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INTRODUCTION

This databook contains data sheets on the SGS-ATES range of linear, MOS and
COS/MOS integrated circuits intended for professional applications.

The information on each product has been specially presented in order that the
performance of the product can be readily evaluated within any required equipment
design. s
Particular attention has been given to the measurement of the characteristics of
all integrated circuits to ensure that they conform to the Company’s Semiconductor
Users’ Reliability Evaluation programme (SURE).

The SURE programme has been carefuily devised so as to be compatible with any
national or international quality assurance programme. It is continuous (performed
on all production batches), repetitive (performed under fixed conditions) and
comprehensive (represents as many military and industrial specifications as possible).
It is emphasised that all products are produced from the same high grade silicon
material and by the same manufacturing processes, the only difference in their
classification being in the number and severity of tests applied and the degree of
information supplied on each test.

OTHER SGS-ATES DATABOOKS

The SGS-ATES range of products includes discrete devices, linear and digital
integrated circuits for both consumer and professional applications. Data sheets on
these devices can be found in the following databooks:

SGS-ATES Professional Semiconductor Databook 1 (Small signal transistors, special assemblies}
SGS-ATES Professional Semiconductor Databook 2 (Bipolar digital integrated circuits)
SGS-ATES Consumer Semiconductor Databook (integrated circuits, small signal transistors)

SGS-ATES Power Semiconductor Databook (Power transistors)
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GENERAL ALPHA-NUMERICAL INDEX
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LINEAR INTEGRATED CIRCUITS

OPERATIONAL AMPLIFIERS

L 115
L 141
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DA 702 G
A 709
DA 709 A
pA 709 C
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VOLTAGE REGULATORS

L 005
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L 131

AUDIO AMPLIFIERS

TAAGI1E
TAAGITF

BALANCED MODULATOR
L 025

CHANNEL AMPLIFIER
L 045

SCR PHASE/BURST CONTROLLER
Extended temperature range

|. = Intermediate temperature range
= Standard temperature range
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Linear integrated circuit L 005

Voltage regulator

STANDARD TEMPERATURE RANGE, 0°C+70°C The L 005 T1 is a monolithic 5V voltage regulator which
can supply more than 600 mA.
The device features high temperature stability, internal
overload and short circuit protection, low output imped-
ance and excellent transient response.

e OUTPUT CURRENT > 600 mA The L 005 T1 is intended for use as voltage supply for
digital circuits and for any other industrial application.

e TIGH'I' TOLERANCE FOR OUTPUT

VOLTAGE
e LOAD REGULATION LESS THAN 1%
« RIPPLE REJECTION 62 dB TYPICAL ABSOLUTE MAXIMUM RATINGS
e OVERLOAD AND SHORT CIRCUIT Input Voltage 20V
PROTECTION Power Dissipation (free air, Ty =25°C) 3.25W
Power Dissipation
(with infinite heat sink, Tg =25°C) 12.75W
Storage Temperature Range —-55°C - 150°C
Operating Temperature Range 0°C to + 70°C
ORDERING NUMBER
L005 T1
SCHEMATIC DIAGRAM PHYSICAL DIMENSIONS
In accordance wlth
JEDEC TO - 3 outline
Vin Vout & M. 1.3

0.9 4.8 MAX. 4.1-3.9

22.3 MAX

G
{

11.5

|ﬂ 8.4
Notes :

All dimenslons in mm.

Leads 1 and 2 olectrically isclated Irom case ,
Case Is third elecirical connectien (ground).
Leads are gold-plalad nickel-alloy.

JANUARY 1972



voltage regulator  LLOOS5

ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise noted)

STANDARD TEMPERATURE RANGL

TYPICAL ELECTRICAL CHARACTERISTICS

MAX ALLOWABLE POWER DISSIPATION

VERSUS AMBIENT TEMPERATURE

OUTPUT VOLTAGE VERSUS QUTPUT CURRENT

PARAMETER CONDITIONS Min. Typ. Max. Unit
Output Voltage Vg =7-5V=20V,C =10, F, I} = 10 mA 4.75 5.0 5.25 \
Load Regulation Vi, =12V, I} =0+600 mA 0.3 1 % Vout
Regulated Output Cumrent | V; =12V, et <1% 600 | 850 mA
Maximum Output Current Vin= 12v 930 1200 mA
Qutput Resistance Vin =12V, IL =0.6A 15 mQd
Line Regulation Vi, =75V <12V, Cp,=10 pF, I} =10 mA 0.1 0.5 | Vout
Ripple Rejection Vi =10V, ov =4vpp' £f=100 Hz 46 62 dB
Output Noise Voltage Vin =12V, IL =10 mA, CL =20 uF 0.07 mV
BW =10 Hz + 100 KHz
Standby Current Vin =20V, 1;,=0 9 mA
Temperature Coefficient Vi, =12V, I[,=10 mA, Cy,=10 uF 0.003 %/°C
Ty =0°C:60°C
Short Circuit Current Vin =12V, Vg = 0 190 250 mA

SHORT CIRCUIT CURRENT VERSUS
JUNCTION TEMPERATURE

18 [ 240
— 1T T
5 J £ a0
= &y J AY '
T 12 /\% > -
z Hg, ; &
4 w4 '—— ™~ ‘ [
g \PS/’V‘\‘ g j £ 160 {
£ 5 13 N~
s 8 o 33— <4 — = y
: : 5 ~
e 5 Tt © 120
o« 7z -‘ x ]
u k2 — 5 ;
g a4t 3 A o |
a WITHOUT HEATSINK F—t— +——+ z
80
1 3 IN = 12V J ‘
N
0 1 0 ST
0 10 20 3 4 5 60 70 0 200 400 600 8CO 1000 25 50 75 100 125 150 175
Tp - AMBIENT TEMPERATURE - °C OUTPUT GUARENT - mA T, - JUNCTION TEMPERATURE - °C
MAX OUTPUT CURRENT VERSUS
JUNCTION TEMPERATURE
1100
H TYPICAL APPLICATION CIRCUIT
€ 900
v
& ™~
I 700
3 T ™~ VIN
= é | gl — L 005 T! Vout
=l
a 500 ;— i
3 V) ) —-T »
: L
3 300
VN = 12V
N D
100

25

50 75 160 125 150
T - JUNGTION TEMPERATURE - °C

175
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Linear integrated circuit L 02 5

Balanced modulator

STANDARD TEMPERATURE RANGE -20°C TO 85°C  The L 025 T9 is a linear integrated circuit intended for
use as channel modulator and demodulator in FDM tele-
phone equipment and as analogue -AC multiplier in indu-
strial and professional applications.

It features low quiescent power consumption, low distor-

« SINGLE OR DUAL SUPPLY OPERATION tion and intermodulation. The circuit requires a minimum
ber of ext 1 .

« LOW POWER CONSUMPTION number of extemal components

o LOW CARRIER LEAKAGE

o LOW DISTORTION
ABSOLUTE MAXIMUM RATINGS

« LOW NOISE
Supply Voltage 0V
Differential Input Voltage +5V
Power Dissipation (T3 = 70°C) (1) 300 mW
Storage Temperature -55°C to 150°C
Operating Temperature -20°C to 85°C

ORDERING NUMBER
L 025 T9

{1} Derate linearly at 3.75 m¥W/° C for ambient temperature above

T C
CONNECTION DIAGRAM PHYSICAL DIMENSIONS
(top view) in accordance with
JEDEC TO-100 oulline
ouTPUT 5.84 TYP.
12.7MIN. 1MAX.
P
FDS”&‘(_E:UP LY (3) DUTPUT REFERENGE
F—
CARRIER INPUYS: MDDULATING SIGNAL
DR [e—
INPUTS —
MULTIPLIER SIGNAL ==
s) 1
MULTIPLIER
INPUTS
x :ﬂ,] © (& mput BissinG 10LEADS
0.49
oia. LMAX| a7
NEGAYIVE SUPPLY 0.40 e
VOLTAGE

Note: all dimensions in mm,
J

JANUARY 1971
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balanced modulator L.025

ELECTRICAL CHARACTERISTICS!

STANDARD TEMPERATURE RANGE

WORKING CONDITIONS FOR THE CIRCUIT SHOWN IN FIG. 2

{unless otherwise specified)

Supply Voltage Ve =-20V
Camier Frequency fo =130 KHz
Modulating Signal Freyuency im =25KHz
Output Signal Level [fotf, =(130425)KHz] V, = -15dBv
Input Carrier Signal Levsl Ve =-13dBv
Load Resistance R, =600
Ambient Temperature Ta =25°C
PARAMETER CONDITIONS Min Typ. Max. UNIT J
Operating Supply Voltage Range 12 30 v
Supply Current Voo = = 10V 2 2.5 mA
Input Bias Current: % Veg == 10V 0.7 2 A
# Veg = = 10V 0.7 2 A
17 . 8 Veg = 10V 14 4 A
Input Offset Current: [ - L Voo =+ 10V 50 nA
e VEG = = 10V 70 nA
I7-1g Ve = = 10V 100 nA
Input Common Mode Voltage: Voo == 10V
Pos. 4.5 \
Neg. 8 \
DC Output Voltage (pin 10) -3.2 -3.8 4.6 v
Differential Output Voltage (pins 9; 10 25 100 mV
Input Biasing Reference Voltage (pin 6) -1.5 v
Input Resistance: pins 2 and 3 30 Kl
pins 2 and 4 300 K
pins 7 and 8 150 KN
Qutput Resistance [=1KHz 3 10 B
Output Voltage Swing 1 1.3 Vpp
Common Mode Rejection Ratio:
I CM signal (2-3) (V=700mV rms: fj = 10KHz)
Ch Signal: pins 2 and 3 § o signal (7-8) (V=350mV mus; fy = 40KHz) a8
. L CM signal (2-4} (V=T00mV rms; ) = 10 KHz)
CM Signal: pins 2 and 4 ! Difr aanal 7 (V=330mY mms; f, = 40KH2) dB
. L CM signal (7-8) (V=350mV rms; f; = 10KHz)
CM Signal: pins 7 and 8 Diff, signal (2-3) (V=175mV rms; Iy = 40KH2) 4B
Supply Voltage Rejection Ratio: Vee =+« 10V f=1KHz
Pos. 33 dB
Neg. 80 dB
Secale Factor K Voo =+ 10V 3.2 v
Conversion Gain G, 4.5 5 5.5 dB
Carrier Leakage Vmodulaling =0 -85 -50 dBv
Modulating Signal Leskage <10 -3 50 dBmo
Vie«m
2nd Hermonic Modulating Signal Leskage _YQ2fm) | 15 dBmo
Vite « fm)
v
2nd Harmonic Distortion 2 tfe £ 2m) 60 -5 dBmo
Vife + fm)
2nd H Distortion ¥ 2{fc ¢ fm) 55 | 80 dBmo
Vife + fm)
Ve s
3rd Harmonic Distortion — 4¢ & 3fm! 60 9 dBmo
Vife « fm)
Low Frequency Thermal Noise Vmodulating =0 {=1KHz BW =100Hz -115 -125 dBv
High Frequency Thermal Noise Vmodulating =9 = 30KHz BW = 100 Hz -127 dBv
Conversion Gain Change TA = 10°C to 50°C J J 201 dB

12



balanced modulator L025

STANDARD TEMPERATURE RANGE

ELECTRICAL DIAGRAM

il

i

FIG. 1

TYPICAL APPLICATION OF MODULATOR WITH ONE SUPPLY VOLTAGE

Garrler
Frequency

OuUTPUT

RL
§00°

Signat
Freguency
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balanced modulator L025

STANDARD TEMPERATURE RANGE

DEFINITION OF UNITS:
dBm: power gain (10 lg g—%) is expressed in dBm when P is 1mW, therefore 0 dBm = 1mW.

dBmo: the power is expressed in dBmo when referred to an established power level in the circuit, generally the out-
put signal level.
e.g. if the output level is -15 dBm and this level is chosen as reference, then we say 0 dBmo = -15 dBm; if
another signal, i.e. the distortion measured at the same point of the circuit is 90 dBm, we can say that
the distortion is -75 dBmo.

dBv: 20 Log%%when Vy =775 mVrms

DEFINITION OF TERMS:

L. . VeumG
Common mode rejection ratio: CMRR =20 lg V—CMt—
ou
with G = Conversion gain with specified circuit conditions

VM = Common mode signal level
Vout = Output signal level at frequency = fo+f

Vout
VxVy

with Vx = voltage input 2 - 4
Vy = voltage input 7 - 8

Scale factor: K=

Conversion gain: Ge = 20 log v°“t_ (e » fm)
Vin Unp
Carrier leakage: is defined as the output voltage at carrier frequency with only the carrier applied
to the input (modulating voltage = 0)
Modulating signal leakage: is defined as the output voltage, at modulating frequency, referred to fundamental

carrier sidebands

(
M.S.L. =20 log <~ fm)f )
out ‘'e * m

OUTPUT SPECTRUM VS. FREQUENCY

=
g £ E
k3] ! *
D o 3]
=] 1 S -~ — —_
) = =} p B
£ E = Az| [ s 5 Loy
El st AES® : + ; N
& o P 3] 3} 3} o
2 E ho] o] ] o)
S| E& Lo | & L &L & & & B
A A A A A A A A A A A
L1 —_ ] L I ] 1 ] »
f
fe = carrier fundamental (leakage)
fm = mod. sig. (leakage)
nfp, = harmonic modulating eignal {leakage}
fo ¢+ f = fundamental carrier sidebands
fe t nf = fundamental carrier sideband harmonics

nif, + f) = carrier harmonic sidebands



Linear integrated clrcult L 036

Voltage regulator

STANDARD TEMPERATURE RANGE, 0°C +70°C The [.036 T1 is a monolithic 12V voltage regulator
which can supply more than 500 mA.
The device features high temperature stability, internal
overload and short circuit protection, low output imped-
ance and excellent transient response.

e OUTPUT CURRENT > 500 mA The L 036 T1 is intended for use as voltage supply for
N digita!l circuit with high noise immunity, linear integrated
hd ;I;é)(iHT'I‘;ggLERANCE FOR OUTPUT circuits and for any other industrial application.

LOAD REGULATION LESS THAN 1%,
RIPPLE REJECTION 61 dB TYP.
OVERLOAD AND SHORT CIRCUIT

ABSOLUTE MAXIMUM RATINGS

PROTECTION Input Voltage 27V
Power Dissipation (free air, Ta =25°C) 3.25W
Power Dissipation
(with infinite heat sink, T =25°C) 12.75W
ORDERING NUMBER Storage Temperature Range -55°C - 150°C
L036 T1 Operating Temperature Range 0°C to + 70°C
SCHEMATIC DIAGRAM PHYSICAL DIMENSIONS
| d 1th
JEDEG TO - 3 outline
Vi ’ v 8 MIN. 1.3
" ' l l [—0 out 0.9 4.8 MAX. 4.1-3.9
I T J .’;‘
Ladl B §
| bl =
]F K ‘ ouTPUT
11.5
[E [,] 6.4
Nates :

All dimenslons in mm.

Leads 1 and 2 eiecirically isolated from case .
Case |s third elecirical connectlon (ground).

Leads are gold-platad nickel-alloy.

JANUARY 1972
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voltage regulator L.036

N

ELECTRICAL CHARACTERISTICS (T = 25"C unless otherwise noted)

STANDARD TEIPERATURE RANGE

TYPICAL ELECTRICAL CIIARACTERISTICS

MAX ALLOWABLE POWER DISSIPATION

VERSUS AMBIENT TEMPERATURE

OUTPUT VOLTAGE VERSUS OUTPUT CURRENT

PARAMETER CONDITIONS Min. Typ. | Max. | Unit
Output Voltage vin =14.5+27V, IL =10 mA, CL. =10 uF 11.4 12 12.6 \Y
Load Regulation Vin=21V, IL=0+500 mA 0.3 1 7 Vout

_ 4 Vout -
Regulated Qutput Current vin =21V, Vout <17 500 720 mA
Maximum Quiput Current vin =21V 750 1000 mA
Output Resistance vin =21V, IL =500 mA 20 m{2
Line Regulation vin =14.5:21V, CL=10 uF, IL:10 mA 0.1 0.5 %
Ripple Rejection \'in =19V, . vin =4 Vpp’ £=100 Hz, IL =10 mA 46 60 dB
Output Noise Voltage Vip =21V, I}, =10 mA, CL. =20 uF, 0.15 mV
BW =10Hz + 100 KHz

Standby Current Vin =27V, IL. =0 10 mA
Temperature Coefficient "‘in =21V, IL =10 mA, TA =00C+60°C 003 %/°C
Short Circuit Current \/in =21V, vout=0 100 200 mA

SHORT CIRCUIT CURRENT
VERSUS JUNCTION TEMPERATURE

100

175

16 14 T T
[ .| L
12 < < IS ‘
& . 8o 1
? 12 Ly i, > ) = T
> TE e .. = ’__
<] ™~ PS’N)( ] «
= < « 80 T
< [ a =1
. T 5 3
e L
2 > A 5 L |
=) = 8 o 4o -1 I
& 2 T T
= o |
- » / oLl {H
S 4 [WITHOUT HEATSINK ° 4 z,
f———t 0 [t T
— 2 S IN = 21V | T
LN ey , 1
0 o R | !
0 10 20 30 40 50 60 70 0 J100 200 300 400 500 600 700 800, 25 50 75 100 125 150
Ta - AMBIENT TEMPERATURE - °C OUTPUT CURRENT - mA TJ - JUNCTION TEMPERATURE - °C
MAX QUTPUT CURRENT VERSUS
JUNCTION TEMPERATURE
1000 TYPICAL APPLICATION CIRCUIT
<
< 800
R
-
& t—
& 800 - Vin
3 > (Lo T Lrovowr
5 -
400 nd =
£ Ny —0
3
)é —
200
=
ViN =21V J
25 50 75 100 125 150 175

Ty - JUNCTION TEMPERATURE - °C
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Linear integrated circuit L 037

Voltage regulator

STANDARD TEMPERATURE RANGE, 0°C+70°C The L 037 T1 is a monolithic 15V voltage regulator
which can supply more than 450 mA.
The device features high temperature stability, internal
overload and short circuit protection, low output imped-
ance and excellent transient response.

e OUTPUT CURRENT > 450 mA The L 037 T1 is intended for use as voltage supply for
linear integrated circuits, for digital circuits with high
hd $IOGLH1"I'A€(§LERANCE FOR OUTPUT noise immunity and for any other industrial application.

e LOAD REGULATION LESS THAN 1%

e RIPPLE REJECTION 56 dB ABSOLUTE MAXIMUM RATINGS
e OVERLOAD AND SHORT CIRCUIT >
PROTECTION Input Vo!tage ] 27%
Power Dissipation (free air, Ty =25°C) 3.25W
Power Dissipation
(with infinite heat sink, TC =25°C) 12.75W
Storage Temperature Range -55°C - 150°C
Operating Temperature Range 0°C to + 70°C

ORDERING NUMBER
L037 T1

SCHEMATIC DIAGRAM PHYSICAL DIMENSIONS
in accordance with
JEDEC TO - 3 outline
8 MIN, 1.3
o8 4.8 MAX. 21-39

Vin o Vout

13.4 MAX.
- =

P —
U\H
I.(;I
i
!

T
E
ng 3’MAXJ

o

QUTPUT

Noles

L] All dimensions wn mm,

Leaas 1ana 2 efeclrically 1sofalea from case .
Case |s third elecinical conneclion (groundy,
Leads are gola-plated nickel-alloy.

JANUARY 1972
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voltage regulator L.037

ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise noted)

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS

POWER OISSIPATION - W

MAX QUTPUT CURRENT - mA

100C

PARAMETER CONDITIONS Min Typ. | Max. | Unit
Output Voltage Vip=17.5V+27V, I} =10 mA, C[ =10 uF 14.25| 15 |1575| V
Load Regulation Vin=24V, I} =0-450 mA 0.3 1 |%Vout
Regulated Output Current | Vi, =24V, <¥out < 19, 450 | 600 mA
Maximum Qutput Current V=24V 680 900 | mA
Output Resistance Vin=24V; IL=450 mA 27 mi)
Line Regulation V-m= 17.5V+24V, IL=10 mA, CL=10 uF 0.16 0.5 %
Ripple Rejection Vin=22\7, A Vi, =4 Vep, f =100 Hz, IL =10 mA 46 56 dB
Output Noise Voltage Vin =24V, IL=10mA, CL=20/J.F, BW =10H2z=100KHz 0.18 mV
Standby Current Vin=27V. IL=0 10 mA
Temperature Coefficient Vin=24v' IL=10 mA, CL=10p.F, TA=0+60°C 0.003 %/°C
Short Circuit Current Vin=24V 85 160 | mA

MAX ALLOWABLE POWER DISSIPATION

VERSUS AMBIENT TEMPERATURE

OUTPUT VOLTAGE VERSUS OUTPUT CURRENT

SHORT CIRCUIT CURRENT VERSUS
JUNCTION TEMPERATURE

16 20 100
< |
7 18 £ g0
12 NEy, > - ™
\1%‘ . z
Larsy 3 g ]
% 2 € w0 o
8 2 ’/ c ™
v
> p
2
5 8 / S a0
@ =
= (¥}
2 =
4 [WITHOUT HEATSINK ° z
— I 4 S 2
— w VIN = 24V
Lo
0 0 RN
0 10 20 30 40 5 8 70 100 200 300 400 500 800 700 25 5 75 100 125 150

Ta - AMBIENT TEMPERATURE - °C

MAX OUTPUT CURRENT VERSUS
JUNCTION TEMPERATURE

800
\\\\
800 =
™ 1
400
200
VN = 28V
NS
RN
Y 75100 125 150

Ty - JUNCTION TEMPERATURE -°C

175

QUTPUT CURRENT - mA
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Linear integrated circuit

L 045

STANDARD TEMPERATURE RANGE,-20°C o ¢ 85" C

o LOW QUIESCENT POWER CONSUMPTION
o LOW DISTORTION

o HIGH GAIN

e SHORT CIRCUTT PROTECTION

Channel amplifier

The L 45 TY is a lincar integrated cireuil intended tor
use as  channel amplifier in FDM and 1PCM telephone
cquipments.

It featnres low quiescent power consumption, Tow distor-
tion. ligh gain.

The L0 TY is short circuit proweted and shows an
offset voltage null capability.

ABSOLUTLE MAXIMUM RATINGS (])

Supply Voltage RN
Differential Input Voltage S0V
Input Voltage BRAY
Power Dissipation (T4 = 70°C. see nole 2) A00mW
Storage ‘Temperature —4H5°C - 1300C
Operating Temperature —=200C 8¢
Output short circuit duration indefinite

Notes on the folJowing pagoe.

CONNECTION DIAGRAM
(top view)

e 20N o
A
o)

0‘\5%

input

L

PHYSICAL DIMENSIONS
in accordance with
JEDEC TO-99 outline

SEATING PLANE

127 1 MAY

MIN.

]
== %|a
.

]

8
9

BLEADS| 13 a7
0.40 MAX
0.400'A

Notes: All dimenstons In mm,

ORDERING NUMBER
1.045 T9

NOVEMBER 1970
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channel amplifier L 045

ELECTRICAL CHARACTERISTICS (note 3)

STANDARD TEMPERATURE RANGE

T PARAMETER CONDITIONS Min. Typ. Max. Unit
Input Offset Voltage RS =10 KQ +1.5 +10 mV
Input Bias Current 100 750. nA
Input Resistance open loop 2 MQ
Output Resistance open loop 75 Q
Voltage Gain Ry, =2 KQ 83 100 dB
Total Harmonic Distortion Poyt=-5dBm  G=40dB 15 3 o0

Rpeq.=4700 f =1KHz
Total Harmonic Distortion Pout =8dBm G=40dB 1.5 3 Too
Rpeq. =470Q f =1KHz
Quiescent Power Dissipation Pout =0 20 30 mW
Max QOutput Power RLeq. =4700 THD<1% G=40dB 14 16 dBm
Noise Power Referred to Input Rg <1.5KQ G =40dB -120.5 | dBm
f =1KHz BW=100Hz
Supply Voltage Rejection Ratio f=1KHz G =40dB 30 36 dB
Referred to Output
The Following Specifications
apply for -20°C ﬁTA <+85°C:
Input Offset Voltage Rg = 10 KQ +15 mV
Input Bias Current 1.5 nA
Voltage Gain Ry, =2 KQ 78 dB

NOTES:
(1) Tp

= 25°C unless otherwise noted.

(2) Derate linearly at 6.25 mW/°C for ambient temperature above 70°C.

(3) Ta = 25°C, Vg = —20V, VR = —10V unless otherwise noted, for VR see "Typical channel amplifier circuit”
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channel amplifier L 045

STANDARD TEMPERATURE RANGE.

T'YPICAL ELECTRICAL CHARACTERISTICS (25° C free air temperature unless otherwise noted)

QUIESCENT PO#ER DISSIPATION
VERSUS AMBIENT TEMPERATURE
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channel amplifier L 045

STANDARD TEMPERNTURE RANC

TYPICAL CHANNEL AMPLIFIER CIRCUIT

R = 80002

L, = 120 mH. Series resistance of: L, =200
L2 =2002

22



Linear integrated circuit L115
High speed

STANDARD TEMPERATURE RANGE, Op erational ampli{:ier

o ()
°Cro70°C . The L 115 is a high speed, high gain, monolithic operational
amplifier constructed on a single chip using the planar
epitaxial process. It is intended for use in a wide range of
e HIGH SLEW RATE : 100V/ uS applications where fast signal acquisition or wide bandwidth
e FAST SETTLING TIME : 300 ns is required. The L 11_5 features fas} settling timg, high sle\fv
rate, low offsets,and high output swing for large signal appli-
e WIDE BANDWIDTH : 65 MHz - cations. In addition, the device displays excellent tempera-
o WIDE OPERATING SUPPLY RANGE ture stability and will operate over a wide range of supply
voltages. The L 115 is ideally suited for use in A to D and D
e WIDE INPUT VOLTAGE RANGES to A converters, active filters, deflection amplifiers, video

amplifiers, phase locked loops, multiplexed analogue gates,
precision comparators, sample and holds, and general feed-
back applications requiring wide (including DC) band-
width operation.

ABSOLUTE MAXIMUM RATINGS

Supptly Volitage £ 18V
Internal Power Dissipation (note 1) 500 mW
Differential Input Voltage £ 6.5V
Input Volitage (note 2) + 15V
Storage Temperature Range -55°C to 150°C
ORDERING NUMBER Operating Temperature Range 0°Cto 70°C
L115T1 Lead Temperature (Soldering, 60 secs) 300°C

Notes on the following page.

CONNECTION DIAGRAM PHYSICAL DIMENSIONS
{top .iew) in sucardance - ith
JEDEC TO-100 outline

5.84 TYP,
CoMP 1A 12.7 MIN, IMAX.
CoMP 1B () () CoMP 28 ‘ )
cascooe O Qv — 5 2
[ —1 - S 7
—
INVERTING () () coup 2a === 77
INPUT
NON-IN'ERTING OuTPUT 10LEA |
INPUT O 0.49 %
v 4904, 1.IMAX 4.7
0.40 2

Nate . all dimensions in mm,

JANUARY 1971
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high speed operational amplifier L115

STANDARD TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS (V¢ =+ 15V, Tp =25°C unless otherwise noted)

PARAMETER CONDITIONS Min. Typ. Max. UNIT
Input Offset Voitage Rg- 10k + 2 + 75 mV
Input Offset Current + 70 250 nA
Input Bias Current 0.4 1.5 BA
Input Resistance I MQ
Input Voltage Range 10 +12 v
Common Mode Rejection Ratio Rg= 10k 0 74 92 dB
Supply Voltage Rejection Ratio Rg< 10k 45 400 pv/Vv
Large Signal Voltage Gain Ry = 2kQ VouT= * 10V 10,000 30,000
Output Resistance 75 Q
Supply Current 5.5 [0 mA
Power Consumption 165 300 mW
Acquisition Time (Unity Gain) VouT = + 5V 800 ns
Settling Time (Unity Gain) : 300 ns
Transient Response (Unity Gain) VIN = 400 mV
Rise Time 30 75 ns
Overshoot 25- 50 %
Slew Rate Ay =100 70 V/ ps
Ay =10 38 V/us
Ay =1 (non-inverting) 10 18 V/ps
Ay =1 (inverting) 100 Vi ps
The following apply for
0°C < Tp=+ 70°C:
Input Offset Voltage Rg« 10 k Q + 10 mV
Input Offset Current Ta =*70°C +250 nA
Tp =0°C + 750 nA
Input Bias Current Tp =" 70°C 1.5 pA
Tp =0°C 7.5 pA
Large Signal Voltage Gain Rp=2k0 VouT =% 10V 8,000
Qutput Voltage Swing Ry>2k0Q + 10 13 v
EQUIVALENT CIRCUIT o

S0

COMP 2A

10!
COMP 1A

k)
IN. INPUT ouT

NON-IN- . INPU

NOTES :
1) Rating applies for ambient temperatures to +70°C.
2) For supply voltages less than 15V, the absolute maximum input voltage is equal (o the supply voltage.
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high speed operational amplifier L115

STANDARD TEMPERATURE RANGE

COMPENSATION COMPONENTS VALULES

(Cy4) between Pin 7 and 10,

B

10 100 1000

FREQUENCY COMPENSATION _(‘_l:OSE_ — SUGGESTED VALUES OF COMPENSATION
CIRCUIT D CAPACITORS AS A FUNCTION OF THE
LOOP ¢ Ch C3 CLOSED LOOP VOLTAGE GAIN
GAIN - " ]_H' ' T ERN
, L Lco=ls.
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2 i
1 500 pF | 2000 pF 1000 pF 5 ‘T 1) _[’\ e, ST
< w0 J—i‘ RN b
ITI T
* For Gain 10, compensation may be simplified by = . P ot pu s
removing Co. C3 and adding a 200 pF capacitor | ' N H\
L il | L
1
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2 ¢ | 11
2 - g 3wl \ il
5 5 } q
s = T
o 3 \
w /
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v
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TYPICAL ELECTRICAL CHARACTERISTICS (Tp = 25°C, YV = 215V unless otherwise noted)
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high speed operational amplifier L115

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (Tp = 25°C. Ve = £15V uniess otherwise noted)
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high speed operational amplifier L115

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (T = 25°C: Ve = ¢15V unless otherwise noted)
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high speed operational amplifier L115

STANDARD FEMPERATURE RANGI

TYPICAL APPLICATIONS (contd)
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high speed operational amplifier L115
) STANDARD TEMPERATURE RANGE
DEFINITION OF TERMS

INPUT OFFSET VOLTAGE - That voltage which must be applied between the input terminals to obtain zero output volt-
age. The input offset voltage may also be defined for the case where two equal resistances are inserted in series with the input
leads.

INPUT OFFSET CURRENT — The difference in the currents into the two input terminals with the output at zero volts.
INPUT RESISTANCE — The resistance looking into either input terminal with the other grounded.
INPUT BIAS CURRENT — The average of the two input currents.

INPUT VOLTAGE RANGE - The range of voltage which, if exceeded on either input terminal, could cause the amplifier to
cease functioning properly.

INPUT COMMON MODE REJECTION RATIO - The ratio of the input voltage range to the maximum change in input offset
voltage over this range.

SUPPLY VOLTAGE REJECTION RATIO — The ratio of the change in input offset voltage to the change in supply voltage
producing it.

LARGE-SIGNAL VOLTAGE GAIN —The ratio of the maximum output voltage swing with load to the change in input voltage
required to drive the output from zero to this voltage.

OUTPUT VOLTAGE SWING — The peak output swing, referred to zero, that can be obtained without clipping.

QUTPUT RESISTANCE — The resistance seen looking into the output terminal with the output at null. This parameter is
defined only under small-signal conditions at frequencies above a few hundred cycles to eliminate the influence of drift and
thermal feedback.

POWER CONSUMPTION — The DC power required to operate the amplifier with the output at zero and with no load current.
TRANSIENT RESPONSE — The closed-loop step-function response of the amplifier under small-signal conditions.
ACQUISITION TIME - The time from change of input until last time output exceeds specified percent of final value.

SLEW RATE — The maximum rate of change of output under large-signal conditions.

SETTLING TIME — The time from output first reaching final value until last time output exceeds specified percent of final
value.

INPUT
PULSE

SETTLING TIME

FINAL. .|
VALUE

OUTPUT
PULSE

AQUISITICN TIME
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high speed operational amplifier L115

STANDARD TEMPERATURE RANGE
HELPFUL HINTS

LAYOQOUT — The layout should besuch that stray capacitance is minimal.
SUPPLIES — The supplies should be adequately bypassed. Use of 0.1 pF high quality ceramic capacitors is recommended.

RINGING — Excessive ringing (long acquisition time) may occur with large capacitive loads. This may be reduced by isolating
the capacitive load with a resistance of 100 Q.Large source resistances may also give rise to the same problem and this may
be decreased by the addition of a capacitance across the feedback resistance. A value of around 50 pF for unity gain confi-
guration and around 3 pF for gain 10 should be adequate.

LATCH UP — This may occur when the amplifier is used as a voltage follower. The inclusion of a diode between pins 6 and
2 with the cathode towards pin 2 is the recommended preventive.
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20
LINEAR INTEGRATED CIRCUIT

PRELIMINARY DATA

TRIAC/SCR PHASE CONTROL
The L120 is a silicon monolithic integrated circuit in 16-lead dual in - line plastic package.
It incorporates the following functions :

— AC supply 50/60 Hz

— zero-voltage and zero~current detection

— ramp generation

— inhibition of casual firing pulses

— stabilization of the internal positive DC supply
— high gain operational amplifier

— output short-circuit protection

The L120 is intended for use as a phase controller in industrial and consumer applications.

ABSOLUTE MAXIMUM RATINGS

lg AC supply current 60 mA
Vaiz Pasitive AC clamp voltage 15 \%
Vio-12 Negative AC clamp voitage 15 \%
Via Differential input voltage x 7 \%
Vis Differential input voltage + 8 \Y
Piot Total power dissipation at T, <70°C 450 mwW
Tstg Storage temperature -556 10 150 °C
TQp Operating temperature 0 to 70 °C

ORDERING NUMBER : L 120 B1.

MECHANICAL DATA Dimensions in mm

i TEj#

EJ’T R RRRpEyEYBEE R I TR

"(_‘)' il '[ i 1! T A“)f 5( N 7%
- i b i ! g I I 4
4 - 25

k- £ S ¥ L ’”—5\,—,-]

20Qmar 1

(= iy i i

LOnnonso

L—’: F]

)

Supersedes issue dated 9/73 31 4/74



L 120

CONNECTION DIAGRAM (top view)
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L 120
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L 120

TEST CIRCUIT
] O
o.ouir por- Va(AC) 220V
o "' = T
1% i 14 13 ) " 10
L 120
1 2 J 4 8
L4l
P?l' s 3| T
50480
THERMAL DATA
Rin jamb Thermal resistance junction-ambient max 175 °C/W

ELECTRICAL CHARACTERISTICS (T, =25°C, refer to the test circuit unless

otherwise specified)

Parameter Test conditions Min. Typ. Max.| Unit
Vg1, Positive clamp voltage 12 15| V
V.o.12 Negative clamp voltage V. (ac) = 220V Rg =6.8k 12 15| V
Vg.12 Sync input threshold +12 \Y
Vi4.12 Zero current threshold V. (acy =220V Rg=6.8kQ
R,, = 100k +9 10
V1.1, Ramp discharge level 1
v, (ac) =220 V Rg=6.8k2
\Lle Ramp maximum level 7

4/74
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1120

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.|Unit
Vio Comparator differential
trigger level 70 100 | mV
Vg.13 =8V
V,.13 Comparator input
V,.,3 voltage range 0 7|V
G, Amplifier large signal vol-
tage gain (open loop) V, (peak to peak) = 6V
Vg.13 =8V
R, y53 = 10kQ 60 70 dB
AV, 5 Amplifier output voltage
swing Vg.13 =8V R, 5 =20kQ 5.5 \%
V3.13 input offset voltage V.13 =8V
513 R3 13 = Rg.153 =500 3 6| mv
Iy Input bias current 0.1 1 [ pA
Vis Amplifier differential in-
put voltage Vg.13 =8V 7| V
V3,3 Amplifier input voltage
V5_13' range 0 8|V
CMRR Common mode rejection
ratio Ve.13 =8V
Rj.13 = Rg.13 STkQ 60 dB
V.13 Regulator output voltage |V, o, =220V Rg =6.8kQ | 7.5 87|V
lg Regulator output current | V. 5, =220V Rg = 6.8kQ2
Cg = 250uF 3| mA
AVg Load regulation V; (ag) = 220V =010 2mA
Vg R =6.8kQ Cg; = 250uF 0.5 1] %
A_Vﬁ Line regulation Vg =12to 14V lg =0 46 dB
AVg
SVR Supply voltage rejection Vg = 12V frlpple =50 Hz
Vi ipple (peak to peak) = 4V 46 dB
35 4/74




1120

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. | Unit
V, Reference voltage Viac) =220VRs=6.8kQ 1.6 \%
—>|V,_ 1, Firing pulse amplitude Vs(acy =220V Rg= 6.8k52
R, ., = 1kQ C, = 250uF
positive 5.5 \%
negative -9.5 \Y
i, Maximum output current |V, (Ac)= 220V R,=6.8kQ2
R, ., = 1082 Cy=250uF 80 mA
tow Output pulse width Vs (ac)™ 220V Rg=6.8kQ2 200 us
t, Qutput pulse rise time Ry12 =500 Gy =250uF
Cii.15 =10nF 200 ns
Typical average supply current vs.drop- Maximum allowable average supply
ping resistor Rg current vs.ambient temperature
. 6-1129 1 G-1n
() {mA)
70
80
\r10% 0%
A A 8 \' L N
P LY Y ~
AV A \p ®
,, ANERNNRA ° ~C
N N
.wﬁ.\\ s |1 N
N <
20 M AN ‘\\\ -~ »
20
10
A z mains 110V 0
Bz mains 220V
L1
0 2 4 ] 8 10 Rg (k0) (] v 20 0 W0 5 60 T,..0(%C)
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L 120

Typical gate pulse amplitude vs.gate
resistance

Typical gate current variation vs.am-

bient temperature

0-1130/1 6-1n2y
v, lg
o [T T o
) [ AL POSITIVE GATE PULSE 0
2 Ba NEGATIVE GATE PULSE
20
8|
0 I~
/ 1
8 / N
/ ™~
°
s A \‘
~
-10
4 [
/ T~
i/ -20
2
A =30
b petoer] =
0 2 4 L] 2 4 &8 1 & 8
1 0 10? Rg (D) 10° 0 10 20 30 40 £0 60 Tambf’C)
Typical gate pulse widthvs.C;; _; 5
6-102
tpw
(ms)
os /
08
0.4 /
14
a2
//
//
0
1 4 . 8 ? 4 . 1]
) ] Ci1a5 (F) 10?
4/74
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L 120

APPLICATION INFORMATION

Application circuit for AC motor speed regulators

—0
MA v
001 F I_]_ZISOFF RS-SEKB/7W M MAINS 220
= {2 O
15v
100k
AC
100kQ
[:I TACHOMETER
% B w1312 10

L 120

2500F
L, »—l
-1

°
T
S
B3
[ )]

&
L 1

5-045)

Application circuit for DC motor speed regulators

100K
—

' o
001uF —
FI < i
1301 |;] Rg
16 15 1% 3 2 1 0 9
L 120
3

01

il l—‘_
5
:é
&
- 3
P33
a‘cmﬂ
<Tg
m -
wn
(2]
x
-
L+ Ly

l_.
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L1121
LINEAR INTEGRATED CIRCUIT

PRELIMINARY DATA

TRIAC/SCR BURST CONTROL

The L121 is a silicon monolithic integrated circult in 16-lead dual in - line plastic package.
It incorporates the following functions :

— AC supply 50/60 Hz

— zero-voltage detection

— ramp generation

— inhibition of casual firing pulses

— stabilization of the internal positive DC supply
— high gain operational amplifier

— output short-circuit protection

The L121 is intended for use as a burst controller in industrial and consumer applications.

ABSOLUTE MAXIMUM RATINGS

lg AC supply current 60 mA
Va.12 Positive AC clamp voltage 15 \Y%
Vio-12 Negative AC clamp voltage 15 \Y
Vio Differential input voltage = 7 \Y
Vi Differential input voltage = 8 \
Piot Total power dissipationat T,.,,, <70°C 450 mw
Tstg Storage temperature -5 to 150 °C
Top Operating temperature 0 to 70 °C

ORDERING NUMBER : L 121 B1

MECHANICAL DATA Dimensions in mm.
"'_"."1
LHHWLT]? u a5 [\_ iﬂ
...._J_‘-'*
——
nmonnnno
(oonnoon
o )
ToooooO

Supersedes issue dated 9/73 39 4/74



L 121

CONNECTION DIAGRAM ({(top view)

J
RAMP  VOLTAGE IR 16]] CURRENT GENERATOR
AMPLIFIER QUTPUT 1K 15[] OUTPUT LOGIC CIRCUIT
NON INV. AMPLIE INPUT  [] 3 ] N.C.
DC REFERENCE VOLTAGE [] 4 3] GND
INV. AMPLIFIER INPUT  [] 5 2] GND
STABILIZED DC SuPpLy [] 6 nl] CHOPPER
GATE PULSE OuTPUT [ 7 10 [] NEG. RECTIFIER SUPPLY
POSITIVE RECTIFIER SUPPLY[] 8 9 (] AC SUPPLY
S-0481
BLOCK DIAGRAM
o () MAINS
- LML ST
I ® ® ® G ®
| [
CLIPPING VOLTAGE
& RECTIF, REGULATOR
1
2ERO-CROS. RAMP @
DETECTOR GENERATOR OMPARATOR AMPL.
3 4 | 5 ]\6 3
¥ 13
oA N [ oo wrapse] Lol
7 8 9 10
36 I Q's) O 13 R
505111
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L 121

224
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121

TEST Cl

RCUIT
' -0
QO‘T ILOONF Rea6.8K0/7W Va(AC) 220V
100k |—" Tﬁv
1
TS S YR TR R T

2 3

10pF

1 6
1
v 10 o
0 )y

B
-

THERMAL DATA

5-0483

R

th j-amb

Thermal resistance junction-ambient

max

175

°C/W

ELECTRICAL CHARACTERISTICS (T

= 25°(C, refer to the test circuit unless

amb
otherwise specified)
Parameter Test conditions JMin. Typ. Max. | Unit

Vg.1» Positive clamp voltage L 12 15| V
Vio.12 Negative clamp voltage 12 15| V
Vg1 Sync input threshold| Viiag) =220V R = 6.8kSl +12 Y
V.12 Rampdischarge level 1.2| V
V.1, Ramp maximum level 5 \Y
4/74 42



L 121

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.| Unit
Vie Comparator differential
trigger level 70 100 | mV
Vg3 =8V
V1_13, Comparator voltage
V, .3 range 0 7|1V
G, Amplifier large signal vol-
tage gain (open loop) V, (peak to peak) = 6V
Vg.13 =8V
R, 3 = 10kQ 60 70 dB
AV, ;5 Amplifier output voltage
swing Ve.13 =8V R, ;5 =20kQ 5.5 \Y%
V3-13, Input offset voltage Vg3 =8V
Vgis Ry.,3 = R;.,3 =500 3 6 | mV
lb Input bias current 0.1 1| pA
Vis Amplifier differential in-
put voltage Vg.13 =8V 7|V
V3_13/ Amplifier input voltage
V..,5 range 0 8|V
CMRR Common mode rejection
ratio Vg3 =8V
Rj 13 = Rg.3 S k& 60 dB
Vg.13 Regulator output voltage | V, ac) = 220V R, =6.8kQ | 7.5 87|V
lg Regulator output current | Vg ac) =220V Rg = 6.8k
Cg = 250uF 3 [mA
AVg Load regulation Ve ac) = 220V 1,=0to2mA
V, Rg = 6.8kQ Cg = 250uF 0.5 1 %
AV5 Line regulation Vg =121t0 14V I =0 46 dB
AV
SVR Supply voltage rejection | Vg = 12V f, 55, = 50Hz
Vyipple {Peak to peak) = 4V 46 dB
4/74
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L1121

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. | Unit
vV, Reference voltage Viac) =220VRs= 6.8k 1.5 \
— |V, 5, Firing pulse amplitude Vi(ac)y=220V Rg= 6.8k$2
R;.1o = 1k Cy = 250uF
positive 5.5 \
negative 95 \Y
1, Maximum output current |V, (AC)= 220V R =6.8k$2
R,.., = 1082 Cg=250uF 80 mA
tow Output pulse width Vs (ac)y= 220V R;=6.8k2 200 Ms
t, Output pulse rise time R;.1, =509 Cq4 =250uF 200 ns
Ci1.15 =10 nF
I Unijunction firing current 20 MA
1 Unijunction holding
H —
current Vg.12 = 8V 200 MA
— | Ryg Resistor value to operate
ramp oscillator 100 k2
Typical average supply current vs.drop- Maximum allowable average supply
ping resistor Rg current vs.ambient temperature
I G-1128 Is O-1n
(ma) {(mA)
”
80
\+10% 10%
M \J [ ]
40 ’ \\\ ’ i\“\ S
\\ N AN 1 ©
Al A Y \
,o VAN | - L
A° )
~15% \ S I
KON SINS
20 \' AN N ~ bl
20
0 A = malns 1OV 0
1 B2 mains 220V
[
1} 2 4 6 8 10 Rg (k) ] 0 2 0 0 60 1,00
4174
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L 121

Typical gate pulse amplitude vs. gate Typical gate current variation vs.am-
resistance bient temperature
G-1H3I0N 6129
v alg
o I T (A
v A = POSITIVE GATE PULSE %
2 Bx NEGATIVE GATE PULSE
20
10 g
// 0 \JL
L
’ /- s
) L
. A Ll ~L.
|
T ™
“ -
- , Mun
2
o 30
o 2 4 LI } 2 1 4 L]
1 °0 w0? Rg(Q) 10° [} 10 20 30 40 50 60 Tamb(*C)
Typical gate pulse width vs. C;; ;. Typical ramp width vs.external time
constant R, C;
6-1132 6-1»
tpw t o,
(ms) L ‘L (s) ¢
| L ‘
08 L R

L
o ||

02

& s L] ? . . 1] H “ 68 N 1 4 68 L 3
10 -5 (0F) 107 10" 1 0 107 RigCiis)

] Moﬂ;rT
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L 121

APPLICATION INFORMATION

Typical application circuit

—0

Rg-68K0/1W AUMAINS 220V

a! ; O

{1
100k
R
250uF
WNT 15V
$-0480

Circuit diagram to increase time base with the use of low value capacitors.

—0
u"“‘l" Lf,o,,ﬁ Rg=63%0/TW RARS 220
00K 4'_| 15y
milll)
16 15 W ] 2 10
L2 o
2 3 4 s s
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SILICON PLANAR LINEAR INTEGRATED CIRCUIT

L123

EXTENDED TEMPERATURE RANGE -65°C to +126°C

Positive or negative supply operation

Series, shunt, switching or floating operation
.01% line and load regulation

Output voltage adjustable from 2 to 37 volts
Output current to 150 mA without external
pass transistor

CONNECTION DIAGRAM
Top view

bl
L]

@ FREQUENCY
et () covpensaTion

IKVERTING
T @)

NOK-INVERTING
meuT Q

NOTE : PIN § IS CONNECTED TO CASE

ORDERING NUMBER

precision voltage
regulator

The L123 is a monolithic voitage regulator constructed on a single
silicon chip using the Planarepitaxial process. The device consists of a
temperature compensated reference amplifier,error amplifier, power series
pass transistor and current limit circuitry. Additional NPN or PNP pass
elements may be used when output currents exceeding 150 mA are
required. Provisions are made for adjustable current limiting and re-
mote shutdown. In addition to the above, the device features low
standby current drain, low temperature drift and high ripple rejection.
The L123 is intended for use with positive or negative supplies as a
series, shunt, switching or floating regulator. Applications include
laboratory power supplies, isolation regulators for low level data
amplifiers, logic card regulators, small instrument power supplies,
airborne systems and other power supplies for digital and linear circuits.

ABSOLUTE MAXIMUM RATINGS
{above which the useful life may be impaired)

Pulse Voltags from V* to V™~ {50 msec) 50V
Continuous Voltage from V+to V- 40V
Input-Output Voltage Differential 40V
Maximum Output Current 150 mA
Current from VREF 15 mA
internal Power Dissipation {Nate 1} 800 mW
Operating Temperature Range -559C 1o +125°C
Storage Temperature Range —65°C 10 +150°C
Lead Temperature {Soldering, 60 sec.) 300°C

L123T2 NOTES : On the following page.
EQUIVALENT CIRCUIT PHYSICAL DIMENSIONS
in accordance with
JEDEC TQ-100 outline
5.84 TYP,
v4 FREQUENCY
COMPENSATION V¢
TE) PERATUE!E
COMPENSATED
ZENER
INVERTING
INPUT
VRer SERIES PASS GLASS
TRANSISTOR
o— STANDOFF| %
NON-INVERTING
INPUT Vout ' 9.4-85—
) [-—8.5— 77—
RE‘QOELRTEQ%EE CURRENT CURRENT SENSE 2
AMPLIFIER LimT SENSE 2 =
ERROR CURRENT z
AMPLIFIER LIMITER H L—mﬂ:ﬁﬂ"—ﬂ.ﬂ—‘“‘l
~ ; =
o -
LB NG
10 Leads
Noles All dimensions in mm, gﬁg Dia.
MARCH 1970
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Linear Integrated Circuit L123
EXTENOED TEMPE[.“TURE RANGE
ELECTRICAL CHARACTERISTICS (Note 2}
PARAMETER (see definitions) CONDITIONS Min. Typ. tlax, UNITS
Line Regulation VIN=12V.ito VN = 16V 0.01 01 % VoUuT
VIN=12VioV|y =40V 0.02 02 “VouT !
-B59C « Tpa £ +126°C, VIN=12VtoV|N =16V 03 % VouT
Load Regulation IL=1mAtol =50mA 0.03 0.15 % VQouT
550C < T £ +1250C, || = 1mA to || = 50 mA 06 % VouT
Ripple Rejection f=50Hzto 10kHz, CREF=0 74 dB
f =50 Hz to 10 kHz, CREF =5uF 86 dB
Average Temperature Coefficient -BBOC £ Tpa £ +125°C 0.002 0.015 %{°C
of Output Voltage
Short Circuit Current Limit Rsc=10:, VoyT =0 65 mA !
|
Reference Voltage 6.95 7.15 7.35 \
Output Noise Voltage BW =100 Hz t0 10 kHz, CREF =0 20 MVrms
BW = 100 Hz to 10 kHz, CREF = B uF 25 MVims
Long Term Stability 0.1 % 1000 hrs
Standby Current Drain IL=0, VN =30V 23 35 mA
Input Voltage Range 85 40 \ !
Output Voltage Rangs 2 37 \
Input-Output Voltage Differential 3 38 v

DEFINITION OF TERMS

LINE REGULATION — The percentage change in output voltage for a specified change in input voltage.
LOAD REGULATION — The percentage change in output voltage for a specified change in load current.

RIPPLE REJECTION — The ratio of the peak to peak input ripple voltage to the peak to peak output ripple voltage.

