMMON
seconds.
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600 Series Power Output Stages

ABSOLUTE MAXIMUM RATINGS SM645 SM646  SMB47 SM6S5 SME56 - SM657
Input Voltage, V4.2 60V 8ov 100V - 60V - 80V - 100V
Output Voltage, Via 60v 8oV 100V - 60V -80v -100V
Drive Input Reverse Voltage, Va.q 5v 5v 5v -5V -5v -5V

Continuous Output Current, I4 15A 15A 15A - 15A -15A - 15A
Peak Output Current 20A 20A 20A —20A -20.A -20.A
Drive Current, I3 —0.4A -0.4A —0.4A 0.4A 0.4A 0.4A

Thermal Resistance
Junction to Case, 8.

Power Switch 2°C/W

Commutating Diode 2°C/W

Case to Ambient, 6c_A 30.0°C/W

Operating Temperature Range, Tg -55°C to +125°C

Maximum Junction Temperature, Tj +150°C

Storage Temperature Range -65°C to +150°C
ELECTRICAL SPECIFICATIONS (at 25°C uniess noted)

SM645/646/647 SMB55/656/657

Test Symbol | Min. | Typ. | Max. | Min. | Typ. | Max. |Units| Conditions
Current Delay Time tai - 35 60 - 35 60 ns | Vin=25V(-25V)
Current Rise Time tri - 65 150 N 65 175 | ns | Vout=5V(-5V)
Voltage Rise Time try - 40 60 - 40 60 | ns | loy=7A(-7A)
Voltage Storage Time tsy - 500 | 1000 - 500 | 1000 | ns | l3=—-30mMA(30mA)
Voltage Fall Time thy - 70 175 | - | 100 | 300 | ns | See Figure 2
Current Fall Time ti - 175 300 - 175 300 ns | See notes 1, 2, 4
Efficiency (Notes 2 and 4) n - 85 - - 85 - %
On-State Voltage (Note 3) Va-1on) | - 1.0 1.5 - -10] -15| V l4=7A(-7A), I13=-.03A(.03A)
On-State Voltage (Note 3) Va-1om)| - | 25] 35| - | -25] -35 | V | 14=15A(-15A), I3=—.03A(.03A)
Diode Fwd, Voltage (Note 3) V2-1(on)] - 85| 125] ~ | -85]-125| v | Ip=7A(-7A)
Diode Fwd. Voltage (Note 3) Vo.qom)| = | 95| 1.75) - | -95]|-175 | v | 1o=15A(-15A)
Off-State Current 14-9 - 0.1 10 - |01 | -10 | xA | V4=Rated input voltage
Off-State Current 14-1 - .10 1.0 - |-.10 1.0 [mA’| V4=Rated input voltage, TA —100°C
Diode Reverse Current 1.2 - 1.0 10 - | -10 | —10 |uA | Vi=Rated output voltage
Diode Reverse Current 112 - |.500 1.0 - 500 1.0 | mA | Vy=Rated output voltage, TA=100°C

Notes:

1. In switching an inductive ioad, the current will lead the voitage on tum-on and lag the voitage on tum-off (see Figure 2). Therefore, Voltage Delay Time (tpy)=1gi + t and
Current Storage Time (tgj) Stgy + thy. . ! ) e =

2. The efficiency is a measure of internal power lusses and is equal to Output Power divided by Input Power. The switching speed circuit of Figure 1, in which the efficiency is

W of typical J i for the SM600 series switching reguiators.
3. Pulse Test: Duration = 300ms, Duty Cycle < 2%. . )
4. As can be seen from the switching waveforms shown in Figure 2, no reverse or forward recovery spike is g by the ing diode during swil This

reduces setf-generated noise, since no current spike is fed through the switching regulator. It also improved efficiency and reliability, since the power switch only carries
current during turm-on.

Vin= +25V + 1"/ 3 VHT \
H Y POWER SWITCH Ji
" A= Vou s % 4
150ut _ Jﬁsg =5V F—Ton=10 Toft = 4045
IDRIVE = —30mA
Puise Width.= 10us I _ . S .
Rep. Rate = 20kHz 68K Y A i Iy "
=+ 1 vay i COMMUTATING DIODE Y
425V —— y ; 3
~ OV — — A
Figure 1. SM645, 646, 647 Switching Speed Circuit Figure 2. SM645, 646, 647 Switching Waveforms
Note: SM85S, 856, 657 Circultand are Identicai but of lte polarity (Vin = -25V, Vgt = -5V, lppiye = ~30mA).
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11651 Monarch Street, Garden Grove, California 92641 « 714/892-5531 » TWX: 910-596-1804

SPECIFICATION HRT 600-1

HYBRID SWITCHING REGULATORS
HIGH RELIABILITY TYPES
(4 LEAD TO-66)

SM600A,B/SME01A,B/SM602A,B
SM610A,B/SM611A,B/SM612A,B
SM625A,B/SM626A,B/SM627A,B
SM635A,B/SM636A,B/SMG37A,B

CONTENTS
1.0 Scope
2.0 Applicable Documents
3.0 Requirements

4.0 Quality Assurance Provisions
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High Rel
Construction

Standard Type with T; Testing

SM600 SM600B
SM601 SM601B
SM602 SM602B
SM610 SM6108B
SM611 SM611B
SM612 SM6128B
SM625 SM625B
SM626 SM6268
SM627 SM6278B
SM635 SM635B
SM636 SM636B
SM637 SM637B
1.0 SCOPE

High Rel
Construction
with T, Testing

SME00A
SM601A
SM602A
SM610A
SM611A
SM612A
SM625A
SM626A
SME27A
SM635A
SM636A
SM637A

This specification defines the detail requirements for
High Reliability Hybrid Switching Regulators.
(Reference MIL-STD-750). Extensive 100% testing for
parameter stability has been included in the Quality

Assurance Provisions.

1.1a ABSOLUTE MAXIMUM RATINGS

Input Voltage, V...
Output Voltage, V,..
Drive-Input Reverse Voltage, V,_,
Output Current, 1,
Drive Current, {5
Thermal Resistance
Junction to Case, 8y.c
Power Switch
Commutating Diode
Case to Ambient, 6¢;.
Operating TemperatureAhange, T
Maximum Junction Temperature,QI'j
Storage Temperature Range

1.1b ABSOLUTE MAXIMUM RATINGS

Input Voltage, V...
Output Volitage, V,..
Drive-Input Reverse Voltage, V,..
Output Current, 1,
Drive Current, |,
Thermal Resistance
Junction to Case, 6 ¢
Power Switch
Commutating Diode
Case to Ambient, 00_%
Operating Temperature Range, T,
Maximum Junction Temperature,QI'

Storage Temperature Range I

SM600 SM601 SM602 SM610 SM611 SM612
60V 8ov 100V - 60V - 60V - 100V
60V 8oV 100V - 60V - 80V - 100V

5V 5V 5V -5V -5V -5V
5A 5A 5A —5A -5A -5A
-0.2A -0.2A -0.2A 0.2A 0.2A 0.2A

—————————————— 40°CW ——— —— —

—————————————— 40°CW —————

——————————————— 600° ————— — — ———_——

————————————— 65°Cto +125°C ——————— — ——— —

—————————————— +150°C —\————————

————————————— 65°Cto +150°C —— —————— —

SM625 SM626 SM627 SM610 SM611 SM612
60V 80V 100V - 60V - 60V - 100V
60V 8oV 100V - 60V - 80V — 100V

5V 5V 5V -5V -5V -5V
15A 15A 15A —15A —15A - 15A
—0.4A - 0.4A ~0.4A 0.4A 0.4A 0.4A

—————————————— 40°CW —— - —  — —— — — — — —

—————————————— 40°CW ————— e — — — — — — —

——————————————— 600 ——————— —— -

———————————— -55°Cto+125C - ———————— ———

—————————————— +1%0°C -\ ———————— —— —— ——
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1.1c ELECTRICAL SPECIFICATIONS (at 25°C unless noted)

SM600, 601 AND 602 SM610, 611 AND 612
Test Symbol Min. Typ. Max. Min. Typ. Max. Units Conditions
1 | Gurrent Delay Time (I3~ 1,) tdi - 20 40 - 20 40 ns | Vi = 28V (-25V)
2 | current Rise Time (1) ti - 50 75 - 50 75 ns vout_— 5V (-5V)
3 | Voltage Rise Time (V4 _ ) tyy - 30 50 - 30 50 ns 1 out” 2A (-2A)
4 | Voltage Storage Time (V4 _ 1 = lg) sy - | 700 - - 700 - ns | 13=-20mA (20 mA)
5 | Voltage Fall Time (V, _ ;) ty - 50 75 - 50 75 ns
6 | Current Fall Time (1,) ti - 70 150 - 70 150 ns
7 | Efficiency (Note 1) n - 85 - - 85 - %
8 | OnState Voltage (Note 2 Vartom| - 1.0 15 - -1.0 -15 v 14= 2A {-2A), 13 = -0.02A (0.02A)
9 | On-State Voltage (Note 2) V4.1 (on) — 25 35 - -25 -356 \ 14=5A(-5A), 13 = -0.02A (0.02A)
10 | Diode Forward Voltage (Note2) | V2.1 (on)| ~ 08 1.0 - -0.8 -1.0 v 15 =2A (-2A)
11 | Diode Forward Voitage (Note2) | V2.1 (on) | — 1.0 1.5 - -1.0 -15 Y 15=5A {-5A)
12 | Off-State Current 49 - 0.1 100 - -0.1 | -100 uA V4 = Rated input voltage
13 | Off-State Current 141 - 0.01 1.0 - -01 | - 10 mA V4 = Rated input voltage, T = 100°C
14 | Diode Reverse Current 12 - 1.0 10.0 - -1.0 | -100 HA V4 = Rated output voltage
15 | Diode Reverse Current 1.2 - 05 1.0 - 05 | - 10 mA | Vq = Rated output voltage, T 5 = 100°C
SM625, 626 AND 627 SM635, 636 AND 637
Test Symbol Min. Typ. Max. Min. Typ. Max. Units Conditions
1 | Current Delay Time (I3—1,) tyi - 35 60 - 35 60 ns Vi = 25V (-26V)
2 | Current Rise Time (i) t; - 65 150 - 65 175 ns Vout = BV (-5V)
3 | Voltage Rise Time (V4 _ ) ty - 40 60 - 40 60 ns lout= TA (-7A)
- 4 | Voltage Storage Time (V4 _1—13) tyy - 900 - - 900 - ns 13=-30mA (30 mA)
5 | Voltage Fall Time (V4 _ 4) tyy - 70 175 - 100 300 ns
6 | Current Fall Time (15 tg - 175 300 - 175 300 ns
7 | Efficiency (Note 1) n - 85 - - 85 - %
8 | On-State Voltage (Note 2) Vattom | — 1.0 16 | - -10 | -15 v 14 = TA (-7A), I3 = -0.03A {0.03A)
9 | On-State Voltage (Note 2) Vaifon) | — 25 35 | - -25 | -35 v 14 = 16A (-15A), i3 = -0.03A (0.03A)
10 | Diode Forward Voltage (Note 2) | vy 4 (onh | ~ 0.85 125 | — -085| -1.25 v I5=7A(-7A)
11 | Diode Forward Voltage (Note 2) | vy_y (o0 | — 0.95 175 | - -095| -1.75 \ 15= 15A (-16A)
12 | Off-State Current 144 - 0.1 10.0 - -01 | <100 | uA V4 = Rated input voltage
13 | OftState Current 140 - 0.01 10 | - -01 | -1.0 | mA |V, = Rated inputvotage, T = 100°C
14 | Diode Reverse Current o | - 10 | w00 | - -1.0 | -100 [ ua | v{ = Rated output voltage
15 | Diode Reverse Current ho | - 05 10 ] - 06 | -1.0 | mA | V= Rated outputvoltage, T 5 = 100°C

Notes:

1. The efficiency is a measure of internal power losses and is equal to Output Power divided by Input Power. The switching speed circuit of Figure 1, in which the efficiency
is measured, is representative of typical operating conditions for the SM600 series switching reaulators.

2. Pulse test: Duration = 300gs, Duty Cycle <2%, 25°C.

Vip = 425V +——AAan- - + ":777
0.12 L V4.1 POWER SWITCH
R_=250 :
Vout =5V [ Tofr 7 40S -
IDRIVE = -20mA
PULSE WIDTH = 108 3 2
REP. RATE ~ 20kHz =
1K . u TR R R T PO
+25V 1 — = f Vol COMMUNICATING DIODE
\0\/ T o T o o
SM600, 601, 602 Switching Speed Circuit SM600, 601, 602 Switching Waveforms
Note: SM610,611, 612 ircuit @ i i i i = - = - =
ote 612 Test Circuit and waveforms are identical but of opposite polarity (VAIn 25V, Vout 5v, IDRIVE +20mA}.

Figure 1a
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V)N = 28V

. O
_:' 4§ Vaa POWER SWITCH \
R_=0.7150 . : :

SM625

NL*
71

SM626 - VouTt=5.0v ol —le— Toff = 40uS —+1
. - -30mA SM627 o = 1048 off
DRIVE 2
PULSE WIDTH = 104§
REP. RATE = 20kHz -
+ X F R R PR "
25v 2 mnimln Y vaaa |f 12 communicATING DIODE Y
ov = 3 3

SM625, 626, 627 Switching Speed Circuit SM625, 626, 627 Switching Waveforms

Note: SM635, 636, 637 Circui i i i i = = - =
6, 637 Circuit and waveforms are identical but of opposite polarity (vin 25V, Vout 5V, IDRIVE +30mA.,
Figure 1b
SCHEMATIC
SM600 SM601 SM602 SM610 SMB11 SM612
SM625 SM626 SM627 SM635 SM636 SME37
POS. 4 1 4 1
INPUT
POS. NEG. NEG.
OUTPUT INPUT QUTPUT
3 2 3 2
DRIVE COMMON DRIVE COMMON
MECHANICAL SPECIFICATION
4-Pin TO-66
075 210 4 | DRIVE{3)
190
oso - - L/ weora
028 I 210 350
A MAX. RAD
620 _|_ 962 ¥
MAX. 958 .590
— 570 NOTES:
®, 1. Case is electrically isolated.
2. Loads may be soldered to within
340 360  COMMON(2} -152 Loa "
" of b ded temperature-
.250 MIN. QUTPUTIN) 142 /16" of base provi P

time exposure is less than 260°C
for 10 seconds.

Figure 2. Physical Dimensions and Biasing Diagrams
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2.0 APPLICABLE DOCUMENTS

The following documents of the issue in effect on
the date of invitations for bids, form a part of this speci-
fication to the extent specified herein.

MIL-S-19500 — General Specification for
Semiconductor Devices

MIL-S-19491 — Preparation for Delivery of
Semiconductor Devices

3.0 Requirements
3.1 Design and Construction

The Hybrid devices supplied under this specification shall
have a design and construction such that they will meet
all of the requirements specified herein. The dimensions
and physical characteristics shall be as specified in
Figure 2.

3.2 Performance Characteristics

The performance characteristics of the Hybrid device
supplied under this specification shall be as specified in
Group A inspection defined in Table 1.

3.3 Quality Assurance

The Quality Assurance Provisions shall be as defined in
paragraph 4.0.

3.4 Test Methods
Test methods shall be as specified herein.
3.5 Marking

The markings on the devices supplied shall be permanent
and legible and shall include the Manufacturer’s name or
trademark, a Manufacturing Date Code in accordance with
MIL-S-19500 and the specific device type number.

3.6 Preparation for Delivery

The Hybrid devices supplied under this specification shall
be preapred for delivery in accordance with level C of
MIL-S-19491 unless otherwise directed in the specific
contract or purchase order.

3.7 Ordering Data
Procurement document should specify the following:

a. Specific item type number

b. Number and date of this specification
c. Quality Assurance Test level required
d. Any special packaging if required

4.0 QUALITY ASSURANCE PROVISIONS

4.1 General Provisions

4.1.1 Inspection Responsibility — The supplier is respon-
sible for the performance of all inspection requirements
and acceptability of resuits as specified herein for the
Test Level identified in the contract or purchase order.
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4.1.2 Controlled Manufacturer — The devices supplied
under this specification shall be manufactured under
controlled conditions using formally defined quality
assurance methods and systems.

4.1.3 Manufacturing Traceability — Each device supplied
under this specification shall be traceable to a specific
process group, to permit tracing of its full manufacturing
history. Process group records shall indicate the exact
date that each manufacturing operation was performed
and identify materials and process procedures which
were used. The manufacturer shall keep these records
on file for at least five years.

4.1.4 Definitions

4.14.1 Inspection Lot — An “inspection lot’ is a collec-
tion of devices from which a sample is withdrawn and
inspected to determine compliance with the acceptability
criterion. It shall consist of one or more “inspection sub-
lots”" of the device types defined in this specification. The
maximum inspection lot size shall be 5000 units.

4.14.2 Inspection Sublot — An “inspection sublot’’ shall
consist of a collection of devices of a single type which
have been manufactured under the same conditions and
with the same materials.

4.1.4.3 Shipment Lot — A “shipment lot’’ shall consist of
devices taken from an accepted inspection lot for the pur-
pose of shipment on a specific contract or order.

4.1.4.4 Group A Inspection — Group A inspection shall
consist of the examinations and tests specified in Table I,
and shall be performed on a sublot basis.

4.1.4.5 Controlled Inventory — The controlled inventory
shall consist of lots which have successfully passed the
acceptance inspection and are being held in storage prior
to actual shipment. A controlled inventory shall have
adequate safeguards to insure that no defective or un-
tested devices can be included in it. 1t shall be accessible
only to those individuals who are formally identified as
authorized personnel.

4.2 Acceptance Inspection

The acceptance inspection requirements shall be as de-
fined by the applicable test level. The procedures of
MIL-S-19500 shall apply to Group A inspection. Inspec-
tion lots which have been inspected and accepted shall be
kept in a controiled inventory. Shipment lots shall be
formed using devices taken from accepted inspection lots.

4.2.1 Test Level T2 Requirements — Test level T2 shall
consist of the following requirements.

4.2.1.1 The supplier shall perform the Parameter Stability
Testing defined in paragraph 4.3 on each device to be
supplied. Prior to starting the Biocking Stability test de-
fined in paragraph 4.3.6, each device shall be serialized for
individual identity. Variables test data for the controlled
electrical parameters shall be recorded before and after
stressing. The same procedure shall apply for the Power
Stress stability test defined in paragraph 4.3.8.



4.2.1.2 The supplier shall perform the Group A inspec-
tions in accordance with the defined LTPD requirements
on each inspection sublot. Electrical parameter testing
as specified shall be performed by variables with test data
recorded.

4.2.1.3 With each shipment Iot, the supplier shall pro-
vide a Certificate of Compliance to test level T2 of this
specification.

4.2.2 Test Level T1 Requirements — Test level T1 shall
consist of the following requirements.

4.2.2.1 The supplier shall perform the Parameter Sta-
bility Testing defined in paragraph 4.3 on each device to
be supplied. Electrical parameter testing as specified shall
be performed by attributes.

4.2.2.2 The supplier shall perform the Group A inspec-
tions in accordance with the defined LTPD requirements
on each inspection sublot. Electrical parameter testing
as specified shall be performed by attributes with test
data recorded.

4.2.2.3 With each shipment lot, the supplier shall provide
a Certification of Compliance to test level T1 of this
specification.

4.3 Parameter Stability Tests

Each Hybrid device is to be supplied under this specifi-
cation and shall receive the following tests in addition
to other standard testing performed by the manufacturer.

4.3.1 Hermetic Seal Test — Fine Leak — Each Hybrid
device shall be tested for a case leakage rate of 1 x 1078
cc/sec or smaller using a helium mass spectrometer or
equivalent method. Devices with a case leakage rate
greater than specified shall be removed from the lot.

4.3.2 Hermetic Seal Test — Gross Leak — Each Hybrid
device shall be tested for gross leaks using fluorocarbon
gross leak test or equivalent method. Devices with any
indication of case leakage shall be removed from the lot.

4.3.3 Temperature Storage — Each Hybrid device shall
be subjected, in a non-operating state, to a temperature
of 150°C for a minimum period of 48 hours.

4.3.4 Temperature Cycling — Each Hybrid device shall
be temperature cycled from -55°C to 150°C for a mini-
mum of 10 cycles. Each cycle shall consist of at least
15 minutes at each temperature extreme with a maximum
transition time of 5 minutes between each temperature
extreme.

4.3.4 Reverse Bias Clamp Inductive Test —
VCEO = Rated Input Voltage
g =5A, f=25kHz, Eout =5V
TC =26°C, see Figure 4

4.3.6 High Temperature Reverse Bias - Each Hybrid
device will be high temperature reversed biased in the
circuit shown in Figure 3. The conditions of this test
are as follows:

Ty = +125°C
Time = 16 hours +g hours

Circuit and voltages as shown in Figure 3.

VW0 +
T 2k VOLTAGE = 80% OF
| DEVICE RATING

SM600 SM601 SM602
SM626 SM626 SM627

VOLTAGE = 80% OF
DEVICE RATING

27K VOLTAGE -+ 80% OF
DEVICE RATING

SMB10 SMB11 SM612
SM635 SM636 SM637

27K VOLTAGE - 80% OF
DEVICE RATING

Figure 3. High Temperature Reverse Bias Circuit
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43.7 The following measurements will be made before
and after the high temperature reverse bias test. The unit
measurements shall be recorded or the devices will be
celled in order to compare and guarantee the deita (A}
requirements depending on the test level to which the lot
is being prepared.

Device
Type

SM600-602
SM625-627
SM610-612
SM635-637

SM600-602
SM625-627
SM610-612
SM635-637

SM600-602
SM625-627
SM610-612
SM635-637

SM600-602
SM625-627
SM610-612
SM635-637

Maximum
Readings
Test Initial Delta
1.1.C and Final Change  Symbol
8 1.5V 10.3V V4-1 {on)
8 1.5V 0.3V V4-1 (on)
8 -1.5v 0.3V V4-1 {on)
8 1.5V 0.3V V4-1 {on)
10 1.0V 1025V V2-1 {on)
10 1.25V +0.30v V2-1 (on)
10 -1.0v 0.25V V21 (on)
10 -1.26V +0.30V V2-1 (on)
12 10uA +.0'uAa 1441
12 10pA £#1.0'uA 1441
12 ~10pA +1.0'uA 1441
12 -10pA 1.0'uA 131
14 10uA ©2o0lua 112
14 10pA 0.0luA 112
14 -10uA 20'ua 112
14 -10uA .0lua 12

! or £100% whichever is greater

4.38 Power Stress — Each Hybrid device shall be burned-
in using the circuit shown in Figure 4. The conditions are
as follows:
- o
Tg=140"C
Time = 40 hours minimum

Circuit and conditions as shown in Figure 4.

4.3.9 The readings before and after burn-in shall be as
specified in paragraph 4.3.7 above.

TABLE I. GROUP A INSPECTION

Electrical Sample
Spec Test Size Max. Acc. No. of
Examination or Test Symbol Number (LTPD) Failures
Subgroup 1
Visual and Mechanical 22 0
(10)
Subgroup 2 25° Tests
On-State Voltage V4-1 on 8
On-State Voltage V4-1 on 9
Diode Forward Voltage V2-1 on 10 45 0
Diode Forward Voltage V2-1 on 11 (5)
Off State Current 14-1 12
Diode Reverse Current 11-2 14
Subgroup 3 100°C Tests
Off State Current 4-1 13 45 0
Off State Current 11-2 15 (5)
Subgroup 4 25°C Tests
Current Delay Time tdi 1
Current Rise Time tri 2
Voltage Rise Time trv 3 45 0
Voltage Fall Time tfv 5 (5)
Current Fall Time rfi 6
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SILICON GENERAL nc.

11651 Monarch Street, Garden Grove, California 92641 » 714/892-5531 » TWX: 910-596-1804

SPECIFICATION HRT 600-2

HYBRID SWITCHING REGULATORS
HIGH RELIABILITY TYPES
(3 LEAD TO-3)

SM645
SM646
SMe47
SM655
SM656
SM657

CONTENTS
1.0 Scope
2.0 Applicable Documents
3.0 Requirements

4.0 Quality Assurance Provisions
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High Rel
Construction

Standard Type with T, Testing
SM645 SM6458
SM646 SM6468
SM647 SM6478
SM655 SM6558
SM656 SM656B
SM657 SM657B

1.0 SCOPE

High Rel
Construction
with T, Testing

SM645A
SM646A
SM647A
SMG55A
SM6E56A
SM657A

This specification defines the detail requirements for
High Reliability Hybrid Switching Regulators.
(Reference MIL-STD-750). Very extensive 100%
testing for parameter stability has been included in

the Quality Assurance Provisions.
1.1a ABSOLUTE MAXIMUM RATINGS

Input Voltage, V-3
Output Voltage, V-2
Drive-Input Reverse Voltage, V4-4
Output Current, |,
Peak Qutput Current
Drive Current, 15
Thermal Resistance
Junction to Case, BJ—C
Power Switch
Commutating Diode
Case to Ambient, §_a
Operating Temperature Range, TC
Maximum Junction Temperature, Ti
Storage Temperature Range

SM645 SM646 SM647 SM655 SM656 SM657
60V 80V 100V -60V -80V -100V
60V 8oV 100V -60V -80V -100V

5V 5V 5V -5V -5V -5V
15A 15A 15A ~186A -15A -15A
20A 20A 20A ~~20A -20A -20A

-0.4A ~0.4A -0.4A 0.4A 0.4A 0.4A

______________ 2CW —

______________ CW -

______________ 300°CW —— - —
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SM645, 646 AND 647 SM655, 656 AND 657
Test Symbol | Min, Typ. Max. | Min. Typ. Max. Units Conditions

1| Current Delay Time (I3-1g) tgi - 35 60 - 35 60 ns Vi = 25V (~-25V)

2 | Current Rise Time (i) t - | 65 | 150 - 65 175 ns | Voyug =5V (-6V)

3 | Voltage Rise Time (V4_1) o - | 40 60 - 40 60 as | gy = TA(-7A)

4 | Voltage Storage Time (V4 _ 1~ I3 ty ~ {900 - = 900 - ns | I3=-30mA (30 mA)

5 | Voltage Fall Time (V4 _4) tg - 70 176 - 100 300 ns

6 | Current Fall Time (14 tg - {178 300 - 175 300 ns

7 | Efficiency (Note 1) n -~ 85 - - 85 - %

8 | On-State Voltage (Note 2) Vation)| — 10 15 [ - -0 | -18 V | 14=7A(-7A), 13 = -0.03A (0.03A)

9 | On-State Voltage (Note 2) Va1(om| = 25 356 - -25 -35 | Vv 14= 15A (-15A), I3 = -0.03A (0.03A)
10 | Diode Forward Voltage (Note 2) Vaq on)| — 0.85 1.25 - -0.85 -1.25 v 12=7A (-7A) »
11 | Diode Forward Valtage {Note 2) | Vo g jon)| - 095 175 - 095| -175| Vv | 1= 15A(-15A)
12 | Off-State Current I4_1 - 0.1 10.0 - -0.1 -10.0 nA V4 = Rated input voltage
13 | Off-State Current l4-1 - 10.0 |1000.0 - -10.1 rl 000.0 uA | V4= Rated input voitage, Tp = 100°C
14 | Diode Reverse Current 4.2 - 1.0 10.0 - -1.0 -10.0 HA \/I = Rated output voltage
15 | Diode Reverse Current -2 - 600.0 11000.0 - ~500.0 }-1000.0 #A | V4= Rated output voltage, Tp = 100°C

Notes:

1. The efficiency is a measure of internal power losses and is equal to Output Power divided by Input Power. The switching speed circuit of Figure 1, in which the efficiency
is measured, is representative of typical operating conditions for the SM600 series switching regulators.
2 Pulse test: Duration = 300s, Duty Cycle <2%, 25°C.

POWER DISSIPATION CONSIDERATIONS

The total power losses in the switching regulator is the sum of the switching losses, and the power switch and diode D.C. losses.
Once total power dissipation has been determined, the Power Dissipation curve, or thermal resistance data may be used to deter-
mine the allowable case or ambient temperature for any operating condition.

V)N = +25V .. 7
L V4 POWER SWITCH :

R_=0.7150 L <
VOUT=5V le-Ton = -obe—— Toff = 40is —

IpRIVE = -30mA 10us

PULSE WIDTH = 10ps

REP.RATE=20kHz & t— >

+25V m COMMUNICATING D!ODE

~ov B 2 -
SM645,646,647 Switching Speed Circuit SM645,646,647 Switching Waveforms

Note: SM655, SM656, SM657 Circuit and waveforms are identical but of opposite polarity (Vin = —25V1 Vout =
-5V Ipgr|vE = *30mA).

Figure 1.
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2.0 APPLICABLE DOCUMENTS

The following documents of the issue in effect on the date
of invitations for bids, form a part of this specification to
the extent specified herein.

MIL-S-19500 — General Specification for
Semiconductor Devices
MIL-8-19491 — Preparation for Delivery of
Semiconductor Devices
3.0 Requirements
3.1 Design and Construction

The Hybrid devices supplied under this specification shall
have a design and construction such that they will meet
all of the requirements specified herein. The dimensions
and physical characteristics shall be as specified in
Figure 2.

3.2 Performance Characteristics

The performance characteristics of the Hybrid device
supplied under this specification shall be as specified in
Group A inspection defined in Table I.

3.3 Quality Assurance

The Quality Assurance Provisions shall be as defined in
paragraph 4.0.

3.4 Test Methods
Test methods shall be as specified herein.
3.5 Marking

The markings on the devices supplied shall be permanent
and legible and shall include the Manufacturer’s name or
trademark, a Manufacturing Date Code in accordance with
MIL-S-19500 and the specific device type number.

3.6 Preparation for Delivery

The Hybrid devices supplied under this specification shall
be prepared for delivery in accordance with level C of
MIL-S-19491 unless otherwise directed in the specific
contract or purchase order.

3.7 Ordering Data
Procurement document should specify the following:

a. Specific item type number

b. Number and date of this specification
c. Quality Assurance Test level required
d. Any special packaging if required

_SCHEMATIC_
SM645 SM655
SM646 SM656
SM647 SM657
4 1 4 1
POS. POS. NEG. NEG.
INPUT ouTPUT INPUT OUTPUT
3 2 2
DRIVE COMMON DRIVE COMMON
SCHEMATIC MECHANICAL SPECIFICATION
450 .440
.250 —*.420 [+ .
b " hillls 225 f ol 3 Pin TO-3
135 _’i 2 -205 4 ‘___.165
MAX. M5,
fan
¥ & 1
1.197 .
l 1177 3 NOTE: .
875 j:._v Loads may be soldered to within
MAX. ~ !/16” of base provided temperature-
043 205 time exposure is less than 260°C
1 038 . 395 for 10 seconds.
DIA. -
— 526
MAX. ™ 161
RAD. -
MAX. DIISI:
RAD. ’

Figure 2. Physical Dimensions and Biasing Diagrams
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4.0 QUALITY ASSURANCE PROVISIONS
4.1 General Provisions

4.1.1 Inspection Responsibility — The supplier is respon-
sible for the performance of all inspection requirements
and acceptability of results as specified herein for the
Test Level identified in the contract or purchase order.

4.1.2 Controlled Manufacturer — The devices supplied
under this specification shall be manufactured under
controlied conditions using formally defined quality
assurance methods and systems.

4.1.3 Manufacturing Traceability — Each device supplied
under this specification shall be traceable to a specific
process group, to permit tracing of its full manufacturing
history. Process group records shall indicate the exact
date that each manufacturing operation was performed
and identify materials and process procedures which
were used. The manufacturer shall keep these records
on file for at least five years.

4.1.4 Definitions

4.1.4.1 Inspection Lot — An “inspection lot” is a collec-
tion of devices from which a sample is withdrawn and
inspected to determine compliance with the acceptability
criterion. It shall consist of one or more ‘‘inspection sub-
lots’* of the device types defined in this specification. The
maximum inspection lot size shall be 5000 units.

4.1.4.2 Inspection Sublot — An “inspection sublot’ shall
consist of a collection of devices of a single type which
have been manufactured under the same conditions and
with the same materials.

4.1.4.3 Shipment Lot — A “‘shipment lot” shall consist of
devices taken from an accepted inspection lot for the pur-
pose of shipment on a specific contract or order.

4.1.44 Group A Inspection — Group A inspection shall
consist of the examinations and tests specified in Table |,
and shall be performed on a sublot basis.

4.1.45 Controlled Inventory — The controlied inventory
shall consist of lots which have successfully passed the
acceptance inspection and are being held in storage prior
to actual shipment. A controlled inventory shail have
adequate safeguards to insure that no defective or un-
tested devices can be included in it. It shall be accessible
only to those individuals who are formally identified as
authorized personnel.

4.2 Acceptance inspection

The acceptance inspection requirements shall be as de-
fined by -the applicable test level. The procedures of
MIL-S-19500 shall apply to Group A inspection. Inspec-
tion lots which have been inspected and accepted shall be
kept in a controlled inventory. Shipment lots shall be
formed using devices taken from accepted inspection lots.

421 Test Level T2 Requirements — Test level T2 shall
consist of the following requirements.
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4.2.1.1 The supplier shall perform the Parameter Stability
Testing defined in paragraph 4.3 on each device to be
supplied. Prior to starting the Blocking Stability test de-
fined in paragraph 4.3.6, each device shall be serialized for
individual identity. Variables test data for the controlled
electrical parameters shall be recorded before and after
stressing. The same procedure shall apply for the Power
Stress stability test defined in paragraph 4.3.8.

4.2.1.2 The supplier shall perform the Group A inspec-
tions in accordance with the defined LTPD requirements
on each inspection sublot. Electrical parameter testing
as specified shall be performed by variables with test data
recorded.

4.2.1.3 With each shipment lot, the supplier shall pro-
vide a Certificate of Compliance to test level T2 of this
specification.

4.2.2 Test Level T1 Requirements — Test level T1 shall
consist of the following requirements.

4.2.2.1 The supplier shall perform the Parameter Sta-
bility Testing defined in paragraph 4.3 on each device to
be supplied. Electrical parameter testing as specified shall
be performed by attributes.

4.2.2.2 The supplier shall perform the Group A inspec-
tions in accordance with the defined LTPD requirements
on each inspection sublot. Electrical parameter testing
as specified shall be performed by attributes with test
data recorded.

4.2.2.3 The supplier shal! provide a Certificate of Com-
pliance to test level T1 of this specification with each
shipment lot.

4.3 Parameter Stability Tests

Each Hybrid device is to be supplied under this specifi-
cation and shall receive the following tests in addition
to other standard testing performed by the manufacturer.

4.3.1 Hermetic Seal Test — Fine Leak — Each Hybrid
device shall be tested for a case leakage rate of 1 x 107
cc/sec or smaller using a helium mass spectrometer or
equivalent method. Devices with a case leakage rate
greater than specified shall be removed from the lot.

4.3.2 Hermetic Seal Test — Gross Leak — Each Hybrid
device shall be tested for gross leaks using fluorocarbon
gross leak test or equivalent method. Devices with any
indication of case leakage shall be removed from the lot.

4.3.3 Temperature Storage — Each Hybrid device shall
be subjected, in a non-operating state, to a temperature
of 150°C for a minimum period of 48 hours.



4.3.4 Temperature Cycling — Each Hybrid device shall
be temperature cycled from -55°C to 150°C for a mini-
mum of 10 cycles. Each cycle shall consist of at least
15 minutes at each temperature extreme with a maximum
transition time of 5 minutes between each temperature
extreme.

4.3.5 Reverse Bias Clamp Inductive Test —
VCEO = Rated Input Voltage

g =56A,, f=25kHz, Eout =5V

TC = 25°C, see Figure 4
4.3.6 High Temperature Reverse Bias — Each Hybrid
device will be high temperature reversed biased in the
circuit shown in Figure 3. The conditions of this test
are as follows: ’

TA =+125°C

Time = 16 hours +g hours

Circuit and voltages as shown in Figure 3 for
appropriate device.

VOLTAGE = 80% OF
DEVICE RATING

SM6E55
SM656
SM657

+ VOLTAGE = 80% OF
DEVICE RATING

4
o ——m— - ?-“VW—O
Vo, VOLTAGE = 80% OF

DEVICE RATING

SM645
SM646
SM647

-~ VOLTAGE = 80% OF
2 DEVICE RATING

Figure 3. High Temperature Reverse Bias Circuit
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4.3.7 The following measurements will be made before
and after the high temperature reverse bias test. The
unit measurements shall be recorded ‘or the devices
will be celled in order to compare and guarantee the
delta (A) requirements depending on the test level the
lot is being prepared to.

Maximum
Readings
Test Initial Delta
Type Number 1.1.6 & Final Change Symbol

SM545/646/647 8 -1.5V £0.3V V4-1 (on)
SM655/656/657 8 -1.5V 0.3V V4-1 (on)
SM645/646/647 10 125V +0.3Vv V2-1 {on)
SM655/656/657 10 -1.25V £0.3V V2-1 {on)
SM645/646/647 12 10uA’ £1.0uA! 1441
SM655/666/6567 12 -10MA £1.0uA! 141
SM645/646/647 14 10A +2.0pA' 11-2
SM655/656/657 14 -10UA t2.0uAl -2

L or £ 100% whichever is greater.

4.3.8 Power Stress — Each Hybrid device shall be burned-
in using the circuit shown in Figure 4. The conditions are
as follows:
- O,
T =140"C
Time = 40 hours minimum

Circuit and conditions as shown in Figure 4.

4.3.9 The readings before and after burn-in shall be as
specified in paragraph 4.3.7 above.
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TABLE |. GROUP A INSPECTION

Electrical Sample
Spec Test Size Max. Acc. No. of
Examination or Test Symbol Number (LTPD) Failures
Subgroup 1
Visual and Mechanical - - 22 0
(10)
Subgroup 2 25°C Tests
On-State Voltage V4-1 on 8 45 0
On-State Voltage V4-1 on 9 (5)
Diode Forward Voltage V2-1on 10
Diode Forward Voltage V2-1on 11
Off-State Current 14-1 12
Diode Reverse Current 11-2 14
Subgroup 3 T A= +100°C Tests
Off-State Current 14-1 13 45 0
Off-State Current 11-2 15 (5)
Subgroup 4 25°C Tests
Current Delay Time ti 1
Current Rise Time ti 2
Voltage Rise Time ty 3 45 0
(5)
Voltage Fall Time ty 5
Current Fall Time th 6
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gikiGON GRNEPAL

LINEAR INTEGRATED CIRCUITS | SG3183/3183A

High Current NPN Transistor Arrays

This series of arrays consists of five closely-matched, high current

NPN transistors. Although sharing a common monolithic substrate, the FEATURES
transistors are connected such that all terminals are independent, @ High voltage capability
including the substrate bias connector. With current capability to 100 @ Collector current to 100 mA
mA per transistor, these arrays are ideally suited for all types of driving ® Low saturation voltage
applications including relays, lamps, and thyristors. The SG3183 and @ Closely matched parameters
SG3183A are higher voltage versions of the S63083.
ABSOLUTE MAXIMUM RATINGS N suBSTRATE
Power Dissipations: 054 Q %T i ’ Q @
Any one transistor 500 mW T o,
L 2 9
Total package 750 mW Ef éﬁ
Above 25°C derate linearly 6.67 mW/°C jﬂ 3
Ambient Temperature Range: Eﬂ b3 \
Operating (N-Package) —40 to +85°C ™ :kl a5
Operating (J-Package) —55 to +125°C ﬁ
Storage (both packages) —65 t0 +150°C =|n. ’
Maximum Collector Current 100 mA ﬁzp?fcf:l?.ﬁff schemarie ® © O ® © © © @
Maximm Base Cuﬂ'ent 20 mA NOTE: Tne collector of each transistor is isolated from the substrate by

an integral diode which must be re biased by connecting the sub.
strate to a voltage mors negative than any collector. To prevent undesired
coupling between transistors, the substrate connection should be con-
nected to an AC or OC ground.

ELECTRICAL CHARACTERISTICS AT TA = 25°C

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNITS

Collector-Substrate Breakdown Voitage, BVCSO' IC =100 uA

$G3183 40 70 - v

$G3183A 50 70 - v
Coliector-Base Breakdown Voltage, EVCBO' IC =100 uA

$G3183 40 70 - v

$G3183A 50 70 ~ v

Collector-Emitter Breakdown Voltage, BVCEO' ’C =1mA

5G3183 30 40 - v
5G3183A 40 50 = v

Emitter-Base Breakdown Voltage, BVEBO' lE =100 uA

All types 5 69 ~ v
= - - 1
Collector Cutoff Current, ICEO' VCE 1ov 0 HA
= — - 1 A
Collector Cutoff Current, lCBO' VCR 10v n
OC Forward Current Transfer Ratio, hee
All types VCE =3V, Ic= 10mA 50 100 -
VCE'= 5V, 'C =50 mA 40 75 -
Collector-Emitter Saturation Voltage, VCE {SAT}
SG3183 /SG3183A Ic=50mA, 1g=5mA - 1.7 3.0 v
Base to Emitter Voltage, VBE‘ VCE =3V, [ 10 mA 0.65 0.75 0.85 v

For 0‘ and 02 Matched Pair

Input Offset Voltage IV|O\ VCE =3V, ‘C =1mA - 1.2 5 mV
input Offset Current ”lOI VCE =3V, IC =1 mA - 0.7 25 BA

228



GiLiGON GRNAML

LINEAR INTEGRATED CIRCUITS ) $G3821/3046/3086

Transistor Arrays

These transistor arrays offer VBE typically matched to 0.5 mV, less than 10% variation in hfe, operation from
dc to 300 MHz, high current gain from 10 pA to 10 mA and high voltage capability.