AVERAGE TEMPERATURE COEFFICIENT OF OUTPUT VOLTAGE — The percentage change in output voltage for a specified change in am-
bient temperature.
SHORT CIRCUIT CURRENT LIMIT ~ The output current of the reguiator with the output shorted to the negative supply.
REFERENCE VOLTAGE- The output of the reference amplifier measured with respect to the negative supply.
QUTPUT NOISE VOLTAGE — The rms output noise voltage with constant load and no input ripple.

STANDBY CURRENT DRAIN — The supply current drawn by the regutator with no output load and no reference voltage load.

INPUT VOLTAGE RANGE — The range of supply voltage over which the regulator will operate.
QUTPUT VOLTAGE RANGE — The range of output voltage over which the regulatar will operste,

INPUT-OUTPUT VOLTAGE DIFFERENTIAL — The range of voltage difference between the supply voltage and the regulated output voltage over

which the regulator will operate.
SENSE VOLTAGE — The voltage between current sense and current limit terminals necessary to cause current limiting.

TRANSIENT RESPONSE — The closed-loop step function response of the regulator under small-signal conditions.

NOTES :

(1)
(2)

(3)
(4)
(5)
(6)

Derate linearly at 6.4 mW/OC for operation at ambient temperatures above 25°C,

Unless otherwise specified, Ta = 25°C, VN = V*= Ve =12V, V- =0, VoyT =5V, IL =1mA,Rgc =0, C; = 100pF CRer =0 and
divider impedance as seen by error amplifier £ 10 K2 connected as shown in Fig. 1.

L1 is 40 turns of # 20 enameled copper wire wound on Ferroxcube P36/22-387 pot core or equivalent with 0.009" air gap.

Figures in parentheses may be used if R1/R2 divider is ptaced on opposite of error amp.

Replacs R1/R2 in figures with divider shown in figure 13.
V* must be connected to a +3 V or greater supply.

48



Linear Integrated Circuit L123

ELECTRICAL CHARACTERISTICS (25° free air temperature unless otherwise noted)

MAXIMUM LOAD CURRENT AS A FUNCTION OF
INPUT-OUTPUT VOLTAGE DIFFERENTIAL

LOAD REGULATION CHARACTERISTICS
WITHOUT CURRENT LIMITING

EXTENDED TEMPERATURE RANGE

LOAD REGULATIDR CHARACTERISTICS
WITH CURRENT LIMITING

200 T T 0.05 0.05
TJ MAX = 150°C
R = 1500 C/W
160 ™ o ° Sy
— PsTanpay = ©0M 5 R T, = ik
(No heatsmk) - 2 N T4 s g 5 005 R
< 120 L -0.05 I, ° I~ %25.:' ~
& . M | ]
'>< 3 . -0.1 74 ]
g 2 ; " RS
= % .o NS s 5
= 80 < -0 2, =
_ B | | S0 <
a = 0.1
\Tq‘ & Vour = SV Vi =412V 3
B ouT = IN = @
40 o 0.15 | @
g =0 . = =
¢ Rec l 0.2| Vg, p =5V v, |12V
Ty = 125:C | FRsc = 104 |
0 A 0.2 ozl 1| [ ]
0 10 2 30 0 5] 0 » ) 50 80 100 0 5 0 15 2 25 30
v VotV OUTPUT CURRENT - mA OUTPUT CURRENT - mA
LCAD REGULATIOR CHARACTERISTICS CURRENT LIMITING CHARACTERISTICS AS
WITH CURRENT LIMITING CURRENT LIMITING CHARACTERISTICS A FUNCTION OF JUNCTION TEMPERATURE
0.1 — L2 0.8 200
n —T v =57 !
Vout =5V ¥y= 12V ouT . NG, i
Ry = 1002 i > 1 vIN =1y w ‘ré“l
0 | 5 - ERU Y | ¢ 160
. g R S S E
2 o8 2 i :
;0 1 N 2 Z 0.6 RENTR 0=
w =4 @l ¢ SN i
2 \\ 5 o g N =
0.2 % > T = 0.5 — 80 5
é \ B S o4 (R MIT CU\RR% z
w S\ o E | =] z se” IWT\\\ H
%.0.3 > 1LV AL < S o 0.4 \ 40 2
u L \S o 02 @ [
5 5, o 3 3 L
-0.4 o 1 }\ 0 0.3 ‘ i [}
20 4 60 8 100 0 20 40 60 80 100 <715 -50 -25 0 25 50 75 100 125
QUTPUT CURRENT - mA QUTPUT CURRENT - mA JUNCTION TEMPERATURE - °C
LINE REGULATION AS A FUNCTION OF LOAD REGULATION AS A FUNCTION OF STANDBY CURRENT DRAIN AS A
INPUT-QUTPUT VOLTAGE DIFFERENTIAL INPUT-OUTPUT VOLTAGE DIFFERENTIAL FUNCTION OF INPUT VOLTAGE
0.3 . 0.2 - 5 -
Yoyt =%V v T 12\|/ Yout * VRer
Rge =0 — IN Lo
0.2 V= 3v | 0.1 Your =5V 1
— _ = -
8 IL = ImA g RSC =0 :
5 > I, =lmAtol =50mA .
w01 = 0 L L s, I 2 ssee
. . ™ & A
z 3 - — & 1 =25°C
= = F 2 A
< <.p.1 N~ 2 o
<0 3 x H sl
3 3 N @ AT ]
o H Z
S
-0.1 .0.2 5o ]
0.2 -0.3 [
5 5 5 25 35 a5 -5 5 15 25 35 I3 0 10 ) 30 a0 5
\‘IN 'VOUT)-V (VIN -VOUT)-V INPUT VOLTAGE - ¥
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Linear Integrated Circuit L123

LINE TRANSIENT RESPONSE

LOAD TRANSIENT RESPONSE

EXTENDED TEMPERATURE ARANGE

OUTPUT IMPEDANCE AS A
FUNCTION OF FREQUENCY

T 1 -
IINF'UlT VDlLYAGE LL')IAD JU R;LENTI ‘our B SY
> 10 Vg = e
] / ] —i2 T 5 = Rse =0
- i =z =z f | = 50m z
g / - [ | o Ty 7l
£ | =& ] A
s 2 05 >4 z I
I w5 I \ 22 €, = luF
= A OUTPUT VOLTAGE 55 p= 7 Vo 0= g ’
I} [ 0 £l 1 _[0UTPUT VOLTAGE -z i
2 0 T -2 2 Y ™ 8 -
= A\ 5o 7 o 7
3 | i R oS Eo |
Z v = 1zv! I (T V] -3 L1
2 Vour =5V ; B
5 L =wmq z 5 L =40mA 30
o - o
Rge =0 i Ree =0
4 -5 8 L_SC 0.0
5 5 1 25 35 7 5 B T Z 3 T © 100 1K 10K 100K W
TIME - &S TIME - oS FREQUENCY - Hz
TABLE |
RESISTOR VALUES (k) for standard output voltages
Positive Applicable | Fixed output Output adjustable Negative Applicable | Fixed output 5% Output
Output Voltage Figures + 5% + 10% (Note 5) Output Voitage| Figures +5% adjustable + 10%
{Note 4) Ry R2 Ry P1 Ro R1 R2 R1 Pq R2
+3 1.5, 6,9, 412 | 30 1.8 051 1.2 +100 7 357 102 22 10 91
12 {4)
+3.6 1,5, 6 357 | 3.65 15 05 1.5 +250 7 357 255 22 10 240
12 {4)
+5 1,5,6,9, 2.15 | 499 | 0.75 05| 2.2 -6 (note 6} | 3,(10) 357 2.43 1.2 05 |0.75
12 (4)
+6 1,5.6,9, 1.15 | 6.04 05 05 | 2.7 -9 3. 10 3.48 5.36 1.2 0.5 2
12 {4)
+9 2,4,{5,6 1.87 | 7.15 | 0.75 1 2.7 -12 3, 10 3.67 8.45 1.2 0.5 33
12, 9)
+12 2,4,(5,6, 487 | 7.15 2 1 3 -15 3,10 3.65 1.5 1.2 0.5 43
9, 12)
+15 2,4, (5.6 787 | 715 33 1 3 -28 3, 10 357 243 1.2 0.5 10
9, 12)
+28 2,4,(5,6, 21 7.15 5.6 1 2 -45 8 357 41.2 22 10 33
9, 12)
+45 7 357 | 487 22 10 39 -100 8 357 97.6 22 10 91
+75 7 357 | 787 22 10 68 -250 8 3.57 249 22 10 240
TABLE It

FORMULAE FOR INTERMEDIATE QUTPUT VOLTAGES

Outputs from +2 to +7 volis
[Figures 1, 5, 6, 9, 12, (4)]

R, 1
R +R,

Your = [Veer X

Qutputs from +4 to +250 volts
{Figure 7]

\ R,— R
VOUY=[%X%];R3=R‘
'

Current Limiting

i _ Vsense
LIMIT = T
e

Outputs from +7 to +37 volts
{Figures 2, 4, (5,6, 9, 12}]
R, +R,

Vour = [Vger X R
2

Outputs from —6 to —250 volts
(Figures 3, 8, 10]
R +R,

RI

VR EF

Your =1 2 1: Ry =R,

Foldback Current Limiting

Tenee = [ Your R + Vsense (Ry + R)
NeE =
. RXC R‘ RIC RI
A\ R+ R
Isriorr exr = | % x 2= R 2!
i 4
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Linear Integrated Circuit L123

EXTENDED TE/APERATURE RANC:

BASIC LOW VOLTAGE REGULATOR FIG.1 | BASICHIGH VOLTAGE REGULATOR FIG. 2
LQUT =217 Lol TouT T 70a7
Vin
v,
IN + VC
Ve ve Vout
v VRes
ouT R3 REGULATED
VRee Rsc I’;IIZJ OuTPUT
n cL :
PIMB s — REGULATED
NI v 3 ouTPUT
CREF Ry 7 [
oM Toopr
Note: R3 = RLR2 far minimum
R RZ TYPICAL PERFORMANCE o =
Note: R3m— - far minimum Regulated Ovlput Vollage 5V RI+R2 lemperature drifl R SE‘RFP"/‘O“':{\NCE .
R1+R2 lemperalure drifl. Line Regulation {1V, = 3V) 0.5mv cgula utpu age -
Load Regulatian (- ,'N Z50mA) 15 mV R3 may be eliminated for minimum Line Regulation (LY =3V) L5mv
o utatian (- m 5m compoment count. Load Regulation - lL =3mA}  45mV
NEGATIVE VOLTAGE REGULATOR FIG.3 | POSITIVE VOLTAGE REGULATOR FIG. 4
(External NPN Paes T e
VIN
v N
'S VC
| TS R VouT n
5
Vg OUT] ®” YRer | BFY 56
6.2v D Tk}
1] w753 L123 cL Rec
Rq Ry Juizs cL n s
K0 | [ 2 T e N » REGULATED
cs rm ouTPUT
NI e v comp !
R3 Ry OMP|
e V'J = e ¢y R
| i REGULATED OUTPUT 500pF 2
TYPICAL PERFORMANCE Vv .LAL PERFORMANCE
Regulaled Output Vollage 15 v Regulated Output  oltage 15V
Line Regulation -2 Vjy = Imv Line Regulabon (. '=3V)  LSmY
Laad Regulation +. |L = lOOmA) 2my Load Regulalion (. |~ =14} 15mv
POSITIYE VOLTAGE REGULATOR FIG.5 FOLDBACKICURRENT LIMITING FIG. 6§
{Extetnal PNP Pass Transistort
Vin
Vi VC‘
VourT] Rsc3002
VREF REGULATED QUTPUT
R3
2N5001 R (o 2. 7xn
Ry
cs 5.6K02
Ry v.
REGULATED 2 V- |COME
- OUTPUT LoF
| Ry V[ LocoMp
Tcrme
TYPICAL PERFORMANCE
[YPICAL PERFORMANCE Regulated Outpul Vollage +5v
Regulaied Oulput ‘uilage +5V Line Regulalion ( .,y = 3V) 0.5mV
Line Regulalion (4N =3.)  0.5m- Load Regulation /.1 "= 10mA) mv
= smv Current Limit Kn 20mA

Load Regulalion ( I,
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Linear Integrated Circuit L123

EXTENDED TEMPERATURE RANGE

POSITIVE FLOATING REGULATOR FI1G. 7
VIN
RS 2000
. * Al
! v
uT| 2N 5286
36v VRer 0 T1
Ra | Ry L123 CL
3k
NI Iny Rs
R3 | R V500l 1
30l 3 —Y REGULATED
T i OUTPUT
elan

TYPICAL PERFORMANCE

HEGATIVE FLOATING REGULATOR

F1G. 8

REGULATED QUTPUT

TYPICAL PERFORMANCE

Regulaled Outpul Vollage +50 V Regulaled Oulpul Voltage -100v
Line Regulallon(_'.'m 220.)  15mV Line Regulalion (AVIN =20%)  .OmV
Load Regulationi ) 50mA) 20 v Laad Regulation (1 'Y 100mA)  20my
POSITIVE SWITCHING REGULATOR FIG.9 NEGATIVE SWITCHING REGULATOR Yin FIG. 10
YIN
T2 2N41le
v, 2N5287
v T DllNZOH
v, tOUT Ly
REF |1.2mH
v [Tk REGULATED
OUTPUT Ly
s 510
1.2mH
NL  Inv
Cq C2 Cy REGULATEOD
R, V- [COMP o h;l_- C, ouTPUT
O MO 100 uF I 100uF
= L

TYPICAL PERFORMANCE

TYPICAL PERFORMANCE

Regulaled Oulpul Vollage +5 0V Regulated Oulpul Voitage -15 ¥

Line Regufalion (. Viy =30V) 10mv Line Regulalion (AVIN =20V) 8 v

NOTE 3 Load Regulalion ¢ IL =2A) 80 mv NOTE 3 Load Regulalion (. v =2A) vmv
REMOTE SHUTDOWN REGULATOR WITH FIG. 11 SHUNT REGULATOR FIG. 12

CURRENT LIMITING

Vin

v+ Ve

vreoUT j.:pf_—kscu LATEO OUTPUT

CcCsL
LOGIC INPUT

El

Lizz CL—
cs

inv

R2|

REGULATED QUTPUT

TYPICAL PERFORMANCE

Note : TYPICAL PERFORMANCE R 6 oot is v
imi i Regulaied Output Vollage +5 Vv egulaled Output Vollage
o e, nsislor may be used Line Regulation { iy =3¥)  0.5mV Line Regulation (L, '=10v)  0.5mV
r shutdown if current limiting is =N AN Lo my
not required. Load Regulalmn(_\lL = 50mA) L5 mV Load Regulation ( IL = 100mA) .
OUTPUT VOLTAGE ADJUST FI1G.1
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SILICON PLANAR LINEAR INTEGRATED CIRCUIT

L123

STANDARD TEMPERATURE RANGE, 0°C +70°C
e Positive or negative supply operation

e Series, shunt, switching or floating operation
e .01 % line and load regulation
o Output voltage adjustable from 2 to 37 volts
e Output current to 150 mA without external
pass transistor
CONNECTION DIAGRAM
TOP VIEW
cuRREnt
bt e O ne
£REQuENCY
cunne pm,.,,a,‘ cument
A
cunREnT,
o] :
Ny () v it -
- :'E\P’,S'fmnl: vour
mvf{r;zjm; GYve varr ] ve
v N

Note - On menal can PINS
3 cxnnecied 10 e v

precision voltage regulator

The L 123 is a monolithic voltage regulator constructed on a single
silicon chip using the Planar epitaxial process. The device consists of
a temperature compensated reference amplifier, error amplifier, power
series pass transistor and current limit circuitry. Additional NPN or
PNP pass elements may be used when output currents exceeding 150
mA are required. Provisions are made for adjustable current limiting
and remote shutdown. In addition to the above, the device features
low standby current drain, low temperature drift and high ripple
rejection. The L 123 is intended for use with positive or negative sup-
plies as a series, shunt, switching or floating regulator. Applications
include laboratory power supplies, isolation regulators for low level
data amplifiers, logic card regulators, small instrument power sup-
plies, airborne systems and in other power supplies for digital and li-
near circuits.

EREQUENCY
" AEN-

““ ABSOLUTE MAXIMUM RATINGS (1)

{TA = 26° C unless otherwise noted)

Voltage from V* to V~ 40V
Input-Output Voltage Differential 40V
Maximum Output Current 150 mA
Current from YREF 25 mA
{nternal Power Dissipation {1} 800 mwW

Operating Temperature Range

Storage Temperature Range {Metal Can)
Storage Temperature Range {DIP}

Lead Temperature {Soldering, 60 sec.)

NOTE ON PAGE 2

0eCto+700 C
-659 Cto+ 15600 C
-550C to+ 1252 C

3000 C

EQUIVALENT CIRCUIT

FREQUENCY

PHYSICAL DIMENSIONS
14-pin plastic DIP

vt COMPENSATION v
TEMPERATURE <
COMPENSATED
ZENER
INVERTING
INPUT dp Un 5
VREF SERIES PASS
TRANSISTOR dl: n|[
NON-INVERTING Vour gp =g
INPUT dl by
VOLTAGE CURRENT olh
REFERENCE l LIMIT vz s m}
AMPLIFIER dle <0
v CURRENT
SENSE O B8
ERROA
AMPLIFIER CURRENT
LIMITER
Note : all dimenslons in mm,

PHYSICAL DIMENSIONS
similer to
Jedec TO 100 outline

5,84 TYP.

1 MAX,

127 MIN.

DI ?

10 Leads
0.4
0.48 Dia.
Nates All dimansions in mm.
Leads are gold-plated K ovar.

ORDERING NUMBER

L123B1 ({for TO 116 package)
L123T1 (tor TO 5 package}
APRIL 1969

53




Linear Integrated Circuit L123

STANDARD TEMPERATURE RANG

ELECTRICAL CHARACTERISTICS (note 2}

PARAMETER {see definitions} CONDITIONS MIN. TYP. MAX. UNIT
Line Regulation V=12VtoVv=15V 0.01 0.1 % VouT
VINSIZV o VIN= 40V Q.1 05 % VouT
0°C < TAS70°C, VIN= 12V to VIN= 15V 03 % VouT
Load. Regulation IL=1mAto I =50mA 0.03 0.2 s VouT
0°CS TA<70°C.IL =1 mA to I =50mA 0.6 “VouT
Rippie Rejection t=50H2t0 1C :Hz, CREF =0 74 dB8
f=560Hzto 10 kHz, CREF = SuF 86 dB
Average Temperature Coefficient 0°C £ Ta S 70°C 0.003 0.015 %/eC
of Output Voltage
Short Circuit Current Limit Rsc =100, VouTt=0 5 mA
Reference Voltage 6.80 7.15 7.50 v
Output Noise Voltage BwW = 100 Hz to 10 kHz, CRgr =0 20 uVrms
BW = 100Hz 10 10 kHz, CREg = b pF 25 UVrms
Long Term Stability 0.1 %/1000 hrs
Standby Current Drain JL=0. VIN=30V 2.3 4 mA
Input Voltage Range 9.5 40 \%
QOutput Voitage Range 2 37 v
Input-Output Voltage Differential 3 38 A

DEFINITION OF TERMS

LINE REGULATION - The percentage change in output voltage for a specified change in input voltage.

LOAD REGULATION-The percentage change in output voltage for a specified change in load current.

RIPPLE REJECTION - The ratio of the peak to peak input ripple voltage to the peak to peak output ripple voltage.

AVERAGE TEMPERATURE COEFFICIENT OF OUTPUT VOLTAGE - The percentage change in output voltage for a specified change in ambien
temperature.

SHORT CIRCUIT CURRENT LIMIT - The output current of the regulator with the output shorted to the negative supply.

REFERENCE VOLTAGE - The output of the reference amplifier measured wvith respect to the negative supply.

OQUTPUT NOISE VOLTAGE - The rms output noise vollage with constant load and no input ripple.

STANDBY CURRENT DRAIN - The supply current drawn by the regulator with no output load and no reference voltage load.

INPUT VOLTAGE RANGE - The range of supply voltage over which the regulator will operate.

QUTPUT VOLTAGE RANGE - The range of output voltage over which the regulator will operate.

INPUT-QUTPUT VOLTAGE DIFFERENTIAL - The range of voltage dif ference between the supply voltage and the regulated output voltage over
which the regutator will operate.

SENSE VOLTAGE - The voltage between current sanse and current limit terminals necessary to cause current limiting.

TRANSIENT RESPONSE - The closed-loop step function response of the regulator under small-signal conditions.

NOTES:

(1) Derate metal can package at 6.4 mwW/OC and dual in-line package at 8 mW/CC for operation al ambient temperatures abova 25°C,

(2) Unless otherwise specified, Ta = 259C, Viy = V+ =V =12V, V-=0, VpyT =5V, IL = 1 mA, Rgc = 0, C; = 100 pF and divider impadance as seen by the
error amplifier < 10 KQ

(3} For metal can applications where Vz is required; an axternal 6,2 zener should be cannected in series with VouT-

{4) Figures in parentheses may be used if R/R2 divider is placed on opposite of error amp.

(5) Replaca R1/R2 in figures with divider shown in figure 13.

(6) V+ and V¢ must be connected to a 4- 3 V or greater supply.

(7) Ly is 40 turns of#20enameled copper wire ound on Ferroxcube P36/22-3B7 pot core or equivalent with 0,23 mm. air gap.
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Linear Integrated Circuit

L123

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)

MAXIMUM LOAD CURRENT AS A
FUNCTION OF INPUT-OUTPUT
VOLTAGE OIFFERENTIAL

B LR
Ty MAX. = 1600C
Aru=isrcw T
\ P STANDBY = 60 mi
& (NOHEATSINK), T
e \ ;|
g
I
S Ta = 25°C
S L
AN
w0 N
TA=70°C TN e
| .
0
0 10 20 EY 20 50
Vi - VouTh -V
LOAO REGULATION
CHARACTERISTICS WITH
CURRENT LIMITING
01
.
3
> 0 {
»® SS, 1
z i R e TAI=~
S e (9
3 L
A =255,
C T~
3 \a\\I i
@ ;o,<L_C <
-02 [
o 10 20 30
OUTPUT CURRENT - mA
LINE REGULATION AS A
FUNCTION OF INPUT - OUTPUT
VOLTAGE DIFFERENTIAL
03
[
VYou  —
AsC
02 AV= B!
IL=1mA
=
-]
]
>a1
g
= L
<0
=5
=1
o
@
T
0.1
-02
-5 5 15 w5 E3 a5
LN = ouTi-V

160

% 120

= 80

o
@ -

RELATIVE OUTPUT 4% OLTAGE - v
o
@

0.2

0

DUT

REGULATION - ™ *
o

MAXIMUM LOAD CURRENT
10N OF

AS A FU
INPUT - QUTPUT VOLTAGE
DIFFERENTIAL

LOAD REGULATION
CHARACTERISTICS WITHOUT
CURRENT LIMITING

VIN-VouT! - V
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T T T T T
TyMAX, =125°C N I
—l——I—nTH =iocw —
" P STANDBY = 60 m#¥ e a1
DIP PACKAGE ~— == = AZ e
{NO HEAT SINK] T~
1 . T4 = 250 —]
‘ 201 A B
\ \ - 0°cT~~
Ta=25°C 3
t— s
i g
302
NN £
&
™~
LTa=:weC —
—
0a
o 10 20 30 0 50 0 20 40 60 80 100
VN - VouT?! - V OUTPUT CURRENT - ma
CURRENT LIMITING
CHARACTERISTICS AS A
CURRENT LIMITING FUNCTION OF JUNCTION
CHARACTERISTICS TEMPERATURE
08 200
>
N T Sor 160
TN 4] 2 H
[ + 5 -
Sos 120 2
- w T
. 2 R g
ol & o o
SR e 200
wlo w1l E —SURReny Rge = H
Y 3 R - L) 5
g o4 40
L =1
=
03 o
20 60 80 100 60 -20 20 60 100 140
OUTPUT CURRENT - mA JUNCTION TEMPERATURE - 9C
LOAO REGULATION AS A STA;{SDRY CUE'?(EONNT g‘l}AIN
FUNCTION OF INPUT-OUTPUT
VOLTAGE DIFFERENTIAL INPUT VOLTAGE
’ |
VOUT = VREF
IL=0
4
g
=
3
| S TA=0°C
& e
5 e Ta = 25°C|
™~ o —
[~ 3 2 41 q°C
- 2 TN
< Vi
o 4
- Vin=12v 1
VouT = 5V
ILRsc = 0
IL=1mA ol =50mA
| I N | 0
-5 5 15 2 35 a5 [ 1a 20 30 a0 50

INPUT VOLT/ GE-V



Linear Integrated Circuit

L12¢

QUTPUT VOLTAGE DEVIATION - mV

STANDARD TEMPERATURE RANC

LINE TRANSIENT LOAD TRANSIENT OUTPUT JMPEDANCE AS A
AESPONSE RESPORSE FUNCTION OF FREQUENCY
5 T “ 12 . [ yS—
INPUT VOLTAGE LOAD CURRENT | | . 2&15:‘]’" I !
. w2 a1 R i
I 3 N \ 0 g & >3
E £ [ | 5 O =
2 0f 2. O]
a4z I 5z CL=1uF]
- TVOLTAGE [— w w QUTPUT VOLTAG! ok 2
T g ¢ N HE
0 28 £o E z
2 § - 2 Saa
Vin=12) 5 ®g af
2 _‘vgnﬂv Py E-e _3&":!‘3;/‘, 2
weioa © 3 [nriom
r— fsc=0 rRsc=0 0 !
WLl 5 s o
5 s 15 % ERT 5 6 5 % 3 ) 100 x 10K 100K ™
TIME -un TIME - un t - FAEQUENCY - Hr
ABLE |
RESISTOR VALUES (K0} FOR STANOARD OUTPUT VOLTAGES
PPLICABLE| FIXED DUTPUT | ODUTPUT ADJUSTABLE FIXED OUTPUT 6% OUTPUT
POSITIVE | FIGURES 15% + 10%(Note 5} NEGATIVE |, 16% ADJUSTABLE & 10%
QUTPUT ouTPUT PPLICABLE
VOLTAGE VOLTAGE FIGURES
{Nora 4} Ry Rz Ry Py Az Ry Ay Ry [ R2
+3 1,5,6,9 4.12 301 1.8 0.5 1.2 | +100 7 357 102 22 10 91
1214}
+ 36 1.5.6,9, | 3567 3.6 15 05 1.5 |+280 7 357 255 22 10 240
12(4)
+5 1.5.8,9, | 215 4.99 0.75 0.5 22 |- 6(nowe6)| 3,(10) 357 243 12 05 0.75
12(4)
+ 6 1,5,6,9, 1.16 6.04 06 05 27 |- ¢ 3.10 3.48 5.36 1.2 0.5 2
12 (4)
+9 2,4,(6,6, 187 7.15 075 1 27 |- 12 3.10 357 8.45 1.2 0.5 33
12,9
+12 2,4,(56, | 487 7.15 2 1 3 - 16 3,10 3.65 ns 1.2 05 43
8,12}
+15 24,56, | 7.87 7.16 3.3 1 3 - 28 3,10 357 243 1.2 0.5 10
9,12)
+28 2,4,6,8,| 21 7.15 5.6 1 2 - 45 8 357 41.2 22 10 33
9,12}
+45 7 367 487 22 10 39 |-100 8 357 97.6 22 10 )l
+76 7 357 787 22 10 68 |-250 8 3.57 248 22 10 240
TABLE I
FORMULAE FOR INTERMEDIATE OUTPUT VOLTAGES
Qutputs from -2 to +7 volts Oulpuis from 4 to +250 volts Current Umiting
{Figures 1, 5, 6,9, 12, (4)] [Figure 7] Yeense
R. 1" R, —R Y = R
R SR =
vou,=w.ng‘_;R,] Vour=[ = x '] Ry =R, i
Qutputs from +7 to 4-37 volts Outputs from —6 to —250 volts Foldback Current Limiting
[Figures 2,4, (5, 6,9, 12)] [Figures 3, 8, 10] o = VourRy . Ve Ry + RY .
Vour = Dyes x P2y Vo= 28 Bith g g R R R R
R 2 R
? ! 1 Yoense R +R,
Imorroxr =1 —p=— X —p—1
se 4
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Linear Integrated Circuit L123

STANDARD TEMPERATURE RANGE

BASIC LOW VOLTAGE REGULATOR FIG. 1 BASIC HIGH VOLTAGE REGULATOR FIG. 2
Ivgyr=2t7 seouT = 71037 9
Vi ViIN
v
v T
You
VREF
vzl Rsc
R cL R3 RAEGULATED QUTPUT
vz s REGULATED QUTPUT
.
l A2 C1
J- come 100pF
NOTE: g1 « L2 for minium TYPICAL PERFORMANCE A R2 foc minimum TYPICAL PERFORMANCE
‘YRR tergecature anit, Rogutaied sutpur Voluwge, 5 ¥ NOTE: RY = 1o sorversture drif. Regulated Output Valtaga 15 v
ini- Lins Ragulation {8V = 3V)  0.5mv iy Line Regulstion =3v)  15mV
B nyDe clininated, for mint Load Reguiation (81" 50mA) 1.5mv Ay, 28 Simiosted for mini Load Ragulation (A1\™ 60mA) 4.5mV
NEGATIVE VOLTAGE REGULATOR FIG. 3 POSITIVE VOLTAGE REGULATOR FIG. 4

(Exterrat NPN Pass Transistor) Vin

Rsc
REGULATED
ouTPUT
V- Ry
REGULATED
ouTPuT R2
TYPICAL PERFOMMANCE TYPICAL PERFORMANCE
Roguiaied Quipu( Voitage 15 v Regutsted Output Voltegs 16 ¥
Line Regulation 1Ay 2 3V) 1Y Line Regulation (V) = 3V} 1.5mV
NOTE 3 Lowd Reguiatlon {4l ~ 100mA]  2mV Load Regutation (4l > 14} 16mY
POSITIVE VOLTAGE REGULATOR FIG. 5 FOLDBACK CURRENT LIMITING FIG.6
(Externsl PP Poss Tromerer
IN
Vin
v .
VREF REGULATEQ
Vvout ouTPyT
2N5001 v
M Lz o
=
N .
Ry
R
2, Jeomr]
REGULATED Im:
OUTPUT
s, ¥ COMR
Cy InF TYPICAL PERFORMANCE
I ! TIPICAL PERFORMANCE Regulated Oufput Voltaga 5V
Regulated Outpul Volloge BV Uino Roguiation { Vi = 3V] 0.5V
Una Regulation (AW & 3V)  0.5mY Load Reguiatlon (Al = 10mA}  1mV
Load Reguiation (N1 * VA)  BaV Cunent Limit Kneo Wma
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L12:

Linear Integrated Circuit

STANDARD TEMPERATURE RANG

POSITIVE FLOATING REGULATOR FIG. 7 NEGATIVE FLOATING REGULATOR FIG. 8
VIN
R5 2000
N Ve ve A v A
1 Vour| 2N 5286 by VREF|
36y VReF 10K A Vout
241 I
vz oy a oz
L123 CL " 3 cL
2 15 | VB
csl K X X0 ¢
NI Inv Rs5 NI dov
Ry V] lnﬂEOMP n | Ry |15 o
pF o= C1 REGULATED F K V‘l COMP] 5o REGULATED
—J QuUTPUT QUTPUT
TYPICAL PERFORMANCE TYPICAL PERFORMANCE
Regulated Output Voltage 100 V Regulsted Output Voltage =100 ¥V
Line Regulation (W) = 20V)  15mV Line Regulation (AV|y = 20V)  30mV
NOTE 3 Load Regulation (Al = 50mA}  20mV NOTE3 Load Regulation (Al = 100mA)  20mV
POSITIVE SWITCHING REGULATOR FIG. 9 NEGATIVE SWITCHING REGULATOR VIN FIG. 10
YIN
g
KQ
2Na116
RS 2N5153 T2 Ve Re
3kal 220
Vo v N5287 sout— || 8 or
vout T L v N
\ 1 ) Ny
R o |‘-Z“‘H o &b
Ry Lizs F[EQ REGULATED VB s | L
Ra K0 cs Rg 5101 ouTPUT NI Inv ||2mH
NI Inv - AEGULATED
) C2 2 e Gy OUTPUT
R, Rz M- |COMP - I|5pF I‘“’F
OJ,?Fr M0 IOOpF
—— S —
TYPICAL PERFORMANCE TYPICAL PERFORMANCE
Regulated Quiput Vollage + v Regulated Output Voliage 5V
Line Regulauon (AVy = 30V)  10mV NOTE 3 Line Regulation (AV)y = 20V)  8mV
NOTE 7 Load Requlation (Al = 2Al 80my NOTE 7 Load Regulation 1Al = 2 A} 8mv
REMOTE SHUTDUWN REGULATOR WITH CURRENT LIMITING FIG. 11 SHUNT REGULATOR FIG. 12
ViN
Vin
Ve Ve v 1000
VHEF AEGULATED ULATE
Vout QUTPUT “REF ——ER)LEJ‘GrPlhT °
ve | Rsc Vout
A o
oz I Ay -
cs Lz3
s [
NI Inv
NI Inv
BSX26 g
A2 “Tcom
v CluL
< LOGIC A2 y- com:Lq
0 xa NPUT ISnF
TYPICAL PERFORMANCE TYPICAL PERFORMANCE
. Regulated Oulput \ "ltage 5 V Regulated Culput Voliage + 5V
NOTE: C L 50
,;:’:;Tl‘z:,'n ‘,:T;';',: .'?:\rl:’:u" : Line Regulalion (AV|y = 3V} 05mV Line Regulation { WV = 10V] 2mV
not required. Load Regulation (Al = 50mA)  1.5mV NOTE 3 Load flegutation (Al = 100mA)  SmV
OUTPUT VOLTAGE ADJUST FIG. 13
Ry
3
]2
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L 129
LINEAR INTEGRATED CIRGUIT

PRELIMINARY DATA
5V VOLTAGE REGULATOR

OUTPUT CURRENT > 600 mA

TIGHT TOLERANCE for OUTPUT VOLTAGE
LOAD REGULATION LESS THAN 1%

RIPPLE REJECTION 60 dB TYPICAL

LOW OUTPUT IMPEDANCE

EXCELLENT TRANSIENT RESPONSE

HIGH TEMPERATURE STABILITY

The L129 is a silicon monolithic voltage regulator in Jedec TO-126 plastic package which
can supply more than 600 mA. It incorporates the following functions :

— internal overload protection

— short-circuit protection

The L129 can be used for voltage regulation in consumer and industrial applications.

ABSOLUTE MAXIMUM RATINGS

v, Input supply voltage 20 v
Piot Total power dissipation at T, = 25°C 1.25 W

atT ,, = 256°C 14 W
Tag Storage temperature -651t0 126 °C
Tj Junction temperature 150 °C
Top Operating temperature -20 to 85 °C

ORDERING NUMBER : L 129

MECHANICAL DATA Dimensions in mm
Py connecied 1o metal part of mearting surtace
(7 7 max
P - -
™ %

=
e=

bR amas DY e
.UPE - Al ZRL. o
Jcs o
(U within tiis regor the crase - sechor o the leads o siconiroied TO-126 {SOT-32)
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L 129

BLOCK DIAGRAM
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SCHEMATIC DIAGRAM

$-0433

60

6/73



L 129

TEST CIRCUIT with output characteristic

Y Axis
oscilloscope

v L 129 — ‘opi e _/

O.SmsecJ 50msec

0.1 pF 5000 0.1uF X Axis
: it
0 oscilloscope
o ‘ ¢ .

5-0435
-
3
Oulput
50 h { voltage
mv Change

10 mA " 600mA
" lores. forax 5 043'3
THERMAL DATA
Rin j-case Thermal resistance junction-case max 9 °c/wW
Rin j—amb Thermal resistance junction-ambient max 100 °c/wW
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L 129

ELECTRICAL CHARACTERISTICS
(Tj = 256°C, V, = 12V unless otherwise specified)

Parameter Test conditions min. Typ. Max. { Unit
vV, Output voltage 7.5V < V, < 20V
I, = 10mA = 10uF (4756 &5 525 V
AV,*  Load regulation I, = 10 to 600 mA
L=10 uF 0.3 1 %V
(P Regulated output AV
current V° <1% 600 850 mA
o
I, MAX* Maximum output
current Tease = 25°C 093 12| A
Tease = 85°C 1 A
I, Output short-circuit
current V,=0 200 250| mA
Iq Quiescent drain current | V, =20V I, =20 9 mA
AV, Line regulation V, = 751t 12V
lo =10mA C_ =10 uF 5 23| mV
AV, P
AT Temperature coefficient | 1, = 10mA CL =10 uF
amb Tamp = - 20 to 85°C 0.5 mV/°C
en Output noise voltage lo, =10mA
C *"*=20uF
B =10Hz to 100 kHz 70 uv
R, Output resistance 1, =600 mA 15 mg
SVR  Supply voltage rejection | V,= 10V I, =10mA
AV, =4V peak to peak
f=100Hz C_=10uF | 46 60 dB

* Refer to the test circuit

** Tantalum capacitor
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L 129

Typical output voltage versus output Power rating chart
current
Yo L Pyot G
W) tw) T ]I
1" 4.,
5 N\ /’»\y
4
2 | N\ 4“/4/
{(\»y
4 Z, o <,
3,
L
v %
/ 5 N
3 / \
A
6
2
&
1 /

/ FREE amp
W, 0 4] [

1] 200 400 600 800 1000 1g{mA) -20 0 20 20 1) 8 W Tamb (*C)
Typical regulated output current versus Maximum output current versus
junction temperature junction temperature

G- 1017 G-1018
lofreg IoMAX
(A) ()
1 1
= 12V vy, =12v
AVo =1%
.
09 ~ s \\
\ e
\ \\
08 o8 M~
Q ~
~N
07 07
l\ |
0.6 06
-0 .20 o 20 40 60 80 100 120 T‘ {*¢) 50 -20 0 20 40 60 B0 100 120 Tj(%)
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L 129

Typical dropout voltage versus junction

temperature 03
v, Yo
v)
P T =600m 4
i :
=
lga 400mA
P ———l |
]
~ 1o = 200mA ———
2
|
—
Vo =1%
15 &Y
1 .
20 0 20 4 80 80 00 120 140 Ty(°C)

Typical short-circuit current versus
junction temperature

Isc T
(mA)

G-1041

260D

240

220

200

7
4

180 B

SC
(mA)

260

220

140

100

(ma)

95

Typical short-circuit current versus
input voltage

G-1040

Ty=25%C

0 2 4 6 8 10 12 1% 16 18vi(v)

Typical quiescent drain current versus
junction temperature

6-1042

! 1
|

o
"
©

20y

<
[

160

140 ™

120

100

-20 O 20 40 60 80 100 20 1.0 T(C)

NS

-20 0 20 4 60 80 100 120 140 Tamp(C)
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L1129

Typical quiescent drain current Typical supply voltage rejection versus
variation versus junction temperature frequency
6-1043 6-104k
Alg T SVR
(uA) Il (e8)
AR v =12V
| 64
300 I
—'~_Elc=eln0mlx‘
Il 1= «00mA 62
L \..._: o= 400m. Iy /,ﬂ“
200 - = v
el |1 =200 mA ——
:] Vi =10V Ll
™ ﬁj‘t‘ ‘1 ] 60 LM TITH &V x4 Vpeak to peak
Ll jioi50ma t lg =10mA il
et I -
o SunnEEEE nilimnl
58
0 56 0 L) ? “ 68 1 4 88 ? L 68
-20 0 20 40 60 80 00 120 140 T °c) © 10? ©? 104 1 (Hz 10°
Typical supply voltage rejection versus Typical output resistance versus
regulated output current frequency
0-045 G-1G46
SVR I T I | | Ro X ; THd
(d8B) __,_..i._.,.___. 1 L (mp) 1 —]
E V| =10V
) \' t — AV =4Vpeak to prak ] ‘ 1]
L { =100 Hz v, =12v
T z 1y = 01pF T
N L ! , |l°=100mA P ]
8 N 10 1
5 \\ y . ==
. I
~ . 7
—
56 «l
? Wl
‘\ L1
1.
54 N IOl
£
.
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1 4 L3 ] 2 & 6 8 2 & 6 8
0 100 200 300 400 500 Igfy e g)(mA) 1 10 102 1{kHz}
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L 129

Typical line transient response

AV=5V

Via9.5V L~
| L\ lo = 5mA

8Vq = 50my /

Vo= 5V i T~

i
. 100ns 1100ns [100ns {1000 1000 | ]

5-0437

APPLICATION INFORMATION

Typical connection circuit

W Vo=5V
Ju 1

5-0438
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1129

APPLICATION INFORMATION (continued)

Circuit for increasing output voltage

R2
vV, =V, (Hﬁ) + 1y -R2 v, Vo= 9V
O— L12S * O
vV, = 16V .L T f
ly = 9mA | I‘OIUF Y ‘ 1300
; & !
—9 = _7 uA/°C typ.
6Tomp R2
82n
by 30 pANV t
5V| Ve 5-0439
Circuit for increasing output current
v, 075V
O . ‘/ VI)
vV, = 12v (
I,MAX = BA
R, ~2m®Q
° ) L 129
Q1 = PNP transistor 330 Opf
hegg:r =20atlcq; = 5A l ‘\'
e
S-0440
Switching regulator with short-circuit protection
V, = bV W W
|o < 4A o2n o upfj_ Am ||5L
AV, ~ 100 mV peak to peak wn %
f ~ 10 kHz L129
Py =
n= e 65% Toor
! 5600 sen
V, =10to 20V — ' L
Q1 =BDX70 e
Q2 =BC 116
D1 = Diode with |, =5A
L ~1.5mH

67 6/73



68



1130
LINEAR INTEGRATED CIRCUIT

PRELIMINARY DATA

12V VOLTAGE REGULATOR

OUTPUT CURRENT > 500 mA

TIGHT TOLERANCE for QUTPUT VOLTAGE
LOAD REGULATION LESS THAN 1%
RIPPLE REJECTION 60dB TYPICAL

LOW OUTPUT IMPEDANCE

EXCELLENT TRANSIENT RESPONSE

HIGH TEMPERATURE STABILITY

The L130 is a silicon monolithic voltage reguiator in Jedec TO-126 plastic package which
can supply more than 500 mA. It incorporates the following functions :

— internal overload protection
— short-circuit protection.

The L130 can be used for voltage regulation in consumer and industrial applications.

ABSOLUTE MAXIMUM RATINGS

Vi, Input supply voltage 27 Y
Piot Total power dissipation at T,m, = 25°C 1.25 W
at Teae = 25°C 14 w
Tag Storage temperature -551t0 125 °C
T; Junction temperature 150  °C
Top Operating temperature -20 to 85 °C
ORDERING NUMBER : L 130
MECHANICAL DATA Dimensions in mm
Pin 3 connected e metai part of mounting surface
X gz ~gra
3 M 1 1 ar
E@ ‘ = -7
N ,JiTi ) | '1 7 ‘& 3
R H iy
7 T Lo T ~——1
IRB R i il L -
fisn i - D
(i I i o
“l li i i || Rl A ¢
i || B | .‘I “l.| i A
['}‘!‘; !l i HH' w
{ Wi Ii . i .
}L: LJI 'lJ' b ﬁ 'J b . i
__'_';_05'"’" .u,._;:, Tim Rl [
LGS b
Y ditiun this cegeor e crose sazler of fhe leads 13 sceniind TO-126 (SOT-32}
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1130

BLOCK DIAGRAM

@Yo

SERIES

Yi O

11— —7—4
z
e .
=
w 2
w W
[~
2 o©
a
g @
= T w
173 2 i
) 2 S a
z a
g vz
z a
w
23 =)
z © z
i
g2 4
g % w
5 ¥ .
w
& «
o
zZ C
= 3
T O uw
s o
n Y

3-0577

SCHEMATIC DIAGRAM

-
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5-0433
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1130

TEST CIRCUIT with output characteristic

Y Axis
oscilloscope

Input
Vi L 130 ’ pulse
ol -t
05msec | | BOmsec
1.2 -0
01uF an 01uF X Axis
oscilloscope
n
_ $-0443
[
Qutput
Yo oltage
120
my Change
i
1
10 mA BOOMA I
loreg 5-0444
THERMAL DATA
Rin j-case Thermal resistance junction-case max 9 °C/W
Rtn j-amb Thermal resistance junction-ambient max 100 °C/W
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L130

ELECTRICAL CHARACTERISTICS
(T;=25°C, V;=21V unless otherwise specified)

Parameter Test conditions Min, Typ. Max. |Unit
Vo Output voltage 14,6V V<27V
I, = 10mA C_L=10uF |114 12 126| V
AV,™  Load regulation lo = 10 to 500mA
C. =10 uF 03 1| %V
o Regulated output current AVe < 1% 500 720 mA
o
|, MAX*Maximum output
current Tease = 25°C 0.75 11 A
Tease = 85°C 0.8 A
sc Output short-circuit
current Vo =0 100 200| mA
g Quiescent drain current Vv, =27V lo =0 10 mA
AV,  Line regulation V;, =14.5t0 21V
lo = 10mA C_=10uF 6 33| mV
AV, - _ _
AT Temperature coefficient lo = 10mA C_ =10 uF
amb Tamp = ~20 to 85°C 1.2 mv/°C
en Output noise voltage lo =10mA  C{"=20uF
B =10 Hz to 100 kHz 150 uv
Ro Output resistance o = 500mA 20 m&
SVR  Supply voltage rejection | V; = 19V I, = 10mA
AV = 4V peak to peak
f =100Hz C_=10uF| 46 60 dB

* Refer to the test circuit.

** Tantalum capacitor.
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Typical output voltage versus output Power rating chart
current
G-%047 (A
Yo Piot | | =
W) ) —
14 % 4,
N
4'4'\
12 12 %4,
7 )@‘/
<
10 LA © 5
A1 0] <
8 ‘ 8
3 L e et 6
/’/ -
4 // "
Y.
? Va 2
—d S JH |— FREE amp
o i
0 100 200 300 400 500 600 700(°(mA) -2Cc 0 20 40 -3 & WG Tamp (°C)
Typical regulated output current versus Maximum output current versus
junction temperature junction temperature
G-1048 G-1043
Toreg) . \ ‘ le MAuX ‘ ; i
(mA) (mA) i —
| "
720 SR \ 760 \\ }-
700 \\ 740 \ H—
680 | A ——loe \\ 720 \
650 [-— \[ 700 \\
€40 [—— 11" 680 | \\
V= 21V
620 1" — 660 |---—l--—— \\,
600 [—~ — 640 |- - N
N N
580 — Lot — = 620 ‘ e T#
560 \‘ L 600 L I |
-40 -20 0 20 40 60 80 100 120 140 Tl('ﬁ) -40 -20 0 20 w0 60 80 00 120 1-’.011('C)
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L130

Typical dropout voltage versus Typical short-circuit current versus
junction temperature input voltage
G-10%0 G-10%)
Vi-Yg lac
) ) (mA)
Py
25 ] o = 500mA 140
]
130
24 — 4/ /
— [ 120
z P~ | 1g=350mA
22 ™~ 110 P4
~ 4
- /
21 ~ 100
~ N V
lo = 200mA /
2 90
™ / Tl=25'C
™~ /
19 80
-~ //
8 Ao = 1% ~ 70
1 |
17 | [ 60
-20 0 20 40 60 80 100 120 140 Tl(‘c) % 16 8 20 22 2 26 28 30 vy (v)
Typical short-circuit current versus Typical quiescent drain current
junction temperature versus junction temperature
G-1052 6-10%53
Ise ld
(mA) (mA)
120 10.4
L N
no < 102
M,
100 P 10.0
D N ™ Vi = 27V]
90 88
N .
N
80 ™ 96 NV TV
n ™
70 Vi= 29V 94
To=0 PR
Py
&0 92 - ~
50 90 P
40 88
-20 © 20 40 60 80 100 120 140 Y)(‘C) -20 [+] 20 40 60 80 100 120 140 (](‘C)
6/73

74



L130

ald
(wA)
230
210
190
170
150
130
10
90
70

50

SVR
(a8}

58

56

54

52

Typical quiescent drain current
variation versus junction temperature

©-105L

TIIT]

1|
1

)

~ ] I

1o = 400m4 |
T

[ N

tJ[lp =50mA

.20 0 20 40 60 80 100 120 140 Ty{*C)

Typical supply voltage rejection versus
regulated output current

G -1058

|/

Vi=19Y
AV} =4¥peak to prak
42100Hz

0 00 200 300 40 500 1g(reg(mA)

SVR
(a@8)

83

62

59

Typical supply voltage rejection

versus frequency

6-1055

1L

lo=10m
V=19V
AVj=4Vpeakto peak

Ay

10 10? 10°

Typical output resistance versus

4 60 1 s 6B
0° 1{Hz) 10

frequency
R G -1057
o LTS =
(ma) ¥ FLHJ}T
" |
P 1
— € =01 uF
) 1o = 100mA //
108 s /|
|l S il y
& ——— y 4
¢ 7
bt
?
10 = 4
L)
1]
.
1
H 4 6 B 2 4 & 8 2 4 6 8
10 107 f{kHz) 10?
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L130

Typical line transient response

AV :5V
V,=18.5V

AVg = 80va
Vg =12V X

N

™~

Io=5mA

100ns 1100ns

+

100ns |100ns 1100ns

APPLICATION INFORMATION

Typical connection circuit

S-0445

o b L 130 TO Yo
:Lci 100F
1 T .
b $-0446

76
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1130

APPLICATION INFORMATION (continued)

Negative output voltage circuit.

L
T= JopF
o
v L130 -0
1
-
S5-0447
Parallel connected voltage regulators and its output characteristics.
G-l05A
Yo |
v &Y

o—¢——] L130 Yo 12 T
)
I : /|

v, /
Ry 8 y
L130 \ |
/ 8Vp = Vol -Yo2
HOMF 74 T
L I ‘ /
—— I/
S-0448
2
0 04 08 12 18 2 1otA)
6/73
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L 131
LINEAR INTEGRATED CIRCUIT

PRELIMINARY DATA

15V VOLTAGE REGULATOR

OUTPUT CURRENT > 450 mA

TIGHT TOLERANCE for OUTPUT VOLTAGE
LOAD REGULATION LESS THAN 1%
RIPPLE REJECTION 56 dB TYPICAL

LOW OUTPUT IMPEDANCE

EXCELLENT TRANSIENT RESPONSE
HIGH TEMPERATURE STABILITY

The L131 is a silicon monolithic voltage regulator in Jedec TO-126 plastic package which
can supply more than 450 mA. It incorporates the following functions :

— internal overload protection

— short-circuit protection.

The L131 can be used for voltage regulation in consumer and industrial applications.