SG3821 (CA3046, 3045) Matched Transistor Array — five general purpose monolithic NPN transistors internally con-
nected to form two independent differential amplifiers, each with its associated current source transistor.

ABSOLUTE MAXIMUM RATINGS

Collector-substrate Voltage 40V (CA Series 20V) Emitter-base Volitage 5V

Collector-base Voltage 40V (CA Series 20V) Collector-Current 50mA

Collector-emitter Voltage 25V (CA Series 15V) Operating Temperature Range  0—125°C (CA Series 0 - 70°C)

PARAMETERS* CONDITIONS 3821, 3046/3086 |yt

Collector-Substrate Breakdown Ic=10uA, 1g=0 40 20 \
Collector-Base Breakdown Ic=10uA,Ig =0 40 20 \4
Coltector-Emitter Breakdown Ic=100uA, ig=0 25 15 \
Emitter-Base Breakdown Ig = 10uA, Ic =0 5 5 \
Collector-Substrate Leakage Ves =20V, 1g=0 80 80 nA
Coliector-Base Leakage Veg =20V, 1Ig=0 40 40 nA
Collector-Emitter Leakage Ve =20V, 1g=0 500 500 nA
Forward Current-Transfer Ratio VGE =5V, Igc = 10uA 80 (typ} 80 (typ) -
Forward Current-Transfer Ratio Vce =5V, Ic=1TmA 50/400 50/400 —
Forward Current-Transfer Ratio VCE =5V, Ig = 10mA 80 (typ) 80 (typ) -
Collector-Emitter Saturation Ic=10mA, Ig = TmA 0.5 (typ) 0.5 (typ) \%
Gain-Bandwidth Product VCE =5V, Ic =3mA 500 (typ) 500 {typ) MHz
Collector-Substrate Capacitance Ves =5V, Ig=0 2.0 (typ) 2.0 (typ) pF
Collector-Base Capacitance Veg=5V,Ic=0 0.4 (typ) 0.4 (typ) pF
Noise Figure f = 1kc, VCg =5V, I¢ = 100uA, Rg = 1k§2 4 (typ) 4 (typ) dB
Input Offset Voltage for any two transistors Vcg =5V, Ic = 1mA 5 5 mV
Input Offset Current for any two transistors VcE =5V, lc = 1mA 4 2 uA

*Parameters apply for Tp = 259C and are min/max limits unless otherwise specified.
Note: Substrate pin (/77) must be connected to the most negative DC potential -- which should also be a good AC ground -- for
proper isolation between transistors.

@ © ®©C¢ ® @W® ®

3821/3046/3045/



OTHER CIRCUITS

Wideband Amplifiers/Multipliers
Multipliers

Modulators

Line Receivers

Voltage Comparators

Precision Voltage Reference
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GiLicon GRNAraL

LINEAR INTEGRATED CIRCUITS SG111/211/311

Voitage Comparators

The SG111/211/311 are medium speed, high input impedance devices
which are especially well suited for use in level detection and low level
voltage sensing applications. Operation may be obtained from supply e Differential input voltage range of £30V
voltages ranging from £15V down to a single +5V source. ® 150nA maximum bias current

The output, an open collector NPN capable of switching 50V and ® Consumes 135mW at 315V

50mA, can drive RTL, DTL, TTL, MOS logic, relays or lamps. Both input
and output can be isolated from ground and the output can drive loads
referred to a positive supply, ground or a negative supply. These devices
also offer offset balance, strobe capability and pin configuration of the
SG710 Comparator.

PARAMETERS* m 211 311 UNITS
Operating Temperature Range —55 to +125 —25 to +85 0to +70 oC
Package Types T T.J
Supply Voltage +15 \
Input Offset Voltage Rg < 50k 3(4.0)° 7.5(10.00% | mv
Input Offset Current 10 (20)° 50 (70> | nA
Input Bias Current 100 (150) 250 (300} | nA
Voltage Gain 200 (typ) 200 (typ) V/mV
Response Time' 200 {typ} 200 (typ) nS
Saturation Voltage lgink = 50 mA 15 1.5 \

vt =45V .

V= =0V sink = 8 mA 0.4 0.4 v
Output Leakage Current 10 (500) 50 nA
Differential Input Voltage max +30 +30 \%
Total Supply Voltage, Vg4 max 36 36 \
Input Voltage Range +14 (typ) +14 (typ) | V
Positive Supply Current 6.0 7.5 mA
Negative Supply Current 5.0 5.0 mA
Output Voltage, V74 50° 40° Y

«Parameters apply over supply voltage range and are min./max. limits either atTpa = 250C
(or over operating temperature range if enclosed in parentheses), unless otherwise indicated.

1The response time specified is for a 100mV input step with 5mV overdrive.

2The offset voltages and offset currents given are the maximum values required to drive the
output down to 1V or up to 14V with 1mA load.

3Output voltage tevels can be changed for compatibility with DTL and T2L logic levels.

CONNECTION DIAGRAMS

BAL/STROBE BALANCE (g}
sl ¥ v ouTPUT STROBE
COLLECTOR [3]
oUTPUT

TOP VIEW
JorN  [i] INVERTING
Package INPUT
[3] NON-INVERTING
INPUT

[2] GND/EMITTER
OUTPUT

I ne

$G111/211/311 Chip (See
T-package diagram for pad
functions)

v
INVERTING
EI INPUT

[} NON-INVERTING
INPUT

Top viEw Top viEw
BALANCE NON-INVERTING Minidip
STROBE ® T [

M-Packagn

o} GND/EMITTER
ouTPUT

GND/EMITTER
OUTPUT
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aiLiGAN GRNEPAL

LINEAR INTEGRATED CIRCUITS SG1401/2401/3401

Video Amplifiers

The $G1401/2401/3401 video amplifiers are useful aver a frequency ® 20dB voltage gain at 100MHz
range from DC to 200MHz. Internal emitter followers are used to achieve ® S5nsec rise and fall times
high input and low output impedances, allowing simple capacitor coupling. ® Fixed or variable gain
Biasing and gain-setting resistors are internally diffused, eliminating ® Single power supply voltage
external resistor networks. The gain may be externally varied through the ® Mini external P
use of AGC diodes which are included in the circuit. ® Symmetrical fimiting

PARAMETERS/CONDITIONS* 1401 2401 3401 UNITS
Operating Temperature Range —55 to +125 0 to +70 0to +70 oc
Package Types T, J T,J4,N -
Supply Voltage 6/20 6/20 \
Power Consumption, no AGC voltage 110 120 mw
DC Output Voltage 8.7 (typ) 8.7 (typ) \
Peak-to-Peak Output, Pin 3 (4) to AC gnd 4 (typ) 3 (typ) \
Voltage Gain, Pin 3 (4)2 open 2.2/3.2 2.2/3.2 dB
Voltage Gain, Pin 3 (4}? coupled to Pin 8 (11)? 9/11 9/11 dB
Voitage Gain, Pin 3 {4)* coupled to Pin 9 (12)° 18/21 18/21 dB
Voltage Gain, Pin 3 (4)% 10 AC gnd 26/31 24/31 dB
Unity Gain Frequency, Pin 3 (4)2 to AC gnd 200 (typ) 200 {typ) MHz
Input Resistance, 20 dB gain 2.5 (typ) 2.5 (typ) k2
Output Resistance, 20 dB gain 25 (typ) 50 (typ) Q
Input Capacitance, 20 dB gain 5 {typ) 5 (typ) pF
Maximum Power Gajn, 20 dB gain, Ry = 500 30 (typ) 30 (typ) dB
Temperature Stability, 20 dB gain +1! +2! dB
AGC Range 20 (min) 22 (typ) dB
Noise Figure, 20 dB gain, Rg = 1k 8 (min) 6 (typ) dB
*Parameters apply only for Ta =259°C, Vg = +12V, and f = 1 MHz, and are

min/max limits unless otherwise specified.
10ver operating temperature range. 2Numbers in parentheses refer to dual-in-line package.

. B) + Vs

—( : ) STABILIZATION DIODE

CONNECTION DIAGRAMS

3 DRIVE
<
ouTPUT 0 db
INPUT
OQUTPUT ( :) 4
wO [0) ® STAB. :; 1.2 480
U >
A <
outPuT MU £33 rarvien (D) FeEDBATK FEEDBACK ® AGe
— 10100 ( : )
3 a8
3 P
3 %
cF (10
GROUND
=028~
o o m -[
Ce = 1 where f_ is low frequency corner TOP VIEW ..—__] 8
F and R is the gain setting resistance. P::;.Ne "«
27, R v D -f
- L]

Cg = 0to 10 pF to minimize high frequency peaking. SGTATY/2401/3001 Chi
v teness aram

See Applications Notes for additional information.




giLicon GRnerak

LINEAR INTEGRATED CIRCUITS

Wideband Amplifier/Multiplier

SG1402[2402[3402

$G1402/2402/3402 are monolithic four quadrant multipliers offering @ Single power supply voltage
excellent frequency response and provision for use as a variable gain : g;';;”‘la'“e" biasing
amplifier with both non-inverting and inverting outputs available. In addi- 5dB voltage gain .
. . P L. . ® Differential or single ended inputs and outputs
tion to linear amplification, the device is also ideal for balanced modula- ® Large bandwidth
tion, pulse or gated amplification, and coincidence detection. ® Low power dissipation
PARAMETERS, CONDITIONS* 1402 ] 2402 3402 UNITS
Supply Voltage +18 +18 \"
Load Current 15 15 mA
Operating Temperature Range -55 to +125 0 to +70 0 to +70 oC
Package Types J, T | J, T,N -
Maximum Voltage Gain, single ended 23 20 dB
Variable Gain Range, with ext. balance 55 40 dB
Frequency Response, f — 3 dB 40 (min) 50 (typ) MHz
Input Impedance, Pin 5 or 7 {7 or 10)7 1.2 (typ) 1.2 (typ) KQ
Input Impedance, Pin 2 or 9 (3 or 12)} 1.8 (typ) 18 KQ
Output Impedance, Pin 3 or 8 {4 or 11! 100 (typ) 100 (typ) Q
Output Voltage Swing
R = 100K 3 3
Vpp
RL = 1K 13 13
Quiescent DC Levels '
Pins 5,6 and 7 {7, 8 & 10} 3.6 (typ) 3.6 (typ) \'
Pins 2 and 9 (3 & 12) 1.8 (typ) 1.8 (typ) v
Pins3and 8 (4 & 11)* 6.5/75 7.0 (typ) v
Output Offset Voltage
Minimum Gain 100 300 v
m
Maximum Gain 200 500
. DC Output Shift, with max gain change| 100 200 mV
Differential Control Voltage, for max
gain change 200 (typ) 200 (typ) mV
Maximum Gain Variation, over
temperature 2 3 dB
Equivalent Input Noise ™2
(BW = 10MHz, Rg = 5082) 25 (typ) 25 uVrms m
Power Consumption 85 85 mw °'€{f 'Eos '\-% )
R4 R1D  R12 R17 R19 < R2}
*Parameters are for T = 25°C, v+ =10V, f = 100KHz and are min./max. limits 40 4Tk 0 a7 400 > 40 ®
unjess otherwise specified. 5 3
lNumbers in parentheses refer to dual-in-line package. -
: s
04— %mggst/"%”\ e v e TEST CIRCUIT +10v
408
]' INPUT rorviEw O>numn INeUT TOPVIEW [3] oias I.L
10100 '
g ouTRUT D e (D feonraol Ty PJa:s::;ﬁ E o en 0.1 7 +3° “
NE : O @ CONTROL _q CONTROL ein = 20 mvims L '_‘_
[ r conTROL ne f si Tne = 100KHz = RLS  SCOPE
—I 1] GND uuuﬁ [ } F‘w MAX & _L
S o Fametions) CAIN Q) acvm
10K I
01 ==

CONNECTION DIAGRAMS

= For additional informatior
on this device, refer to
Applications Notes.

See Applications Notes for additional information.

233



aiLiGON GENArAL

LINEAR INTEGRATED CIRCUITS SG1489A

Line Receivers

The SG1489A monolithic quad line receiveris designed to interface data terminal equipment with data communications
equipment in conformance with the specifications of EIA Standard No. RS-232C.

o Input Resistance — 3.0k to 7.0k
e Input Signal Range — +30 Volts
e Input Threshold Hysteresis Built in
® Response Controf
a) Logic Threshold Shifting
b) Input Noise Filtering
PARAMETERS* SG1489A UNITS
Power Supply Voltage (max, Ta = 25°C) 10 \Y
Input Signal Range {max, T 5 = 250C) +30 \
Output Load Current (Tp = 250C) 20 mA
Package Types J -
Power Dissipation (Package Limitation, Ceramic Dual In-Line Package) 1000 mW
Derate above T 5 = +250C 6.7 mw/oC
Operating Temperature Range 0 to +75 oC
Storage Temperature Range —65 to +175 oC
Positive lnput Current  (Vj, = +25 Vdc) 3.6/8.3
(Vijn = +3.0 Vde) 0.43 mA
Negative Input Current (Vijn = —25 Vdc) -3.6/-8.3
(Vin = —3.0 Vdc) —0.43 mA
Input Turn-On Threshold Voltage
(Ta = +250C, VoL < 0.45V) v
1.75/2.25
Input Turn-Off Threshold Voltage
(Ta =+259C, Vou > 2.5V, || = —0.5 mA) "
0.75/1.25
Output Voltage High (Vin =0.75V, I|_ = —0.5mA) 26/5.0
(Input Open Circuit, 1) = —0.5 mA) 2.6/5.0
Output Voltage Low (Vin = 3.0V, I} = 10mA) 0.45 v
Power Supply Current (Vin = +5.0Vdc) 26 mA
Power Consumption (Vin = +5.0Vdc) 130 mw
SWITCHING CHARACTERISTICS (Tp = +250C}
Propagation Delay Time (R =3.9kf2) 85 nS
Rise Time (R = 3.9kq) 175 nS
Propagation Delay Time (R = 390 2) 50 nS
Fall Time (RL =390 ) 20 nS

*Parameters are min./max. limits with response control pin open, V* = +5.0 vdc +1%, Ta = 0to +759C unless
otherwise noted.

Logic Diagram
1?—( 3 13 :?—Qn
2 12
4

6

Typical Application

INTERCONNECTING LINE RECEIVER
LINE DRIVER CABLE SG1489AJ
N N RN

— o
+ T—-7 +__7

V' — 014

5 INTER-

CONNECTING

°7 OTL LOGIC INPUT —mfue— (o' —omfea— DTL LOGIC OUTPUT
10 8 =

- SG1489A Chip | |
(See. logic diagram for
pad functions

CONNECTION DIAGRAM
FOR J-PACKAGE
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LINEAR INTEGRATED CIRCUITS S$G1503/SG2503/SG3503

PRECISION 2.5 VOLT REFERENCE

DESCRIPTION FEATURES
This monolithic integrated circuit is a fully self-contained .
precision voltage reference generator, internally trimmed * Output voltage trimmed to +1%

for +1% accuracy. Requiring less than 2 mA in quiescent
current, this device can deliver in excess of 10 mA with
total load and line induced tolerances of less than 0.5%. In
addition to voltage accuracy, internal trimming achieves a ) .
temperature coefficient of output voltage of typically e Quiescent current typically 1.5 mA
10 ppm/°C. As a result, these references are excellent
choices for application to critical instrumentation and D
to A converter systems. The SG1503 is specified for e Interchangeable with MC1503 and AD580
operation over the full military temperature range of

-55°C to +125°C, while the SG2503 and SG3503 are

designed for commercial applications of 0°C to +70°C.

Input voltage range of 4.5 to 40V

Temperature coefficient of 10 ppm/°C

e Output-current in excess of 10mA

ABSOLUTE MAXIMUM RATINGS

Input Voltage 4.5 — 40V Operating Temperature Range
Power Dissipation 600 mW $G1503 -550C to +1250C
Derate %ver 250C 4.8 mW/oC 862503/3503 0oC to +700C
Storage Temperature Range -650C to +1500C

CONNECTION DIAGRAMS

CHIP LAYOUT M or Y PACKAGE T-PACKAGE
MINIDIP TO-39
TOP VIEWS
Ne. [B A ne Gnd
Ne. [6] [3] Gna ®
@ Vout
ne. 7] [z} vour ®
Q
7
NG [E] n 1 Vin "

235



SG1503 / SG2503 / SG3503

ELECTRICAL CHARACTERISTICS

(Input Voltage = 15V, I =0 mA, TA = Operating Temperature Range unless otherwise stated.)

Junction Temperature — 0C

$G1503/2503 $G3503
PARAMETER TEST CONDITIONS MIN | TYP | MAX| MIN | TYP | MAX UNITS
Output Voltage TA =250C 2.485) 2,60 | 2.515] 2.475| 2.560 | 2.525 ] Volts
Input Voltage Range TA = 250C 4.5 - 40 4.5 40 Volts
Input Voltage Range Over Operating Temperature 4.7 40 4.7 40 Volts
Line Regulation VIN =5 to 15V - 1 3 - 1 3 mV
Line Regulation VIN = 15 to 40V — 3 5 — 3 10 mV
1 Load Regulation alp =10mA - 3 5 - 3 10 mV
Load Regulation Al =10mA, ViN = 30V — 4 8 - 4 15 mV
| Temperature Regulation ~550 to +1250C - 15 20 - - - mV
T Temperature Regulation 0°C to +700C - 25 5 - 5 10 mV
Quiescent Current VIN =40V — 1.5 2.0 — 1.5 20 mA
Short Circuit Current Ta =25°C 15 20 30 15 20 30 mA
Ripple Rejection f=120 Hz, Tp = 25°C - 76 - - 76 - dB
Output Noise B.W.=10kHz, T = 250C - 100 — - 100 — | uVims
Stability - 250 - - 250 - |uV/kHr
OUTPUT VOLTAGE vs. TEMPERATURE RIPPLE REJECTION
o™ - /
-40
. _— i /
8 A/ fa
2,480 /
B
-80
50 o 50 100 150 0 00 100k ™

1K 10k
Frequency — Hertz

Data subject to change without notice.
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LINEAR INTEGRATED CIRCUITS SG1595[1495

The SG1595/1495 four quadrant analog multipliers are designed for L4 i’;‘f"s';'l‘;""“"itfy“
applications where the output voltage required is a linear product of two : Ex": “mtet:: °f;’tu:’;mb“ity
input voltages. Both types provide excellent linearity and operation over s Wide bandwi d‘t,l.;
a witz‘le .suppIY fange and input voltage range. Applications include use as e High input voltage range
multiptiers, dividers, squarers, phase detectors, frequency doublers and as ® Wide supply voltage operation
balanced modulators.
PARAMETERS/CONDITIONS* 1595 1495 UNITS Muttiply with Op Amp Level Shift
Operating Temperature Range —56 to +1 25| O0to+70 oC v:‘“ 3™V ey
Package Types J J.N - OUTPUT OFFSET
Applied Voltage2 30 30 \4 Ay : : ; Rx JoMa S AOWST
Differential Input Signal Vg — V12 =+(6+113Rx) Rs
- VX o—0 VWA
Va—Vg =£6+13 Ry) X-OFFSET 2 Sc165 s
o VWA—S
Maximum Factor Adjust Current 10 10 mA AOST A TN
vy o— Wi
Linearity Error in Percent of Full v_o,m: fg
Scale (Tp = 259C) apaust O } i 3
—10 <Vy <410 (Vy = £10V) 1.0 20 v- o— ) N
(% max) A |
—10< Vy < 410 (Vy = £10V) 2.0 4.0 - =
Squaring Mode Error
Ta = 25°C 05 0.75 .
Ta = 09C to +70°C - 1.0 (% typ)
- = K FACTOR ADJUST
Ta = —55°C to +1250C 0.76 -
Scale Factor (adjustable) SET|RESISTOR® Ry | Rs | Rg |R7 |Rg |Ra |R13[Ra|Rp |RL |Rx|RY
2RL UP ITOLERANCE 5% | 1% | 1% | 1% | 1% 1% |1% |5% | 20%{0.5%5% | 5%
= 3 Fix Ry 0.1 (typ} 0.1 (typ) - V- 432V, V- = 15 V
1 —10 VKV, <H10V 9.1]121]100/11 {121]15 [13.7]12 {50 [11 |16 ] 15
Input Resistance' 35 (typ) 20 (typ) MQ ;:ox\i:/z <V+_10xv—15 v
Differential Output Resistance’ 300 (typ) 300 (typ) KQ 2 -gxgx Z :2‘6 3.0] 3001 100( 100/ 300|  |13.7/12 |60 134 8282
Input Bias Current 8.0 12 MA v ,|5YV' V==V o e
3 |-10V <V, <410V 1.2( 121 100[ 11 [910[13.7/13.7[12 (5.0 (1.5 (1 15-
Input Offset Current 1.0 20 nA Tov :v; v
Common Mode Gain -50 —-40 dB = Al resistors are k ohms.
Output Common Mode Voltage 21 (typ) 21 (typ) v
Differential Output Voltage Swing 114 (typ) 114 {typ) v
Pos Supply Voltage Rejection Ratio 5 (typ) 5 (typ) mv/V
Neg Supply Voltage Rejection Ratio 10 (typ) 10 (typ) mV/V
Neg Supply Current 7.0 7.0 mA 2
Power Consumption 170 170 mW n
Average TC of Input Offset Current 2.0 (typ) 2.0 (typ) nA/oC
Frequency Response {typ)
—3 dB Bandwidth 3.0 (typ) 3.0 (typ) MHz
30 Relative Phase Shift 750 (typ) 750 (typ) kHz $G1595/1495 Chip (See D-package disgram
for pad functions
1% Absolute Error Due to 30 (typ) 30 (typ) kHz
Input-Output Phase Shift

*Parameters apply over operating temperature range and are min/max timits

unless otherwise specified. =¥ et -
Yt=20Hz 2Valtage applied between pins 2-1, 14-1, 1-9, 1-12, 1-4, oxwput B ey
1-8, 12-7, 9-7, 8-7, 4-7. +X INPUT d +Y INPUT
GAIN ADJUST GAIN ADJUST

[0 v iveur

AMPLIFIER

—outeut (kxv) M A AL

CONNECTION DIAGRAM
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LINEAR INTEGRATED CIRCUITS SG1596/1496
Modulators

The SG1596/1496 are monolithic double-balanced modulator/demodu- ® Excsllent carrier suppression
lator devices designed for use where the output voltage is a product of an ©®  Fully balanced inputs and output
input voltage (signal) and a switching function (carrier). Typical applica- ® Low offsets and drift
tions include modulation and demodulation of AM, SSB, DSB, FSK, FM @ High common mode rejection
and phase encoded signals. Additional uses include frequency doubling, ® Adjustable gain and signal handling
linear mixing and chopping. ® Useful to 100MHz

PARAMETERS/CONDITIONS* 1596 1496 UNITS

Operating Temperature Range —55 to +125 0 to +70 oC
Applied Voltage! 30 30 v
Differential Input Signal, (V7 — vg) 15.0 +5.0 \%
Differential Input Signal, (V4 — V1) ~ x(5+15Rg) \4
Input Signal, (V9 — V4, V3 — Vyg) 5.0 5.0 \
Package Types 3T J,T,N _
Carrier Feedthrough

Ve = 60 mV(rms) sine wave, f. = 1.0kHz, offset adjusted (typ) 40 40

Vg = 60 mV(rms) sine wave, f; = 10MHz, offset adjusted (typ) 140 140

ve = 300 mVpp square wave, fc = 1.0kHz, offset adjusted (max) 0.2 04 uVrms

V¢ = 300 mVp, square wave, fe = 1.0kHz, offset not adjusted (max) 100 200
Carrier Suppression

fs = 10kHz, 300 mV(rms), f; = 500kHz, 60 mV(rms) sine wave offset adjusted (min) 50 40 oB

fs = 10kHz, 300 mV(rm:s), fc = 10MHz, 60 mV(rms) sine wave offset adjusted (typ) 50 50
Transadmittance Bandwidth

Ry =502, Carrier Input Port, v¢ = 60 mV(rms) sine wave, fg = 1.0kHz, 300 mV(rms) sine wave | 300 (typ) 300 (typ) MH2

Signal Input Port, vg = 300 mV (rms) sine wave® 80 {typ) 80 (typ)
Voltage Gain, Signal Channel vg= 100 mV(rms), f = 1.0kHz> 25 25 \7A%
Input Resistance, Signal Port f = 5,0MHz> 200 (typ) 200 (typ) | kQ
Input Capacitance, Signal Port f= 5,0MHz> 2.0 (typ) 2.0 (typ) pF
Single Ended Output Resistance f = 10MHz 40 (typ) 40 (typ) k2
Single Ended Output Capacitance, f = 10MHz 5.0 (typ) 5.0 (typ) pF
Input Bias Current (11 + i4)/2 or (17 + 1g)/2 25 30 HA
Input Offset Current (19 — I4) or (17 — Ig) 5.0 7.0 A
Average TC of Input Offset Current 2.0 (typ) 2.0 (typ) nA/oC
Output Offset Current (Ig — Ig) 50 80 BA
Average TC of Output Offset Current 90 (typ) 90 (typ) nA/oC
Signal Port Common Mode Input Voltage Range fg = 1.0kHz 5.0 (typ) 5.0 (typ) Vp-p
Signal Port Common Mode Rejection Ratio® —85 (typ) —86 (typ) | dB
Common Mode Quiescent Output Voltage 8.0 (typ) 8.0 (typ) \
Differential Output Swing Capability 8.0 (typ) 8.0 (typ) Vpp
Positive Supply Current (lg + Ig) 3.0 4.0 RA
Negative Supply Current (140) 4.0 5.0 mA
Power Dissipation 33 (typ) 33 (typ) mw

*Parameters are for TAa = 259C and are min/max limits unless otherwise specified.
lVoltage applied between pins 6—7, 8—1, 9—7, 9—8, 7—4, 7—1, 8—4, 6—8, 2—5 and 3—S5.
2yy — Vg = 0.5 vdc

CONNECTION DIAGRAMS

ey e
TYPICAL MODULATOR CIRCUIT
ne ff [ivot
BIAS
vt BAS SIGNAL CARRIER
o O\ INPUT (=) INPUT {-) & TOP VIEW [Doins
SIGNAL
it ® wefl Jorn - IRCA
[0} Torview O st voru B Package Boam
-
CARRIER O REALS @ Al ADJUST o b
INPUT (=) GAIN 7] GAIN -
a) ' @/ Aoiust e [ 2 RoJusT |
— vo ) 1 - sionaL v- [ ﬂ [IPGUsk)  SG1596/1496 Chip (See J-package disgram
TR iR for ped functions)

e oeciliatian. Hote: $1 1t S1osed for “saieied:
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APPLICATION NOTES

8G1401 Video Amplifier

$G 1402 Videoband Amplifier/Multiplier
SG1501A Dual Polarity Tracking Regulator

SG1524 Regulating Pulse Width Modulator
— Simplifying Converter Design
— Deadband Control
— Improving Dynamic Response

S$G1524B Regulating Pulse Width Modulator
— Converting 1524 Designs
— Versatile Control For Switching
Power Supplies

SG1524/1525A/1526/1527A, 1627/1629 Power
Supply Circuits

8G1542, 1543, 1544, 3523 Power Supply
Supervisory Circuits

S5G1549 Current Sense Latch

8G1627/1629 Dual High Current Output Driver
S$G1635 Motor Drive IC

SG1731 High Efficiency Motor Drive Systems
S$G 1731 Feedback Controllers
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The SG1401-SG3401 has been designed to provide maximum versatility
as a general-purpose, single-ended amplifier. With its broad frequency
capability, this circuit will be useful in a wide range of applications
provided that the usual considerations for high-frequency circuit designs
are observed. The following information is presented toward aiding in the
optimization of the many possible configurations of this device.

FIXED GAIN
In the circuit configuration shown in Figure 1, the overall voltage gain
is approximated by resistors R1 and the parallel combination of R2 and

R3, as

R RyR
Av~1+—‘I whereR=R 2+;
27 "3

R

Figure 1.

With no external connections, the voltage gain is determined solely by R1
and R2 and is 1% or 3 dB. Decreasing the effective value of R2 by
capacitively coupling a lower resistor in parallel, raises the gain. Four fixed
gain settings are provided internal to the circuit; however, any other setting
within the maximum gain of the amplifier is possible with external resistors
as shown in Figure 2.

The value of the coupling capacitor, Cg is determined by the fow
frequency response desired, as its capacitive reactance will add to the value
of the resistance it couples. Therefore, the lower cutoff frequency will be

f z_.1_.
¢ 217R3CF

Utilizing the internal 90 or 460 ohm resistors for higher gain settings
provides the added advantage of maximum temperature stability since the
close tracking of adjacent diffused resistors keeps their ratio constant.
Typical temperature variation of this circuit is shown below:

VOLTAGE GAIN - DB
3 & 8 ]

N

5 \-

1 10 100 1k
EXTERNAL PARALLEL RESISTOR - OHMS

Figure 2. External Gain Control.

10k

30 T T
T———
PIN 3 TO AC GROUND

25
@
a 20

f PIN3TOPINS
z
g
Y15
&
4
-
3
>10
PIN3TOPINS
5
PIN 3 OPEN
0 1 1
c 50 -25 0 +25 +50 +75 +100 +125

AMBIENT TEMPERATURE — °C

Figure 3. Temperature Stability.

VARIABLE GAIN

Since the dynamic impedance of a forward-biased diode is inversely
proportional to the current through it, a convenient gain control can be
achieved by using a pair of diodes as a variable impedance. In the circuit of
Figure 4, R3 has been replaced by two diodes whose impedances act in
parallel due to the decoupling of Cp. If the diodes are driven from a
voltage source, a logarithmic relationship between gain and control signal is
achieved (see Figure 5); while if a current source is used, the relationship is
linear as shown in Figure 6.

There are two limitations on this form of gain control. First, the diodes’
capacitance limits their effectiveness to frequencies below 20 MHz and,
secondly, the signal voltage across the diodes should be held to less than 50
millivolts RMS to minimize self-modulation of amplifier gain. Additionally,
the AGC current should be limited to 3 mA maximum to keep the diodes
out of saturation.
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1 +
PIN 3 TO AC GROUND
» ) | N
| \
PIN3TOPING
820 '
? [P J— §“~
z Cg=47pF mmm \‘
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w \
2
5 PIN3TOPINB \/
S0 l -E: N
-
~ A
. PIN 3 OPEN ~‘ .
gL
S
s
° 3 0 7 30 10 3 100 300
Figure 4 FREQUENCY — MEGAHERTZ
: Figure 7. Frequency Response.
” HIGH FREQUENCY STABILITY
_— With the capability of operation at 100 MHz, the SG1401-SG3401 also
2% 7 has some susceptibility to external stray reactances; however, with
reasonable care, complete stability may be assured. Some general precau-
@20 tions which should be considered include the following:
o
i
z // (1) Power supply decoupling close to the circuit terminals {a 0.1 mfd
O15 capacitor is usually adequate).
g / (2) Maintain separation of input and output lines.
3 PIN 2 DRIVEN FROM (3) Minimize load capacitance or insert a series resistor {up to 50 ohms)
>10 4 A VOLTAGE SOURCE R
in the output.
/ (4) Purposely limit the high frequency response with a stabilizing
5 capacitor Cg between pins 3 and 4.
_—/
o Since the gain of this circuit is reduced by increasing the amount of
0 M ace vALTace - vours Y e feedback, the potential for instability is greatest when the gain is at its
Fi 5. Gai AGC Diode Volt minimum value. This characteristic and the stabilizing effects of a 4.7
fgure 5. Gain vs. lode Voftage picofarad capacitor between pins 4 and 3 are illustrated in the frequency
response curves presented in Figure 7. The relationship between the value
of Cg and the upper cutoff frequency of a 20 dB gain setting is shown in
2 Figure 8 below.
100
25
/ IR N
% 20 / g i \\
: / ;- N
9 15 3 \
W / 5 \
< o
<
310 PIN 2 DRIVEN FROM E 1 N
> / A CURRENT SOURCE § \
/ £ N
5 PIN 3COUPLED TOPIN 9
I g 3 \‘
)
. N

¢ 1 00 1 10k \\

10 1
AGC CURRENT — MICROAMPS

. . . 1 2 3 5 10 20 30 50 100
Figure 6. Gain vs. AGC Diode Current. Cs BETWEEN PINS C AND D — PE.

Figure 8. Upper Cutoff Frequency vs. Cg Value.
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INTRODUCTION

Rapid advances in the state-of-the-art of processing monolithic linear
integrated circuits have made the use of tightly matched components a
practical reality. This in turn has opened the doors to a new class of circuit
characterized by its utility, versatility, and ease of application. It is now
possible to include on a monolithic chip, many of the components which,
because of relatively poor tolerances, were formerly required to be external
to the circuit. The SG1402, shown schematically in Figure 1, illustrates
this capability both by its inclusion of all necessary biasing networks and
by the nature of the circuit itself which requires extremely well matched
component parameters for successful operation.

©)
R1 é R7 @
R15<S
3.8k 1.2k 12kS
o | N
R2
S1Bk
o7 an
a2 LN S O)
RS
1.4k
T
@ Qs a7 | a9 Qa1
R8 R11 R13 R14
7 — Il/ 20 20 "KW '_@
>‘AVAVAV
1.8k I_J R18 & R20Q
2R3 . SRI6 300
S 36k s Sam
Qé Q10 —
L\_jl au | 016
Qi &
a8
Ra <R10 R r17< | ruwgR21
400 S”“ 100 a7k 400 S 400
®
® ® ®

Figure 1. SG1402 Schematic Diagram.

HOW IT WORKS

The heart of the SG 1402 is a four quadrant multiplier consisting of two
cross-coupled differential amplifiers which are jointly controlled by a third
differential amplifier. This part of the circuit is shown in simplified form as
Figure 2. The constant current, |, is divided by 06 and Q10 and divided
again by each of the upper diff amps such that, for balanced operation,
transistors 05, Q7, Q9, and Q12 each have % Iy flowing through them. An
examination of the way in which the above diff amps are cross-coupled will
show that while the collector load resistors receive a portion of their
current from each diff amp, the signals will arrive out of phase with respect
to each other. This is because the input voltage, vc, is amplified common
emitter — with 1800 phase shift — through Q9 and summed at resistor R7
with the signal which has gone common collector-common base — with 00
phase shift — through Q7 and Q5. Therefore, with the circuit perfectly
balanced, the two signals completely cancel out and the output has zero
signal. This can be shown mathematically as follows:

Application Notes—SG1402— Wideband Amplifier

[Multiplier

A

>
<
>
R16 ¢

A
V

3

3

Yo

Q7

Ve

2

| tez
)__

1‘E|
PUB @

Ym

aw

o
lo

d

Figure 2. Simplified Schematic of the Multiplier Section
of the SG1402.

The collector current in one side of a simple differential amplifier (05
and Q7, for example) is:

IE1

1+ exp(%_vc)

Igq =sum of currents in each collector

-k—-: = 26 millivolts at 25°C

where:

v, = differential input voltage

This equation can be differentiated to obtain the transconductance
which, for small values of v, is:

In a similar manner, the transcanductance through Q9 is:

ez _9'e7
TS
and the total voltage gain, Av is:
di di
Av=R, —d-ﬂ + di
Ve Ve

R
==L gy 1)
4T "E27 R
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Since Ig1 + g2 = lp, it can be seen that when vy =0, Ig1 = g2 =%
lp and Av= 0. With Ig1 and Ig2 being collector currents of another
differential amplifier, the total small-signal gain equation may be written:

Av =:—0= RL'oq ! !

4 kT A B .
c 1+ exp (kT Vm) 1+exp (—kT Vm)

The circuit gain of the SG1402 is less than that predicted by the above
equation due to the local feedback offered by the 20 ohm emitter resistors.
“The actual relationship between Av and vy, is shown in Figure 3 while
Figure 4 graphs the full four-quadrant transfer function between the input
voltage, v¢, the contro! voltage, vy, and the output voltage. Note that the
20 ohm emitter resistors provide linearity for +60 millivolts of input
voltage while the modulating voltage is only linear for approximately half
that value. It shouid be recognized from Figure 4 that output limiting
occurs at a constant input voltage regardless of the modulating voltage. In
other words, reducing the gain reduces the maximum peak-to-peak output
swing.

BIASING CIRCUITRY

Key to the utility of the SG1402 is the inclusion of all the biasing and
level shifting circuitry normally required as external components. This is
provided by matched current sources and low impedance voltage sources.

Resistors R1, R2, R3 and R4 are directly across the supply voltage and
establish a current:

Vs ~Veeas
lb = RitRITR3+ A4 =1mA at 10 volts
Transistors Q14 and Q16 have the same geometries and emitter resistors
as Q1 and therefore, with the same base voltage, they each are also
conducting one milliamp and provide the loads for the output emitter
followers, Q13 and Q15. This saves chip area as a transistor requires less
space than a resistor which would establish the same current.

Transistor Q8 has four times the emitter area and % the emitter resistor
as Q1 and thus defines a current level 1y of 4 milliamps.

The bias voltage levels required at different points in the circuit are all
defined by the same resistors which set the current levels but there is no
mutual interaction due to the insertion of 02 and Q3 which act as

Transistors @4 and Q11 serve only as common-base stages to isolate the
load resistor from the collector capacitance of the parallel diff-amp

y response is improved with only slight increase

The chip layout of the SG1402 was done to optimize the component
matching regardless of mask registration and process variations. From the
photomicrograph shown in Figure 5, it can be seen how the symmetrical
nature of the circuit was exploited to obtain matched parameters. The chip

low-impedance isolators.
20 "‘\ //
2 \ /
>
! N .
z b \ // tr s. Thus, freq
(<} . . 0 .
00C PHASE SHIFT mplexity.
§ 1o05c PHASE SHIT st in circuit complexity
: \ /
g 10
o
w
o
3'5 | _FOR DIFFERENTIAL GAIN, &
% MULTIPLY BY 2 has an area of 48 by 39 mils.
[
~120 —100 20 0 420 0 +60 +80 +100 +120

-60 -40
DIFFERENTIAL CONTROL VOLTAGE — MILLIVOLTS

Figure 3. Differential Gain Control.

T T T 1
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— e
" ® Q\} DIFFERENTIAL oolu'rnm VOLTAGE t:«z
e \\ GIVEN IN MILLIVOLTS ///
<] 160
> n ——— A l ] ./ s
w —40 AT %
g \-\zn\ L] |
50 L 9
5
; 420 | \—\20
R SN
E =T e v \§ 60|
i | 2 AN
8 s ”/o -
T N
-120 -100 -80 -60 40 -20 [} 420 +40 480 480 +100 +120

DIFFERENTIAL INPUT VOLTAGE — MILLIVOLTS
Figure 4. Multiplier Transfer Function.
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Figure 5. Photomicrograph of SG1402 Chip.




VARIABLE GAIN AMPLIFICATION

The circuit of Figure 6 shows the simplest application of the SG1402 as
a single-ended, variable-gain amplifier. The signals at the two outputs are
always equal in magnitude and opposite in phase. As the gain control
potentiometer is moved from one end to the other, each output will start
with a maximum signal, reduce to a minimum when the pot is centered,
and increase to maximum again in the opposite phase as the wiper gets to
the other end of the potentiometer.

+10V

*Yout

“Vout

10K GAIN
CONTROL

Figure 6. Single-Ended Variable-Gain Amplifier Configuration with
Manual Gain Control to Provide Maximum Output of Either Phase.

For applications where a phase change is not desired, the incorporation
of a diode as shown in Figure 7 will allow a DC control voltage to vary the
input-output transfer function from a gain of +25 dB to an attenuation of
—25 dB. This relationship is plotted in the graph of Figure 8.

Since this change in transfer function is accomplished with no net
change in either operating currents or bias levels, it is transient-free and
extremely fast-reacting. Thus, the circuit of Figure 7 may also be used as a
gated amplifier with the control requirements compatible with 0 to 5 volt
logic fevels. The waveform in Figure @ shows a 1 MHz signal controlled
with a 10 microsecond pulse.
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CONTROL
VOLTAGE

~Vout

Figure 7. Addition of Diode Provides Gain Control Without Phase
Change. Balance May be Eliminated if Maximum Attenuation is
not Required.
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Figure 8. Gain Variation asa Function of Control Voltage with
Diode Coupled input.