ABSOLUTE MAXIMUM RATINGS

\2 Input supply voltage 27 \
Piot Total power dissipation at T, = 25°C 1.25 W
at Teyee = 25°C 14 W
Tstg Storage temperature -55t0 1256 °C
T]. Junction temperature 150 °C
TOp Operating temperature -20 to 85 °C
ORDERING NUMBER : L 131
MECHANICAL DATA Dimensions in mm
~in 3 connected o melar part of mgunhing suiface
25ma ygmavv
7 r o vy
' t“‘f] | P' ) e
t;.. = ; -
. Ll . Lt
[} 0
Hi j Wi =
it I (R
i | . Ly if 1 4l (E
i i 1
g ’ . | ] L I
1 | | |
01 iz 22l )] =
A«;s L
S1F @in tis cegion e cross. seclan o fhe 'eads e urcaoiraledd T0_1 26 (SOT _32)
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L 131

BLOCK DIAGRAM

@Y%

PROTECTION

CIRCUIT

SERIES
TRANSISTOR

ERROR
AMPLIFIER

CURRENT

GENERATOR

REFERENCE

V|®i

STARTING

CiRCult

5-0077

SCHEMATIC DIAGRAM

5-0433
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L 131

TEST CIRCUIT with output characteristic

Y Axis
oscﬂ(oscope

Input
\A L 131 . ¢ pulse / /

IO/uF

05msec 50msec

1.5
0 pF kD 0IuF X Axis
oscilloscope
O— ‘ !

5-0410
Vo Outpul
150 . voltage
mv \ Change
A
il /
10 mA 450mA
I ¢
loreg- o MAx s o4
THERMAL DATA
Rin j-case Thermal resistance junction-case max 9 °C/W
Rin j-amb Thermal resistance junction-ambient max 100 °C/W
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L 131

ELECTRICAL CHARACTERISTICS
(Tj = 25°C, V, = 24V unless otherwise specified)

Parameter Test conditions Min. Typ. Max. |Unit
o
vV, Output voltage 176V <V, < 27V
I, =10mA C_=10uF | 1425 15 1675 V
AV_*  Load regulation I, =10to 450 mA
C_=10 uF 0.3 1 %V
\
(P Regulated output AV
current ° < 1% 450 600 mA
o
I,MAx* Maximum output
current Tease =25°C 068 0.9 A
Tease =85°C 0.8 A
" Output short-circuit
current vV, =0 85 160| mA
I Quiescent drain current | V, = 27V I, =0 10 mA
[
AV, Line regulation V, =175 to 24V
lob, =10mA C_-=10uF 6 33 mV
AV, -
AT Temperature coefficient | 1, = 10mA CL =10 uF
amb Tamp = - 20 to 85°C 1.5 mv/°C
| ey Output noise voltage lo =10mA
i CL** =20 uF
B =10 Hz to 100 kHz 180 w
R, Output resistance I, = 450 mA 60 m£
SVR  Supply voltage rejection | V,= 22V I, = 10mA
AV, = 4V peak to peak
=100Hz C,_=10uF| 46 56 dB

*  Refer to the test circuit

** Tantalum capacitor

6/73
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L 131

Typical output volitage versus output Power rating chart
current.
0-1061 fay
vo Pioy | ]
) (w) ]
14 13 4
/ N7,
4 " S
12 1. 4,
4 %
%.
s
10 10 (R
5
8 N
B N
f N
5 /, 3
y
4 4
H ,/ 2
/| FROE ap
pd 0 L1
2] 100 200 300 400 500 600 70035(mA) -20 0 20 40 60 80 X0 Tymp (°C)
Typical regulated output current Maximum output current versus
versus junction temperature. junction temperature.
G-1062 616l
ifreg) lQMAX"
{mA}) {ma)
640 \
620 ‘\ 760
N,
600 \\ 660 <
580 \\ 660 K\
560 ‘\ 640 \\
540 \\ 620 \\
520 500
Vi =24V v =24Y \
500 AVo=1% N 580 \
480 e 560 \\
460 540 L
~0 -20 0 20 40 80 B0 100 120 140 T]('C) -40 -20 0 20 40 60 80 100 120 140T)(C)
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L 131

Typical dropout voltage versus junction

Typical short-circuit current versus

temperature. input voltage.
G-1064 0 -065
Vi-Yo [ 1 T lsc
W i (mA) /
24 90 /
™ N 1o =300 /
= m
23 s T 85 /
22 |-\ A TN 80 £
L U P /
21 \“ P ™ ~ 75
|
2 \ ! RN 70
\\
. il ™
8 To=To0mA| TN | N 65 4 Tya25°C
N
8 o= P 80
17 55
16 50
-20 0 20 40 60 80 100 120 140 T5C) % 16 18 20 22 24 26 28 30 vi(V)
Typical short-circuit current versus Typical quiescent drain current versus
junction temperature, junction temperature,
G-1088 G-1087
Isc 14
(mA) (mA)
120 104 lo=0
1o V=24V 02 SN
N
100 N 10 A
- ™ 2
Vi 227V
90 98
\‘ N\ N\
N
g0 NC 96 V= ZAV N N
.
70 Q4 J
J !
50 I 92 I — ™
~
50 90 - —
40 88
-20 O 20 40 60 B0 100 120 %O T]('C) -20 [} 20 40 60 80 100 120 1O T’('C)
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L 131

Typical guiescent drain current Typical supply voltage rejection versus
variation versus junction temperature. frequency.
6 -066 G - 1069
EEmEE LT
(na) v, s24V @ L
T~ j 15=10mA
m ] |15 « 400mA vy =22V
20 62 Ay, =4Vpeak lopeak T
190 6 I LIL
] I
o .y 1o = 200m A i 0 1 i“'ﬁ
. b
150 | 59 I
130 58 ! 4
10 To 250 mA T - T
i |
Ty
9 ~ 6 i ‘ H
70 i 55 H ___’,r‘}_w i
- ‘ |
50 [ ] 1 54 J i H
? 4 &8 1 LI 2 ) 2 4 68 1 L 68
-20 0 20 4 60 B0 100 120 140 Tj(*C) 10 10? 0 0% f(Hz) 10
Typical supply voltage rejection versus Typical output resistance versus
regulated output current. frequency.
G-~1070 G-¥T1
SVR Ro g —
(d8) (m) —
Vi s22V of
58 aVi=4Vpeaktopeak [ |
f 2100 Hz E)
57
IO’UF "
56 —] = I
55 N ¢
R
1
54 | %R\ 2y
CL=01 pF
53 N ., = 1o=100mA
g .
52 «
51 1
S0 L
H & [ 30 ] 17 4 6 8 b 4 6 6
Q0 50 100 150 200 250 300 350 400loCregdmA) 1 10 10? 1{kHz)
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L 131

Typical line transient response.

BV =5V
V=215V A~
lp=5mA
AV = 100mV \
Vo =15V \\
100ns [100ns [I00Ons [100ns [100ns
5-0412
APPLICATION INFORMATION
Typical connection circuit.
Vi v
Ci 10pF
~ T T O

S-0413

86
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L 131

APPLICATION INFORMATION (continued)

Symmetrical *+ 15V voltage regulator circuit

L13

OYos-15¥

S5-0414
Series regulators circuit connection
¥iaa0 .
~ = Lo
L, No shori-circult
TWOI“F T"’FF (p(nlﬂ:llon )
0
(Jon T
V270V L3t o ey
800,
e I ,D#FT 6600
_L O
5-041
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L 131

APPLICATION INFORMATION (continued)

Low consumption circuit to increase output voltage

by

R2 R2
Vo=V, (1+=—=) +V T+—=) + - R2
o =Va (14 )+ Ve (14 7E) 4 (-
lg =10mA
V,= 26V
Oa _ 5 uasec S L 131 Rl
= = - typ. — T
5Tamb IJ.A ve ‘ J- 4.8mA
5 Vi R1
. 4
4 =30 MA/V typ. g '"'—%} s
6V, BE
' Bcne\{
Vg
—B% =_2mv/eC R2
6Tamb 4700
S-04i6
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SILICON PLANAR LINEAR INTEGRATED CIRCUIT L ]- 41

high performance
operational amplifier

EXTENDED TEMPERATURE RANGE, - 65°C + 126°C  The L 141 is a high performance monolithic operational ampfifier
constructed on a single silicon chip, using the Planar epitaxial process.
It is intended for a wide range of analog applications. High common
mode voltage range and absence of "latch-up” tendencies make the

e No frequency compensation required L 141 ideal for use,as a voltage follower. The high gain and wide ran-
e Short-circuit protection ge of operating voltages provide superior performance in integrator,
e Offset voltage null capability summing amplifier, and general feedb?ck applications. The L141 is
e Large common-mode and differential voltage short-circuit protected, has the same pin configuration as the popular

JAT09 operational amplifier, but requires no external components for
frequency compensation. The internal 6dB/octave roli-off insures sta-
bility in closed loop applications.

ABSOLUTE MAXIMUM RATINGS
{above which the useful life may be impaired)

ranges
Low power consumption
e No latch up

CONNECTION DIAGRAM

{Top view) Supply Voltage +22V
Internal Power Dissipation (1} 500 mW
Difterential Input Voltage + 30V
Input Voltage (2) +15V
Storage Temperature Range - 65°Cto + 150°C
QOperating Temperature Range -B5°C to +126°C
Lead Temperature {Soldering, 60 sec.) 300°C
Qutput Short-Circuit Duration {3) Indefinite
Notes :

1) Rating applies for case temperatures to 1259C; derate linearly at 6.5 mW/°C for ambient
temperaturesabove + 759C.

HOTE" PIN 4 CONNECTED TO CASE, 2) For supply voltages less than + 15 V, the absolute maximum lnput voltage is equal to the
supply voltage. -

3) Short circuit may b8 to ground or sither supply. Rating applles to + 1250C case tampera-
ture or + 759C amblant temperature.

SCHEMATIC DIAGRAM PHYSICAL DIMENSIONS
in accordance with
JEDEC TO-99 outline

12.7 1 MAX SEATING PLANE

MIN,

NON.INVERTING
INeUT

I

=

—
o OUTPUT é

85 - 77

94 -85

5.08 TYP
o)

OFFSET NULL 8 LEADS| 1.3

0.45 MAX,
0.40 DIA.

Notes: All dimensions I mm.

ORDERING NUMBER
L1471 72

MAY 1969
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Linear

Integrated Circuit

L141

ELECTRICAL CHARACTERISTICS (vs=115v, To =25°C unless otherwise specified)

EXTEN ‘2D TEMPERATURE BANGE

PARAMETER CONDITIONS MIN TYP. MAX. UNIT
Input Offset Voltage RS 10k 1 5 m
[nput Offset Current 0 200 nA
input Bias Current 200 500 nA
Input Resistance 0.3 1 MQ
Large-Signal Voltage Gain RLZ2kD vouT =210V 50.000 200.000
Output Voltage Swing R Z 10k 112 + 14 v
R z2xQ + 10 13 v
Input Voltage Range 12 + 13
Common Mode Rejection Ratio Rg< 10k02 70 90 dB
Supply Voltage Rejection Ratio Rg< 10k02 30 150 ue Vv
Power Consumption 50 £3 mw
Transient Response {unity gain) Vin=20mv, RL=2 k@
CL € 100 pF
Risstime 03 s
Overshoot 5 %
Slew Rate {unity gain} RL22k0 0.5 v 'ps
The following specifications apply for -55°C < Tp < +1250C :
input Offset Voltage Rs <10k 6 mv
input Offset Current 500 nA
Input Bias Current 1.5 HA
Large-Signal Voltage Gain RLE2kQ VoyT=4+ 10V 25.000
Output Voltage Swing RL Z2kQ £10 v
OPEN LOOP ABSOLUTE MAXIMUM
VOLTAGE GAIN POWER DISSIPATION
110 600
VOLTAGE OFFSET
105 NULL CIRCUIT 500
/ E
E
@ L .
=100 W 400
- 7 = N
E =
S g5 y & 300
w wn
g L L — g
5 90 & 200 N
o o N
= 1=}
o
85 100
Ta=25°C
wl L | 0 ;
2 4 6 8 10 12 14 16 18 20 [ a5 65 85 105 125
SUPPLY VOLTAGE - (+V) T, - AMBIENT TEMPERATURE - °C
OPEN LOOP
FREQUENCY RESPONSE TRANSIENT RESPONSE
100 — 2
Ta=26 :
\ TRANSIENT RESPONSE TEST CIRCUIT 24 A
80 907
20 PN
3 &
. .16
= €
< = .
I o |Ta=rC N\ =12 R
w g F\'ﬁ 2¥
a =2¥
< 5 L
5w AN 3 °® 7 GRS
o
> [ 4
0 10%
N 0 RISE TIME 1
" Y | | |
10 100 1K 10K 100K IM 10M lOCM 0 0.5 1 L5 2 25
(- FREQUENCY - Hz TIME - &S
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SILICON PLANAR LINEAR INTEGRATED CIRCUIT

L 141

STANDARD TEMPERATURE RANGE, 0°C + 70°C

@ No frequency compensation required

e Short-circuit protection

e Offsat voltage null capability

o Large Common-Mode and differential voltage
ranges

o Low power consumption

e No latch up

CONNECTION DIAGRAM

¥
MOTE. PIH 4 CONNECTED 7D CASE

(ton view)

high performance
operational amplifier

The L 141 is a high performance monolithic operational amplifier
constructed on a single silicon chip, using the Planar epitaxial process.
It is intended for a wide range of analog applications. High common
mode voltage range and absence of "latch-up” tendencies make the
L 141 ideal for use asa voltage follower. The high gain and wide ran-
ge of operating voltages provide superior performance in integrator,
summing amplifier, and general feedback applications. The L 141 is
short-circuit protected, has the same pin configuration as the popular
WA709 operational amplifier, but requires no external components
for frequency compensation. The internal 6dB/octave roll-off insures
stability in closed loop applications.

ABSOLUTE MAXIMUM RATINGS
{above which the usetut life may be impaired)

Supply Voltage +18V
Internal Power Dissipation 500 mw
Differential Input Voltage +30V
Input Voltage (1) +15V
Storage Temperatura Range - 65°C to + 150°C
Operating Temperature Range 0°C to +70°C
Lead Temperature {Soldering, 60 sec) 300°C
Qutput Short-Circuit Duration {2} Indefinite

Notes :

1}For supply voltages less than + 15V, the absolute maximum input voltage is

aqual 1o the supply voltage.

2} Short circuit may be to ground or sither supply.

SCHEMATIC DIAGRAM

HON INVERTING
INPUT
3 1

L)

PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS
14-pin plastic DIP similar to
Jedec TO 99 outline
6.5 MAX
S o
= 3 o
2
Q.2MN «
0.3
t UM :]
2 nl
94 - s.sa-}
> e re,s— 7.7+
« npi 3 f' g
5 |1 R z 5
[ Ll ; . e
LS| £ 2,9
= -
L_[[I U NEE
© @
Note : atl dimensions in mm, Notes: All dimensions in mm.

ORDERING NUMBER

L141 B1 (for TO116 package)
L141 T1 {for TO 99 package)

MAY 1969
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Linear Integrated Circuit

L141

ELECTRICAL CHARACTERISTICS (vs= 15V, Ta = 25°C unless otherwise specified)

STANDARD TEMPERATURE RANGE

PARAMETER CONDITIONS "IN TYP. MAX. UNItT
Input Offset Voltage Rg _10kQ 2 6 m.
Input Offset Current 30 200 nA
Input Bias Current 200 500 nA
Input Resistance 0.3 1 MQ
Large-Signal Voltage Gain RL>2kQ, vouTt=1+10" 20.000 100.000
Output Voltage Swing RL> 10kQ 112 114 Y
RL2 2k} +10 113 Y
Input Voltage Range 112 +13 \
Common Mode Rejection Ratio Rs <10k 70 8] dB
Supply Voltage Rejection Ratio Rg ¢ 10k 30 150 YA
Power Consumption | 50 85 mw
Transient Response {unity gain) Vin=20mY, R =2k
CL <100 pF
Risetime 0.3 ps
Overshoot 5 %
Slew Rate lunity gain) RL 22k 05 \/ps
The following specifications apply for 0°C < Ta <+70°C :
Input Offset Voltage Rg <10k 75 mv
Input Offset Current 300 nA
Input Bias Current 800 nA
Large-Signal Voltage Gain RL22kQ VgoyT =210/ 15.000
Output Voltage Swing RL22kQ + 10
TYPICAL PERFORMANCE CURVES (25°C free air temperature unless otherwise noted}
OPEN LOOP OPEN LOOP
VOLTAGE GAIN FREQUENCY RESPONSE TRANSIENT RESPONSE
110 J — 140 %
|
= 120
105
@ @ 100 ® 50% P
100 hd
= o B o6
< < . =
D a5 9 0 4] 512 Vst 15V
w w F R_= 2K
(ol (&) - ] +
3 2 5 8 C = 100pF —|
=90 = =] L
i} o
o ~
2 S w 4
85 10%
0 0 RISE TIME j
80 =20
0 ] 8 12 16 110 100 1K 10K 100K 1M 1OM  100M 0 0.5 1 15 2 2

SUPPLY VOLTAGE - (+V)

VOLTAGE OFFSET
NULL CIRCUIT

[- FREQUENCY - Hz

TIME - uS

TRANSIENT RESPONSE TEST CIRCUIT

92

L 141

o

»

c



Linear integrated circuit L 147

Dual frequency
compensated
DAY TEMPERATURE KNG operational amplifier

The L147B1 is a pair of high performance monolithic oper-
| * ggg&i%%ENCY COMPENSATION ational amplifiers intended for a wide range of analogue

applications where board space or weight are important.
| e SHORT-CIRCUIT PROTECTION

High common mode voltage range and absence of "latch-up”
‘ OFFSET VOLTAGE NULL CAPABILITY ?allie tt_le L :147Bd1 ideal forruse astg voltaﬁe follow_eé'. The

igh gain and wide range of operating voltage provide su-
| LARGE COMMON MODE AND perior performance in integrator, summing amplifier and
DIFFERENTIAL VOLTAGE RANGES general feedback applications. The L 147B1 is short-circuit

o LOW POWER CONSUMPTION protected and requires no external components for frequency
- compensation. The internal 6 dBfoctave roll-off ensures
e NOLATCH-UP stability in closed loop applications. For single amplifier
performance see L 141 data sheet.

ABSOLUTE MAXIMUM RATINGS
Supply Voltage {8V
Differential Input Voltage +30V
Input Voltage Range (Note 1) 15V
Voltage Between Offset Null and Vo £05V
Storage Temperature Range -55°C to 125°C
i Power Dissipation (T4 <t 70°C) 500 mW
i ORDERING NUMBER Operating Temperature Range 0°C to 70°C
L 147 B1 Thermal Resistance J-A 110°C/W
Output Short- Circuit Duration (Note 2) Indefinite
Lead Temperature (Soldering, 10 sec time limit) 260°C
Notes on the following page. Max Junction Temperature 125°C

CONNECTION DIAGRAM PHYSICAL DIMENSIONS
{Top view) 14 pin plastic DIP
20 MAX

IRV, INPUT A i [ 14 OFFSET NULL &
NON-INV. INPUT A 2 [} } 13 vicA : —W
OFFSETNULL A 3 ] 12 OUTPUT A 78] 3.

e T e O e B Y o B e T e

T N 3§ 8 ° =

i vee Aﬂ ¢ 11 nC

! OFFSET Nutt B Sf ] 10 outPuT B
)
6

n
NON-INV. INPYT 8 Il 9 VB

INV. INPUY 8 7[ h 8 OFFSET NULL B

2
3
4
5
6
7

6.5 MAX

W R T RIS GRS

Note : all dimensions in mm,

FEBRUARY 1971
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dual frequency compensated operational amplifier L 147

STANDARD TEMPERATURE RANGE
ELECTRICAL CHARACTERISTICS (T4 = 25°C; vcczt 15V unless otherwise specified), for each amplifier.

PARAMETER CONDITIONS Min. Typ. Max. UNIT ‘
Input Offset Voltage Rg< 10k 2 £ +6 mV
Input Offset Current 20 200 nA
Input Bias Current 80 500 nA
Input Resistance 03 2 MQ \
Input Capacitance 1.4 pF
Offset Voltage Adjustment Range 15 mV
Input Voltage Range 12 13 v
Large Signal Voltage Gain Ry~ 2k" Voyrt =12 10V 50.000 200.000 |
Common Mode Rejection Ratio Rg= 10k" n 90 dB
Output Resistance 75 Q
Supply Voltage Rejection Ratio Rg< 10k Q 30 150 uv/ v |
Output Short -Circuit Current 25 mA
Supply Current 1.7 2.8 mA
Output Voltage Swing Rp#=2kQ £ +13 v

RL= 10k Q £12 + 14 v

Power Consumption 50 85 mW
Transient Response (unity gain ): Vin=20mV  Rp=2kt Cp<I00pF

Risetime 03 ps

Overshoot 5 %
Slew Rate Ry »2kQ 0.5 v/ us
Channel Separation 120 dB
The following specifications
apply for 0°C < Tp < 70°C :
Input Offset Voltage Rg< 10k( + ] + 7.5 mV
Input Offse; Current 300 nA
Input Bias Current 30 800 nA
Large Signal Voltage Gain Ry >»2kQ VouTt =1t 10V 25.000
Output Voltage Swing RL>2k0 +10 £13 v |

EQUIVALENT CIRCUIT (Each side)

o o

Non-Inverling Inverling] ’—|
Inpul
i E Ill\pul

Output

Qifsel

|; Nult
: +——o Ve
Notes :

1) For supply voltages less than + 15V, the absolute maximum input voltage is equal to the supply voltage.
2) Short-circuit to ground for both sections or to either supply (for one section only).

Ofisel
Nutl
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dual frequency compensated operational amplifier L147

TYPICAL ELECTRICAL CHARACTERISTICS

POWER CONSUMPTION - mW VOLTAGE GAIN -dB

INPUT OFFSET CURRENT - nA

10

OPEN LOOP VOLTAGE GAIN AS A
FUNCTION OF SUPPLY VOLTAGE

(Each amplifier)

OUTPUT VOLTAGE SWING AS A
FUNCTION OF SUPPLY VOLTAGE

STANDARD TEMPERATURE RANGE

INPUT COMMON MODE VOLTAGE RANGE AS
A FUNCTIDN OF SUPPLY VOLTAGE

T T T
0°C< T, ¢ 70°C T /
— -
105 1 > R 2 2% -
g 32 A ("_-',' 12
E 2
= <
100 2 o«
S w 10
Y
<
/ =
95 i 3 / Y8
P o
L4 X 16 z .
G
90 Z o / I
2 =
5 z
~ B 5 4
o i 1 A
o | 3
o
80 0 ‘ 0
co 3 3 9 12 15 18 4« b 8 10 12 14 1 18 @ 6 8 10 1 14 16 I
SURPLY VOLTAGE - £V SUPPLY ' OLTAGE - $V SUPPLY “OLTAGE - £V
POWER CONSUMPTION AS A FUNCTION INPUT BIAS CURRENT AS A FUNCTION OF INPUT RESISTANCE AS A FUNCTION
OF SUPPLY VOLTAGE 200 AMBIENT TEMPERATURE o OF AMBIENT TEMPERATURE
100, | ‘ ! :
" ) 1 Yec =t
60 V. =15V
< cc -
- =5
= §
60 / W20 N\, Yo
/ a 2
/ 2 <t
© 53
” v
40 2 &
< g0 u
L @ ~J o /
P c I .
20 pd s — s /
b /
0 0 |
4 6 8 12 14 16 18 1 20 3 3 50 60 70 I 200 30 4 50 60 70
SUPPLY VOLTAGE - +¢ TEMPERATURE - °C TEMPERATURE - °C
INPUT OFFSET CURRENT AS A FUNCTION INPUT OFFSET CURRENT AS A FUNCTION POWER CONSUMPTION AS A FUNCTION
0 OF SUPPLY VOLTAGE s OF AMBIENT TEMPERATURE w0 OF AMBIENT TEMPERATURE
1 [
_VCC -4 15y —-Vcc =t 15V
< a0 = 56 |
30 ] £
= .
= z
w S
g % N £ 52 P
E
20 2 N E ™~ ]
[ z
A v 20 S
[T © ——|
o -4
10 5 g
g o g
0 0 an
4 6 8 0 12 14 16 18 0 10 20 30 40 50 60 70 0 10 20 30 40 50 50 70

SUPPLY VOLTAGE - 3V

TEMPERATURE - °C

TEMPERATURE - °C
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dual frequency compensated operational amplifier L1147

STANDARD TEMPERATURE RANGL

TYPICAL ELECTRICAL CHARACTERISTICS (Each amplifier)

MEAN SQUARE VOLTAGE - V3/Hz

VOLTAGE GAIN

OUTPUT VOLTAGE SWING AS A FUNCTION OUTPUT SHORT: CIRCUIT CURRENT AS A MAX ALLOWABLEPOWER DISSIPATION
% OF LOAD RESISTANCE 25 _FUNCTION OF AMBIENT TEMPERATURE . VERSUS AMBIENT TEMPERATURE
8 .
I TTT |1
L bvee e < 0.7
L2 | 2
H st s 06
z i ;
- & ~ E
> 20 32 S
a <
- = o
5 = T g
o / 2 r T J a
% & 2
16 €2 5
P e S = 03
o : | w
o & [ o
Z / 2w I < 02
< i i
w | 0.1
8 18 | 0
01 0.5 1 s 10 10 20+ a0 50 €1 70 0 10 20 = q 50 60
LOAD RESISTANCE - ¢ TEMPERATURE - °C T, - AMBIENT TEMPERATURE - C
INPUT NOISE VOLTAGE AS A INPUT NOISE CURRENT AS A BROADBAND NOISE FOR VARIOUS BANDWIDTH
o FUNCTION OF FREQUENCY o FUNCTION OF FREQUENCY AS A FUNCTION OF SOURCE RESISTANCE
100
T 11 ¥ T Tt ] E AL
= B ; S5, = Ve = £ 15V
I A 5 cc : &
10 < <
-
T
& ~ Z L]
0" @ 10 o. lo J1013 kHz[ [T Lt
| © o T T
w w T T
i z Lo 10 kHz [TT——1 4
107 ERU w T 1
w W 10 1o 1kHz_| | L~
« &
< w
s
0 2w g
2 ES
< -
H =
10718 107 2ol
10 100 1k 10k 100k 10 100 1k 10k 00k 100 Tk 10k 100k
FREQUENCY - Hz FREQUENCY - Hz SOURCE RESISTANCE -
OPEN LOOP VOLTAGE GAIN AS A OPEN LOOP PHASE RESPONSE AS A OUTPUT VOLTAGE SWING AS A
. FUNCTION OF FREQUENCY . FUNCTION OF FREQUENCY FUNCTION QF FREQUENCY
40
N | T T 1T
10* fog Y Veg ot 15Y > Voo = +15V T
5 R ||
10° [T a5 g R =10k,
=
P
10t I 2
@ 5 u
\ [} \ o \
10° a8 .9 ’é
w X 16
10? 2 =
z o
10 .
135 e,
1 4
P N
107" - 180 0 | |
110 100 Ik 10k )00k D4 I0W T 10 100 % 1ok 10k 14 10 100 Ik 10k 100k M
FREQUENCY - Hz FREQUENCY - Hz

FREQUENCY - Hz
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dual frequency compensated operational amplifier L147

TYPICAL ELECTRICAL CHARACTERISTICS (Each amplifier)

INPUT RESISTANCE - 0

QUTPUT VOLTAGE - mV

RELATIVE VALUE

INPUT RESISTANCE AND INPUT CAPACITANCE
AS A FUNCTION OF FREQUENCY

LOM,

OUTPUT RESISTANCE AS A FUNCTION
QF FREQUENCY

STANDARD TEMPERATURE RANGE

COMMON MODE REJECTION RATIO AS A
FUNCTION OF FREQUENCY

T T Twe SO T 1] 100 —
Vee = el5v . Ve = eV 4oL @z 90 Veg = 15V,
N . !
wilimm s < = e . |
—t—t N 0 [l
: Rin ™~ wow FERL) \
M oo Sao0
NEE 3 AN
Nl = = g &0
=
Q2 300 o s
o "] \
o ] q
100k Cn 1y 2200 y Yo N
| S5 E s
z 3 / = \
) z 2 N
I
g
10« 0.1 0 0
100 1k 10k 100k It 100 1 10k 100k ™ 0 10 100 1k 10k 100k 1M 10M
FREQUENCY - Hz FREQUENCY - Hz FREQUENCY - Hz
TRANSIENT RESPONSE VOLTAGE FOLLOWER
TRANSIENT RESPONSE TEST CIRCUIT LARGE - SIGNAL PULSE RESPONSE
F) 1o
T T T
2 8 \'CC = 215V |
20 ~ > ¢ -
20z o / B
16 ] g 2 R '
= ~ =1 \
5 0 i =
12 2 s N
= ° T
8 5 2 !
Voo = 115V [ !
cc 5
a L 3\
10% H—— ° -1
0 RISE TIME R =20 \
L ez
L -10
0 0.5 1 15 2 2.5 0 10 20 30 40 50 60 70 80 90
TIME - &S TIME - us
FREQUENCY CHARACTERISTICS AS A FUNCTION VOLTAGE OFFSET FREQUENCY CHARACTERISTICS AS A
OF SUPPLY VOLTAGE NULL CIRCUIT FUNCTIQN OF AMBIENT TEMPERATURE
14 110 T T |
Veoe = ¢ 15V <
cc &
Q
2 105 \\Q’f’/‘
L .
L & A
\\ 77?4 <
s, w o
el Te > A v.\\/
EIPON 2 \ <R
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1 o !t N1 SLEW RATE
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Tt [ L1
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TEMPERATURE - °C
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dual frequency compensated operational amplifier L147

TYPICAL APPLICATIONS

UNITY-GAIN VOLTAGE FOLLOWER

STANDARD TEMPER ATURE RANGE

NON-INVERTING AMPLIFIER

INPYUT O
Lo OUTPUT
INPUT
Ry = 400 MQ <<1Q
IN Rout GAIN R, Ry B.W. RN
CIN'=1pF B.W.= 1 MHz
10| 1x0 9kQ | 100kHz | 400MQ
| 100 | 100 O 9.9k | 10kHz | 280MQ
4 000 ) Q
INVERTING AMPLIFIER P 1000 | 100€ | 999k | lkHz | 80M
R WEIGHTED AVERAGING AMPLIFIER
-
Ry R
Ein1 -

OUTPUT

o OUTPUT
R +R, .
i
Eins
l GAIN ‘ R; Ry B.W. RIN
1| 10kQ | 10kQ | 1MHz| 10kQ K,y s ks s kazks + k o is g
= the response equation is given b;
10| 1k | 10kQ | 100kBz | 1kQ 17 %2 r %37 %4 ¥ K e responss eq gren ™y
100 1kQ | 100kQ | 10kHz 10 Eout =EiN1 K1 + ElN2K2 + EiN3- Ejng K4 -Eins Ks
1000 100Q) 100k 1kHz 100 Q2
ANALOGUE-MULTIPLIER
115y
QUADRATURE OSCILLATOR Rus [1sk
CURRENT SOURCE AMPLIFIER
SINE
[ Ry 20kQ BZX17 .
s20pF ouTPUT EZOD(F: 2 Ry - Ryq 258k
S0 1240 X
1% 1% +15v
i >
N O Multiplier )% £
L14781 oL
R

COSINE
pr——t—
oyTPUT
R

R|
180kQ
1%
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Ris
25.8k0 1%

1% %15k
20k

-1y ZERD ADJUST +15v

* Matched t0 0.1%
Egur =100 E[Ng X EINg



dual frequency compensated operational amplifier L147

STANDARD TEMPERATURE RANGE

TYPICAL APPLICATIONS (contd)

COMPRESSOR/EXPANDER AMPLIFIERS

i

EXPANDER
«—O QUTPUT

COMPRESSOR "1
G

INPUT

COMPRESSOR

EXPANDER

Maximum compression expansion ratio = R|/R  (10kQ> R > 0)
Note : diodes Dy through D4 are matched BAW 55 or equivalent

TRACKING POSITIVE AND NEGATIVE
VOLTAGE REFERENCES

Negative
Regulaled
Qutpul

»)
-12v

IL < SmA
Rl] | Ry Source or
10k 5KQ sing

RI +R2

Ry
R
Negative output = - positive output X R_6
5

Positive output = V7| x

NOTCH FILTER USING THE L 147B1 AS A GYRATOR

R NOTCH FREQUENCY AS A
2 FUNCTION OF Gy

10k

INPUT

30k

12
L147B1 ~—O DUTPUT
+
J_E
[ L147B1
f
10

l— 0.0001  0.001 0.01 0.1 1
a 1uF CAPACITOR Cj - uF
Ri  R3
Trim Rj such that — = —
Ry 2R,

100

i/

CENTRE FREQUENCY - Hz
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dual frequency compensated operational amplifier L 147

STANDARD TEMPERATURE RANGE
DEFINITION OF TERMS :

INPUT OFFSET VOLTAGE — That voltage which must be applied between the input terminals to obtain zero output voltage.
The input offset voltagemay also be defined for the case where two equal resistances are inserted in series with the input leads.

INPUT OFFSET CURRENT — The difference in the currents into the two input terminals with the output at zero volts.
INPUT BIAS CURRENT — The average of the two input currents.

INPUT RESISTANCE — The resistance looking into either input terminal with the other grounded.

INPUT CAPACITANCE — The capacitance looking into either input terminal with the other grounded.

LARGE-SIGNAL VOLTAGE GAIN — The ratio of the maximum output voltage swing with load to the change in input volt-
age required to drive the output from zero to this voltage.

OUTPUT RESISTANCE — The resistance seen looking into the output terminal with the output at null. This parameter is defi-
ned only under small signal conditions at frequencies above a few hundred cycles to eliminate the influence of drift and termi-
nal feedback.

QUTPUT SHORT-CIRCUIT CURRENT — The maximum output current available from the amplifier with the output shorted
to ground or to either supply

SUPPLY CURRENT - The DC current from the supplies required to operate the amplifier with the output at zero and with
no load current.

POWER CONSUMPTION — The DC power required to operate the amplifier with the output at zero and with no load current.
TRANSIENT RESPONSE — The closed-loop step-function response of the amplifier under smali-signal conditions.

INPUT VOLTAGE RANGE — The range of voltage which, if exceeded on either input terminal, could cause the amplifier to
cease functioning properly.

INPUT COMMON MODE REJECTION RATIO - The ratio of the input voltage range to the maximum change in input offset
voltage over this range.

SUPPLY VOLTAGE REJECTION RATIO — The ratio of the change in input voltage to the change in supply voltage producing
it.

OUTPUT VOLTAGE SWING — The peak output swing, referred to zero, that can be obtained without clipping.
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Linear integrated circuit L 148

i);'I;IECNPEIl)stOECMPERATURE RANGE, High performance
operational amplifier

The L 148 T2 is a high performance monolithic operational

e SHORT-CIRCUIT PROTECTION amplifier intended for a wide range of analog applications

where tailoring of frequency characteristics is desirable. High
o OFFSET VOLTAGE NULL CAPABILITY common mode voltage range and absence of "latch-up” make
o LARGE COMMON-MODE AND DIFFER- the L 148 T2 ideal for use as a voltage follower. The high

ENTIAL VOLTAGE RANGES gain and wide range of operating voltages provide superior

performance in integrator, 'summing amplifier and general

e LOW POWER CONSUMPTION feedback applications. The L 148 T2 is short-circuit protected

and has the same pin configuration as the L 141 operational

¢ NO LATCH-UP amplifier. Unity gain frequency compensation is achieved by
means of a single 30pF capacitor.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage +22V
Internal Power Dissipation (1) 500 mW
Differential Input Voltage +30V
Input Voltage (2) +15V
Storage Temperature Range -65°C +150°C
Operating Temperature Range -55°C =+ 125°C
Lead Temperature ( Soldering, 60 sec.) 300°C
Output Short-Circuit Duration (3) Indefinite

ORDERING NUMBER

L148 T2 Notes on the following page.

CONNECTION DIAGRAM PHYSICAL DIMENSIONS,
(Top view) in accordance with

JEDEC TO-99 outline

9(\0‘4 SEATING PLANE

Ay
o
e °
o
¢ '.1
]

Vs &

94 - 85

5.08 TYP,

85-17

Note : All dimensions in mm.

)CTOBER 1970
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high performance operational amplifier L148

ELECTRICAL CHARACTERISTICS (Vg =1 15V, TA = 25°C unless otherwise specified)

EXTENDED TEMPERATURE RANGE

PARAMETER CONDITION Min. Typ. Max Unit
Input Offset Voltage Rs=10KQ 1 5 mV
Input Offset Current 20 200 nA
Input Bias Current 80 500 nA
Input Resistance 0.3 2 MQ
Input Capacitance 1.4 pF
Large-Signal Voltage Gain RpL=2KQ VouT=t 10V 50.000 | 200.000
Output Resistance 75 0
Output Short-Circuit Current 25 mA
Power Consumption 50 85 mw
Transient Response (Unity Gain) : Vin=20mV Cc =30pF
Rp=2KQ Cp=100pF
Risetime 0.3 HS
Overshoot . %
Slew Rate RL=2KQ Cc=30pF 0.5 V/us
The following specification apply
for-55°C =Tp =+125°C
Input Offset Voltage Rg=10KQ | 6 mV
Input Offset Current TA =+125°C 7 200 nA
Ta =-55°C 85 500 nA
Input Bias Current Ta = +125°C 0.03 0.5 pA
Tp =-55°C 0.3 1.5 PA
Input Voltage Range +12 +13 A"
Common Mode Rejection Ratio Rg=10KQ 70 90 dB
Supply Voltage Rejection Ratio Rg=10KQ 30 150 pvyiv
Large-Signal Voltage Gain RL=Z2KQ VourT =1 10V 25.000
Output Voltage Swing Ry, = 10KQ +12 +14 v
Rp=2KQ +10 +13 v
Power Consumption TA = +125°C 45 mw
Ta =-55°C 60 mw
ELECTRICAL DIAGRAM o V!
NON ‘L
INVERT-
ING
INVERTING INPUT
INPUT f_o
N ' OUTPUT
{ FREQUENCY )—‘
o ! oo
OFFSET ’ds. _(
NULL A |
% 0
NOTES :

1) Rating applies for case temperatures to 125°C; derate linearly at 10 mW/°C for ambient temperatures above +75°C.
2 For supply voltage less than + 15V, the absolute maximum input voltage is equal to the supply voltage.
3) Short circuit may be to ground or cither supply. Rating applies to + 125°C case temperature or +75°C amblem temperature.
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high performance operational amplifier L148

b

OPEN LOOP YOLTAGE GAIN AS A

OUTPUT VOLTAGE SWING AS A FUNCTION

EXTENDED TEMPERATURE RANGE

'TYPICAL ELECTRICAL CHARACTERISTICS (25° C free air temperature unless otherwise noted)

INPUT COMMON MODE YOLTAGE RANGE

FUNCTION OF SUPPLY VOLTAGE OF SUPPLY VOLTAGE AS A FUNCTION OF SUPPLY VOLTAGE
115 40 | | > 16 —
a v LT
g
110 L > R 2 2k0 g
Lt 32 =
1 g /1 2
105 = w /
2] ()
100 / ; 2 "3
A = / )
95 /1 3 / w
74 x 16 =
< r g
% & / Z
& ]
] Ed
85 x 3
o] s
& 5
80 0 z
2 [J 10 14 18 22 5 1.5 10 125 15 175 20 22.5 - 5 7.5 10 125 15 17.5 2 22.5
SUPPLY VOLTAGE - +V SUPPLY VOLTAGE - +V SUPPLY VOLTAGE - :V
PONER CONSUMPTION AS A FUNCTION INPUT RESISTANCE AS A FUNCTION
OF SUPPLY VOLTAGE RN S A FUNCTION OF AMBIENT TEMPERATURE
160 400 T T
| Vo= 115V
320 <
120 < =
/ e 3 10
74 5 20 =
]
& H
80 / 5 \ I
(&) v
/ < 160 \ o
@ N 5
s A 5 g A
A1 )
1
0 0 0.1
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40

30

20

SUPPLY VOLTAGE - -V

INPUT OFFSET CURRENT AS A
FUNCTION OF SUPPLY VOLTAGE

100

60

40

INPUT OFFSET CURRENT - nA
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SUPPLY VOLTAGE - =V

TEMPERATURE - °C

INPUT OFFSET CURRENT AS A
FUNCTION OF AMBIENT TEMPERATURE

TEMPERATURE - °C

OUTPUT VOLTAGE SWING AS A

FUNCTION OF LOAD RESISTANCE
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high performance

operational amplifier L14¢

TYPICAL ELECTRICAL CHARACTERISTICS (25" C {ree air temperature

SHORT -CIRCUIT CURRENT - mA

TOTAL NOISE VQLTAGE REFERRED TO INPUT kVms

PEAK-TO- PEAK OUTPUT SWING - Vpp

OUTPUT SHORT -CIRCUIT CURRENT AS A
FUNCTION OF AMBIENT TEMFERATURE

INPUT NOISE YOLTAGE AS A
FUNCTION OF FREQUENCY

EXTENDED TEMPERATURE RANG

unless otherwise noted)

INPUT NOISE CURRENT AS A
FUNCTION OF FREQUENRCY
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BROADBAND NOISE YOLTAGE A5 A FUNCTION OF OPEN LOOF YOLTAGE GAIN AS A CQMUON MODE REJECTION RATIO
SOURCE RESISTANCE FOR VARIOUS BANDYDTH FUNCTION OF FREQUENCY AS A FUNCTION OF FREQUENCY
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high performance operational amplifier 1148

EXTENDED TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25" C [rec air temperature unless otherwise noted)

RELATIVE YALUE

TRANSIENT RESPONSE (UNITY GAIN}

OUTPUT YOLTAGE - mV
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FREQUENCY CHARACTERISTICS AS A
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Linear integrated circuit L 148

STANDARD TEMPERATURE RANGE, 0°C = 70°C Hi gh performance
operational amplifier

The L 148 T! is a high performance monolithic operational
amplifier intended for a wide range of analog applications

SHORT-CIRCUIT PROTECTION where tailoring of frequency characteristics is desirable. High
common mode voltage range and absence of "latch-up” make

e OFFSET VOLTAGE NULL CAPABILITY the L 148 T1 ideal for use as a voltage follower. The high gain
LARGE COMMON-MODE AND DIFFER- and wide range of operating voltages provide superior perfor-
ENTIAL VOLTAGE RANGES mance in integrator, summing amplifier, and general feedback
LOW POWER CONSUMPTION applications. The L 148 T1 is short-circuit protected and has
the same pin configuration as the L 141 operational amplifier.

NO LATCH-UP Unity gain frequency compensation is achieved by means of

a single 30 pF capacitor. For full temperature range operation
(-55°C ++125°Q), see L 148 T2 data sheet.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage + 18V
Internal Power Dissipation (1) 500 mW
Differential Input Voltage + 30V
Input Voltage (2) + 15V
Storage Temperature Range -55°C =+ +150°C
Operating Temperature Range 0°C-=+ 70°C
Lead Temperature (soldering, 60 secs) 300°C
Output Short-Circuit Duratjon (3) Indefinite

Notes on the following page.

CONNECTION DIAGRAM PHYSICAL DIMENSIONS
{Top view) in accordance with
JEDEC TO-99 outline

SEATING PLANE

127 1Max
MIN.
. S—
EI //‘- ~r
~| = o
R 3
= O r €€ &
wl < g
5| a 1
1l
8LEADS | 1.3 47
0.49 MAX.
S0

Note : All dimenslons in mm,

ORDERING NUMBER
L148 T1

OCTOBER 1970
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high performance operational amplifier L148

STANDARD TEMPERATURE RANGE
ELECTRICAL CHARACTERISTICS (Vg =1t 15V, Ta = 25°C unless otherwise noted)

PARAMETER CONDITIONS Min. Typ. Max. Units
Input Offset Voltage RS = 10KO 1 6 mv
Input Offset Current 20 200 nA
Input Bias Current 80 500 nA
Input Resistance 0.3 2 MO
Input Capacitance 1.4 pF
Large-Signal Voltage Gain RL=2KQ Voyur=1¢tI10V 50.000 200.000
Output Resistance 75 Q
Output Short-Circuit Current 25 mA
Power Consumption 50 85 mW
Transient Response (Unity Gain): Vin=20mV Cc=30pF

RL =2KQ CpL=100pF

Risetime 0.3 s

Overshoot 5.0 %

Stew Rate RL = 2KQ 0.5 V/ps
The following specifications
apply for 0°C = Tp <+ 70°C :
Input Offset Vaoltage Rg = [0KQ 1 1.5 mV
Input Offset Current 300 nA
Input Bias Current 800 nA
Large-Signal Voltage Gain RL=2K(Y Voyur=1z110V 25.000
Output Voltage Swing RL = 2K +10 +13 A"
Power Consumption 50 mw

ELECTRICAL DIAGRAM

+
oV
INVERTING
INPUT
ouTt
FREQUENCY
OFFSET —o
NULL COMPENSATION
OFFSET!
NULL A LN
L oV

NOTES :

1) Rating applies for case temperatures to + 70°C.

2) For supply voltages less than + 15V, the absolute maximum input voltage is equal to the supply voltage.
3) Short circuit may be to ground or either supply. Rating applies to +70°C ambient temperature.
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high performance operational amplifier L148

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25° C free air temperature unless otherwise noted)

110

OPEN LOOP VOLTAGE GAIN AS A
FUNCTION OF SUPPLY VOLTAGE

o
=

OUTPUT YOLTAGE SWING AS A
FUNCTION OF SUPPLY YOLTAGE

INPUT COMMON MODE VOLTAGE RANGE AS
A FUNCTION OF SUPPLY YOLTAGE

o
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high performance operational amplifier L14§

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25° C free air temperature unless otherwise noted)

QUTPUT SHORT-CIRCUIT CURRENT AS A INPUT NOISE YOLTAGE AS A INPUT NOISE CURRENT AS A
FUNCTION OF AMBIENT TEXPERATURE 0 FUNCTION OF FREQUENCY . FUNCTION OF FREQUENCY
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high performance operational amplifier L148

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25° C free air temperature unless otherwise noted)

YOLTAGE FOLLOWER

TRANSIENT RESPONSE (UNITY GAIN) . LARGE-SIGNAL PULSE RESPONSE
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Linear integrated circuit

TAAG611E

INTERMEDIATE TEMPERATURE RANGE,
—-40°C to 85°C

e HIGH OUTPUT POWER

e LOW DISTORTION

e LOW QUIESCENT CURRENT
e SELF CENTERING BIAS

e HIGH INPUT IMPEDANCE

ORDERING NUMBERS

TAA 611E 55 (for package No. 1)
TAA 611E 12 (for package No. 2)

Audio amplifier

The TAA 611E is a monolithic integrated circuit particularly
designed for use as audio amplifier where a temperature range
of 40°C to 85°C s required. The usable range of supply vol-
tage varies from 6V to 10V. Special features of the circuit
include low quiescent current, self-centering bias and direct
coupling of the input. The circuit requires a minimum number

of external components.
ABSOLUTE MAXIMUM RATINGS

Max Supply Voltage

Input Voltage (see note)

Peak Output Current

Operating Temperature Range

TAA 6}11E 55
Storage Temperature
Maximum Junction Temperature
Power Dissipation (T4 < 25°C)
Power Dissipation (T¢ < 85°C)
Thermal Resistance J-A
Thermal Resistance J-C

TAA 611E12
Storage Temperature
Maximum Junction Temperature
Power Dissipation (T 5 < 25°C)
Thermal Resistance J-A

12v

05to+ 12V
1A

-40°C to +85°C

-55°Cto + 150°C
150°C

570 mW

13w

220° C/W

50° C/W

-55°Cto +125°C
150°C
1.35W

93° C/W

Note : for supply voltages less than 12V, the absolute max input

voltage is equal to the supply voltage.