Figure 9. Gate Amplifier or Pulse Modulator Response. Input is
10 mVrms, 1 MHz and Control Voltage is 0 to 5 Volt Square
Wave with f = 50 kHz.

MODULATION

The multiplying function of the SG1402 can be used to provide both
balanced and amplitude modulation utilizing the basic circuit shown in
Figure 10. With the potentiometer adjusted for optimum balance, the
carrier signal is canceled out producing a doublesideband waveform at the
output. Depending upon the amplitude of the carrier signal, higher
frequency harmonics can also be generated; however, if only the lower
sideband is used, filtering of the upper sideband will also eliminate all the
harmonics. It should be noted that this balanced modulation is achieved
without the need for the usual transformers and only capacitive coupling
is required. Typical waveforms are shown in Figure 11.

lcarr r) %

+10V

s
(modulated
signal)

(madulanon)

Figure 10. Balanced Modulator.
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AVAVAY \/VU\/

Figure 11. Balanced Modulator Output Waveform. (0.1V/cm,
50 psfcm, f = 1 MHz, £ = 10 KH2).

Figure 14, Frequency Doubler Input and Qutput Waveform,
(50mV/em, 0.2 us/div, f1 = 1 MHz, f2 = 2 MHz).

If the potentiometer is adjusted so that the circuit is unbalanced, then DEMODULATORS
the carrier is included in the output signal and amplitude modulation as

shown in Figure 12 results. The optimum adjustment can most readily be The same features which make the $G1402 an excellent modulator
made while observing the output v'vaveforn? on an oscilloscope. Care should  provide superior performance when the circuit is used as a single or double
be taken that neither signal overdrive the circuit. sideband demodulator. The circuit of Figure 15 illustrates the simplicity of

this application. The balance pot is not necessary since the inserted carrier
is eliminated by the low-pass filter at the output.

+10V

.1
o I I
signal) : ¥m
o1 (modulation)
— o
ve 0.1
(carrier) 0o—|
0.1

Figure 12. Amplitude Modulator Output Waveform. (0.2V/cm,
50 us/div, fc = 1 MHz, fr, = 10 KHz). =
Figure 15. Balanced Demodulator.
By using a signal to modulate itself with the circuit shown in Figure 13,
the input is squared and since

The same general approach may be used for amplitude modulation and
a block diagram of a simple AM detector is shown in Figure 16. Thus, the
SG1402 can be used in receivers which combine SSB and AM to provide
complete signal transformation in either mode of operation.

cos? wt =% [1 + cos 2 el

the output frequency is twice that of the input. Typical waveforms for this
frequency doubler application are shown in Figure 14.

AM SIGNAL wmwc

Figure 16. AM Detector Block Diagram.

CONCLUSIONS

With the introduction of the SG1402, Silicon General has provided a
powerful tool to the communications engineer and all others working with
information processing. Because of its versatility and capability, this device
opens the way to a much greater utilization of carrier transmission schemes
for data handling in applications ranging from outer space to home
kitchens.

Figure 13. Frequency Doubler.
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CIRCUIT OPERATION

The first IC to combine a positive and negative voltage regulator on a
single chip was the SG1501, and this device has since been supplemented
with three new tracking regulator designs — the SG1502, the SG1501A,
and the SG1568.

All four of these tracking regulators operate in a similar manner which
is best visualized through the block diagram shown in Figure 1. This circuit
is fundamentally a tracking regulator. That is, the negative voltage is
regulated and the positive output tracks the negative. (Note: In the
$G 1568, the circuit is reversed in that the negative side tracks the regulated
positive output; however, the principle is the same.) Negative regulation is
accomplished by providing a constant-voltage reference for the negative
error amplifier, but the reference input to the positive error amplifier is
grounded. This amplifier forces its ather input, which is the center-tap
between equal resistors, to also be at zero volts, thus requiring the positive
output to be equal in magnitude but oppesite in polarity to the negative
output.

POSITIVE INPUT

POSITIVE OUTPUT
—>

Ry

+ ~—~—1 R
GROUND
REFERENCE |
+: Rz
MP

CURRENT|
LMt

Figure 1. Block Diagram

GROUND

SOURCE

R3

NEGATIVE INPUT NEGATIVE OUTPUT

With this technique, a single adjustment of the negative voltage divider
— which changes the negative output fevel — will also provide exactly the
same change to the positive output voltage. This tracking will hold all the
way from approximately one volt above the reference voltage to a
maximum value of about two volts less than the input supply voltage.

DESIGNER'S CHOICE

With four IC's to choose from some discussion of the significant
features of each type is in order. Three of the devices, the SG1501A, the
$G1501 and the SG1568 are factory set at +15V regulators while the
fourth, the SG1502, is user-adjusted to provide outputs from 8V to
28V.
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GROUND — GROUND
——
\ NEGATIVE t Vor
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10 Ry -[.01
NEGATIVE o -15v
INPUT W

Figure 2. Basic £15V, 50 mA Regulator

Application Notes—SG1501A —Dual-Polarity Tracking Regulators

The SG1501 and SG1501A are interchangeable and both can be used
by themselves to provide load currents to the maximum defined by
package dissipation, or can be combined with external pass transistors for
currents in excess of two amps. Both devices feature constant current
limiting with the value set by an external resistor. The $G 1668 is similar in
all respects to the SG1501 except that it is frequency compensated in a
slightly different way.

The $G1502 uses the same basic circuit as the SG1501 but has two
important differences. First, the voltage setting resistors are external to the
device providing greater flexibility in adjusting the output voltage levels to
other than +15V. Secondly, the current limit circuitry has been changed to
allow its use in a foldback mode. Foldback current limiting provides for a
short circuit current value less than the maximum load current and is a
significant feature when the major power dissipation is in external pass
transistors rather than the IC.

Self-contained thermal shutdown is the primary improvement offered
by the SG1501A although increases in both the maximum input voltage
and load current have aiso been made. With thermal shutdown,
temperature sensing circuitry on the chip is designed to turn off the output
current when the junction temperature exceeds a safe limit — typically
1700C. The significance of this feature is that the designer now need not
design around short-circuit power dissipation limits — the device will take
care of itself. Since short-circuit power is typically more than twice as
much as maximum operating power, this means a two-times, or better,
improvement in load current is possible. It should be noted that even with
thermal fimiting circuitry, the maximum current must be controlled to
allow time for this protection to react.

APPLICATIONS

The simplest way to use the SG1501 and SG1501A is in the basic
circuit shown in Figure 2. In this form, the device will handle 50 to
100 mA, depending on the heat sinking (more about this later) and will
provide 15V outputs with typically less than two millivolts of sensitivity
to either line or load variations. Because of this excellent line regulation,
there is no need for symmetrical input supply voltage levels. The only
requirement is that each level be greater than its associated output and that
the total voltage between positive and negative supplies be less than 60V
(70V for the SG1501A). The minimum input voltage is defined by the
regulator dropout characteristics shown in Figure 3.
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Figure 3. Regulator Dropout Voltage
247



POSITIVE AN POSITIVE
INPUT vy T ouTPUT
e o1
5.1K T pRig
TVin Out Semse Stab| Bal Gnd T 0
| POSITIVE | Adi
_______ 1
1N4002 R,
r | L1
Ns1e3 |1 NEGATIVE | Vort L
| Vin_Out_sense Stab! Adj L
5.1K 1 0
.01
NEGATIVE e T NEGATIVE
INPUT ¢ ¢ vy OUTPUT

Figure 4. Artificial ground for use with an ungrounded
or single level voltage.

When operating from a single voltage source, an ungrounded supply is
required. An artificial ground can be provided as shown in Figure 4. In this
circuit, the external transistors will conduct as necessary to accommodate
unbalanced load requirements and while the outputs will float between the
two input levels, they will be held constant with respect to this artificial
ground.

CURRENT LIMITING

Current sensing is provided by transistors Q12 and Q13 (see schematic,
Figure 5) which are normally held off by an external base-to-emitter
resistor, Rsc. When the load current passing through this resistor develops
enough voltage, the transistor turns on and diverts drive current away from
the series pass transistors. The sense voltage is equal to approximately
0.6V at Tj = 259C, but it is temperature dependent decreasing to 0.4V at
1250C as shown in Figure 6. Note that it is junction temperature that
determines the sense level, and thus increasing the power dissipation within
the circuit can lower the vaiue at which limiting will occur. The value of
the limiting resistor, Rsc, should be selected by:

Sense Voltage at Maximum Tj

Allowable Short Circuit Current

where, for maximum regulation, the allowable short circuit current should
be at least 20% more than the maximum expected load current.

Under some conditions, a low-level oscillation may be present on the
negative side when the device goes into current limiting. Should this be a
problem, it may be eliminated by by-passing Rsc with a capacitor whose
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Figure 5. SG1501A Schematic Diagram
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value is such that the time constant, Rsc C, is equal to 10 x 10°6 second.
This capacitor, as well as the output capacitors, C3 and C4, must be fow
ESR types such as solid tantalum.
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Figure 6. Current Limiting Characteristics

POWER CONSIDERATIONS

Although these dual regulators are designed to handle large load
currents and high input voltages, the product of the two can easily exceed
the maximum total device dissipation allowed by the package. The func-
tional limitation which should be considered for each application is that for
maximum reliability the junction temperature of the chip should not
exceed 1700C. This is usually derated to give a maximum design operating
Tj of 1500C.

To evaluate the maximum junction temperature possible in a given
application, the following three parameters must be known:

1. The power dissipation within the chip
2. The thermal resistance from junction to ambient (or heat sink)
3. The ambient (or heat sink) temperature

The power dissipation within the chip is equal to the sum of the input
voltage times the standby current plus the input-output voltage differential
times the load current, for each side of the regulator. For example, the
total power dissipation for 20V inputs, £15V outputs, and 50 mA load
currents is:

Pd =20 (2) + 20 (3) + 5 (50) + 5 (50)
= 100 mW standby + 500 mW load current
=600 mW

The thermal resistance is the resistance to heat flow from the junction
to the ultimate heat sink. For parts mounted in the open, still air, the
thermal resistance (0jA} is equal to 1859C/watt for the T0-100 metal can
and 125°C/watt for the T0-116 ceramic DIP. Blowing air across the
package, or the use of some form of heat radiator can significantly reduce
these numbers. For example, the use of IERC's model TXBF-032-025B top
hat radiator on the T0-100 package, reduces 9jA to 1300C/watt, while
their model LIC-214A-2B radiator for the T0-116 will give an OjA of
500C/watt for that package. Finally, a perfect heat sink reduces 6jA to
8iC which is 500C/watt for the T0-100 and 20°C/watt for the T0-116.



With the above information, the maximum power handling capability of
the package can be determined as follows:

1. Calculate the maximum allowable junction temperature rise:
ATj = 1509C — Tp (max)
2. Calculate the power availability:
Pd = ATj/9jA
3. From this number, subtract the maximum standby dissipation:
Psb = (V+ max) (Isb+) + (V— max) (Isb—)
4. The remainder can be used to determine the maximum load current

as a function of input-output voltage differential.

The curves of Figure 7 show these relationships for each package
under the assumptions of 25°C ambient, and symmetrical input and
output voltages and load currents.
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Figure 7. Maximum Current Capability

EXTERNAL POWER TRANSISTORS

Additional current handling capability may be provided through the
use of external power transistors in the configuration shown in Figure 8. In
this circuit, the 75 ohm base-to-emitter resistors provide a path for the
regulator standby current and should not be increased in value. An addi-
tional consideration is the use of solid tantalum output capacitors as most
common electrolytic types have too high an equivalent series resistance,
particularly at high frequencies.

The power transistors are not critical and can be selected on the basis
of current and voltage capability, and on mechanical requirements for
practical heat sinking. Note that only one transistor need be used if only
one side has excessive load current. Although low-frequency devices will
:minimize the risk of oscillation, unique transistor characteristics may
require a small capacitor (0.1 mfd) from base to ground or a larger value
(5 mfd) from base to emitter for complete stability.
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Figure 8. High Current Configuration, One Amp Output 249

FOLDBACK CURRENT LIMITING

With constant-current limiting as shown in Figure 8, the power dissipa-
tion in the pass transistors under short circuit conditions can be substantial.
Here, the thermal limiting feature of the SG1501A can't do much good
since it senses the 1C temperature rather than the external transistors. To
eliminate the problem of having to heat sink a short circuit power two to
three times normal operating levels, the use of the SG1502 in the circuit of
Figure 9 should be considered. The dividers of R5 and R6 pre-bias the
current limiting such that when the output is shorted, the maximum
current is substantially reduced from its normal operating level. The values
for R5 and R6 are most easily determined from an itterative solution of
the equations below with the trade-off being that a greater amount of fold-
back requires a larger valtage drop across Rsc:

RS
Sense Voltage + EE Vo
Max Load Current ~
Rsc
L Sense Voltage
Short Circuit Current ~ ——m——
Rsc
POSITIVE, 2N5193 AAA POSITIVE
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* Vin Out_ CL_ Seme Stub | Ret Agy b = %y
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A —— e 3o
NEGATIVE W T ] ) NEGATIVE
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Figure 9. Foldback Current Limiting
VOLTAGE ADJUSTMENTS

With both output voltage levels internafly set for 15V, (+t200 mV for
the SG1501/2501 and 3500 mV for the SG3501) these devices require no
additional resistors for many applications. It is possible, however, to
externally vary the output voltages from +10 to 23V by using external
resistors to shunt one or both of the internal resistors which set the

negative output level. The positive output will, of course, track the negative
value,
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Figure 10. External parallel resistor required for voltages
other than *15V.

The simplest way of changing the output levels is to use a single resistor



in parallel with R17(see Figure 5)for voltages lessthan 15V and in parallel
with R16 for voltages above 15V. The graph of Figure 10 shows the
approximate value to use in either case.

This method of adjusting output levels has one disadvantage, however.
Diffused resistors have a positive temperature coefficient and while they
can be made to track each other extremely well, with one of them shunted
this tracking becomes degraded. A method offering greater temperature
stability is the use of a pair of resistors with values low enough to swamp
out the internal divider. By shunting R16 with 1.2k, and R17 with a
resistor selected by:

1.2(Vo-6.2)
—kQ
6.2

where Vo is the desired output voltage, a four-fold improvement in
temperature performance is achieved at the expense of the additional
divider current. Figure 11 shows that temperature variation which may be
expected both with a single shunt resistor and with a divider drawing
approximately five milliamps of current. Note that these temperature
shifts are caused by changes in chip temperature which could result from
variations of either amhient temperature or internal power dissipation.
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Figure 11. Temperature Coefficient of Output Voltage

In the 14 pin dual-in-line package, a connection is provided to the
junction of R21 and R22. An external resistor divider can be used here in
the same manner to either balance the two outputs so that they are exactly
equal in magnitude or to unbalance them for non-symmetrical output
levels.

Although all of these dual regulator types have provisions for adjust-
ment of the output voltage levels, with its user-supplied voltage setting
resistors, the SG1502 is the best choice for applications very far from
+15V. The divider resistors (see Figure 9 ) are selected as follows:

6.2 (R1+ R2)
Negative Vo = ————
Rt
R3
Positive Vo = -ﬁ (Negative Vo)

One common application for positive and negative voltages is as a
power source for the widely used 710 and 711 IC voltage comparators.
Since these devices are designed for +12 and —6V operation, it takes a
circuit as shown in Figure 12 to get around the * 8V minimum output
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limitation of these regulators. Here, the nominal 15V output of the
SG1501 has been reduced to £12V by the 2.0k and 1.8k voltage divider.
Six voits are then subtracted from the negative output by the IN4735
zener diode. Because the diode is outside the feedback loop, some minor
variations in the —6V output may be observed due to its temperature
coefficient or dynamic impedance. These variations have negligible effect
on the comparators, however, as the negative voltage is used only to bias
high impedance current sources.
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Figure 12. Using the SG1501 to provide +12 and —6V outputs.

Zener diodes can also be put to use in applications requiring high input
voltages. In the circuit of Figure 13, the small signal zener diodes reduce
the voltage applied to the IC while allowing the easily heat-sinked power
transistors to absorb the added power dissipation caused by a large input-
output differential.
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Figure 13. Zener diodes used to prevent high input voltages
from appearing across the device.

CONCLUSIONS

With two complete regulators in a single IC, these new regulators offer
an improved approach to power distribution. Their high degree of per-
formance and freedom from large numbers of external components make
“on-card”, or distributed regulation a practical reality. By regulating at the
point of use, the system designer has eliminated many knotty problems
such as lead inductance, decoupling, line drop through connectors, etc. In
addition, since each circuit card or module can now regulate its own
voltage, complete interchangeability is more nearly assured and the

problems of equip are greatly eased.
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Application Notes—-SG1524

SIMPLIFYING CONVERTER DESIGN WITH
A NEW INTEGRATED REGULATING PULSE WIDTH MODULATOR

R. A. Mammano
Edited by Stan Dendinger
Manager, Advanced Product Development
SILICON GENERAL, INC.

Abstract

A new monolithic integrated circuit is described which contains all the control circuitry for a regulating power
supply converter or switching regulator. Included in this 16-pin dual-in-line package is the voltage reference, er-
ror amplifier, oscillator, pulse width modulator, pulse steering flip-flop, dual alternating output switches, and
current limiting and shutdown circuitry. This device can be used for switching regulators of either polarity,
transformer coupled DC to DC converters, transformer-less voltage doublers and polarity converters, as well as

other power control applications.

INTRODUCTION

Implementing a switching power supply has just become
significantly easier with the introduction of the SG 1524 series of
Regulating Pulse Width Modulator integrated circuits. Long
recognized as offering greatly improved efficiencies, the develop-
ment of switching supplies has been hampered by the complexity of
the low-level circuitry required to provide the proper signals for ade-
quate control of the switching transistors. As a result, these supplies
have tended to be more costly, larger in size, and with poorer reliabili-
ty than could be justified by their improved efficiency. Even when
threats of higher energy costs and potential brown-outs have made
switching supplies mandatory, their complexity has made the
engineering design task a most formidable undertaking.

With the introduction of the SG 1524, a major portion of the com-
plex low-level control circuitry has been integrated into a single LSI
linear integrated circuit. This monolithic chip, packaged in a 16-pin
dual-in-line outline, implements the entire block diagram shown in
Figure 1.

It is the integration of all these different functions into a single IC
that qualifies the SG 1524 as one of the best examples to date of
large scale integration as applied to analog circuits. The remainder
of this paper will describe each of the individual blocks in the follow-
ing diagram in considerable detail and then offer a few basic applica-
tion suggestions.
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FIGURE 1 —SG1524 BLOCK DIAGRAM

VOLTAGE REFERENCE

The reference circuit of the SG 1524 is shown in Figure 2. This is a
complete linear regulator designed to provide a constant 5 volt out-
put with input voltage variations of 8 to 40 volts. It is internally com-
pensated and short circuit protected. It is used both to generate a
reference voltage and as the regulated source for all the internal
timing and controlling circuitry. This regular may be bypassed for
operation from a fixed § volt source by connecting pins 15 and 16
together to the input voltage. In this configuration, the maximum in-
put voltage is 6 volts. While discussing input power, it should be
mentioned that the entire SG 1524 IC draws less than 10 mA of cur-
rent, regardless of input voltage.
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FIGURE 2 —SG1524 REFERENCE CIRCUIT

This reference regulator may be used as a 5 voit source for other
circuitry. It will provide up to 20 mA of output current itself and can
easily be expanded to higher currents with an external PNP tran-
sistor as shown in Figure 3.
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FIGURE 3 — SG1524 EXPANDED CURRENT SOURCE

OSCILLATOR

The oscillator in the SG 1524 uses an external resistor (R;) to

establish a constant charging current into an external capacitor (C5).
This constant-current charging gives a linear ramp voltage which
provides an overall linear relationship between error voltage and out-

put pulse width.The SG 1524 oscillator circuits is shown in Figure 4.
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FIGURE 4 —SG1524 OSCILLATOR CIRCUIT

A second output from the oscillator is a narrow clock pulse which
occurs each time C: is discharged. This output pulse is used for
several functions as outlined below:

M

@

@

@

As a blanking puise to both outputs to insure that there is no
possibility of having both outputs on simultaneously during
transitions. The width of this bianking pulse can be controlled
to some extent by the value selected for Cr.

As a trigger for an internal flip-flop which directs the PWM
signal to alternate between the two outputs. Note that for
single-ended applications, the two outputs can be connected
in parallel and the frequency of the output is the frequency of
the oscillator. For push-pull applications, the outputs are
separated and the action of the flip-flop provides and output
frequency vz that of the osciliator.

As a convenient place to synchronize an oscilloscope for
system de-bugging and maintenance.

As a bi-directional port for external timing synchronization.
The output pulse from this oscillator — which is stable to
within 2% over variations in both input voltage and
temperature'— can be used as a master clock for other cir-
cuitry, including other SG 1524’s. It thus follows that a positive
pulse applied to this terminal can synchronize the SG 1524 to
an external clock signal.
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The waveforms of the two outputs from the oscillator are shown in
Figure 5.
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FIGURE 5 — SG1524 OSCILLATOR WAVEFORMS

ERROR AMPLIFIER
The error amplifier circuit, shown in Figure 6, is a simple differen-

tial input, transconductance amplifier. Both inputs and the output
are available for maximum versatility.
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FIGURE 6 — SG1524 ERROR AMPLIFIER SCHEMATIC

The gain of this amplifier is
nominally 10,000 (80dB) but can be easily reduced by either feedback
or by shunting the output to ground with an external resistor. The
overall frequency response of this amplifier which, by the way, is not
internally compensated but yet is stable with unity gain feedback, is
plotted with various values of external load resistance in Figure 7.
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FIGURE 7 —$G1524
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Phase shifting to compensate for an output filter pole may readily
be accomplished with an external series R-C combination at the out-
put terminal of the amplifier.

Since the error amplifier is powered by the 5-volt reference voltage,
the acceptable common-mode input voltage range is restricted to 1.8
to 3.4 volts. This means the reference must be divided down to be
compatible with the amplifier input, but yet provides the advantage
of being able to be used to regulate negative output voltages. re-
quired input dividers are shown in Figure 8.
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FIGURE 8 — ERROR AMPLIFIER CONNECTIONS

Since this amplifier is a transconductance design, the outputis a
very highimpedance (approximately 5 MQ) and can source or sink on-
ly 100 microamps. This makes the output terminal (Pin 9) a very con-
venient place to insert any programming signal which is to override
the error amplifier. Internal shutdown and current limit circuits are
connected here, but any other circuit which can sink 100 xA can pull
pull this point to ground, thereby shutting off both outputs.

For example, the soft start circuit of Figure 9 can be used to hold
Pin 9 to ground — and thus both outputs off — when power is first
applied. As the capacitor charges, the output pulse slowly increases
from zero to the point where the feedback loop takes control. The
diode then isolates this turn-on circuit from whatever frequency
stabilizing network might also be connected to Pin 9.

Vrer

GOMPENSATION

T

FIGURE 9 — SG1524 SOFT START CIRCUITRY

CURRENT LIMITING

The current limiting circuit, while shown in the block diagram as
an op amp, is really only a single transistor amplifier as shown in
Figure 10. It is frequency compensated and has a second transistor
to provide temperature compensation and a reduction of input
threshold to 200 mV. When this threshold is exceeded, the amplify-
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FIGURE 10 — SG1524 CURRENT LIMITING

ing transistor turns on and, by pulling the output of the error
ampilifier toward ground, linearly decreases the output pulse width.
One consideration in using this circuit is that the sense terminals
have a + 0.3 volt common mode range which requires sensing in the
ground line. However, since differential inputs are available,
foldback current limiting can be implemented as shown in Figure 11.
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FIGURE 11 — FOLDBACK CURRENT LIMITING

While on the subject of protection circuitry, although overvoltage
protection is not built into the SG 1524, it is relatively easy to add by
using the internal shutdown circuit in conjunction with a few exter-
nal components as shown in Figure 12.
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FIGU R-E 12 —SG1524 OVER VOLTAGE PROTECTION

This circuit will provide a low level sensing and latching function and
while it won’t protect against a shorted output transistor, it will
remove the drive signals with no power dissipation.

OUTPUT STAGES

The outputs of the SG 1524 are two identical NPN transistors with
both collectors and emitters uncommitted. These circuits are as
shown in Figure 13 and include an antisaturation network for fast
response and current limiting set for a maximum output current of
approximately 100 mA.
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FIGURE 13 — SG1524 OUTPUT STAGE

The availability of both collectors and emitters allows maximum
versatility to enable driving either NPN or PNP external transistors;
however, it must be remembered that this is only a switch which
closes and opens. Power transistor turn-off drive must be developed
externally. Some suggestions for output drive circuits are shown in
Figure 14.

FIGURE-:14 — DRIVING EXTERNAL TRANSISTORS

APPLICATIONS

In considering applications for the SG 1524, it appears that there
are three general classifications of switching power supply systems.
Included in the first are the transformerless voltage multiplier cir-
cuits shown in Figure 15. These circuits are primarily used for low
level applications but can step up, step down, or change the polarity
of an input voltage. The switches shown can be either the output
stages of the SG 1524 or external transistors. Note that one extra
diode is required to protect the emitter-base junction of switch Sa
during the times when both switches are open.

Sa Vin> Vo
t I
N
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i 1
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Se T 1V |>1Vo |

FIGURE 15 — CAPACITOR/DIODE OUTPUT CIRCUITS

For higher current applications, the single-ended inductor circuits
of Figure 16 represent another classification. Here the two outputs
of the SG 1524 are connected in parallel, but note that this does not
give twice the current as the switches are alternating internally. This
does not affect external performance, however, and the SG1524 can
be used to provide 0-90% duty cycle modulation in any of the con-
figurations shown.
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FIGURE 16 — SINGLE-ENDED INDUCTOR CIRCUITS

The third general classification of power supply systems are
transformer coupled, two types of which are shwon in Figure 17.

The push-pull circuit represents the conventional DC to DC con-
verter with each switch being controlled for 0 - 45% duty cycle
modulation. The second transformer circuit is a single-ended flyback
converter, useful at light loads without a separate output inductor.

To illustrate the use of the SG 1524 in each of the above general
classifications, the following simple, but practical, circuits are
presented:
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FIGURE 17 — TRANSFORMER COUPLED CIRCUITS

Figure 18 shows the use of the SG 1524 as a low current polarity
converter providing a regulated — 5 volt output at currents up to 20
mA from a single positive input voltage. The external components re-
quired include the divider resistors to interface the reference and
output voltages with the error amplifier, a resistor/capacitor to set
the operating frequency, and the output diodes and capacitors. The
combination of the built-in current limiting of the SG1524 output
stages and the capacitor coupling of the output signal provide full
protection against short circuits and the current limit amplifier is
unused. Since this circuit has no inductor, the output capacitor is
more than enough to stabilize the regulating loop and no additional
compensation is required.
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FIGURE 18 — LOW CURRENT POLARITY CONVERTER

Another low-level circuit is the flyback converter shown in Figure
19.

The circuit Is designed to develop a regulated =+ 15 volt supply
from a single + 5 volt source. Note that the reference terminal is tied
to the input, disabling the internal regulator. The error amplifier
resistors are also tied to the input line so the output reguiation can
be no better than the input; however, an external reference could just
as easily have been used.
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FIGURE 19 — +5 TO +15 VOLT, FLYBACK CONVERTER

In this application, the two output stages are connected in paraliel
and used as emitter followers to drive a single external transistor.
Since the currents in the secondary of a flyback transformer are out
of phase with the primary current, current limiting Is very difficult to
achieve. In this circuit, protection was provided through the use of a
soft-start circuit. If either output is shorted, the transformer will
saturate, providing more current through the drive transistor. This
current is sensed and used to turn on the 2N2222 which resets the
soft-start circuit and turns off the drive signal. If the short remains,
the regulator will repetitively try to start up and reset with a time con-
stant set by the soft-start circuit. Removing the short will then allow
the regulating loop to re-establish control.

For higher current applications, the single-ended conventional
switching regulator of Figure 20 is shown.
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FIGURE 20 — 1 AMP, SINGLE-ENDED
SWITCHING REGULATOR

In this case, an external PNP darlington is used to provide a 1-amp
current switch. The SG1524 has the two outputs in parallel, con-
nected as a grounded emitter amplifier. The current sense resistor is
inserted in the ground line and the voltage across it used for cons-
tant current limiting. Note that in addition to the divider resistors and
frequency setting R:C, a phase compensation resistor and
capacitor is used to stabilize the loop now that an inductor has been
added.

A fourth application would have to be a push-pull, DC to DC
regulating converter as shown in Figure 21.
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FIGURE 21 — 5V, 25W, DC TO DC CONVERTER

Here the outputs of the SG 1524 are connected as separate emit-
ter followers driving external transistors. Current limiting in this ap-
plication is done in the primary for several reasons: First, it’s easier
to live within the +0.3 volt common mode limits of the current limit
amplifier; second, since this is a step-down application, the current
— and therefore the power in the sense resistor — is lower; and third,
if the output drive were to become non-symmetrical causing the
transformer to approach saturation, the resultant current spikes will
shorten the pulse width on a pulse-by-pulse basis, providing a first
order correction. Note that the oscillator is set to run at 40kHz to ob-
tain a 20 kHz signal at the transformer.

This application as shown does not provide input-output isolation
and, of course, that feature is difficult to achieve within a single IC.
There are a couple of ways the SG 1524 can be used with isolated
power supply systems, however. The first is shown in Figure 22
where the SG 1524 is direct coupled on the secondary side of the out-
put transformer. The outputs from the IC are transformer-coupled
back to the primary side to drive the switching transistrors. Of
course, a separate start-up power source is needed for the SG 1524
but that shouldn’t present much of a problem remembering that the
IC draws less than 10 mA of supply current.
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FIGURE 22 — INPUT/OUTPUT ISOLATION
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A different method of providing isolation is shown in Figure 23
where the IC is direct coupled on the primary side. Here a separate
reference and error amplifier (most easily implemented with a SG
1532 regulator IC) is connected on the secondary and then optically
coupled back to the primary side.
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FIGURE 23 — INPUT/OUTPUT ISOLATION

As should be evident from the above, the SG 1524 was designed as
the first of what will undoubtedly become a larger family of regulator
ICs specifically designed for switching power supplies. As such, ver-
satility was the primary design goal of this device and hopefully this
goal has been achieved to the degree that will allow the SG 1524 to
find application to a wide range of power control systems.



Application Notes—SG1524

DEADBAND CONTROL WITH THE SG1524 REGULATING
PULSE WIDTH MODULATOR CIRCUIT

The SG1524 Regulating P.W.M. integrated circuit provides two outputs which alternate in turning on for push-
pull inverter applications. The internal oscillator sends a momentary blanking pulse to both outputs at the end of
each period to provide a deadband so that there cannot be a condition when both outputs are on at the same
time. The amount of deadband is determined by the width of the blanking pulse appearing on pin 3 and can be

controlled by four techniques:

1. For 0.2 to 1.0 microseconds, the deadband is
controlled by the timing capacitor, Ct, on pin 7. The
relationship between Ct and deadband is shown in
Figure 3 on the SG1524 data sheet. Of course, since
Cr also helps determine the operating frequency, the
range of control is somewhat limited.

2. For 0.5 to 3.0 microseconds, the blanking pulse
may be extended by adding a small capacitor from
pin 3 to ground. The value of the capacitor must be
tess than 1000 pf or triggering will become unreliable.

3. For longer and more well-controlled blanking
pulses, a simple one-shot latch similar to the circuit
shown below should be used:

10k

10k

TRANSISTORS — Small-signal general purpose types.
For 5 usec width, Cg = 200 pf, Rg = 10k

When this circuit is triggered by the oscillator output
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pulse, it will latch for a period determined by Cz Rg
providing a well-defined deadband.

Another use for this circuit is as a buffer when several
other circuits are to be synchronized to one master
oscillator. This one-shot latch will provide an adequate
signal to insure that all the slave circuits are com-
pletely reset before allowing the next timing period
to begin.

Note that with this circuit, the blanking pulse holds
off the oscillator so its width must be subtracted
from the overall period when selecting Rt and Cr.

4. Another way of providing greater deadband is just
to limit the maximum pulse width. This can be done
by using a clamp to limit the output voltage from the
error amplifier. A simple way of achieving this clamp
is with the circuit below:

IN916
5k

This circuit will limit the error amplifier's voltage
range since its current source output wili only supply
100uA. Additionally, this circuit will not affect the
operating frequency.



Application Notes—SG1524

IMPROVING SWITCHING REGULATOR DYNAMIC RESPONSE

R. A. Mammano
Edited by Stan Dendinger
Manager, Advanced Product Development
Silicon General, Inc.

ABSTRACT

Recent introductions of LSI integrated circuits for P.W.M. control have offered considerable simpli-

fication to the job of optimizing the design of switching regulators.

In addition to greatly reducing

the necessary circuitry, the linear transfer function of these devices eases the task of stabilizing the feed-
back loop and offers several possibilities for improved response. Experimental methods for evaluating
the response characteristics of the P.W.M. switching and output stages can be used to confirm simpli-
fying assumptions of linear operation. With this data, several approaches to equalization networks can

be compared for performance optimization.

The past few years have seen a major revolution take place in
the field of power supply design. Whether forced upon us by
the need for energy conservation or finally made practical thru
recent advances in semiconductor technology, switching regula-
tors are now the name of the game in voltage control. Novices
soon learn, however, that the implementation of a well-
designed switching supply involves a little more skill than that

required for a linear regulator.

Although the theory of switching regulation has long been
known, there is much practical technology -- or art — in design-
ing efficient and reliable systems. This is still true even though
recently introduced semiconductor devices have made the job
at least a little easier. It is the purpose of this discussion to
cover a few of the practical aspects of implementing and stabi-

lizing switching regulators using these newer devices.

INTEGRATED P.W.M. CONTROL CIRCUITS

Recognizing a rapidly growing market, many component
suppliers have introduced new devices designed specifically for
switching regulator applications. These include faster power
transistors with improved S.0.A., low E.S.R. electrolytic capa-
citors, hybrid power devices which include a matched commuta-
ting diode, and monolithic IC control devices such as the
SG124(1) which contain all of the P.W.M. control circuitry in

a single 16-pin, dual-in-line package.
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Figure 1. $SG1524 Block Diagram

From the block diagram shown in Figure 1, it can be seen that
the SG1524 contains the elements necessary to implement
either single-ended switching regulators or DC to DC converters
of several different configurations. This device includes a volt-
age reference, error amplifier, constant frequency oscillator,
pulse width modulator, pulse steering logic, dual alternating
output switches, and current limiting and shutdown circuitry.

Since many of the different types of applications for this IC
have been discussed earlier(1) it should suffice to review only

two of the more common usages as shown in Figures 2 and 3.

The single-sided regulator of Figure 2 is unique because of its
simplicity. This circuit combines an SG1524 with an SM625

hybrid to build a 5 volt, 5 amp regulator with all the semi-



conductor devices contained in only two packages. This circuit
has an efficiency of over 70% with an input voltage range of
20 to 30 volts, 0.1% line and load regulation, and some added
benefits of constant frequency operation and short circuit

protection.
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Figure 2. SG1524 Single-Ended Switching Regulator

Figure 3 shows the same 5-volt, 5 amp output requirement met
this time with a DC to DC converter. The use of high speed
transistors and Shottky rectifiers keep the efficiency more than
80% — significant for a low-voltage output — while maintaining

all the other benefits included in the single-ended circuit.
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Figure 3. SG1524 Regulating DC-DC Converter

It should be recognized that the above circuits represent very
basic applications of an IC control chip. Most practical power
supply systems would probably incorporate many other fea-
tures which may be accomplished by interfacing these 1C’s with
a small amount of external circuitry to add characteristics such
as: soft-start, oscillator synchronization, dead-band controls,
additional current and/or voltage step-up stages, input-output
isolation, remote overvoltage or overload shutdown, and
response modifying circuitry. It is this latter subject we wish to

explore more fully below.
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SWITCHING REGULATOR CONTROL

The basic switching regulator control loop which applies to the
most common forms of implementation is illustrated in Fig-
ure 4. In analyzing this control loop stability, the obvious
immediate problem is the transfer function of the P.W.M. and
output stage. A detailed and accurate analysis of the nonlinear
characteristics of this stage is an extremely difficult and com-
plex task if one is to account for all the parameters which could
possibly be a factor. (2, 3, 4) On the other hand, if this stage
could be assumed to have a linear transfer function, analysis
becomes a relatively simple application of basic feedback theory.

W

POWER
) Vel PWM SWITCH

>
R3S

L

R4

Figure 4. Basic Regulating Control Loop

A significance of the SG1524 is that it uses a design approach
which makes a linear assumption accurate enough for most
applications. The fact that this device features constant fre-
quency operation, a linear-slope ramp for P.W.M., and fast-
response logic and output circuitry all contribute to minimiz-
ing the errors associated with a linear assumption. Of course,
there are factors external to the IC which could destroy this
assumption. Such things as excessive delay in the switching
transistors, parasitic ringing or oscillation in the power stages,
or nonlinear operation of the magnetics could all cause a result-
ant nonlinear performance. A first exercise for the designer,
then, is to confirm linear operation of the P.W.M. and output

stages of his regulator by evaluatinghis early breadboard models.
OUTPUT STAGE ANALYSIS

The pulse width modulation is accomplished in the SG1524 by
comparing the output of the error amplifier with a linear ramp,
or saw-tooth signal from the oscillator. Because the compara-
tor has both high gain and high input impedance, and the error
amplifier has a high output impedance, this node (pin-9)
becomes a very convenient place for inserting a test signal. A
voltage source applied as shown in Figure 5 will completely
override the error amplifier and essentially open the loop with-
out actually breaking any connections. In addition, the test

signal is easily managed because the voltage gain from this point



to the output is relatively low. (A voltage level on pin 9 of
from 1 to 4 volts will change the pulse width from zero to maxi-

mum which will yield zero to maximum output voltage.)
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Figure 5. Measuring Output Stage Transfer Function

In experimentally attempting to confirm satisfactory operation
of the output stages, the designer hopes to prove that a linear
equivalent circuit model is valid for reasonable analysis. One
such model as proposed by Middlebrook(5) is shown in Figure 6. .
This model describes the overall AC and DC transfer function
and input and output impedances in terms of the duty cycle
and modulation constant. This model assumes that the effects
of operating frequency, switching delays, and parasitic elements-
are well above the frequencies of interest as defined by the
output LC filter. '

Vi = Input voltage to converter
N¢ = Control voltage input

km = PW M. constant

D = Duty Ratio = Vg/Viy = Ng/km

Figure 6. Linear Equivalent Circuit

Values for the inductor and capacitor are normally calculated
on the basis of output ripple current and voltage as follows:

For constant frequency operation,

_ VolVin = Vo)
TV flal)
and
_ VolViy — Vo)
" 8Lf2v)y(aVg)
where:
VIN = peak input voltage to the inductor
Vo = output voltage across the capacitor
f = switching frequency
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Al = peak-to-peak current variation in the inductor
AVp = peak-to-peak ripple voltage across the capacitor.
Note that the actual ripple voltage at the output of the filter

will be AVg, plus Al times the capacitor E.S.R.

Regardiess of the requirements for minimizing the output
ripple, an additional requirement on the filter is that its cutoff
frequency be well below the switching frequency if our original
goal of simple linear analysis is to be met. Specifically, the
switching operation introduces a second order lag at one-half
the switching frequency and for the output filter to dominate,
its cutoff should be at least an order of magnitude below that

number, or
1 f

25V 16 - 20
To verify the performance of the resultant hardware, a Bode
plot of the output stage response can be most meaningful.
Ideally, a plot as shown in Figure 7 should show a flat response

to the filter cutoff and then a linear 12 dB/octave rolloff with a
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Figure 7. Linear Output Stage Response

180° phase shift.

voltage and load current, factors affecting stability such as leak-

By making these plots with varying input

age inductance, capacitor E.S.R., and either saturation or dis-
continuous operation of the magnetics may be evaluated over
the operating conditions of interest. Figure 8 shows typical
plots with less than ideal component parameters. With the char-
acteristics of the output stage defined, attention can be turned
to the error amplifier to develop an equalizing network which

will allow satisfactory closing of the loop.
ERROR AMPLIFIER COMPENSATION

The error amplifier contained within the SG1524 is a transcon-
ductance amplifier in that it has a high-impedance, current

source output. The gain is a function of the output loading and

10



can be reduced from a nominal 80 dB by shunt resistance as

shown in Figure 9. Note also in Figure 9 that the uncompen-
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Figure 9. Open-Loop Error Amplifier Response

sated amplifier has a single pole at 300 Hz and 90° of phase
shift. The unity gain cross-over frequency is 3 MHz and the

large scale slew rate is 0.5 volt per microsecond.

This type of amplifier can be compensated in two ways: The
compensation network can go from the output to ground or it

can be connected from output back to the inverting input.(6) In

the first case, the voltage géin is:

812,
2T

Ay =gmZ; = ~ 0.002Z.

where Z; is the complex compensation network impedance. If

a feedback approach is used, the gain is:

Zc

A, =
v Zs
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where Z is the source impedance driving the input. In cases
where relatively low impedances are desired in a feedback net-
work, it may be necessary to buffer the high output impedance
of the error amplifier. Figure 10c shows the use of an external
emitter follower to provide a low driving impedance for the

feedback network.

®
b

{a}

Figure 10. Error Amplifier Compensation Networks

To stabilize the overall regulator feedback loop of Figure 4, it
should be apparent that the uncompensated loop contains at
least two poles in the output filter and one more.in the error
amplifier, a situation which typically results in significant gain
remaining when the total loop phase equals 360°. One of the
simplest compensation schemes is to convert the error amplifier
to an integrator by adding a single dominate pole at a frequency
so low that the loop gain falls below unity well before the cut-
off frequency of the output filter. While this approach yields

a stable closed loop gain as shown in Figure 11, the response to

AMPLITUDE

o
»
m
Ry

PHAS|

VOLTAGE GAIN - DECIBELS
N =
S 3
°

8

u
g
PHASE ANGLE — DEGREES

-40

10 100 10K

FREQUENCY - HERTZ

Figure 11. Closed Loop Frequency Response

disturbances is very slow. For example, the waveforms of
Figure 12 show the response to a 20%, or one amp, step change
in load to the circuit of Figure 3 when compensated with a

0.2 mfd capacitor around the error amplifier.



If instead of slowing down the error amplifier, a zero, or lead Even faster response can be achieved by providing additional

network is added to cancel one of the output filter poles, we lead networks. For example, another zero may be added by

can keep the total loop phase less than 360° to well beyond the bypassing the sense feedback resistor. As can be seen in Fig-

output filter cutoff. ure 16, this greatly improves loop response but offers the haz-

ard of coupling ripple noise directly into the error amplifier.

STIMULUS: ONE AMP STEP CHANGE IN Ig
UPPER TRACE: ERROR AMP OUTPUT, 500 mV/DIV
LOWER TRACE: REGULATOR OUTPUT, 200 mV/DIV
TIME BASE: 5 MILLISECONDS/DIV

) Rc = 30K, Cc = .022mfd
Figure 12. Integrator Compensation Step Response STIMULUS: ONE AMP STEP CHANGE IN 1o
UPPER TRACE: ERROR AMP OUTPUT, 500 mV/DIV
LOWER TRACE: REGULATOR OUTPUT, 100 mV/DIV
R TIME BASE: 5 MILLISECONDS/DIV
Figure 13 shows a circuit for accomplishing this by moving the .
. R R Figure 15. Phase Compensated Step Response
amplifier pole lower in frequency and adding a zero at the out-

put fifter cutoff frequency. Figure 14 shows the effects of this

30K 022 mid
network on the Bode plot of the error amplifier, and Figure 15 Y
indicates the improvement in recovery from the same one-amp FROM A
load change. Note how the output of the error amplifier over- Yo o« i“M;’*,O“ TOPWM.
shoots to give a boost to the output. -

AAA-

il
=

W
)
=

Figure 13. Series RC Phase Compensation
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From the examples presented above, it should be apparent that

the integration method of error amplifier compensation pro-
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changing the output filter characteristics. Another reason for
using single-pole compensation is to accommodate the use of a
two-stage output filter which can add phase shifts well beyond
180°.

The problem of poor response can then be accommodated by
adding a differentiated signal taken from somewhere else in the
loop. |f the time constants and gain factors are properly
selected, the differentiated signal can compensate for the error

in the integrated signal taken from the regulated output.

While it may be possible to combine these two signals with
passive signal conditioning at the input to the error amplifier, a
more straightforward approach is with two separate op amps.(7)

shown in Figure 17. Here the error amplifier in the SG1524 has
SUMMARY

Although integrated circuit controllers for switching supplies
have removed much of the circuit complexity from this type of
regulator, the dynamic analysis of the control loop must still
be optimized for each application. This optimization is made
easier, however, if a linear approximation of the switching
stages can be shown to be valid. The SG1524 controller offers
benefits in this regard as it does provide a linear transfer func-
tion through its pulse width modulation scheme. Therefore,
experimental techniques can be used to simply confirm proper
operation of the power switches and output filter.

With a linear output stage, conventional feedback analysis can
be used to define the best equalizing network achieving a com-
promise between stability and fast response. In some cases it
may even be desirab[e to provide separate signal paths for
these two parameters but thus, too, can be adapted to the
$G1524 controller with a minimum of external circuitry.

Obviously, no recipes for optimum performance have been pro-
vided herein. Only a few directions which, it is hoped, will
point the way toward the development of specific solutions for

specific applications.
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1. INTRODUCTION

Many power control engineers have designed
successful switching power supplies around
the SG1524 Pulse Width Modulator integrated
circuit. This application note explains the dif-
ferences between this earlier device and the
more sophisticated SG1524B. While the func-
tional pinouts are identical for the two devices,
there are some distinct operational differences
which the user should be aware of when de-

signing new supplies or when updating an
existing design. In many cases design changes
are minimal (such as adjustment of frequency
compensation) or not required at all. At the
same time the improvements in control archi-
tecture and circuit design of the SG1524B allow
the designer to obtain levels of performance in
new power supply designs not possible with
the older device.

Figure 1 $G1524 BLOCK DIAGRAM
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Figure 2 SG 1524B BLOCK DIAGRAM

2. GENERAL COMPARISON

Figures 1 and 2 show respectively the block
diagrams of the SG1524 and the SG1524B.
Both devices were designed for voltage-mode
control, but both can be used to implement
current-mode control as well with the addition
of an external dual op amp. For further details
see the Silicon General Application Note “Cur-
rent Mode Control with the SG1524B.”’

The main functional difference between the
two circuits is in the action of the shutdown
pin. In the SG1524, a voltage at Pin 10 greater
than +0.7 volts will turn on an internal tran-

sistor which pulls the error amplifier output to
ground. In the 15248, a voltage greater than
+1.2 volts at Pin 10 activates a logic gate
which inhibits the pulse output of the PWM
comparator. The error amplifier output voltage
is not affected directly.

Other improvements include the addition of
an undervoltage lockout function and fault
suppression logic. These provide protection
against inadequate supply voitage to the con-
trol IC and insure constant-frequency alter-
nating output pulses to the power devices.




INDIVIDUAL SECTION DIFFERENCES

3.1 VOLTAGE REFERENCE

The voltage reference is a low-drift bandgap
design which provides a precision +5.0 voit
reference for the control loop. Initial ac-
curacy is =1% for the SG1524B/2524B, and
+2% for the SG3524B. This is a factor of
four improvement over the original reference.
Line regulation is typically better by a factor
of 3:3mV instead of 10mV. Load regulation is
better by a factor of 4:5mV rather than 20mV.
The temperature coefficient is also lower
and more uniform from device to device. All
these features translate directly into tighter
tolerances on the switcher output voltage.
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Figure 3. +Vo VOLTS

REFERENCE VOLTAGE VS SUPPLY VOLTAGE

At 25°C the differential drop across the
regulator is only 1.2 volts, as opposed to 2.7
volts for the 1524. Figure 3 shows the relation-
ship between ViN and VREeF for both devices. As
a result the SG1524B is fully functional with a
6.2 volt supply. Under worse case conditions of
ILoAD = 20 mA and TA = —55°C, all devices
are guaranteed to function at VIN = 7 volts.

3.2 UNDERVOLTAGE LOCKOUT

This circuit has two sections: a controlled cur-
rent source which forces the error amp low and
the output transistors off, and a bandgap com-
parator which overrides the lockout source. The
current source is fully active when ViNis + 1.2
volts. Since the error amp and output driver can-
not function until VIN is approximately 3 volts, it
is impossible for spurious output pulses to oc-
cur when the supply voltage is too low for nor-
mal operation.

The bandgap comparator monitors the refer-
ence voltage. It enables the SG1524B when the
reference rises to + 4.3 volts. This arrangement
allows operation from a +5 volt +5% supply
by connecting VIN and VREF together.
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Figure 4
UNDERVOLTAGE LOCKOUT TEST CIRCUIT

The action of the undervoltage lockout can be
observed with the test circuit of Figure 4. A 100K
pull-up resistor is connected from Compensa-
tion to VIN. VIN is swept from 0 to + 6.5 volis
with a 5Hz triangle waveform from a function
generator. An oscilloscope in XY Mode display-
ing VIN horizontally and Compensation vertical-
ly will generate the display shown in Figure 5.

®
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o 1 2 3 4 8 [] 7
Figure § +Vin (VOLTS)
UNDERVOLTAGE LOCKOUT AT THE ERROR AMP

As Vin slowly sweeps from 0 to 1 volt, the
lockout current source becomes active and
pulls the error amp to ground, guaranteeing
0% duty cycle from the controller. From 1 voit
to approximately 5.5 volts the controller is in-
hibited while the internal circuitry stabilizes.
At 5.5 volts the bandgap comparator overrides
the lockout current, releasing the output of the
error amp. The reverse portion of the voltage
sweep is identical, except that approximately
200 mV of hysteresis can be observed at the
comparator trip point.




3.3 OSCILLATOR

The oscillator of the SG1524B is programmed
for frequency with an external Rt and Ct in the
same manner as the SG1524. Both initial ac-
curacy and temperature coefficient have been
improved with the “B” version.

There are two methods to synchronize multi-
ple units together.

A. Program a master unit with Rt and Ct for
the desired frequency. Connect the Ct ter-
minal (Pin 7) of the master to the Ct termi-
nal of the slave. Connect the OSC terminal
(Pin 3) of the master to the OSC terminal of
the slave. Leave the slave Rt terminal (Pin
6) open or tied to the reference. This is the
recommended approach if the PWM con-
trollers are close together (on the same
printed circuit board and within six inches
of each other.)

B. Program a master unit for the desired fre-
quency. Select Rt and Ct for the slave units
such that they free-run at a frequency 10%
slower than the master. Connect all the
Oscillator terminals together. This method is
recommended if the PWM controllers are not
close together, since it avoids routing a high
impedance line (Ct) around a noisy environ-
ment.

A TTL LOGIC B. 5VOLT CMOS LOGIC

Figure 6
OSCILLATOR SYNC TO AN EXTERNAL CLOCK

To synchronize one or more devices to an ex-
ternal clock frequency, one of the connec-
tions shown in Figure 6 should be used. The
device(s) to be synchronized should free-run
10% slower than the clock. Pulse width of the
external clock should be at least 200nsec, but
not longer than the desired deadtime.

fpole = ___1____
0 P 2xR0OCpole
where Ro = Output Impedance
o = 4 x 10*ohms
- frero= 1
2xRzeroCpole

where Cpole > > CO 120pF
and Rzero < < RO

Figure 7
FREQUENCY COMPENSATION OF THE ERROR AMPLIFIER

3.4 ERROR AMPLIFIER

The error amplifier of the SG1524B s, like its
predecessor, a transconductance design with
an output impedance of approximately 4 mega-
ohms. This allows use of exteral clamp circuitry
to obtain soft-start and duty cycle limit, as on
the original 1524. Since all the voltage gain
takes place at the output pin, open-loop gain/
frequency characteristics are easily controlled
by shunt reactance from Pin 9 to ground (Figure
7). Also, this type of amplifier has a very predict-
able 1/T variation of open-loop gain with ab-
solute temperature as shown in Figure 8.

The input common mode range is +2.3to +5.2
volts, so that existing designs at + 2.5 volts will
function with no modifications. For new
designs the + 5 volt reference may be applied
directly to the non-inverting input, eliminating
the necessity for two divider resistors.

OPEN LOOP VOLTAGE GAIN (08}
3

-7 -50 ~26 o 28 50 % 100 125 180
Figure 8
JUNCTION TEMPERATURE (*C)

OPEN LOOP GAIN VS. TEMPERATURE

Since the lower common mode limit is +2.3
volts for the 1524B and + 1.8 volts for the 1524,
neither amplifier should ever be used in the
non-inverting unity-gain configuration shown
in Figure 9. The error voltage must swing down
to +0.5 volts to guarantee 0% duty cycle from
the pulse width modulator, and this violates
the common mode range specification.

In general, any frequency compensation for the
voltage control loop which works with the
S§G1524 can also be used with the SG1524B with
no modification.
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Flgure 9
NON-INVERTING UNITY-GAIN CONNECTION
(NOT RECOMMENDED)

3.5 CURRENT LIMIT AMPLIFIER

The current limit amplifier of the SG1524B is
one of the most significant areas of change
from an applications viewpoint. Like the
original circuit, there is a fixed 200mV threshold
designed into Pins 4 and 5 to permit direct sens-
ing across a current sampling resistor. Dif-
ferences in the “B” circuit affect the input bias
current, allowable common mode range, and
stability in current-limit.

3.5.1 INPUT BIAS CURRENT

In the SG1524, there is a constant 130 yA flowing
out of Pin 4, while the current out of Pin 5 is
variable from 0 to 100xA depending on the dif-
ferential input voltage. Because of this charac-
teristic the current limit sense terminais must
be driven from source impedances less than 20
ohms to avoid modulating the current limit
threshold. The “B” device features bias cur-
rents which are identical at each pin, are in-
dependent of current sense voltage, and are a
factor of 10 lower. This allows predictable
foldback current limiting without wasteful low-
resistance divider networks.

+Vour

$G15248

-C.L. +C.L. GND.

Retumn

Figure 10
CURRENT SENSING IN THE GROUND LNE

Figure 11
SENSING PRIMARY CURRENT WITH AN EMITTER RESISTOR

3.5.2 COMMON MODE RANGE

The guaranteed common mode range of the
current sense inputs is 0 volts to VIN — 2.5 volts.
Current sensing in a supply ground line is
possible, but the configuration of Fig. 10 should
be used to avoid damaging the IC. The 100 ohm
resistor is required because of delays through
the controller and storage time in any bipolar
power device. The SG1524B will reduce the
pulsewidth as Pin 5 is driven 200 mV below
ground, but in practice it is overdriven due to
the aforementioned delays. If Pin 5 is driven
below —0.3v at Ta = +125°C the substrate
diode will conduct. The 100 ohm resistor will
limit the peak substrate current to a safe value
without shifting the C.L. threshold.

Current sensing may also be accomplished with
a common emitter or source resistor to ground
as shown in Figure 11; or it may be placed in the
supply output line, as indicated in Figure 12. At
—55°C the value of VIN must be at least 2.5 volts
greater than the switcher output voltage.

Figure 12
CURRENT SENSING IN THE OUTPUT LINE




3.5.3 FREQUENCY COMPENSATION

The original SG1524 current limit amplifer had a
typical open loop gain of 44dB, and was intern-
ally compensated to produce a single-pole roll-
off above 300 Hz. The SG1524B exhibits 75dB of
gain and has no internal compensation. The cir-
cuit may be used as a moderate speed com-
parator, or it may be used as an analog gain
block to override the error amplifer.

Because of the higher gain and bandwidth,
designers may find that the control loop will
oscillate when the supply goes into current
limiting. The cure is to add frequency compen-
sation externally to the current limit circuit or to
rework the existing voltage loop compensation.
See the Silicon General Application Note “A
New, Versatile PW.M. Control Circuit for
Switching Power Supplies”

3.6 SHUTDOWN

The shutdown circuit of the “B” is illustrated in
Figure 13. It has the following differences com-
pared to the 1524:

A. Logic threshold is +1.2 volts instead of
+ 0.7 volts for compatibility with TTL logic
and improved noise immunity.

B. Input current is very low (usually under 100
nA) even at +5 volts input. The pin may be
driven directly from TTL logic (all families)
or TTL-output comparators.

C. Response time is very fast, between 35 and
100 nanoseconds depending on output
transistor loading.

The shutdown pin should never be left floating.
If not used, the pin should be grounded. If the
shutdown function is used, the pin should be
driven from a low impedance source to prevent
noise pickup. The internal logic is very fast, and
will respond readily to spurious pickup from the
normally noisy environment of a switcher.

8K
SHUTDOWN (10)

VREF

2.7K

—»— TO LOGIC

Q2

FIGURE 13. SHUTDOWN CIRCUITRY OF THE SG1524B




+15V

SG1524B 15K
12
TO
o1 > LOAD
—— l"F

11)— Q2

! al
i&m

FIGURE 14. DRIVING POWER BI-POLAR TRANSISTORS WITH THE SG15248

I

3.7 OUTPUT TRANSISTORS 3.7.1 BIPOLAR DRIVE
The output devices have been redesigned to For driving bipolar power devices the circuit
provide 100 mA continuous and typically 200 in Figure 14 is recommended. The output tran-
mA peak, with BVcex ratings of 60 volts. sistor is used as a phase-splitter to generate
Saturation voltage is guaranteed both at 10 the necessary base drive. Figure 15 illustrates
and 100 mA to ease the interface with external forward and reverse base current, and collec-

power devices.

tor current of a PMD 20K 120 volt, 14 amp Darl-
ington using this driver configuration.

TRACE: DARLINGTON BASE CURRENT @ 200 NSECIDIV.
LOWER TRACE: COLLECTOR CURRENT @ 200 NSEC/DIV.
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FIGURE 16. DRIVING POWER MOSFETS WITH THE SG15248

3.7.2 POWER MOSFET DRIVE

Highly capacitive loads such as presented by
the gates of power MOSFETs can be readily
driven with the circuit in Figure 16. At turn-on,
200mA of charging current is conducted by
D1. During turn-off D1 becomes back-biased
by the pulldown resistor. Q1 turns on and pro-
vides 500mA of discharge current. Figure 17
shows the turn-off gate voltage and drain cur-
rent of an |[RF130 100 volt, 14 amp power
MOSFET driven directly with this circuit.

..........

FIGURE 17.MOSFET TURN-OFF WAVEFORMS. UPPER TRACE:

4. CONCLUSION

A designer who is familiar with the SG1524 will
find it relatively easy to adapt his designs
to use the SG1524B. The immediate benefits
are higher levels of power supply performance,
worthwhile reductions in total component
count, a greater degree of protection for the
power devices, and lower overall costs.

S B

GATE VOLTAGE @ 100 NSEC/DIV. LOWER TRACE: DRAIN CUR-

RENT @ 100 NSEC/DIV.
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A NEW, VERSATILE P.W.M. CONTROL CIRCUIT

Application Note
SG1524B

FOR SWITCHING POWER SUPPLIES

Stan Dendinger
Manager — Advanced Product Development
SILICON GENERAL, INC.
Garden Grove, California 92641

ABSTRACT

A new control circuit for pulse-width-modulated switchmode power supplies is described. This device offers
improved electrical and functional performance over earlier designs, while retaining the familiar pin-out of
the industry-standard SG1524. Innovative circuit design techniques and optimized control architecture
result in improved reference accuracy, protection against inadequate supply voitage, elimination of harmful
output switching transients, improved current limiting, and higher voltage and current capabilities from the
output transistors. A 50 kHz power supply utilizing the new controller is described, and performance

characteristics are analyzed.

1. INTRODUCTION
Since the introduction in 1976 of the first
monolithic control chip for switchmode power
supplies, and its subsequent wide acceptance as
the basic building block for high-efficiency
regulator designs, the semiconductor industry
has found itself in a bit of quandry when
attempting to define an improved device.
On the one hand, the initial device, being rather
simple and straightforward, had a number of
deficiencies when its capabilities were compared
with the total requirements of most switchers. As
a result, new, more complex controllers were
introduced with improved reference accuracy,
protection against inadequate or fluctuating
supply voltage, improved current limit circuitry,
fault suppression logic, and a host of other
features.
On the other hand, the new controllers, while
enthusiastically accepted first by aerospace
designers for sophisticated high-performance
supplies and later by major computer and
instrumentation manufacturers, lacked the
familiar pin-out of the earlier device. As a result it
has not been possible until recently to easily
upgrade the performance of an existing design
by simply plugging in a more intelligent pin-for-
pin substitute.
The circuit to be described has been under
development at Silicon General for more than
two years, and represents an attempt to fit as
much function as possible within the constraints
of the original device pin-out. Designated the
SG1524B, the device block diagram is shown in
Figure 1.

2. FUNCTIONAL DESCRIPTION
A precision +5.00V reference trimmed to an
initial £1% accuracy provides a voltage standard
for the regulation loop. It also powers most of the
internal control circuitry, eliminating adverse
effects due to fluctuating supply voltage. A high
gain error amplifier compares the reference
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voltage with the switchmode supply output
voltage, and generates a PWM control voltage
at Pin 9. This voltage is compared against a
periodic linear ramp generated by the oscillator
circuit. Oscillator frequency is determined by an
external timing resistor and capacitor, RT and
CT. The comparator output is a fixed-frequency,
variable pulsewidth logic signal which passes
through routing logic to one of the two high
current output transistors if the Shutdown pin is
LOW.

A current limit amplifier within the IC overrides
the PWM control voltage when the voltage
differential at the Current Limit Sense inputs
reaches 200 mV. This built-in threshold permits
direct sensing across an external current sam-
pling resistor. On-chip undervoltage lockout
circuitry protects the power semiconductors in
the switchmode supply by guaranteeing orderly
start-ups and shutdowns as supply voltage is
switched on and off.

Each control section of this new PWM controller
has been either redesigned for improved
performance, or is a completely new function
compared to the original SG1524 design. A
detailed description of each section follows to
highlight the major improvements.

2.1 Bandgap Reference Regulator

The precision reference uses the predictable
base-emitter voltage of NPN transistors to
generate the +5V reference voltage, rather than
a zener diode" 2. The advantages of this design
approach are: lower noise due to elimination of
the shot noise associated with an avalanche
device, low turn-on drift, better long term
stability, and operation from a lower supply
voltage. The primary disadvantages are that the
bandgap requires more components, and
thermal matching of key devices is necessary for
realizing low thermal drift.
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FIGURE 1. BLOCK DIAGRAM OF THE SG15248 PULSE WIDTH MODULATOR.

ZENER  BANDGAP

REFERENCE REFERENCE
Minimum Supply
Voltage 8v v
Output Noise
Voltage 75uVrms 25 uVrms
Long Term Stability 1%%6";/:5 ; 050('Jnr\1/r/s
Turn-on Drift 5-35 mV 2mV

TABLE 1. COMPARISON OF ZENER AND BANDGAP REFERENCE TYPICAL
PARAMETERS

The ability of the PWM controller to be fully func-
tional with a 7V supply enhances its usefuiness in
portable instrumentation applications, where six-
cell Ni-Cad battery packs are frequently found,
and a 1.16V cell voltage is defined as end-of-life
before recharge.

2.2 Undervoltage Lockout

The undervoltage lockout circuitry prevents
spurious turn-on commands to the external
power transistors when the supply voltage to the
integrated circuit is too low for proper operation.
When the reference voltage is less than +4.5V,
the output transistors are forced to an OFF or
nonconducting state. Additionally, the output of
the error amplifier is clamped to ground. When
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the supply voltage rises to +7V, the output
drivers are enabled and the amplifier output is
released. Since compensation capacitance is
usually present at Pin 9, this provides a measure
of built-in soft start.

During the power-up period of the controller,
when the undervoltage lockout is active, bias
current is freely supplied to all the internal
control circuitry. This insures that all control
functions have stabilized in the proper state when
the turn-on voltage is reached, and it prevents
the possibility of start-up glitches.

The lockout circuitry monitors the reference
voltage rather than +V|p to allow the SG1524B
to be used with +5V supplies in the same manner
as the original SG1524. If the +V | pin is
connected to the VRer pin and +5V +10% is
applied, the control chip will function normally.
When the undervoitage sense circuitry monitors
the +V) pin, this type of operation is not
possible due to the 2-3V drop across the internal
regulator.

To provide jitter-free turn-on and turn-off points.
the lockout circuitry has been designed with
approximately 500mV of hysteresis. This provides
rejection of 120Hz ripple on the +V|; line, and
reduces capacitive filtering requirements on the
controller supply voitage.



23 Emor Ampiifier

The error ampiifier of the SG1524B was designed
with three principle goals in mind: a common-
mode range extending from +2.5V to +VREF
excellent supply voltage and common-mode
noise rejection characteristics, and a minimum
voitage gain of 60 dB at +125°C. Like its
predecessor, it is a transconductance amplifier
with a high-impedance output to permit external
soft-start circuitry.

FIGURE 2. SCHEMATIC DIAGRAM OF THE SG15248 ERROR AMPLIFIER.

Input transistors Q1 and Q2 are connected as
emitter-followers with their collectors tied to the
+5V reference supply. This configuration
provides the required common-mode range, even
with +V|\ connected to Vrgf for operation from
a +5V supply. It also provides current gain to
reduce input bias current, and produces a low
impedance source to drive level shifters Q3 and
Q4. These PNP devices operate at a forced beta
of 1.0, and are connected common-base to
maximize frequency response. Input stage
operating current is set up by the 100 uA bias
supply to the common base. Frequency response
is further improved by the low impedance
collector loads Q5 and Q7. These two devices
are diode-connected and form the input sides of
two precision 2-to-1 current mirrors, which
provide additional current gain. The output
current of Q6 provides the pull-down or sink
current for the amplifier output. The collector
current of Q8 is referenced to the +5V supply rail
by the Wilson current mirror consisting of Q9,
Q10, and Q11. The collector current of Q11
provides the pull-up or source current for the
ampilifier output.

It can be seen from the symmetry of the circuit
that a differential input voltage is converted to an
output current, with a maximum of +200uA

available. The open-loop voltage gain can be
shown to be °

q
Ay =gm R =Ig—R|_=.001 R at +25°C.
kT

Since R|_is the parallel combination of the
output impedances of Q6 and Q11, and is
typically 4MQ, an open-loop voltage gain of
72dB is obtained.

The circuit design of the output stage insures
that the maximum positive output swing never
exceeds +4.3V. This is important when
considering loop recovery from momentary
overloads which drive the PWM to maximum
duty cycle. The peak value of the sawtooth
oscillator waveform is +3.4V, and the error
amplifier must slew from positive full scale to less
than this voltage to reduce the duty cycle from
maximum. Some error amplifier designs clamp
the output voltage with a 6.3V zener diode, nearly
tripling the recovery time from overtoad.

Since all the voltage gain of the error amplifier
takes place at the output pin, the amplifier can be
easily frequency compensated at this node with
shunt reactance to ground. The uncompensated
amplifier exhibits an open loop pole at 350 Hz
and a typical unity-gain bandwidth of 2 MHz.

24 Current Limit

The current limit amplifier has been redesigned
to eliminate the two most common complaints
about the original SG1524: limited input voltage
range and slow response time. In the original
design the £1V common-mode range restricted
current sensing to the supply return line only. In
many systems, ground returns cannot be separ-
ated, making the current limit function unusable.
Also, the internal frequency compensation pro-
vided freedom from oscillation at the expense of
response time.

+CURRENT
SENSE!

—~CURRENT

FIGURE 3. HIGH-GAIN CURRENT LIMIT AMPLIFIER.

In the new design, input transistors Q1 and Q2
allow common mode voltages as low as —0.3V
over the operating temperature range, allowing
sensing in the ground line for configurations that



require it. The upper limit is restrained only by
the value of +V)p;, to which the level-shifter
current sources 11 and 12 are referenced.

The voltage drop across R2 creates a 200 mV
offset voltage at the amplifier input which pro-
vides the current sense threshold. The positive
0.2%/° C temperature coefficient of R2 is balanced
by a negative tempco for 12, effectively cancelling
effects of temperature on the current sense
threshold.

Since both the allowable common-mode and
differential voltages are much greater with this
design, higher current foldback ratios can be
achieved compared to the maximum of 3 or 4
possible with the earlier part. Also, the bias
currents are a factor of 10 lower, resulting in
more consistent limiting thresholds from unit-
to-unit when foldback is employed.

Because there is no internal compensation
capagcitor, stability in the current limit mode

will depend on external components. Due to
the controller architecture, in which the output
of the current limit amplifier overrides the error
amplifier, these external frequency compensation
networks may either be shared with the error
amplifier or optimized for the current limit
amplifier. The two choices are shown in the
figures. In either case, the designer now has the
freedom to optimize bandwidth for his particular
switcher configuration.

Loap
—i

RSENSE

FIGURE 4. CURRENT LIMIT COMPENSATION IN COMMON WITH ERROR AMP.
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FIGURE 5. CURRENT LIMIT WITH OPTIMIZED FREQUENCY COMPENSATION.

2.5 Osclllator

The sawtooth oscillator circuitry of the SG1524B
incorporates the same design improvements
recently applied to the SG1524. These result in
greatly improved external drive and synchro-
nization capability, together with reduced
sawtooth undershoot at high frequencies.

In the original SG1524 design, an external
synchronization pulse applied to the OSC pin did
not generate a self-sustaining discharge cycle.
The extent of the discharge of C1 depended on
both the amplitude and duration of the external
pulse. As a result, it was possible to generate
erratic sawtooth waveforms with partial dis-
charge cycles and pulse-to-pulse modulation of
waveform endpoints. The frequent result was
audible noise from subharmonics, transformer
saturation, and destruction of the power
transistors.

In the improved design, an external sync pulse
which meets the minimum threshold require-
ments triggers a positive feedback circuit. This
circuit drives the oscillator to end-of-discharge
even if the external pulse is very narrow. Due to
the feedback, there exists no in-between or quasi-
synchronized state; the oscillator switches
smoothly between free-running and synchro-
nized modes as the external pulse amplitude is
varied through the trigger threshold.

The positive feedback also effectively bootstraps
the comparator gain, providing enhanced voltage
swing and output current at Pin 3 to drive peri-
pheral circuits. The improved oscillator design,
together with a fast, DC-coupled toggle flip-flop,
permits operation beyond 500 kHz. However, the
limitations associated with single-transistor out-
puts put a practical upper limit of 400 kHz on the
device.

2.6 Full Double-Pulse Suppression Logic

The PWM logic in the SG15248 insures that the
output pulses always alternate from side to side,
regardless of the action of the shutdown circuit.
This is very important in push-pull switcher



configurations, where two pulses in succession
on one side of the power transformer primary will
cause core saturation and instantaneous failure
of the power transistor.

The logic consists of two sections: a PWM latch
circuit and a memory flip-flop. The latch allows
only one pulse through per oscillator cycle. Once
a PWM pulse is terminated, whether due to the
normal PWM process or due to SHUTDOWN
going high, the pulse cannot start again until the
beginning of the next oscillator cycle. Pulse-by-
puise current limiting is easily accomplished now
because of the latch feature and the completely
digital (and therefore very fast) shutdown
circuitry.

The memory flip-flop insures that output pulses
always alternate from the output transistors. This
is accomplished by generating a clock to the
toggle flip-flop only if a PWM puise was gener-
ated during the previous cycle. In the original
1524, the toggle flip-flop changes state with every
oscillator puise, irrespective of what the outputs
are doing.

Figures 6 and 7 illustrate the difference in per-
formance between two PWM control ICs, one
with only a data latch and the other with the full
double-pulse suppression logic described above.
The triple-trace photos in each example show an
alternating output pulse sequence interrupted by
a SHUTDOWN command, followed a short time
later by resumption of outputs from Emitters A
and B. Oscillator frequency is 40 kHz for each
device, so 20 kHz is obtained at the output
transistors.

TRACE 2

TRACE 3
ouTPUTB

HORIZONTAL: 5048EC/DIV
VERTICAL: (TRACE 1) $ VOLTS/DIV
(TRACES 2 & 3) 10 VOLTS/DIV

FIGURE 8. OUTPUT SEQUENCE WITHOUT DOUBLE PULSE SUPPRESSION.

In the first case, the PWM pulses are alternating
can BABAB when a SHUTDOWN signal inhibits
the outputs for five oscillator cycles. When
output resumes, the output sequence begins
BABAB . .. .Two pulses have occurred in suc-
cession from Emitter B.

With the second control IC, the PWM pulses are
again alternating BABAB when a SHUTDOWN
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signal is received, again inhibiting output for five
oscillator cycles. When SHUTDOWN is removed,
output resumes, but with an ABABA . . . sequence.
The potential double-pulse from Emitter B has
been eliminated by the internal pulse-steering
logic.

TRACE 1

TRACE 2
OUTPUT A

TRACE 3
OUTPUT B

HORIZONTAL: 50,/8EC/DIV
VERTICAL: (TRACE 1) 5 VOLTS/DIV
(TRACES 2 & 3) 10 VOLTS/DIV

FIGURE 7. OUTPUT SEQUENCE WITH DOUBLE PULSE SUPPRESSION.

This side-by-side pulse-routing problem exists
for any PWM control IC with push-pull archi-
tecture and a truly digital shutdown function. In
the original 1524 design, recovery from shutdown
was fairly slow since the error amplifier output
was pulled to ground for turn-off. Turn-on was
limited by the 100uA output current of the error
amp, the internal compensation capacitor in the
current limit circuitry, and any external frequency
compensation components. This created an
inherent soft-start characteristic. With digital
shutdown, the error amp voltage is not
immediately affected; the first pulse out after
shutdown can be the same width as before
shutdown, making pulse-routing logic an
absolute necessity to guarantee the safety of the
power switches.

2.7 Output Transistors

In response to requests for greater output drive
capability, the output transistors were redesigned
for both higher breakdown voltage and more
current.

In a PWM controller with a single-transistor out-
put structure, the load driven is frequently one end
of a center-tapped transformer primary winding.
Since the maximum collector voltage is 2 x V.
the absolute maximum rating of 40V for the earlier
device restricted the supply voitage to 20V. Con-
sideration given to the effects of transformer
leakage reactance would reduce this voltage still
further. The SG1524B output transistors carry
BV(EX ratings of 60V, high enough for use on a
standard +28V supply bus.

Output device geometry was scaled up to aliow
reliable operation at continuous collector




currents of 100 mA. This represents a factor of
two improvement over the earlier device, which
was characterized only at 50mA. As a further aid
to the designer, the data sheet for the new device
specifies maximum saturation voltage at two
continuous current levelis: 10mA and 100mA. The
maximum peak current capability of the output
transistors is 200mA for 1uS.

The anti-saturation clamp circuitry around the
output transistors found in the earlier PWM
controller has been retained in the SG1524B to
enhance switching speed. Each output transistor
is also guarded against excessive current by
protective circuitry which limits the maximum
continuous current to 150mA at +25°C.

3. DESIGN EXAMPLE
The functional usefulness of a new device is best
demonstrated by study of an actual switcher
design. The circuit described illustrates full con-
trot of a power supply with a single integrated
circuit, resulting in reduction of overali cost and
an increase in supply reliability through reduc-
tion of component count.
The circuit illustrated in Figure 8 is a push-pull,
+28V to +5V converter operating at 50 kHz. The
power supply is unique in that the only active
component is the SG1524B regulating pulse
width modulator; the only other semiconductors
required are diodes.
The DC-coupled push-pull configuration was
chosen because it is most sensitive to PWM
controller anomalies which cause side-to-side
imbalance. These include start-up problems such

as output from only one driver until the toggie
flip-flop begins to be correctly clocked by the
oscillator. During normal operation, side-to-side
imbalance of volt-second product due to unequal
propagation delays in the IC can cause the onset
of core saturation. Finally, as outlined earlier,
when the digital Shutdown control is activated,
double-pulse sequencing can drive the excursion
of the transformer core flux past the saturation
knee of the BH loop.

Capacitor C3 acts as a high-frequency bypass
for the IC supply line, while C6 is the high cur-
rent reservoir for the power stage. The oscillator
is set for 100 kHz with C4 and R5. When

divided by two by the action of the internal
toggle flip-flop, this becomes 50 kHz at the
power transformer. The +5V reference is filtered
against high frequency noise pick-up by R2 and
C1, and applied to the non-inverting input of the
error amp. The inverting input is connected to
the power supply output terminals to form the
negative feedback loop required for regulation.
R3 minimizes the effects of input offset bias
current by equalizing the source impedance seen
by each error amp input terminal. Closed loop
stability is provided by frequency compensation
components R4 and C2, using the common
technique of cancelling one of the two poles of
the LC output filter with a open-loop zero in the
error amplifier.*

In the power section of the supply, the two
output transistors are used to directly drive a
center-tapped transformer. A snubber network
consisting of C5 and R6 modifies the inductive

+28v OO

c3
R1
47K o=
18y

SHUTDOWN H ) sw1

D1 7.50

5 —»ij) +5V OUT
1004 $RA7
. 1K
cr
50047

R8
36K

L

RETURN

D2

+CURRENT LIMIT .—J

- CURRENT LIMIT -
AND
INVERT. IN

FIGURE 8. A SINGLE IC 50 kHz PUSH-PULL CONVERTER.
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load line seen by each transistor. The trans-
former itself is wound on a small ferrite core;
turns ratio is 3:1. Rectifier diodes D1 and D2 are
Schottky junction devices to maximize efficiency
at +5V output. Filtering is provided by L1, wound
on a permalloy powder toroid, and C7.

The improved common mode range of the cur-
rent limit amp is used to good advantage here;
Current sensing is done directly in the output
line. A foldback ratio of 7.5 to 1 is obtained with
the given values of R7, R8, and R9. The divider
formed by R7 and R8 applies a back-bias of 1.3
volts, or 6.5 times current limit threshold, when
the supply output is at +5.0V. Peak output
current before onset of current limiting is 200
mA, and short-circuit current is only 25 mA.
Rapid turn-off of the control circuit is accom-
plished by closing SW1. R1 and Z1 limit the
maximum voitage applied to the Shutdown
terminal to less than +5V.

While capable of only limited output power due
to thermal limitations of the 16 pin Cerdip pack-
age, the supply amply illustrates the controller
ability to perform all the major control functions
required both during start-up, normal regulation,
and overload.

4. CONCLUSION
In the past it was often necessary to incorporate
additional components around the 1524 pulse-
width modulator to enhance its capabilities, and
to guard against various functional anomalies.
Economically this was feasible due to the relative
cost of the control device compared to the cost
of the peripheral components.
With the occurrence of the usual price decline
characteristic of most integrated circuits, the
economic balance has shifted. Many users now
pay more for the necessary support circuitry
than for the 1524 itself.
The availability of the SG1524B now gives the
designer another option. In many instances
costly additional support components can be
eliminated and a functionally superior device
may be plugged directly into an existing design,
with the benefit of simplicity, greater reliability,
and reduced overall cost.
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Application Notes — SG1524/1525A/1526/1527A/1627

POWER SUPPLY CIRCUITS HEAD FOR SIMPLICITY BY INTEGRATION

Stan Dendinger
Advanced Product Development
Silicon General, Inc.
11651 Monarch Street
Garden Grove, California 92641

SUMMARY

The benefits obtained from switching power supplies have
become universally recognized by power systems engineers in
the past several years. However there has been a simultaneous
realization that, too frequently, gains in efficiency and reduc-
tions in weight have been accompanied by an escalating com-
ponent count and a decrease in reliability and predictability of
performance. To effectively solve these problems, integrated
circuit manufacturers have recently designed new products
specifically for switchers. These devices offer the proven ad-
vantages of monolithic technology: compactness, accuracy,
reproducibility, higher performance through reduction of para-
sitics, and the economies of mass production.

This paper reviews the circuit simplifications made possible
by these specialized devices, as typified by the first practical
switching regulator control chip, the SG1524 Pulse Width Modu-
lator, .and later by other circuits such as the ZN1066, the
TL494A, and the MC3420. A second potential area of power
supply simplification is the interface between the control circuit
and the high power switching transistors. Two specialized driver
circuits, the SG1627 and SG1629, are described which provide
high-level turn-on and turn-off signals for efficient switching.
Finally some second and third generation puise width modulator
designs will be discussed. These later devices, designated the
SG1525/27 series and the SG1526, offer even higher levels of
control function integration compared to earlier designs. The
SG1526 in particular integrates a number of protective control
features which substantially increase the reliability of the power
semiconductors in “real world” switching power supplies.

HISTORICAL PERSPECTIVE

A basic pulse width modulated switching power supply re-
quires only four control elements: a precision reference voltage,
a ramp oscillator, an error amplifier, and a differential voltage
comparator. Each of these elements has been available in inte-
grated circuit form for years, with the well-established benefits
of reduced physical size, greater reliability, and increased per-
formance. In light of this background, the development of a sin-
gle monolithic circuit for switching power supply control appears
to be a logical progression.

One of the first devices available to power supply de-
sigers was the SG1524 Pulse Width Modulator from Silicon
General. This circuit, shown in Figure 1, contained all of the
basic control elements required for a switching regulator. In ad-
dition to providing the four basic control elements, the device
allowed for push-pull configurations by inclusion of a toggle flip-
fiop and dual alternately-gated output transistors. Finally, provi-
sion was made for some abnormai power supply operating con-
ditions. An analog current limit circuit and a digital shutdown
control were included to provide protection against short circuits
and other load faults.
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FIGURE 1. SG1524 PULSE WIDTH MODULATOR
BLOCK DIAGRAM

Despite this level of compiexity, the device was easy to
understand and was quite flexible. As a resuit, since its intro-
duction in 1976, the SG1524 has been very widely accepted
within the power supply industry, finding its way into a majority
of new designs, including exotic applications in communications
satellites and the space shuttle program.