CONNECTION DIAGRAMS PACKAGE No. 1

PACKAGE No. 2

{top view]

BOOTSTRAP

Packags No, 2

PHYSICAL DIMENSIONS
in accordance with
JEDEC TO-100 outline

5 84 Typ

12.7 Min

Note : All dimensions in mm,

PHYSICAL DIMENSIONS
power plastic split DIP

6.5uAX

N |

i d

3 q Do

l Ie (e D= |2 .
Tt | ]

e ) - [
1 TN 5 e

Note : All dimensions in mm,

20 8ax

OCTOBER 1971
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audio amplifier TAA 611 E

INTERMEDIATE TEMPERATURE RANGE

OUTPUT POWER AS A FUNCTION OF SUPPLY VOLTAGE AND LOADING CONDITIONS
(Typical values at ambient temperature T4 = 25°C)

Pout (W) THD = 10%
Vee (L) Ry () Pout (W) at THD = 2% - Typ External Heat Sink
Min. | Typ. 40°¢
4 0.50 0.65 0.6 Not Required
6
8 0.35 0.45 0.42 Not Required
4 1.4 1.8 1.7 For TAA611E 55 only
9
8 0.9 0.85 1.15 1.1 Not Required

TYPICAL ELECTRICAL CHARACTERISTICS (T = 25°C, Vcc = 9V unless otherwise noted)

PARAMETER CONDITIONS VALUE UNIT
Total Current (Icc) 3 mA
Quiescent Current of Output Transis-
tors (Ig) 1 mA
Input Bias Current 60 nA
DC Output Voltage Rg = 220K7 4.8 A%
Open Loop Voltage Gain R, =80Q 68 dB
Supply Current Poyt= 1.15W Ry =8Q 170 mA
The Following Specifications Apply
for -40°C < Tp < 85°C:
Quiescent Current of Output Transis-
tors (Ig) 1.1 mA
Open Loop Voltage Gain Rp =80 67 dB
Total Harmonic Distortion Test Circuit 1: Ry =8 Q, f= 1KHz
Poyt = 50mW 0.4 %
Ry, =89, f=1KHz, Py, = 0.5W 0.3 %o
Test Circuit 2: Rp, =8Q, f=1KHz
Poyt = S0mW 1.7 %o
RL =80, f=1KHz, Pgy,¢ = 0.5W 1.2 %o
Feedback Resistance Pin2to 7 (TAA611ES5S5) 7.5 KQ
Pin 5 to 12 (TAA611E 12) 7.5 KQ
Input Impedance Open Loop 0.75 MQ
TEST CIRCUIT 1 (Ay = 50) TEST CIRCUIT 2 (Ay = 250)
+Vee + Vee
R =82
e | =250 4/ 12.
= 0.1 +1ooy|=/1;.'
+ F |-
25uF/6Y . 1PV uF /1T . IM I
I b I I I S6pF  150pF

The pin numbers in brackets refer to the TAA 61 1E 12, and those without brackets refer to the TAA 611E 55.
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audio amplifier TAA611E

INTERMEDIATE TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)

MAX ALLOWABLE POWER DISSIPATION MAX ALLOWABLE POWER DISSIPATION MAX POWER DISSIPATED BY THE CIRCUIT
VERSUS AMBIENT TEMPERATURE VERSUS AMBIENT TEMPERATURE 12 VERSUS LOAD RESISTANCE
| 2 ’
(T0 -5 (DIP)
N
= 15 = 15 N
. WITH INFINITE HEATSINK - =08 N
& e . 3 N
= = 53 L
A : \ 206 c s,
3 a o
3 2 \ g ™
= w’”’ou o o 04 2 —l ™~
S r ui 5
S 05 HE“T:/N ] § 05 x NC 6, ™~
i & 02 ™~
= .
[ 0 0
40 .20 0 20 40 60 80 100 0 -0 0 20 40 60 80 I 4 3 8 10 2 u 16
Ta- AMBIENT TEMPERATURE - <C T - AMBIENT TEMPERATURE - =C LOADRESISTANCE -0
POWER DISSIPATION AND EFFICIENCY POWER DISSIPATION AND EFFICIENCY
VERSUS OUTPUT POWER VERSUS OUTPUT POWER
0.8 80 1.2 100
APy
4 ! 80
|1
2 0b 60 » = w
z Py [ - 208 60 o
=3 / % S O
'z ™~ < i
g ol | 4 ™|a & 06 A _Je 8
1] =] 2 T T 17T T 1 Iy
o & o | 1.4 ] L
= / i Fos | ol 0 L
§ 0.2 20 F e Ll LT 1.1,
Vee=9v 0.2 / . Jo
) | V4 =TT Vee=swW T
R_=80 RL =40
48N L =40 - —
0 I ! 0 0 Lol
0 0.2 04 06 08 112 0 0.4 0.8 1.2 L6 2
OUTPUY POWER - W OUTPUT POWER - W
POWER DISSIPATION AND EFFICIENCY POWER DISSIPATION AND EFFICIENCY
VERSUS OUTPUT POWER VERSUS OUTPUT POWER
0.8 80 0.8 80
0.6 1 60 x 06 60
= A = . e
z 1 ; z ) L~ :
= o =
< : z < &
< 0.4 / 40 W S 04 L—"1 40 8
g v o a o
= A i 2 3 &
& 4 Pp ui & \
3 — & z &
2 02 | — b4 & 02| 4/ VenToy 0
% 7 cc
R R_ =40
Veg =6V | L
Ry =80
0 L1 0 0 0
0 0.1 0.2 03 0.4 0.5 0 01 02 03 04 05 06 07
OUTPUT POWER - W OUTPUT POWER - W
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audio amplifier TAA 611 E

INTERMEDIATE TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)

OUTPUT POWER VERSUS LOAD RESISTANCE OUTPUT POWER VERSUS LOAD RESISTANCE
Le

|| 2

| TT]
1= 1KHz 16

Tl = 1KHz
12| ) AT THD = 2% N

THD = 10%.
N N

OUTPUT POWER - W
g
@
<
/>
“
K

OUTPUT POWER - W

0.4 i VCC s,

4 6 8 10 12 14 16 4 b 1 12 14 1
LDAD RESISTANCE - 2 LOADRESISTANCE- 2

TOTAL HARMONIC DISTORTION VERSUS TOTAL HARMONIC DISTORTION VERSUS
OUTPUT POWER

QUTPUT POWER

Vee T, J
81 | Ry =80
I = IKHz

~—_TesTcircuit 2 1/
Tttt p.
ol = TESTCIRCUIT 1|47

0 92 04 06 08 1 1 0 0.4 0.8 1.2 L6 2
QUTPUT POWER - W QUTPUT POWER - W

THD - TOTAL HARMONIC DISTORTION - %
e
[~
THD - TOTAL HARMONIC DISTORTION - %

VARIATION OF Pyt VERSUS

AMBIENT TEMPERATURE SUPPLY CURRENT VERSUS OUTPUT POWER
10 200 | |
~
« R =an {1
5 T 150 Ly
' V. <oV
" = cc L1
= ] ”
3 o
P 3100
$ 5 %
= 1 a
5 ¢ E}
g 5 / 50 /
f /
-10 0

-40 -20 0 20 40 60 80 10O 0 0.2 0.4 0.6 0.8 1 1.2

Ta - AMBIENT TEMPERATURE - °C OUTPUT POWER - W
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audio amplifier TAA611E

INTERMEDIATE TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25° free air temperature unless otherwise noted)

OUTPUT POWER - W

OUTPUT POWER VERSUS INPUT VOLTAGE
1.2

0.8

OUTPUT POWER VERSUS INPUT VOLTAGE

[ 11 ] / [T T
| [ Testomeurr 1 TEST CIRCUIT 2
|1 R =80 . —_RL:Bn ,
Ay = 50 Tos| | Avem
Ll . ;
H
o
S 06
e
=
n.
5
5 0a —
02
o [
W20 30 4 50 & 8 1 3 5 7 9 U D
INPUT VOLTAGE - mV INPUT VOLTAGE - my
OPEN LOOP GAIN VERSUS FREQUENCY
7
\‘ L
0 N N { |
A ]
,
g % 2
: ©
z \&,
[*}
S g 2
& \S
3 & 1
) \2
s X
20 R =80
Vee v
.
10 [ | | N
10 100 K ok T00K ™ 1o
(- FREQUENCY - Hz
Curve 1: TAAGLLE 55, Cq.g = 8%F  Cgp= 12nF  Cjg. = 0.1uF

Curve 2:

TAABLIE 12, Cy.q = B20F
TAABILE 55, Cg.g = 56pF
TAASIIE 12, Cy 4= 56pF

Cqyp=1.20F  Cpya=0.1uF
Cg.z =150pF  Cjp.) =0.1uF
Cg17 =150pF  Cpyg =0.1uF
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audio amplifier TAA 611 E

INTERMEDIATE TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25° free air temperature unless otherwise noted)

TOTAL SUPPLY CURRENT AND OUTPUT TOTAL SUPPLY CURRENT AND OUTPUT
VARIATION OF DC OUTPUT LEVEL VERSUS TRANSISTOR QUIESCENT CURRENT TRANSISTOR QUIESCENT CURRENT
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Linear integrated circuit ‘ TAA 611 F

Audio amplitier

INTERMEDIATE TEMPERATURE RANGE, The TAA 611 F is a monolithic integrated circuit particularly
-40° Cto85° C designed for use as audio amplifier where a temperature range
of -40°C to 85°C is required. The usable range of supply volta-
ge varies from 6 to 15V. Special features of the circuit include

e OUTPUT POWER 2.1 W low quiescent current, self-centering bias and direct coupling
e LOW DISTORTION of the input. The circuit requires a minimurm number of e'xter-

nal components. The package is a special plastic DIP with a
e LOW QUIESCENT CURRENT copper bar inserted in the plastic which ensures low thermal
e SELF CENTERING BIAS resistance.

e HIGH INPUT IMPEDANCE

ABSOLUTE MAXIMUM RATINGS

Maximum Operating Supply Voltage 5V
Input Voltage (see note) 0.5Vt +1SV
Peak Output Current 1A
Storage Temperature -550C to+125°C
Operating Temperature Range 40°C to +85°C
Max Junction Temperature 150°C
Power Dissipation Ta < 25°C 1.35W
Thermal Resistance J-A 93°C/W
ORDERING NUMBER
Note : For supply voliages less than 15V, the absolule max input voltage
TAA 611F 12 is equal to the supply voltage.
CONNECTION DIAGRAM PHYSICAL DIMENSIONS
(Top views) Power plastic split DIP
20 MAX
R

BOOTSTRAP 1 [] bla Vee

N.C 2 ] [113 n.cC.

FREQ.COMP. 3 [] 12 OUTPUT 545 {20 254 | 10.25

FREQ.COMP. 4 [] 1N 121

. -

FEED-BACK 5 [] 110 GND _‘j N .4 m -0 '_‘|n

9 % - =

o e : s

* i - =]
INPUT 1 h 8 GND J = T T =)
- U=u~-UuU

Note : All dimensions in mm,

OCTOBER 1971
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audio amplifier TAA 611 F

INTERMEDIATE TEMPERATURE RANGE

OUTPUT POWER AS A FUNCTION OF SUPPLY VOLTAGE AND LOADING CONDITIONS

(Typical values at ambient temperature T4 = 25°C)

Pout (W) at THD = 10%
Vee (V) RL(C) Poyt (W) at THD = 2% -
Min. Typ. _41(;%%

9 8 0.9 1.15 1.1

12 8 1.7 1.5 2.1 2

TYPICAL ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

VALUES

PARAMETER CONDITIONS UNIT
(Yoo = 9V) | (Vee = 12v)

Total Current (Icc) 3 35 mA
Quiescent Current of Output Transis-
tors (Ig) 1 1.2 mA
Input Bias Current 60 5 nA
DC Output Voltage Rg = 220KQ 4.8 6.3 v
Open Loop Voltage Gain Ry = 8Q 68 70 dB
Total Harmonic Distortion Test Circuit 1: R, =80, f= 1KHz
Pout = IW 0.2 %
Test Circuit 2: R, =8Q, f=1KHz
Pout = 1W 1 %
Supply Current Ry =8C Pout = 1.15W 170 mA
Ry = 8Q Poyut = 2.1 235 mA

The Following Specifications Apply
for 40°C < Tp < 85°C:
Quiescent Current of Output Transis-

tors (Ip) 1.1 1.3 mA
Open Loop Voltage Gain Rp =80 67 70 dB
Total Harmonic Distortion Test Circuit 1: R, =80, f= |KHz

Pout = 5S0mW 0.4 0.3 %

Ry = 80, f=1KHz, Pgyq=0.5W 0.3 %

Test Circuit 2: R, =8 Q, f=1KHz

Pout = 50mW 1.7 1.5 %

Ry, = 80Q, f=1KHz, Py, = 0.5W 1.2 %
Feedback Resistance Pin5Sto 12 7.5 1.5 KQ
Input Impedance Open Loop 0.75 0.75 MQ

TEST CIRCUIT | (Ay = 50) TEST CIRCUIT 2 (Ay = 250)
*Vee

+

R . .
I 100, F/25V SOuF/bV 0 J“T I

StpF  150pF

1004 F/25V
BuF/oy =2

I
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audio amplifier TAA 611 F

INTERMEDIATE TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)

MAX ALLOWABLE POWER DISSIPATION
VERSUS AMBIENT TEMPERATURE

MAX POWER DISSIPATED BY THE CIRCUIT
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audio amplifier TAA 611 F

INTERMEDIATE TEMPERATURE RANG

TYPICAL ELECTRICAL CHARACTERISTICS (25 °C free air temperature unless otherwise noted)

RELATIVE VOLTAGE GAIN VARIATION OF CLOSED LOOP RELATIVE
VERSUS FREQUENGY 1 VOLTAGE GAIN VERSUS FREQUENCY Lo VERSUS AMBIENT TEMPERATURE
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SILICON PLANAR LINEAR INTEGRATED CIRCUIT

uA702A

EXTENDED TEMPERATURE RANGE, —55°C = 126°C

CONNECTION DIAGRAM
(Top Vic )

() cutput

() LAC
COMPENSATION

() LerD
COMPENSATION

Nole - Pin 4 ccnnected (0 case

ORDERING NUMBER
U5B771231X

high gain,
wideband dc amplifier

The uA702A is a complete DC amplifier constructed on a single sili-
con chip, using the Planar epitaxial process. it is intended for use as
an operational amplifier in high speed analog computers, as a preci-
sion instrumentation amplifier, or in other applications requiring a
feedback amplifier useful from DC to 30 MHz.

ABSOLUTE MAXIMUM RATINGS

{above shich the useful lite may be impaired)

Total Supply Voltage Between V + and V— Terminals 21V
Peak Load Current 50 mA
Internal Power Dissipation {Note 1) 300 mwW

-65°C to + 1500C
-550C to + 1250C

Storage Temperature Range
Operating Temperature Range

Differential Input Voltage + 5V
fnput Voltage, Either Input + 15Vt 6V
Lead Temperature {Soldering, 80 sec) 3000C

NOTE :

{1) Rating applies for case temperatures to 1259C; derate linearly at 6.6 mw/°C
for ambient temperatures above 105°C.

SCHEMATIC DIAGRAM

—OLEAD

GROUNO

IN:ERTINGO
INPUT

o
NON-INVERTING
INPUT

Rs | exTERNAL FREQUENCY
3.4KQ COMPENSATION

2.6K0 0.49 MAX
0400
. Ry
240
v.
Notes: All dimensions in mm,
|

PHYSICAL DIMENSIONS
in accordance with
JEDEC TO-99 outline

SEATING PLANE
27 1 MAX

MIN

V=
G

85 - 127
94 -85
5.08 TYP.

BLEADS| 1.3

MARCH 1970
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Linear Integrated Circuit ptA 702A

ELECTRICAL CHARACTERISTICS (Tp = 25°C

unless other wise specified)

EXTENDED TEMPERATURE RANGE

PARAMETER CONDITIONS vVt =12V, vi= 6V vVt =6V, V = -3V
{see detinitions) MIN.  TYP. MAX. MIN.TYP. MAX. UNIT
|

input Offset Voltage Rg < 2 k@ 05 2 07 3 mv
Input Offset Current 180 500 120 500 nA
Input Bias Current 2 5 1.2 35 uA
Input Resistance 16 40 22 67 (3]
Input Voltage Range -4 05 -15 0.5 \%
Common Mode Rejection Ratio Rg -+ 2k, f=] kHz 80 100 80 100 dB8
Large-Signal Voltage Gain Ry 100 k@, Vo p =+5V 2500 3600 6000

RL + 100 k@, Vo4 =25V 600 900 1500
Output Resistance 200 500 300 700 Q
Supply Current Vout = 0 5 6.7 2.1 33 mA
Power Consumption Vour = O a0 120 19 30 mw
Transiant Response {unity-gain} Cy = 001 uF, Ry = 200,

RL © 100 k0@, Viy = 10 mV
Risetime 25 120 ns
Overshoot CL 100 pF 10 850 %
Transient Response (x100 gain) C3 = 50 pF, R - 100 k@

Vihn = 1 mV
Risetime 10 30 ns
Overshoot 20 40 %
The foliowing specifications apply for -58°C < Tp <+ 125°C:
tnput Offsat Voltage Rg : 2 k@ 3 4 mv
Average Tempereture Coefficient of Rg = 508,

Input Offset Voltage Ta = 25°C to T = 125°C 25 10 35 15 uv/eC

Rg = 504,

Ta = 25°C to T = -55°C 2 10 3 15 wv/ec
Input Offset Current Ta = 125°C 80 500 50 500 nA

Ta = -B6°C 400 1500 280 1500 nA
Average Temperature Coefficient of Ta = 25°C to Ty = 125°C 1 5 0.7 4 nA/eC

{nput Offset Current

Tp = 25°C to Tp = 55°C 16 13 nA/oC
Input Bias Current Ta = -55°C 4.3 10 26 7.5 LA
input Resistancs 6 8 k@
Common Mode Rejection Ratio Rg = 2 ko, <1 kHz 70 95 70 95 dB
Supply Volitage Rejection Ratio V+ =12V, V"= 6 V to

vt =6V, V7= 3V 75 200 75 200 wviv

RS « 2 Ka
Large-Signal Voltage Gain R - 100 k@, Vgout =15V 2000 7000

R - 100 k@ , Voup =25V 500 1750
Output Voltage Swing R_ - 100 k@ +5  +53 +25 127 v

R * 10 k@ +35 % 15 *2 \Y
Supply Current Ta = 125°C, Vg = O 44 6.7 1.7 33 mA

Ta = -56°C, Vout = 0 5 7.5 21 39 mA
Pou-er Consumption Ta = 328°C, Vgu = © 80 120 i5 30 mw

Ta = B8°C. Vgyp = 0 80 135 19 35 mw

124



Linear Integrated Circuit uA702A

EXTENDED TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature uniass otherwise noted)

VOLTAGE GAIN YERSUS

VOLTAGE TRANSFER CHARACTERISTIC VOLTAGE TRANSFER CHARACTERISTIC AMBIENT TEMPERATURE
T 77 3 A7 4200
Tl T I T . T AT T
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Linear Integrated Circuit pA 702/

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)

INPUT RESISTANCE VERSUS
AMBIENT TEMPERATURE
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EXTENDED TEMPERATURE RAN(
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Linear Integrated Circuit LA 702A

EXTENDED TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)

FREQUENCY RESPONSE FREQUENCY RESPONSE FREQUENCY RESPONSE
FOR VARIOUS CLOSED-LOOP GAINS WITH CONSERVATIVE FOR VARIOUS CLOSEQ-LOOP GAINS
(LAG COMPENSATION) COMPENSATION NETWORK (LEAD LAG COMPENSATION)
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Linear Integrated GCircuit LA 702A

EXTENDED TEMPERATURE RANG

TYPICAL ELECTRICAL CHARACTERISTICS {250C frge air temg « ature unless other..ise noted)

SLEW RATE VERSUS CLOSED-LDOP SLEW RATE VERSUS CLOSED-LOOP
COMMON MODE REJECTION RATIO YOLTAGE GAIN YOLTAGE GAIN
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T
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2 /
5
a
o 0.6
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5
o
1 “ 0.2 1
10% RISE TIME
o T
X 100 AMPLIFIER
UNITY - GAIN AMPLIFIER (LEAD COMPENSATICN)
(LAG COMPENSATION) 0 40 80 120 160 200

TIME - ns

DEFINITION OF TERMS

INPUT OFFSET VOLTAGE - That voltage which must be applied between the input terminals to obtain zero output voltage. The input offset voite
ge may also be defined for the case where two equal resistances are inserted in series with the input leads.

INPUT OFFSET CURRENT - The difference in thecurrents into the twao input termiaals with the output at zero volts,

{NPUT RESISTANCE :Tha resistance tooking into either input terminal with the other grounded.

INPUT BIAS CURRENT - The average of the two input currents.

INPUT VOLTAGE RANGE - The range of voltage which, if exceeded on either input terminal,could ceuse the amplifier 1o cease functioning properly
INPUT COMMON MODE REJECTION RATIO - The ratio of the input voltage range to the meximum change in input offset voltage over this range
SUPPLY VOLTAGE REJECTION RATIOQ - The ratio of the change in input offset voltage to the change in supply voltage producing it.

LARGE-SIGNAL VOLTAGE GAIN - The ratio of the maximum oulput voltage swing with oad to the change in input voltage required to drive thi
output from zero to this voltage.

OUTPUT VOLTAGE SWING - The peak output swing, referred to zero, that can be obtained without clipping.

QUTPUT RESISTANCE - The resistance seen loaking into the output terminal with the output et null. This parameter is defined only under small si
gnal conditions at frequencies above a few hundred cycles to eliminate the influence of drift and thermal feedback,

POWER CONSUMPTION - The DC power required to operate the amplifier with the output at zero and with no load current.
TRANSIENT RESPONCE - The closed - loop step - function respanse of the amplifier under smalt - signal conditions.
PEAK QUTPUT CURRENT - The maximum current that may flow in the output load without causing damage to the unit.
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Linear integrated circuit uA 702 C

High gain, wideband

STANDARD TEMPERATURE RANGE, dC amplifier

0°C to 70°C

The pA702C is a complete DC amplifier constructed on a
single silicon chip, using the planar epitaxial process. It is
intended for use as an operational amplifier in high speed

¢ HIGH GAIN analogue compulers, as a precision instrumentation amplifier,
or in other applications requiring a feedback amplifier
e WIDEBAND (DC to 30 MHz) usable from DC to 30 MHz. For full temperature range

operation (-55°C to 125°C) see pnA702A data sheet.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

Total Supply Voltage Between

Ve and Vi Terminals 21V
Peak Load Current 50 mA
Internal Power Dissipation (see note) 300 mW
Storage Temperature Range -55°Cto+ 150°C
Operating Temperature Range 0°Cto +70°C
ORDERING NUMBERS Differential Input Voltage 5V
U5B771239X (for package No. 1) Input Voltage, Either Input +1.5Vto-6V
U6E7712393 (for package No.?2) Lead Temperature
(Soldering 60 sec. for package No. 1) 300°C
(Soldering 10 sec. for package No. 2) 260°C
Note : rating applies for ambient temperature to 70°C.
CONNECTION DIAGRAMS PACKAGE No. 1 PACKAGE No. 2
(top viex:) PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS
in accordance with 14- pin plastic DIP
JEDEC TO-99 outline
6.5 MAX.
SEATING PLANE
Vee
Package No. 1 g T 3
o 5 NS H
NC i 14 [yne : | T
9.4.85 gz s
NC dz 1B vée 0511 {i, 12‘} i
o B 12 finc 5 die ulp g‘ %]
w1 oot A e gl o | :
5 ! .
Norlov. put (] 10 [l Loy o :“HH”:—hE g1 9; s 9
e Qe 9P __[”—[”]]‘m 40 “P—' d: 3
NC gr g [Ine ©49-040DiA b
Package No. 2 Note: all dimensions in mm. Note: all dimensions in mm.
'FEBRUARY 1971
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high gain, wideband dc amplifier p A702C

STANDARD TEMPERATURE RANCG.

ELECTRICAL CHARACTERISTICS (Tp = 25°C uniess otherwise specified)

VEe=12V, Vig=-6V | V(e 6Y, Vie= -3V )
PARAMETER CONDITIONS K - Unit
Min. Typ. Max.| Min. Typ. Max.
Input Offset Voltage Rg= 2k0 1.5 45 +1.7 £6| mV
Input Offset Current +0.5 2 +03 2 pPA
Input Bias Current 25 15 1.5 5 pA
Input Resistance 10 32 16 55 kO
Input Voltage Range -4 +05 |-1.5 +0.5 \Y
Common Mode Rejection Ratio |Rg=2kQ, f-- 1kHz 70 92 70 92 dB
Large-Signal Voltage Gain RL» 100k Q, VoyT=1* 5V 2000 3400 6000
Ry~ 100 kQ, VQUT=t 2.5V 500 800 1500
Output Resistance 200 600 300 800 Q
Supply Current Voytr=0 5 6.7 2.1 33 mA
Power Consumption VouT=0 90 120 19 30 mW
Transient Response (unity gain); |Rp= 100 kQ, ViN=20mV, C[:7100pF
Rise Time Cy=00lpFE R;=200 25 120 ns
Overshoot 10 50 %
Transient Response (x 100 gain): [C3=50 pF, R -100kQ, VIN=1mV
Rise Time 10 30 ns
Overshoot 20 40 %
The following specifications
apply for 0°Cx TA<70°C :
[nput Offset Voltage Rg< 2k 0 £6.5 7.5 mV
Average Temperature Coefficient
of Input Offset Voltage TA=70°C to Tpa=0°C, Rg=50 7 5 20 7.5 25 | pv/°C
Input Offset Current 2.5 2.5 pA
Average Temperature Coefficient
of Input Offset Current TA=25°C to Tp=70°C 4 10 3 8 | nA/°C
TA=25°C to Tp=0°C 6 20 5.5 18 | nA/°C
Input Bias Current Ta=0°C 4 12 2.7 8 pA
Input Resistance 6 18 9 27 k0
Common Mode Rejection Ratio |Rg™ 2 kQ, f< 1 kHz 65 86 65 86 dB
Supply Voltage Rejection Ratio | VEc=12V, VEe=-6V, to Vic=6V,
i Vec=-3V, Rg= 2k € 90 300 90  300|pv/V
Large-Signal Voltage Gain RL*100kQ, Voyr=+5V 1500 7000
RL = 100 kD, Vour=* 2.5V 400 1750
Output Voltage Swing Ry = 100 kQ +5 £53 £2.5 2.7 \Y
Ry 10kQ 35 = 4 1.5 £2 v
Supply Current Voutr=0 s 7 2.1 3.9 mA
Power Consumption VouT=0 90 125 19 35 mWw
EQUIVALENT CIRCUIT
0 Ve
| _o LEAD
GROUND Q LAG
INVERTING
INPUT
NON - INVERTING
INPUT oUTPUT
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high gain, wideband dc amplifier pA702C

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)

“OLTAGE GAIN OUTPUT VOLTAGE - v
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high gain, wideband dc amplifier p A702C

STANDARD TEMPERATURE RANG!

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)

INPUT RESISTANCE VERSUS
AMBIENT TEMPERATURE
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high gain, wideband dc amplifier p A702C

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)

COMMON MODE REJECTION RATIO
VERSUS FREQUENCY
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VOLTAGE GAIN
(LAG COMPENSATION)
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high gain, wideband dc amplifier nA702C

STANDARD TEMPERATURE RANGE

TRANSIENT RESPONSE TEST CIRCUITS
TRANSIENT RESPONSE

T 1
OVERSHOO T

12
1 AN
5 I 90%
£ o8 4
=]
; /
w0
=
< 04
3
0.2
s [, RISE TIME
o i
0 7 80 120 160 200
UNITY - GAIN AMPLIFIER X LN AMPLIFIER
(LAG COMPENSATION) (LEAD COMPENSATION) TIME - ns

DEFINITION OF TERMS

INPUT OFFSET VOLTAGE — That voltage which must be applied between the input terminals to obtain zero output voltage.
The input offset voltage may also be defined for the case where two equal resistances are inserted in series with the input leads.
INPUT OFFSET CURRENT - The difference in the currents into the two input terminals with the output at zero volts.
INPUT RESISTANCE - The resistance looking into either input terminal with the other grounded.

INPUT BIAS CURRENT -- The average of the two input currents.

INPUT VOLTAGE RANGE — The range of voltage which, if exceeded on either input terminal, could cause the amplifier to
cease functioning properly.

INPUT COMMON MODE REJECTION RATIO — The ratio of the input voltage range to the maximum change in input offset
voltage over this range.

SUPPLY VOLTAGE REJECTION RATIO — The ratio of the change in input offset voltage to the change in supply voltage
producing it.

LARGE-SIGNAL VOLTAGE GAIN — The ratio of the maximum output voltage swing with load to the change in input voltage
required to drive the output from zero to this voltage.

OUTPUT VOLTAGE SWING — The peak output swing, referred to zero, that can be obtained without clipping.

OUTPUT RESISTANCE - The resistance seen looking into the output terminal with the output at null. This parameter is
defined only under small signal conditions at frequencies above a few hundred cycles to eliminate the influence of drift and
thermal feedback.

POWER CONSUMPTION — The DC power required to operate the amplifier with the output at zero and with no load current.
TRANSIENT RESPONSE — The closed-loop step-function response of the amplifier under small-signal conditions.
PEAK OUTPUT CURRENT — The maximum current that may flow in the output load without causing damage to the unit.
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SILICON PLANAR LINEAR INTEGRATED CIRCUIT

UA709

EXTENDED TEMPERATURE RANGE, - 56°C + 126°C

CONNECTION DIAGRAM
{Top view}

INPUT FREQUENCY
COMPENSATION

ouTRyYY
FREQUENCY
COMPENSATION

Note : Pin 4 connected to casa.

ORDERING NUMBER
UEB770931X

high performance
operational amplifier

The uA709 is a High-Gain Operational amplifier constructed on a sin-
gle silicon chip using the Planar epitaxial process. It features fow offset,
high input impedance, large input common mode range, high output
swing under load and low power consumption. The device displays
exceptional temperature stability and will operate over a wide range
of supply voltages with little degradation of performance. The ampli-
fier is intended for use in DC servo systems, high impedance analog
computers, in low-level instrumentation applications and for the gen-
eration of special linear and nonlinear transfer functions.

ABSOLUTE MAXIMUM RATINGS

tabove which the useful life may be impaired}

Supply Voltage +18V
internal Powar Dissipation {Note 1) 300 mwW
Differential Input Voltage i5V
Input Voltage + 10V
Output Short-Circuit Duration (Ta =26°C) 5 sec
Storage Temperature Range -65°C to + 150°C
Operating Ambient Temperature Range 559C to + 125°C
Lead Temperature {Soldering, 60 sec) 300°C

NOTE 1 : Rating applies for case temperatures to + 125°C; derate linearly at 5.5
mW/CC for ambient temperature above +95°C.

INPUT FREQUENCY
COMPENSATION

?

SCHEMATIC DIAGRAM

PHYSICAL DIMENSIONS
in accordance with
JEDEC TO-99 outline
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Note: all dimensions in mm,

MARCH 1970
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Linear Integrated Circuit pA 70€

ELECTRICAL CHARACTERISTICS (TaA =+25°C,+9

EXTENDED TEMPERATURE RANG

V = Vg S 115 V unless otherwise noted)

PARAMETER (see definitions} CONDITIONS Min. Typ. Max, UNIT
input Offset Voltage Rg = 10KQ 1 5 my
Input Offset Current 50 200 nA
Input Bias Current 200 500 nA
Input Resistance 150 400 Ka
Output Resistance 150 a
Power Consumption Vg = 15V 80 165 mwW
Trensient Response VIN =20mV, RL=2KQ,
Risetime C1=5000pF, R1=15KQ, 03 1 us
C2=200pF, Rp=501Q
Overshoot CL =100 pF 10 30 %
The following specifications apply for — 55°C £ T < +125°C :
Input Offset Voltage Rs=10Kn 6 mv
Average Temperature Coefficient
of Input Offset Voltage Rg =500 3 uv/ec
RS 10 Kn 6 uv/oc
- Signal Voltage Gai = Zoka
Large - Signal age Gain Vg =415V, R =2K®0, 25,000 45,000 70,000
VouT =+10V
Output Voitage Swing Vg =+15V, R 210K +12 +14 \2
Vs =415V, R 22K +10 +13 \
Input Voltage Range Vg=+15V + 8 +10 v
Common Mode Rejection Ratio Rg =10Kn 70 90 dB
Supply Voltage Rejection Ratio Rg =10K0 25 150 uv/C
Input Offset Current Ta=+125°C 20 200 nA
Ta =-55°C 100 500 nA
input Bias Current Ta =-55°C 0.5 1.5 uA
Input Resistance 40 100 KQ
GUARANTEED ELECTRICAL CHARACTERISTICS YOLTAGE GAIN
(250C free air temperature unless otherwise noted) e r 11 ' I 7
R 2 K. -
3 .2K<. 1 7
Sl -s5mCc=T, S0
200 55" C = Tp=125°C
3 | d I
w5104 }
)
= S
o o
g 4104
o ]
o
S30
=
b
s 2-10*
=ami
10 9 10 11 12 13 14 }
SUPPLY VOLTAGE - + V
INPUT COMMON MODE POWER CONSUMPTION
0 OUTPUT YOLTAGE SWING 12 VOLTAGE RANGE 300 VERSUS SUPPLY YOLTAGE
" > BT < Tp€ 129°C
> 25 55 C < Tp S 125 ] A 250
S | e z
2 Il E - 200
2y~ = 3
2 ST 2 = E
2 ot I3 N o
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E + — 2 7
« bt =3 L1
2 w 100 W
i 3 V)
a o = o
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O z 2 ) TYPICAL
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E -
a
0 8 s 5 [

SUPPLY VOLTAGE - +V

1o
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Linear Integrated Circuit uA 709

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)
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Linear Integrated Circuit A 70€

EXTENDED TEMPERATURE RANGI
TYPICAL ELECTRICAL CHARACTERISTICS (25°C jree air temperature unless otherwise noted)

OUTPUT YOLTAGE SWING YERSUS

FREQUENCY RESPONSE FREQUENCY FOR YARIOUS

o) FORVARIOUS CLOSED-LOOP GAINS 2 COMP ENSATION NETWORKS
T :
ML L CHLL I s <y ' { R
Hi 2
g C, = 10pF, R, =0,C,=3%F - T R = 10 KO-
2z f
z LHILHIL ¢
S B L 0 A B S |
w | €, = 100pF R, = 15Kk0, C, = 3pF 2
:.;: 40 3 -
2
5 LT £
’szo €, = 50pF R, = 15K C, 20 pFy] 3
a. o
[=] =l
g LU z
. - — I Y
g o C,=5nF R, = 15KQ, C, = 20 pF| 3
g H
o T — *; ] g
.20 N
100 1« 0K 100K M oM
FREQUENCY - Hz FREQUENCY - Hz
FREQUENCY COMPENSATION TRANSIENT RESPONSE TEST CIRCUIT
CIRCUIT

* Use R 2= 50.. when Lhe amplifier

is operaled wilh capacitive Loading

DEFINITION OF TERMS

INPUT OFFSET VOLTAGE - That voltage which must be applied between the input terminals to obtain zero output voltage. The input offset volte
ge may also be defined for the case where two equal resistances are inserted in series with the input leads.

INPUT OF FSET CURRENT - The difference in the currents into the two input terminals with the output at zero volts.
INPUT RESISTANCE - The resistance looking into either input terminai with the other grounded.
INPUT BIAS CURRENT - The average of the two input currents.

INPUT VOLTAGE RANGE - A range of voltage which, if exceeded on either input terminal, could cause the amplifier to cease functioning pro-
perly.

INPUT COMMON MODE REJECTION RATIO - The ratio of the input voltage range to the maximum change in input offset voltage over this range

LARGE-SIGNAL VOLTAGE GAIN - The ratio of the maximum output voltage swing with load to the change in input voltage required to drive the
output from zero to this voltage.

OUTPUT VOLTAGE SWING - The peak output swing, referred to zero, that can be obtained without clipping.

OUTPUT RESISTANCE - The resistance seen looking jnto the putput terminal with the output at null. This parameter is defined only under smal
signal conditions at frequencies above a few hundred cycles to eliminate the influence of drift and thermal feedback.

POWER CONSUMPTION - The DC power required to operate the amplifier with the output at zero and with no load current.
SUPPLY VOLTAGE REJECTION RATIO - The ratio of the change in input offset voltage to the change in supply voltage producing it.

TRANSIENT RESPONSE - The closed - loop step function response of the amplifier under small - signal conditions.
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SILICON PLANAR LINEAR INTEGRATED CIRCUIT uA709A

high performance
operational amplifier

EXTENDED TEMPERATURE RANGE, - 55°C + 125°C The uA709A is a High-Gain Operational amplifier constructed on a
single silicon chip using the Planar epitaxial process. It features low
offset, high input impedance, large input common mode range, high
output swing under load and low power consumption. The device
displays exceptional temperature stability and will operate over a wide
range of supply voltages with little degradation of performance. The

CONNECTION DIAGRAM amplifier is intended for use in DC servo systems, high impedance
{Top view) analog computers, in low-level instrumentation applications and for
the generation of special linear and nonlinear transfer functions.

INPUT FREQUENCY
CQUPENSATION

ABSOLUTE MAXIMUM RATINGS
{above which the useful fite may be impaised)

it Supply Voltage +18V
aureyr Internal Power Dissipation {Note 1) 300 mW
Differential Input Voltage oV

KORINVERTING ) ouTPUT Input Voltage +10V
wput Y N Output Short - Circuit Duration (T = 25°C) 5 sec
4 Storage Temperature Range - 65°C to 150°C

Operating Ambisnt Temperature Range - 889G 10 125°C

Lead Temperature {Soldering, 60 sec} 300°C

Note . Pin 4 connected (0 caso.

NOTE 1:

ORDERING NUMBER
Rating applies for case temperatures to 1259C; derate linearly at 5.6 mW/eC
U5B 7709311 for ambient temperatures above 95°C.

WPUT F REQUENCY

CONPENSATION SCHEMATIC DIAGRAM PHYSICAL DIMENSIONS

similar to
. Jedec TO 99 outline
#] o R[]0k L RyfJ20xa
— 1

nzhmn 127 Min. |y
E —1 i |
Qs b
E 8.5/ 9.4
20 ut = 77|85
INVERTING — JL—-
WPUT Q1y OutPuT 1.3Max 4.7.4.2
o facavencr ) o g
uon-llvﬁm,l:g 1on 8 Leads
& 0.49. 0,40

Noles All dimensions in mm
Leads are gold-plaled Ku:ar.

L

MARCH 1970
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Linear Integrated Circuit uA 709 A

EXTENDED TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS (T =25°C, +9V < Vg =+ 15V unless otherwise specified)

PARAMETER (see definitions) CONDITIONS Min.  Typ. Max. UNIT
Input Offset Voltage Rg =10kn 0.6 2 mV
Input Offset Current 10 50 nA
Input Bias Current 100 200 nA
lnput Resistance 30 700 1311
Output Resistance 150 Q
Supply Current Vg=4+15V 25 3.6 mA
Power Consumption Vg=4+15V 75 108 mw
Transient Response Vg=+15V, VIN=20mV, R =2k0,C1 =6nF,

R{= 15k, C2=200pF, R) =501
Risetime 15 AISEC
Overshoot CL = 100pF 30 %

The following specifications apply for - 55°C < Tp < 125°C :

Input Offset Voltage Rg £ 10k 3 mv
Averags Temperature Coefficient Rg=501, Ta=25°CtoTp = 125°C 1.8 10 uv/ec
of Input Offset Voltage Rg =501, Ta=25° to Ta=-55°C 18 10 uv/ec
Rg =10k, Ta =25°C to Tp = 125°C 2 15 uv/oC
Rg= 10k, TA =25°C to Ta =-55°C 48 25 pv/oC
Input Offset Current Ta=125°C 35 50 nA
Tp = -55°C 40 250 nA
Average Temperature Coefficient Ta = 25°C to Ta = 125°C 008 05 nA/eC
of Input Offset Current Ta=25°CtoTp =-58°C 045 28 nA/eC
Input Bias Current Ta = -55°C 300 600 nA
Input Resistance Ta =-55°C 85 170 1313
input Voitage Range Vg=+15V +8 \
Common Mode Rejection Ratio Rg =10k 80 110 dB
Supply Voltege Rejection Ratio Rg =10k 40 100 vV
Large - Signal Voltage Gain Vg= +15V, R =Z2ka, VouT =+ 10V 25,000 70,000
Output Voltage Swing Vg =+ 15V, R Z 10k £12 414 ’ v
Vg=+15V,RL 22k +10  +13 v
Supply Current Ta = 125°C, Vg =+15V 21 3 mA
Ta =-55°C,Vg=4+15V 27 A5 mA
Power Consumption Ta = 125°C,Vg=+15V 63 90 mwWw
Ta=-55°C,Vg=+15V 81 135 mw
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Linear Integrated Circuit HA 709A

EXTENDED TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)

QUTPUT YOLTAGE SKING YERSUS
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Linear Integrated Circuit A 709/

DC CHARACTERISTICS AS A FUNCTION OF AMBIENT TEMPERATURE

YOLTAGE GAIN YERSUS
AMBIENT TEMPERATURE

INPUT OFFSET CURRENT
YERSUS AMBIENT TEMPERATURE
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Linear Integrated Circuit tA709A

AC CHARACTERISTICS

RELATIVE VALUE

FREQUENCY CHARACTERISTICS

YERSUS SUPPLY YOLTAGE

FREQUENCY CHARACTERISTICS
VERSUS AMBIENT TEMPERATURE

EXTENDED TEMPERATURE RANGE

SLEW RATE VERSUS
CLOSED-LOOP GAIN
USING RECDMMENDED
COMPENSATION NETWORKS
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Linear Integrated Circuit pA709 A

EXTENDED TEMPERATURE AANC

DEFINITION OF TERMS

INPUT OFFSET VOLTAGE - That voltage which must be applied between the input terminals to obtain zero output voltage. The input offset volt
age may also be defined for tha case where two equal resistances are inserted in series with the input leads.

INPUT OFFSET CURRENT - The difference in the currents into the two input terminals with the output at zero volts.

INPUT RESISTANCE - The resistance looking into either input terminal with the other grounded.

INPUT BIAS CURRENT - The average of the two input currents.

INPUT VOLTAGE RANGE - A range of voltage which, if exceeded on either input terminal, could cause the amplifier to cease functioning properly
INPUT COMMON MODE REJECTION RATIO - The ratio of the input voltage range to the maximum change in input offset voltage over this rang:

LARGE-SIGNAL VOLTAGE GAIN - The ratio of the maximum output voltage swing with load to the change in input voltage required to drive th
output from zero 10 this voltage.

OUTPUT VOLTAGE SWING - The peak output swing, referred to zero, that can be obtained without clipping.

OUTPUT RESISTANCE - The resistance seen looking into the output terminal with the output at nuil. This parameter is defined only under sma
signal conditions at frequencies above 2 few hundred cycles to eliminate the influence of drift and thermal feedback.

POWER CONSUMPTION - The DC power required to operate the amplifier with the output at zero and with no load current.
SUPPLY VOLTAGE REJECTION RATIO - The ratio of the change in input offset voltage to the change in supply voltage producing it.

TRANSIENT RESPONSE - The closed - loop step function response of the amplifier under small - signal conditions.
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Linear integrated circuit

nA709C

STANDARD TEMPERATURE RANGE
0°C to 70°C

e LOW OFFSET
o HIGH INPUT IMPEDANCE
o LOW POWER CONSUMPTION

ORDERING NUMBERS

U5B770939X (for package No. 1)
U6E7709393 (for package No. 2)

High performance

operational amplitier

The pA709C is a high-gain operational amplifier constructed
on a single silicon chip using the planar epitaxial process. It
features low offset, high input impedance, large input com-
mon mode range, high output swing under load and low
power consumption. The device displays exceptional tempe-
rature stability and will operate over a wide range of supply
voltages with little degradation of performance. The amplifier
is intended for use in DC servo systems, high impedance
analogue computers, in low-level instrumentation applications
and for the generation of special linear and nonlinear transfer
functions. For full temperature range operation (-55°C
to +125°C) see pa709 data sheet.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

+]|8V
300 mW

Supply Voltage
Internal Power Dissipation (see note)
Differential Input Voltage + 5V
Input Voltage + 10V
Output Short-Circuit Duration (T 4=25°C) 5 sec
Storage Temperature Range -55°C to +150°C
Operating Temperature Range Q0°C to +70°C
Lead Temperature
(Soldering 60 sec for package No. 1)
(Soldering 10 sec for package No. 2)
Note : raling applies for ambient temperature to + 70°C

300°C
260°C

CONNECTION DIAGRAMS
(top view}

) nC
[ ne

Jupul Freq. Comp. (] 'neut Freq. Cone

v, Input [ vee
Non- v, Inpul 1l Outoul
‘e 1) Gutpul Fren Comp

il nc

Package No. 2

PACKAGE No.1

PACKAGE No. 2

PHYSICAL DIMENSIONS
similar to
Jedec TO 99 outline

45°

% 9

: ¢
'_| Q

T e

Nole : All dimensions in mm.

PHYSICAL DIMENSIONS
14- pin plastic DIP

6.5 MAX,
——

{!l u|d ;—~ 4

diz »ib

[» 2|k j

©ow E} !
- R

is |

|

{!e 9;} }L“—

I; <

NI

Note: all dimensions in mm.

JANUARY 1971
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high performance operational amplifier nA709C

ELECTRICAL CHARACTERISTICS (Vcco=t 15V, Ta= 25°C unless otherwise specified)

STANDARD TEMPERATURE RANGE

PARAMETER CONDITIONS Min. Typ. Max Unit
Input Offset Voltage Rg< 10k, + 9V < Vo<t 15V +2 7.5 mV
Input Offset Current + 100 +500 nA
Input Bias Current 0.3 1.5 uA
Input Resistance 50 250 kQ
Output Resistance 150 [¢]
Large-Signal Voltage Gain Rp = 2kQ, Voyr=:I10V 15,000 45,000
Output Voltage Swing Rp = 10kQ 12 + 14 v
RL>2k0 £ 10 + 13 v
Input Voltage Range + 8 + 10 A
Common Mode Rejection Ratio [Rg< 10kQ 65 90 dB
Supply Voltage Rejection Ratio [Rg< 10kQ 25 200 pv/v
Power Consumption VouT=0 80 200 mWw
Transient Response (Unity
Gain) VIN=20mV, Ry =2kQ, Cy=5000pF
Rise Time Ry=15kQ, C3=200pF, Ry, =500 03 ns
Qvershoot Ci < 100 pF 10 %
The following specifications
apply for 0°C < Ty <+ 70°C:
Input Offset Voltage Rg<10kQ, 9V < Voo st 15V +10 mV
Input Offset Current +750 nA
Input Bias Current 2 pA
Large-Signal Voltage Gain Ry > 2kQ, Voyr=1¢ 10V 12,000
Input Resistance 35 kQ
INPUT FREQUENCY COMPENSATION
EQUIVALENT CIRCUIT [}
L) NN
1 N
.,,—
r] ouTpUT
i
'1 ouTPuT
FREQUENCY
INVERTING COMPENSATION

INPUT

I

e,
NON - INVERTING
INPUT O—L

146

O V-CC



high performance operational amplifier pA709C

STANDARD TEMPERATURE RANGE

GUARANTEED ELECTRICAL CHARACTERISTICS

INPUT COMMON MODE

VOLTAGE GAIN OUTPUT VOLTAGE SWING VOLTAGE RANGE
15k | J I 30 | 12
T LT [T
°C ST, $70°C 0°C < Ty £ 70°C
- Locs Ty s 70°C = o7 A T : A
: —— = £ H =
=
w10k [ ] 5o l{ W& L] i,
2 N 5 Sy = - ——
z W f,__ W - Pis - ] WA
=] T W L /1; = o 1
> o o =l —
a ¥ g 1
8 sk Y10 8
. 5 o
3 2 g
a v 5 3 2
o Y =
w =
o [}
0 0 °
9 o o1 1z 13 14 s 9 . u 12 1 PR q v 1 12 1 a1
SUPPLY VOLTAGE - =V SUPPLY VOL TAGE - +V SUPPLY VOLTAGE - £V
TYPICAL PERFORMANCE CURVES
FRAEQUENCY RESPONSE
VOLTAGE TRANSFER CHARACTERISTIC FREQUENCY COMPENSATION CIRCUIT FOR VARIOUS CLOSED~ LOOP GAINS
BT 7 m—— — @ SO T T TITT T ""I”
Vee = 15V K//s —r © Voo =£15V Ta=25°C
! = c, = - = 3pF
R = 0k0 / 3 0 | = 10pF Rj Cy=3p
z i o LI
1 w
. +70°C o 1T T ¢ It 1 11!
g 3 2 €] =100pF Ry =15k Cp=3pF
a I = 40 !
4 2
o ©
3 P PR RALSL S e i P
v J S ,p|C1=500F Ry ~Lsk Cp = 20pF
£ / : LN
o = LT
o LI L O R )
°© & lcy=snE Ry =Lskd Cp = 2000F
i 3 ¢
.10 ]
J * Use R, = 502 when the anplilier 15 operalea o N
.15 wilh capacilive loading 20
1 06 02 0 02 es 1 1k 10k 100 ™ I
INPUT VOLTAGE - mV FREQUENCY - Hz
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high performance operational amplifier  A709C

STANDARD TEMPERATURE RANGE

DEFINITION OF TERMS

INPUT OFFSET VOLTAGE - That voltage which must be applied between the input terminals to obtain zero output voltage.
The input offset voltage may also be defined for the case where two equal resistances are inserted in series with the input leads.

INPUT OFFSET CURRENT - The difference in the currentsinto the two input terminals with the output at zero volts.
INPUT RESISTANCE - The resistance looking into either input terminal with the other grounded.
INPUT BIAS CURRENT - The average of the two input currents.

INPUT VOLTAGE RANGE - A range of voltage which, if exceeded on either input terminal, could cause the amplifier to cease
functioning properly.

INPUT COMMON MODE REJECTION RATIO - The ratio of the input voltage range to the maximum change in input offset
voltage over this range.

LARGE-SIGNAL VOLTAGE GAIN - The ratio of the maximum output voltage swing with load to change in input voltage
required to drive the output from zero to this voltage.

OUTPUT VOLTAGE SWING - The peak output swing, referred to zero, that can be obtained without clipping.

QUTPUT RESISTANCE -The resistance seen looking into the output terminal with the output at null. This parameter is defined
only under small signal conditions at frequencies above a fcw hundred cycles to eliminate the influence of drift and thermal
feedback.

POWER CONSUMPTION - The DC power required to operate the amplifier with the output at zero and with no load current.

SUPPLY VOLTAGE REJECTION RATIO - The ratio of the change in input offset voltage to the change in supply voltage
producing it.

TRANSIENT RESPONSE - The closed-loop step function response of the amplifier under small-signal conditions.
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QSILICON PLANAR LINEAR INTEGRATED CIRCUIT uA 7 10

high speed differential
| comparator

EXTENDED TEMPERATURE RANGE, —56°C + 125°C The uA 710 is a differential voltage comparator intended for appli-

cations requiring high accuracy and fast response times. It is con-
structed on a single silicon chip using the Pianar epitaxial
process. The device is useful as a variable threshold Schmitt trigger,
a pulse height discriminator, a voltage comparator in high -speed
A-D converters, a memory sense amplifier or a high-noise immunity
line receiver. The output of the comparator is compatible with all in-
tegrated logic forms.

CONNECTION DIAGRAM
{Top View}

ABSOLUTE MAXIMUM RATINGS
{above which the usaful life may be impaired)

NON-INVERTING

INPUT
N.C.
Positive Supply Voltage 14V
Negative Supply Voltage 7V
INVERTING ) Peak Output Current 10mA
INPUT Differential Input Voltage t5V
Input Voltage +7V
V- Internal Power Dissipation (Note 1) 300 MW
Operating Temperature Range -55°C to 125°C
Nota : Pin 4 connected to case. Storage Temperature Range 65°C to 150°C
Lead Temperature {Soldering, 60 sec) 300°C
ORDERING NUMBER
U5B771031X NOTES : on the following page.

SCHEMATIC DIAGRAM PHYSICAL DIMENSIONS

O Vi in accordance with
JEDEC TO-99 outline

Qs . SEATING PLANE
L2 1 MAX
MIN,
R}
| 5000 1 %
i v
i E!: ~ e . 5 N
I N «
i NON-INVERTING = N e N
i INPUT ol b2 al e 8 N
— @S| @ ]
INVERTING ¢, Kul i 1 B o
INPUT t QUTPUT:
GROUND O Qg
BLEADS| 1.3 47
048, MAX

0.40

Notes: All dimensions in mm.

‘MARCH 1970
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Linear Integrated Circuit A 71(

ELECTRICAL CHARACTERISTICS (T =+25°C, V* =12V, V™= -6V unless otherwiss specitied)

EXTENDED TEMPERATURE RAN(

Power Consumption

NOTES:

{1) Rating applies for case temperatures to +125°C; derate linearly at 6.6 mW/°C for ambient temperatures above +105°C.
{2) The response time specified (see definitions) is for a 100 mV input step with 5SmV overdrive,
(3) The input offset voltage and input offset current (see definitions) are specified for a logic threshold voltage of 1.8V at -55°C, 1.4V at + 25°C

and 1V at +125°C.

PARAMETER CONDITIONS MIN, TYP. MAX, UNIT.
(see definitions)
Input Offset Voltage (Note 3} Rg <2000 06 2 mV
Input Oftset Current {Note 3) 0.75 3 uh
Input Bias Current 13 20 UA
Voltage Gain 1250 1700
Output Resistance 200 Q
Output Sink Current BAVin = 5mV, Vg, =0 2 25 mA
Response Time (Note 2} 40 ns
The following specifications apply for -565°C < T 5 < +125°C:
Input Offset Voltage (Note 3} Rg <2009 3 mv
Average Temperature Cosfficient of Rg =500
input Offset Voltage Tp=25°Cto Ty =125°C 35 10 uv/fec
Tpo=26°Cl0Tp= -55°C 27 10 uv/ec
Input Offset Current {Note 3) Tp =+1256°C 0.25 3 LA
Tp =-55°C 18 7 uA
Average Temperature Coefficient of Ta= 25°CtoTp="+ 125°C 5 25 nA/eC
{nput Offset Currant Tp=25°Cto Tp =-65°C 15 75 nA/PC
Input Bies Current T =-65°C 27 45 uA
Input Voltage Range v =7V +5 v
Common Mode Rejection Ratio Rg <2000 80 100 dB
Differential input Voltage Range +5 A
Voltage Gain 1000
Positive Output Level AVinp Z5mV, 0 £ 15,4 < 5MA 25 32 4 \
Negative Output Level AV, = 5mV -1 0.5 0 \
QOutput Sink Current aVin Z25mV, Vg, =0
Tp=+125°C 05 1.7 mA
Tp =-55°C 1 23 mA
Positive Supply Current Vout =0 5.2 9 mA
Negative Supply Current 46 7 mA
90 150 mw
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Linear Integrated Circuit LA 710

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)

VYOLTAGE TRANSFER CHARACTERISTIC

> _V‘L=1zv .
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Linear Integrated Circuit uA 71C

EXTENDED TEMPERATURE RANG

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)

RESPONSE TIME FOR RESPONSE TIME FOR
> VARIOUS INPUT OVERDRIVES >, VARIOUS INPUT OVERDRIVES - COMMON MODE PULSE RESPONSE
: w > T
&5 3 l | ,g ! v, ~ | Z> 3 vis 12V _
.“: REXS A5 5, NL | g gg' , V- =6V
o 2 [] a
> |omy £ 4 e | tems NN :.‘51
- 5
5 T 2 T N fsmv ] oo
2 o i/ £ Lamy B gy g N 25 s0:
> a =3
(=) -1 (5] - —
— —V,
! / ouT
H o [0
> AN . 2 >
M= w
E - -100 -
€ 100 v oo g 3 2o
& 50 2 % Z ==
< =
= - vty 2
2 ° 5 0 LY eo
> g L 11 3
> 0 20 40 60 80 100 120 = 0 2 40 60 80 100 120 0 20 80 120 160
= TIME - ns TIME - ns

DEFINITION OF TERMS

LOGIC THRESHOLD VOLTAGE - The approximate voltage at the output of the comparator at which the loading logic circuitry changes its digi
state. For the uA 710 this voltage has been fixed at + 1.4V {see note 3).

INPUT OFFSET VOLTAGE - The voltage between the input terminals when the output is at the logic threshold voltage. The input offset volt:
may also be defined for the case where two equal resistances are inserted in series with the input leads.

INPUT OFFSET CURRENT - The difference in the currents into the two input terminals with the output at the logic threshold voltage.

INPUT BIAS CURRENT - The average of the two input currents.

INPUT VOLTAGE RANGE - The range of voltage on the input terminals for which the comparator will operate within specifications.

INPUT COMMON MODE REJECTION RATIO - The ratio of the input voltage range to the maximum change in input offset voltage over this ran
DIFFERENTIAL INPUT VOLTAGE RANGE - The range of voltage between the input terminals for which operation within specifications is assure
VOLTAGE GAIN - The ratio of the change in output voltage to the change in voltage between the input terminals producing it with the DC outp
level in the vicinity of the logic threshoid voltage.

RESPONSE TIME - The interval between the application of an input step function and the time when the output crosses the logic threshold volitac
The input step drives the comparator from some initial, saturated input voltage to an input level just barely in excess of that required to bring t
output from saturation to the logic threshold voltage. This excess is referred to as the voltage overdrive.

POSITIVE QUTPUT LEVEL - The DC output voltage in the positive direction with the input voltage equal to or greater than a minimum specifi
amount.

NEGATIVE OUTPUT LEVEL - The DC cutput voltage in the negative direction with the input voltage equal to or greater than a minimum specifi
amount.

OUTPUT SINK CURRENT - The maximum negative current than can be delivered by the comparator.

PEAK OUTPUT CURRENT - The maximum current that may flow into the output load without causing damage to the comparator.

OUTPUT RESISTANCE - The resistance seen looking into the output terminal with the DC output level at the logic threshold voltage.

POWER CONSUMPTION - The DC power into the amplifier with no output load. The DC power will vary with signal level, but is specified a
maximum for the entire range of input - signal conditions.
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Linear integrated circuit

nA710C

STANDARD TEMPERATURE RANGE,
0°C to 70°C

IMPROVED SPECIFICATIONS

SmV MAXIMUM OFFSET VOLTAGE
5 pA MAXIMUM OFFSET CURRENT
1000 MINIMUM VOLTAGE GAIN

20 pV/°C MAXIMUM OFFSET VOLTAGE
DRIFT

ORDERING NUMBERS

U5B771039X (for package No. 1)
U6E7710393 (for package No. 2)

High-speed differen-

tial comparator

The pA 710C is a differential voltage comparator intended
for applications requiring high accuracy and fast response
times.It is constructed on a singje silicon chip using the planar
epitaxial process. The device is useful as a vartable threshold
Schmidt trigger, a pulse height discriminator, a voltage
comparator in high-speed A-D converters, a memory sense
amplifier or a high-noise immunity line receiver. The output
of the comparator is compatible with all integrated logic
forms. For full temperature range operation (-55°C to
+125°C) see pA 710 data sheet.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

Positive Supply Voltage 14V
Negative Supply Voltage -7V
Peak Output Current 10 mA
Differential Input Voltage 5V
Input Voltage 7V

300 mW
0°C to + 70°C
-55°Cto + 150°C

Internal Power Dissipation (Note 1)
Operating Temperature Range
Storage Temperature Range

Lead Temperature

(Soldering 60 sec for package No. 1) 300°C

(Soldering 10 sec for package No. 2) 260°C
Notes on the following page.
CONNECTION DIAGRAMS PACKAGE No. 1 PACKAGE No. 2
{top view} PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS
v in accordance with 14- pin plastic DIP
¢ JEDEC TO-99 outline s Max
SEATING PLANE
o
z |
V(':c L -
Package No. 1 T
He ig 14 huc : ]
Gnd [ ] jt] ]NC
Bl
Hon-inv. Input ] f ne g | 4 3
Ime. Input a0 N \':c - ! . 1] { 2
NC i [ ne L. j]ﬁ”l - f:E d]
B E R -
Vee ! ) ovau W 4|
NC o 8 Inc 0&.0%0DA
Packaga No. 2 Note: all dimensions in mm, Note: all dimensions in mm,

JANUARY 1971
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high-speed differential comparator pA710C

STANDARD TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS (T = 25°C, VEC: 12V, Vo= -6V unless otherwise specified)

PARAMETER CONDITIONS (Note 3) Min. Typ. Max. Unit |
Input Offset Voltage (Note 3) Rg <. 200 0 +1.6 +5 mV
Input Offset Current (Note 3) + 1.8 +5 BA
Input Bias Current 16 25 pPA
Voltage Gain 1000 1500
Output Resistance 200 9]
Output Sink Current ZVIN - 5mY, Vour=0 1.6 2.5 mA
Response Time (Note 2) 40 nsec
The following specifications apply for
0°C < Tp <+ 70°C:
Input Offset Voltage (Note 3) Rg = 200 0 6.5 mV
Average Temperature Coefficient of
Input Offset Voltage Rg=500, Tao=0°CtoTpa=+70°C 5 20 pv/eC
Input Offset Current (Note 3) +7.5 nA
Average Temperature Coefficient of |
Input Offset Current TA= 25°Cto TA =+70°C 15 50 nA/°C
Ta=25°Cto Ty =0°C 24 100 nA/°C
Input Bias Current Ta=0°C 25 40 pA
Input Voltage Range Vee=-7V 5 v
Common Mode Rejection Ratio Rg=200Q Vcpm=15SY 70 98 dB
Differential Input Voltage Range +5 v |
Voltage Gain 800
Positive Output Level AVIN = 5mV, 0= IgyT < 5 mA 2.5 3.2 4 v
Negative Output Level AVIN > 5mV -1 -0.5 0 \4
Output Sink Current AVIN = 5mV, VoyT=0 0.5 mA |
Positive Supply Current VouTr =0 5.2 9 mA
Negative Supply Current VouT <0 -4.6 -7 mA
Power Consumption Voutr =<0 90 150 mW |
EQUIVALENT CIRCUIT oV
NON-INVERTING
INPUT
:;‘;:UE_'?T'NG O—K‘— J o 0uTAyT
crownn ©

ce

NOTES :

1) Ratings apply for ambient temperature to +70°C.

2) The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive.

3) The input offset voltage and input offset current (see definitions) are specified for a logic threshold voltage of 1.5V at 0°C, 1.4V at+25°C and
1.2V at +70°C.
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high-speed differential comparator nA710C

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (T = 25°C, Vee t=12v, Vee™ = -6 V unless otherwise specified)

OUTPUT VOLTAGE - V

INPUT BIAS CURRENT - 2 A

POWER CONSUMPTION - mV

VOLTAGE TRANSFER CHARACTERISTIC

VOLTAGE GAIN AS A FUNCTION
OF AMBIENT TEMPERATURE

VOLTAGE GAIN AS A FUNCTION
OF SUPPLY VOLTAQGES
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high-speed differential comparator p A710C

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (Tp = 25°C, Vioe = 12V, Voo = - 6V unless otherwise specified)

RESPONSE TIME FOR RESPONSE TIME FOR
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DEFINITION OF TERMS

LOGIC THRESHOLD VOLTAGE — The approximate voltage at the output of the comparator at which the loading logic
circuitry changes its digital state.

INPUT OFFSET VOLTAGE — The voltage between the input terminals when the output is at the logic threshold voltage. The
input offset voltage may also be defined for the case where two equal resistances are inserted in series with the input leads.
INPUT OFFSET CURRENT — The difference in the currents into the two input terminals with the output at the logic thre-
shold voltage.

INPUT BIAS CURRENT — The average of the two inputs currents.

INPUT VOLTAGE RANGE — The range of voltage on the input terminals for which the comparator will operate within
specifications.

INPUT COMMON MODE REJECTION RATIO — The ratio of the input voltage range to the maximum change in input offset
voltage over this range.

DIFFERENTIAL INPUT VOLTAGE RANGE — The range of voltage between the input terminals for which operation within
specifications is assured.

VOLTAGE GAIN — The ratio of the change in output voltage to the change in voltage between the input terminals producing
it with the DC output level in the vicinity of the logic threshold voltage.

RESPONSE TIME — The interval between the application of an input step function and the time when the output crosses the
logic threshold voltage. The input step drives the comparator from some initial, saturated input voltage to an input level just
barely in excess of that required to bring the output from saturation to the logic threshold voltage. This excess is referred to as
the voltage overdrive.

POSITIVE OUTPUT LEVEL — The DC output voltage in the positive direction with the input voltage equal to or greater than
a minimum specified amount.

NEGATIVE OUTPUT LEVEL — The DC output voltage in the negative direction with the input voltage equal to or greater
than a minimum specified amount.

OUTPUT SINK CURRENT — The maximum negative current that can be delivered by the comparator.

PEAK OUTPUT CURRENT — The maximum current that may flow into the output load without causing damage to the com—
parator.

QUTPUT RESISTANCE — The resistance seen looking into the output terminal with the DC output level at the logic threshold
voltage.

POWER CONSUMPTION — The DC power into the amplifier with no output load. The DC power will vary with signal level, but
is specified as a maximum for the entire range of input-signal conditions.
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SILICON PLANAR LINEAR INTEGRATED CIRCUIT

nA711

EXTENDED TEMPERATURE RANGE, - 55°C + + 125°C

CONNECTION DIAGRAM

(Top view}

! INVERTING

NPUT 2

NON-INVERTING
v WPUT 7

Nole Fi.5 connected to case.

ORDERING NUMBER
UBF771131X

dual comparator

The uA711 is a dual,differential voltage comparator intended primar-
ily for core-memory sense amplifier applications. The device fea-
tures high accuracy, fast response times, large input voltage range,
low power consumption and compatibility with practically all inte-
grated logic forms. When used as a sense amplifier, the threshold
voltage can be adjusted over a wide range, almost independent of
the integrated circuit characteristics. Independent strobing of each
comparator channel is provided, and pulse stretching on the output
is easily accomplished. Other applications of the dual comparator
include a window discriminator in pulse height detectors and a dou-
ble-ended limit detector for automatic go/no-go test equipment. The
uA711, which is similar to the uA710 differential comparator, is
constructed on a 40-mil square silicon chip using the Planar epitaxial
process.

ABSOLUTE MAXIMUM RATINGS
{above which the useful life may be impaired)

Positive Supply Voltage 14V
Negative Supply Voltage 7V
Peak Output Current 50mA
Differential Input Voltage +5V

Input Voltage + 7V
Strobe Voltage Oto+6V
Internal Power Dissipation (Note 1) 300 mwW

-55°C to + 125°C
-65°C to + 150°C
+300°C

Operating Temperature Range
Storage Temperature Range
Lead Temperature {Soldering, 60 sec)

NOTES : On the following page.

SCHEMATIC DIAGRAM

STRQBE ! STROBE ?

PHYSICAL DIMENSIONS
in accordance with
JEDEC TO-100 outiine

INVERTING
WPUT

HOM-INVERTING
INPUT |

Y o T2.7MIN. IMAX.
* % =
t | S— 1 W
INPUT 2 [—1 & 4
= @
HOM-INVERT ING 16LEADS |
INPUT 2 0485, 1.1MAX 4.7
0.40 5

Note : sli dimensions in mm.

MARCH 1970
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Linear Integrated Circuit pA 711

EXTENDED TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS (Ta=25°C,V¥=12V, V"= -6 V unless otherwise noted)

PARAMETER ({see definitions) CONDITIONS Min, Typ. Max. UNIT
Input Offset Voltage VoUT =+ 1.4V, Rg=2008,Vem =0 1 3.5 mV
VouT=+14V, Rg=2000 1 5 mv
Input Offset Current VouT=+ 14V 0.5 10 uA
Input Bias Current 25 75 LA
Voltage Gain 750 1500
Response Time {Note 2} 40 nsec
Strobe Release Time 12 nsec
Input Volitage Range Vi=_7vy + V]
Differential tnput Voltage Range +5 \Y%
Output Resistance 200 Q
Positive Output Level VINZ 10 mVv 45 5 v
Loaded Positive Output Level VINZ 10mV, Ig=5mA 25 35 \
Negative Qutput Level VINZ 10 mV B -0.5 0 \
Strobed Output Level Vstrobe £ 0.3V -1 0 \
Qutput Sink Current VINZ 10 mV, VoyT 20 05 08 mA
Strobe Current Vstrobe =0 1.2 25 mA
Positive Supply Current VouT 20 8.6 mA
Negative Supply Current 39 mA
Power Consumption 130 200 mw
The following specifications epply for -55°C = Ta < +125°C :
Input Offset Voltage {Note 3) Rs <2000, Vem=0 45 mv
Rs <200 Q 6 mv
Input Offset Current {Note 3) 20 uA
Input Bias Current 150 uA
Temperature Coefficient of input 5 uv/ecC
Offset Voltage
Voltage Gain 500
NOTES :

{1) Rating applies for case temperatures to + 126°C; derate linearly at 6.6 mwW/°C for ambient temperature above 105°C,
{2) The response time specified {see definitions) is for a 100 mV input step with 5 mV overdrive.

{3) The input offsat voltage (see definitions) is specified for a logic threshold voltage of 1.8 V at -55°C, 1.4"." at +25°C and 1 V at + 125°C,
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Linear Integrated Circuit pA 711

EXTENDED TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)

YOLTAGE GAIN VERSUS
AMBIENT TEMPERATURE

YOLTAGE GAIN YERSUS

VOLTAGE TRANSFER CHARACTERISTIC SUPPLY VOLTAGES
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INPUT "ULTAGE -m. AMBIENT TEMPERATURE - C PQSITI. E SUPPLY VOLTAGE - V
RESPONSE TIME FOR STROBE RELEASE TIME FOR OUTPUT PULSE STRETCHING
> 5 VARIOUS SNPUT OVERDRIVES > VARIOUS INPUT OVERDRIVES WITH CAPACITIVE LOAOING
. 3 T T
w ool ]| I w L — T
Sy : / | e oy
= 3 A A 52 / — -
RETE bvd tsm.| 171 2 ]
m L w1 >, _
T A 2m. w | 5.1K02
= / d | o w
= 0 / @ =] c +—
> > | [ = / / L
S .1 S 6V
v -1z ) z ” \ B 2 9 s 4
- ! o< S N,
- = -6V w SV |—s] é_ v 'é I,l . W qu, N2~
€ < / 0 =) o TGN
u‘J lo2 [ Yy 11— > oy
2% g /4 ° .
=0 Zoo 2 Im . —— V= T2y,
s = - “2—vy- =gy
s £ [ |
s £, L1
> 0 . 0 60 80 - 120 3 o 10 2 30 0 50 0 100 00 300 200 500
z TIME - ns TIME - ns TIME - ns
INPUT BIAS CURRENT VERSUS POWER CONSUMPTION VERSUS
COMMON MOLE PULSE RESPONSE s AMBIENT TEMPERATURE - AMBIENT TEMPERATURE
T I T
>'3L v+=12v [\\ | v* oz Le
w V=gV V-V voo=-eY
w22 Y < N VA -J .
ar 1 \ T
=21 . .
=z - S
g 5o 5 = =4
3a g a »
oz ouT— 3 P ER = ~
v on z LT
< ~—] o
> @ ™ o
| 2 ’é u
o
9 = 1 o
"§ i z 0 2
z - 00—
=4
g 2 0 120
0 0 80 120 160 0 -2 20 ) 00 140 ) 0 ) 60 100 140
TIME - ns T, - AMBIENT TEMPERATURE - o€ T, ~ AMBIENT TEMPERATURE - oC

159



Linear Integrated Circuit wA 711

EXTENDED TEMPERATURE RANGE

DEFINITION OF TERMS

LOGIC THRESHOLD VOLTAGE - The approximate voltage at the output of the comparator at which the loading logic circuitry changes its digital
state.  For the uA711 this voltage has been fixed at + 1.4 V (see note 3).

INPUT OFFSET VOLTAGE* - The voltage between the input terminals when the autput is at the logic threshold voltage. The input offset voltag:
may also be defined for the case where two equal resistances are inserted in series with the input leads.

INPUT OFFSET CURRENT™ - The difference in the currents into the two input terminals with the output at the logic threshold voltage.

INPUT BIAS CURRENT* - The average of the two input currents,

INPUT VOLTAGE RANGE® - The range of voltage on the input terminals for which the comparator will operate within specifications.
DIFFERENTIAL INPUT VOLTAGE RANGE™* - The range of voltage between the input terminals for which operation within specifications is assure

VOLTAGE GAIN*® - The ratio of the change in output voltage 1o the change in voltage between the input terminals producing it with the DC outpu
level in the vicinity of the logic threshoid voltage.

RESPONSE TIME* - The interval between the application of an input step function and the time when the output crosses the logic threshold voltag:
The input step drives the comparator from some initial, saturated input voltage to an input level just barely in excess of that required to bring the ou
put from saturation to the logic threshold voltage. This excess is referred to as the voltage overdrive.

STROBE RELEASE TIME® - The time required for the output to rise to the logic threshold voltage after the strobe terminal has been driven fror
the zero to the one logic level. Appropriate input conditions are assumed.

POSITIVE OUTPUT LEVEL™ - The DC output voltage in the positive direction with the input voltage equal to or greater than a minimum specifies
amount,

NEGATIVE OUTPUT LEVEL™ - The DC output voltage in the negative direction with the input voltage equal to or greater than a minimum specifiec
amount.

OUTPUT SINK CURRENT - The maximum negative current that can be delivered by the comparator.
PEAK QOUTPUT CURRENT - The maximum current that may flow into the output load without causing damage to the comparator.
OUTPUT RESISTANCE® - The resistance seen looking into the output terminal with the DC output lavel at the logic threshold voltage.

STROBED QUTPUT LEVEL® - The DC output voltage, independent of input voltage, with the voltage on the strobe terminal equal to or less than .
minimum specified amount.

STROBE CURRENT - The maximum current drawn by the strobe terminal when it is at zero logic level,

POWER CONSUMPTION - The DC power into the amplifier with no output load. The DC power will vary with signal level, but is specified as a maxi
mum for the entire range of input-signal conditions.

*These definitions apply for either side with the other disabled with the strobe.
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‘,Linear integrated circuit uA711C

Dual comparator

STANDARD TEMPERATURE RANGE, The pA711C -is a dual, differential voltzze comparator
0°C to 70°C intended primarily for core-memory sense amplifier appli-
cations. The device features high accuracy, fast response
times, wide input voltage range, low power consumption
and compatibility with pratically all integrated logic forms.
When used as a sense amplifier, the threshold voltage can be
adjusted over a wide range, almost independent of the in-
tegrated circuit characteristics. Independent strobing of each
e FAST RESPONSE TIMES comparator channel is provided, and pulse stretching on the
¢ LOW POWER CONSUMPTION output is easily accomplished. Other applications of the dual

comparator include as window discriminator in pulse height
o COMPATIBLE WITH LOGIC FAMILIES detectors and as double-ended limit detector for automatic

go/no-go test equipment. The pA711C, which is similar
to the pA710C differential comparator, is constructed on
a silicon chip by means of the planar epitaxial process. For
full temperature range operation (-55°C to + 1259C) see
WAT!1 data sheet.

ABSOLUTE MAXIMUM RATINGS

Positive Supply Voltage 14V
Negative Supply Voltage -7V
| Peak Output Current 50 mA
Differential Input Voltage 5V
Input Voltage +7V
Strobe Voltage 0Vto 6V
Internal Power Dissipation (Note 1, over) 300 mW
Operating Temperature Range 0°C to « 70°C
ORDERING NUMBERS St%rage Tempefature Rangeg -55°Cto+ 150°C

USF771139X (for package No. 1) Lead Temperature
UG6E7711393 (for package No. 2) (Soldering 60 sec. for package No. 1) 300°C
(Soldering 10 sec. for package No. 2) 260°C

CONNECTION DIAGRAMS PACKAGE No. 1 PACKAGE No. 2
{top view) PHYSICAL DIMENSIONS PHYSICAL DIMENSIONS
in accordance with 14- pin plastic DIP
JEDEC TO-100 outline 6.5 MAX.
S84TYP 3.2)

NC < i
Inv. inpul 1 i YT 4112 Bl [= |
85-77 i
Non-dav. Inpul 1 412 2| = 5;
o~ 4 1 o H
vec i l [ : ] s :
| - 3 o] |5 | =
Non-Inv. Inpul 2 i !
on-lnw. Inpul 2 [} - “ I i s o\
v, (nput Z z o .
LN S
NC LAY s e
Package No. 2 Note: all dimensions in mm, Note: all dimensions in mm.

JANUARY 1971
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dual comparator

nA711C

STANDARD TEMPERATURE RANG

ELECTRICAL CHARACTERISTICS (Tp=25°C, V(+JC= 12V, Vce=-6V unless otherwise noted)

1
PARAMETER CONDITIONS Min. Typ. Max. Unit
Input Offset Voltage Vout=+ 1.4V, Rg=<2000Q + 1 5 mV
VouTr=+ 1.4V, Rg<200Q, Vgom=t 5V
Vée=-1V + ] 75 mV
Input Offset Current Vout=+ 1.4V 0.5 + 15 HA
Input Bias Current VeMm= + 5V 25 100 uA
Voltage Gain 700 1500
Response Time (Note 2) 40 nsec
Strobe Release Time 12 nsec
Input Voltage Range Vee= -7V +5 v
Differential Input Voltage
Range +5 v
Output Resistance 200 o
Positive Output Level VIN = 10 mV 4.5 S v
Loaded Positive Output Level |VIN:+ 10mV, [g=5mA 2.5 35 A
Negative Qutput Level VIN # 10 mV -1 -0.5 0 v
Strobed Output Level Vstrobe © 0.3V -1 0 A
Output Sink Current VIN® 10mV, VgouT~0 0.5 0.8 mA
Strobe Current Vstrobe = 100mV -1.2 -2.5 mA
Positive' Supply Current Voutr= 0 8.6 mA
Negative Supply Current Voyr~ 0 -3.9 mA
Power Consumption Vour « 0 130 230 mW
The following specifications
apply for 0°C<Tp<+ 70°C:
Input Offset Voltage (Note 3) |Rg = 200 0 *6 mV
Rg<2000, Vem=:5V, Vge=-7V 10 | mv
Input OffsetCurrent (Note 3) +25 DA
Input Bias Current Vem=+ 5V 150 pA-
Average Temperature Coeffi-
cient of Input Offset Voltage |Rg < 2000 5 pv/eC
Voltage Gain 500
EQUIVALENT CIRCUIT
STROBE 1 STROBE 2
OVee
.
e -i&
INPUT 2
O O NOR-INVERTING
NON-JNVERTING INPUT 2

(NPYT 1

NOTES :

1) Rating applies for ambient temperature to + 70°C.
2) The response time specified is for a 100mV input step with 5SmV overdrive.
3) The input offset voltage is specified for a logic threshold vollage of 1.5V at 0°C, 1.4V at + 25°C and 1.2V at + 70°C.
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dual comparator nA711C

STANDARD TEMPERATURE RANGE

TYPICAL ELECTRICAL CHARACTERISTICS (25°C free air temperature unless otherwise noted)

RESPONSE TIME FOR OUTPUT PULSE STRETCHING
VOLTAGE TRANSFER CHARACTERISTIC VARIOUS INPUT OVERORIVES WITH CAPACITIVE LOADING
 Terw AEN o
cc= 12V Yo } b +— QuT
. Vi bV Vi 2 5| 2mv _’7/ 5 mv T—] ]
"
// g 2 1]/ | S
-3 JA—0"c 5o lemv /4mv > 7 5.1k 0 LT
. N 25" c™ | [ w
w 9°c 5 0 / g =)
<2 /i ° -1 52 -6V .
4 >
5 P g N
g # B Vees1vl | I © cx(\, < o 25, |
: y s 3 NN, TS
> / < =0 0 NG Bon
E 5 100 s [ %
=3 o
o - .
[ — c 50 2 Ve 12v
== 0 M Ty- o
! £
- S 0 1 3 5 0 20 40 60 B0 100 120 a 100 200 300 a0 500
INPUT VOLTAGE - mV TIME - us TIME - us
DEFINITION OF TERMS

LOGIC THRESHOLD VOLTAGE - The approximate voltage at the output of the comparator at which the loading logic circui-
| try changes its digital state. For the uA711C this voltage has been fixed at + 1.4V (see note 3).

i INPUT OFFSET VOLTAGE* - The voltage between the input terminals when the output is at the logic threshold voltage. The
input offset voltage may also be defined for the case where two equal resistances are inserted in series with the input leads.
INPUT OFFSET CURRENT* - The difference in the currents into the two input terminals with the output at the logic thre-
shold voltage.

INPUT BIAS CURRENT™ - The average of the two input currents.

INPUT VOLTAGE RANGE* - The range of voltage on the input terminals for which the comparator will operate within
specifications.

DIFFERENTIAL INPUT VOLTAGE RANGE* - The range of voltage between the input terminals for which operation within
specifications is assured.

| VOLTAGE GAIN* - The ratio of the change in output voltage to the change in voltage between the input terminals producing

| it with the DC output level in the vicinity of the logic threshold voltage.

RESPONSE TIME* - The interval between the application of an input step function and the time when the output crosses the
logic threshold voltage. The input step drives the comparator from some initial, saturated input voltage to an input level just
barely in excess of that required to bring the output from saturation to the logic threshold voltage. This excess is referred to as
the voltage overdrive.

STROBE RELEASE TIME* - The time required for the output to rise to the logic threshold voltage after the strobe terminal
! has been driven from the zero to the one logic level. Appropriate input conditions are assumed.

POSITIVE OUTPUT LEVEL* - The DC output voltage in the positive direction with the input voltage equal to or greater than
a minimum specified amount.

NEGATIVE OUTPUT LEVEL* - The DC output voltage in the negative direction with the input voltage equal to or greater
than a minimum specified amount.

OUTPUT SINK CURRENT - The maximum negative current that can be delivered by the comparator.

PEAK OUTPUT CURRENT - The maximum current that may flow into the output load without causing damage to the compa-
rator.

OUTPUT RESISTANCE* - The resistance seen looking into the output terminal with the DC output level at the logic threshold
voltage.

STROBE QUTPUT LEVEL* - The DC output voltage, independent of input voltage, with the voltage on the strobe terminal
equal to or less than a minimum specified amount.

STROBE CURRENT - The maximum current drawn by the strobe terminal when it is at zero logic level.

POWER CONSUMPTION - The DC power into the amplifier with no output load. The DC power will vary with signal level,
but is specified as a maximum for the entire range of input-signal conditions.

* These definitions apply for either side with the other disabled with the strobe.
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MOS INTEGRATED CIRCUITS
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MOS INTEGRATED CIRCUITS

SHIFT REGISTERS

M 120 Static - Single phase - 25-bit

M 122 Static - Two phase - Dual 16-bit

M 124 Static - Single phase - 64-bit

M 125 Dynamic - Two phase - Dual 256-bit
M 127 Static - Two phase - Dual 100-bit

M 130 Dynamic - Two phase - 1024-bit

M 136 Dynamic - Dual 512-bit

M 137 Static - Single phase - Dual 64-bit
M 140 Static - Single phase - Dual 32-bit
M 141 Dynamic - Quad 256-bit

MEMORIES

M 200 Static - Read only - 1024-bit
M 240 Static - Read only - 4096-bit
M 250 Rhythm generator

OTHER FUNCTIONS

M 001 Multifunction gate

M 002 4-phase clock driver

M 003 Quad up/down decade counter
M 004 4-digit multiplexer/decoder

M 005 4-channel multiplexer

M 009 2-channe! multipiexer

E. = Extended temperature range
S. = Standard temperature range
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MOS integrated circuit M 001

Multitunction gate

STANDARD TEMPERATURE RANGE 0°C TO 70°C

The MOO! is a monolithic integrated circuit utilizing
channel enhancement mode MOS technology. The device
can be used to gain familiarity with MOS integrated circuit
logic versatility as a building block in a MOS system, or as
o INPUT GATE PROTECTION a breadboarding gate in the design of complex custom
o OUTPUT DRIVE VERSATILITY integrated circuits.
o LOW POWER CONSUMPTION

o TWO DIFFERENT SUPPLY VOLTAGES

Vpp; -VGo)

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)
Voltage on any Pin (Vyody = 0) -30V to +0.3V
Storage Temperature -55°C to +150°C
Operating Temperature 0°C to +70°C

ORDERING NUMBER

M001 T1

CONNECT!ON DIAGRAM PHYSICAL DIMENSIONS

(Top view} In accordance with
JEDEC TO-73 outline

_12.7min 1max.
I

‘ 1

=

— i
h ~ oo

== o &
i

12 Leads ‘ 5

| o,
0.49 Limax. © 66 ¥
Gg0 DA T Standotf )/(

Notes : All dimensions in mm.
Lead No. 6 internally connected to case,

NOVEMBER 1970
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multfunction gate M 001

ELECTRICAL CHARACTERISTICS (Vpody = 0; Tp = 25°C)

STANDARD TEMPERATURE RANGE

SCHEMATIC DIAGRAM

Vec Voo D1Dg

PARAMETER CONDITIONS Min. Typ. Max UNIT
" Load Resistance Vpp =VGG =27+ 1V Vpi.pg4 = GND 23 32 KQ
Vpp =-13V 11V VoG =-27V+ 1V
, Vp1.D4 = GND 13 18 Kn
On Resistance Vin = -19V IRop = -100 pA 350 1000 Q
Vip=- 9V IRon = -100 pA 500 1200 Q
Input Leakage Current | Vjp = -20V | LA
Threshold Voltage Vpp = VGG = GND Ip=-10pA 33 5.7 v
(VTH)
Input High Voltage -9 \%
Input Low Voltage -3 v
Power Consumption Vpp = -28V 20 mw
TYPICAL RESISTANCE CHARACTERISTICS
PARAMETER CONDITIONS VALUE
R 0ad Vpp=-13V  VgG=-27V Vp; =0V 18 KQ
Vpp=-27V Vgg=-27V Vp| =0V 32 K
Ron VGs=-19V  Vpg<-1V  Vpy=0V 350 Q
Vgs= 9V Vpsi-1V  Vpy =0V 500 0
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multifunction gate M 001

BASIC APPLICATIONS :

Vae Yop

L

ST

3-Input Gate

Pin 9 = GND
Pin 6 = Output
VGG = Vpp =-27V
v
Logic Level oltage Level
Min. Max.
'VOH (1) -14v
VOL (0) 2.9V
Pin 9 = GND
Pin 6 = Output
VpDp = -13V
VGG =271V
Logic Level Voltage Level
ogic eve Min. Max.
VOH (1) -10v
VOL (0) 2.5V
OTHER APPLICATIONS

NOR GATE CONFIGURATION

Pin 8 = Pin 6 = Vot
Pin 9 = Pin 7 = Pin 5 = GND
Vpp = VGG =-27V

Pin 8 = Pin 6 = Vgt
Pin9 = Pin 7 = Pin 5 = GND
Vpp =-13V Vgg =-27V

NAND GATE CONFIGURATION

Vee Voo
Dy-0q
G; 0
Dy-5;
G 0
D3-Sz
6 0

s3 Body

STANDARD TEMPERATURE RANGE

Logic Level

Voltage Level
Min. Max.

VOH (1)
VOL (0)

-14V
-1.2v

Logic Levei

Voltage Levei
Min. Max.

VOH (1)
VOL (0)

2-Input Gate

Pin 8 = GND
Pin 6 = Qutput

-1V

-10V i

VGG =VpD =-27V

Logic Level Voltage Level
0,
Bic Leve Min. Max
IVOH (1) -14V
VOL (0) -2V
Pin 8 = GND
Pin 6 = Qutput
VDD =-13V
VGG =-27V
Logic Level Voltage Level
ogic Leve
gic e Min. Max.
[VOH (1) -10V
[VOL (0) -1.8v

MOS logic provides the versatility to build many different functions. The following circuits show how to build functions using

one or two MOO1 packages. (Vpp = ~27V)

INVERTING BUFFER

bD

T

i

NON-INVERTING BUFFER

DD

EXCLUSIVE NOR

Yoo

C=AB+AB

169




multifunction gate M 001

STANDARD TEMPERATURE RANGE

EXCLUSIVE OR FULL ADDER TTL INTERFACE
Yoo vpp € n+l vpp S
f T
L : |
L Ao
A
| —
A — 8 o—f
8 o—{[ Ao{[ & o—{[ A o—{[Bo—{[tno—]ftro—] C=A+B F=D+E
Vop =-5Y min. at Ip) =- 1.6 mA
8o VoL T2V min.al gy 7 60uA

C = AB +AB

RST FLIP-FLOP

vop v

|
HEENENS =g m
T

DYNAMIC 4-PHASE (4 @) SHIFT REGISTER BIT

Input

co—

®1 ®2
|
@2 Oulpul
Slow +—O Duteu
®1Siow o—| o e
' ¥
——
| loput 0— ’
' -
-
ke

C'n+1=AB + Cn (A+B)

o

S=(A+B8+Cn)C'n+l+ ABCn

TYPE D FLIP-FLOP

Outpul

STATIC (DC) SHIFT REGISTER BIT

Outpy

FREQUENCY DIVIDER (Input = CP)

SN
IOE I A R A
S

— '><| —
..
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MOS integrated circuit

MO002

STANDARD TEMPERATURE RANGE
0°C to 70°C

e HIGH OUTPUT VOLTAGE SWING

e ONLY ONE INPUT SIGNAL REQUIRED

e FOUR PHASES IN ONE TO-100 PACKAGE
o THREE DIFFERENT PHASE MODES

e BIPOLAR COMPATIBLE SYNCHRONIZING
PULSE

4-phase clock driver

The M002 is a P-channel enhancement mode monolithic MOS
integrated circuit. The device generates four clock signals and
is capable of directly driving dynamic, high threshold, MOS
circuits or systems. It requires an external reference fre-
quency and produces output clock signals at a rate equal to
one-fourth the input clock frequency. The output states
change after the positive transition of the input clock. The
output clock signals are available in three different timing
modes which satisfy the majority of all four-phase systems
requirements. These modes are selectable by two external
controt lines (M, N) which can be grounded (“0”)or left
floating (“1”). Low output source impedance in the “0” and
the “1” states is obtained by high efficiency push-pull drivers.
The bipolar compatible sync. pulse is available via an open
drain MOS transistor.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

30V to +0.3V

-30V to+ 0.3V

-55°C to +150°C
500 mW at T4 = 70°C

Input voltage (1)
Supply Voltage (1)
Storage Temperature
Power Dissipation (2)

Note 1 : This voltage is with respect to the Gnd pin voltage
Note 2 : See following page

ORDERING NUMBER
M 002 T1
CONNECTION DIAGRAM
{Top view)
Ve
®in 7 6 #p
unter
NG B) $c
Timing
fogic
MG 7) g
4 B
s 3 N
Gnd

PHYSICAL DIMENSIONS
in accordance with
JEDEC TO-100

388 TYp

1 MAX

12.7 WiN

Note : all dimensions in mm.

APRIL 1971
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4-phase clock driver M 002

ELECTRICAL CHARACTERISTICS : (T4 = 0°C to 70°C, VGG =-27V £ |V unless otherwise noted)

SYMBOL CHARACTERISTIC Min. Max Unit TEST CONDITIONS
INPUT CLOCK (@)
fin Repetition Rate Range 4 2000 kHz
ViLcp “0” Level Voltage -2 v
vIHcp “1” Level Voltage -9 v
Vipw Pulse Width 200 nsec
PHASE OUTPUTS (Qa-0g- 0c-0p)
fout Repetition Rate Range 1 500 kHz
VoL “0” Level Voltage -0.5 \Y oL =2mA
VOH “1” Level Voltage -25.5 v loH =2 mA
tr Rise Time 100 nsec Cp =200pF, Ty =25°C
ty Fail Time 200 nsec see fig. 1
Vov Overlap Voltage -5 v see fig. 2
SYNC. OUTPUT (9g)
Ron “On” resistance 900 Q Vout = 0to-3V
Iy Leakage Current (off) 1 PA Vout = -5V
Note 2 : Power limits are:
S00mWat To =70°C | oot out heat-sink
700 mW at Ty = 25°C
800 mW at Ty = 70°C with a 50°C/W heat-sink
Yout = 5v Yout — Yo
- 20V

tf L

Fig. 1

Vout —_—

Fig. 2
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4-phase clock driver M 002

TYPICAL TIMING DIAGRAM

L (II| e

&

in

o \ i \
N ! ! 2

-

N =#0~

N

-

§

POWER DISSIPATION VS QUTPUT
FREQUENCY AND LOAD CAPACITANCE

1000
- T T T
€| = Tolal load capacilance | 27
| I i
I !
800 |
—+
I/
2 T T
E N '
; 600 4\1@9
a o | i
& > - 4009 -
400 Lt =0
s D F
|
200 L
0 100 200 300 400 500
fout = - kHz Sync. oul driving TTL
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MOS integrated circuit

M o003

EXTENDED TEMPERATURE RANGE
-55°C to 125°C
STANDARD TEMPERATURE RANGE
0°C to 70°C

e FULLY TTL COMPATIBLE

® DC TO IMHz OPERATION
e SINGLE PHASE CLOCK

e INPUT GATE PROTECTION

ORDERING NUMBER

MO003 T1 (for standard temperature range)
MO003 T2 (for extended temperature range)

Quad up/down

decade counter

The M003 is a quad up/down decade counter arranged as
two subsystems of two decades each. Each subsystem has a
single up/down control, zero and nine reset, and clock line.
Common count enable input is provided for all decades,
while synchronous carry-in inputs are available for each
single counter. Constructed on a single monolithic chip
using silicon nitride P-channel technology, the M003 has
its reliability level enhanced by the use of the exclusive
Planox process.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

Input Voltage (1) -20V to 0.3V
Clock Voltage (1) -20V to 0.3V
Supply Voltage (1) -20V to 0.3V

Storage Temperature Range -55°C to 150°C

Note t: This voltage 1s with respect to the Vg pin voltage.

OO BN~

PIN CONNECTION

Vse

Carry OUT 4

CP (3-4)

Carry IN 3b
Carry IN 3a

Reset 0 (3-4)

A3 LSD Third

B3 decade

C3
D3 MSD | outputs

Up/Down (3-4)
D4 MSD
c4 Fourth

B4 ¢ decade

Ad LSD \ outpuls
YGI

Reset to 9 (3-4)
Carry IN 4

CP Enable

Carry OUT 4

YGG
CarryQUT 2
Carry IN 2¢
Carry IN 2b
Carry IN 2a
Reset to 9 (1-2)

A2 LSD
B2 2 Second

2 decade

D2 MSD s outpuls
Up/Down (1-2)

DI MSD .
Cl First
Bl decade
Al LSD / outputs
Reset to 0 (1-2)
Carry IN la

Carry IN b
CP(1-2)

Carry OUT 1

PHYSICAL DIMENSIONS
40 lead ceramic DIP

L8

48.26 16.24

50.038

10.16

L EXZXEX XA LEEEEX]
%0

= o

The package can be available
in P044 SGS-ATES package.

FEBRUARY 1973 - Preliminary Information
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Quad up/down decade counter M 003

ELECTRICAL CHARACTERISTICS (T4 = 0°C to 70°C; VG =-12V 2 1V; V51 = -5V £ 0.25V; Vgg =+ 5V : 0.25V,
unless otherwise noted)

SYMBOL CHARACTERISTICS Min Typ. Max. Unit TEST CONDITIONS
CLOCK PULSES

f Repetition Rate Range 0 1 MHz

Cow ]l;u}se \SNidlh ] 288 ns

¢d ulse Separation ns

. tf | Rise and Fall Time 1000 | ns Ta=25°C  sce waveforms

ViLep “0” Level Voltage Vgg -4.2 \%

VIHcp “1” Level Voltage Vgg-1.5 v

ILcp Leakage Current 1 HA Vep=Vss -15V Ta=25°C

CCp Input Capacitance 10 pF chfvss f=1MHz
CONTROL INPUTS

ViL “0” Level Voltage Vgg-4.2 v

VIH “1” Level Voltage Vgs-1.5 Vv

tset-up Set-up Time 200 ns

thold Hold Time 200 ns

Iy Leakage Current ! nA Vep—Vss -5V Ta— 25°C

Cin Input Capacitance 10 pF Vep©Vss I=1MHz
RESET 0 and 9

ViL “0” Level Voltage Vgg-4.2 Vv

VIH “1” Level Voltage Vgs- 1.5 Vv

Ry Reset Pulse Width 300 ns

tRf trr | Reset Rise and Fall Time 1000 ns
DATA OUTPUTS

VoL “Q” Level Voltage 0.4 A% load = 10pF Igink = 1.6mA

VOH “1” Level Voltage Vgg - | v IpL = 100pA

lro Rise Time 120 ns see waveforms

tfo Fall Time 200 ns see waveforms
SWITCHING TIMES

tpr Delay Time to Fall 300 ns see waveforms

tDr Delay Time to Rise 250 ns see waveforms

tRDf Reset Delay Time to Fall 280 ns see waveforms

tRDr Reset Delay Time to Rise 280 ns see wavelorms
POWER CONSUMPTION

fele Gate Supply Current 6 mA

Igl Buffer Supply Current 10 mA Tp =25°C f=1MHz
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Quad up/down decade counter M 003

WAVEFORMS (SYNCHRONOUS INPUTS)

or CLOCK R
ENABLE

UP-DOWN

( CARRY IN
1
|

WAVEFORMS (ASYNCHRONOUS INPUTS)

RESET 0

RESET 9

5-0346
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Quad up/down decade counter M 003

TYPICAL TIMING DIAGRAMS

| UP/ DOWN

89012345678901210987654321089 Aj

— I rre_rt I

——I L N Ci

] M 1 b

. L U L[ CARRY OUT
(=1to4

5-03¢7

BLOCK DIAGRAM (FIG. )

RESETo RESET9 UP/DOWN
36 | 26 |3
38ce1-2) | l
EY/[ARTY Py 25C.12A
2, Cl2B
COUNTER 1 COUNTER 2 23CL2C
Ci??RV NIB hundred's thousznd
ts 34 i:ﬂ tz 40 27 tﬂ t&? to 22
Ay B € D -CARRYOUTI A; By C; D, CARRYOUT 2
19 COUNT ENABLE
RESETo RESET9 UP/DOWN
6 17 11
3 CR(3-4) l
Cd3A 1 i
5
COUNTER 3 COUNTER 4 18C1 4
decimals unils o
4" CARRY IN 3B
16:=VG1 7 8 9 10 2 5 14 13 2 20
2=VGG A3 By C3 D3 CARRYQUT Ao B G B CARRY OUT $-0348/1
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Quad up/down decade counter M 003

TYPICAL ELECTRICAL CHARACTERISTICS (contd.)

CLOCK CAPACITANCE MAXIMUM PACKAGE POWER DISSIPATION
VERSUS CLOCK VOLTAGE VERSUS AMBIENT TEMPERATURE
10 — [ e -
I T TITJdT 700 177 TTH
e e e il S
ERaRsan] < RERERRRES e
g 1 ‘ ak o R
ué B L
T mungEy G t 4 F
s 4 w00 F
T Realell Y
o LTI 1 o HEEFHH
] -5 -10 -15 - [ 25 50 s 100 125 150
Vep-(v) Ta-('t)
INPUT CAPACITANCE
VERSUS INPUT VOLTAGE
10
i
[Tan25'
& I
5
0
0 -5 =10 15 -0
Yin-{v)
POWER CONNECTION FOR M003 DRIVING TTL (FIG. 2)
-12v 5v
5v
Vo5 %
MO003 L
Vs
5V
POWER CONNECTION FOR M003 DRIVING MOS (FIG. 3)
B -y
Yoo Voi
4303 Mos
Vss
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Quad up/down decade counter M 003

TYPICAL APPLICATION FOR a 4 DIGIT COUNTER (FIG. 4)

%

T—e
—]

wn

[=)

- -0

] 8 » [~

: % & =1

£ 3 =3

Cl2C  CARRY 3 £

claa  outé -7 ¢

€128 capry L E ey

g <

MR 2 8 2
S

- " b3 L~ p &

& 3 ~§ e

o w — R

& = = 5

z

2 CARRY

Cl1a out 3

I _Jcis

MO004 Brief Description

The contents of 4 decades are memorized on 16 latch flip-flops. The content of one decade is shifted towards the decoder b:
means of the multiplexer; the selection is performed by control signals P, Q, R, S, which also appear at the output so as tc
select one display at a time.

Multiplexer scanning takes place at external "scan” signal frequency.

It is also possible to read the content of 2, 3 or 4 decades by means of the control signals M and N.

TYPICAL APPLICATION

The M 003 and M 004 devices find their typical application inall counting and display systems, such as digital instruments
watches, etc.

It follows that we can realize a binary-decoder (able to count up to 9999) with only two packages. The circuitry relate:
to this application is shown in fig. 4.

For driving displays such as nixie tubes, the interface circuit shown in fig. 5 should be used, so allowing the unselected display
to be kept OFF, according to the signal logic level selected.

+20QV

-12v
T 10 P NIKIE
FiG. 5 Voo ©
|
! lo Q NIXIE
____________ o |
MOOL a —
: ____________ |—=to R NKIE
S_l_ ____________ | _asto S NXIE
v ! !
55 ' |
| )
+ 5V
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MOS integrated circuit

MO004

EXTENDED TEMPERATURE RANGE
-55°Cto 125°C

STANDARD TEMPERATURE RANGE
0°Cto 70°C

FULLY TTL COMPATIBLE
D.C. TO IMHz OPERATION

SINGLE PHASE CLOCK
INPUT GATE PROTECTION

ORDERING NUMBER

M 004 T1 (for standard temperature range)
M 004 T2 (for extended temperature range)

4 - digit
multiplexer /decoder

The contents of 4 decades are memorized by 16 latch flip-
flops. The content of one decade is shifted towards the de-
coder by means of the multiplexer; selection is preformed by
control signals P,Q,R,S, which also appear at the output so
as to select only one display at a time. The M 004 also has a
decoder with 10 decimal outputs. Two control signals M and
N, allow the number of channels for scanning to be decided.
Four outputs (P,Q,R,S,) indicate the channel selected and
allow switch-on of one display and switch-off of the others.
Display switch-off is also possible asynchronously by means
of the blank signals. All the outputs are open-drain and the
inputs are fully compatible with DTL/TTL. The device is re-
alized on a single monolithic chip by means of the silicon-
nitride Planox technology.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

Input Voltage (1) -20to 0.3V
Clock Voltage (1) -20t0 0.3V
Supply Voltage (1) -20t0 0.3V

Storage temperature range -55°C to+ 150°C

1) Note: This voltage 1s with respect to the Vgg pun voltage

PIN CONNECTION

1 Vss 21
2 «gn 22
3 e 23
4 wm 24
5 <en 25
6 5 26
7 g 27
8 «3" 28
9 o« 29
I 30
1 “on 3
12 SAMPLE 32
13 D4 1 33
14 D 34
15 Dg MSD 35
16 DI 36
17 ca 37
18 C3 38
19 2 39
20 ClI 40

B3
B2

BI

A4

a3 LSD
A2

Al

Me

BLANK S
BLANK R
BLANK Q
BLANK P
SCAN

PHYSICAL DIMENSIONS
40 lead ceramic DIP

The package can be available
in P044 SGS-ATES package.

FEBRUARY 1973 - Preliminary Information
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4 - digit muloplexer/decoder M 004

ELECTRICAL CHARACTERISTICS (VgG=-12V  [V; Vgg=+5V # 0.5V unless otherwise noted)

SYMBOL CHARACTERISTICS Min. Typ. Max. | UNIT TEST CONDITIONS
CLOCK INPUTS (SAMPLE, SCAN)

f Repetition Rate Range 0 1 MHz

pr Pulse Width 400 ns

¢d Pulse Separation 400 ns

tr, tf Rise and Fall Time i us Ta=25°C

V[ch “0” Level Voltage Vgg4.2 v

VIHcp “1” Level Voltage Vgs-1.5 v

t set-up | Sample Set-up Time 200 ns see waveforms

t hold Sample Hold Time 200 ns see waveforms

ILcp Leakage Current 1 MA | Vp=Vgg-15V Ta=25°C

Cep Input Capacitance 10 pF | Vop=Vss f=1MHz
DATA AND CONTROL INPUTS

VviL “0” Level Voltage Vgs4.2 v

VIH “1" Level Voltage Vgs-1.5 v

Ip Leakage Current 1 uA Vin=Vss-15V Ta = 25°C

Cin Input Capacitance 10 pF | Vin=Vss f=1MHz
DATA OQUTPUTS

Ron Output ON Resistance 3.5 kQ Liource = 1mA

Roff Output OFF Resistance 100 MQ
POWER CONSUMPTION

Igg Gate Supply Current 18 mA

Py Total Power Consumption 300 mw
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4 - digit multiplexer/decoder M 004

IDECADE INPUTS/DECIMAL OUTPUT WAVEFORMS (Note 1)

INPUT A

INPUT B

INPUT € ;
INPUT D l l

| DECIMAL
. ouTPUT o1 |2]a|s]s|elr]sla]o

Note 1 : with sample at “1” level

MULTIPLEXER WAVEFORMS (Note 2)

5095

aM=N=1 5. b)M=0 N=1

0 0

0 5.0137 o
d)M=N=0

5-014i

M=1 N=0

Note 2 : a Vyy level on a blank input forces the corresponding output transistor in the OFF state
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4 - digit muluplexer/decoder M 004

SAMPLE FUNCTION

DATA INPUTS
B C D E F G H
tset-up thold
SAMPLE ™
T
STORAGE
CONTENT A B C E F G

5-0338

BLOCK DIAGRAM (fig. 1)

O~ NMmMIWOSORD

il

DECODER

T BLANK S
A —
B z
m
ﬂ m
M N
$-0319

Q- [ofaiuy
MULTIPLEXER
STORAGE STORAGE STORAGE STORAGE
1 2 3 4

)

a
—_—— NN N é oMo NN N
<m0 <muO N <ooo <mU O
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4 - digit multiplexer/decoder MO0O04

TYPICAL ELECTRICAL CHARACTERISTICS

INPUT CAPACITANCE CLOCK CAPACITANCE
VERSUS INPUT VOLTAGE VERSUS CLOCK VOLTAGE
v T o B 1117 T
I o [0 T
9 TMHE | 1 Lo ISGE )
G e A=25C ] 8 | i Taz25 | |
< =1 : ] H [ —y 1t-b [N
S - ul T ; -1
it l g —h + ] S S ) R
" [ o g IR [ N
& A 1T S R o
3 E 5 | ! } ;
I . N +— — I
. {
AN -t {4 -
a ) L [salae ] 11
T T
2 EEEE 2 ) L
)L \ iREARN } ,‘jwp 5
U i saaEsEssnaEERsuuuuun)
o LI T 1 Y o LLITTT HEE R ER
0 -5 -0 -15 -2 0 -5 -0 -5 -0
Yy} Vep -v)
MAXIMUM PACKAGE POWER DISSIPATION
VERSUS AMBIENT TEMPERATURE
™ ]
- T - T =
2 600 -
: H ; R
o
1
14
il
[B
A
i
125 150
Ta-*c)
TYPICAL APPLICATION FOR a 4-DIGIT COUNTER (fig. 2)
Vi
a
3 o
3 a
3 &8 ¢ )
i E |
- =l 4
crzc  CaRRY — 2 £
ciza  outs =7 %
Ci28 — 1z =35
Camry  CARRY T |3 . z
sat 1 INJA v 3 L.. §
w " — z P g
a z —~gae
g ® >
z
2 CARRY
Clla out3
—lcuis .
‘ M N

The M 003 and M 004 devices find their typical application in all counting and display systems, such as digital instruments,
watches, etc.. It follows that we can realize a binary-decoder (able to count up to 9999) with only two packages (chips). The
circuitry related to this application is shown in fig. 2.