POWER DRIVER INTEGRATION

As experience was gained in applying the SG1524, it be-
came apparent that there was a gap between the output power
capabilities of the control integrated circuit and the drive levels
required by the power semiconductors. Two areas were identi-
fied within most supply configurations where specialized driver
functions could be successfully implemented with monolithic
technology.

An Integrated Source/Sink Driver

The first design is a dual 500mA totem-pole driver with ex-
ternally programmable current sourcing. Both inverting and non-
inverting logic inputs are available, and may be driven by either
an open-collector control circuit or (with a diode) by TTL logic.
Connections to the high current output transistors are brought
out separately, allowing maximum flexibility when interfacing
with standard bipolar transistors, the new VMOS power FETs,
and transformers.
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FIGURE 3. DRIVING BIPOLAR JUNCTION TRANSISTORS
WITH A TOTEM-POLE SWITCH DRIVER

Power Bipolar Drive is accomplished with the connection
shown in Figure 3. R2 controls the magnitude of forward base
drive, and is selected to develop a voltage drop of one VB
when the output Darlington pair is sourcing 350mA. At the
same time R3 develops a 3.5 volt differential, which is stored by
C1. During turn-off, sink transistor Q9 saturates, pulling the out-
put terminal to ground. The emitter-base junction becomes
reverse biased from a low impedance source, allowing stored
base charge to be rapidly extracted.

Power FET Drive is possible with a minimum of external
components. The source/sink capability of the SG1627, to-
gether with its fast edge speeds, makes it an ideal driver for
power MOSFET devices. Although MOSFETs have negligible
DC gate current, input capacitances of 800—1000pF exist in
the higher current units. Since this capacitance must be
charged and discharged by 10 or 12 volts in 10 to 20 nano-
seconds, high peak currents are required. At switching frequen-
cies of 200 kHz, considerable dynamic power dissipation is
required of the drive cicuit to obtain the high speed switching
benefits of these devices.

In Figure 4, peak currents in the output stage are limited by
R2, while R{ helps minimize power in the SG1627. With some
power FETs, a 100 ohm resistor in series with the gate lead
may also be necessary to eliminate device oscillations.
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FIGURE 4. A SOURCE/SINK DRIVER PROVIDES THE
PEAK CURRENTS REQUIRED BY POWER FET'S AT
HIGH SWITCHING FREQUENCIES

Transformer Drive is the third interface area where an inte-
grated power driver can eliminate components. Most bi-phase
transformer drive circuits using grounded emitter transistors
require additional components to reset the magnetic flux to zero
every half cycle. This is necessary to insure that no net DC
excitation is applied to the transformer primary over many
cycles of operation, thereby avoiding core saturation. These
additional components may include extra transformer windings,
clamp diodes, and anti-phase driven clamp transistors. A much
less complex circuit can be achieved with the SG1627, as
shown in Figure 5.
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ISOLATED
LOAD

Q
nv. Q—Q
GROUND ?jn

FIGURE 5. THE LOW IMPEDANCE OF THE SG1627 IN
BOTH ON AND OFF STATES ALLOWS DIRECT
TRANSFORMER DRIVE WITH A MINIMUM OF
EXTERNAL COMPONENTS



In this circuit the transformer primary is voltage-driven by
the source/sink output structure of the SG1627. Core reset to
zero occurs automatically during deadtime, when both ends of
the primary winding are switched to ground. Resistors Ry and
Ro serve as over-current protection for the driver in case of
control malfunction or onset of core saturation due to load faults
on the secondary. No center tap is required, resulting in elimin-
ation of winding balance problems.

An Integrated Floating Switch Driver

The second interface considered was that between the
secondary winding of a drive transformer and the base-emitter
junction of an NPN power transistor. This configuration is fre-
quently found in off-line converters, where a half or full bridge
design is chosen because of the high input supply voltage. In
this case the design problem consisted of providing controlled
forward base drive to the power device during the -positive po-
larity of the secondary voltage, and a fast negative peak current
for rapid switch-off during the negative portion of the cycle. No
power other than that provided by the transformer secondary
should be required, so that the power device can be floated
above ground by several hundred volts.
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FIGURE 6. SG1629 FLOATING SWITCH DRIVER
BLOCK DIAGRAM

The circuit shown is a modification of a discrete design
developed by Pete Wood while at TRW Semiconductors!. Dur-
ing a positive cycle, base current flows from the drive transfor-
mer secondary winding through a source transistor which can
be programmed for current limiting. A center tap on the second-
ary completes the circuit for returning base drive current. At the
same time, external storage capacitor Cg is charged to a nega-
tive value through the high current rectifier diode in the switch
driver. When the secondary voltage is driven to zero, the recti-
fier diode becomes reverse biased. The resulting positive drive
turns on the Darlington sink transistors, which reverse-biases
the base-emitter junction of the power device through the stor-
age capacitor. A large negative current spike results, minimizing
the turn-off time and power loss in the switching transistor.
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FIGURE 7. SG1629 FLOATING SWITCH DRIVER
SCHEMATIC DIAGRAM

As the detailed schematic of the SG1629 indicates, in addi-
tion to the high current Darlington source and sink transistors
the circuit also contains several gating options for the sink or
turn-off section of the driver. Source transistors Q3—Q4 and
sink transistors Q6—Q7 are designed fo 2 amp collector cur-
rents. Base drive to the source is provided by R2, while Q5 pro-
vides current limiting. On the sink side of the circuit, base drive
to Q6—Q7 is normally provided by a resistor connected to Pin
3. Q1 senses the polarity of the input voltage and gates the
source transistor off between each drive current pulse. This
action allows the external storage capacitor to be charged even
at very low duty cycles, since the discharge current during the
“off" portion of the drive cycle becomes negligible. The sink
gate input is used when the risetime of base turn-on current is
important, and transformer inductance is a significant limiting
factor. Methods for using this feature are found in the SG1629
application note2.

Power Driver Summary

Two integrated power driver circuits designed specifically
for use in switch-mode power supplies have been reviewed.
These devices provide the necessary power gain between a
complex low-power control circuit and high voltage, high current
switching semiconductors, while offering greater performance in
a reduced volume compared to discrete component designs.
Monolithic technology will provide even higher levels of voltage
and current handling capability in the future as soon as semi-
conductor packaging technolgy solves the problem of providing
large pin-outs in a high power dissipation package.

A SECOND GENERATION
PULSE WIDTH MODULATOR CONTROL CIRCUIT

As switch-mode power supplies gained in popularity, a de-
mand was made by power supply design engineers for an inte-
grated circuit that offered all of the functions of a control device
and the interface capabilities of a power driver. The SG1525A
series of pulse width modulators represents a combination con-
trol IC and power driver. The control section is based upon the
time-proven architecture of the SG1524, while the output stage
of this device combines many of the elements of the previously



discussed 1627 power driver. At the same time, improvements
were made within the architecture of the control chip to include
even more functions than were originally available on the 1524.

The internal reference regulator on the chip is trimmed to
an accuracy of * 1%, compared to the original * 4%. Secondly,
the chip now contains on-chip shutdown and soft start circuitry.
The only external components required are an external timing
capacitor. A third area of improvement is in the common mode
range of the error amplifier. By designing the error ampiifier so
the common mode range now includes the 5.1V of the refer-
ence, a reference divider network is no longer necessary, thus
eliminating two external resistors. The oscillator circuitry has
been redesigned to make dead time control easier and multiple
device synchronization easier. Finally, the output stage has
been redesigned so that, instead of a single transistor which is
periodically turned on for pulse width modulation, an output
source/sink driver or totem-pole type design is used. Since this
particular driver has the characteristic of low impedance in both
the on and off states, it becomes much easier now to interface
the control circuits with external power transistors including
standard bipolar junction devices, the new power FETs, and
also drive transformers.

This new family of regulating puise width modulators is
designated the SG1525A/1527A series of devices, and the device
block diagram is illustrated in Figure 8.

FIGURE 8. BLOCK DIAGRAM OF A “SECOND
GENERATION” PULSE WIDTH MODULATOR FAMILY:
THE SG1525A/1527A SERIES

The trimmed reference regulator, which has an output vol-
tage of 5.1V, not only acts as the reference terminal for the
error amplifier control loop, but it acts as a power source for all
the internal circuitry, with the exception of the error amplifier
and the output drivers. The oscillator determines the basic
operating frequency of the pulse width modulator circuit. An ex-
ternal RT and CT are the components that are fixed to set this
frequency. Additionally, dead time is controlled by the insertion
of a small amount of resistance between the discharge terminal
(Pin 7) and the CT terminal (Pin 5) on the oscillator. The oscil-
lator circuit has two outputs: the ramp waveform, which is
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applied to the positive input of the pulse width modulation com-
parator, and a periodic positive-going pulse at the oscillator
output pin which acts as the toggle signal for the flip-flop. It is
also used as the deadtime control pulse for the output gating

logic.

The totem-pole output drivers are designed to easily inter-
face with either single ended or push-pull types of switching
power supply configurations. There are two output polarities
available with this series of pulse width modulators. In the
1525A series, the output gating is designed with NOR logic,
which results in a positive-going output pulse during active
time. The 15627A series uses OR logic, so that the active state
is a low or ground state. This particular polarity of output is
useful in certain types of proportional base drive circuits in
which feedback from the power transformer is used to pro-
vide base current, thereby compensating for variations in

transistor beta.
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FIGURE 9. SG1525A/1527A SO-FI'START CIRCUIT

Soft Start Circuit

The equivalent of the SG1525A/1527A soft start circuitry
is shown in Figure 9. An external capacitor CSOFT START
provides the timing element for the soft start cycle. This
capacitor is charged via a 50 micoramp current source inter-
nal to the chip. The P.W.M. comparator has two inverting in-
puts, and the more negative of the two voltages determines
the duty cycle. During undervoltage conditions on the V|N
line, current is forced through the two diodes in Q1’s base cir-
cuit. A voltage of approximately 1 VBE appears across Q1’s
emitter resistor, resulting in a collector current of approx-
imately 100 xA. Since the charging current available is only
50 uA, the soft start capacitor is held in a discharged state.
Because the volatge at pin 8 is 0, the PWM comparator ig-
nores the signal from the error amplifier, and zero duty cycle
is obtained. When the controller supply rises to 8 volts the
discharge current is turned off, and the voltage on pin 8 rises
linearly, resulting in gradually increasing duty cycle. Even-
tually the capacitor charges up very close to the reference
voltage and the duty cycle is controlled by the error amplifier.
If the voltage on the shutdown pin is raised above + 1.5 volts
the capacitor is slowly discharged at the same rate it is nor-
mally charged.
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FIGURE 10. SG1525A/1527A OSCILLATOR
SCHEMATIC DIAGRAM

Oscillator Description

The circuit for generation of the timing ramp waveform is
shown in Figure 10. The timing capacitor CT receives a con-
stant charge current from the compound current mirror formed
by Q1 and Q2. The RT terminal voltage is two VBE less than
the reference voltage, so that a resistor tied from Pin 6 to
ground sets up the charging current for CT. Transistors Q5
through Q10 form a voitage comparator which constantly com-
pares the voltage at CT to either a +3.3V or +1V reference,
depending on the state of the comparator. The timing capacitor
CT is discharged via the Darlington formed by Q3 and Q4.

When the voltage on CT is less than +3.3V, the discharge
network does not conduct and CT receives a constant charge
via the current mirror, resulting in a linearly increasing voltage.
When the +3.3V trigger level is reached, the comparator
changes state and turns on the discharge network. This rapidly
removes charge from CT so that the voltage fails towards +1V,
at which time the comparator changes state again and another
cycle begins. The discharge time of CT is used to generate the
blanking pulse at the oscillator output pin. The dead time or
pulse width at the oscillator output pin may be increased from
it's minimum value of approximately 400 to 500 nanoseconds
by a resistor between the discharge pin and Pin 5, which
lengthens the discharge time of CT during the second half of
the oscillator cycle.

A positive pulse at the sync pin will initiate a discharge
cycle in the oscillator. This pin then forms a convenient connec-
tion for synchronizing the IC to a frequency supplied by an ex-
ternal system clock.

Output Driver

A simplified schematic of the output gating and the
power output stage of the 1525A is shown in Figure 11. Tran-
sistors Q1, Q2 and Q3, together with a 500 microamp current
source, form a logical NOR gate where the pulse width
modulation signal from the pulse width modulation com-
parator, the dead time pulse from the oscillator, and one side
of the toggle flip-flop are combined. Q4 is an amplifier with

283

*VIN (i ®

VREF

1DOUTPUT A

500
uA

Qs

WM osc

FIGURE 1. SG1525A PULSE WIDTH MODULATOR
POWER OUTPUT STAGE

Q

active load which inverts the output signal from the NOR
gate. Q5, in turn, acts as the phase-splitter transistor for the
push-pull output. When Q5 is on, its emitter current drives the
base of Q8, holding the output low. At the same time, the col-
lector of Q5 is also low, thereby back-biasing Q6 and Q7, the
output puil-up devices. When Q5 turns off, its collector
voltage rises, turning on the output Darlington. At the same
time, Q8 turns off and the output terminal is pulled up
towards the Vg supply. Diode D1 acts to protect the base
emitter junction of the upper Darlington against reverse
breakdown. D2 acts to provide extra base drive currentto Q8
during turn off. If a capacitive load is present on the output
terminal, D2 will turn on and the extra collector current of Q5
will then be routed to Q8 so that Q8 in turn will be turned on
harder, thus discharging the output capacitance and enabl-
ing the output to fall rapidly to zero.

The source and sink transistors Q7 and Q8 in this driver
are designed to provide more than 100mA of current handling
capability. In most cases, the full current capability will not be
used in a steady state condition to drive an external load but
rather the peak current capability can be used to provide rapid
charging of external capacitance loads, thereby providing very
fast rise and fall times at the output of the driver.

10V
5V
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2A

200 NSEC/Division

Time Base:
Upper Trace: Power FET Gate Drive
Lower Trace: Power FET Drain Current

| FIGURE 12. SG1525A/POWER FET TURN-ON WAVE FORMS
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FIGURE 13. SG1525A/POWER FET TURN-OFF WAVE FORMS

Figures 12 and 13 illustrate the speed capabilities of the
output drivers when driving power MOSFETs, in this case a pair
of Siliconix VN64GA devices. The upper traces show the driver
output voltage swing for a collector supply of +12 Volts. The
lower waveforms are the 0-5 Amp drain currents of the FETs.
Switching times of 100 nanoseconds were acheived by driving
the gates directly from the totem pole outputs, and by limiting
peak currents to 200mA with a 62 ohm resistor at the +V(
terminal. Faster times can be obtained with the higher current
SG1627 Power Driver.

N 200
X
5
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g
i SG1525/27J \
5 100 +VC = 12 Volts
2 CL = 2 x 1000pF
[m]
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0
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Ambient Temperature - °C

FIGURE 14. SG1525A/1527A POWER FET DRIVE CAPABILITY

The ultimate frequency capabilities of the output drivers as
a function of ambient temperature for a given VMOS load is
shown in Figure 14. For this graph, a +VC supply of 12 Volts
was assumed. An effective power FET input capacitance of
1000 pF on each driver was also assumed. A thermocouple
attached to the ceramic dual-in-line package allowed junction
temperature to be caiculated based on a worst case 6yc of
60°C/W and a ©JA of 100°C/W maximum.
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For ambient temperatures below 90°C the maximum fre-
quency allowable is determined by the maximum possible oscil-
lator frequency of 400 kHz. Above 90°C operating frequency
and dynamic power dissipation must be reduced to keep the
junction temperature from exceeding +150°C. Different supply
voltages, capacitive loads, and heat sinking will result in other
temperature limits.

It will be noticed in comparing the block diagram of the
SG1525A/1527A family to that of the SG1524 that there is no pro-
vision made directly for current limiting on the 1525A/1527A. The
reason for this is that this chip is designed to interface with a
new output supervisory circuit, the AF1543. This device has an
extra comparator with adjustable offset which can be used for
providing the current limit function in conjunction with the
1525AN527A. Additionally, this particular chip has the capability
for providing under and overvoltage protection for the remainder
of the power supply.

A THIRD GENERATION
SWITCHING POWER SUPPLY CONTROL CIRCUIT

Supply operation to 40 volts

Reference trimmed to * 1%

Sawtooth oscillator with deadband control
PWM comparator with hysteresis
Undervoltage lockout

Programmable soft start

Wide error amp common mode range
Wide current limit common mode range
Two modes of digital current limiting
Double pulse suppression logic

Single pulse metering logic

o Symmetry correction capability

e TTL/CMOS compatible logic

e Dual 100mA source/sink output drivers

TABLE 1. DESIRABLE FEATURES OF A
HIGH-PERFORMANCE PULSE WIDTH MODULATOR

An ideal circuit for switching power supplies should inciude
not only the elements necessary for normal pulse modulation
operation, but also the full range of abnormal operations. Ideal-
ly, the circuit should contain as many protective features as
possible for the power semiconductors. if a table of parameters
were constructed for such device, it would look much like that
shown in Table 1. Analysis of the features in the table would
show that most of the new features are control related and are
therefore ideally suited for inclusion in an integrated circuit,
where a great deal of complexity can be easily compressed into
a very small area. Just such a device has been designed by
Silicon General, and the block diagram of that device is shown
in Figure 15.
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FIGURE 15. SG1526 HIGH PERFORMANCE PULSE WIDTH
MODULATOR BLOCK DIAGRAM

As can be seen, the four basic elements of the pulse mod-
ulator are present: a reference regulator, error amplifier, saw-
tooth oscillator, and a pulse width modulation comparator. Of
particular interest are some new features in the block diagram:
an undervoltage lockout, soft start circuitry, digital current limit
comparator and digital signal processing logic between the
pulse width modulation comparator and the output power
drivers.

The operation of the circuit is as follows: An on-chip regu-
lator trimmed to 1% is both reference voltage for the error am-
plifier, and also the stabilized power source for all the internal
circuitry, with the exception of the error amplifier, the current
limit comparator, and the output drivers.

The sawtooth oscillator is programmed for a specific fre-
quency and deadband by values of RT, CT and Rp. The re-
sulting ramp waveform is applied to one side of the pulse width
modulation comparator, which has been designed with a very
small amount of hysteresis to prevent oscillations at the com-
parison point. The other terminal of the PWM comparator is
connected to the output of an error amplifier which has been
designed with a common mode range that includes both ground
and the 5V reference.

Also associated with the amplifier is on-chip soft start cir-
cuitry. This soft start circuitry is controlled not only by an exter-
nal RESET terminal, but also by the undervoltage lockout cir-
cuitry. If the reference voltage should be less than the 5V
required for normal linear operation of the control circuitry, the
RESET terminal on the soft start is held low by the undervolt-
age lockout, thus preventing the soft start capacitor from charg-
ing. At the same time, the power output drivers of the device
are inhibited, thus making it impossible for spurious output
pulses to occur during undervoltage conditions.

The digital output of the pulse width modulation comparator
is ANDed with the output of the current limit comparator. This
provides very fast response to overcurrent conditions. The cur-
rent limit comparator has a fixed input offset of 100mV pius a
slight hysteresis of 20mV to eliminate indecision at the thresh-
old point. The PWM signal from the AND gate is followed by
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three levels of pulse processing logic. It first passes through a
metering flip-flop whose function is to allow only one output
pulse per oscillator cycle, thus eliminating oscillations and per-
mitting pulse-by-pulse current limiting. The second element is a
memory flip-flop. This flip-flop is part of the double pulse sup-
pression logic and prevents two pulses in succession from one
output driver, independent of conditions on the SHUTDOWN
terminat, RESET terminal or error amplifier inputs. Also in-
cluded is a toggle flip-flop which alternately gates first one driv-
er and then the other in the presence of a PWM signal.

The final elements in the block diagram are the source/sink
output drivers, with a separate collector supply voltage terminal
brought out for additional flexibility.

A simplified version of the undervoltage lockout circuitry is
shown in Figure 16. The circuitry consists of a 1.2V bandgap
reference and a voltage comparator which are fully operational
for reference voltages greater than 2.1V. When the reference
voltage is greater than 2.1V, the output transistor is turned on,
inhibiting both power output drivers, It also holds the RESET
line controlling the soft start circuitry in the low state, thus pre-
venting the soft start capacitor from charging, and guaranteeing
zero duty cycle.

Resistive divider R1 and R2 is scaled so that when the
reference voltage reaches 4.5V the comparator changes state,
thus releasing the soft start capacitor and also enabling the
power drivers. Approximately 200mV hysteris is built into the
comparator so that the transition from lockout to fully on is not
accompanied by indecision and jitter.

VREF
TO RESET
R1
< TO DRIVER A
+ TO DRIVER B
1.2V o
BANDGAP
REFERENCE| L
R2

o

FIGURE 16. THE UNDERVOLTAGE LOCKOUT CIRCUIT
CONTAINS A BANDGAP REFERENCE AND
COMPARATOR WHICH BECOMES ACTIVE AT
VREF= 3 VBE =~2.1 VOLTS

Monitoring the reference voltage rather than the input ter-
minal voltage has an additional benefit. With this particular con-
figuration, this chip can operate on +5V by connecting the
+V|N terminal to the VREFERENCE terminal and then regu-
lating the input voltage between 4.5 and 5.5 volts. This is a
desirable feature where other supply voltages must be gen-
erated from a regulated +5V source.
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FIGURE 17. THE SG1526 OSCILLATOR PROVIDES
DEADBAND CONTROL BY RATIOING THE
CHARGING CURRENTS TO CT

A simplified schematic of the oscillator of the 1526 is
shown in Figure 17. A new approach is taken for controlling
dead time in the circuit. The principle of operation is similar to
the 1524 and 1525 oscillator. A timing capacitor is charged via
a constant current programmed by an external resistance RT.
When the capacitor has charged linearly up to a nominal 3.2V,
a voltage comparator changes state, thereby turning on a dis-
charge network which reduces the capacitor voltage very rap-
idly to the +1V level. The distinctive difference between the
oscillator in the 1525 and that in the 1526 is that the discharge
network is a current source instead of a semi-saturating Dar-
lington. In the 1526, the discharge circuit is formed by a com-
pound current mirror, Q3, Q4 and Q5. The output current of this
current mirror is ratioed to the current charging in CT by a ratio
of 30:1. This results in a charge time to discharge time ratio of
approximately 29:1 independent of the value of CT. This ratio
can be modified to give longer dead times by insertion of a
small amount of resistance from Pin 11 to ground. With this
technique, dead times up to 50% or more are easily obtainable.
This oscillator configuration has the advantage that the mini-
mum dead time for the oscillator is now fixed at approximately
3% independently of the frequency of the circuit.

The remainder of the oscillator circuit functions similarly to
that of the 1525. One notable exception is the TTL compatible
buffer gate between the SYNC output pin and the remainder of
the circuit. This enables the port to be bi-directional, driven
either by open-collector TTL or by open-drain CMOS, or to itself
drive other TTL or CMOS logic.
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MEMORY

METERING F/F
FIF

METERING FLIP-FLOP MEMORY FLIP-FLOP

DESCRIPTION:
FUNCTION:

ASYNCHRONOUS DATA LATCH
ALLOWS ONLY ONE PWM PULSE
PER OSCILLATOR PERIOD
SUPPRESSES HIGH FREQUENCY
OSCILLATIONS

DESCRIPTION: SET-RESET FLIP-FLOP
FUNCTION: REMEMBERS WHICH OUTPUT
PRODUCED LAST PULSE
INHIBITS DOUBLE PULSING IN
PUSH-PULL CONFIGURATION

BENEFIT: BENEFIT:

FIGURE 18. SG1526 PULSE PROCESSING LOGIC

286

Figure 18 contains a brief explanation of the pulse proces-
sing logic in the 1526. The logic consists of two specialized flip-
flops: a metering or data latch flip-flop, and a set/reset or
memory flip-flop. The metering flip-flop is basically an asynch-
ronous data latch which is enabled by a sync pulse from the
oscillator during the beginning of every oscillator cycle. Once
the metering flip-flop is enabled, a PWM signal may pass asyn-
chronously through the device. However, once the signal is
terminated for any reason, no new pulse can propagate through
the data latch untit a new sync pulse is received at the begin-
ning of the next oscillator cycle. This feature allows each indivi-
dual pulse to be terminated either by the action of the current
limit comparator or by external circuitry which pulls the SHUT-
DOWN pin low. This feature allows the SHUTDOWN pin to
be a convenient input port for a strobe pulse from symmetry
correction circuitry.

The function of the memory flip-flop is to generate the clock
pulse for the toggle flip-flop, which alternately gates the two out-
put power drivers. It operates as follows: Let us assume that
the flip-flop begins operation in the reset state. When a sync
pulse is received from the oscillator, the Q terminal is then
driven low, generating a clock pulse for the toggle flip-fiop,
which then changes state. If a PWM signal is generated during
this oscillator cycle, then the flip-flop is reset, thus enabling it to
generate another clock at the beginning of the next oscillator
cycle. If no pulse width modulation signal is generated because
the duty cycle has gone to zero or SHUTDOWN has been
pulled low, then the memory flip-flop will not be reset, and when
the next sync pulse occurs, no clock will be generated. In this
way, the output flip-flop is toggled only upon generation of pulse
width modulation signals, thus rendering it impossible for two
successive pulses to be obtained from one output driver.

® ® ®
Sreoety

=

RAMP

ERROR AMP
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0

FIGURE 19. TIMING DIAGRAM OF THE PULSE
PROCESSING LOGIC OVER FOUR OSCILLATOR CYCLES

The operation of the metering logic in the 1526 is shown in
more detail in the timing diagram in Figure 19. The top wave-
form, Waveform A, shows the SYNC pulse train from the oscil-
lator. This pulse tran defines four timing periods, T1 through T4,
as shown at the bottom of the timing diagram. Waveform B
represents the ramp signal from the master oscillator, while
Waveform C represents the analog output signal from the error



amplifier. These two waveforms are differentially compared in
the pulse width modulation comparator, whose output is shown
as Waveform D. It can be seen that the error amplifier output
voltage is just slightly less than the peak of the ramp signal
from the oscillator, thus resulting in an output pulse which is
approaching nearly full duty cycle. Waveform E is a SHUT-
DOWN signal from the current limit comparator. Alternately, this
line could also show a digital input signal from other control
logic. The waveform at line F represents the ANDed output of
the PWM comparator and the SHUTDOWN signal. This acts as
the date input to the metering logic flip-flop, whose output is
shown as Waveform G.

The first time frame, T4, illustrates a normal period of oper-
ation. The error amplifier calls for nearly full duty cycle; the
SHUTDOWN pin stays high, and this output signal then passes
unaltered through the metering logic flip-flop. During the second
time frame, the SHUTDOWN pin is pulled low for several times
during the active pulse period. This results in a series of pulses
being applied to the data input of the metering logic flip-flop, but
as can be shown in Waveform G, once the first pulse is ter-
minated no other pulse can begin until the next oscillator cycle.
During time frame T3, the SHUTDOWN pin is low, thus pre-
venting any PWM signals from reaching the metering flip-flop.
In the fourth time frame, the disturbance at the output of the
error amplifier causes multiple ramp crossings, which generates
multiple PWM signals during one oscillator cycie. These signals
reah the data input of the metering flip-flop, but as before, once
the first pulse is terminated, the remainder of the pulses cannot
propagate through the device to the output drivers.

+V SUPPLY O—¢
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FIGURE 20. BASIC CONNECTIONS FOR A PUSH-PULL
GROUNDED-EMITTER CONFIGURATION

The combination of source/sink drivers with a separate
collector supply voltage terminal allows the output drivers to be
easily interfaced with all the circuit configurations found in most
switching power supplies. Figure 20 illustrates the connections
for a common emitter push-pull configuration. In this circuit, the
collector supply to the output source/sink drivers is tied to the
supply voltage through R4, which limits the voltage swing of
each driver output, preventing emitter-base breakdown. During
the turn off cycle, an additional spike of reverse base current is
generated by the speed-up capacitor Cq or C2.
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FIGURE 21. FOR SINGLE-ENDED CONFIGURATIONS
THE V¢ TERMINAL IS ALTERNATELY SWITCHED TO
GROUND BY THE DRIVER PULL-UP TRANSISTORS

Buck-type converters are easily interfaced to the totem-
pole output devices. For this mode of operation it is necessary
only to ground the output terminals A and B, and drive the base
of the switching device with the collector supply terminal. In this
configuration, the upper Darlington transistors are aiternately
turned on and pull Pin 14 to ground, thus providing up to
100mA of current drive capability on alternate oscillator cycles.

+V SUPPLY O—

RETURN O

FIGURE 22. LOW POWER TRANSFORMERS ARE DRIVEN
DIRECTLY BY THE OUTPUT TERMINALS

The totem-pole outputs can also drive a transformer di-
rectly, as illustrated in Figure 22. Since each output driver
exhibits a low impedance, no center tap winding is required on
the transformer primary. In this example, the transformer drive
capability is used to interface the control device with the power
transistors in a half bridge configuration.

If an additional current drive capability beyond that avail-
able in the 1526 is necessary, it is very easy to interface the
output totem-pole drivers with the 1627 dual 500mA driver cir-
cuit. This is shown in Figure 23.



+VSupPPLY

% 8G1526

FIGURE 23. THE TOTEM-POLE OUTPUTS OF THE SG1526
CAN BE INTERFACED TO THE SG1627 POWER DRIVER
WITH A HIGH-SPEED SWITCHING DIODE

The logic threshold of the 1627 is a nominal +2V, while the
sink current in the low state is about T1mA. A fast silicon switch-
ing diode such as a 1N914 can be used to provide a sink cur-
rent path in the low state, while blocking excessive input current
to the power driver during the control circuit's high state.
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FIGURE 24. USING THE SG1526 IN A FLYBACK
CONVERTER WITH CURRENT LIMITING
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The ability of one control port of the 1526 to drive another
control port enables a good deal of flexibility from the chip. The
fiyback converter in Figure 24 illustrates this point. Current limi-
ting in a flyback converter is difficult because the overcurrent
signal from the current sense resistor is always out of phase
with the conduction of the principle power transistor. in this cir-
cuit, the output of the current limit comparator in the 1526 is
used to re-trigger the soft start circuitry. By choosing the value
of the soft start capacitor so that the recovery time of the soft
start circuitry is of the order of one or two cycles, it is possible
to provide current limiing with a minimal number of external
components. This same technique can be used in a push-pull
converter where it is desirable for the puise width modulation
signal to be turned off for multiple oscillator cycles rather than
for a single cycle. This allows overstressed output semiconduc-
tors a cool-off period before returning to normal operation.

CONCLUSION

Several integrated circuits designed specifically for switch-
mode power supply control have been described. A brief review
has been made of past approaches to the integration of swit-
ching power supply control and driver circuitry. A description of
a newly available family of control/driver integrated circuits, the
SG1525/1527 series, has been given. Finally, a sketch of a
future high performance controller circuit, the SG1526, has
been drawn.

The future of integrated circuits for switching power supplies
clearly involves greater complexity in the control circuitry to
account for all possible modes of supply operation. The benefits
for the power supply designer will be greater performance and
reliability from switchers with reduced component count and
greater overall manufacturing economies.
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ABSTRACT

This paper describes a series of new monolithic
integrated circuits designed to perform all the
functions necessary to monitor and control the
outputs of sophisticated power supply systems.
Beginning with a simple over-voltage sensing circuit,
these devices range through more versatile and
accurate single-function units, to all-inclusive devices
which contain sensing circuits for both over and
under-voltage conditions, current sensing, SCR
crowbar firing, logic outputs, and an accurate
independent reference generator. A description of the
operation each of individual element is given together
with several applications which demonstrate their
utility.

Introduction tightly specified performance, greater threshold
Recent years have seen the introduction of many accuracy, and improved temperature stability. Block
sophisticated integrated circuits for use in controlling  diagrams of these two devices are shown in Figure 1.
the voltage regulation function of both linear and

switching .power sgpply systems. While these circ;uits S$G3523 OVER-VOLTAGE SENSING CIRCUIT
have provided a high degree of performance with a

side benefit of considerable increases in both O
reliability and cost savings, they have all addressed the -
basic function of maintaining the output voltage REF
constant. Most power supply systems, however,
require additional circuitry for monitoring satisfactory ’:D{ b L—@®outeur
performance and providing protection in the event ofa INDICATOR
fault condition. These requirements have led to the

development of a new class of power supply element
— an Output Supervisory Control Circuit. : (@ GRouND

) 250uA

—

d) CURRENTG) REMOTE
SENSE 1 SOURCE SENSE2  ACTIVATE

Supervisory Control Family Members Fi 1 The SG3523 4 3523A tai
o - . igure 1. e an contain an
The first integrated circuit developed specifically as a independent reference generator, an input compar-

power supply monitoring device was Motorola’s 545, gesigned to initiate a setable time delay, and a

MC3523 available also as an SG3523 from Silicon  gecond comparator which activates both a crowbar

General. This device, which is packaged as an 8-pin  firing current and a low-level indication signal.

minidip, was designed to sense an over-voltage

condition, provide an adjustable time delay, and then

fire a high-current SCR crowbar for power supply It was soon recognized that with the addition of a few
shutdown. An improved and interchangable device, more access points to this circuit, significantincreases

the SG3523A, was later introduced to provide more in versatility could be achieved. This led to the
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development of the SG1542 device shown in Figure 2.
With 14 pins in this DIL package the following
additional features could be offered:

1. Access to the reference generator's output so that
one could take advantage of it's 1% accuracy and 50
ppm T.C.

2. Uncommitted inputs to the sensing comparator
allowing use for either under or over-voltage
sensing as well as the ability to set threshold levels
below 2.6 volts

3. The addition of a logic level output active when the
sensed voltage is within tolerance, aswell as the one
which indicates out-of-tolerance.

4. A separate supply terminal for the high-current
SCR trigger allowing greater utilization of this
output.

S$G1542 VOLTAGE SENSING AND PROTECTION
CIRCUIT
@VREF

@v.
I

250uA Ve

26V
REF

14) SCR
TRIGGER

ABOVE
umir

L——( wiHin
[ (-'{) é INV.  DELAY é @ REMOTE

LimiT
SENSE 1 SENSE 1 CURRENT SENSE2 ACTIVATE

Figure 2. The use of a 14-pin package for the SG1542
provides greater access to the circuit elements and
thus greatly expanded versatility.

(2 common

Finally, it was decided to build an all-encompassing
device which would include both over and under-
voltage sensing as well as a means for current limiting,
all in one integrated circuit. This resulted in the 16-pin
S$G 1543, the main subject of this paper. The circuitry of
the SG3523, 3523A, and 1542 is equivalent to the OVP
portion of the SG1543 and thus need not be described
separately.

Before proceeding with a discussion of the SG1543,
however, there is one more member of this family
worth mentioning. The SG1544 is identical to the
SG1543, but uses an 18-pin DIL package to keep the
voltage-sensing comparator inputs uncommitted. This
adds the ability to sense voltage levels below the
reference voltage to the lengthy list of features offered
by the SG1543. Now, on to a more complete
description.

The SG1543 Output Supervisory Circuit

To fill the need for this output monitoring and
controlling function, the SG1543 output supervisory
circuit shown in Figure 3 was developed. This device
contains an operational amplifier, a voltage reference
circuit, several comparators, and a high-current SCR
trigger circuit. The functions performed by this device
include over-voltage and under-voltage sensing,
current limiting, and provisions for triggering an
external SCR crowbar shutdown. All the functions
provide open collector outputs for maximum flexibility
in interfacing with either the power supply or the
system load and, although the SCR trigger is directly
connected only to the over-voltage sensing circuit, it
may be optionally activated by any of the other outputs
or by an external shutdown command. The SCR
trigger circuit also includes an optional latch with
external reset capability. External capacitors may be
used to accurately program the sensing circuits for a
minimum time duration of fault before triggering.

$G1543 BLOCK DIAGRAM

u.v.
INDICATE
Vin
S.C.R.
0. V. DELAY TRIGGER
Inv. @ ) o.V.
N.IL® REMOTE INDICATE

ACTIVATE

OFFSET/COMP (GROUND TO ACTIVATE)

Figure 3. The block diagram of the SG1543 Output
Supervisory Circuit includes over-voltage and under-
voltage sensing as well as the capability for current
limiting and SCR crowbar triggering.

The SG1543 circuit may be powered by either the
output voltage to be monitored or a separate bias
voltage at any level between 4.5 and 40 volts with a
standby current of less that 10mA.

This device is packaged in a standard 16-pin
hermetically sealed ceramic package and is available
in both commercial and military temperature ranges.
Before describing in greater detail the overall
functions that this device can perform, it is worth
discussing the individual circuits which go into its
makeup.
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Voltage Reference Circuit

The precision 2.50V reference circuit of the SG1543 is
shown in Figure 4. This regulator is based upon the
well-known band gap reference circuit which has the
capability of providing very stable performance over
an input voltage range from aslow as 4.5V to as high as
40V. The output is nominally set at 2.50V, but in
addition, is trimmed to remove all effects of production
manufacturing tolerances from the output voltage. In

PRECISION 2.50 VOLT REFERENCE

' ' ®Vin
lﬁ% jﬁz
9 PNP
9 BIAS
Qq
o Q2
! Q9
Qg
® VReF
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a ; l NPN
. BIAS
81
-@ GND
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Figure 4. This precision 2.50 volt band-gap reference
source is internally trimmed for £1% accuracy in order
to eliminate the need for adjustment potentiometers.

fact, this trimming not only adjusts the output voltage
to within 1% of 2.50V, but in the process, as shown in
Figure 5, also trims the temperature coefficient of
output voltage to better than 50 parts per million per

CHANGE IN TEMPERATURE COEFFICIENT
WITH REFERENCE VOLTAGE TRIM
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n
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n
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-100

23 24 25

Output Voltage - Volts

Figure 5. As successive links are opened in the
reference voltage trimming network, the output
voltage increases and the temperature coefficient
becomes less positive.
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degree C. The trimming is performed at wafer probe by
using controlled energy sources to blow fusable metal
links which short out incremental values of resistance
in the voltage setting network. These resistors are
binarily coded so that three values give eight bits of
resolution and allow trimming to better than *12
millivolts. With this accuracy, in all but the most
precise applications, the need for adjustment or
trimming potentiometers is effectively eliminated.

The output of this reference circuit is current limited
for protection and will provide up to 10 milliamps of
current for use as a reference for other functions that
may be required along with the SG1543. In addition to
stable temperature performance, this regulator also
maintains its output voltage to within 10mV for all line
and load changes. Additional benefits of the band gap
reference circuit include low noise performance,
instant turn-on, and a high degree of long-term
stability.

Comparator Section

Over and under-voltage sensing circuits are identical
with only the input polarity changed between them.
The under-voltage circuit is shown schematically in
Figure 6. This configuration is made up of two
comparators in series, each referenced to 2.50 volts,
with the delay terminal at their juncture. The first
comparator activates a current source upon sensing
an out-of-tolerance condition and that current is used
to charge an externally selected capacitor to provide a
delay. The second comparator then activates the
output indicating circuit. The overall time delay from
input sense to output indicate, with no external
capacitor, is approximately 0.5 microsecond. By
adding a capacitor at the delay terminal, the fault must

VOLTAGE SENSING COMPARATORS
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Figure 6. Voltage level sensing is done with a high
input impedance comparator with built-in hysteresis.
When switched, the input comparator allows a
constant current source to trigger the output
comparator.



exist for an interval defined by the time it takes the
voltage on the capacitor to charge from zero to 2.5V
before the output comparator can switch. The
charging current for this capacitor is a constant 250
microamps which provides for a delay of
approximately 10 milliseconds per microfarad of
capacitance. Since the comparator can discharge in
excess of 10mA, the capacitor is resetin a fraction of its
charge time.

The input comparator has PNP transistor inputs which
provide both high input impedance with less than one
microamp bias current, and a wide input voltage range
which includes ground and goes to within 2V of the
positive supply voltage. Because the input PNP
operates as an emitter follower, the inputimpedance to
that comparator remains high throughout the input
range. To eliminate the tendency to oscillate at
threshold, a hysteresis of approximately 25mV is built
into the input comparator.