For driving displays such as nixie tubes, the interface circuits shown in figs. 3, 4 should be used, so allowing the unselected
displays to be kept OFF, according to the select signal logic level.

Brief description of the M 003.

The M 003 is a quad up/down decade counter arranged as two subsystems of two decades each.
Each subsystem has a single up/down control zero and nine reset clock line. Common count enable inplt is provided for all
decades, while synchronous carry-in inputs are availabte for each single counter.
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4 - digit multiplexer/decoder M 004

POWER CONNECTION OF M004 (fig. 3).

-12v -7V
Vo6 Voo

M 004 M 004
Vss Vss

MOQ04 used with TTL only

DISPLAY INTERFACES (fig. 4)

to drive nixie anode voltage

to drive nixie cathode voltage

L

MO004 used with MOS only

+5V

+200V

1
-2V |
I
T |
: to P NIXIE
v
GG [ \ {
! D o0 NKE
——t—-—-———_-— = — = —]—= 10
M004 e I
ot ___ o 10 R NIXIE
R 1 !
I SO | = to S NIXIE
Vss S '
| I
l I |
Y

M004

—Y___to the mxie cathode -

Vss
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_ 005
MOS INTEGRATED CIRCUIT

PRELIMINARY DATA

4 CHANNEL MULTIPLEXER
The MO05 is a 4 channel multiplexer constructed on a single monolithic chip using

P-channel low threshold silicon gate technology. The device is available in 10-lead metal
case similar to Jedec TO-100.

ABSOLUTE MAXIMUM RATINGS

Vps Drain to source voltage -10to 0.3 \
Vas Gate to source voltage -35to0 0.3 \Y
Veb Gate to drain voltage -26t0 0.3 \
Tag Storage temperature -65 to 150 °C
Top Operating temperature Oto 70 °C
ORDERING NUMBER: M 005 T1

MECHANICAL DATA Dimensions in mm
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M 005

CONNECTION DIAGRAM (top view)

GATE; O (JSOURCE,

5-0628

SCHEMATIC DIAGRAM

| |
I [
I } OVs
| I
| - 1
| |
1

|
. — - =
t !
I

I
l |
| N (N - — 1 - | = e — e = [ — —1

O @) O
Gy S1 Gy S2 Gs S3 G, S, 5-0625
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M 005

STATIC ELECTRICAL CHARACTERISTICS (T,n, =0 to 70°C unless otherwise
specified)

Parameter Test conditions Min. Typ. Max. |Unit
Vi Analog input voltage Vgs = =20V VgyLk= 10V 0] V
Vrtho Threshold voltage Vbs = Vgs Ips= 100 A
Vgs =0 -1 -25| V

Vas = -10V  Ips= 10mA

= Q
Rps Drain to source on Ves =0 20 80
ist
resistance Vas = -20V  Ipg=10mA
Vgs =0 13 20| Q
laL Gate leakage current Vgs =-10V Vpg=0
Vgs =0 -1] nA
oL Drain leakage current Vps =-BV  Vgs=0
Vegs =0 -20| nA
) Drain current Vgs= Vpg=-bV Vgg=10 -60 mA
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M 005

DYNAMIC ELECTRICAL CHARACTERISTICS (T,m, =0 to 70°C unless other-

wise specified)

Parameter Test conditions Min. Typ. Max. | Unit
Yis Forward-transadmittance | Vpg = -3V Vags =-10V
Vgs = 0V 12.000 mho
Cps Drain to source
capacitance Vps =0 f=1MHz
Vipp = 15 mV 0.15 0.20| pF
Cep Gate to drain capacitance | Vgp =0 f=1MHz
Vipp = 15 mV 2 3| pF
Cas Gate to source
capacitance Vgs =0 f=1MHz
Vipp = 15 mV 2 3| pF
Csg™ Source to body
capacitance Vsg =0 f=1MHz
Vipp = 15 mV 8 10| pF
Coe Drain to body
capacitance Vpg =0 f=1MHz
Vipp = 15 mV 32 40| pF
Ceg’ Gate to body capacitance | Vgg =0 f=1MHz
ViPP =15 mV 4 6 pF

*This parameter is periodically sampled and not 100% tested

6/74
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M 005

SMALL SIGNAL EQUIVALENT CIRCUIT
(conditions : Vag =-10V, Vps = -3V, Vgg =0) |2 150 mA

Cep
GATE O I , ' ODRAIN
Cos ==
Cps BODY
G —» fesm Cos == Vs CD "o :E —P OAND
CASE
C C
GB=‘= SB__
SOURCE O - + : (OSOURCE
S-0624
Symbol Characteristics Typical Unit
value
Diodes All diodes are to be considered perfect diodes
ras Gate to source leakage resistance and diode
leakage resistance 1010 Q
D Dynamic drain resistance 0.5 k2
Cas Gate to source capacitance 2 pF
Cap Gate to drain capacitance 2 pF
Cps Drain to source capacitance 0.15 pF
Cag Gate to body capacitance 6 pF
Cpg Drain to body capacitance 40 pF
Csp Source to body capacitance 10 pF
Yis Forward transadmittance 12.000 umho
6/74
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M 005

Drain current vs.
voltage

drain to source

Drain current vs.
voltage

drain to source

1 G-1210 8-12n
-Ip 0
(mA) -35V/ ! A (mE) -9V 1[]1// ,|/'3V e
-10v— -7y
8 -3v // -nvj// i ey )
7’ 8 -5V
/ i pd
12 l / -25v / . /Lv //
/ A / [/
-3V
s P ‘ ..
[ // Vos-2V // /
4 P
4 / // 2
L Vgg=-2V
0 2 4 6 8 Vo) 0 D2 04 08 08 -Vpg(V)
Drain current vs. drain to source Drain current vs. drain to source
voltage voltage
G-1212 G-1213
-Ip T -
(ma) / (i) vGS:jSV A
80 / 80 —SV// //
> b
7 L4.5Y] v
-
8 60 o | P
Vos=¥ = BTy
o DS/ // // ’—;;v //
0 f/ 40 /// //,l 3y /’l
/ //‘/ ]
L1 -25V
20 // 20 // - "1
/ 4/ —T] -2
/ . 5
= L
0 2 4 3 8 -Yps(¥) 0 4 8 12 16 -VpsV)
6/74
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M 005

TYPICAL APPLICATIONS

Variable gain amplifier with multiplexed inputs

Viy

Channel 1

Viz

1 a
: K Rsﬁ} RSHj
Channel 2 i —‘

Vi3

Channel 3 T

Channel 4 T

Sample and hold

1/4

B v
Vi M005 . i . o
== Cgp Cs
0
U 5-0726
Y6
193
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M 005

TYPICAL APPLICATIONS (continued)

Muttiplexing - demultiplexing

o I a— [ S
heo—— 1 C Otz
T T
oI — T oes
S B . R W U
Thb= Tl

G, G3 G, G G, Gy Gy G
$-0725
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M 009
MOS INTEGRATED CIRCUIT

PRELIMINARY DATA

2 CHANNEL MULTIPLEXER

The MO009 is a 2 channel multiplexer constructed on a single monolithic chip using
P-channel tow threshold silicon gate technology. The device is available in 8-lead metal
case similar to Jedec TO-99.

ABSOLUTE MAXIMUM RATINGS

Vps Drain to source voltage -10to 0.3 A
Vas Gate to source voltage -36to 0.3 \
Vab Gate to drain voltage -25to0 0.3 Vv
Tsg Storage temperature -65 to 150 °C
Top Operating temperature Oto 70 °C
ORDERING NUMBER: M 009 T1

MECHANICAL DATA Dimensions in mm

s _'na_] e

L8 1 3

ey 1 r;' = KC“'

« o2 8N, ERER ———
JQ(’\")"‘,' s &l =
Negmw RR ===
Nl iy Ll el T T

Ay
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CONNECTION DIAGRAM (top view)

DRAINy (7Y DRA!NZ

GATE & (GATE?

SOURCE 1 SOURCEZ

S$-0627

SCHEMATIC DIAGRAM
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STATIC ELECTRICAL CHARACTERISTICS (T,mp= 0 to 70°C unless otherwise

specified)
Parameter Test conditions Min. Typ. Max. |Unit
\ Analog input voltage Vgs=-20V  VgyuLk= 10V 10| V
Vrho Threshold voltage Vps =Vas  lps= 100 A
Vgs =0 -1 -25| V
Vags =-10V  Ipg= 10 mA
Vgs = 20 50| &
Rbs Drain to source on Bs
resistance Vas =20V lpg= 10 mA
Vgs = 13 300 @
laL Gate leakage current Vgs =-10V  Vps=0
Vgs =0 -1| nA
oL Drain leakage current Vps = -5V Ves=0
Vgs =0 -20| nA
In Drain current Vas = Vps =-5V Vgg =0 -60 mA
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DYNAMIC ELECTRICAL CHARACTERISTICS (T,n,= 0to 70°C untess other-

wise specified)

Parameter Test conditions Min. Typ. Max. | Unit
Y¢s Forward transadmittance | Vpg = -3V Vgs=-10V
Vs = 0V 12.000 Mmho
Cps Drain to source Vpg =0 f=1MHz
capacitance Vipp = 15 mV 0.15 0.20| pF
Cep~ Gate todrain capacitance | Vgp = O f=1MHz
ViPP =15 mV 2 3 pF
Cas” Gate to source Vgs =0 f=1MHz
capacitance Vipp = 15 mV 2 3| pF
Csg™ Source to body Vg =0 f=1MHz
capacitance Vipp = 15 mV 8 10| pF
Cps~ Drain to body Vpg =0 f=1MHz
capacitance Vipp = 15 mV 8 10| pF
Cgs~ Gate to body capacitance | Vgg = O f=1MHz
ViPP =185 mV 4 6 pF

*This parameter is periodically sampled and not 100% tested

6/74
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SMALL SIGNAL EQUIVALENT CIRCUIT

(conditions : Vgg = =10V, Vpg = -3V, Vgg =0) | = 150 mA)

Cep
GATE O— 1t l ODRAIN
Cos
e r Cocmm Yoo (Y ¢ Cog -l- BODY
6 —»| 68 esI= s C) D ; OaND
CASE
Cep | CsB
SOURCE O T (O SOURCE
5-0524
Symbol Characteristics Typical Unit
value
Diodes All diodes are to be considered perfect diodes
ras Gate to source leakage resistance and diode
leakage resistance 10!° Q
o Dynamic drain resistance 0.5 k2
Cas Gate to source capacitance 2 pF
Ceo Gate to drain capacitance 2 pF
Cps Drain to source capacitance 0.15 pF
Cee Gate to body capacitance 6 pF
Cpoe Drain to body capacitance 40 pF
Csg Source to body capacitance 10 pF
Yis Forward transadmittance 12.000 |umho
6/74
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Drain current vs. drain to source Drain current vs. drain to source
voltage voltage
[ G-1210 a-12n
-Ip -Ip
(mA) ‘35"/ /, (ma) |79 ,[],l ,V-ev P
~10v— v
. -3V /1 e _|1v47/ i -6V
// /l. -5y /
l / -25v / //
12 A 6
[ L~ /.w 4
7 < :
y nya
8 7 L
/] Vos=-2¥ |~ /
4
4 / // 2 L /V
/ Vgg=-2V
Lt
0 2 4 6 B ~Vpgv) 0 02 04 06 08 -Vps(V)
Drain current vs. drain to source Drain current vs. drain to source
voltage voltage
G-1212 6-1213
-Ip -lp i L~
(ma) / (i) Vgg=-55Y, A
80 / 80 '5"// ,//
/ basv //
rdivad
® VGS'VDS“ 80 = E7A) //
E
w0 / © YA LA 2 B
y y 1~ = -3V L1
/ /// et
| -25v |
20 // 20 - =
/ é/ " -2V
/ T 5
I I
0 2 4 6 8 -YpstV) 0 4 [ 12 16 -VgsiV)
6/74
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TYPICAL APPLICATIONS

Variable gain amplifier with multiplexed inputs

Yiho ; \
1 [ ' ' o
Channel 1 __l/ oY
1 L
1 [

Yi 2 x) Ry
Channel 2 Gainl
x10
Gain2 R
1
S-07124
Sample and hold
1/2
v, MO09 Vo
.
—CGD Cs

0
_U— $-0723
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TYPICAL APPLICATIONS (continued)

Multiplexing - demultiplexing

S-0729
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MOS INTEGRATED CIRCUIT M 120

25 bit static
shift register

EXTENDED TEMPERATURE RANGE, - 55°C # B6°C The M 120 is a 25 bit Static Shift Register. It is a monolithic integra-

STANDARD TEMPERATURE RANGE, 0°C + 70°C ted circuit utilizing P-channel enhancement mode MOS technology.
Input and output access is made available in 16,8 and 1 bit increments.
This device is designed for use in single phase clock sequential digital
systems as a delay line or memory element.

e (nput gate protection

o Low powsr 2 mW/bit

o Single phase clock ABSOLUTE MAXIMUM RATINGS

® Good capacitive driving capability (above which the useful life may be impaired)

Storage Temperature 55°C 10 + 150°C
CONNECTION DIAGRAM Voltage on Clock, Inputs and Supply Pins -30°vVto+ 0,3V

OPERATING LIMITS

Supply Voltages VGG =-27Viv
Vpp=-13Viiv

SCHEMATIC DIAGRAM BLOCK DIAGRAM PHYSICAL DIMENSIONS
{ONE BIT) similar to
Jedec TO 100 outline

Yoo
o T
E] | ouT 16
Voo N 16 "
O
DATA ouT 8
oUTPUT N8 8 .
b
DATA H
INPUT - : - SIS
N1 | ouT 1 z
-} 2 oHl——=
T S 1111
L
INTERNALLY A 10 Leads
GENERATED 049 .
CLOCKS 0.40 Dia.
Notes All dimensions in mm.,
Leads are goid-plated K ovar.
ORDERING NUMBER

M120 T1 (for standard temperature rarige)
M120 T8 {for extended temperature range)

MAY 1969
203



MOS Integrated Circuit

M 120

ELECTRICAL CHARACTERISTICS (T4 =25°C, Vgg (Pin 6) = - 27 4 IV, Vpp (Pin 10} = - 134 1V, Load 10 Mohm 10 pF, unless otherwise specitied)

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT CONDITIONS
Power Consumption 50 mwW Velock =0V
Operating Frequency 0 250 kHz VGG=-27V
vcp Clock Pulse Amplitude "0” leve! -2 v
"1 level -9 A\
Wcp Clock Pulse Width 1 100 HSs
Clock Pulse Rise and Fall Time 10 iy
Clock Capacitance 3 pF Vep=0V
icL Clock Leakage Current -1 HA Vep=-20V
ViL Input Amplitude “0” level -2 v
VIH "1 fevel -9 \Y
Cin Input Capacitance 25 pF Vin=0V
L Input Leakage Current -1 PA Vin=-20V
VoL Output Levels »0" level -1 \% louT=-10pA
VOH “1" level -10 Y loyTt =~ 10pA
tdf Time Delay-Falt 1 ps
tdr Time Delay-Rise 1.2 Hs
TIMING DIAGRAM
TYPICAL OPERATING FREQUENCY
YERSUS GATE VOLTAGE
1000
W,
cP Tpa= 250C
+
CLOCK 750
puLse OV —}—uﬁu——u TIME 2
M > v i
DATA ov A | | ] *‘,\o '
; Z 500
INPUT 1 I i TIME & /‘1 i
+ I—f—l 1 g :
DATA o« |
oyTPyT OV } TIME " a0 : i
Moit -0V | |-1v - — T
delayed) |y | | E TEST POINT
'
W SR S A
-25 21 -9
Vg - GATE VOLTAGE - v
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MOS INTEGRATED CIRCUIT

M 122

EXTENDED TEMPERATURE RANGE - 65 °C = 85°C
STANDARD TEMPERATURE RANGE

0 +70°C

CONNECTION DIAGRAM

dual 16-bit static

shift register

The M 122 is a Dual 16-Bit Static Shift Register. It is a monolithic
integrated circuit utilizing P-Channel Enhancement Mode MOS tech-
nology. It is designed to operate on a two phase clock in delay line
or in serial binary or BCD data storage applications. For DC storage
conditions, it is important that @4 is a logic "0" and @9 is a logic 1.

ABSOLUTE MAXIMUM RATINGS

{above which the useful life may be impaired)

Drain Voltage (VDD)
Gate Voltage (Vgg!
Clock and Data Input Voltages
Storage Temperature

OPERATING CONDITIONS

- 30V to + 0.3V
- 30V 1o+ 0.3V
- 30V to + 0.3V
- 55°C to + 150°C

Temperature range (E xtended)
Temperature range {Standard)
Supply Voltage

-55 : 859 C
0+ 70°C

Vpp =13V 1V
Vgg =-27V + 1V

SCHEMATIC DIAGRAM
{one bit)

T VGG

DATA
QUTPUI

BLOCK DIAGRAM

16 BIT aut
OELAY
18 8T ouT
DELAY

PHYSICAL DIMENSIONS
simitar (o
JEDEC to 100 outline

STANDOFF | &

. [;Z;:S:?;
ABE
R4
S 1N

10 Leads
0.49
0.40 Dia.

Notes Al dimensions in mm.,

M122T1
M122 T8

ORDERING NUMBER

{for standard temperature range)
{for extended temperature rangs)

APRIL 1969
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MOS Integrated Circuit M 122

ELECTRICAL CHARACTERISTICS

VOp =-13Vy 1V, Vgg=-27 41V, Load = 10 Mf and 10pF, Ta =-55°C1085°C or 0°C 10 70°C according to the type No., unless otherwise specified.

CHARACTERISTICS MIN. TYP. MAX, UNIT CONDITIONS
Ctock Repetition Rate D.C. 1 MHz
Clock Pulse widths
Q, pw 04 10 us See Figure 1
0, pw 04 10 ns See Figure 1
Clock Delay {é d) 0.01 us See Figure 1
Clock Pulse Rlse and Fall Time 5 i3 See Figure 1
(10%10 80%)
Clock Pulse Logic Levels
(61 & é5)
Lagic "0" _2 v
Logie "1” -26 -28 v
Clogk Pulse Input Capacitance
{6, B 63} 4 pF d) =dy= 0V
Data Pulse Width {Dpw] 0.4 us
Data Input Capacitance 2 pF VN =0 Volt
Data Input Logic Levels
Logic “0” -2 v
Logic "1” -8 v
Data Input Leakage Current 1 pA Vin = - 20V
Clock Input Leakage Current 100 LA VIN =- 26V
Clock {d,) Input Impedance 60 Kn &) =~26V =0V
Output Logic Levels
Logic "0” -05 -1 ]
Logic "1” -10 -1 v
Output Impedance to Ground 2 3 K2 Qutput al Lagie "0~
Qutput Drive Capability -5 v R =4kQ to Ground
Power Supply Current Drain VDD 10 mA Vpp =-13V
Power Supply Current Drain VGG J 2 mA VGG =-27V
TIMING DIAGRAMS
CLO.K DELAY
tial ov
.- —f— CLOCKD|_26V -_——
Q1py | ' @opw l | I I l
e e
- 26v
DATA ov e
weur  cwovT L[
|
DATA [N R U - ——-
OUTPUT - 11V I
1 16 BIT DELAY 1
SO i
Figure 1 Figure 2
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MOS INTEGRATED CIRCUIT

M 124

EXTENDED TEMPERATURE RANGE, -55°C +.85°C
{ STANDARD TEMPERATURE RANGE, 0°C = 70°C

e Single phase clock
| ® Low power consumption - less than 3 mW/bit
| @ High speed operation - DC to 1 MHz

CONNECTION DIAGRAM
{Top view)

64 bit 1 @ static
shift register

The M 124 is a 64-bit 1@ static shift register arranged as a Dual 16,
Single 32 in a TO-100 package. It is a monolithic integrated circuit
utilizing P-channel Enhancement Mode Technology. Its main appli-
cations as delay line or bit storing device are in computer, data ac-
quisition and data control systems, telemetry and peripheral equip-

ments.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired}

Drain Voltage {(VpD)

Gate Voltage (VGG)

Clock and Data !nput Voltages
Storage Temperature

OPERATING CONDITIONS

-30Vto+0.3V
~30V10+03V
-30Vto+0.3V
~559C t0+150°C

Supply Voltage

Temperature Range (extended)
Temperature Range (standard}

Vpp =-13V 1V
Vg =-27V it
-55°C to 85°C
0°C 10 70°C

32 BIT OELAY

BLOCK DIAGRAM

L <
IN 1 T 16 BIT DELAY 3 QUT 1
IN 207—‘ 16 BIT DELAY 3 ouT 2

O ouT 3

VGG pin 10
Vpp pin 1
Gnd pin 5

PHYSICAL DIMENSIONS
similar to
Jedec TO 100 outline

5.84 TYP.

STANDORFY <
\

0.4 85—~

7
42

.1 MAX,

12.7 MIN.
zl_
M

i

843 Dia.

Notes All dimensions in mm.

ORDERING NUMBER
M 124 T8 (for extendéd temperature range)
M 124 T1 {for standard temperature range}

MAY 1969
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MOS Integrated Circuit M 124

ELECTRICAL CHARACTERISTICS (Ta=26°c,vge=- 27: 1V,

vpD = -

EXTENDED TEMPERATURE RANG

13 + 1V, unless otherwise specified)

SYMBOL CHARACTERISTICS MIN. TYP. MAX. UNIT TEST CONDITIONS

Power Consumption 200 mw

Operating Frequency DC 1 MHz Vgg=-27V
Vcp Clock Pulse Amplitude "0 level -2 \

"1” level -9 \%

Wcp Clock Pulse Width 0.3 100 ps

Clock Pulse Rise and Fall Time 10 ps

Clock Capacitance 8 pF Vep=0V
IcL Clock Leakage Current -1 LA Vep=-20V
VL input Amplitude "0" lavel -2 \
VIH “1" level -9 \
Cin Input Capacitance 25 pF Vin =0V
L Input Leakage Current -1 LA Vin=-20V
VoL Qutput Levels "Q" level -1 v touUT = - 10pA
Vou ”1" level -10 \ IQUT =-10pA
tdf Time Delay Fali 0.4 05 HS Veg=-27V
tdr Time Delay-Rise B 0.4 05 s vgg=-27V

TIMING DSAGRAM

CLOCK

PULSE ov
DATA )
INPUT ov
DATA

ouTPuT OV —
(1 bit -10V —
defayed)

VWep
TIME

|
— o= TIME

|
| TIME
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MOS ntegrated circuit M125
Dual 256-bit

dynamic shift register

STANDARD TEMPERATURE RANGE

0°C to 70°C
M125 consists of two separate 256-bit dynamic shift regis-
ters with independent input and output terminals, while
e INPUT GATE PROTECTION clocks, power and ground are common. One power supply
e TTL DRIVE CAPABILITY and two external clocks are required for operation with two

further clocks gencrated internally. The entire device is
constructed on a single monolithic chip using MOS P-channel
technology. One section incorporates recirculating logic for
application as an accumulator. The two sections could be
cascaded to have a 512-bit serial accumulator. Input data
should be stable from the leading edge of @1 to the leading
edge of @ 3; while output data startschanging with the leading
edge of @ 3. The control input allows the device to accept
data from either the 2a or 2binputs.

e ON-CHIP RECIRCULATING LOGIC

[ ABSOLUTE MAXIMUM RATINGS

Input Voltage =30V to + 0.3V
Clock Voltage -30V to +0.3V
ORDERING NUMBER Supply Voltage -30V to + 0.3V
M125T1 Storage Temperature Range -55°C to 150°C
CONNECTION DIAGRAM LOGIC DIAGRAM PHYSICAL DIMENSIONS
{top view) in accordance with
JEDEC TO-100

534 Typ

QUTPUT 1
INPUT | 256 BITS

INPUT 2a
Q OUTPUT 2
2% BITS
INPUT 26 l l
x
3
¢l $3 I

[
LIMAX 42

12.7 MIN

N

Note : all dimensions in mm.

| MARCH 1971
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dual 256-bit dynamic shift register M 125

STANDARD TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS
(Tp =25°C; VGG =-27V £ 1V; load = 10M Q and 10 pF unless otherwise noted)

SYMBOL CHARACTERISTIC Min. Typ. Max. | Unit TEST CONDITIONS
CLOCK PULSES
f Repetition Rate Range 10 1000 kHz
Cpw Pulse Width 0.15 psec | See Fig. |
Qd Pulse Separation 0.2 nsec | See Fig. |
ViLcp “O” Level Voltage -1 v
| VIHcp “1” Level Voltage 25 v
| Cep Input Capacitance ) 120 pF (V=0 =1 MHz
ILcP Leakage Current 1 BA | Vgp=-27V

DATA INPUT AND CONTROL INPUT

ViL “O" Level Voltage -2 v
ViH “1” Level Voltage -10 v
Cin Input Capacitance 3 pF V=0 f=1MHz
Iy, Leakage Current 1 pA | Vi, =20V
DATA OUTPUT
VoL “Q” Level Voliage -0.5 -1 v IpL =-10pA
VOH “1” Level Voitage -1l v Ioy =-10pA
Ron “0” Level On Resistance 6 kq
Ron “1” Level On Resistance 6 kQ

POWER CONSUMPTION
fele] Gate Current 35 6 mA |Vgg=-27V f=1MHz

RESPONSE TIME

tpf Delay Time to Fall 100 | 150 nsec | See Fig. 1
tpf Delay Time to Rise 300 | 350 nsec | See Fig. 1
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dual 256-bit dynamic shift register M 125

STANDARD TEMPERATURE RANGE

WAVEFORMS (Fig. 1)

t
f Cpw lr vi

— -
CLOCK ¢ \

CLOCK ¢3

Vipw ov
DATA IN \ /
_____ - - 10V

ourPULT X T " ~"T"""~""T7T7———-—/—T—T™~7™ ;-7
________________ S T\

TYPICAL TIMING DIAGRAM
ov
CLOCK
# _]_ —l_ - 26V
ov
CLOCK &, - 26V
ov
ATA IN .
pata L ) ___. 13V
—_— ov
OUTPUT '
______________ 20V
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dual 256-bit dynamic shift register M 125

STANDARD TEMPERATURE RANGE

TYPICAL INTERFACE CIRCUITS

TTL DRIVE
+ 5V
i —° 1 ]
5 5
TTL TT
M125 QUTPUT M 125 QUTPUT L
8 8
-2y -2V -5V
MOS SHIFT TTL SHIFT
HLL DRIVE
+13v
L L | I
5 5
M12s | outPut HLL M 125 OUTPUT HLL
8 8
-13 to - 15V
=21V S1av
HLL SHIFT MOS SHIFT
MOS DRIVE
+ 5V
T -0t 13V
TTL HLL 5
T M 125
8 * Use H114 HLL device for TTL interface
- 14v
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MOS integrated circuit

M127

STANDARD TEMPERATURE RANGE
0°C to 70°C

e INPUT GATE PROTECTION
o TTL DRIVE CAPABILITY

o HIGH SPEED (1 MHz)

o STATIC OPERATION

Dual 100-bit
static shift register

The M 127 consists of two separate 100-bit static shift
registers with independent input and output terminals, and
common clocks, power, and ground. Two power supplies and
two external clocks are required for operation with a third
clock generated internally. The entire device is constructed
on a single monolithic chip using MOS P-channel technology.
Transferring data into the register is accomplished when the
@ 1 clock is at a logical I. Shifting the data occurs when the
@ 1 clock is momentarily pulsed to logical 1 and the ©2 clock
to logical 0.For long term data storage, the @ 1 clock must be
held at logical Q0 and @ 2 clock must be held at logic “1”.
Qutput data appears on the negative-going edge of the @ 2
clock pulse. Output low impedance aliows direct drive of TTL
gates.

ABSOLUTE MAXIMUM RATINGS

IN 2

Input Voltage -30V to 0.3V
Clock Voltage -30V to 0.3V
ORDERING NUMBER Supply Voltage 30V t0 0.3V
M I127T1 Storage Temperature Range -55°C to 150°C
CONNECTION DIAGRAM LOGIC DIAGRAM PHYSICAL DIMENSIONS
(Top view) in accordanca with
JEDEC TO-100

5.84 TYP

100 BITS oug!

[

a
ouT 2 37ANDOFF £
100 BITS

9485
l l 8577

] @7

Note : all dimensions in mm.

JANUARY 1971
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dual 100-bit static shift register M12'

ELECTRICAL CHARACTERISTICS :
(TA =0°Cto 70°C; Vpp =13V 1 IV:VgG =-27V £ 1V; Load = 10MQ and |0pF unless otherwise noted )

STANDARD TEMPERATURE RANC

SYMBOL CHARACTERISTIC Min. Typ. Max. Unit TEST CONDITIONS

CLOCK PULSES

f Repetition Rate Range 0 1 MHz

Cowl Pulse Width @ | 0.4 10 psec

Cpw2 Pulse Width @ 2 0.4 psec Tp = 25°C

Qd Pulse Separation 0.01 10 psec see waveforms

tr, tf Rise and Fall Time 5 pisec

ViLep “Q” Level Voltage -2 v

ViHcp | “1” Level Voltage -26 v

Ich Leakage Current -50 HA V =-28V

Cep Input Capacitance 28 33 pF V=0 Ta=25°C f=1MH:
DATA INPUT

ViL “0” Level Voltage -2 \

VIH - “1” Level Voltage -9 \

Vipw P- jse Width 0.4 psec see waveforms

Iy, ‘Leakage Current -1 PA 'V =-.20V

Cin Input Capacitance 3 5 pF V=0 Tp=25°C f=1MHz
DATA OUTPUT

VoL “0” Level Voltage -0.3 -1 v

VOL1 “Q" Level Voltage -1 -2 v IoL] =-60pA

VOH “]” Level Voltage -10 -12 \

VOH| “1” Level Voltage -10.5 v IoH = 400 pA

VoH2 “1” Level Voltage -4.8 \Y IoH = 1.6 MA
RESPONSE TIME

tpe Delay Time to Rise 300 400 nsec Tp = 259C

tpf Delay Time to Fall 300 400 nsec see waveforms
POWER CONSUMPTION

Ipp Drain Current -18 -25 mA | Vpp=-14V Vgg=-28V

IgG Gate Current -1.5 2.9 mA VDD=~14V Vgg=-28V
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dual 100-bit static shift register M127

STANDARD TEMPERATURE RANGE

WAVEFORMS
tr Cpwl b /¢
ov
—_—
CLOCK @ \
27V T
ov
CLOCK @9
27V — _ |
>0
low
2v
DATA IN
- 10V
OUTPUT
-3y -

TYPICAL TIMING DIAGRAM

S T Y O B (e

ov
CLOCK ¢,
S 74"
—_— ov
DATAIN
—_— e — - 13v

i v
OUTPUT
————— -13v
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dual 100-bic static shift register M 127

STANDARD TEMPERATURE RANGI

TYPICAL INTERFACE CIRCUITS

TTL DRIVE
+5V
I I ° ! L
5 5
OUTPUT TTL OUTPUT TTL
M 127 M 127
7 3 7 3
-8V - 13V
S22V -2V -5V
MOS SHIFT TTL SINFT
HLL DRIVE
T ; _L Y O+ 13V
5 5
OUTPUT PUT
M 127 HLL M 127 | OuTPY HLL
7 3 7 3
-13to-15v l
=27V 13V -14v
HLL SHIFT MOS SHIFT
MOS DRIVE
M 1 o+ 13V
TTL HLL >
¥ M 127
7 3
]' *Use H 114 HLL device for TTL interface
-14v

216



130
MOS INTEGRATED CIRCUIT

1024 - BIT DYNAMIC SHIFT REGISTER

® LOWPOWER DISSIPATION : 60 uW/BIT at 1 MHz
® HIGH FREQUENCY OPERATION : 10 MHz

® DTL-TTL COMPATIBLE

® INPUTS GATE PROTECTION

The M 130 is a 1024-bit dynamic shift register using fow threshold silicon gate technology,
which allows high speed (6 MHz guaranteed) while reducing power dissipation compared to
conventional technologies. The registers can be driven directly by standard integrated circuits
(TTL, DTL. etc.) or by MOS circuits. The circuit design makes the M 130 very popular in ap-
plications such as low cost memory and delay line.

The device is available in 8-lead metal case package similar to Jedec TO-99.

ABSOLUTE MAXIMUM RATINGS

v,* Input voltage -20 10 0.3 \Y

V" Clock voltage -20 10 0.3 \Y

Vpo®  Drain supply voltage -20t0 0.3 \Y}

Tag Storage temperature -65t0 160 ©°C

Top Operating temperature O0to 70 oC

* This voltage is with respect to Vgg pin voltage

ORDERING NUMBER : M 130 T1

MECHANICAL DATA Dimensions in mm
9/74
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M 130

CONNECTION DIAGRAM LOGIC DIAGRAM

(top view)

DATA DATA
IN ouTt
1026 BIT —0O

Ll

5 22

SCHEMATIC DIAGRAM

-
v \
: bp ¢y Vop g2 IF‘ Yop d2
]
) ! !
1
: I F 1
' i ;
i ! !
|
INPUT: X loutPut
101 i _I ! 1
'
'
| |
ll | F I
L oo BTN ' |
M 2 Voo ¢ |1 |
| |
| T h |
i ) !
! | |
| ! !
1
| i ;
| |
!
4 1
:_| | |
Vss 4 : :
O+ .
Lol B2 BTA L BTN LOUTPUT STAGE |
5-0842

9/74
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M 130

STATIC ELECTRICAL CHARACTERISTICS (Vg = 4.75 10 5.25V,
Vpp= -4.75 10 ~5.25V, T mp= 0 to 70°C unless otherwise specified)

RL =3kQ Vg = Vgs -14V
Tamp = 25°C

Parameter Test conditions Min. Typ. Max.| Unit
CLOCK PULSES
Vo Clock high voltage Vss-1 Vss| V 1
VoL Clock low voltage Vgg-17 Vgs-15| V 1
I ¢ Clock leakage current V¢L=Vss—14V* Tamp=25°C 0.1 1 | HA
DATA INPUT
\m Input high voltage 1 Vgg-1.7 Vss| V —l
VL input low voltage sts-w v55-4.2] \%
L Input leakage current WV| =Vgg-14V" Tamb=25°C1 0.01 EOOF\A
DATA OUTPUT
Von1 Output high voltage 1
driving MOS R_=4.7kQt5% C_ =10 pF|Vgs-1.6 Y
Vonz Output high voltage T
driving TTL R_=3k Q5% lon=100uA |2.4 Y
VoL Output low voltage R_L=3kQ%5% lo .=1.6mA 05| V
I
Lo Qutput leakage current | Vg =Vg5-10V T = 25°C
Vpp =Vss V¢ =Vss-15V 0.01 1000 nA
POWER CONSUMPTION
Iob Drain supply current Output at logic “0”
Duty cycle = 35%**
Data rate = 25kHz
| 25 35 mA

t

All unspecified pins are tied to Vsg
** The cycie is understood as measured half way between high and low level

9/74
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M 130

DYNAMIC ELECTRICAL CHARACTERISTICS (Vss = 4.75 to 5.25V,
Vpp= -4.75 to -5.25V, load = 1 TTL gate, T,mp= 0 to 70°C, unless otherwise specified)

Parameter Test conditions Min. Typ. Max.| Unit
tgow  Clock pulse width 150 90 ns
See timing diagram —
tha Clock pulse delay 10 ns
t,, t¢ Clock rise and fall time 1000 | ns
fnin Min. input date rate tgpow = 130 ns
R =3kQ
Tamp = 26°C 100 Hz
froax Max. input data rate thow = BONS T
R =3k 5 10 MHz
tpr. tpt Delay time to rise
and to fall 60 ﬂ ns
ts Set-up time 70 50 ns
th Input hold time 20 ns
Co” Clock capacitance 140 pF
Vg =Vss at 1 MHz —
Cpp ™ Clock to clock
capacitance 6.5 pF
c’ Input capacitance V; = Vgg at 1 MHz 3 pF
Co* Output capacitance Vo, = Vgs at 1 MHz B 3 4| pF

*This parameter is periodically sampled and is not 100% tested

9/74
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M 130

Typical input capacitance vs. input
voltage
8-1348
Ci
(pF)
3 |
AN [
N b
|
™ I ]
uE
2 — ij :
3
i
[¢] -5 ~10 =15 Vj-Vgs (V)
Typical clock capacitance vs. clock
voltage
G-1346
C¢ ]Ll
(pF) l P
[
150 —l
\ -
100
50
4]
L1117
0 -5 -10 -15 Vg -Vgs (V)

Typical output capacitance vs. output

voltage
6-171
Co |
(PF) T
4
\
3
z -
L
1

S15 Vy-Vgs (V)

Power dissipation vs, data rate

Prot EEEFE— TR P
T B S T -
(mw) < Duty Cycle = constant= 357,
SN I e AR T
00 {‘ i ] 11‘\ -l
11
4
0 L]

T
i
]

01

oor LLIIHIZTT

00 DATA RATE(kHz)

e
-1
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M 130

G-1348 . « s . .

Prot Maximum power dissipation vs.ambient
(mw) temperature

600

N
500 N
400
N
300 N
\\

200

100 \\

0 20 4 € 80 100 Tamb ¢°C)
SWITCHING TIMES

DTL-TTL - MOS interface

V=45V
o'cC
*
3%n '
DTLTTL 1026 oTL/TTL
o INPUT bit OuTPUT DF__O
M 130 ‘
o1 B2 éVDo=—5v

% All resistor 3Kn 5%

5 -0834

9/74
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M 130

SWITCHING TIMES ({continued)

Waveforms

CLOCK 10~ -“-A
#1900t -\ - - 3

DATA 50%
INPUT

DATA —=—==~==-~-==-= -~~~ .
OUTPUT

#*1tg and {h same for g2 5-0643

Timing diagram
A B s O s W
iy NS |
o e %«
o, gl

$-0844

9/74
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M 136
MOS INTEGRATED CIRCUITS M 141

DUAL 512 BIT DYNAMIC SHIFT REGISTER M 136
QUAD 256 BIT DYNAMIC SHIFT REGISTER M 141

® [OW POWER DISSIPATION : 60 uW/BIT at T MHz
® HIGH FREQUENCY OPERATION : 10 MHz

® DTL-TTL COMPATIBLE

® [NPUTS PROTECTED AGAINST STATIC CHARGE

The M 136 and M 141 are dynamic shift registers using low threshold silicon gate
technology, which allows high speed {5 MHz guaranteed) while reducing power dissipation
compared to conventional technologies. The input of the shift registers can be driven
directly by standard bipolar integrated circuits {TTL, DTL, etc.) or by MOS circuits. The
design of the circuits makes the M 136 - M 141 very popular in applications such as low
cost memories and delay lines. The M 136 is available in 8-lead metal case, while the M 141
is available in 16- lead dual in-line ceramic package.

ABSOLUTE MAXIMUM RATINGS

V¥ Input voltage -20to 0.3 Y
V¢* Clock voltage -20to 0.3 Y
Vpp*  Drain supply voltage -20to 0.3 \Y
stg Storage temperature -65 to 150 °C
Top Operating temperature Oto 70 °C
* This voltage is with respect to Vg pin voltage
ORDERING NUMBERS: M 136 T1
M 141 D1
Supersedes issue dated 2/74 9/74
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M 136
M 141

MECHANICAL DATA (dimensions in mm)

for M 136 type

for M 141type

L7max 127m" g
-

. 205™
12

NP N

—

9

O Or Tt T O v o

x

i~
(=)
N
B

o
;!13max o

74774

=1

kﬁﬂl

9/74
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M 136
M 141

CONNECTION DIAGRAMS (top view)

forM 136 type

g1 (5)OUTPUT 2

5-0537

LOGIC DIAGRAMS

for M 136 type

s 92

meuTe ouTeuT?

$-0539

for M 141type

\J
QUTPUT 1 [[1 16]] INPUT4
N.C. [z 15h NC.
INPUT 1 (I3 14[] OUTPUT4
g1 s 13]] NC.
vss (s 12 Voo
QUTPUT 2 {|6 1] 72
N.C. 7 1ob INPUT3
INPUT 2 [|8 9 |]OUTPUT3
$-0536

for M 141 type

INPUTY OUTPUT 1

INPUT 2

ouTPUT2

INPUT 3

INPUT4 ouTPUT 4

227
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M 136
M 141

SCHEMATIC DIAGRAM

ELECTRICAL CHARACTERISTICS (V= 47510525V, V,

T,mp = 0 to 70°C unless otherwise specified)

-
: Voo #' Voo ¢2- Yoo 1 Yoo 82 | Yop ;l Voo g2 1 Voo g2 !
1 i
| | ' | | |
! ! ! 1 I
! ! ! i H |
| ) | ' '
! ' ! ' 1
: ! ! ' 1
' 1 | [
1 1 ' QuTPUT
3 ! ens7 I ! e
: n-3 : ' |
' ! | l
| o BII N '
,r : v Voo ¢1 1 )
! ! i K ]
! | I
' ! 1 )
! ' !
1 1
{ ! | |
I I
: 9”6 ﬂ L : 1
: n- 2 | :
| I
; | .
. L N U D BTN LOUIRUT STAGE
3-0842

=-475t0-525V,

am
Parameter Test conditions Min. Typ. Max.|Unit
CLOCK PULSES
Vgn  Clock high voltage Vgs-1 Ves | V
Vg Clock low voltage Vgs-17 Ve-15| V
IL¢ Clock leakage current VgL =Vss -14V* T;m,=25°C 0.1 1 | WA
DATA INPUT
Vin Input high voltage Vgs-1.7 Ves| V
VIL Input low voltage Vgg-10 Ves-4.2| V
I Input leakage current Vi =Vss -14V* T,mp = 25°C 0.01 500 | nA
9/74
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M 136

M 141

ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.| Unit
DATA OUTPUT
Vony Output high voltage
driving MOS R =4.7k2t6% C_=10pF | V,-16 Y
Vona Output high voltage
driving TTL R =3kQ%5% lqq=100uA | 2.4 \
Vo  Output low voltage Ry =3kQ+5% lg =1.6mA 05| V
lio Output leakage current Vo=Vgs-10V T,pp= 25°C
Vpp=Vss Vg=Vss-16V 0.01 1000 | nA
POWER CONSUMPTION
oo Drain supply current Qutput at logic “0”
Duty cycle = 35%™*
Data rate = 25 kHz
R =3k Vg =Vss-14V
T,mp = 25°C 256 36 | ma

All unspecified pins are tied to Vg
** The cycle is understood as measured half way between high and low level

SWITCHING CHARACTERISTICS (Vgs = 4.75 10 5.25V, Vpp = -4.75 to -5.25V
load = 1 TTL gate, T,mp = 0 to 70°C unless otherwise specified)

229

Parameter Test conditions Min. Typ. Max.| Unit
t¢pw Clock pulse width 150 90 ns
See timing diagram
tgg Clock pulse delay 10 ns
t,, t¢ Clock rise and fall time 1000 ns
9/74




M 136
M 141

SWITCHING CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.| Unit
frmin Min. input data rate tpw= 130 ns
RL=3k&  Tump = 25°C 100 Hz
fmax  Max. input data rate R =3 k& tppw =50ns | b 10 MHz
tpr,tor Delay time to rise
and to fall 60 80| ns
1, Set-up time 70 50 ns
th Input hold time 20 ns
C¢* Clock capacitance 140 pF
V¢: Vss at 1 MHz
Cpg¢" Clock to clock
capacitance 6.5 pF
c* Input capacitance Vi = Vg at 1 MHz 3 pF
C,*  Output capacitance Vo = Vgg at 1 MHz 3 4| pF

* This parameter is periodically sampled and is not 100% tested

Ci T e Typical input capacitance vs. input voltage
(pF

3

N\
S
s
- T
2 M=
|

. r

0 -5 -0 15 V; Vg (V)
9/74
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M 136
M 141

Typical output capacitance vs. output Typical clock capacitance vs. clock
voltage voltage
0-17Y 6-172
Co Cg
(pF) T HRRE (pF)
4 — 150

L1 _\\ J
DT i
——
2 50
1 - 0
o -5 -10 -5V -Veg (V) o -5 -0 15 Vy-Vgg (V)
Power dissipation vs. data rate Maximum power dissipation vs. am-
bient temperature
G-170 64173
Ptot, T 1 Prot
W) — 11 W (mw)
. 1L
1 600
\ \
R i) 500 N JiCERAMIC
B
METAL CASE |
1 -H i } 400 F N
o —4TH )i 1] A
. N
s |- MAX. E 50% 14 200 | )
= METInmE T L
L_I_L o i e 1)) i —
YR 50 " 200 A
mil | N ¢
YR 35 % 100 Y
L] | \
0
? 468 1 4 68 1 L 68 2 L 68 2 & 68
10-! 1 10 102 DATA RATE (kHz) 0 20 40 60 80 100 120 Tamb(°C)
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M 136
M 141

SWITCHING TIMES

Waveforms

CLOCK 10%

DATA
OuTPUT

Timing diagram

CLOCK
g1

CLOCK
g2

DATA

INPUT

DATA
ouTPUT

FHoh Vol SRR U4 | BRSNS N AU
n | jt_jfLL
T [ _Ji\':‘[; ‘

T " BATA T
#ts [T fgowz RaTE | |
DATA Sd/ﬁﬁf ‘‘‘‘‘ 1| “““““““ -—-=-
INPUT w_ !

] f%LLMXl,&HE |

|

*1t; and th same for g2

5-0544
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MOS integrated circuit

M137

EXTENDED TEMPERATURE RANGE
-55°Cto 125°C

STANDARD TEMPERATURE RANGE
0°Cto 70°C

e FULLY TTL COMPATIBLE
e DC TO 2MHz OPERATION
e SINGLE PHASE CLOCK

e INPUT GATE PROTECTION

ORDERING NUMBER

M 137 T1 (for Standard Temperature Range)
M 137 T2 (for Extended Temperature Range)

Dual 64-bit fully
DC shtt register

The M 137 consists of 2 separate 64-bit shift registers with
independent input and output terminals and common single
phase clock. Data inputs and clock can be driven directly
from DTL/TTL levels and the outputs can drive DTL/TTL
directly. The entire device is constructed on a single mono-
lithic chip utilizing nitride-Planox technology. Transferring
data into the register is accomplished while the clock is low
and output data appears on the positive going edge of the
clock.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

Input Voltage (1) -20to +0.3V
Clock Voltage (1) -20to+ 0.3V
Supply Voltage (1) -20to +0.3V
Storage Temperature Range -65°C to 150°C

Note 1 With respect to Ve

CONNECTION DIAGRAM
(top view)

LOGIC DIAGRAM

PHYSICAL DIMENSIONS
in accordance with
JEDEC T0-99 outline

;>/\4'°+
IN} out1 |§
O—»——— 64 BT BLFFER 3/
CP  IClock
GENER.
O—»——1 64 BIT BUFFER
In2 ourz
£
~
: ——x |
= m"
3
|z £
“ H x
U0k

_||#_0.49max

LNole: all dimensions in mm,

FEBRUARY 1973 - Preliminary Information
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Dual 64-bit fully DC shift register M13:

ELECTRICAL CHARACTERISTICS (Vo =5V £ 0.5V; VGI = GND; VGG =-12V £ 1V; unless otherwise noted)

MIN. TYP.

SYMBOL | CHARACTERISTIC MaX. UNIT TEST CONDITIONS
CLOCK PULSES
f Repetition Rate Range 0 2 MHz
Cpw Pulse Width 200 ns
¢d Pulse Separation 200 ns
trtf Rise and Fall Time 1 us f= 100 kHz
ViLcp | "0” Level Voltage vee4.2f v
VIHcp| "1” Level Voltage vee-l.s \Y
licp | Leakage Current 1 pA Vep=Vece- 15V Tp=25°C
Cep Input Capacitance 15 pF Vep=VcC f =1MHz
DATA INPUT
VIL ”Q” Level Voltage vce4.2 v
ViH ”1” Level Voltage vee-l.s v
Vipw | Pulse Width 250 ns Ta = 25°C f=2MHz
I Leakage Current 1 HA Vin = Vce-15V TaA = 25°C
Cin Input Capacitance 5 pF Vin=VYcC TA=25°C f=1MHz
tset-up( Set-up Time 100 ns see waveforms
thold | Hold Time 150 ns see waveforms
DATA OUTPUT
VoL | "0” Level Voltage 0.4 V | load = 10 pF Isink = 1.6 mA
VOH | "1” Level Voltage Vee-1 v Ioyg = 100 pA
ro Rise Time 60 " gTA =125°C see waveforms
tfo Fall Time 90 ns
SWITCHING TIME
\Dr Delay Time to Rise 300 ns
iDf | Delay Time to Fall 300 ns %TA =25°C see waveforms
POWER CONSUMPTION
1IGG Gate Supply Current 13 mA
Pp Total Power Consumption 220 mW | nominal power supply
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Dual 64-bit fully DC shift register M 137

WAVEFORMS

tf tr

CLOCK &

10% -———,Z

DATA IN

DATA OUT

TYPICAL TIMING DIAGRAM

LT L L L L L e
’ ] rDATA IN

________ g | _oam our
64 bit delay

$-0358
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Dual 64-bit fully DC shift register M137

TYPICAL ELECTRICAL CHARACTERISTICS

INPUT CAPACITANGE CLOCK CAPACITANCE MAXIMUM PACKAGE POWER DISSIPATION
VERSUS INPUT VOLTAGE VERSUS CLOCK VOLTAGE VERSUS AMBIENT TEMPERATURE
L » 700
T | ] C [] ]
1] Il RN NN T.H [ T T e
=Mz IpENE _ LT 3T s E a
T4=25C) RRNE 3e i 10 % 600 [ -
o H o EHH HEEHTT o EaasEadts
a [5 = — o H
T +f] 4 1 500 (1
5 N
S S 2 H-1

I
i
i
]
8

L 200 FH
o 1 0 I 00
5 0 -5 -10 -15 5 0 -5 -10 =15 5 [] -] 50 s 0 2
*Vn(v) * Vep-tv) Ta-C
* Note : These voltages are with respect to Vg pin voltage
TYPICAL INTERFACE CIRCUITS
—0
[ %
. 4 .
High High
voltage M 137 voltage |—
MOS 5 8 MOS
VoG Voo -2V -1V V66 Voo
—0
[ | [ 5
Low 4 Low
voltage voltage
MOS M 137 MOs [
TTL-DTL 5 8 TTL - DTL
VGG Voo -12v V66 Vop
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MOS integrated circuit M140

Dual 32-bit fully
EXTENDED TEMPERATURE RANGE DC Shlft regISter

STANDARD TEMPERATURE RANGE The M 140 is a dual 32-bit fully DC shift register constructed
0°C ta 70°C on a single chip using silicon nitride~Planox, P-channel
technology. The M 140 requires only a single phase and may
be operated till 2 MHz over the temperature range -55°C to

® FULLY TTL COMPATIBLE 125°C. The device contains two separate 32-bit registers
e DC TO 2 MHz OPERATION utilizing common power and clock line and having low impe-
( dance output buffers capable of sinking TTL/DTL load
¢ SINGLE PHASE CLOCK current without using external components.The patented
® INPUT GATE PROTECTION Planox technology minimizes the parasitic capacitances for

® INPUT SELECT higher speed operation and provides the best reliability.

ABSOLUTE MAXIMUM RATINGS
(above which the useful life may be impaired)

Input Voltage (1) 20V 1003V
Clock Voltage (1) 20Vt 03V
Supply Voltage (1) 20Vt003V
Storage Temperature Range -65°C to 150°C

ORDERING NUMBER

M 140 T1 (for standard temperature range)

M 140 T2 (for extended temperature range) (1) TNis «oKage is with respeat tothe VOC Nin voligge.

CONNECTION DIAGRAM LOGKC DIAGRAM PHYSIEAL DIMENSIONS
{top view) in accordance with
JEDEC TO-100

z
Iu
©
8
@
=

o

c

5

o
4.7 Max

=

[——
em—t
T

[ Note : all dimensions in mm.

FEBRUARY 1973 - Preliminary Information
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Dual 32-bit fully DC shift register M 140

ELECTRICAL CHARACTERISTICS (VcC =5V +0.5V; Vg1 = GND; VGG =-12V ¢ 1V; unless otherwise noted)

SYMBOL| CHARACTERISTIC MIN. TYP;. MAX. ’7 UNIT TEST CONDIT[ONS

CLOCK PULSES

f Repetition Rate Range 0 2 MHz

Copw Pulse Width 200 ns

od Pulse Separation 200 ns

tr,tf Rise and Fall Time 1 us f= 100 kHz

ViLcp | "0” Level Voltage vee4.2 \Y

VIHcp | "17 Level Voltage Veel.5 ! \Y

ILcp | Leakage Current 1 HA Vep = Ve - 15V Ta =25°C |

Cep Input Capacitance 15 pF Vep =Vee f =1MHz
DATA AND SELECT INPUTS

ViL "0 Level Voltage Vee4.2 \Y

VIH ”1” Level Voltage Vee-l.5 A%

Vipw | Pulse Width 250 ns TA = 25°C f =2MHz

IL Leakage Current 1 HA Vin = Vcc - 15V Ta =25°C

Cin,Cs | Input and Select Capacitance 5 pF Vin=Vcc TA =25°C f=1MHz

tset-up | Set-up Time - 100 ns see waveforms

thold | Hold Time 150 ns see waveforms

t” Select Set—up Time 100 ns f=1MHz d.c.¢=50%

t Select Hold Time 10 ns i see waveforms
DATA OUTPUTS

VoL | "0” Level Voitage 0.4 \% load = 10 pF Isink=1.6mA

VOH | 71" Level Voltage Vee-) \% IoH = 100 uA

tro Rise Time 60 ns TA = 25°C see waveforms

ifo Fall Time 90 ns Ta = 25°C see waveforms
SWITCHING TIME

tDr Delay Time to Rise 150 ns Ta = 25°C see waveforms

tDf Delay Time to Fall 100 ns TA =25°C see waveforms
POWER CONSUMPTION

IGG Gate Supply Current 6 mA

PD Total Power Consumption 100 mW | nominal power supply
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Dual 32-bit fully DC shift register M 140

WAVEFORMS

T CLOCK ¢

DATA IN

INPUT SELECT

DATA OUT

TIMING DIAGRAM

UL L s
m [——DATA INTa
______I—I—__r_—]__DATA IN 2a
1 [T NPT SELECT
__________ _ I ] DATA OUT

32 bit dela
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Dual 32-bit fully DC shift register M 140

TYPICAL ELECTRICAL CHARACTERISTICS

INPUT CAPACITANCE
VERSUS INPUT VOLTAGE

CLOCK CAPACITANCE VERSUS

CLOCK VOLTAGE

MAXIMUM PACKAGE POWER DISSIPATION

VERSUS AMBIENT TEMPERATURE

5 T 2 700 1
4 A % % 600
g T T
5 & £
£ 1 500
Y3
0 P
2
20
5
! 200
n
] [ B
[} J [} n 00
5 ] -5 -10 -15 s ° -0, -5 - 0 s 50 S W
“ Vin-(v} ! * Yeptv) TlC)
* These voltages are with respect to the V¢ pin voltage.
TYPICAL INTERFACE CIRCUITS
MOS OPERATION (one supply voltage)
—0
J { Vecoa5v
High 8 High
— voltage M40 voitage
MOSV 0 1 MOS
Voo Voo Ve Yoo
—0 Vo1: Vo= -12v
MOS AND TTL OPERATION
—0
L Vec=.5v
Mos L 8 Mos Low
I\ olt.
__‘ voo‘:age M140 v o;age | o
DTL-TTL 0 1 DTL-TTL
I I —0 GND=Vg,
O Vo =12V
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MOS integrated circuit

M 200

0°C to 70°C

STANDARD TEMPERATURE RANGE,

e INPUT GATE PROTECTION

o LOW POWER 150 mW

o CHIP SELECT INPUT

DIRECT DRIVE OF DTL AND TTL

1024-bit static read
only memory

L
FAMILY M 200’s could be used together to expand either the number
of words or the number of bits per word.
ABSOLUTE MAXIMUM RATINGS
{above which the useful life may be impaired)
Input Voltage -30Vito 0.3V
Supply Voltage -30 Vto 0.3V
Storage Temperature -55°C to 150°C
ORDERING NUMBER : OPERATING CONDITIONS
M 200 M{AA When the content is that shown on page245 Drain Supply Voltage (Vpp) -3V IV
M 200 M1XX For your own content where XX will indi-  Qutput Buffer Supply Voltage NVee) -12V to -28V
cate your type. Gate Supply Voltage (VGG) 27V 1V

In this case instructions given on page 24

shouid be followed.

The M 200 is a monolithic integrated circuit constructed
on a single silicon chip by means of the P-channel MOS process.
It is organized as an array of 128 words of 8 bits each and is
ideally suited for code conversion, random logic synthesis,
table look-up and character generation. Programming of the
content is accomplished by changes in one mask during the
device fabrication. Output buffers ajlow direct TTL inter-
face and, in conjunction with "chip select” (CS) input, many

PIN CONNECTION

FUNCTION | BN | runcrion | BN
VDD 1 Vcc Buffer Supply| 13
VGG 2 Output 8 14
NC 3 Output 7 15
NC 4 Output 6 16
NC 5 Output 5 17
NC 6 Output 4 18
Address 1 7 QOutput 3 19
Address 2 8 Output 2 20
Address 3 9 Output 1 21
Address 4 10 Address 7 22
Address 5 11 Address 6 23
Ground 12 Chip Select 24

PHYSICAL DIMENSIONS
24 pin ceramic DIP

N l

o Jasacym ‘

33 27.94

12,7
1L68

1524

Nate : All dimensions in mm.

DECEMBER 1970
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1024-bit static read only memory M 200

STANDARD TEMPERATURE RANGE

ELECTRICAL CHARACTERISTICS
(T = 0°C to 70°C unless otherwise noted;Vpp = -3V ¢ IV;Vee =-27V £ IVVee = -13V £ 1V:Load = 10M Q and 10 pF).

SYMBOL CHARACTERISTICS Min. Typ. Max. Unit TEST CONDITIONS

ADDRESS INPUT

ViL "0 Level Voltage 2 v
VIiH "1™ Level Voltage -9 v
1L Leakage Current 5 nA VIN =-20V
Cin Input Capacitance 7 pF
OUTPUTS
VoL ™Q" Level Voltage -0.5 -1 v
VoL | 70" Level Voltage -2 v IoL| =-60pA
Vou 717 Level Voltage -10 -13 v
VoH] | "17 Level Voltage -5 -8 v Iog = 1.6mA
VoH2 | 717 Level Voltage -10 v Igy = 500 pA Voo =-15V
Iy Leakage Current -1 pA CS =-2V VouT = -20V
PROPAGATION DELAY
Address Input to Output 2.5 4 psec See waveforms Tp = 25°C
POWER CONSUMPTION
Ipp Drain Current 5 mA
I Gate Current 3 mA
BLOCK DIAGRAM OUTPUT BUFFER CIRCUIT DIAGRAM
1
Al o
] Wl X 328 GATE SUPPLY
A3 o— %2
N 23 MEMORY VOLTAGE
fo— “u SUPPLY
A5 o— 32 VOLTAGE
FROM —
i }32 MULTIPLEXER
1 —_— OUTPUT
i 2 4 CHANNEL -8 BIT
A5 il - 1
a7 23 |3 PARALLEL 1
1 =2 [ MULTIPLEXER i
co
1 i8
CHIP SELECT DRAIN SUPPLY GATE SUPPLY
O | OUTPUT BUFFERS VOL TAGE VOL TAGE
0I 02 03 04 05 06 07 08
'——O CHIP SELECT

Note: When “chip select” input is 0"
(-2V maw.) the outputs are floating.
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1024-bit static read only memory M 200

STANDARD TEMPERATURE RANGE

WAVEFORMS
ADDRESS
INPUT ov ﬁ
S
OuTPUT _)X___"_'T _______ v
. I A - 10V
TPD- PD
et
MEMORY EXPANSION
ADDRESS | maog | OUTPUT ADDRESS | mM200 | OUTPUT
1 1
cs Cs1 |
M200 |ouTPuT M 200
2 z
cs2
| |
I ]
| : I :
(I
M 200 | ouTPUT M 200
L e
I
CSn
128 WORDS of 8 xn BITS 128 x n WORDS of 8 BITS
TTL DRIVE
+5V
! T !
12 17
M 200 ouTPUT TTL M 200 QUTPUT TTL
2 113 2 113
-8v : - 13V
-V -2V -5V
MOS SHIFT TTLSHIFT
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1024-bit static read only memory M 204

STANDARD TEMPERATURE RANC

HLL DRIVE
3 : -0 +13V
! 1 |
12 12
M 200 OUTPUT HLL M 200 ouTPUT HLL
2 113 2 113
- 13to-15v
-21V-13v -l1av
HLL SHIFT MOS SHIFT

MOS DRIVE

—0o t13V
T

12
M 200

2 113

1

- 14V

* Use H 114 HLL device for TTL interface
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1024-bit static read only memory M 200

STANDARD TEMPERATURE RANGE

M 200 M1AA CONTENT

o|~ie]m[=| o[~ o[~ e[ fin]o[m oo o~
—

213
4

WORD

1
1
1
1
1

01

04
05
06

08 | i ] ;
o~ o-—'NmTvmoy\oooo—dlmmvu\‘oh\!moo
WORD [= R R R Ry

1
2
6|3

313
314
3
5
6
6
6

Q
[syl

5
6
7
8
9
0
T
2
3
[
5
6

—~~

2
5
6
7

6|8
9
0

713

714

7

7

7

7

7

8

8

8

8

8|7

88

<r{ ol

=
o
)
&)
9
9
9
110l 0
10
110[2

=] | =] | = | —|—

B logic “1*

logic "0
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1024-bit static read only memory M 200

STANDARD TEMPERATURE RANGE
HOW TO HAVE A CUSTOMIZED ROM

The SGS CAD facilities are used to customize the ROM. A large computer drives a photocomposition machine to make,from
your content punched cards, the test sequence, the truth table and the masks.

This unique system eliminates pattern conversion errors; upon request a computer generated truth table can be supplied for
customer re-check purposes.

Punched card format

The punched cards suitable for SGS CAD are the 80 column IBM type and one card per word is needed.

Ist to 12th column - part number, alphanumeric. Each custom ROM is assigned its unique part number. First column shows
the first character.

13th to 16th column - word number, numeric. First word is always called no. zero. Last column is the unity digit.
17th and 18th column - blanks ¥

19th to 26th column - word content expressed in one’s and zero’s. Column 19th corresponds to the output 01, the 20th to 03,
etc. .

EXAMPLE

M200M 1B YBBEBBBE381811010001

NMZNUBEIRUNANNHBRINARNRDHBN T UN G QT OUBETUHNSINIHBUIANVOORHUBRIUOR N IIRBEARNK

L]
IR RRRA RN [ R R ERRRRRR R A RN R AR R AR AR R R R AR R AR R S A N R AR AR RRERER RS
28222202222222222222222222222222222222222222222222222222222222222222222222222222

§oooooccoooo00go@@@o0000000000000000000000000000000000006000000000000000000C
"
11

33333233333333933333333333333333333333333333333333333333333333333233333333333333
AAARA A0 444004000 0440 000000440 00 0 i LG

o . w

555555555555555555555555555555555555555555595595555555555555555555555559555556555

GENERAL @D ELECTRIC

6666666666666 6665056666505 666666666560600600066668056656666686660665686660668
SITIITIITI I NI IIRIIIINIIRII NI III I I DTN IT I IN NIRRT IIIINIINT2T00]
8!llll!!.llll!lBﬂ!!llll!lllllllilu!!lﬂEB!!888!ﬂll!l!I!ﬂﬂﬂBﬂﬂﬂﬂﬂlﬂl!llslﬂllﬂllllll
_9999599999!999999!999989999999999999399§SS9999999SS99!99999999999999999999999939

12343510 00NVUNBRIHURANBNBRTIRNNIRDHBRN RAQAGQUBBT LI NKURIHINOUHRZAUSHOMARTIRIINREINIK
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240
MOS INTEGRATED CIRCUIT

4096 BIT STATIC READ ONLY MEMORY

® WIRED OR CAPABILITY

® INPUT AMPLIFIER ELIMINATES ALL PULL-UP RESISTOR

® FULLY TTL COMPATIBLE-WITHOUT EXTERNAL COMPONENTS
® 500 ns TYPICAL ACCESS TIME

® STATIC : NO CLOCK REQUIRED

The M240 is a 4096 bit Read Only Memory constructed by means of the MOS low
threshold silicon gate technology, which minimizes the parasitic capacitances for higher
speed operation and provides the best reliability. The memory is arranged as 512 words of
8-bit. A 9-bit address applied at the inputs (A, - Ag) causes a corresponding 8-bit word to
appear at the outputs (O, - O,}. A 4-bit programmable chip select (CS; - CS;) allows one
of 16 memories to be selected without need of external gating. When a chip is not selected
its outputs are fioating (i.e. a high impedance to both Vg and V).

ABSOLUTE MAXIMUM RATINGS

Vi* Input voltage on any pin -20to 0.3 \%
Tstg Storage temperature -65 to 150 °C
Top Operating temperature Oto 70 °C

* This voltage is with respect to the V¢ pin voltage

ORDERING NUMBER : M240 D1 (The device is also available in ML7 ceramic package)

MECHANICAL DATA Dimensions in mm

W’maﬁew- -

vuluy

Supersedes issue dated 5/74 247 9/74
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CONNECTION DIAGRAM BLOCK DIAGRAM

(top view)
Ao O— N

v il ~ o A1 00—

Cc;c, CZS Ay o— | ROW 64X 64 BIT

2 02 I U A3 5| DECODER MEMORY

€S 123 22 fI €5 P

% Q¢ 2 [ Ag as o —| |8,

o s 20 I 41 -

1

O2 s 19 ) A2 . l $¥
Ag

03 O~ 1w A3 : COLUMN 8 CHANNEL - B BIT
? PARALLEL

o Qs LA e Ay 5 N MULTIPLEXER

o5 9 w 1 As i‘ l"

Os [w 15 1 A CSp 0

% n w i A & 0—f OUTPUT BUFFERS
cS; 0o

vop [12 13 ] Ag s,

CITITIIT

0p O, 0, 0y 0, Og Og O,

50365

STATIC ELECTRICAL CHARACTERISTICS (Vge =-11.41t0-126V, Vpp =0,
Vgs=4.76 105.26V, T,,,,= 0to 70°C unless otherwise specified)

Parameter Test conditions Min. Typ. Max. | Unit
Vin Input high voltage Vgs2.5 Vss \%
Vi Input low voltage Vaa 0 0.55 \Y
Von Output high voltage loy =0.5mA 2.4 Vss \)
Voo Output low voltage lor <2.4 mA 0 04 | V
L,  Input leakage current V| = Vgg - 6V 1 | A
lLo™ Output leakage current| V, = Vgg -6V 1 | WA
oo Supply current 16 25 | mA
lea Supply current 15 25 | mA
lss Supply current 50 | mA
Pwt  Total power dissipation 350 470 | mW

*

All pins at O V except those under test
** Qutput floating (chip not selected)
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Gate current versus ambient

Drain current versus ambient

K I A A
0 Y O N R 5224
[ gé N

18 )\L Ii} L 20 ?

16 — P ]L IL\ 18

“ | Vgg=-126V | 16 \L\ TYL ] L
A Yss= S R i

. Tt . [

Gate current versus supply voltage

||||||

€0 80 Tamb(*C)

Drain current versus substrate voltage

e[ [ [ ] 1 oo L
(mA) (mA) ]
22 20 |— /]
% L MAX N
MAX 1 18 | S -
gponrare™]
18 = T el | i A
/j/'/
16 S 16 cofHN -
TYP LT TYP | ‘,
" — ; L ol O S R
Vgg = 5.25V 1% | _/ e VGG=_12‘6V | _J
12 Tamb=25°C (7? 1 Tamb=25°C|
10 12 / J L [
08 14 2 926 932 vgp(V) 45 47 49 51 Vgg(V) 55
9/74
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DYNAMIC ELECTRICAL CHARACTERISTICS (Vgg=-11.41012.6V, Vpp=0,
Vgg =£4.75105.25V, T, . = 0to 70°C unless otherwise specified)

—
Parameter Test conditions (1) Min. Typ. Max. IUnit
thd1 Propagation delay time
to logical "1” 1.5 TTL load
for M240 A 600 1000 | ns
for M240 B 500 700 | ns
tpdo Propagation delay time \
to logical "0” 1.5 TTL load
for M240 A 500 1000 | ns
for M240 B 400 700 | ns
g E Enable CS propagation
delay time for M240 A 750 900 | ns
for M240 B 450 700 | ns
- 11 Inhibit CS propagation
delay time for M240 A 750 800 | ns
’ for M240 B 550 700 | ns
‘ C, (2 Input capacitance Vi=Ves f =1MHz 3 5 r pF
\ Co(2,3) QOutput capacitance Vo =Vgs f =1MHz 7 9 pF
NOTES: 1) See waveforms and characteristic curves
2) Output floating {chip not selected)
3) Parameter guaranteed by design
9/74
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Access time versus supply voltage Access time versus substrate voltage
o s X o-ar
tpo (T I e FT T T T[]
{ns) 1] Nss= 475V | (ns) t Voo AV ]
1000 | {. CL =100F | 200 Lo} CL =10pF
RN 7 Tamp=25°C r | Tomp= 25°C
oo (4] j 1 |
: "“‘X(MZ"‘?A) ] 1000 =~ AKX (M240A)
800 — = |
1 : N
700 - ~L + N e O S A —
[MAX (42408) |y S U O O
600 [ ,— s ) | MAX(M 240 B)
TYP I N s ' ——t—
=Suun = v
500 ! 1 I 1 —
400 L T i | | TT T 400 J
40.8 -4 -12 -126 -132 V() 45 47 49 51 Vgs(V) 55
Access time versus ambient Access time versus load capacitance
temperature
tpd T[] 200 T T
(ns) L ‘ Vog=-M4aV| | tpd Veg=-114V —L
] VSS = LTSV (hs) ] Vss= 10.7?V 5
1200 | | C =10pF || - Tamb = 25°C MAX(Mﬁ A)l |
1000
| et
[ T ‘ =1
1000 | MAX(M240 A) REE T T N
I
] } 800 [ —-1— E
MAX (M 240 B)+
800 I - ( )1
L MAX(M240B) = T e
P 600 g
600 f— TYP
_.,——”"'/ =
|
400 400 L
0 20 40 60 80 Tamb (°C) 0 40 80 120 Cy (pF) 160
9/74
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WAVEFORMS
ADDRESS
INPUT \ 15V 15V (
\ /
odt tpdo
\
QUTRUT _A('SV YN

QUTPUT _—
\15V 1ivj_/
\

tpd0 tpdi

5-0366

P l,- —————————————— -\\
CHIP SELECT \_, sy m]/
INPUT o \\_

QUTPUT

5-0367
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M 240

HOW TO HAVE CUSTOMIZED ROM

The SGS-ATES facilities are used to customize the ROM. A large computer drives a photo-
composition machine to make, from your content punched card, the test sequence, the
truth table and the masks.

This unique system eliminates pattern conversion errors; upon request a computer gener-
ated truth table can be supplied for customer re-check purposes.

Punched card format

The punched cards suitable for SGS-ATES C.A.D. are the 80 column IBM type and one
card per word is needed. '

Column number Customer information Notes

1t06 Customer name Word content expressed in alphanumerical
characters.

7to 10 Not to be used

11t0 13 Input word number Input word content expressed in decimal
units.
Column 11 MSD
Column 13 LSD

14 to 20 Not to be used

21 07 MSD Output word content expressed in one’s

22 06 zero's

23 05 {positive logic)

24 04

25 03

26 02

27 01

28 00 LSD

29 to 80 Not to be used

HOW TO EXPAND THE MEMORY BY MEANS OF THE CHIP SELECT

Another group of cards must be used to programme the selection up to 16 memories
utilizing one card per word.

Column number Customer information Notes

28 CS3 Word content expressed in one’s and zero's
29 CS2 (positive logic)

30 CS1

31 CSO

All other columns not to be used.
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M 240 D1 AA CONTENT (continued)
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M 250
MOS INTEGRATED CIRCUIT

PRELIMINARY DATA

RHYTHM GENERATOR

DRIVES 8 SOUND GENERATORS (INSTRUMENTS)
5 BIT COUNTER

12 RHYTHMS PER INSTRUMENT

EXTERNAL RESET

The M 250 is a monolithic rhythm generator specifically designed for electronic organs and
other musical instruments. Constructed on a single chip using Planox® silicon nitride
P-channel technology it is supplied in a 24-lead dual in-line ceramic package.

ABSOLUTE MAXIMUM RATINGS

Vaga Supply voltage (see note) -2010 0.3 \Y
vV, Input voltage (see note) -20 10 0.3 \
Tsig Storage temperature -65 to 150 °C
Top Operating temperature O0tc70 °C

NOTE: This voltage is with respect to the Vgg pin voltage.

ORDERING NUMBER : M 250 D1.

MECHANICAL DATA Dimensions in mm
o OGET
,,w_.n:cn—ra.‘.,-_t-~r 2 L}—T—n‘
FITITTRE Y-
Lf"' 1524

I"l.-'..".’_’
RS o e >
b - tes |8
’_ ——-—ll_—.-; =11
-100000606000

Supersedes issue dated 5/74 257 9/74



M 250

CONNECTION DIAGRAM (top view)

—
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outs [I8 19 1] out s
B1 a7 18 ] 812
B2 18 17 08l
B3 (9 16 [} B10
B4 [ 5B
BSs In 14 P 88
B6 12 1387

S- 0%l

DEVICE DESCRIPTION

The M 250 contains a ROM which can drive 8 sound generators (instruments) with a selec-
tion of 12 rhythms for each generator. An external clock drives a phase generator which
produces complementary outputs, these signals are then divided-by-2, to produce the
signals to enable the output buffers and drive a 5-stage binary counter.

The outputs of the counter are decoded, being the 32 rows of the memory matrix which
has 108 columns.

The 108 columns are divided into 9 groups of 12. A multiplexer is used such that any num-
ber of columns in the 9 groups can be selected frem 1 to 12. Of the 9 groups in the me-
mory matrix, 8 have buffered outputs via an enabling circuit (the enabling conditions being
CS1 = "0" and at least one multiplex input at logic ”"1”).

The 9th group in the matrix controls the internal reset which is synchronised with the
counter and controls the counting sequence.
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M 250

STATIC AND DYNAMIC ELECTRICAL CHARACTERISTICS
(Vga= GND; Vgg= 14 to 18V, T np = 0 to 70°C unless otherwise specified)

Parameter Test conditions Min. Typ. Max. |Unit

CLOCK INPUT

Vig Clock high voltage Vss-1 \

Vi Clock low voltage Vss-10| V

f Clock repetition rate DC 100 | ps

tgow  Pulse width 5 Ms

Duty cycle= 60%
ta Pulse delay 5 us
t,**  Rise time 5| us
Tamp= 256°C

(T Fall time 5| us
DATA INPUTS (B1..... B12)

Vin Input high voltage Vgs-1 A

Vi Input low voltage Vgs-10| V

Iy Input leakage current Vi= Vgg-14V T pp=25°C 10 | A
EXTERNAL RESET

ViH Input high voltage Vgs~1 \)

Vi Input low voltage Vgs=-10| V

I Input leakage current Vi=Vgg-14V T, 1p=25°C 10 | pA

tow Putse width 5 us
DATA OUTPUTS

lon QOutput high current Vgs = 18V | 100 | MA
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M 250

STATIC AND DYNAMIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. | Unit
Ron  Output resistance Vo= Vgg - 2V 1 2| kQ
POWER DISSIPATION
laec  Supply current Vga= Vss-18V T,mp= 25°C 10 mA
Measured at 50% of the swing
** Measured between 10% and 90% of the swing
BLOCK DIAGRAM
CLOCK N
m CPI. CLOCK ™
341 - cPr
cst N
i v
8 STAGE LINE == M58 &XT MATRIX
BINARY DECOOER
COUNTER 2
= :
[ 3 MATPLEXER !
:; 8 _.E_._. -
B4 82 aF -
s — -8
L. N ] _——
2e [ S——
) I
H , L4
L
cP1 CPY
INTERNAL
‘ = E
— TR
sl . 38283283
50362
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M 250

TIMING DIAGRAMS

Output words versus external reset

eso L[ LT U I

EXTERNAL Q
RESET l |

B 1
Bi
SEQUENCE 1| neT [nZ T f |

%LFI’JUT ] 71 ] n[£]2 ]

5-0358

Output words versus internal reset

CLOCKm'—||—‘|—|I—-||——|I—-|I—-|I—-||—o
1

ST T e e e Y

erquende [t ] n v T

v =1 [ S

OUTPUT 8 u— ?
o]

INTERNAL
RESEY 441_____J 1

* External gating allows resetting of the variable clock generator to ensure that the beat starts at

exactly the right moment
=1L, 12
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M 250

TYPICAL APPLICATIONS

Figure 1 shows the typical application of the M 250.

With two M 250 devices it is possible to increase either number of rhythms or the number
of instruments available, as shown in figures 2 and 3 respectively.

The use of a memory matrix allows the customer complete ﬂeX|b|I|ty, since modification
of the memaory is quick and relatively cheap.

Fig. 1 - Rhythm system

0OY66=0ND O V¥ss

o
EXTERNAL
RESET

INSTRUMENT
GENERATOR N°8
INSTRUMENT
1 2 INSTRUMENT
M 250 GENERATOR N°6
RHYTHM INSTRUMENT
3 GE:ERATOR 22 GENERATOR K°5 N
s INSTRUMENT
GENERATOR N°&
INSTRUMENT
GENERATOR N°3
INSTRUMENT SPEAKER
GENERATOR N°2

INSTRUMENT
GENERATOR N°1

L)

3
»~

VY

1

‘w

S 8 7 2 1
bis
VARIABLE
CLOCK

CLOCK IN GENERATOR

RESET O l

INVERTER
S-0360

[\*]
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M 250

Fig. 2 - increase in number of rhythms

CLOCK IN
EXT RESET
RHYTHMt {81 81 RHYTHM 13
RHYTHM2 182 B2 e RHYTHM14
—--4 M250 M250 b ——
— 1 2 R
RHYTHM12 ____,IB12 B12}g— RHYTHM 24
01 08 o1 0.
T T T T 7
[ [
Lol [
[ [
[N
[
INSTRUMENT 1 5- 0343

INSTRUMENT 8

Note: This solution does not allow to select simultaneously two rhythms one for each device

Fig. 3 - Increase in number of instruments

EXT.RESET CLOCKIN RHYTHM1 RHYTHM12

Bt 0 B1
M250 - | -] M 250
I S R
812 [, 812
01 012 01 012
: ; T T
| 1
[ | ! : |
[ P
[ 1y
|| T
INSTRUMENT 1 INSTRUMENT 8 INSTRUMENT § INSTRUMENT 16

5- 0344
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M 250

COMPLETING THE TRUTH TABLE

As described previously the ROM matrix is organized in 32 rows which represent elemen-
tary times and 108 columns (9 groups of 12) where each group represents an instrument
which has at its disposition 12 programmable rhythms.

The 9th group is not used to drive a sound generator {i.e. an instrument), but to reset the
counter in anyone of the 32 elementary times. As an example of this if we wish to pro-
gramme a rhythm in a 4/4 time e.g. tango, we can use all 32 elementary times because 32
can be divided by 4, 8, 16, 32 and therefore no reset is required.

However, should we wish to programme a rhythm in 3/4 e.g. waltz, we must use only 24
elementary times because 24 can be divided by 3, 6, 12, 24. In this case we must put a
sign in the box which corresponds to number 24, hereby obtaining the reading of the first
24 boxes or positions and the resetting of the boxes from 25 to 32.

In this way, to complete the rhythm for each instrument the following procedure must
be followed;

e.g. Rhythm n. 1 - Tango
n. 2 - Waltz
n. 3 - Samba
n. 4 - Cha-cha-cha etc.

Starting with the rhythm n. 1 to which the first column of each of the 8 remaining groups
corresponds, one indicates (with a cross) in the appropriate boxes the timing for each per-
cussion required for each instrument.

A low level voltage signal will be obtained at the output where the sign is programmed,
giving in this way the complete rhythm sequence.

9/74
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M 250

QUTPUT 1 OUTPUT 2 OUTPUT 3
S[e®e |~ [w[o]2 m =

DREEEEE

COUNT

BREEEREREE

thythm 1
thythm 1
thythm 1

3

k]

ROM Columns 1]12{3]a[s5[6[7]|8]9]10]11]12]13[14]15]16]17[18]19]20|21|22(23|24|25|26 | 27]|28]29[30|31[32|33| 34|35{36

OUTPUT 4 OUTPUT 5 QUTPUT 6
M Do~

DG B

COUNT

10|
1
2
i0
1
2

8
rhythm 1
rhylhm 1
thythm 1

3

32

ROM Columns 13738 [39 [40[41]421 a3]as] 5] 46[47 [4B] 48] 50 {51 52] 5354 [ 55] 56] 57 68[59 [ 6061} 65[66]67]68]69] 70| 71] 72

{511

B
B
B
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M 250

COUNT QUTPUT 7 OUTPUT 8 C(').UNTING CONTROL=

BEMEEEREEEBEE DEEEEEREEEEEE ~[e REREAEE

1
n
1

Hy
thythm 1
rhythm 3
rhythm 1

3t

32

g8

ROM Columns _[73[74] 75| 76|77[78[79 [80]a1]82] 83[s4] eses | 67] 94| 95] 96 | 97 98 99 [ 100{101] 102] 103! 104 105{ 106{107[ 108
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COS/MOS INTEGRATED CIRCUITS
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COS/MOS INTEGRATED CIRCUITS

GATES

NOR/NAND

HBC/HBF 4001 A Quad 2-input NOR gate
HBC/HBF 4002 A Duai 4-input NOR gate
HBC/HBF 4011 A Quad 2-input NAND gate
HBC/HBF 4012 A Dual 4-input NAND gate
HBC/HBF 4023 A Triple 3-input NAND gate
HBC/HBF 4025 A Triple 3-input NOR gate

Multilevel/Functional

HBC/HBF 4019 A Quad AND/OR select gate
HBC/HBF 4030 A Quad exclusive-OR gate

Buffers & Inverters

HBC/HBF 4007 A Dual complementary pair plus inverter
HBC/HBF 4009 A Hex buffer/converter (inverting)
HBC/HBF 4010 A Hex buffer/converter (non-inverting)
FLIP-FLOPS

HBC/HBF 4613 A Dual « D » flip-flop with set/reset
HBC/HBF 4027 A Dual J-K master-slave flip-flop

SHIFT REGISTERS

Static

HBC/HBF 4014 A 8-stage static shift register
HBC/HBF 4015 A 4-stage static shift register
HBC/HBF 4021 A 8-stage static shift register

Parallel-in/Parallel-Out
HBC/HBF 4035 A 4-stage paralle! in/out shift register

COUNTERS
Binary/Ripple

HBC/HBF 4020 A 14-stage binary/ripple counter
HBC/HBF 4024 A 7-stage binary counter
HBC/HBF 4045 A 21-stage counter

Synchronous
HBC/HBF 4017 A Decade counter/divider

DISPLAY COUNTER
HBC/HBF 4029 A Presettable up/down counter

MULTIPLEXER
HBC/HBF 4016 A Quad bilateral switch

ARITHMETIC CIRCUITS
Binary adders

HBC/HBF 4008 A 4-bit full adder with parallel carry output
HBC/HBF 4028 A BCD-to-decimal decoder

E. = Extended temperature range
S. = Standard iemperature range
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HBG/HBF 4001 A
HBG/HBF 4002A

COS/MOS INTEGRATED CIRCUITS HBC/HBF 4025A

NOR GATES: QUAD 2 INPUT HBC/HBF 4001A
DUAL 4 INPUT HBC/HBF 4002A
TRIPLE 3 INPUT HBC/HBF 4025A

LOW QUIESCENT POWER DISSIPATION: 10 nW/PACKAGE

WIDE SUPPLY VOLTAGE RANGE: 3 to 15V

HIGH NOISE IMMUNITY: 45% of Vg (TYP.)

MEDIUM SPEED OPERATION: tpyy = tp s = 25 ns (TYP.) at C,_ = 15 pF

INPUTS FULLY PROTECTED

LOW “1” and “0” OUTPUT LEVEL IMPEDANCE: 50052 and 20052 (TYP.), RESPEC-
TIVELY at Vpp - Vss = 10V

® HIGH FANOUT: > 50

The HBC 4001A, HBC 4002A, HBC 4025A (extended temperature range) and HBF 4001A,
HBF 4002A, HBF 4025A (standard temperature range} NOR gates are constructed with
MOS P-channel and N-channel enhancement mode devices in a single monolithic chip.
These complementary MOS logic gates find primary use where low power dissipation and/or
high noise immunity is desired.

They are available in 14-lead dual in-line plastic or ceramic package and ceramic flat
package.

ABSOLUTE MAXIMUM RATINGS

Vpp-Vss Supply voltage -0.51t015 \Y)
Vi Input voltage (at any pin) Vss S V.S Vpp
Piot Total power dissipation (per package) 200 mwW
Tstg Storage temperature -65 to 150 °C
Top Operating temperature: :

for HBC types -b5 to 125 °C

for HBF types -40to 85 °C

ORDERING NUMBERS:

HBC 4 XXX AD for dual in-line ceramic package

HBC 4 XXX AF for dual in-line ceramic package frit seal {extended temperature range)
HBC 4 XXX AK for ceramic flat package .

HBF 4 XXX AE for dual in-line plastic package

HBF 4 XXX AF for dual in-line ceramic package frit seal (standard temperature range)

Supersedes issue dated 4/73 271 5/74



HBG/HBF 4001 A
HBG/HBF 4002A
HBG/HBF 4025A

MECHANICAL DATA (dimensions in mm)

Dual in-line ceramic package 7 max
for HBC 4 XXX AD and

HBC/HBF 4 XXX AF Y
n| @
Oy N
@
(s8]
e
Zomax P053-a
noOoonoon
U 8
1 7
8 3 5 0
Dual in-line plastic package 7, ymax
{simitar to TO-116) c
for HBF 4 XXX AE 7 ‘5_—21
:‘i’ 0.254. .
04[] 250
15.24 8.38
POOI-A
zomax

O nAmMnnM
14

o

| [ 56 [ I I [ O 0 i

Ceramic flat package for HBC 4 XXX AK
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HBG/HBF 4001 A
HBG/HBF 4002A
HBG/HBF 4025A

CONNECTION DIAGRAMS

(top view)

___ \J

J=A*B
At MGH [14¥pp
8 2{] b H
s 3] 6
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K 4 bn M
o of L=EF hg F
Vss’H s €
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For 4001A For 4002A For 4025A

SCHEMATIC DIAGRAMS

For 4001A
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HBG/HBF 4001 A
HBG/HBF 4002A
HBC/HBF 4025A

SCHEMATIC DIAGRAMS (continued)
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RECOMMENDED OPERATING CONDITIONS

Vop*  Supply voltage 3t0 15
Vi* Input voltage Vpp to Vg
Top Operating temperature
for HBC types -55t0 125
for HBF types -40to 85

* This is measured with respect to the Vgg pin voltage
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HBG/HBF 4001 A

HBG/HBF 4002A
HBC/HBF 4025A
STATIC ELECTRICAL CHARACTERISTICS
Parameter Test conditions Min. Typ. Max. | Unit
HBC types (extended temperature range)
L Quiescent current Vpp =5V
at Tamp=-55°C 0.05( uA
at Tamp= 25°C 0.001 0.05] uA
at Tamp=125°C 3| uA
VDD =10V
at Tamp=-55°C 0.1 uA
at Tamp= 26°C 0.001 0.1] uA
at Tamp=125°C 6| uA
Von  Output high voltage lo =0
Vpp =5V
at Tamp=-55°C | 4.99 \YJ
at Tymp= 25°C(4.99 5 \Y
at Tamp=125°C | 4.95 \
VDD =10V
at T,mp=-55°C | 9.99 \YJ
at Tamp= 256°C[9.99 10 \Y
at Tamp=125°C | 9.95 Vv
VoL  Output low voltage o =0
VDD =5V or 10V
at Tamp=-55°C 0.01| V
at Tamp= 256°C 0 001 V
at Tamp=125°C 0.05| Vv
Vnn  Noise immunity Vpop =5V V,=0.95V
at Tamp=-55°C| 1.4 \Y
at Tymp= 25°C| 1.5 2.25 \Y
at Tymp=125°C| 1.5 \YJ
VDD =10V Vo =2.9V
at Tomp=-55°C| 2.9 A
at Tomp= 25°C| 3 45 A
at Tomp=125°C | 3 \Y
VL Noise immunity Vpp =5V V,=3.6V
at Tamp=-55°C| 1.5 Vv
at Tymp= 26°C| 15 2.25 \Y
at Tymp=125°C| 1.4 \Y
5/74
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HBG/HBF 4001 A
HBG/HBF 4002A
HBC/HBF 4025A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. | Unit
-+ VyL  Noise immunity Vpp = 10V V, =7.2V
at Tomp=-55°C| 3 \;
at Tymp= 256°C| 3 45 Vv
at Tomp=125°C| 2.9 \
->[IpN Output drive current Vpp =5V V, =04V
N-channel at Tamp=-55°C| 0.5 mA
at Tomp= 256°C| 0.4 1 mA
at T,mp=125°C| 0.28 mA
Vpp = 10V V, =05V
at Tamp=-55°C| 1.1 mA
at Tamp= 25°C| 09 25 mA
l at Tymp=125°C| 0.65 mA
' ->| IpP Output drive current Vpp = bV V, =25V
| P-channel at Tamp=-55°C| -0.62 mA
at Tamp= 26°C| -0.6 -2 mA
at Tamp=125°C| -0.35 mA
Vpp = 10V V, =95V
at Tamp=-55°C| -0.62 mA
at Tamp= 256°C| -0.5 -1 mA
at Tamp=125°C| -0.35 mA
li Input current Tamp = 25°C 10 pA
HBF types (standard temperature range)
I Quiescent current Vpp = 5V
at Tamp=-40°C 0.5 uA
at Tamp= 25°C 0.005 0.5| uA
at Tomp= 85°C 15| vA
Vpp = 10V
at Tamp=-40°C 5| uA
at Tamp= 25°C 0.0056 5| pA
at T,mp= 85°C 30| pA
Von  Output high voltage =0
Vpp = 5V
at Tamp=-40°C| 4.99 \
at Tamp= 25°C| 4.99 5 Vv
at Tamp= 85°C| 4.95 v
5/74
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HBG/HBF 4001 A
HBG/HBF 4002 A
HBC/HBF 4025A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter W Test conditions jMin. Typ. Max. |Unit
Von  Output high voltage le =0
Vpp = 10V
at Tamp=-40°C |9.99 \
at T,mp= 25°C 19.99 10 \)
at Tamp= 85°C (9.95 \
VoL  Output low voltage lo=0
Vpp =5V or 10V
at Tamp=-40°C 0.01 | V
at Tymp= 25°C 0 001] V
at Tamp= 85°C 0.05| V
Vne  Noise immunity Vpp =5V V,=0.95V
at Tamp=-40°C (1.4 \
at Tymp= 25°C |16 2.25 \Y
at Tymp= 85°C | 1.5 \
Vpp =10V V, =29V
at T,mp=-40°C | 2.9 \
at Tymp= 25°C |3 4.5 \
at Tymp= 85°C |3 \
Vne  Noise immunity Vpp =5V V,=3.6V
at Tamp=-40°C | 1.5 \
at T,mp= 25°C |15 2.25 v
at Tump= 85°C | 1.4 \
Vpp =10V V, =72V
at Ta,mp=-40°C {3 \
at T,mp= 26°C |3 . 45 \
at Tymp= 85°C|2.9 \
IpN . Output drive current Vpp =5V V,=04V
N-channel at Tymp=-40°C | 0.35 mA
at Typmp= 25°C | 0.3 1 mA
at T,mp= 86°C|0.24 mA
Vpp = 10V V, =05V
at T,mp=-40°C|0.72 mA
at T,mp= 25°C |06 2.5 mA
| at T,mp= 85°C|0.48 LmA
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HBG/HBF 4001 A
HBC/HBF 4002A
HBC/HBF 4025A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.| Unit
IgP QOutput drive current Vpp =5V V, =25V
P-channel at Tamp=-40°C| -0.35 mA
at Tamp= 25°C| -0.3 -2 mA
at Tamp= 86°C| -0.24 mA
Vpp = 10V V, =9.5V
at Tamp=-40°C| -0.3 mA
at Tamp= 25°C| -0.25 -1 mA
at Tamp= 86°C| -0.2 41 mA
l; Input current J Tamp = 25°C 10 J £l

Minimum and maximum voltage transfer characteristic curves and test circuit

©-0978

Vo 11
T T 7
(V) IE mb = 25°
Vo =15V
15 DD
\ AW
10 10V !
N
{ 5.0304
5y
5
B35\
0 5 10 15 Vi (V)
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HBG/HBF 4001 A
HBG/HBF 4002A
HBG/HBF 4025A

Typical current and voltage transfer characteristic curves and test circuit

©-0380

Vol TTTTTTITTITTITT] Ip
I Tamb=25°CT | [ ] (mA)
[ 1[ Vo — Voo
FVAp=15V ) P p—
1520 D 15 14%
1 \
—TINC
Ll ﬁ, AN V. '
[l N i i
1ov—- \lz J--- I Vg
10 g 10 I
t J‘ 7 N . i
1
f y) AY L L o
F5v " > 70Vss
BeENErSa s 5 ®
7 { X
FpANaNEE
G \ 5-0305
AW LUEAXN 0
0 5 10 B vi(v)

Typical voltage transfer characteristics vs. Typical power dissipation characteristics
ambient temperature

S- 0879 G- 0984
Vo = 10® I ) i S =
Ptot Tamp = 25°C 1 D
V et = ’]
) ((p-rvgva;oi a@ I" Vpp=15V |_|_' 10V
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56°C 104 i 5Y
a Ft CAy
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| L [ I
b - i
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2 468 2 468 _2 468 2 468 2 468
0 5 10 15 - vi(v) 10° ¢ ° ¢ 107 (Hz)
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HBG/HBF 4001 A
HBC/HBF 4002A
HBC/HBF 40251

DYNAMIC ELECTRICAL CHARACTERISTICS (T,mp = 25°C, C_ = 15 pF, typi-

cal temperature coefficient for all Vpp = 0.3%/°C values)

Parameter Test conditions Min. Typ. Max.|Unit
tpy  Propagation delay time Vpp =5V
{low to high level) for HBC types 35 g5 | ns
for HBF types 356 120 | ns
Vpp = 10V
for HBC types 25 45 | ns
for HBF types 25 65 | ns
tpy  Propagation delay time Vpp =5V
{(high to low level) for HBC types 35 50 | ns
for HBF types 35 80| ns
Vpp = 10V
for HBC types 25 40 | ns
for HBF types 25 B5 | ns
trun  Transition time Vpp =5V
(low to high level) for HBC types 66 175 | ns
for HBF types 656 300 | ns
Vpp = 10V
for HBC types 35 75 | ns
for HBF types 3 1256 | ns
tryL  Transition time Vpp =5V
{(high to low tevel) for HBC types 66 125 | ns
for HBF types 66 200 | ns
Vpp = 10V
for HBC types 35 70 | ns
for HBF types 35 115 | ns
o Input capacitance ~ | Any input
for HBC and HBF types 5 pF
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HBG/HBF 4001 A
HBG/HBF 4002A
HBC/HBF 4025A

Typical propagation delay time vs. Vpp Typical propagation delay time vs. C,_
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HBG/HBF 4007A

COS/MOS INTEGRATED CIRCUIT

PRELIMINARY DATA

DUAL COVIPLEMENTARY PAIR PLUS INVERTER

LOW QUIESCENT POWER DISSIPATION: 10 nW/PACKAGE
WIDE SUPPLY VOLTAGE RANGE: 3 to 16V
HIGH NOISE IMMUNITY: 45% of Vo (TYP.)

INPUTS FULLY PROTECTED
LOW "1 and “0” OUTPUT LEVEL IMPEDANCE: 5008 (TYP.) at Vgp - Vgs = 10V

o
o
o
® MEDIUM SPEED OPERATION: tpy, = tp_ = 50 ns (TYP.) at C_ = 15 pF
o
o
o

HIGH FANOUT: > 50

The HBC 4007A (extended temperature range) and HBF 4007A (standard temperature
range) are monolithic integrated circuits, available in 14-lead dual in-line plastic or ceramic

package and ceramic flat package.
They consist of three N-channel and P-channe! enhancement-type MOS transistors.

Each transistor is fully accessible to provide a convenient means for constructing the

various typical circuits shown in figs. 13 to 19.
Typical applications are found in: extremely high-input impedance amplifiers, inverters,
shapers, linear amplifiers, threshold detectors.