The output indicating transistor, Q18, is designed to
sink 10mA of current with a saturation voltage of less
than 0.4 volt. Its open collector allows several outputs
to be connected together to provide a single indicating
signal. :

SCR Trigger Section

While the under-voltage sensing circuit has only the
10mA, or low current, open-collector output, the over-
voltage section contains additionally, an SCR crowbar
triggering circuit good for 200mA. This stage also
includes provisions for remote activation of the output
as well as a reset terminal. From the schematic shown
in Figure 7, it can be seen that the output voltage
comparator drives a PNP transistor, Q6, with two
collectors, one of which drives the low-current, open
collector indicating signal similar to the under-voltage

OVER-VOLTAGE CIRCUIT

Vin @
o 0,
Qg a

ov.
ouTPUT Qg

93 COMPARATOR
s o

ReseT (3 Ra fs
¥Po2

S.C.R.
® TRIGGER

REMOTE Ry
ACTIVATE

1Y By X : °5| f o —® &ZICAYE
6.0V A3 Rg E an
ano (D) :

Figure 7. Either the over-voltage output comparator or
the remote activation terminal will energize both the
SCR trigger and the O.V. indicating transistor.
Connecting pins 4 and 2 form a latch.

circuit. The other collector of Q6 drives a darlington
amplifier which will provide 200mA to activate an
external high current SCR crowbar device. Note that
these two outputs are complements of each other; i.e.
when pin 4 switches to ground, pin 1 goes positive.

Since in many cases it is desired to activate the
crowbar under other than over-voltage conditions, a
remote activation circuitis also included. This consists
of transistors Q1 through Q5 as shownin Figure 7. The
functioning of this circuit is as follows: Q3 provides a
controlled current source of approximately 300
microamps to saturate transistor Q4. With Q4
saturated, transistor Q5 is held in the off condition.
When the remote activation terminal, pin 2, is
grounded, it diverts the current away from the input of
Q4, turning it off and turning Q5 on, which activates
the output circuitry in the same manner as the over-
voltage comparator.

An additional function of this circuit is to provide the
capability to latch the outputs on after a faultis sensed,
by externally connecting the over-voltage indicating
terminal, pin 4, to the remote activation terminal, pin 2.
With this configuration, an over-voltage condition
which turns on Q10 will pull pin 2 to ground activating
the remote activation signal which, in turn, holds the
circuit in the on condition until the reset terminal is
externally grounded, removing the latch and turning
off the output. Thus, the user has the capability to
either activate the high currentoutput onlyaslongasa
fault condition exists, or to latch it on upon the
occurrence of a fault requiring external action by an
operator to reset the circuit to its initial condition.
Thresholds for both remote activation and reset
teminals are approximately 1.2 volts.

Current Sensing Amplifier

The amplifier in the SG1543 designated for current
sensing actually has much wider application. It is
basically a high-gain, non-compensated operational
amplifier with an open collector output; i.e., pull-up on
the output must be provided externally. From the
schematic shown in Figure 8, it can be seen that this
circuit also has a PNP front end which gives it a wide
common-mode range extending from slightly below
ground to within 2 volts of the supply voltage. With a
pull-up resistor of 2k, the open loop voltage gain is
greater than 72dB with a unity gain bandwidth beyond
5MHz. When used as a comparator, the response time
is less than 200 nanoseconds, and if linear
amplification is required, external compensation may
be added for stable performance over a wide
frequency range or a unique frequency response.

The input to this amplifier is balanced for zero offset
voltage but a fixed offset or threshold of up to 200mV
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Figure 8. PNP inputs give the current limit amplifier a
common-mode input voltage range of from below
ground to within 2 volts of the supply voltage.

may be incorporated by adding or subtracting current
at the offset/compensation pin 12. For most current
sensing applications the required threshold polarity
calls for a positive voltage on the inverting input. This
can be accomplished with a resistor, RT, to ground as
shown in Figure 9.

CURRENT SENSE COMPENSATION

INV
to current @ ~

SENSE RESISTOR
N.1. TO CONTROL

LOOP

Figure 9. External components can be used with the
current sense amplifier to establish an input offset or
threshold, define the frequency response, and buffer
the output.

Reducing the impedance at pin 12 also lowers the gain
of the amplifier somewhat as shown in Figure 8. This
fact allows pin 12 to do double-duty as a pointto apply
frequency compensation as well. Due to the excess
phase shift of the iriternal PNP transistors, this
amplifier requires compensation for stable closed-
loop, linear applications but this can be accomplished
easily with either C1 to the output or C2 to ground as
shown in Figures 9 and 10.
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Figure 10. With 80dB gain and 5 MHz bandwidth, the
current sense amplifier provides a wide dynamic
response, even when modified with external passive
components.

o

Diode D1 and resistor RC are used only if it is
necessary to increase the frequency response by
operating the output transistor at higher current
and/or isolating the load from RC and C1 when the
amplifier is off.

Applications

Figure 11 shows a typical application of the SG1543 as
used to monitor a single power supply output voltage
for both high and low voltage operation as well as
current limiting. The data accompanying Figure 11
indicates how the values for the external components
are selected. This circuit is driven from an external bias
supply which must provide a standby current of 10mA
maximum plus the activation current for the SCR
trigger. The application in Figure 11 shows a single
resistor divider string, R4, R5 and R6, which sets the
thresholds for both the under and over-voltage
activation levels. The external capacitors CD1 and
CD2 are used to provide time delays before activation

S$G1543 TYPICAL APPLICATION
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Figure 11. This typical application for the SG1543
provides linear foldback current limiting as well as over
and under-voltage protection.
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of the output circuitry. The output of the comparators
can be used for many different functions; in this case,
they are shown driving indicators. They can also
provide signals to the system under power to give
information that an out-of-tolerance condition exists.
Additionally, by the external connection between pin 2
and pin 4, a latch has been provided such that an over-
voltage condition will activate and hold that control
signal until positive reset action at pin 3 is performed.

In firing an SCR with supply voltages above 5 volts an
external resistor, RG, is used on pin 1to provide power
dissipation limiting for the SG1543. While the SG1543
will provide up to 400mA of trigger current, the power
limitation of the 16-pin dual-in-line package should be
held to less than one watt.

In this application, current limiting is performed by
sensing the current in the positive supply line with
fold-back provided by the action of R2 and R3. A fixed
threshold for the amplifier is set by R1 which is
connected between pin 12 and ground.

Although the SG1543 could have been driven from the
output voltage to be monitored, it would lose control
when that output voltage fell to approximately 3V. This
would, of course, preclude the use of the current limit
function where short circuit protection must be
provided.

The values for the external components used in
conjunction with the SG1543 application of Figure 11
are determined as follows:

Current limit input threshold, Vth & 1—3%)

Cs is determined by the current loop dynamics
Peak current to load, Ip = m + XP. (i)
Rsc Rsc \R2 + R3

. Vth
Short circuit current, Isc = —
Rsc

Low output voltage limit,

2.5 (R4 + R5 + R6)
Vo (Low)=

R5 + R6

High output volitage limit,

2.5 (R4 + R5 + R6
Vo (High) = 2> (R4 + RS + RE)

R6
Voltage sensing delay, td = 10,000 Cd

Vin -5
0.2

SCR trigger power limiting resistor, Rg>

Current Sensing Options
It is important to remember that all the features of the
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SG1543 apply equally to either linear or switching
power supplies. Figure 12, for example, shows the
current sensing amplifier in the SG1543 used to
provide foldback current limiting for a linear regulator
utilizing the SG723. To answer the question of why one
would use the SG1543 for current limiting when that
capability is built into the SG723, there are two
important benefits: low sensing threshold voltage
(whatever is selected vs. a fixed 700mV) and much
higher gain for a very sharp transition from voitage to
current feedback.

LINEAR FOLDBACK CURRENT LIMITING
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Figure 12. The SG1543 is equally adaptable to either
linear or switching supplies. The circuitabove shows a
substantially improved current limit function for a
linear SG723 voltage regulator.

Output current limiting for a switching supply which
gets its control from an SG1524 regulating pulse width
modulator is shown in Figure 13. Here, foldback is not
included but an optical coupler for isolation has been
added. It should be noted that all the low-current
outputs of the SG1543 are equally well suited for
driving optical couplers.
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Figure 13. Current limiting for a switching inverter is
readily accomplished, even with a requirement for
input-output isolation.



This last application suggests another use for the
current sense amplifier completely disassociated with
current. This is shown in Figure 14 where it is used in
conjunction with the very excellent characteristic of
the 2.50 volt reference contained within the SG1543 to
provide an isolated voltage feedback signal. The
SG1543's amplifier provides the gain and the overall
loop compensation network, and drives a high-
frequency opto-coupler which feeds into the unity-
gain configured error amplifier of the SG1524. A
designer should recognize that there are many
possible variations on this theme, including taking the
error signal from the collector of the opto-coupler,
feeding it into the output of the SG1524's error
amplifier such that this amplifier provides a startup
signal. Then the SG1543 may be powered directly from
the output eliminating the need for an isolated bias

supply.

USING THE CURRENT SENSE AMPLIFIER
FOR ISOLATED VOLTAGE FEEDBACK

O.C. INPUT VOLTS:
$G1524

—O
5K ISOLATED
5VOLT

T 5K OUTPUT
O

+15V BIAS SUPPLY

Figure 14. The current sense ampilifier can also be used
in conjunction with the SG1543's reference to provide
a stable, isolated voltage feedback signal.

One final possible use for the current limit amplifier is
to provide complete shutdown of the power supply
rather than linear voltage reduction upon sensing an
over-current condition. This function is shown in
Figure 156 where the current limit amplifier is used as a
comparator with the output terminal connected to the
remote activation terminal for the SCR trigger. In this
case, sensing is done in the ground line. There is no
offset added to the current limit amplifier but instead a
threshold is provided by the action of R1 and R2 from
the 2.50V reference signal. When an over-current
condition is sensed and maintained for a period of time
determined by a capacitor CD on pin 12, then the
output transistor will conduct, activating the SCR
trigger and shutting down the power supply.
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RETURN
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Figure 15. The current sense amplifier may also be
used as a high-gain comparator to shut down the
supply upon over-current.

Sensing Mulitiple Output Voltages

Many power supply systems have several output
voltages which need to be monitored. This is easily
done with the SG1543 because of the capability for
remote activation and the availability of the reference
voltage for use with external circuitry. A quad
comparator like the SG139 which also has open
collector outputs can be used to monitor several
additional output voltages. As shown in Figure 16, the
SG 1543 is used to provide both over and under-voltage
protection on a main positive supply. The additional
comparators within the SG139 can be used to monitor
either positive or negative supply voltages depending
upon whether one uses the 2.50V signal or ground as
the reference potential. The output coliectors of each
comparator are tied together to the remote activation
terminal such that the operation of any _single
comparator in either the SG1543 or the SG139 will
activate the SCR trigger shutdown circuit. Note that

SENSING MULTIPLE SUPPLY VOLTAGES
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Figure 16. Addition of a simple quad comparator aliows
multiple voltage sensing of positive or negative levels.
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grounding the remote activation terminal also
provides an output on the over-voltage indicating
circuit; therefore, this output on pin 4 can be used as a
master power supply-condition indicator which will
provide a low signal if any output voltage that is being
monitored is outside its allowable tolerance.

Under-Voltage Sensing

In addition to normal low-output voltage monitoring,
the under-voltage sensing circuit has considerable
possibilities in monitoring the input voltage to a power
supply system. For example, in Figure 17, this circuitis
used to measure the input DC voltage to an SG723
regulator and keep the output completely off whenever
the input is lower than the minimum required for
satisfactory operation of the SG723. This same
protective feature, when applied to a switch-mode
regulator, is even more important since it keeps the
switching transistors off until the oscillator stabilizes.

UNDER VOLTAGE SHUTDOWN

Vin &>

75K 2
3 G723

——ve Vo

2K v
o NL— out

24K 3 = o0t
b

GND O : i ! 1

Figure 17. In addition to output monitoring, the under-
voltage circuit can be used to inhibit the output if the
input voltage is too low for satistactory performance.

$G1543 INPUT LINE MONITOR

Figure 18. The under-voltage sensing circuit can also
be used to monitor the AC input voltage and provide a
power failure signal before the power supply output
voltage begins to fall.

As shown in Figure 18, the under-voltage circuitcan be
used to monitor the AC input voltage to a power
supply. An isolation transformer and rectifier are used
to provide a rectified AC signal to the input of the
under-voltage comparator. The signal is compared
with the 2.50V reference, activating the first stage of
the comparator with each transition toward zero. With
proper selection of the delay capacitor, no output is
provided unless some number of input pulses are
missing at which time the first comparator allows the
charging of the capacitor to 2.50 voits which activates
the output circuit. In this way, the under-voltage circuit
provides an immediate indication of failure, even for
one or two cycles. This provides an early warning
indication that the power supply output voltage is
going to drop while taking advantage of the holdup
capability provided by normal electrolytic capacitor
storage within the power supply system.

Like other parts of the SG1543, the under-voltage
circuit is not limited to its primary function. Figure 19
demonstrates its use as an over-temperature indicator
by using the well-defined temperature coefficient of a
darlington transistor’'s VBE as a sensor. Divider R1-R2
establishes a fixed threshold equal to the 2N2723's
VBE at the desired temperature limit. Below that limit,
the transistor is off and RC back-biases the input to the
U.V. sensor. Many other transistors could be used;
however, the small case of the 2N2723 makes good
thermal coupling relatively easy.

OVER-TEMPERATURE INDICATION
My 26v | VREF.

Figure 19. Another use of the under-voltage circuitis to
provide an over-temperature indication using the
—4mV/°C VBE tempco of the 2N2723 as a sensor.

By providing all of these diagnostic and protective
features within one integrated circuit, a new class of
control device has been generated to provide overall
performance monitoring and control of sophisticated
power supply systems. Thus, the SG1543 further
enhances the inventory of building block components
available to the power supply system designer
providing new options in implementing increased
performance at lower cost.
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Application Notes — SG1549

PROTECT YOUR SWITCHERS
WITH DIGITAL CURRENT LIMITING

A New Current Sense Latch IC
Provides Pulse-by-Pulse
Current Control

By: Bob Mammano
SILICON GENERAL, INC.
11651 Monarch Street
Garden Grove, CA 92641

INTRODUCTION

Another new class of integrated circuits,
designed specifically to ease the plight of- the
switch-mode power supply designer, has just been
established with the introduction of the SG1549
Current Sense Latch IC. Although there have been
many IC products developed over the past few years
to provide simple methods of voltage control for
switching supplies, the SG1549 is the first to
specifically address and take a fresh approach to
the problem of current control. AlImost all existing
PWM chips have included some type of circuit for
current limiting, but these have all used the same
techniques as linear regulators; that is, a current
sense amplifier generates an error signal linearly
proportional to load current which, after reaching
an established threshold, takes command away
from a voltage control amplifier. Thus, upon over-
load, the power supply switches from a voltage
feedback loop to a separate current feedback path.
Each loop must be stabilized separately and,
because of the output filter, stable performance
along with a reaction fast enough to protect the
high-speed switching transistors is difficult to
achieve. What is needed for optimum protectionisa
circuit which operates at the switching frequency
and immediately turns off the main current-carrying
switching transistors upon current overload. Turn-
off must be rapid, without allowing the transistors
any appreciable time in their linear operating
region, and with no oscillation or multiple-pulsing.

A DIGITAL CURRENT LIMITER

The optimum approach to switch-mode current
limiting is to treat each on-cycle as a separate
problem. That is, pulse-by-pulse current limiting.
This is implemented by a device monitoring current
build-up each time the power supply's switching
transistor conducts and, upon sensing an over-
current condition, immediately turning the transis-
tor off and holding it off for the duration of that

normally on period. Such a circuit musthave a latch,
as once turn-off is achieved, the removai of the over-
current signal would otherwise allow the transistor
to return to conduction. Including a latch means a
provision for reset must also be provided.

All of this and more is offered by the SG1549
Current Sense Latch IC. From the block diagram of
this device, shown in Figure 1, it can be seen that the
circuit includes a comparator with positive feed-
back, a means for establishing an input threshold of
100mV, a reset circuit, complementary outputs, and
a high voltage level-shifting circuit. This device is
designed to be completely compatible with many
commonly-used Regulating PWM control IC's such
as the SG1524, MC3420, and the TL494. Requiring
only 2mA of supply current, the entire circuitcan be
operated from the reference voltage available with
these chips, with reset accomplished by their clock
output signals.
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1K ® gurrur
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-@
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Figure 1. The SG1549 Current Sense Latch IC
contains provision for sensing a current threshold
over a wide voltage range. Complementary
outputs and a latch with reset are also a
part of this new protection circuit.
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Although obviously designed for use with
switch-mode power supplies, the SG1549 has
broader application as a general purpose, low-
threshold latch. A clock signal is not the only way to
provide reset; that function may also be accom-
plished by any operation which will momentarily
pull the reset pin high.

CIRCUIT OPERATION

For a detailed understanding of the operation of
this device, refer to the schematic of Figure 2. With a
+5 volt supply, a threshold reference is established
by a current through R3. This current is mirrored by
Q7 to provide a constant 200uA through R11, there-
by holding one input to the comparator at 100mV
above ground. That same current is mirrored
through Q4 to the floating threshold circuit of Q1-
Q3, D1 and R1. This portion of the circuit will
convert a differential voltage between pins 1 and 2
into an identical voltage across R2. It will do this
accurately while allowing the absolute voltage on
pins 1 and 2 to range from 2 to 40 volts with respect
to ground.

B RESET

LocM
¥

Lo
v
D outeus
R7|
10x1

Figure 2. The heart of the SG1549 is a high-speed
comparator together with an input threshold
level-shifting circuit.

Since the other input to the comparator is tied
to pin 3, it can be seen that the comparator will
switch when the voltage on pin 3 rises to 100mV,
regardless of whether that voltage is applied to pin 3
directly or differentially between pins 1 and 2.

Once the comparator switches, positive feed-
back provided by Q17 and R14 will hold it latched
until a reset signal, effected by raising pin 7 above 2
volts, momentarily increases the threshoid,
returning the circuit to its initial state.

Transistor Q17 also provides two outputs: a
high-going signal on pin 6 which can source 2mA
and an open-collector saturating transistor on pin 5
which can sink more than 10mA. With complemen-
tary outputs, a variety of shutdown options are
offered. Typical delay times for the SG1549 are 180
nSec from the LO CM input and 300 nSec from Hl
CM to the outputs.

HIGH LINE SENSING

A very straightforward application of the
SG1549 is its use for current sensing in the input line
of a simple buck converter as shown in Figure 3.
This switching regulator is shown implemented with
the SG1524 PWM control IC and it can be seen that
interfacing between these two chips couldn’t be
easier. The value for Rsc is determined by dividing
the 100mV input threshold by the peak current
desired. High frequency noise, or switching tran-
sients can usually be eliminated by a small capac-
itor between pins 3 and 4.

Asc SWITCH
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i L[z comp
3 Re
B
COMMON O—s -0

Figure 3. Using the SG1549 to sense input current
to a simple buck converter and interface directly
to a PWM control IC such as the $G1524.

The current shutdown command can be cou-
pled into the SG1524 by either connecting the HI-
OUT, pin 6 to the SG1524's shutdown pin or, as
shown here, using the LO-OUT pin to pull the
compensation terminal low. In either case, activa-
tion of the current sense latch will tend to discharge
the compensation capacitor, Cc which may cause
slow recovery from pulse limiting. Keeping the value
of Cc as small as possible within the requirements
of voltage loop stability will minimize this effect;
however, slow turn-on from current limit is often
desirable and can be optimized by using the LO-
OUT signal to discharge a soft-start network instead
of coupling directly into the SG1524.
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Where minimizing turn-off delay is important,
the command from the SG1549 may be taken
directly to the output stage of a switching regulator.
A practical means of accomplishing this is shownin
Figure 4 where the power switch consists of an
SM625 15-amp hybrid circuit containing both the
power switch and the commutating diode. This
switch is driven by using the SG1524 to switch a
constant current source formed by the 2N2222
transistor connected with its base to the 5 volt VRer
line through a 1k resistor. By connecting the LO-

OUT terminal of the SG1549 to the base of the
2N2222, drive current to the output stage can be in-

terrupted without the delays inherentin the SG1524.

w Asc r SM625 1 v
w O ‘ ’ L ’ n J_ O Vout
SG1549 L I . J SG1524 1
B vs - VRgk -
HI CM I
L RES T osc
mout o Sk I
Lo out
o+ K o ouTPUTS

Figure 4. A fully-protected, high performance,
single-ended switching regulator is easily
implemented with two IC’s and a hybrid
switch. Current control is direct to the
power switch for fastest response.

LOW LINE SENSING

In many types of feed-forward or push-pull
converters, current protection may be provided by
sensing through an emitter resistor referenced to
ground on the primary side of an output trans-
former. The fast-reacting SG1549 can easily sense
secondary overload as reflected back to the primary
and, additionally, provide protection from unbal-
anced transformer saturation. When using the LO
CM inputs as shown in Figure 5, the HI CM inputs
should be shorted together.

While the LO CM inputs may be connected
directly across a sense resistor, Rgc, a small low-
pass filter, R1-C1, is often helpful in removing high
frequency transients. It must be remembered that
the 500 ohm input inpedance to the LO CM termi-
nals will cause the use of R1to increase the effective
threshold; however, this also offers the possibility of
an easily adjustable threshold by incorporating a
potentiometer at the input to the SG1549.
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S8G1549

Vs
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Figure 5. When sensing emitter current, a small
input filter is often useful in eliminating
transients to the SG1549.

Coupling the current shutdown command back
to the control circuit may be done in several ways as
described above, but, again, the fastest approach is
to go directly to the output switches. Figure 6 shows
such an approach by adding two external shutdown
transistors, Q1 and Q4. In this circuit, these
transistors perform double-duty by the use of C2,
R3 and R4 to generate a positive pulse when the
main power switches, Q2 and Q3, are commanded
off by the SG1524. Turn-off signals from either the
PWM or the SG1549 are summed together through
diodes D2 and D3 to Q1 and Q4.
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Figure 6. Fastest turn-off response is achieved
by taking the output of the SG1549 direct
to the power switches through turn-off
transistors, Q1 and Q4.

One problem often experienced with using
pulse-by-pulse current limiting with a push-pull
inverter is half-cycling caused by limiting on one
period without full recovery in time for the next. A
maximum duty-cycle clamp, formed by R1, R2 and
D1 in Figure 6, minimizes this effect by holding the
error amplifier out of saturation when the feedback
voltage begins to fall.

Another convenient way to tie the output of the
SG1549 into the PWM control in higher power
applications is by using the SG1627 Dual Interface
Driver and connecting the LO-OUT terminal
directly to the two non-inverting inputs of the
S8G 1627 as shown in Figure 7. The N.I. inputs of the
SG1627 will force the outputs off regardless of the
commands on the inverting inputs, and do so within
100 nanoseconds.
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Figure 7. An SG1627 provides both power gain for
the voltage control signal as well as a high-speed
interface for the SG1549's current protection.

And finally, keep in mind that the LO-OUT
terminal of the SG1549 will easily drive most high-
speed optical couplers should some type of isola-
tion between current sense and shutdown control
be required.



Applications Notes — SG1627/SG1629

POWER SWITCH DRIVERS:
NEW IC INTERFACE BUILDING BLOCKS
FOR SWITCHED-MODE CONVERTERS

Bob Mammano
Director, Advanced Develppment
SILICON GENERAL, INC.
Garden Grove, California

Abstract

This paper describes the characteristics and performance of two new integrated circuit products de-
signed to interface between the control circuitry for switch mode converters and their high power
output stages. The first device develops the high leve! turn-on and turn-off commands directly from
the outputs of a low power P.W.M. control circuit while the second is designed as a floating switch to
control a high current switching transistor directly from the secondary of a drive transformer.

INTRODUCTION

Recent years have seen significant developments by component
suppliers which have resulted in the ready availability of many
high performance power transistors and sophisticated controt
integrated circuits for switching power supply design. There
existed a gap, however, between the control circuit and the
power switching transistors where a considerable amount of
circuitry was required to adequately condition and amplify the
control signal in such a way as to provide the proper turn-on
and turn-off commands to the power switch. This gap has now
been filled with two new integrated power switch drivers, the
$G1627 Dual OQutput Driver and the SG1629 High Current
Floating Switch Driver.

$G1627 DUAL OUTPUT DRIVER

The SG1627 was designed to directly interface between low
level control circuitry and the high current handling devices
required in switching power supplies. As shown in Figure 1,
this is a dual circuit containing both channels that are required
for a push-pull system. It accepts the P.W.M. signals from a
control circuit such as the SG1524 and provides the condi-
tioning necessary to develop both turn-on and turn-off com-
mands at currents up to 500mA. Its outputs can be used to
directly control an external power transistor or to interface
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with driver transformers for additional power amplification.
Another feature of this circuit is the optional ability to provide
a constant drive current.
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FIGURE 1 — THE SG1627 DUAL OUTPUT DRIVER IS PACKAGED
IN A 16-PIN CERDIP D.I.L. PACKAGE.

CIRCUIT DESCRIPTION

Figure 2 shows the schematic for one-half of an SG1627 dual
output driver. It must be remembered that there are two iden-
tical circuits in each 16 pin dual-in-line package. The inputs to
this circuit are switch closures to ground with both inverting
and non-inverting logic configurations available. The input
threshold level of both logic inputs is 2V, and the logic is



powered by an internal voltage regulator so that input charac-
teristics are unaffected by power supply voltage which can
range from 5 to 30 volts.

To Side B

Source

invert
toput

Non-low.
Input

£, .

Sies
Emitier

Ground

FIGURE 2 — SCHEMATIC DIAGRAM FOR ONE-HALF
OF THE SG1627

The output sections of the SG1627 contain both source and
sink transistors, each capable of 500mA, 30V operation. In
addition, the source transistor has the capability of constant
current operation by using an external sense resistor between
the source emitter and the current sense terminals. The source
transistor is in a darlington configuration which can easily
deliver currents to 500mA under all operating conditions but
at the cost, however, of a higher saturation voltage. The sink
transistor is designed for very low saturation voltage: approxi-
mately 0.5 volts at 500mA. it does, however, need greater base
drive to meet those high currents. This can be provided either
by raising the supply voitage above 5V, or by adding a boost
drive current through D6. The saturation characteristics of
both source and sink are shown in Figures 3 and 4.
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FIGURE 3 — SATURATION CHARACTERISTICS OF
THE SG1627 SOURCE TRANSISTOR
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FIGURE 4 — SATURATION CHARACTERISTICS
OF THE $G1627 SINK TRANSISTOR

THE TOTEM-POLE OUTPUT CONFIGURATION

One of the simplest uses of thé SG1627 is illustrated in Figure 5
where the output is configured to provide a constant 300mA
turn-on command to an external switching transistor together
with a high peak turn-off current. Note that the logic on the
SG1627 is being driven directly from the 5V reference terminal
of an SG1524 P.W.M. control |.C. The logic inputs are directly
connected to the open collector output transistors of the
SG 1624 with no additional interfacing components. The out-
put current of the SG1627 comes from the input voltage, which
in this case is approximately 10V, but the use of R2 provides a
constant source drive regardless of input voltage variations.

Vin = 410V

FIGURE 5 — IN A 300mA OUTPUT "“TOTEM POLE” CONFIGURATION,
THE SG1627 INTERFACES DIRECTLY WITH THE SG1524
REGULATING P.W.M. CONTROL CIRCUIT.

Resistor R3 is used to build up a voltage drop across capacitor
C1. At turn-off, the energy stored in C1 provides both a nega-
tive voltage to the base of theé power switching transistog and
the boost drive current necessary to saturate the sink transistor
during peak discharge currents of approximately 500mA. With
this magnitude of reverse base current (Ib2), transistor turn-off
is greatly accelerated.

There are two considerations to remember in this configuration.
The first is that the maximum output voltage will be less than
the value of Vcc because the source transistor operates as an



emitter follower. With Vcc = 5 volts in this case, the peak out-
put voltage is approximately 3 volts. The other consideration is
power dissipation in the source transistor when using it in the
constant current mode since it will absorb any excess voltage
after current limiting.

The performance of this application is illustrated in Figure 6
which shows the base current into the external switching
transistor. One can see both the constant drive current of about
300mA and the rapid, peak negative turn-off current in excess
of 500mA. Note that the delays through the SG1627 are less
than 50 nanoseconds making a very fast responding circuit.

+4.0V
+2.0V
0.0
+0.5A
0.0

-0.6A

200 ns/division

FIGURE 6 — OUTPUT CURRENT TRANSFER FUNCTION

An alternate configuration shown in Figure 7 pictures the
SG1627 with a higher value of supply voltage. This offers at
least two advantages; first of all, it allows the output voltage
swing to rise considerably higher remembering that the source
as an emitter follower can rise to approximately 2V below the
input supply voltage. The other benefit is in providing greater
drive current for the sink transistor allowing 500mA saturation
without the need for additional boost current. Because of the
large supply voltage across the source transistor, power dissipa-
tion can be a problem. This probably means a reduced source
current if current limiting is required, although the use of resis-
tor R1 to absorb some of the voltage drop will reduce the
power dissipation within the SG1627.

________ R1
[t 7 3

100 mA
Constant

FIGURE 7 — HIGHER INPUT VOLTAGES CAN BE USED TO PROVIDE
DRIVE FOR HIGHER SINK-TRANSISTOR CURRENTS
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Recognizing the potential for package power limitations, it is
important to consider the use of the SG1627 with various types
of power boosting circuitry. Maximum flexibility for the use of
external current boosting transistors is maintained by the un-
committed availability of both the collector and emitter ter-
minals of both the source and sink transistors. Figure 8, for
example, shows the use of an external PNP transistor to boost
the source current to 1 amp. The use of the PNP transistor in
this configuration still allows current sensing to be used for
constant current operation. If coﬁstant current operation is not
required, an NPN emitter follower booster could also be used.
The use of a single boost transistor as shown in Figure 8 makes
a powerful drive circuit as one can now drive one amp of turn-
on current into a switching power transistor and still have
500mA of turn-off current through the sink transistor.

in

26109
or aquiv

V1 ame

Power

Toamistor

FIGURE 8 — INCREASED SOURCE CURRENT WITH THE USE
OF AN EXTERNAL BOOST TRANSISTOR

DUAL PHASE OUTPUTS

The SG1627 does not need to be committed to totem pole
operation. The source and sink transistors can be separated and
used independently for dual opposite-phased outputs. Figure 9
shows the operation with both source and sink transistor emit-
ters grounded and each used as a common emitter amplifier
driving an external load resistor. Figure 9 also shows the use of
an external resistor R1 to provide additional drive current boost
to the sink transistor. This will allow the sink transistor to pro-
vide full 500mA operation with only a 5 volt supply. The res-
ponse characteristics of this type of configuration are shown in
Figure 10, which pictures the response of both source and sink
with 24 ohm load resistors to inputs at both the inverting and
the non-inverting logic inputs. Note again the minimum delay
of both outputs; less than 100 nanoseconds from input to out-
put on both source and sink.
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FIGURE 9 — SEPARATE DUAL-PHASE OUTPUTS WITH ADDITIONAL
DRIVE CURRENT FOR 500mA SINK TRANSISTOR OPERATION

200 nsidivision

200 nsidwision

FIGURE 10 - SOURCE AND SINK RESPONSE CHARACTERISTICS

This use of the source and sink as separate outputs provides ’< ;

significant benefit for driving a transformer, as illustrated in
Figure 11. In this example, the primary winding of the trans-
former is driven by the source transistor with its emitter
grounded. Constant current operation is shown with the in-
clusion of the sense resistor, R2, but voltage switching could as
easily be accomplished by merely shorting together the sense
terminals. To provide greater efficiency in the magnetic design,
a reset winding is added and shown being driven by the sink
transistor. This ensures that the magnetic flux is reset to zero
between each pulse. Of course, the sink transistor opens up
every time the source transistor drives the primary winding.

FIGURE 11 — DRIVING AN QUTPUT TRANSFORMER
WITH THE $G1627

An additional illustration of the versatility of the SG1627 is
shown in Figure 12, where the non-inverting logic input is used
to provide a positive guarantee that both sides of a push-pull
inverter cannot be on at the same time. This circuit is shown
using the inverting input as the primary drive path, which will
force the source transistor to be on when the control circuit
transistor is conducting. The non-inverting input is then diode-
coupled to the opposite side of the inverter and senses satura-
tion of the external power switch.
opposite transistor is low, holding the non-inverting input low,
then regardless of what happens at the inverting input terminal,
the output source on that side cannot be turned on. The sink

If the collector of the

will remain on, holding the output low until a rising collector
voltage on the opposite side removes the non-inverting input at
which time the command signal will then come through the
SG 1627 and turn on the correct side. This circuit is particutarly
useful as a protection against cross-conduction of the output
transistors during transient conditions at power-on or overioad.

+Vin

PW.

-1

FIGURE 12 — SIMULTANEOUS CONDUCTION OF THE TWO QUTPUT
TRANSISTORS IS PREVENTED BY GATING WITH THE
NON-INVERTING INPUTS.

The above examples have been chosen to illustrate the versa-
tility and performance of this new device designed to interface
between a low level pulse width modulating control circuit and
the high power switching transistors used in all modern-day
switching power supply designs.

THE SG1629 HIGH CURRENT FLOATING SWITCH DRIVER

A second interface circuit to be discussed in this paper is the
SG 1629 illustrated in Figure 13. This device has been designed
to provide an interface between a drive transformer secondary
winding and a high power switching transistor, and again pro-
vide the proper signal conditioning to adequately deliver both
turn-on and turn-off current into the base of that switching
transistor. More importantly, its design is such that it requires
no external power connection but develops all the power for




both turn-on and turn-off from the drive transformer and an
external storage capacitor. With this capability, the SG1629
can be used in floating operation for bridge inverters at voltages
in excess of 300V with respect to ground. This circuit also o1
contains the capability for constant current drive operation

Source.
Emitter

with a similar type of current sensing circuit and an external

current sensing resistor.

$G1629
,_ Source _] To High
Power Load
| <
! ( | > Res
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1 | ] L
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FIGURE 13 — THE SG1629 HIGH-CURRENT,
FLOATING SWITCH DRIVER

CIRCUIT OPERATION

The SG1629 functions with a center-tapped drive transformer
secondary winding such that when a turn-on command is pre-
sent and current is flowing in the upper half of the secondary
winding through the source transistor and into the base of the
power switching transistor, a current is also flowing in the lower
portion of the transformer secondary through the high current
rectifier to charge the external capacitor Cg to a negative
voltage. When the drive command terminates, this negative
voltage is used to turn on the sink transistor which then pulls a
negative b2 current from the base of the switching power
transistor down to the negative voltage on the capacitor
providing again a high peak turn-off current to speed the res-
ponse and minimize the power losses in the switching transistor.
For maximum versatility, this circuit also contains several gating
options.

In Figure 14, the schematic of the SG1629 shows two power
darlington transistor structures, each capable of handling an
excess of 2 amps of current: Q3/Q4 as the source, and Q6/Q7
forming the sink. Transistor Q5 provides current sensing with
feedback to provide constant current operation. The source
transistor is turned on by conduction of drive current through
resistor R2. The drive current for the source transistor is gated
on and off through the action of Q1 which senses the input
voltage and provides a turn-off of the source transistor between
each drive current pulse.
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FIGURE 14 — THE SCHEMATIC OF THE SG1629. TRANSISTORS
Q4 AND Q7 ARE DESIGNED FOR TWO-AMP OPERATION.

The darlington sink transistor has its input brought out as a
separate sink drive terminal which gives the user several driving
options. In addition, the sink driving current can be gated by
the use of Q2, which has its own input terminal. The diodes D1
and D2 are high current rectifiers which provide the charging
current for the external capacitor attached to the sink emitter
terminal. The action of transistor Q1 to gate the source tran-
sistor insures that there is negligible discharge current (less than
10mA) from the external capacitor during the off periods of the
circuit. This allows the capacitor to be charged with very
narrow drive pulses separated by relatively long off periods.

The SG1629 is packaged in both a multi-pin TO-66 power
package and an 8-pin minidip. Having no sensitive, low-current
circuitry, this device can be operated with a maximum junction
temperature of 1759C which, coupled with a low ©5C thermal
resistance of 5°C/W, gives the TO-66 package a 3 Watt capa-
bility in free air and 10 Watts or more with some heat sinking.
Because of the versatility of this device, it was felt that there
may be applications for lower power requirements and thus the
$G 1629 will also be available in an 8-pin ceramic minidip pack-
age which, of course, has a power dissipation of only 800mW.
With one pin less in the 8~pin minidip package, the sink gating
function is sacrificed.

SG1629 APPLICATIONS

The use of the SG1629 can best be demonstrated in an appli-
cation as shown in Figure 15 where two SG1629's are used to
provide the drive signals for the power transistors in a 5 amp
one-half bridge switching supply.
shown with 10 volt drive signals on the primary winding which,
with a 2:1 transformer turns ratio, provides a 5V peak signal on
each half of the secondary. When the drive command is present
on one secondary, it is translated into a constant current
through the source transistor by the use of the sense resistor,

The drive transformer is



Rcs, which, in this case, provides a constant 700mA into the
base of the external NPN transistor. At the same time, the 20
microfarad external capacitor is being charged with a current
through the rectifier in the SG1629 and the lower half of the
secondary winding. While this is occurring, the opposite phase
signal is being applied to the lower SG1629 circuit which serves

to further enhance the charge on its external capacitor while

maintaining the power switch in the off state.
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FIGURE 15 — USE OF THE SG1629 IN A 5-AMP,
HALF-BRIDGE CONVERTER

When the drive command terminates, the voltage at both ends
of the secondary winding goes to zero. Since there is approxi-
mately -4V at the emitter of the sink transistor while its base is
being driven through the external drive resistor, RB, to zero
volts, the sink transistor then immediately turns on and pulls a
high current Ib2 pulse out of the external transistor and
through the capacitor. This current, of course, only flows as
fong as it is available from the stored charge within the base of
the external transistor as the source has been gated off. After
that charge is depleted, the sink transistor remains on insuring
a negative reverse voltage at the base of the switch transistor.

The performance of the SG1629 can be illustrated by the wave-
form photographs in Figures 16 through 18. In Figure 16, the
command signal from one channel of the control circuitry and
the waveform of the drive transformer primary voltage are
shown. The voltage on the secondary winding, referenced to
the centertap and the power transistor emitter, is pictured in
Figure 17. Also shown in this photograph is the input voltage
at the base of the external NPN transistor. Note that at the
very first portion of this waveform, when the opposite side is
on, there is an additional negative charge supplied to the capa-
citor so that we have a maximum reverse base-to-emitter vol-
tage of close to -4V. During the off time, the action of the sink
transistor maintains a negative voltage bias of approximately
-3V on the base of the power transistor. When the drive com-
mand is given to turn on, the base voltage goes. positive to the

0.7 or so volts necessary to turn it on and at turn-off, goes
negative again. The important action is shown in Figure 18
which pictures the actual base current of the power transistor
with a scale of one amp per division. Both the constant turn-on
1b1 of about % amp and the peak Ib2 of close to -2 amps can
be seen along with the collector voltage waveform with a & amp
resistive load. Remembering that the time base of all these
waveform photographs is 5 microseconds per division, one can
see approximately one microsecond delay between the turn-off
signal at the base and the actual turn-off of the collector of the
output transistor. Although this turn-off response is primarily
a function of the transistor design, it is safe to say that any
power switching transistor should perform faster with this form
of base drive.

Time Base: 5 ySec/Division
Upper Trace: P W.M. Control Signal
Lower Trace: Drive Transformer Primary

FIGURE 16 — INPUT CONTROL TO THE DRIVE TRANSFORMER

Time Base:
Upper Trace: Drive Transformer Secondary
Lower Trace: Power Transistor Base Voltage

5 uSec/Division

FIGURE 17 — THE BASE VOLTAGE DELIVERED TO THE EXTERNAL
POWER SWITCHING TRANSISTOR BY THE 5G1629
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Lower Trace: Collector Voltage with Ry =20

FIGURE 18 — BASE CURRENT AND COLLECTOR VOLTAGE OF
THE EXTERNAL SWITCHING TRANSISTOR

Note that one can also see in the collector waveform a soft knee
at turn-on where the power transistor is not saturated instanta-
neously. This is partially because of the turn-on characteristics
of the transistor and partially because of the finite rise time of
base current through the driving circuitry. This rise time is
primarily a function of the leakage inductance of the drive
transformer which opposes a sudden change in current from
zero to maximum value. [t is an exercise in transformer design
to configure the transformer to minimize to the greatest extent
possible the leakage inductance. This can be done with a
minimum number of turns and a maximum coupling between
turns. In the illustration, a ferrite pot core of approximately
%" in diameter was used to configure the drive transformer.
More will be said about turn-on rise time later, but first let’s
discuss one additional characteristic of concern in the turn-off
circuitry: The operation with very narrow pulse command.

Since the charge on the external capacitor is developed during
the turn-on command, narrow pulse widths accomplish the
As the drive
command pulse widths get narrower, there is a point where the
voltage on the external capacitor begins to fall off. With the

transfer of a minimum amount of energy.

circuit components as shown earlier, this loss of 1b2 occurs at
approximately 2 microsecond pulse widths. Figure 19 shows
the base current and collector voltage waveforms at narrow
pulse widths where the Ib2 has diminished from 2 amps down
to approximately % of an amp. Further reductions in pulse
width bring the 1b2 current ultimately to zero. This charac-
teristic is, of course, a function of the time constants in the
total circuit and some compromise or optimization can be
achieved by appropriate selection of capacitor values and
secondary drive voltages.

The above circuit incorporated constant current drive which is
an advantage if the load current happens to be relatively con-
stant but in many applications this is not the case. The SG1629
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FIGURE 19 — OPERATION WITH NARROW PULSE WIDTHS

may also be used to provide a base drive proportional to load
demand by adding an anti-saturation clamp diode as shown in
Figure 20. With the current sense terminals shorted, there are
two Vg voltage drops between the clamp and source emitter
terminals. Therefore, the clamp diode D1 will hold the col-
lector on voltage to approximately one diode drop above the
base. This will keep the switching transistor.right at the
threshold of saturation, regardless of load current variations.
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FIGURE 20 — USE OF THE SG1629 iN A LOAD-DEPENDENT
DRIVE CONFIGURATION

IMPROVING TURN-ON RESPONSE

In applications where maximizing base current rise time is
important and secondary transformer inductance is a significant
consideration, the use of the gating functions in the SG1629
can provide significant benefits. Figure 21 shows the addition
of an external transistor Q1 to drive the sink transistor’s gate
circuit. To explain the operation of this circuit, note that the
sink transistor’s base drive is now being generated with RB
connected to the common or center tap of the drive trans-
former secondary instead of the negative input terminal. This is
essentially zero volts and since the emitter of the sink transistor
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FIGURE 21 — IMPROVING BASE CURRENT TURN-ON RISE TIME

is attached to the capacitor which has a negative voltage on it,
the sink transistor would normally be on continuously. Tran-
sistor Q1 is selected as a relatively slow non-gold-doped tran-
sistor which has a finite storage time. Its action is to turn the
sink transistor off during the drive command signals, but to
delay that off signal for some increment in time. Note that
before the commencement of a drive command, the sink
transistor is on by the action of RB. Transistor Q1 is also
saturated by its base resistor being connected to the end of the
transformer which is also at zero volts prior to the command

signal.

When the drive command is initiated, current begins to build up
in the secondary circuit and the first flow of current is through
the source transistor, through the current limiting resistor,
down through the sink transistor which is still conducting, and
back to the negative terminal on the transformer secondary.
The switching transistor is still back-biased while this occurs.
Because the input to transistor Q1 is now at a negative voltage,
it turns off, but since it has a finite storage time, that time is
used to delay the rise of the input to the sink gate. Additional
delay can be added with a small capacitor at the sink gate input
terminal. When the input to the sink gate goes high, its output
goes low, forcing the sink transistor to turn off. Since the
source current is already flowing, turn-off of the sink diverts
that current to the base of the output transistor producing an
b1 rise time of less than 100 nanoseconds.

When the action is reversed at turn-off, there is negligible in-
crease in delay between the turn-off signal and the actual turn-
on of the sink transistor. This is because Q1 is the only device
with a long storage time and it is turning on so storage is not a
factor.
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Another method of speeding up the rise time of current into the
base is the use of some reactive components to differentiate the
drive current signal. A simple approach is a capacitor by-pass
around the current sense resistor, Rcs, providing an initial boost
in turn-on current.

GETTING IT ALL TOGETHER

The overall simplifications which Silicon General has offered to
the design of switch mode power converters can best be illus-
trated by Figure 22 which shows the total command signal flow
from the feedback error information to the output of a high
The SG1524 was
designied to provide all of a switching regulator’s P.W.M. control

current  half-bridge regulating inverter.

signals with the only external components required being the
divider resistors to interface with the error amplifier, the overall
loop compensation network, and the resistor and capacitor to
set the operating frequency. The SG1524 drives the SG1627
directly which, in turn, provides the signal conditioning to
develop the drive and reset commands to an interstage drive
transformer. The secondary windings of that drive transformer
are directly coupled into a pair of SG1629 floating drivers
which are then used to command the external 5 amp switching
transistors which form the high power output stage of the
power supply.

These circuits have all been designed to offer a maximum degree
of flexibility while incorporating what would otherwise be a
substantial amount of discrete circuitry.

Thus, all these new IC’s_greatly ease the design and manufac-
turing problems typically inherent in switching power supplies
and, at the same time, provide greater repeatability and
reliability at significantly reduced costs.
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FIGURE 22 — THREE IC TYPES FORM A MAJOR PORTION OF THE CONTROL
ELECTRONICS FOR A SWITCH-MODE HALF-BRIDGE CONVERTER.




Application Notes—SG3635

Use motor-drive IC
to solve tricky design problems

An IC driver's logic-control features and high output capability
suggest elegant ways to handle a variety
of difficult-to-drive loads.

Jim Williams, Consultant,
and Stan Dendinger, Silicon General Corp

You can use the SG3635 driver IC in a wide range of
applications, ranging from a switched-mode motor-
speed controller to a data-communieations line driver.
The device’s input configuration simplifies interfacing
between low-level circuitry (eg, a pP or logic blocks)
and the high-power load. And its output stage (see box,
“Anatomy of a driver IC”), capable of driving 40V, 2A
loads with peaks as high as 5A (including reactive
loads), provides sinking and sourcing capability as well
as commutation diodes.

TRACE | VERTICAL | HORIZONTAL

NOTES:
MOTOR-TACHOMETER:

GLOBE MODEL 397A120-2

12V MOTOR; 3V/1000-RPM TACH

*=1% FILM RESISTOR

A 5V/IDIV 5 mSEC/DIV
B 0.5v/DIV 5 mSEC/DIV

Fig 2—Switching on in discrete increments (trace A), Fig
1’s driver IC forces current (trace B} into the motor to speed it
up. Upon reaching equilibrium, the circuit oscillates around

‘ (,) Tacromeren the setpoint.

< % Fig 1 shows one application of the device in a
L"Wﬁ_ self-clocking switched-mode speed-control loop. The

mechanically coupled tachometer detects the motor’s
speed; its output, scaled and filtered by the RC
network, drives the 311 comparator, which compares
the output with the speed-setting input and biases the
SG3635 to complete the loop.

When the motor slows down, the SG3635’s output
switches on (Fig 2, trace A), forcing current into the

Fig 1—Used in a closed-loop configuration, the SG3635 motor (trace B) until the comparator’s inputs balance.
self-clocking driver IC controls motor speed in proportion to Under these conditions, the ecircuit oscillates in a
0 to 10V input. The comparator weighs the tachometer's i -

output against the input setting, then commands the SG3635 controlled . manne.r arounc‘i .the setpoint. The 10-k(,
to either speed up or slow down the motor. 0.1-uF pair provides positive ac feedback to ensure

clean transitions.




Control motor speed
with minimum parts count

The 3.3-k() resistor from the comparator’s offset pin
to the 15V supply provides enough offset to prevent
motor turn-on with a OV speed setting. In this
application the driver only sources current: The sink
transistor is never enabled. You could turn the sink
device on to dynamically brake the motor, but the
motor’s back EMF would cause considerable power
dissipation. The back EMF appears after the initial
inductive spike (clamped by the internal commutation
diode), which appears when the IC’s output switches
LOW.

What about motor-reversing capability? Fig 3’s
single-supply circuit uses two SG3635s in a bridge
configuration. The flip flop generates the necessary
complementary instructions to the ICs’ Enable inputs.
In this example, the SG3635s’ Pulse inputs are
grounded; you could instead pulse-width-modulate

NOTES:
MOTOR = CLIFTON
PRECISION PRODUCTS -
MODEL 13 PULSEINPUT

(5 PWM INPUTS (GROUND

FOR FULL POWER)

Fig 3—This push/pull bridge configuration allows two
driver ICs to provide bidirectional motor drive. Acommand to
the flip flop’s clock input causes instantaneous reversal.
Ground the SG3635's Pulse inputs for full speed; apply a

pulse-width-modulated input to control the speed.

Anatomy of a driver IC

The nearby figure (a) shows the
SG3635driver IC's internal organ-
ization. The main consideration
in the IC's design is to make
logic-level/power-ioad interfacing
as straightforward as possible.
The logic-compatible Enable and
Pulse inputs operate according to
the truth table shown: Accepting
drive from 74C Series circuits
operating at 10V or more, they're
compatible with all TTL forms
except 54L. You can allow the
inputs to float to the HIGH state,
but you must force them to
ground to produce a ZERO.

Negative supply voltages are
permissible at the ground pin, but
you must restrict the chip’s total
rail-to-rail voltage to 40V. The
internal regulator stabilizes the IC
against supply variations; the lev-
el-shift and interlock features pro-
vide proper drive levels and pre-
vent simultaneous output-device
conduction. The output sinks or
sources 2A continuously (5A pk)
with =40V output swing; the com-
mutating diodes handle 5A pk.
Finally, the thermal-shutdown cir-
cuit disables the upper output
device if chip temperature ex-
ceeds 160°C.

Why the interlock circuitry? It's
important to prevent simultaneous
conduction of a source/sink pair's
devices (b). This condition usually

arises during switching, when the
respective devices are inter-
changing OFF and ON states.
During this interval, substantial

@

THERMAL sV o v
SHUTDOWN / REGULATOR [ +Vs
CIRGOTRY
y
LEVEL
SHIFT SOURCE
—O OUTPUT
| INTERLOCK l
SINK ]E
ENABLE PULSE OUTPUT L—“—O GND

1 1 OFF
o 1 HIGH
1 0 LW
[ 0 HIGH

Providing logic-to-power-drive transla-
tion, the SG3635 (a) contains both low-
and high-level circuitry. The interlock cir-
cuit—an important feature—allows only
one power device to conduct at a time,
thus avoiding transitional power-supply
short circuits (b). An IC without the
interlock can produce large current pulses
(c) during switching. A test circuit (d)
verifies the IC's interlock circuitry; (e)
shows no common current flows in the
output devices during switching.

®)

+V

DESIRED
LOAD-CURRENT FLOW

LOAD

¥~ POTENTIALLY DESTRUCTIVE
SIMULTANEOUS CONDUCTIVE PATH

310



IC’s high-current output
yields fast motor reversal

15V

NOTES:
MOTOR = MOTORDYNE MODEL 1150-1
SERVO POT = SPECTROL MODEL 500-173
GEAR REDUCTION = 100:1

Fig 5—Control a shaft’s angular position with this servo-loop circuit. Select the position by applying limits to the comparator
inputs. The circuit uses supplies shifted 15V negative to provide a ground-level bipolar output to the motor.

GEAR-
REDUCTION
BOX

™ — — — = TO LEADSCREW-SCANNER DRIVE

a mechanical scanner in either direction between a set
of programmed limits. The driver IC’s ground pin is
biased at —15V, allowing the device’s output to swing
symmetrically about 0V.

The 5-kQ) pickoff potentiometer detects the scanner’s
position, then trips a pair of limit comparators; these
comparators in turn bias the RS flip flop that controls
the SG3635. To provide logic-level compatibility with
the driver, the flip flop uses 0 and —15 supplies instead
of the usual +15 and OV configuration. This circuit

forces the scanner to run continuously between the
limits defined by the Vypur inputs. You could control
speed by summing pulse-width-modulated signals at
the comparator inputs or by gating the SG3635’s inputs.

Tackle nonmotor drive problems, too

You can also use the driver IC in applications other
than motor control. Consider, for example, the problem
of driving long cables at high data rates—a difficult task
because of the rapid buildup of parasitic capacitance

15V . *
10k 0.001 uF
13 3 4 11|—"“|1z
ANALOG i |
ALOG @_. ADS37 VFC

NOTES:
*=1% FILM RESISTOR

Fig 6—Driving a brutal capacitive load presents little problem to the SG3635 driver. In this circuit, the IC drives a 10,000-ft
data-communications cable having 0.1-uF capacitance. The driver transmits serial 100-kHz data to the receiving comparator.

10,000 FT
0.1 uF)

>
DATA ( 9
OUTPUT

4,7ki
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Drive long cables
with total data recovery

with increasing cable length. In a remote data-
monitoring application, for instance, a 10,000-ft cable
displays 0.1-uF capacitance—a brutal load at high
speed, making receiver-end data recovery difficult.

Fig 6’s circuit provides the drive for this difficult
load: The V/F converter presents a serial, 100-kHz
square-wave data format to the SG3635. The driver’s
output (Fig 7, trace A)}—somewhat distorted because of
the load—drives the line. Trace B shows the IC’s
output current: The 5A peaks at the waveform’s edges
clearly reflect the heavy capacitance.

The square wave’s distortion is relatively minor,
allowing easy data recovery. The 311 comparator uses a
simple RC network to set an adaptive amplitude
threshold against which to compare the line output.
Because the threshold is derived from the signal,
power-supply shifts produce no undesirable effects.

In another nonmotor-related application, you can use
the SG3635 in conjunction with a pH probe as a 3-mode
controller (Fig 8). The FET op amp unloads the probe
and routes the signal—via an RC filter—to the two
comparators. The comparators, configured as a double-
ended limit detector, bias the SG3635; the IC then
drives valves that feed either acidic or basic solutions to
the chemical vessel.

If pH is correct, both comparator’s outputs remain
HIGH and neither valve energizes: The appropriate
LOW-switching comparator redresses eventual pH
imbalance by turning the necessary valve on.

TRACE| VERTICAL| HORIZONTAL

A 20V/DIV 2 uSEC/DIV
B 4A/DIV 2 uSEC/DIV
C 5V/OIV 2 uSEC/DIV

Fig 7—The effects of Fig 6’s gluttonous capacitive load
are evident in traces A and B. The 10,000-ft line absorbs 5A
current peaks during the IC's switching transitions. The
receiving-end comparator uses an adaptive amplitude
threshold to produce a clean output.

In a final example of the driver IC’s versatility,
consider its use as a power-transistor driver. Driving
these devices at high speed requires active turn-off
techniques to sweep charges from the base-emitter
junction. Moreover, many high-voltage power transis-
tors need negative base bias to guarantee breakdown
ratings.

Assume, for example, the use of unipolar base drive

Fig 8—Regulate a chemical solution’s acidity with this 3-mode controller circuit. The SG3635 drives the valves that add either
acidic or basic solution to the bath. Set the desired pH with potentiometer-determined comparator limits.

1N5061

NOTES:

pH PROBE = INGOLD MODEL 460-35

* =1% FILM RESISTOR

** VALVES = HUMPHREY MODEL TO62E1
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VERTICAL | HORIZONTAL

A 2A/0IV 50 mSEC/DIV
8 20V/DIV | 50 mSEG/DIV
C 20V/DIV 1 50 mSEC/DIV

them to control motor speed.

Fig 3’s circuit is a good test of the IC’s peak current
capabilities, because motors present a very difficult
load during instantaneous reversal. Fig 4, trace A
shows the motor current; traces B and C represent the
SG3635’s voltage outputs. The motor draws 200 mA in
normal mode but requires more than 3A during a
reversal because of the armature’s stored energy.

Servoed motor makes position clear

In addition to controlling speed and direction, you can
use the SG3635 in a simple circuit to control a shaft’s
position (Fig 5). In this configuration, the motor drives

Fig 4—Large peak-reversal current in Fig 3's motor is evident in
trace A. Traces B and C show the drivers’ output reversal; the outputs
handle the 3A motor peaks cleanly.

supply current flows through both
devices, effectively shorting the
supplies. A common approach to
alleviating the problem is to make

the stage switch quickly, minimiz-
ing concurrent ON time.

The widely used 555 timer fur-
nishes this simple solution. How-

()

e)

TRACE | VERTICAL | HORIZONTAL
A 20V/DIV | 200 nSEC/DIV
B 500 mA/DIV | 200 nSEC/DIV

TRACE | VERTICAL | HORIZONTAL
A 10V/DIV | 200 nSEC/DIV
B 20V/DIV | 200 nSEC/DIV
[ 100 mA/DIV | 200 nSEC/DIV

()

CLK

PULSE
INPUT

=

SCOPE

i TEKTRONIX MODEL P6016/131
CURRENT PROBE

NOTES:
RETURN SG3635 LOAD AND GROUND-PIN LEADS SEPARATELY TO SUPPLY

ever, it still generates consider-
able supply glitches (c). Trace B
shows the large supply-current
spike the IC’'s output pair pro-
duces when switching (trace A).
Such a current spike, in conjunc-
tion with a supply bus's impe-
dance, can result in unacceptable
system noise or device destruction.

The SG3635’s interlock circuitry
ensures complete turn-off of one
output device before the other
begins to turn on. This provision
eliminatés supply shorts during
switching, even when controlling
high power. To verify this action,
use the figure's test circuit (d).
Part (e), trace A shows one phase
(Q) of the 74C74's output; trace B
depicts the driver's output.

When Q switches LOW, the
SG3635 unclamps its sink transis-
tor, then allows the source device
to turn on. The reverse holds true
when Q switches HIGH. These
intentional turn-on delays account
for the 200-nsec output-timing
skew. Note in trace C—the
ground-pin-current—that no cur-
rent ever flows directly through the
source/sink pair.
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Valve-control circuit
maintains constant pH

(a)

10 0.003uF

50 OUTPUT

oV ﬂ INPUT
ov

2, =500

(b)

o TTL
PULSE INPUT

2N6308

Fig 9—Using unipolar base drive (a) for a high-power
transistor can result in siow collector turn-off. A bipolar-drive
circuit (b) shortens turn-off time considerably by sweeping
out base-emitter charge. Moreover, the negative base bias
improves the transistor's breakdown characteristics.

TRACE | VERTICAL | HORIZONTAL

A SVIDIV 500 nSEC/DIV
8 200V/DIV | 500 nSEC/DIV
C 3A/IDIV 500 nSEC/DIV
D 5V/IDIV 500 nSEC/DIV
E 200V/DIV | 500 nSEC/DIV
F 3A/DI 500 nSEC/DIV

Fig 10—Dramatic turn-off-time differences between uni-
polar- and bipolar-base-drive circuits (Figs 9a and 8b) are
evident in this photo. Long collector-voltage (trace B) and
-current (trace C) ON-to-OFF transitions result from the
unipolar drive (trace A); the bipolar drive (trace D) increases
turn-off speed more than sevenfold.
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(Fig 9a) for a high-power 2N6308. Fig 10, trace A
shows the transistor’s base waveform; traces B and C
display collector voltage and current, respectively.
Because the base drive is unipolar, the collector turns
off slowly: Voltage and current require about 1.5 psec
to settle. What’s more, the transistor dissipates
considerable power during turnoff, increasing its vul-
nerability to secondary breakdown. Inductive loads (eg,
flyback transformers) can exacerbate the situation.

The solution? Fig 9b’s circuit uses an SG3635 to
provide bipolar base drive, thereby shortening turn-off
time. The 311 comparator shifts the TTL-command
level to bias the driver’s Enable input; shifting is
necessary because the SG3635’s ground pin is returned
to —15V. The 25Q resistor to ground limits the
transistor’s reverse bias. Traces D, E and F show the
2N6308’s base voltage and collector voltage and cur-
rent, respectively—you can see that collector turn-off
time decreases to 200 nsec, greatly reducing the
likelihood of secondary breakdown.

Reprinted from EDN, May 1983
© 1983 by CAHNERS PUBLISHING COMPANY



SIMPLIFIED HIGH-EFFICIENCY MOTOR DRIVE SYSTEMS
WITH NEW PWM INTEGRATED CIRCUITS

Stan Dendinger
Manager, Applications Engineering
SILICON GENERAL, INC.
Garden Grove, California 92641

ABSTRACT
This paper describes a new pulse width modulator circuit designed specifically for DC motor control. It
provides a bi-directional pulse train output in response to the magnitude and polarity of an analog error signal
input. The device is useful as the control element in motor-driven servo systems for precision positioning and
speed control, as well as in audio modulators and amplifiers using carrier frequencies to 350 kHz.

1. INTRODUCTION

Power management engineers have been aware
for a number of years of the efficiency advantages
of switching power supplies over linear designs. In
response to growing production of switchers, the
semiconductor industry has spawned a number of
pulse width modulator (PWM) integrated circuits
of varying degrees of complexity for the control of
these power supplies.

Perceptive designers soon realized that the same
efficiency advantages apply to motor control.
Unfortunately, when they attempted to utilize
existing PWM circuits, they found that the
architecture was not optimized for motor control.
So many auxiliary components had to be added to
work around the restrictions of the PWM circuit
that totally discrete designs were frequently found
to be more economical.

The main difficulty has been that PWM controllers
for switching power supplies were designed to be
one quadrant power conditioners; i.e., the polarity
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of DC output voltage is fixed and proportional to a
unipolar reference voltage. A second difficulty has
been that power supply controllers attempt to
produce an AC waveform of variable energy
content, since power must be transferred through
a high frequency transformer. This requires that
PWM pulses alternate from side to side with a
dual-driver architecture.

The requirements for PWM motor control are
different: The integrated pulse train must have a
DC component proportional to the magnitude of
the applied reference voltage, and a polarity
determined by the sign of the reference to ac-
complish bi-directional rotation. All of the
necessary control elements for two quadrant
operation are found in the PWM circuit to be
described, which is designated the SG1731.

2. BLOCK DIAGRAM

The SG1731 contains a triangle waveform
oscillator, a wideband operational amplifier for
error voltage generation, a summing/scaling

@

ouTRUT A

FIGURE 1. $G1731 BLOCK DIAGRAM



network for level-shifting the oscillator waveform,
externally-programmable PWM comparators, and
dual +100mA, 32 volt totem pole drivers with
commutation diodes for full bridge output drive. A
TTL-compatible SHUTDOWN terminal forces the
output drivers into a floating high-impedance
state when driven LOW. Supply voltage to the
circuit may be either from dual positive and
negative supplies, or single-ended.

3. PULSE WIDTH MODULATION

2ZERO EAROR
VOLTAGE ouTPUT &

outPuTe

case o
POSITIVE ERROR

NEGATIVE £RROR YT A
VOLTAGE  ouTPUTA _L L

oweora L1

FIGURE 2. DEADBAND OPERATION

Pulse width modulation occurs by adding an error
voltage to the triangle waveform, attenuating the
resulting signal by a factor of 2, and comparing it
to threshold voltages +VT and —VT, which are
applied to pins 1 and 8 respectively. Figure 2
illustrates the case for VA+<+yT. When the error
voltage is zero, no threshold crossings occur, and
the output drivers remain in the LOW state. If the
error voltage is sufficiently positive, the upper
threshold will be periodically crossed by the
shifted triangle waveform and output driver A will
switch to the HIGH state. As the error voltage
becomes larger, the duty cycle of driver A will
linearly increase towards 100%. The same action
occurs at output driver B for negative error
voltages.

A motor connected across the full bridge formed
by drivers A and B will receive a high frequency
pulse train which, when integrated by the LR time
constant of the armature, will result in a voltage
drive proportional to the magnitude of the error
signal. The polarity of the drive signal will be the
same as the polarity of the error voltage.

With deadband operation, there is a small region
around the null point of the servo loop where no
power is applied to the motor. This conserves
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power, which may be desirable in some
applications, but it also results in loss of both
positioning accuracy and mechanical stiffness.

VOLTAGE outPuTa !

ASE B R e
POSITIVE ERROR il iy
VOLTAGE OuTPUT A

ouTPUT B

ourPurall VM N

casec
NEGATIVE ERROR
voLTaGH

outPuTe

FIGURE 3. NON-DEADBAND OPERATION

The other possible mode of operation is shown in
Figure 3, where VA+>+VT. At the loop null point
the motor still receives drive pulses, which
provides resistance to armature movement by
external forces. The integrated drive voltage is still
zero when the error voltage is zero, since the drive
pulses alternate in polarity with identical pulse
widths at the null point.

This is the preferred mode of control in a missile
fin actuator system where aerodynamic forces on
the airfoil attempt to move the motor armature
away from the null position. A second example
where deadband operation is not desirable is a
switching, or “Class D", audio amplifier. Cross-
over distortion would be unacceptable, and poor
speaker damping would also result.

4. OSCILLATOR CIRCUIT
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FIGURE 4. SG1731 OSCILLATOR SCHEMATIC



The triangle oscillator consists of two voltage
comparators, a set/reset flip-flop, a bi-directional
500 pA current source, and an external timing
capacitor CT. A positive reference voltage applied
to pin 2 (2VA+) sets the peak value of the triangle,
and a negative reference voltage at pin 7 (2VA—)
determines the valley of the triangle. Normally, the
reference voltages are equal, so that a symmetrical
waveform about ground results.

Circuit operation is as follows: Transistors Q6 and
Q9 form the set/reset flip-flop. Assume that Q9 is
conducting and Q6 is off. The collector voltage of
Q9 will be low compared to that of Q6, resulting in
Q7 conducting and Q8 being off. The current from
the 500 uA source will flow into CT and a positive
voltage ramp will occur at pin 6. When the voltage
exceeds 2VA+, the comparator formed by Q1
through Q4 changes state, turning on Q5. This
removes base drive from Q9 and the flip-flop will
change state. The current-steering transistor pair
Q7 and Q8 now switch the 1 mA discharge current
source onto the CT bus. Since the 500 uA
charging source is still active, the net discharge
current out of CT is the difference of the two
sources, or 500 yA. Since monolithic construction
allows close ratioing of current sources, the
discharge rate will closely match the charge rate.
When the voltage on CT falls below 2VA—, the
comparator formed by Q11 through Q14 will reset
the flip-flop and another charge cycle will begin.
Since the values of the current sources are fixed at
a nominal 500 uA, the oscillator frequency may be
calculated as follows:

For a given capacitance and current,

=1

at - C M
or

dt = c':_ av @
where

dV = Vpgc peak-to-peak

| =500 uA=5x10"4 A

dt =1 TOSC (assuming symmetry)

C = Variable
Therefore

ot = 2CdV
Tosc=2dt = £-55 4 @)

The desired oscillator frequency can be obtained
by first choosing a peak-to-peak voltage for the
triangle waveform, and then selecting the proper
value of CT from Equation 3.
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FIGURE 5, SG1731 OSCILLATOR
PERIOD VS. Vogc AND Ct
As a design aid, the solutions to Equation 3 over
the recommended range of TOSC and VOSC are
presented in graphical form in Figure 5. The lower
limit on Togc is 2.85 usec, corresponding to a
maximum frequency of 350 kHz. The maximum
value of VOsC, (2VA+)—(2VA-), is 10 volts peak-
to-peak for linear waveforms.

5. ERROR AMPLIFIER
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FIGURE 6. $G1731 ERROR AMP SCHEMATIC

The error amplifier is a high slew rate unit
designed for low input offset voltage and bias
current under equilibrium conditions. It consists
of two gain sections, with frequency compen-
sation for unity closed-loop gain stability in the
second stage. The first stage is formed by
transistors Q1 through Q12. When the differential
input voltage is zero, the emitter voltages of Q2
and Q3 are equal, and the collector currents of Q5
and Q6 are equal to a small fraction of the collector
current in Q4 and Q7. The vaiue of current is set by
current sources Q9 and Q10 and the two 5K
emitter resistors. Transistors Q8, Q11 and Q12
form a compound current mirror which converts
the full differential voltage gain of the input stage
into a single-ended gain referred to —Vg. A
Darlington gain stage formed by Q18 and Q20
provides the large voltage swing required for the
amplifier output. When the differential input



voltage is not zero, that voltage appears across the
5K resistors of the input stage, increasing the
operating current. Simultaneously this increased
current is sensed by Q1, and current supply to the
output stage is increased proportionally. Since
more current is available to charge the 30 pF
compensation capacitor, the amplifier output
voltage slews at a much higher rate. When
equilibrium is again reached, the bias currents
retum to their normal quiescent levels.
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FIGURE 7. ERROR AMP POWER BANDWIDTH

As shown in Figure 7, the error amplifier is capable
of excellent power bandwidth. Full output swing to
200 kHz is available, with slew rates exceeding 15
volts/microsecond. These dynamic character-
istics allow application to audio modulation
circuits with very low transient distortion.

VOLTAGE GAIN - DB

01 1 10 100 I3 10K 100K ™

FREQUENCY - HERTZ

FIGURE 8. ERROR AMP OPEN-LOOP
FREQUENCY RESPONSE

The amplifier frequency-gain plot is a constant 6
dB/octave roll-off to unity gain, resulting both in
unity gain stability and good transient response.
Typical DC voltage gain is 110 dB into a 2K load,
and unity gain crossover frequency is 1
megahertz.
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6. OUTPUT DRIVERS

FROM PWM
COMPARATOR

Vo
FIGURE 9. HALF-BRIDGE OUTPUT DRIVER SCHEMATIC

The output stage is a non-saturating quasi-
complementary high current switch for efficient
high frequency operation. Transistors Q3, Q4, Q5
and Q6 form a high voltage Schmitt trigger input
stage. The positive feedback produces fast
switching times and jitter-free pulse width
modulation. Q7 and Q9 provide output current
sourcing, and Q8, Q10 and Q11 provide current
sinking. Commutation diodes D1 and D2 clamp
inductive loads to the supply rails. Their current
capability is the same as the output transistors:
200 mA peak.

7. TYPICAL APPLICATIONS
7.1 SIMPLE POSITION SERVO
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FIGURE 10. A SIMPLE BATTERY-POWERED POSITION SERVO

A simple, low-voltage, battery-powered position
servo is illustrated in Figure 10. A resistive divider
network sets up the reference voltages for triangle
waveform amplitude and PWM thresholds. Since
the circuit is powered by battery, VA+ is designed
to be less than +VT (deadband) to conserve
power. The 9 volt DC motor is driven directly from
the output drivers, and it in turn drives a position
feedback potentiometer through a geartrain. The
position feedback voltage is subtracted from the



external position command voltage in the on-chip
error amplifier. The difference between com-
manded position and actual position generates an
error voltage which in turn generates a series of
PWM pulses to the motor to correct the difference.
Once null has been reached, no further power is
applied to the motor untii a new position
command voltage is received, or the wiper is
moved out of position by external forces.

7.2 HIGH TORQUE POSITION SERVO
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FIGURE 11. HIGH TORQUE POSITION SERVO

Figure 11 illustrates a high power version of the
previous position servo loop. The control circuit is
powered from balanced positive and negative
supply voltages, and the output drivers switch the
load between +32 volt supply rails for maximum
output power. Complementary emitter follower
buffers on each output provide increased current
gain and power handling capability.

7.3 MOTOR SPEED CONTROL
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FIGURE 12. HIGH TORQUE BI-DIRECTIONAL
MOTOR SPEED CONTROL CIRCUIT
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In Figure 12, a bi-directional motor speed control
circuit is derived from the previous circuit by
substituting a tachometer for the position pot in
the motor feedback circuit. The external com-
mand voltage now represents a speed rather than
a position, with direction of motor rotation a
function of command voltage polarity. Magnetic
tape drives are an example of this configuration,
with the velocity feedback voltage frequently
derived from an encoded bit pattern on the tape.

7.4 PWM AUDIO POWER AMPLIFIER
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FIGURE 13. P.W.M. AUDIO POWER AMPLIFIER

A complete PWM power audio amplifier is
illustrated in this last application. The circuit
reconstructs an amplified version of the audio
input voltage by deriving the feedback signal from
the speaker voice coil. An oscillator frequency of
300 kHz was chosen to maintain a ratio of at least
15 to 1 between the carrier frequency and the
highest modulation frequency (20 kHz).

Ratios of at least 10 to 1 are necessary for
acceptable linearity, low distortion and good
transient response. An LC output filter smoothes
the pulse width modulated output to the speaker;
its design is critical for low distortion. This circuit,
consisting of one integrated circuit and four power
transistors, can deliver 150 watts RMS of power
into a 4 ohm load.

8. CONCLUSION

A new pulse width modulator integrated circuit
designed for motor control has been described
which includes all the circuitry necessary for
implementing high efficiency bi-directional con-
trollers. Inputs and outputs have been designed
for maximum flexibility, allowing the device to be
useful in a wide range of position and speed servo
systems.



Application Notes —SG1731

Simplify feedback controllers
with a 2-quadrant PWM IC

A 2-quadrant pulse-width-modulator IC eliminates many of the problems
arising with unipolar devices in feedback-control applications.

Jim Williams, Consultant,
and Stan Dendinger, Silicon General Corp

The SG1731 pulse-width-modulator (PWM) IC brings
to motor controllers and similar applications the
efficiency previously limited to switching-power-supply
circuitry. As a result, you can use it to design
motor-controller circuits having parts counts smaller
than previously achievable.

Switching-power-supply PWM controllers are de-
signed to be 1-quadrant power conditioners, furnishing

a dec output voltage with fixed polarity and amplitude
proportional to a unipolar reference voltage. Motor
controllers, on the other hand, require an integrated
pulse train with a dec component proportional to the
magnitude of an applied reference voltage and polarity
determined by the reference’s sign. Otherwise, they
can’t produce bidirectional rotation.

In addition, the architecture of power-supply PWM
ICs often proves inappropriate for motor-control tasks,
requiring so many auxiliary circuits that totally dis-
crete designs often prove more economical. PWM
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Fig 1—A dc-motor pulse-width-modulator IC, the SG1731 features 50-Hz to 350-kHz oscillator range, adjustable deadband
operation, a high-slew-rate error amplifier, a Shutdown input providing floating outputs, and dual 100-mA source/sink output drivers
capable of operating from supplies to +32V.
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Error voltage controls
pulse-width modulation

power-supply controllers attempt to produce a varia-
ble-energy-content ac waveform, because power must
be transferred via a high-frequency transformer.
Unlike those from a PWM motor-control IC, the PWM
pulses produced by these devices must alternate and
are therefore produced by a dual-driver architecture.
Fig 1 shows the SG1731’s structure. The device
contains a triangle-waveform oscillator whose frequen-
cy is determined by an external capacitance at pin 6 and
whose amplitude can be set through resistor or voltage
programming at pins 2 and 7. The IC also contains a
wide-band op amp for error-voltage generation, a
summing/scaling network for level-shifting the oscilla-
tor waveform, externally progirammable PWM compa-
rators and dual +100-mA continuous (+200-mA pk),
+32V totem-pole drivers with commutation diodes for
full-bridge output drive. Typical supply voltages are

+15V, although the device can function at values as low
as =3.5V. You can use dual- or single-polarity supply
voltages. Pin 15, the Shutdown terminal, forces the
output drivers into high-impedance states when LOW.

Pulse-width modulation occurs when an error voltage
gets added to the triangle waveform, attenuating the
resulting signal by a factor of two and comparing it with
threshold voltages +Vr and —Vr (pins 1 and 8). Fig 2
illustrates the case for V,<Vy. When the error is 0V,
no threshold crossings occur, and the output drivers
remain at —V, (Fig 2a). As the error voltage goes
positive, the upper threshold gets periodically crossed
by the shifted waveform, and output driver A switches
to +V, (Fig 2b). As the error voltage becomes larger,
the duty cycle of driver A increases linearly toward
100%. The same action occurs at output B (Fig 2c¢) for
negative error voltages.
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Vi o o e e
ZERO N /\
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VOLTAGE \/
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Vo
ouTPUT B
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1 1 i ]
Vo [ (-
OUTPUT A I | I l
_v0
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NEGATIVE  Vie e e e e e e e e e e o —
ERROR

VOLTAGE GND — e
—vx% - _M - _XR

Vo |

OUTPUT A 0
~Vo—r

'
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Fig 2—With oscillator voitage less than threshoid volt-
age, the SG1731's outputs switch LOW to HIGH when the
error voltage shifts oscillator output outside the threshold.
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Fig 3—With oscillator voltage greater than threshold
voltage in the 1731, lack of a deadband provides resistance
to motor movement caused by external forces.
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Class D ampilifiers for audio applications

Almost all amplifiers use some
form of output pass element to
deliver power to a load. Because
the amplifier controls this pass
element, and because the amount
of power delivered to the load
varies, dissipation is inevitable.
And at high power, substantial
dissipation losses place limits on
packaging, power consumption
and efficiency.

One form of amplifier, the Class
D stage, largely circumvents
these problems by using a
switched-mode output stage to
deliver power to the load. Be-
cause the amplifier's output is
either ON or OFF, efficiency is
higher than that of a linear stage,
and heat dissipation is low. In Fig
A, the output of such a stage is
represented by a series of width-
modulated pulses whose power-
time spectrum is related to the
input signal.

In theory, this type of stage can
serve in an efficient audio amplifi-
er. And recently, designers have
expressed a great deal of interest
in developing such an amplifier.
However, practical problems have
made a workable switching design
for audio difficult to achieve.

Historically, switched-mode-
amplifier designs called for com-
plex circuitry and expensive out-
put devices. Producing a
pulse-width modulator that pro-
vides 2-quadrant response with
high linearity and wide bandwidth
was difficult. In addition, even if
available, low-loss output switch-
es that operated at high carrier
frequencies were expensive, and
the drive circuitry quite complex.

The introduction of power-FET
devices has reduced design-cost
and complexity problems in the
output stage. But although such
components make the job easier,
designers still must deal with sev-
eral issues to achieve optimum
performance.

One unpleasant surprise is the
combination of the high-frequency
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(a)

|:]: WAVEFORM

:

QUTPUT
STAGE

Fig A—A switched-mode PWM Class D amplifier coupled to an FET output stage

provides efficient operation.

carrier and the FETS’ input capac-
itance. The FET gate drive (Fig B,
trace A) causes the current drawn
through the input capacitances
(trace B) to peak at 400 mA on
both edges as the FETs switch.
Aithough the FETs have a high
impedance at dc, the high carrier
frequency required for audio calls
for substantial average gate cur-
rent. This requirement in turn calls
for some form of preceding driver.

A more serious problem centers
on filtering the carrier at the load
(a speaker in audio applications).
Filter design is complicated by the
uncertain characteristics of the
lead wire and speaker that con-
nect to the amplifier. Even if these
parameters are fixed by specifica-
tion, the speaker’s reactive nature
complicates the design.

Even assuming the filter can be
built, the waveform across the
speaker is well out of the phase
with the input because of carrier-
induced phase shift as well as
filter phase shift. As a result,
closing a feedback loop from the
load proves difficult. it might be
possible to use a complementary
phase-shift network to correct for
this shortcoming, but the design of
this type of an audio-grade com-
pensation scheme is difficult.
Without feedback, the problem
goes away, but nonlinearities in

TRACE | VERTICAL | HORIZONTAL

A 50V/DIV | 200 nSEC/DIV
B 200 mADIV | 200 nSEC/DIV
C 20V/DIV | 200 nSEC/DIV

Fig B—Fig A’'s FET output stage draws
400-mA pk gate current when the FETs
switch (trace B). Trace A is the gate drive
signal; trace C, thé FETs’ source lines.

the pulse-width modulator then
contribute to output distortion.

Finally, the high-frequency har-
monics in the switching stage
pose a difficult RFI-suppression
problem. The same fast switching
that yields efficiency and wide-
range audio bandwidth also quali-
fies as a potential broadband
radio transmitter and must be
suppressed. This need mandates
careful layout, expensive and
complex packaging and RFI sup-
pression on both power and
speaker connections.
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No motor power required
with deadband operation

A motor connected across the full bridge formed by
drivers A and B receives a high-frequency pulse train.
When integrated by the armature’s L/R time constant,
this pulse train results in a voltage drive proportional to
the error signal’s magnitude. Drive-signal and error-
voltage polarities are identical.

With this deadband operation, no motor power gets
applied in a small region around the servo loop’s null
point. Although this action conserves power (desirable
in some applications), it results in a loss of both
positioning accuracy and mechanical stiffness.
Deadband operation is also not desirable in switching
(Class D) audio amplifiers. There, crossover distortion
is unacceptable, and poor speaker damping results (see
box, “Class D amplifiers for audio applications”).

The other SG1731 mode of operation is shown in Fig
3, where V,>Vr. At the loop null point, the motor
receives drive pulses that resist externally produced
armature movement. The integrated drive voltage is
0V with no error voltage (Fig 3a) because the drive
pulses alternate in polarity and have identical widths at
the null point. Figs 3b and 3¢ show the effects of error
voltages on the oscillator signal.

This is the preferred control mode in a missile-fin-
actuator system, for example, where aerodynamic
forces on the airfoil attempt to move the motor
armature away from the null position.

You can configure the SG1731 as a bidirectional
motor-speed controller as shown in Fig 4. The motor
specified runs directly from the device’s outputs, and
the tachometer produces an output directly proportion-
al to the motor’s speed and direction. This high-level
signal gets divided down and filtered by the discrete
components associated with the tachometer, then
applied to the 1731’s error-amplifier input. The 1731
internally compares this signal with the speed-control
input’s value and provides output drive of the appropri-
ate phase and magnitude, completing a speed-control
loop. Set the comparator voltages for nondeadband
operation. The lowest rotation speed depends on the
motor’s friction characteristics.

Instantaneous-direction-reversing applications might
require an optional current-limiting circuit rather than
=15V applied directly to pins 11 and 14. At the time of
direction reversing, the motor draws peak currents
that could damage the 1731’s output drivers. Q/’s ability
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Fig 4—in this bidirectional motor-speed controller, the tachometer provides feedback while the current-limiting circuit protects
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Extend control capability
with high-current drivers

to supply current is controlled by Q.’s state, which in
turn depends on the voltage across the 40} current-
sensing resistor. If the motor current exceeds 200 to
250 mA, Q: turns on and Q, shuts off.

Another bidirectional speed-control loop appears in
Fig 5. Here, SG1635 drivers control higher motor
power and eliminate the need for a speed-monitoring
tachometer; instead, back EMF produced by the motor
serves as a feedback signal. This arrangement entails
some increase in circuit complexity but eliminates the
tachometer’s cost.

The circuit’s basic servo mode is similar to that of Fig
4. The 311 comparator (IC,) senses the polarity of the
input command signal. Its output goes to the 1635s via
a diode and inverter, allowing both 1635s to be OFF,

TRACE | VERTICAL | HORIZONTAL

neither sinking nor sourcing current, when the 1731 is A 5VIDIV | 200 wSECIDIV
. . . . B 20VIDIV 0 uSEC

not producing output pulses. Fig 6 shows the circuit c TViIDI | 200 -SEC/0N
. . D /DI 200 uSEC

waveforms. When either 1731 output is HIGH, the 5 Sovio 1300 “SECDIV

other output is LOW, and the motor is driven. When

both outputs are LOW, the 1635s are OFF and the Fig 6—Waveforms for Fig 5's tachless controller include
motor is electrically floating. the controller’s outputs (traces B and C) and the voltage
'IEhe motor’s in duy tive t g £f spik ts d db across {he motor (trace A). The 10-k§2/0.02-u.F network's
Cclive turn-oll spike gets damped by decay time (trace D) ensures that the FET drive (trace E)

the 1635s’ internal diodes. After turn-off, the waveform remains off until after the inductive spike has settled out.

15V

2uF - 15V - 15V
14
- 15vjr
12 1 > 2 !
SG1731 % 74C0O4
'y
13 3 4
% 74C04
24F ALl
= B
5]3]0 °
RV A
14 — 15V
100k

NOTES:

MOTOR—CLIFTON PRECISION PRODUCTS- TYPE 13
ALL DIODES—1N4148 EXCEPT Z1, 1IN1960.

SG1635 PINS LISTED FOR TO-220 CASE

-10TO 10V
SPEED-CONTROL -
INPUT

Fig 5—A tachless controller based on the 1731 uses motor back EMF and some additional parts to reduce overall cost.
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Eliminate servo hunting
with long time constants

returns to a dc level determined by the back EMF of
the undriven motor, now functioning as a tachometer.
This level gets differentially picked off by the 301A op
amp (IC;), whose output feeds a switched synchronous
filter. This filter, composed of the FET and the
100-kQ/0.01-pF combination, samples the back-EMF
value during the motor’s powered interval.

A 311 (IC,) gates the FET switch synchronously with
the 1731’s output. The diode-RC network feeding IC;
allows either output to actuate the filter. The 10-k{¥/
0.02-p.F network’s decay time length (Fig 6, trace D)
ensures that the FET drive (trace E) remains OFF
until well after the inductive spike has settled out.

The pure de filter output feeds back to the 1731’'s
error amplifier to complete the speed-control loop. The
zener-diode bridge clamps all inputs above approxi-
mately *=10V; otherwise the 1731’s outputs would
saturate at dc and the switched feedback loop would
never operate.

Another SG1731 application appears in Fig 7. Here,
two 1731s bidirectionally control the speed and shaft
position of a printed-circuit-type motor.

The shaft position gets sensed at the output of a
geardown transmission. Slave the 1731s together to
avoid producing frequency beating from separate
oscillators; take the triangle waveform of SG1731,
through a 301A follower and use the output to drive the
capacitor pin of SG1731s. This is an effective way to
slave 1731s together because the follower’s low-
impedance output overrides whatever state the unbi-
ased internal oscillator of SG17315 might take. Control
the shaft position by sensing it with a potentiometer
that feeds a signal back to SG1731,. This signal then
gets compared with the Position input, and the outputs
of SG1731, drive the shaft to the position required to
balance the error amplifier’s inputs.

SG1731; functions in a speed-control loop similar to
that described in Fig 4. It controls speed by using its
output pins, via a diode OR gate, to pulse-width-
modulate SG1731,’s Shutdown pin. The 311 comparator
prevents either SG1731; output from going LOW on a
de basis by synchronously gating signals into the
device’s output comparators, forcing the appropriate
output HIGH.

NOTES:
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Fig 7—In this bidirectional motor-speed- controller/positioner application, SG1731, acts as a position servo, while
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Fig 9—A well-insulated Peltier cooler with good heat removal on its normally hot side specs stability better than 0.02°C typ.
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Motors adapt easily to Class D
operation, speakers don’t

Consider SG1731, to be a position servo; SG1731g
controls how quickly the position is acquired. Dead-
zone control results from voltage-modulating SG1731g’s
comparator thresholds.

Fan-temperature control safeguards instruments

You can also use a 1731 to control a fan motor’s speed,
regulating instrument temperature and extending fan
life (Fig 8). At least one oscilloscope manufacturer uses
this approach, and it has also found use in several
military applications.

When power is applied, the thermistor, located near
the fan, has a high resistive value. This condition
unbalances the amplifier-driven bridge, sending pin 12
LOW. Q, and the fan motor are off. But as the
instrument warms, thermistor resistance decreases,
producing PWM signals at pin 12 and turning @, and
the fan motor on.

The 100-pF capacitor determines the time constant
across the error amplifier; a short time constant
produces audibly annoying hunting in the servo. The
50Q resistor limits motor current, and the 1N4002
diode dampens motor spikes.

The SG1731 can function in nonmotor applications,
too. The freezing point of water serves as a reference
point for the calibration of various types of temperature
sensors, such as platinum RTDs and thermocouples. In
such applications, an ice slurry in a Styrofoam container
or a Dewar bottle is usually used to achieve the 0°C
condition. Although inexpensive, this approach re-
quires constant ice replenishment and water removal
and tends to be messy. As an alternative, you can use
the SG1731 to provide 2-quadrant control for a
Peltier-junction-type thermoelectric cooler.

Current flow in a Peltier device cools one side of the
junction and heats the other; reversing the applied
current causes the cold side of the junction to heat and
the hot side to cool. Commercial devices use a large
number of junctions to achieve high thermal capacity
and are about the size of a postage stamp. They are
optimized for one direction of current flow but can work
both ways.

Fig 9's circuit capitalizes on this characteristic to
achieve a very precise temperature reference that cools
to 0°C and then settles out very quickly. Most thermal
control loops settle slowly because energy can only be

15V

;J—
47 4
IRF131 ;

-15v

1000pF
15V
24F 6 25V
[l 16
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I 1
= 10k< 2
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1
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24F 9 10
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= 3 4 5
-8V 100K
INPUT 100k GAIN

Fig 10—A switched-mode power amplifier using a 25-kHz carrier transmits a 400-Hz waveform to a load.
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Temperature reference
is bidirectional

TRACE | VERTICAL | HORIZONTAL

A 10V/DIV | 500 uSEC/DIV
B 50V/DIV | 500 uSEC/DIV
C 50V/DIV | 500 uSEC/DIV
D S0V/DIV | 500 uSEC/DIV
E 20V/DIV | 500 uSECIDIV

Fig 11—In these waveforms for Fig 10’s amplifier, trace A
is the amplifier’s input, traces B and C the 1731's outputs and
trace D the waveform across the load. Trace E, a 3-kHz
filtered version of trace D, shows that power density
approximates input signal.

removed (as in a refrigerator) or added (as in a crystal
oven). But because the Peltier device is thermodynami-
cally bidirectional, it’s an ideal choice for use in a
low-temperature servo.

When power is applied, the platinum sensor (at a high
resistive value) unbalances the bridge and causes the
AD524 instrumentation amplifier to saturate negative-
ly. This action turns the 1731 and its 1635 drivers on,
resulting in current flow through the Peltier device in
the cooling direction. When the temperature reaches
0°C, the 1731 tends to cut off, causing loop overshoot.
However, the heat-pump reversal in the Peltier device
forces short thermal settling times.

The 100-kQ potentiometer adjusts loop gain; the
1-uF capacitor sets bandwidth. The 100-kQ resistors
and the 0.01-uF capacitor across the instrumentation
amplifier filter out the fast chopping noise the platinum
sensor, a wirewound device, picks up.

If you use the resistance decade shown, you can
control the junction at any desired temperature around
0°C. For an ideal 1000€) sensor at 0°C, the table values
shown in Fig 9 apply. You can substitute the actual 0°C
value for the platinum sensor used, biasing all values by
the difference between the sensor resistance at 0°C and
1000£). The bidirectional thermal control and high loop
gain produce very rapid response to any shift in
temperature setpoint, plus high stability.

Finally, the SG1731’s 2-quadrant capability allows its
use as a switched-mode (Class D) power amplifier.
Motors and other devices that can integrate the

328

time-power spectrum of a Class D amplifier output are
obvious loads. The design can also serve audio applica-
tions but requires careful attention to output filtering
to achieve acceptable distortion levels.

Fig 10 shows the 1731 set up to deliver high power to
a 108} load via complementary power FETs. The
device’s output stage swings =25V, providing a 10V
enhancement for turning on the FETSs. The active 1731
outputs are ideal for driving power FETs because they
can both source and sink the relatively high gate
currents caused by the FETS’ input capacitances. Fig
11 shows the waveforms associated with this
circuit. EDN



Package Outlines

SILICON GENERAL PACKAGE RATINGS POWER PACKAGES

Derate “‘ﬁ,ﬁ
Package Th;rrnal Resistance LGOC/W) o Power azl;c;vg ‘?" 5 — “';L""‘mm
Type issipation P rLAe
Typ. cMax. Typ. AMax. (mW) (mw/oC) j—”
K (TO-3) 3.0 5.5 35 45 4300 30 —um
P(T0-220) | 3.0 5.0 60 85 2000 16 =
R (TO-66) 5.0 6.0 40 50 3000 24 w & f"
T (TO-39) 15 25 120 | 185 1000 6.7 Bl
T (TO-99) 25 40 150 | 190 680 5.4 LN s
T (TO-96) 25 40 130 | 165 800 6.8 w-mfw-scm
T(TO-100) | 25 | 40 | 150 | 190 680 5.4 R o
T(TO-101) | 25 40 150 190 680 5.4 K-PACKAGE
J (16-pin) 45 60 8o | 110 1000 6.7 TO-3
J (14-pin) 45 60 80 110 1000 6.7 o
Y (8-pin) 50 60 125 | 150 800 8 a0 g
N {16-pin) 50 60 | 130 | 180 600 6.0 s i 250
N (14-pin) | 50 60 | 130 | 150 600 6.0 ——1— § 0
M (8-pin) 50 60 | 160 | 190 400 4.0 ,,g%aj o soomn |
F (10-pin) 40 60 170 | 190 500 3.3 - f

PLASTIC PACKAGES

%J m%’ %‘ﬁ%ﬁ; L
i H o om |

P = R-PACKAGE
= ‘:"n — [ [_‘ug T::ﬁ o TO-66, 2-PIN
) $48 vorview ;in; a0 620 |
T 3 . L) 7 ‘“ERa Max —
ettt _ osomax 500 | I 4

5 g g e gy e s e

250
340

i -

)
5
RE | A

T = i A - Lg-e,u J l—$¢2° *“'.;‘—% 2
N-PACKAGE ALL LEADS ARE GOLD PLATED 210 .M5R.
- -PACKAGE
14-PIN PLASTIC 16-PIN PLASTIC
242
152
ﬁ o
N _ e 380R.
B g e T aracts R-PACKAGE
o - o TO-66, 9-PIN
o0 wax— © = :
=iy _ FLATPACK
0240 g ™ 010
ue e
1 v/ R 1 e
| S g Sy | —a] 0.250 |=—0.338 = ;nr
- ’h'l’;tﬂ sos see FF“sz_J ’
= i . — =y
"”jts\sunuc L1 ! b
MIN PLANE , ’ o
: : E F-PACKAGE
o [ ™ v 10-PIN FLATPACK
M-PACKAGE
8-PIN MINIDIP

329



Package Outlines
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18) 664-0186
: 910-845-3084

CALIFORNIA (Northern)
Thresum Assoclates
21580 Stevens Creek Rd.
Suite 207

Cupertino, CA 95014
(408) 996-9889

TWX: 910-338-2081

CALIFORNIA (Southern)
IsbDs ¢

11340 W. Olympic Bivd.
Suite 355

{213) 478-0183
TWX: 910-342-6997

ISDS
22900 Ventura Bivd.

Suite 260
Woodland Hills, CA 91364
(213) 883-7130
TWX: 91(}494 1220

ISDS

2101 East 4th St.
Suite 125, Building A
Santa Ana, CA 92705
(714) 973-2162

TWX: 910-595-2684

ISDS

7867 Convoy Court
Suite 306

San Diego, CA 92111
619) 571-1544

COLORADO

Lange Sales, inc.

5575 S. Sycamore St., #204
Lmleton 0080 120

;W)z: 91 0'935-0824

CONNECTICUT

Bell Controls

115 Main Dunstable Rd.
Suite 155

Nashua, NH 03060

m& 882-6984
X: 710-228-6763

DELAWARE

Glen White Associates
57 W. Tlmonlum Rd.
Suite

Tlmonium MD 21093
{301) 2526360

FLORIDA

H.H.P.

1651 West McNab Rd.
Fort Lauderdale, FL 33309

gi"i\(’)vS) 971-5750
X: 510-956-9402

H.H.P.
139 Candace Dr.
Maitland, FL 32751
(305 8312474

: 810-853-0256

H.H.P.
600 Bypass Dr., Suite 103
Clearwaler, FL '33516

i
810 866 0341

GEORGIA

Glen White Assoclates, inc.
3004 Adriatic Court
Norcross, GA 30071

(404) 441-1447

HAWAII
(Contact Factory)

DOMESTIC REPRESENTATIVES

IDAHO

N.R. Schullz Company
PO. Box 4545

10745 Norm Cole Rd.
Boise, 1D 83704

(208) 377-8686

ILLINOIS (Northern)
umer, Inc.
1675 Hicks Rd.
Rolllr;)% Meadows, IL 60008
8500

312)
TWX: 910-693-1477

ILLINOIS (Southern)
MR, Inc.

PO, Box 1539

140 Weldon Pkwy.

Maryland Heights, MO 63043
(314) 569-1220

TWX: 910 -764-0881

INDIANA

R. O. Whitesell & Assoclates
6691 East Washington Street
Indlanapolls IN 46219

SfWT) 359-9;
X: 810-341-3320

R. O. Whitesell & As:ocla!u

TWX: 810 332-1416

R. O. Whitesell & Associates
1825 S. Plate St., Suite A
Kokomo, IN 46901
(317) 4579127

: 810-269-1917

IOWA

ﬂo Assoclates Corp.
5 Lakeside Dr. N.E.
Cedar Rapods 1A 52402

{319) 373-0152

TWX: 910—5251349

KANSAS

PMR,

PO. Box 6264 (66206)

5750 W. 9

#118 (86207)

Overland Park, KS
1-0004

%X: 910-749-6473

PMR, Inc.

PO. Box 18089(67 8)
6631 E. Kellogg (67208)
Wichita, KS

KENTUCKY

R. O. Whitesell & Associates
110 Daventry Lane, Suite 210
Lotéisxills, KY 40223

) 426-
TWX: 810-535-3105

LOUISIANA

ION Associates inc
6300 Westpark Dr.
Suite #310

Houston, TX 77057
@13) 977.4354
TWX: 910-881-3776

MAINE

Bell Controls

155 Main Dunstable Rd.
Suite 155

Nashua, NH 03060
(603) 882-6984

TWX: 710-228-6753

MARYLAND
Conroy Sales

R. O. Whitesell & Associates

688 Cascade W. Parkway S.E.

Grand Ragtds M1 49506
!I'WX 810-273-6933
MINNESOTA
Comstrand
2852 Anthony Lane South
Mlnneapons MN 55418
ngZ) 788-92!

X: 910-576-0924

MISSISSIPPI
R. O. Whitesell & Assoclates

Suite 103, Holiday Office Center
i 1

Huntsville, AL 3!
(205) 883-5110
TWX: 810-726-2112

MISSOURI (Western)
PMR, Inc.

P.O. Box 6264 (66206)
5750 W. 95th St.

#118 (66207)
Overland Park, KS

(913) 381-0004
X: 910-749-6473

MISSOURI (Eastern)
PMR, Inc

£0. Box 1639
140 Weldon Pkw:
Maryland Helng MO 63043

%’ ) 569-1220

X: 910-764-0881
MONTANA

N.R. Sehulu Company

PO. Box 159
Bellevue WA 98009
300 120th Ave. NE
Building 4, Suite 210
Bellevue WA 98005
(206) 454-0300
TWX: 910443-2329

NEBRASKA

PMR, Inc.

P.O. Box 1539

140 Weldon Pkwy.

Maryland Hemhts, MO 63043

ng4) 569

X: 910 764-0581

{Gark Gounty Only)
lark County Only)

1SDS Y

11340 W. Olympic Bivd., 355
Los Angeles CA 90064

213)4760
X: 910-342«6997

JADA
Clark C
%&2‘3,% Factony)

NEW HAMPSHIRE

Bell Controls

155 Main Dunstable Rd.
Suite 155

Nashua, NH 03060

(603) 882-6984

TWX: 710-228-6753

NEW JERSEY (Northern)
R.T. Reld Assoclates, inc.
705 Cedar Lane

Teaneck, NJ 07666
(201) 892.0200
TWX: 710-990-5086

NEW JERSEY (Southern)
Danco Electronic Sales
1868 E. Mariton Pike
Gherry H|I| NJ 08003

26 W. Pennsylvania Ave. SI'W )627 2218
Baltimore, MD 21204 X: 710-896-0481
(301) 296-2444
TELEX: 87770 NEW MEXICO
Straube Associates
MASSACHUSETTS 11701 Menual N.E.
Bell Controls Suite E
155 Main Dunstable Rd. Albuqzuergue, NM 87112
Suite 155 (505) 2920428
Nashua, NH 03060 X: 910-989-0629
3) 882-6984
X: 710-228-6753 NEW YORK {exc: &I NYC)
Ontec Electronic Marketing
MICHlOAN ‘74 Thurston Rd.
R.O.V & NY 14619
18444 W. 10 Mile Road 16) 464-8636

Soulhﬂeld MI 48075
!I'WX 810 224»4939

R. O. Whitesell & Associates
1822 Hilltop Road

St. Jose h M| 49085

(616) 983-

TWX: 810- 270 3180

LINK: 62264830
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NEW YORK CITY

R. T. Reid Associates, inc.
705 Cedar Lane

Teaneck, NJ 07666

(201) 692-0200

TWX: 710-990-5086

NORTH CAROLINA

Glen White Assoclates, Inc.
PO. Box 19665

4009 Barrett Dr.

Raleigh, NC 27609

(919) 848-1931

NORTH DAKOTA
Comstrand

2852 Anthony Lane South
Mlnneapolés MN 55418

$W2) 788
X: 910-576-0924

OQHI0

R. 0. Whitesell & Associates
4133 S. Dixie Avenue
Dayton OH 45439

S'W 8-9546
X: 810-459-1827

R. O. Whitesell & Associates
1172 W. Galbraith
Cincinnati, OH 45231
(513) 521-2280

X: 810-465-8830

R. O. Whitesell & Associates
6000 West Creek Rd., Suite 21
Cleveland, OH 44131
(216) 447-9020

X: 810-427-2211

R. 0. Whitesell & Associates
6161 Busch Bivd., gglte 108

96
TWX: 810 -337-2076

OKLAHOMA
ION Associates, inc.
9726 E. 42nd Street
Suite #122
Tulsa, OK 74145
18) 664-0186
X: 910-845-3084

OREGON

sg?v:i) 643-1644

X: 910-467-8707
PENNSYLVANIA (Eastern)
Danco Electronic Sales

1868 E. Marlton Pike
Cherry Hill, NJ 08003
424-5580

SfW 627-2218

710-896-0481
PENNSYLVANIA (Western)
R. O. Whitesell & Associates
1380 Oid Freeport Road
Pmsburgh PA 15238

(412) 96:
X: 710 7956144

PUERTO RICO

M. Anderson Co., Inc.

Suite 18, 3rd Floor

Edificio EI Monte Malt

Hato Rey, Puerlo Rico 00918

gos) 751-2026

LX: 3450551

RHODE ISLAND

Bell Controls

165 Main Dunstable Rd.
Suite 155

)
X: 710-228-6753

SOUTH CAROLINA

Glen White Assoclates, Inc.
PO. Box 19665

4009 Barrett Dr.

Raleigh, NC 27609

(919) 848-1931

SOUTH DAKOTA
Comstrand

2852 Anthony Lane South
Mlnneapous MN 55418
612) 788.

TWX: 910 576-0924

TENNESSEE
R. O. Whitesell & Associates
842 Snapp Ferry Road
Greeneville, TN 37743

15) 639-61 54

X: 810-576-4594

TEXAS

ION Assoclates, Inc.
1504 109th Street
Grand Pralrle TX 75050

214) 647.8225
X: 910-866-4645

ION Associates, Inc.
3933 Steck Avenue
Suite B121A
Auslm TX 78759

LT

ION Associates, Inc.
6300 Westpark Drive
Suite #310
Houslon T)é47705

gWX 910-881-3776

TEXAS (E! Paso County only)
Straube Associates

Albuquergue, NM 87112
!?3/5) 2-0428
'X: 910-989-0629

UTAH
Lango Sales, Inc

1864 S. State #195
Salt Lake City UT 841 15

%X: 91 0-925-4006

VERMONT
Beli Controls
155 Main Dunstable Rd.

TWX: 710-228-6753

VIRGINIA

Glen Whm Auoclnes
P.O. Box

1110 McConvrlle Rd.
Lynchburg, VA 24502

ﬁn’/x 710871 1538

Glen White Assoclates
Route 1, Box 322

Colonial Beach VA 22442
(804) 224-0404

Glen White Auoclahs
Route 2, Box
Oharloltesvllle. VA 22901
(804) 295+

WASHINGTON

N.R. Schultz Comp-ny
300 120th St.,

Bellevue, WA 96009

) 454.0300
TWX: 910-443-2329
WEST VIRGINIA
R. O. Whitesell & Associates

1360 Old Freeport Road
Pittsburgh, PA 15238
412) 96 1

TWX: 710-795-3144

WISCONSIN (Northern)
Comstrand
2852 Anthony Lane South
Minneapolis, MN 55418
12) 788-9234
X: 910-576-0924

WISCONSIN (Southern)
Sumer, Inc.

250 Bishop's Way
Brookfield, Wi 53005
{414) 784-6641

WYOMING

Lange Sales, Inc.

5575 8. Sycamore St. #204
Littleton, CO 80120

Fo S0 sab.082s
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DISTRIBUTORS

ALABAMA
nics

M. Electrol
4702 Governers Dr.
untswl!e AL 35805

?WX 810 726 177

ARIZONA
R.V. Weatherford
3355 West Earll Dr.
Phoenix, AZ 85017
ﬁ)vZ) 272-7144

X: 910-951-0636

Anthem Electronics
1701-1 E. Weber Dr.

TWX: 910-950-0110

CALIFORNIA (Northern)

DIp|omatMestlnnd
1293 “A”

Mt. View - Alviso Rd.

Sunnyvale, CA 94086

(408) 734-1900

Anthem Electronics

174 Component Dr.

San Jose, CA 95131
(408) 946-8000
IEC

7000 Franklin Bivd.
Suite 625

Sacramento, CA 95823
916) 424-5297

IEC

335C Turtle Creek Ct.
San Jose, CA 95125
(408) 263-1100

Pacesetters Elect.
543 Weddell

Sunnyvale, CA 84086
{408) 734-5470

R. V. Weatherford
1310 Kifer Road
Sunnvale, CA 94086
(408) 738-8694

Zeus

3350 Scott Bivd.
Buiiding U4

Santa Clara CA 95051
408) 727.0714

CALIFORNIA (Southern)
Pacncﬂon Elect.
. Warner Ave.
Santa Ana, CA 92704
714) 557-7131

X: 910-595-1704
Anthem Electronics
21730 Norhoff St.
Chatsworth, CA 91311
(818) 700-1000
Anthem Electronics

4125 Sorrento Valley Bivd.

San Diego, CA 92121
(619) 279-5200

Anthem Electronics
2661 Dow Ave.
Tustin, CA 92680
(714) 730-8000

(213) 5822122

mplomaﬂw”inu Elec.
20151 Baham:

Chatsworth, CA 91311
(818) 700- 8700

LE.C.
20600 Plummer St.
Chatsworth CA 91311

s!W)( 910-494-4917

LE.C.
17062 Murphy Ave.
Irvine, CA 92714
(714) 660-1055

R. V. Weatherford

18 E. Ortega St.

Santa Barbara, CA 93101
(805) 965-8551

R. V. Weatherford

1550 Babbitt Ave.
Anaheum CA 92805

714) 83 4-9600

X: 910-593-1334

R. V. Weatherford
6921 San Fernando Rd.
Glendale, CA 91201
213) 849-: 3451

X: 910-498-2223

R. V. Weatherford
1095 E. 3rd St.
Pomona, CA 91766
(714) 6231261

(213) 966-8461
TWX: 910-581-3811

R. V. Weatherford
7665 Formula Pl
San Dtego CA 92121
619) 278-7400

X: 910-335-1570

R. V. Weatherford

18 E. Ortega St.

Santa Barbara CA 93101
(805) 96:

Dlploma!lWeelates Elec.
20151 Bahama St.
Chatsworth, CA 91311
(818) 700-8700

Diplomat/Westates Elec.
140 McCormick Ave.
Costa Mesa, CA 92626
(714) 549-8401

Diplomat/Westates Elec.
9787 Aero Dr.

San Diego, CA 92123
(619) 292-5693

Zeus West
1130 Hawk Circle
Anaheim, CA 92807
714) 632-6880

X: 810-591-1696

COLORADO
Diplomat Electronics
96 lnverness Dr, E

Unit R
Englewood CO 80112
(303) 799

IEC

5750 N. Logan Sl
Denver, CO 8021

(303) 292-6121

Anthem

8200 S. Akron St.
%Iewood CO 80112

(303) 790-4500

R. V. Weatherford
7000 N. Broadway
Bidg. 2, Suite 208
Denvar CO 80221
!"3\4')\,3) 4386900

X: 910-931-2222
CONNECTICUT
Diplomat Electronics
52 Federal Rd.
Danbury, CT 06810
(203) 797-9674
Milgray Electronics, inc.
378 Boston Post Road
Orange, CT 06477
(203) 795-0711

FLORIDA

Diplomat Electronics

1300 N.W. 65th Place

Fort Lauderdale, FL 33309
(305) 974-8700

Mllgmy Elsclronlcx, inc.
1850 L

Wlnter Park FL 32789
(305) 647- 5747

Zeus

422 26th St.
Bradenton, FL 33505
(813) 748-3125

GEORGIA

Diplomat Electronics
6679 Peachtree
Industrial Blvd., Suite B
Norcross, GA 30092
(404) 449-4133

Milgray Electronics, Inc.
17 Dunwoody Park
Atlanta, GA 30338

(404) 393-9666

ILLINOIS

Diplomat Lakeland
1071 Judson
Bensenvllle IL 60106
(312) 59!

{EC

2200 Stonington Ave.
Suite 210

Hoffman Estates, 1L 60195
(312 84

R. M. Electronics

265 Eisenhower Lane South
Lombard, IL 60148

(312) 932-5150

TWX: 910-6513245

INDIANA

R. M. Electronics
2545 W. Raymond St.
Indlanapolls, IN 46241
(317) 247-9701

OWA

Deeco

2500 16th Ave. S.W.
Cedar Rapids, IA 52406
(319) 365-7551

TWX: 910-525-1332

KANSAS

Miigray Eloctmnlcs, Inc.
6901 West 63rd St.
Overland Park KS 66202
(913) 236-8800

MARYLAND
Diplomat Electronics
9150 Rumsey Rd.
Columbia, MD 21045
{301) 995-1226

Klerulff Electronics
202 Azar Court
Baltimore, MD 21227
(301) 247-5020

Milgray Electronics, Inc.
11820 Parklawn Dr.
Rockville, MD 20852
(301) 468-6400

MASSACHUSETTS
Diplomat/New England, inc.
28 Commings Park

Woburn, MA 01801

(617) 935-6611

Green-Shaw Company

70 Bridge St.

Newton, MA 02195

617) 969-8900

Telex: 92-2498

Milgray Electronics, Inc.
79 Terrace Hall Ave.
Buvllngton MA 01803
(617) 272-6800

Zous

429 Marrett Rd.
Lexington, MA 02173
(617) 863-8800

MICHIGAN

R. M. Electronics

4310 Rob Chaffee, S.E.
Grand Rapids, M1 49508
(616) 531-9300

MINNESOTA
Industrial Components
5229 Edina Industrial Bivd.
aneapolls MN 55435
612) 831-2666

X: 910-576-3153

MISSOURI

Olive Industrial Electronics
9910 Page Blvd.

St. Louls MO 63132

(314) 426-4500

TWX: 910-763-0720

Kierulft Electronics
Metro Pa:
2608 Metro Park Blvd.
Maryland He!gms MO 63043
14) 73
X: 910 7620721

NEW JERSEY (Northern)
Diplomat/IPC

490 S. Riverview Dr.
Totawa, NJ 07512

(201) 785-1830

Vantage Compnnann, Inc.
257 Park Ave.

Nutleg'6 NJ 07110

TWX 710-989 1401

Mll ray Electronics, Inc.
Greentree Executive

Marllon NJ 08053
(609)

NEW MEXICO
(Contact Factory)
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NEW YORK
Dlplcmat Eloc(ronlcs
110 Mar

Melvnlle NY 11747
516) 454-6400

Telex: 14-3242

Diplomat Electronics
4610 Wetzel Rd.
Liverpool, NY 13088
(315) 652-5000

Jaco Electronics

145 Oser Ave.
Hauppauge, L.I., NY 11787
(516) 273-5500

TWX: §10-227-6232

Nu-Horizons

238 Route 109
Farmingdale, NY 11735
(516) 694-2500

Summit Electronics

(716) 884-3450
TWX: 710-522-1692

Summit Electronics

292 Commercial Dr.

Rochester, NY 14623
(716) 334-8110

Zeus componoms, inc.
100 Midlal

Port Chesler NY 10573
(914) 937- 7400

TWX: 710-567-1248

Mllgvuy Elcctronlcn, Inc.
chmitt B
Farmmgdale NY 11735
(516) 420-9800

Milgra:

57 ?Ao%roe Ave.
Pittsford, NY 14534
(716) 385-9330

OHIO

Milgray Electronics, Inc.
6155 Rockside Road
Cleveland, OH 44131
(216) 447-1520

Kieruift Electronics
23060 Miles Road
Cleveland, OH 44128
(216) 587-6558

OKLAHOMA
Quality Components

(918) 664-8812
Kierulft Electronics
Metro Park

12318 E. 60th St.
Tulsa, OK 74145
918) 2527537

TWX: 910-845-2150
Quall!Ey Components
9934 E. 21 5t., S.
Tulsa, OK 74129
(918) 664-8812

PENNSYLVANIA
{Contact Factory)

TEXAS

Quality Components
2427 Rutland
Austin, TX 78758
{512) 835-0220

Quality Components
4257 Kellway Cir.
Addison, TX 75001
(214) 387-4949

TWX: 910-860-5459

2eus

14001 Goldmark
Suite 250
Dalias, TX 75240
214) 7837010

Jaco

1209 Glenville Dr.
Richardson, TX 75080
(214) 235-9575

Quality Components

6126 Westline
Houston, TX 77036

(713) 772:7100

TWX: 910-881-7251

R. V. Weatherford
4658 Sunbeit Rd.
Dallas, TX 75248
(214) 2431571
TWX: 910-880-5544

R. V. Weatherford
3500 West T. C. Jester Blvd.
Houston, TX 77018
713) 688-7406
X: 910-8816222

Kierulff Electronics
9610 Skillman Ave.
Dallas, TX 75243
(214) 343-2400
TWX: 910-861-9149

Kierulff Electronics
10415 Landsbury Dr.
Suite 210

Houston, TX 77099
(713 530-7030

TWX: 910-860-4057
Klerulff Electronics
3007 Longhorn Blvd.
Suite 105

Austin, TX 78758

$WX 940874 1358

UTAH

Diplomat/Aita

3007 S.W. Temple

Salt Lake Clty, UT 84115
(801) 486-4134

IEC

101 N. 700 West

N. Sait Lake Clty, uT
(801) 298-18

WASHINGTON

R. V. Weatherford
541 Industry Dr.
Seattle, WA 98188
(206) 575-1340
TWX: 910-444-2270

LE.C.

1750 124th Ave. N.E.
Bellevue, WA 98005
(2086) 4552727

WISCONSIN

Marsh Electronics
1563 S. 101 St.
Mllwaukee WI 53214
(414) 475-6000

TWX: 9104262-3321

CANADA
Future Elactronics Corp.
4800 Dufferin St.

Downsview, Ontario M3H 558

416 663-5563

FUTURE Electronics Corp.
237 Hymus Blvd.
Pointe Claire (Montysal)
Quebec, Canada H9R
(514) 694-7710

X: 610-491-1470

Future Electronics Inc.
Baxter Cenler

1050 Baxter Rd.

Ottawa, Ontarlo K2C 3P2

‘I'W 820-8313
X: 610-563-1697

Canadian General Electric
189 Dufferin St.

oron(o Ontano M6K 1Y9
(416) 530 29:86
TWX: 06 23238
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INTERNATIONAL |

ARGENTINA
YEL sr

Cangallo 1454, Piso 8 of, 41
(1037) Buenos "Aires
Argentina

Tel: 46-2211

Telex: 18605

AUSTRIA

Othmar Lackner Electronics
Singerstr 2

A-1010 Wien, Austria

Tel: 222/531185

Telex: 111198

AUSTRALIA

AJ Distributors Pty, Ltd.

44 Prospect Rd.

Prospect, S. Australia 5082
Tel: (08) 2691244

Telex: 82635

BELGIUM
Heynen b.v.
Bedrifijfsstraat 2
3500 Hasselt 2
Belgium

Tel: 011-210006
Telex:39047

CANADA (Excopt B.C)
Vitel Electroni

3300 Cote Venu,

Suite 203

St. Laurent, Quebec
Canada H4R 2B7

Tel: (514) 331-7393
Telex: 05821762
TWX: 610-421-3124

Vitel Electronics

5945 Airport Rd.

Suite 180
Mississauaga, Ontario
Canada L4V 1R9

Tel, (416) 676-9720
TWX: 610492-2528

Vitel Electronics
4019 Carling Ave.
Kanata, Ontario
Canada K2K 2A3
Tel: (613) 592-0090
TWX: (610) 421-3124

CANADAiﬂ .C. only)
N.R. Schuitz Company
300 120th St., N.E.
Bellevue, WA 98009
Tei: (206) 454-0300

el: (206)
TWX: 9104432329
DENMARK
EV. Johanssen Elektronik
15 Titangade
DK-2200
Copengahen N. Denmark

839022

Tel: (01
Telex: &86-1 6522

FINLAND
Panta-Tuote OY
Karakalliontie 3F61
20 Espoo 62

Telex: 12-1334

o Equipements-
Antares

Boite Postale No. 5
92301 Levallois-Perret
Paris, France

Tel: 758-11-11

Telex: 842-620630

GERMANY

Neumuller GMBH

8028 Munchen Taufkirchen
Eschenstr, 2 Germany

Tel: 089-61181

Telex: 522106

Astronic GMBH
Winzerestr 47D
8000 Munchen 40
¥V<Iasl Germany
Telex: 5216187

HONG KONG

Tektron Electronics Lid.
1702 Bank Center

636 Nathan Rd.
Kowloon, Hong Kong
Tel: 3856199

Telex: 780-38513

INDIA

Zenith Electronics

541, Panchratna

Mama Parmanand Marg.
Bombay 400 004, India
Tel: 384214

Telex: 011-3152

ISRAEL
Talviton Electronics Ltd.
P.0. Box 21104
9, Biltmor St.
Tel Aviv, Israel
ol: 444572

Telex: 033400

ITALY

Exhibo Haliana, S.P.A.
Via F. Frisi, 22

20052 Monza, Italy
Tel: 039-360021

Telex: 333315

Ao mpry L.
aku om n,
C.P.O.B pa Y
Tokyo 100-91 Japan
Tel: 03-502-22

Telex: J22912A

NETHERLANDS (Holland)
Heynen b.

Postbus 10

NL 6590AA Gennep
Steendalerstraat 56
Netherlands

Tel: 08851-1956

Telex: 37282

NORWAY

Henaco
Tmndhei:;nsveien 436
Oslo, Norway

Tel: 02645040

Telex: 16716 HENACN

PUERTO RICO

M. Anderson Co., Inc.
Suite 18  3rd Floor
Edifisio El Monte Hall
Hato Ray, P.R. 00918
Tel: (809) 751-2026
Telex: 345 0531

REPUBLIC OF CHINA

Helm Engineering & Trading
9FL, 143, HSIN Yi RD, SEC 4
Taipei, Taiwan, R.O.C.

Tel: (02) 781-0003

Telex: 28204

SOUTH AFRICA
Electronic Bldg. Elements
South Africa (Pty) Ltd.
P.O. Box 4609

Pretoria, 0001

Rep. of South Africa

Tel: 46922

Telex: 960-44018

SPAIN

Amitron SA.
Loecheo LE 6
Madrid 8, Spain
Tel: 2485863
Telex: 45550

SWEDEN
&onsk Teleindustri AB

8-16205 Vallingby §
Sweden

Tel: 08-380320
Telex: 13033

SWITZERLAND
Kontron Electronics
Bernerstr Sud 169

8048 Zurich Switzerland
Tel: 01 4354111

Telex: 58836

UNITED KINGDOM

Power Technology Ltd.
Buiton Rd.

Reading, Berkshire, RG20LT
England

Tel: (734) 866 766

Telex: 847203

OTHER COUNTRIES
Total Electronics
3630 Enterprize St.
San Diego, CA 92138
Tel: (619) 224-3291
Telex: 69-7966
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LINEAR INTEGRATED CIRCUITS

CUSTOM CIRCUITS CAPABILITY

Silicon General designs and produces standard and custom
integrated circuits in high volume. The full complement of
logic elements can be integrated with operational amplifiers,
comparators and power drivers to produce low cost, high
performance system design. Over 500 logic gates may be
integrated with power drivers and linear circuits.

Short Design Cycles are possible. Silicon General has the
basic building block devices and logic elements in its CAD
data base. Often prototypes, based on metal mask changes
to existing standard products, can be delivered within twelve
weeks. Other designs may require 20 to 40 weeks.

Unit Cost is directly related to chip size, package and
volume. A minimum volume order is required. Silicon
General's engineering staff will work with the customer’s
engineers to develop the most cost effective design for the
total system.

The Specification for a custom device should be well
defined. Silicon General's engineers will work with the
customer to develop a solid specification.

TYPICAL CUSTOM DESIGN SCHEDULE

PACKAGING

DIP to 40 pins (ceramic or plastic)

Power SIP (12 and 15 pins)
TO-3

TO-39

TO-66

TO-96

TO-99

TO-100

TO-101

TO-220

Flatpack

Leadless chip carrier
Custom

Silicon General sells dice.

Task Time in Weeks

Responsibility

Define Specification

Shared

Circuit Design 2 to10 Silicon General
Breadboard Construction 2to 8 Silicon General
Breadboard Approval 2to 4 Customer

Circuit Layout 2to 8 Silicon General
Prototype Build 3to 8 Silicon General
Prototype Approval 3to 4 Customer

Production Volume 12 to 16 Silicon General
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Integrated Component Capability

Power Transistors Sourcing — to 4A at 60V
Sinking — to 4A at 60V
(Several Power Transistors may be combined on a single chip).

Transistors NPN — Beta to 300
BVcEs to 120v
ft to 500 MHz
PNP — Beta to 40
BVCES to 100V
ft to 4 mHz

Diodes Small Signal — BV = 7.0V
Zener — 5.7 10 7.0 £0.3V
Large Signal — BV = 100V at 4A

Resistors 0.1 to 2M Ohms (+20%)
(Ratios within less than 1% are possible)

Capacitors 0.05 pF to 300 pF

Linear Circuit Elements Operational Amplifiers
Regulators
Comparators
Oscillators
Power Amplifiers
Custom

Logic Circuit Elements Standard Gates: AND, NAND, OR, NOR, XOR, etc
Flip/flops and Latches
One Shots
Shift Registers
Custom
(Standard bipolar gates with propagation delays of 10 nS per gate and 12L
gates of 100 nS per gate)
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