ABSOLUTE MAXIMUM RATINGS

Vppb-Vss Supply voltage -0.5t0 15 \
V, Input voltage (at any pin) Vgs SV < Vpp
Piot Total power dissipation (per package) 200 mw
Tetg Storage temperature -65 to 1560 °C
Top Operating temperature: for HBC types -55to0 1256 °C

for HBF types -40to 85 °C

ORDERING NUMBERS:

HBC 4007 AD
HBC 4007 AF
HBC 4007 AK
HBF 4007 AE
HBF 4007 AF

for dual in-line ceramic package

for dual in-line ceramic package, frit seal (extended temperature range)
for ceramic flat package

for dual in-line plastic package

for dual in-line ceramic package, frit seal {standard temperature range)

Supersedes issue dated 4/73 9/74
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HBC/HBF 4007A

MECHANICAL DATA (dimensions in mm)

Dual in-line ceramic package
for HBC 4007 AD and e
HBC/HBF 4007 AF : E

7 max

Dual in-line plastic package
(similar to TO-116)
for HBF4007AE

Ceramic flat package for HBC4007AK

8.38

PO53-A

74
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HBC/HBF 4007A

SCHEMATIC DIAGRAM

Voo
14 2 1"
e}
P na P
| S | o -
l,__.
6 ‘3l 3 ‘l 10 )
O_T 0O—4 O—e O
5 SR S R O
N N N
H_l o -
— — —
07 (34 ok}
Vss 5-0306
RECOMMENDED OPERATING CONDITIONS
Voo Supply volitage 3to 15 \
v,* Input voltage Voo 10 Vg
Top Operating temperature : for HBC types -565t0 125 °C
for HBF types -40to 85 °C

* This is measured with respect to the V¢s Pin voltage
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HBC/HBF 4007A

STATIC ELECTRICAL CHARACTERISTICS

Parameter Test conditions Min. Typ. Max.| Unit
HBC types (extended temperature range}
¥ Quiescent current Vpp=5V
at Tomp= -55°C 0.05 | uA
at Tymp= 25°C 0.001 0.05| uA
at Tamp= 125°C 3| uA
Vo= 10V
at Tymp= -55°C 0.1 nA
at Tamp= 25°C 0.001 0.1 uA
at Tymp= 125°C 6| MA
Von  Output high voltage lo =
Vop=5V
at Tamp= -55°C |4.99 v
at T,mp= 25°C (499 5 v
at T,mp= 125°C |4.95 v
Vpp= 10V
at Tymp= ~-55°C |9.99 \Y
at T,mp= 25°C |9.99 10 v
at Tymp= 125°C |9.95 v
VoL  Output low voltage lo =0
Vpp= 5V or 10V
at Tomp= -55°C 0.01] V
at Tymp= 25°C 0 001 V
at Tymp= 125°C 0.05| V
- |Vnn  Noise immunity Vpp=5V V,=0.95V
at Tpmp= -55°C [1.4 v
at Tamp= 25°C |15 2.25 Y
at T,mp=125°C | 1.5 v
Vpp= 10V V, = 2.9V
at Tomp= -55°C 2.9 v
at Tamp= 25°C |3 45 Vv
at Tomp=125°C |3 v

* Obtained with test circuit of fig. 11

9/74
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HBC/HBF 4007A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.| Unit
Vno  Noise immunity Vop=5V V,=3.6V
at Tamp= -65°C (1.6 \Y
at Tamp= 25°C |16 225 \Y
at T,mp= 126°C (1.4 \Y
Vpp= 10V V, =7.2V
at Tamp= -55°C |3 \Y
at Tymp= 25°C |3 45 \Y
at T,mp= 125°C |2.9 I v
IobN  Output drive current Vpp=5V V,=0.4V
N-channel at T,mp= -55°C [0.756 mA
at T,mp= 25°C {0.6 1 mA
at T,mp= 125°C |04 - mA
Vpp= 10V V, =05V
at Tymp= -55°C | 1.6 mA
at T,mp= 25°C |13 25 mA
at Tymp= 125°C |0.95 mA
IpP Output drive current Vpp=5V V, =25V
P-channel at T,mp= -55°C |-1.75 mA
at T,p= 256°C |-1.4 -4 mA
at Tymp= 125°C |-1 mA
Vpp= 10V V, =95V
at Tymp= -65°C [-1.356 mA
at T,mp= 25°C [-1.1 -2.5 mA
at Tymp= 125°C [-0.75 mA
l; Input current Tamp = 25°C 10 pA
HBF types (standard temperature range)
¥ Quiescent current Vpp=5V
at Tamp= -40°C 0.5| LA
at Tamp= 26°C 0.005 0.5| uA
at T,mp= 85°C 15§ NA
Vpp= 10V
at Tymp= —40°C 1] HA
at Tamp= 25°C 0.005 1| uA
at Tomp= 85°C 30| MA
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HBC/HBF 4007A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.| Unit
Vorn  Output high voltage lo =0
Vpp=5V
at Tamp= -40°C [4.99 \
at Tamp= 25°C [4.99 5 \
at T,mp= 856°C [4.95 \
VDD= v
at Tamp= -40°C (9.99 \
at Tamp= 25°C |9.99 10 \
at Tymp= 85°C [9.95 \
VoL  Output low voltage I,=0
VDD= 5V or 10V
at Tymp= -40°C 0.01] V
at Tymp= 25°C 0 001| V
at T,mp= 85°C 0.05| V
= |Vnn  Noise immunity Vpp=5V V,=085V
at Tymp= -40°C (1.4 \
at Tymp= 25°C (1.5 2.25 \
at Tamp= 85°C 1.6 \
Vpp= 10V V, =29V
at Tamp= -40°C |2.9 \%
at Tamp= 25°C |3 45 \
at Tymp= 85°C |3 \
~>|VuL  Noise immunity Vpp=5V Vy=3.6V
at Tymp= -40°C | 1.5 \
at Tymp= 25°C |16 2.25 \
at T,mp= 85°C [1.4 \
VDD= 10V VO =7.2V
at T,mp= -40°C |3 \Y
at Tymp= 25°C |3 45 \
at Tamp= 85°C |29 \
IpN Output drive current Vpp=5V V,=0.4V
N-channel at Tamp= -40°C |0.35 mA
at T,mp= 25°C |0.3 1 mA
at T,mp= 85°C 0.24 mA
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HBC/HBF 4007A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.| Unit
Ip N Output drive current Vpp= 10V V,=0.6V
N-channel at T,,,= -40°C 1.2 mA
at Tymp= 25°C |1 25 mA
at T,mp= 85°C |0.8 mA
IpP Output drive current Vpp=5V V, =25V
P-channel at Tamp= -40°C |-1.3 mA
at Tymp= 25°C |-1.1 -4 mA
at Tymp= 85°C |-0.9 mA
Vpp= 10V V, =95V
at Tymp= -40°C |-0.65 mA
at Tymp= 25°C |-0.65 -2.6 mA
at T,mp= 856°C |-0.45 mA
l; Input current Tamp = 25°C 10 pA

* Obtained with test circuit of fig. 11

Fig. 1 - Minimum and maximum voltage transfer characteristic curves and test circuit

5-0978

" mumm
) Tamb = 25°

Vop =15V
15 DD

A \ ¥j Vo

10V % l >° o

10 N S
S-0314

5
> By
0 5 10 15 Vi (V)
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HBG/HBF 4007A

Fig. 2-Typical voltage transfer characteristic curves and test circuit for NOR gate
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Fig. 3-Typical voltage transfer characteristic curves and test circuit for NAND gate
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HBG/HBF 4007A

Fig. 4-Typical current and voltage transfer characteristic curves and test circuit for

inverter
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Fig. 5 - Typical voltage transfer characte- Fig. 6 - Typical power dissipation characte-
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HBG/HBF 4007A

Fig. 7-Typical N-channel drain characteristic curves and test circuit.
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Fig. 8-Typical P- channel drain characteristic curves and test circuit.
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HBC/HBF 4007A

Fig. 9 - Minimum N-channel drain characte- Fig. 10 ~Minimum P-channel drain characte
ristics ristics
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HBC/HBF 4007A

DYNAMIC ELECTRICAL CHARACTERISTICS

typical temperature coefficient for all Vpp = 0.3%/°C values)

(Tamp = 25°C, C_ = 15 pF,

Parameter Test conditions Min. Typ. Max.| Unit
tpLn  Propagation delay time Vpp =5V
{low to high level) for HBC types 35 60| ns
for HBF types 35 75| ns
Vpp = 10V
for HBC types 20 40 | ns
for HBF types 20 50| ns
tpn.  Propagation delay time Vpp = 5V
(high to low level} for HBC types 35 60| ns
for HBF types 35 75| ns
Vpp = 10V
for HBC types 20 40 | ns
for HBF types 20 50 | ns
truny  Transition time Vpp =5V
(low to high level) for HBC types 50 75| ns
for HBF types 50 100 | ns
Vpp = 10V
for HBC types 30 40 | ns
for HBF types 30 50| ns
tryL  Transition time Vpp= 5V
{high to low level} for HBC types 50 75| ns
for HBF types 50 100 | ns
Vpp = 10V
for HBC types 30 40| ns
for HBF types 30 50 | ns
C Input capacitance Any input
for HBC and HBF types 5 pF
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HBG/HBF 4007A

Fig. 12- Maximum propagation delay time

Fig. 13- Typical propagation delay time ver-

versus Vpp sus G
tPHL G -0996 tPHL: ﬁ|-D996
tpLH tpLH !
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Vpp=5V L1
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™ HBF 4007AE | | ]
50 e = 50 d 10V T3
- ]
HBC 4007AD et "”15’\;
HBC4007AK | .l |
TITTTL ]
0 5 10 15 Vpp(V) 0 20 40 60 80 CL(pF)

TYPICAL APPLICATIONS

Numbers shown in parentheses indicate pins that are connected together to form the

various configurations listed.

Fig. 14~ Triple inverters. (14, 2
(1,5);(4,7,9)

,11); (8, 13);

10 12

S -0307

Fig. 15- 3-input NOR gate. (13, 2); (1, 11);

$-0308

(12,5,8);(7,4,9).

9/74
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HBC/HBF 4007A

Fig. 16~ 3-input NAND gate. {1, 12, 13);

(2, 14, 11); (4, 8); (5, 9)

6 O—
3(0): 12
10

5-0309

Fig. 18- High source-current driver. (6, 3,
10); (13, 1, 12); (14, 2, 11); (7, 9)

Yoo

!

R
L

;}_ﬂ_*g%

3.0312

Fig. 20- Dual bi-directional transmission gat-
ing. (1,5, 12); (2, 9); (11, 4); {8, 13,

10); (6, 3)

3.0

Fig. 17- High sink-current driver. {6, 3, 10);
(8,5,12); (11,14); (7, 4,9)

Fig. 19- High sink-and source-current driver.
(6, 3, 10); (14, 2, 11); (7, 4, 9);
(13,8,1,5,12)

&outy
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HBC/HBF 4008A
COS/MOS INTEGRATED CIRCUIT

PRELIMINARY DATA

FOUR-BIT FULL ADDER WITH PARALLEL CARRY OUTPUT

LOW QUIESCENT POWER DISSIPATION

WIDE SUPPLY VOLTAGE RANGE: 3 to 15V

HIGH NOISE IMMUNITY: 45% of V55 (TYP.)

HIGH SPEED OPERATION

INPUTS FULLY PROTECTED

LOW OUTPUT IMPEDANCE

HIGH FANOUT

MSI COMPLEXITY on a SINGLE CHIP 4 SUM OUTPUTS PLUS PARALLEL CARRY
OUTPUT

CARRY-INPUT to CARRY-OUTPUT DELAY, tp, toum = 45 ns at C_ = 15 pF

The HBC 4008A (extended temperature range) and HBF 4008A (standard temperature ran-
ge} are monolithic integrated circuits, available in 16-lead dual in-line plastic or ceramic
package and ceramic flat package. They consist of four full-adder stages with fast look-
ahead carry provision from stage to stage. Circuitry is included to provide a fast “parallel-
carry-output” bit to permit high-speed operation in arithmetic sections using several
HBC/HBF 4008A inputs include the four sets of bits to be added, A, to A; and B, to By, in
addition to the “carry input” bit from a previous section. HBC/HBF 4008A outputs include
the four sum bits, S; and S4, in addition to the high-speed “parallel-carry-output” which
may be utilized at a succeeding HBC/HBF 4008A section.

ABSOLUTE MAXIMUM RATINGS

Vpb-Vss Supply voltage -0.5t0 15 \
Vi Input voltage (at any pin) Vgs SV < Vpp
Piot Total power dissipation (per package) 200 mw
Tstg Storage temperature -65 to 150 °C
Top Operating temperature: for HBC types -6510 125 °C

for HBF types -40to 85 °C

ORDERING NUMBERS :

HBC 4008 AD for dual in-line ceramic package

HBC 4008 AF for dual in-line ceramic package, frit seal (extended temperature range)
HBC 4008 AK for ceramic flat package

HBF 4008 AE for dual in-line plastic package

HBF 4008 AF for dual in-line ceramic package, frit seal (standard temperature range)




HBG/HBF 4008A

MECHANICAL DATA (dimensions in mm)

Dual in-line ceramic package 74max
for HBC 4008 AD and T
HBC/HBF 4008 AF
“ 02l
i i
| 104
POS7-B
ZONX
[ I o O O A
16 3
1 8
O O
Dual in-line plastic package r._7-1ma‘ -
for HBF 4008 AE o i
= | %12
_cit 5
| | Moot 025
‘ e
0.45i, 254 \ !
L 17.78 838 |
POOI-C
zoma)(

Oonnnn ]
6 9

|50 R S R W N

Ceramic flat package for HBC 4008 AK
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HBG/HBF 4008A

CONNECTION DIAGRAM AND TRUTH TABLE

HIGH SPEED
™1 PARALLEL CARRY

B, OO [
Aol ‘

B]OZ—
a0l

8204
4702

81 ob
Aol -

cr ol j
{CARRY-INPUT)

PIN16=Ypg
PIN 8=Vgg

LOGIC DIAGRAM

1
(CARRY-OUTPUT)

$-0645

Cco

HIGH SPEED
PARALLEL CARRY

>

@

e

SUM

—0-0-0-0

——00--00

- —~——-—000O0

———0_00O0

—00-0~-0

{CARRY~OUTPUT)

{CARRY- INPUT)

5-0661

co
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HBC/HBF 4008A
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HBC/HBF 4008A

RECOMMENDED OPERATING CONDITIONS

Vpp ¥ Supply voltage 3to 15 \
AN Input voltage Vpp to Vgg
Top Operating temperature :  for HBC types -55 to 125 °C
for HBF types -40to 85 °C
*This is measured with respect to the Vgg pin voltage
STATIC ELECTRICAL CHARACTERISTICS
Parameter Test conditions Min. Typ. Max. [Unit
HBC types (extended temperature range)
L Quiescent current Vpp =5V
at Tamp = -556°C 5| A
at Tamp = 25°C 0.3 51 uA
at Tymp = 1256°C 300 | A
Vpp = 10V
at Tump = -B5°C 10 | MA
at Tamp = 25°C 0.5 10 | MA
at T,y = 126°C 600 | uA
Von  Output high voltage Vpp =5V
at Tump = -B5°C | 4.99 Y
at T,mp = 25°C (499 5 Vv
at Tump = 126°C | 4.95 Y
Vpp = 10V
at Tump = -B5°C | 9.99 Y
at Tump = 25°C |9.99 10 Y
at Tamp = 125°C [ 9.95 Vv
VoL  Output low voltage Vpp= 5V or 10V
at T,mp = -55°C 0.01| Vv
at Tump = 25°C 0 001| V
at Tpmp = 126°C 0.05| V
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HBG/HBF 4008A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. | Unit
Varn  Noise immunity Vpp=bV
at T,mp = -bB°C | 1.4 \Y
at Tymp = 25°C |15 225 A
at Tymp = 125°C 1.5 \Y
Vpp=10V
at Tamp = -55°C 2.9 \Y
at Tamp = 25°C |3 4.5 \Y
at Tymp = 125°C |3 \Y
VyL  Noise immunity Vpp=5V
at T,mp = -55°C | 1.5 \Y
at Tymp = 25°C |15 225 \
at Ty = 1256°C (1.4 \Y
Vpp=10V
at Tymp = -B5°C |3 \Y
at Tamp = 25°C |3 4.5 \Y
at Tymp = 126°C 2.9 \Y
IoN Output drive current Sum output
N - channel Vpp=5V V, =3V
at Tymp = -65°C [0.012 mA
at Tymp = 25°C |0.01 0.02 mA
at Tymp = 1256°C (0.007 mA
Vpp=10VV, =3V
at Tymp = -55°C [0.31 mA
at T,mp = 25°C [0.25 0.5 mA
at T,mp = 126°C [0.175 mA
Carry output
Vpp=bV V,=0.5V
at Tonp = -55°C [0.31 mA
at Tymp = 26°C |0.25 05 mA
at Tymp = 126°C | 0.175 mA
Vpp=10VV, = 0.5V .
at Tamp = -55°C | 0.93 mA
at Tymp = 26°C [0.75 1.5 mA
at Tamp = 125°C [ 0.63 mA

7/74
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HBC/HBF 4008A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.| Unit
IpP Output drive current Sum output
P - channel Vpp=58V V,=2V
at Tymp = -55°C |-0.012 mA
at Tamp = 25°C |-0.01-0.02 mA
at Tamp = 125°C |-0.007 mA
Vpp=10VV, =7V
at Tapp = -55°C |-0.185 mA
at Tamp = 25°C |-0.15-0.3 mA
at Tymp = 125°C (-0.105 mA
Carry output
Vpp=bV V, =45V
at Tamp = -55°C |-0.31 mA |
at Tamp = 26°C |-0.25-0.5 mA
at Tapmp = 126°C |-0.175 mA
Vpp=10VV, =95V
at Tamp = -55°C [-0.93 mA
at Tamp = 25°C |-0.75-1.5 mA
at T,mp = 1256°C |-0.53 mA
{; [nput current Tamp = 25°C 10 pA
HBF types (standard temperature range)
I Quiescent current Vpp =5V
at Tamp = -40°C 50( MA
at Tamp = 25°C 0.5 50| pA
at Tymp = 85°C 700( pA
Voo = 10V
at Tamp = -40°C 100 MA
at Tymp = 25°C 1 100| WA
at Tymp = 85°C 1400| pA
Von  Output high voltage lo =0
Vpp =5V
at Tymp = -40°C 14.99 Y
at Tamp = 25°C (499 b \
I at Tymp = 85°C | 4.95 Vv
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HBC/HBF 4008A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max., Unit
Von  Output high voltage Vpp = 10V
at Tymp = -40°C | 9.99 Y
at Tamp = 25°C 19.99 10 Y,
at Tymp = 85°C [ 9.95 \
VoL  Output low voltage Vpp =5V or 10V
at Tymp = -40°C 0.01| V
at Tymp = 25°C 0 001 V
at Tymp = 85°C 0.05| V
Vnu  Noise immunity Vpp=5V
at Tamp = -40°C | 1.4 Y
at Tymp = 25°C |15 225 \Y
at Tamp = 85°C | 1.5 Y
Vpp=10V
at Tame = -40°C { 2.9 V
at Tymp = 25°C | 3 45 Y
at Tymp = 85°C |3 \%
Vo Noise immunity Vpp=5V
at Tymp = -40°C | 1.5 Y
at Ty,mp = 26°C {156 2.25 Y/
at Tamp = 85°C | 1.4 Y
Vpp=10V
at Tamp = -40°C |3 Y
at Tamp = 25°C |3 45 Y
at Tamp = 85°C | 2.9 Y
IpN Output drive current Sum output
N - channel Vpp=bV V, =3V
at Tamp = -40°C | 0.0085 mA
at T,mp = 25°C |0.007 0.02 mA
at Tymp = 85°C J0.00B mA
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HBC/HBF 4008A

STATIC ELECTRICAL CHARACTERISTICS (continued)

305

Parameter Test conditions Min. Typ. Max. [Unit
IpN Output drive current Sum output
N - channel Vpp=10VV, =3V
at Tamp = -40°C | 0.24 mA
at Tamp = 25°C | 0.2 0.5 mA
at Tamp = 85°C | 0.16 mA
Carry output
Vpp=5V V,=05V
at Tump = -40°C [ 0.155 mA
at Tamp = 26°C|0.13 05 mA
at T,mp = 85°C|0.105 mA
Vpp=10VV, =0.5V
at Tamp = -40°C | 0.6 mA
at Tamp = 25°C | 0.5 1.6 mA
at Tamp = 85°C | 0.4 mA
IoP Output drive current Sum output
P - channel Vpp=bV V, =2V
at Tymp = -40°C |-0.008 mA
at Tame = 25°C [-0.007 -0.02 mA
at Tamp = 85°C [-0.005 mA
Vpp=10VV, =7V
at Tymp = -40°C |-0.12 mA
at Tamp = 26°C[-0.1 -0.3 mA
at Tamp = 85°C [-0.08 mA
Carry output
Vpp=5V V, =45V
at Tymp = -40°C |-0.15656 mA
at Tamp = 26°C |-0.13-0.6 mA
at Tamp = 856°C |-0.105 mA
Vpp=10V V, =95V
at Tamp = ~40°C |-0.6 mA
at Tymp = 256°C |-0.5 -1.5 mA
at T,mp = 85°C [-0.4 mA
l; Input current Tamb = 26°C 10 pA
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HBG/HBF 4008A
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TEST CIRCUITS

Quiescent device current

Noise immunity
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DYNAMIC ELECTRICAL CHARACTERISTICS (T,,=25°C, C_ = 15 pF, typical

temperature coefficient for all Vpp= 0.3%/°C values, all input rise and fall time = 20 ns)

Parameter Test conditions Min. Typ. Max. | Unit
C; Input capacitance Any input
for HBC and HBF types 10 pF
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DYNAMIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. |Unit
SUM OUTPUTS
tpy, Propagation delay time Sum input and carry input
tprL Vpp =5V
for HBC types 900 1300 | ns
for HBF types 900 2000 | ns
Vpp = 10V
for HBC types 325 500 | ns
for HBF types 325 650 | ns
tTLy, Transition time Vpp =5V
tTHL for HBC types 1250 2200 | ns
for HBF types 1250 2900 | ns
VDD =10V
for HBC types b60 9800 | ns
for HBF types 550 1100 | ns
CARRY OUTPUT
tpLy, Propagation delay time Sum input
thHL Vpp =5V
for HBC types 320 600 | ns
for HBF types 320 800 | ns
VDD = 1OV
for HBC types 120 200 | ns
for HBF types 120 240 | ns
Carry input
Vpp =5V
for HBC types 100 175 | ns
for HBF types 100 200 | ns
VDD =10V
for HBC types 45 75 | ns
for HBC types 45 90 | ns
trLn, Transition time Vpp =5V
tTHL for HBC types 125 225 | ns
for HBF types 1256 290 | ns
VDD =10V
for HBC types 45 75 | ns
for HBF types 45 90 | ns
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HBC/HBF 4008A

Typical propagation delay time vs. C,_
{sum-input to carry-output)

Typical propagation delay time vs. C,_
{sum-input or carry-input to sum-
output)

G.17n 61222
tPLH T tPLH
tPHL J| { T > tPHL
(ns) VD=aY - (ns) P
V|
400 > 1 1600 00=5
A
P 7
350 1400 A
o
1200 “
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250 1000 /"'
/ I
200 TR o 800 A joy
B v R
150 B 600 et
Lot 15V ottt =
B el A ——— PP
100 - —— 400 =
11T [ I "
50 200 | 4L
0 0 20 30 4 5 60 7 80 CiipF) 0 10 20 30 40 50 60 7 80 CLpF)
Typical propagation delay time vs. C_ Maximum propagation delay time vs.
(carry-input to carry-output) Vpp (carry-input to carry—output)
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TYPICAL APPLICATION

Speed characteristics of a 16-bit adder

S
co tpd(S;~CO)-3t py(C1-CO)=255
A13-18 HBC/HBF [ —cor. i
B13-16 %0084 [ ] S13-1g 'Pd(Si=C0)¢2tpd(CI-CO)+1pg(Cl-Sp)=530
3]
A
co tpd (51~CO) e« 2tpg (CI-CO)=160+2(50} 210
A —_—
B:::; — HA%%:BF [ 1 5Sg-12 'pdlSi-CO)etpd(CI-COItpg(Cl-Sq)= 490
ci
3
co tpd(S1-C0) +tpd (CI-CO) 2 165
A —
5-8 | ———] HBC/HBF R ey
Bs-ag—: w008A [ | 55-8 'pd(5i-CO)+tpd(Cl-Sg)=445
I
o tpd(Si-CO)=120
HBC/ HBF ]
40084 *%51-4 tpd( Si-So)=325
icn
Vss

5-0649

NOTES: All "A"” and "B” input bits occur at t =0
All sums settled at t = 530 ns.
CL =15pF, Tamb = 25°C, Vpp - VSS =10V
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HBG/HBF 4009A

GOS/MOS INTEGRATED CIRCUITS Moo o 20104

PRELIMINARY DATA

HEX BUFFERS/CONVERTERS: INVERTING TYPE HBC/HBF 4009A
NON-INVERTING TYPE HBC/HBF 4010A

® MEDIUM SPEED OPERATION
® INPUTS FULLY PROTECTED
® HIGH CURRENT SINKING CAPABILITY:8mA (MIN.)at V5, =0.5Vand Vo= 10V

The HBC 4009A, HBC 4010A (extended temperature range) and HBF 4009A, HBF 4010A
(standard temperature range) may be used as a COS/MOS to DTL or TTL hex converter or
a COS/MOS current driver, Conversion ranges are from COS/MOS logic operating at 3 to
15V supply levels to DTL or TTL logic operating at 3 to 6V supply levels. Conversion to
logic output levels greater than 6V is permitted providing V.. (DTL/TTL)SV (COS/

MOS). They are available in 16-lead dual in-line plastic or ceramic package and ceramic flat
package.

ABSOLUTE MAXIMUM RATINGS

Vpp-Vsg Supply voltage : -0.5t0 15 \%
Vv, Input voltage (at any pin) Vs SV SV
Piot Total power dissipation (per package) 200 mw
Teg Storage temperature -65 t0150 °C
Top Operating temperature: for HBC types -55 t0125 °C
for HBF types -40to 85 °C

ORDERING NUMBERS:

HBC 4XXX AD for dual in-line ceramic package

HBC 4XXX AF for dual in-line ceramic package, frit seal (extended temperature range)
HBC 4XXX AK for ceramic flat package

HBF 4XXX AE for dual in-line plastic package

HBF 4XXX AF for dual in-line ceramic package, frit seal {standard temperature range)

Supersedes issue dated 7/73 31 9/74




HBC/HBF 4009A
HBC/HBF 4010 A

MECHANICAL DATA (dimensions in mm)

Dual in-line ceramic package

for HBC 4 XXX AD and
HBC/HBF 4 XXX AF

Dual in-line plastic package
for HBF 4 XXX AE types

AN n0omn

)

& 9

1 8

[0 T 5 A I U I N

Ceramic flat package for HBC 4 XXX AK types

7max
T ey
0 [ =]
L o)
|
gm 025
045 254
17.78 10.4
P53 B
zoma)(
I =
16 9
1 8
|0 0 I (W 0 O o 8
7.1ma:
= £ ¥
i ] &L
~~ —Opul
i || a2 025
0.5 256
17.78 8.38
roo-c
zomax

9/74

312



HBG/HBF 4009A
HBG/HBF 4010 A

CONNECTION DIAGRAMS (top view)

for 4009A type

VoD

SCHEMATIC DIAGRAMS
for 4009A type

Yoo Yeo

| P e N ji P
INPUT outeut

oO— Yee
‘;:‘:} '_J _L[GND

NOTES :
Configuration

- HexCOS/MOS to DTL or TTL
converter {inverting).

Wiring schedule - Connect V.~ to DTL or TTL

supply.

Connect Vpy to COS/MOS

supply.

for 4010A type

> e

T

"
n

;‘
1
|-
N
x
"
m

e
| —
m

L —
==
3
.'g

for 4010A type

NOTES :
Configuration - HexCOS/MOS to DTLor TTL
converter (non-inverting).
Wiring schedule ~ Connect V.~ to- DTLor TTL
supply.
Connect V, to COS/ MOS
supply.
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HBC/HBF 4009A
HBG/HBF 4010 A

RECOMMENDED OPERATING CONDITIONS

Voo © Supply voltage 3t0 15 \Y
v Input voltage Vpp 1o Vg
Top Operating temperature :
for HBC types -55 to 125 °C
for HBF types -40to 85 °C

* This is measured with respect to the Vgg Pin voltage

CAUTION : V. VOLTAGE LEVEL MUST BE EQUAL TO OR LESS POSITIVE
THAN V5

STATIC ELECTRICAL CHARACTERISTICS

Parameter Taest conditions Min. Typ. Max. | Unit
HBC types (extended temperature range)
I Quiescent current Vpp =5V
at Tamp= -55°C 0.3 | uA
at Tamp= 25°C 0.01 03| A
at T,mp= 125°C 20 | uA
Vpp = 10V
at Tamp= -55°C 0.5 | uA
at T,mp= 25°C 001 05| A
at T,mp= 125°C 30 | pA
Vo Output high voltage I,=0
Vpp =5V
at Tamp= -55°C | 4.99 v
at Tymp= 25°C | 499 5 v
at Tymp= 125°C | 4.95 Vv
Vg = 10V
at Tamp= -55°C | 9.99 Vv
at Tamp= 25°C /19.99 10 Vv
at Tomp= 125°C | 9.95 Vv
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HBG/HBF 4009A
HBG/HBF 4010 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.|Unit
VoL  Output low voltage lo, =0
VDD= 5V or 10V
at T,mp= -55°C 001 V
at T,mp= 25°C 0 001 V |
at Tymp= 125°C 0.05, V
> (Vyn  Noise immunity Vpp=5V V,=0.95V
(for 4009A only) at Tymp= -55°C [ 1.4 Y
at T,mp= 25°C |15 2.25 %
at Tamp= 126°C | 1.6 \
Vpp= 10V V, =2V
at Tymp= -55°C | 2.9 \
at Tyyp= 25°C |3 45 \
at Tymp=125°C |3 \
= [Vnn  Noise immunity Vpp=5V V,=3.6V
{for 4010A only) at Tymp= -55°C | 1.4 \
at Tymp= 25°C |15 2.25 \Y
at Tymp=125°C [ 1.6 \
Vpp=10V V,=7.2V
at Tymp= -B5°C | 2.9 \
at Tamp= 25°C (3 45 \
at Tymp= 125°C | 3 \
= Ve Noise immunity Vpp=5V V, =36V
(for 4009A only) at Tymp= -B5°C |1 \
at T, .,= 25°C |1 2.25 \
at Tamp= 125°C | 0.9 Y
Vpp=10V V,=7.2V
at Tamb': -b5°C | 2 \
at T,mp= 25°C |2 45 \Y)
at Tamp= 126°C | 1.9 \
= |VnL  Noise immunity Vpp=5V V,=0.95V
{for 4010A only) at Tymp= -B5°C | 1.6 Y
at T,mp= 25°C |15 225 \
at Tymp=125°C | 1.4 \Y
Vpp=10V V,=2.9V
at Tamp= -bb6°C | 3 Y
at T,mp= 26°C |3 45 Vv
at Tamp= 126°C | 2.9 Y
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HBC/HBF 4009A
HBG/HBF 4010 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.| Unit
IoN Output drive current Vpp=5V V,=0.4V
N-channei at Tamp= -55°C | 3.75 mA
at Tymp= 25°C |3 4 mA
at Tymp= 125°C | 2.1 mA
Vpp=10V V, =05V
at Tomp= -65°C | 10 mA
at Tymp= 25°C |8 10 mA
at T,,p=126°C | 5.6 mA
—
IoP QOutput drive current Vpp=5V V, =25V
P-channel at Tamp— ~55°C |-1.85 mA
at Tymp= 25°C |-1.26-1.75 mA
at Tynp= 125°C [-0.9 mA
Vpp=10V V, =9.5V
at Tamp= -b5°C |-0.9 mA
at T,mp= 25°C|-0.6 -0.8 mA
at Tymp= 126°C [-0.4 mA
h Input current Tamb = 25°C 10 pA
HBF types (standard temperature range)
I Quiescent current Vpp= 5V
at Tymp= ~40°C 3| MA
at Tymp= 25°C 0.03 3| MA
at T,mp= 85°C 42 | uA
VDD=1 oV
at Typp= -40°C 5| MA
at Tymp= 25°C 0.05 5| MA
at Tmp= 85°C 70| MA
Von  Output high voltage 1,=0
VDD: 5V
at Tymp= -40°C | 4.99 \
at Tymp= 25°C| 499 5 \
at T,p= 85°C| 4.95 \
Vpp= 10V
at Tamp= -40°C | 9.99 \
at Tmp= 25°C|9.99 10 \
at T,mp= 85°C | 9.95 \
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HBG/HBF 4010 A
STATIC ELECTRICAL CHARACTERISTICS (continued)
Parameter Test conditions Min. Typ. Max.| Unit
Vor  Output low voltage lo =0
Vpp=5V or 10V
at Tymp= -40°C 0.01| V
at Tymp= 25°C 0 001| V
at T,mp= 85°C 0.05| V
Vnn o Noise immunity Vpp=5V V,=0.95V
(for 4009A only) at Tymp= -40°C | 1.4 \
at T,mp= 26°C |15 2.25 \
at T,mp= 85°C | 1.5 \
Vpp=10V V, =2V
at T,mp= -40°C | 2.9 \
at Tymp= 25°C | 3 4.5 \
at T,mp= 85°C |3 \
Ve Noise immunity Vpp=5V V, =3.6V
(for 4010A only) at Tymp= -40°C | 1.4 \Y
at T,mp= 25°C (1.5 225 \
at T,mp= 85°C |15 \
Vpp=10V V,=7.2V
at Tamp= -40°C | 2.9 \
at T,mp= 25°C | 3 45 \
at Tymp= 85°C| 3 \
Vno  Noise immunity Vpp=5V V, =3.6V
{for 4009 A only) at Tomp= -40°C | 1 \
at T,mp= 26°C | 1 2.25 \
at T,mp= 85°C| 0.9 \
Vpp=10V V,=7.2V
at Tymp= -40°C | 2 \
at Tamp= 25°C |2 45 \
at T,mp= 85°C| 1.9 \
Ve Noise immunity Vpp=5V V,=0.95V
{for 4010 A only) at Tump= -40°C | 1.5 \
at T,mp= 26°C[ 15 2.25 \Y
at T,mp= 85°C| 1.4 \
Vpp=10V V, =29V
at Tamp= 40°C| 3 \
at Tamp= 25°C| 3 45 \
at T,mp= 85°C| 29 \
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HBG/HBF 4010 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.| Unit
IpN Output drive current Vpp=5V V, =0.4V
N-channel at T,mp= -40°C | 3.6 mA
at T,mp= 25°C | 3 4 mA
at T,mp= 85°C |24 mA
Vpp=10V V, =05V
at Tymp= -40°C | 9.6 mA
at Tymp= 25°C | 8 10 mA
at T,mp= 856°C| 6.4 mA
IpP Output drive current Vpp=5V V, =25V
P-channel at Tymp= -40°C |-1.5 mA
at T,mp= 25°C [-1.25-1.75 mA
at T,mp= 85°C |-1 mA |
Vpp=10V V, =9.5V
at T,mp= —40°C {-0.72 mA
at T,mp= 25°C|-0.6 -0.8 mA
at Tymp= 85°C (-0.48 mA
Iy Input current Tamn = 26°C 10 pA
Minimum and maximum voltage transfer characteristic curves and test circuit
(for 4009 A only)
(:’; Tamb = 25°C | ‘ J
----- MIN
5 MAX
LN, l
C AN |
] “ \ ’ V: \Yi
1 .‘ \ \ I 0
3 N !| L)
L v \ ‘
. svlmui 5v L1sv \nv {vool- 154
i 5. 0314
SN T
] \Ly \
U TN TIN
0 2 4 6 8 0 Vv
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HBG/HBF 4009A
HBG/HBF 4010 A

Minimum and maximum voltage transfer
(for 4010 A only)

characteristic curves and test circuit

a-108
Yo T
Tamb = 25°C
) .
__VCC'SXX
P MIN
K] 1
1
i Vi Vo
4 1+
|
s v nvgsv v | Jov | | | vopsisv H
[N |
, ! 1 5-0314
L i
¥
' {
! 1T
0 2 4 6 8 10 72 V)
Typical voltage transfer characteristics Typical voltage transfer characteristics
versus ambient temperature (for 4009A versus ambient temperature (for 4010A
only) only)
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¥, ¥,
o 111 % Mooy LTI T
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5 L J N
N\ \‘\\ | Tamb =125°C = ] Tamb = ~55°C mmum s
4\“\ ‘\Tl T Tamb=-55'C = =~==—= J!
ANY ]
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NEEAL W
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HBG/HBF 4010 A

. . . . . . G-18
Typical power dissipation characteristics Plot o= T T
fF::‘i ] ‘;7’1 T
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10 =t EE=sz ey i A] e
: T 1 FrtiT
! 17
s p.AREYA
107 7 |14 SVI
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Bi 57
¢ 7
. LI 3y
£
102 . —/ 4 {V‘
6 T Tt T
‘ " 1
Z p. i p. T il
/] CL =15 pF e
10 AP 43 Ll
: 7 BRI Cl =50pF === EH
PAF
H
Al
2 4 688 2 4 68 H 4 68 2 4 68
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DYNAMIC ELECTRICAL CHARACTERISTICS(T,,,,=25°C, C_= 15 pF, typical

temperature coefficient for all Vpp=0.3%/°C values,and all input rise and fall time=20 ns)

1
Parameter Test conditions Min. Typ. Max. |Unit
torm Propagation delay time Vee =Vpp =5V
(low to high level) for HBC types 50 80 ns
for HBF types 50 100 ns
Vee =Vpp =10V
for HBC types 25 b5 ns
for HBF types 25 70 ns
Voo =10V Vo =5V
for HBC types 15 30 ns
for HBF typesJ 15 40 ns
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HBC/HBF 4010 A

DYNAMIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.| Unit
TonL Propagation delay time Vee =Vpp =5V
(high to low level) for HBC types 15  Bb ns
for HBF types 15 70 ns
Vee = Vpp = 10V
for HBC types 10 30 ns
for HBF types 10 40 ns
Vpp =10V V.. =5V
for HBC types 10 25 ns
for HBF types 10 35 ns
trin Transition time Vee = Vpp=5V
(low to high ievel}) for HBC types 80 125 ns
for HBF types 80 160 ns
Vee = Vpp = 10V
for HBC types 50 100 ns
for HBF types 50 120 ns
trae Transition time Vee = Vpp =5V
{high to low level) for HBC types 20 45 ns
for HBF types 20 60 ns
Vee = Vpp = 10V
for HBC types 16 40 ns
for HBF types 16 50 ns
C Input capacitance Any input
(for 4009A only) for HBC and HBF types 15 pF
o Input capacitance Any input
(for 4010A only) for HBC and HBF types 5 pF
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HBG/HBF 4010 A

Maximum propagation delay time vs
Vi (for 4009A only)

Maximum propagation delay time vs
Vp (for 4010A only)

G-mo
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Typical fow-to-high level propagation Typical high-to-low level propagation
delay time versus C, delay time versus C_
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HBG/HBF 4010 A

Typical low-to-high level propagation
delay time versus C, {driving TTL,DTL)

Typical high-to-low level propagation
delay time versus C, (driving TTL,DTL)
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HBC/HBF 4011 A
HBC/HBF 4012 A

COS/MOS INTEGRATED CIRCUITS HBC/HBF 4023

NAND GATES: QUAD 2 INPUT HBC/HBF 4011A
DUAL 4 INPUT HBC/HBF 4012A
TRIPLE 3 INPUT HBC/HBF 4023A

LOW QUIESCENT POWER DISSIPATION: 10 nW/PACKAGE

WIDE SUPPLY VOLTAGE RANGE: 3 to 15V

HIGH NOISE IMMUNITY: 45% of Vpp (TYP.)

MEDIUM SPEED OPERATION: tp = toryy =25 ns (TYP.) at C_ = 15 pF

INPUTS FULLY PROTECTED

LOW “1” and “0” OUTPUT LEVEL IMPEDANCE: 4009 and 8000 (TYP.) RESPECTI-
VELY at Vpp - Veg = 10V

® HIGH FANOUT : > 50

The HBC4011A, HBC 4012A, HBC 4023A {extended temperature range) and HBF 4011A,
HBF 4012A, HBF 4023A (standard temperature range) NAND gates are constructed with
MOS P-channel and N-channel enhancement mode device in a single monolithic chip.
These complementary MOS logic gates find primary use where low power dissipation and/
or high noise immunity is desired.

They are available in 14-lead dual in-line plastic or ceramic package and ceramic flat
package.

ABSOLUTE MAXIMUM RATINGS

Vpp-Vss Supply voltage -0.51t0 15 A
V; Input voltage (at any pin) Vs < Vi < Vg
Piot Total power dissipation (per package) 200 mw
Tstg Storage temperature -65 to 150 °C
Top Operating temperature :
for HBC types -65to 125 °C
for HBF types -40 to 85 °C

ORDERING NUMBERS:

HBC 4 XXX AD for dual in-line ceramic package

HBC 4 XXX AF for dual in-line ceramic package frit seal (extended temperature range)
HBC 4 XXX AK for ceramic flat package

HBF 4 XXX AE for dual in-line plastic package

HBF 4 XXX AF for dual in-line ceramic package frit seal (standard temperature range)

Supersedes issue dated 4/73 305 5/74




HBG/HBF 4011 A
HBG/HBF 4012 A
HBG/HBF 4023 A

MECHANICAL DATA (dimensions in mm)

Dual in~line ceramic package
for HBC 4 XXX AD and
HBC/HBF 4 XXX AF

Dual in-line plastic package
(similar to TO-116)
for HBF 4 XXX AE
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Ceramic flat package for HBC 4 XXX AK
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HBG/HBF 4011 A

HBC/HBF 4012 A
HBC/HBF 4023A
CONNECTION DIAGRAMS
(top view)
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SCHEMATIC DIAGRAMS
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HBG/HBF 4011 A
HBG/HBF 4012 A
HBG/HBF 4023A

SCHEMATIC DIAGRAMS (continued)

for 4023A

A e, e
Lo L '—N"L% L | 3 L ’—L;

7
t-om Vss
RECOMMENDED OPERATING CONDITIONS
Vpp ¥ Supply voltage 3to 15 \Y
v* Input voltage Vpp to Vss
Top Operating temperature:
for HBC types 5510126 °C
for HBF types -40t0 85 °C

* This is measured with respect to the Vg pin voltage

STATIC ELECTRICAL CHARACTERISTICS

Parameter

Test conditions

(Min_ Typ. Max. Uni;’

HBC types {extended temperature range)

I

Quiescent current

VDD =5V

at Tymp = -55°C

at Tymp = 25°C

at T,mpy = 125°C
Voo = 10V

at Tymp = -55°C

at Tamp = 25°C

at Tamp = 125°C

0.056
0.001 0.05
3

0.1
0.1
6

|

0.001

333 333
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HBG/HBF 4011 A
HBG/HBF 4012 A
HBG/HBF 4023 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

329

Parameter Test conditions Min. Typ. Max. [Unit
Vou  Output high voltage l,b =0
Vpp =5V
at T, ., =-55°C |4.99 \
atT, ,= 25°C (499 &b \
at T, =126°C [4.95 \
Vpp = 10V
at T,mp = -b5°C  |9.99 \
at T, = 25°C 999 10 \
at T,mp = 125°C  |9.95 \
Vo Output low voltage lo =0 T
Vpp =5V or 10V
at Tymp = ~b5°C 0.01| V
at T, = 25°C 0 001, V
at T,mp = 125°C 0.05| V
Vnew  Noise immunity Vpp =5V V, =0.95V
at T,mp = -B5°C  |1.4 \
at T,mp = 25°C |15 225 \
at T,mp = 125°C |16 \
Vpp =10V V= 29V
at T,mp = ~b5°C (2.9 \
at T,mp = 25°C |3 4.5 \
at Tamp = 126°C |3 \
VaL Noise immunity Vpp =6V V, =3.6V
at Tymp = ~55°C |15 \
at T,mp = 26°C |15 225 \
at Tymp = 126°C 1.4 \
Vpp =10V V, = 7.2V
at T,np = -6B°C |3 \
at T,mp = 25°C |3 4.5 \
at T,mp = 125°C |29 \
IoN  Output drive current Vpp =5V V, = 0.5V
N-channel for 4011A and 4023A types
at T,mp = -65°C  [0.31 mA
at T,mp = 25°C |0.26 0.5 mA
at T,mp = 126°C  |0.175 mA
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HBC/HBF 401 A
HBC/HBF 4012 A
HBC/HBF 4023A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. | Unit
IpN QOutput drive current for 4012A type
N-channel at T,mp = -55°C | 0.15 mA
at T,mp = 25°C | 0.12 0.25 mA
at T,p = 125°C | 0.085 mA
Vpp = 10V Vo = 0.5V
for 4011A and 4023A types
at T,mp = -55°C | 0.62 mA
at T,mp = 25°C |05 06 mA
at T,mp = 126°C | 0.35 mA
for 4012A type
at Tymp = -55°C | 0.31 mA
at T,mp = 25°C | 0.25 0.6 mA
at Tymp = 125°C | 0.175 mA
IoP Qutput drive current Vpp =5V Vo =4.5V
P-channel at T,mp = -55°C | -0.31 mA
at T,mp = 25°C | -0.25-0.5 mA
at T,mp = 125°C | -0.175 mA
Vpp = 10V V, =9.5V
at Tymp = -55°C | -0.75 mA
at T,mp, = 25°C | -0.6 -1.2 mA
at Tomp = 125°C | -0.4 mA
-
l; Input current Tamp = 25°C 10 pA
HBF types (standard temperature range)
N Quiescent current Vpp = 5V
at T,mp = -40°C 05| MA
at Tymp = 25°C 0.005 0.5]| uA
at T,mp = 85°C 15| MA
VDD =10V
at T,mp = -40°C 5| UA
at T,mp = 25°C 0.005 5| uA
J at T,mp = 85°C 30| MA
5/74
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HBG/HBF 4011 A
HBG/HBF 4012 A
HBC/HBF 4023A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. UnitW
Vou  Output high voltage lo =0
Vpp =5V
at Tymp = -40°C | 4.99 \
at T,mp = 25°C |4.99 6§ \Y
at T,mp = 85°C ) 4.95 \Y
Vpp = 10V
at Tymp = -40°C | 9.99 \
at Tymp = 25°C [9.99 10 \Y
at T,mp = 85°C |9.95 \Y
1
VoL  Output fow voitage io =0
Vpp =5V or 10V
at T,mp = -40°C 0.01 | V
at T,mp = 25°C 0 001 |V
at Tymp = 85°C 0.05 | V
VNH  Noise immunity Vpp= 5V V, = 0.95V
at T,mp = -40°C | 1.4 \
at T,mp = 25°C |15 225 \
at Tymp = 85°C | 1.5 \
Vpp =10V V, = 2.9V
at T,mp =-40°C |29 \
at Tymp = 25°C |3 4.5 \
at Tymp = 85°C |3 \Y
VnL  Noise immunity Vpp =5V V, =3.6V
at Tymp = -40°C 1.5 \
at Tymp = 25°C [ 1.5 2.25 v
at T,mp = 85°C 4 \
Vpp =10V V,=7.2V
at T,mp = -40°C |3 \
at Tymp = 25°C |3 4.5 \
at T,mp = 85°C |29 \
IgN  Output drive current Vpp =5V Vo, = 0.5V
N-channel for 4011A and 4023A types
at Tymp = -40°C | 0.145 mA
at T,mp = 25°C |0.12 0.5 mA
at Tymp = 85°C | 0.95 mA
—
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HBC/HBF ‘4011 A
HBG/HBF 4012 A
HBC/HBF 4023 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

( Parameter Test conditions Min. Typ. Max. | Unit
IobN  Output drive current for 4012A type
N-channel at T,mp = -40°C  |0.072 mA
at Tyme = 25°C  |0.06 0.25 mA
at T,mp = 85°C |0.05 mA
Vop =10V VvV, =0.5V
for 4011A and 4023A types
at T,mp = -40°C |03 mA
at T,;,p = 25°C |0.25 0.6 mA
at T,mp = 85°C  |0.2 mA
for 4012A type
at T,mp = -40°C  [0.155 mA
at Tamp = 25°C  |0.13 06 mA
at T,;mp = 85°C  |0.105 mA
IpP  Output drive current Vpp =5V  V,= 45V
P-channel at Tymp = -40°C  |-0.145 mA
at T,mp = 25°C |-0.12 -0.5 mA
at Tymp = 85°C  |-0.95 mA
Vpp =10V V, =956V
at Tymp = -40°C  |-0.35 mA
at Ty,mp = 25°C |-0.3 -1.2 mA
at T,mp = 85°C  |-0.24 mA
I Input current Tamp = 25°C 10 pA
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HBC/HBF 4011 A
HBC/HBF 4012 A
HBC/HBF 4023A

Minimum and maximum voitage transfer characteristic curves and test circuit

5-0978

Vo IR
T17 LI B A T
v) | 1] Tamb = 25°q T r
v, =15V l J m ‘Tl i
15 |20 IR
; 1‘ ;‘L Voo
!
\ R
\ r ! v
1 P —— o
0 [ L + Vi -
T o——
T 1 1
{
. 5Y | 5-0%26
35} 1
[ = |
o 5 10 B Vi(V)
Typical current and voltage transfer characteristic curves and test circuit
G-088Q
Yo I Imwl L_IHL Ip
Tamb=25°C (mA)
) am Vo Yoo
FVap=15V Iq == 14
15 (P2 0 15
i
N Vi )
0 T \\ - v Vo
B T \ 2 --— 1
{ - 10 ] !
10 \i , A) I _ :
; -
Mo § T¥ss
i5 ALL OTHER
5V
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4 AN R ] 5-0374
T = 0
) 5 10 B (V)
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HBG/HBF 4011 A
HBG/HBF 4012 A
HBC/HBF 4023A

Typical multiple input switching transfer
{for 4012A only)

Yo TI I I2‘5"2: ———
= =1 INPU
v) amb b=z NPUTS |
C =3 INPUTS ——
Vpp=15v [] | - d=4INPUTS ——
15 L ALL OTHERINPUTS T0 Vg
I NN
SAY
- 104 =
10 ~ —d
\
la
b
5V
5
a
b ‘
= et
vl I
d |
0 5 10 15 Vi (V)

Typical voltage transfer characteristics
vs. ambient temperature

characteristic curves and test circuit

Vi

Yop

T L
L_o

5-0327

B

Typical power dissipation characteristics

. 5. 0% 6 L o G-‘D?l‘
Yo [T 71 10" I i i A
v ! Ptot [ Tamp =25°C 11 1 A
I (per gate ) } ] Vpp=15V [% 10V
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15 LB~ Tamb =125°C = a1
H -585°C 10* % sy [ Lo
! { ey Clmma
o e #ilumans
L A4 2 il
10 1&\ 58 P’ 35V Al
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HBG/HBF 4011 A
HBG/HBF 4012 A
HBC/HBF 4023A

DYNAMIC ELECTRICAL CHARACTERISTICS

typical temperature coefficient for all Vpp = 0.3%/°C values)

(Tamp =

25°C, C_

15 pF,

Parameter Test conditions Min. Typ. Max. klnit
HBC types (extended temperature range)
tpy  Propagation delay time Vpp =5V 50 75 | ns
{fow to high level) Vpp = 10V 25 40 | ns
tpn.  Propagation delay time Vpp =5V |
(high to low level) for 4011A and 4023A types B0 75| ns
for 4012A type 100 150 | ns
Vpp = 10V
for 4011A and 4023A types 25 40 | ns
for 4012A type 50 75 | ns
tr g  Transition time Vpp =5V 75 100 | ns
{low to high level) Vpp = 10V 40 60 | ns
ttyL  Transition time Vpp =5V
(high to low level) for 4011A and 4023A types 75 125 | ns
for 4012A type 250 375 | ns
Vpp = 10V
for 4011A and 4023A types 50 75 | ns
for 4012A type 125 200 | ns
G Input capacitance Any input 5 pF
HBF types (standard temperature range)
tpry  Propagation delay time Vpp =5V 50 100 | ns
{low to high level) Vpp = 10V 25 50| ns
tpyr  Propagation delay time Vpp =5V
{high to low level) for 4011A and 4023A types 50 100 | ns
for 4012A type 100 200 | ns
Vpp = 10V
for 4011A and 4023A types 25 50| ns
for 4012A type 50 100 | ns
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HBG/HBF 4011 A
HBG/HBF 4012 A
HBG/HBF 4023A

DYNAMIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. Um
trLn  Transition time Vpp =5V 75 125 | ns
(low to high level) Vpp = 10V 40 75 | ns
ttqe  Transition time Vpp =5V
(high to low level) for 4011A and 4023A types 75 1650 | ns
for 4012A type 250 500 | ns
Vpp = 10V
for 4011A and 4023A types 50 100 | ns
for 4012A type 125 250 | ns
C; Input capacitance Any input 5 pF

Typical low-to-high level propagation delay  Typical high-to-low level propagation delay

time vs. Cp_ time vs. C_ (for 4011A and 4023A only)
tpLH G- 0586 tPHL G- 0987
(ns) (ns)
150 300
|
T—
100 > 200
VDD=5V/ —
- o054
50 19L”’ - 100 1 —
| et Tt et ——
—tT1
I |
0 20 40 60 80 Cp (pF) 0 20 40 60 80 C (pP)
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HBG/HBF 4011 A
HBC/HBF 4012 A
HBG/HBF 4023A

Typical high-to-low level propagation delay

time vs. C__ {for 4012A only)

Minimum propagation delay time vs. Vpp

o ¢ 3831

t T TT T T T 77 T T
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HBC/HBF 4013 A
COS/MOS INTEGRATED CIRCUIT

PRELIMINARY DATA

DUAL "D” TYPE FLIP-FLOP WITH SET-RESET CAPABILITY

LOW QUIESCENT POWER DISSIPATION

WIDE SUPPLY VOLTAGE RANGE: 3 to 15V

HIGH NOISE IMMUNITY: 45% of Vpp (TYP.)

HIGH SPEED OPERATION: 10 MHz (TYP.) CLOCK TOGGLE RATE at Vpp-Vgg=10V
INPUTS FULLY PROTECTED

LOW OUTPUT IMPEDANCE

HIGH FANOUT

STATIC FLIP-FLOP OPERATION

The HBC 4013A {extended temperature range) and HBF 4013A (standard temperature ran-
ge) are monolithic integrated circuits, available in 14-lead dual in-line plastic or ceramic
package and ceramic flat package.

The HBC/HBF 4013A types consist of two identical, independent data-type flip-flops.
Each flip-flop has independent data, set, reset and clock inputs and Q and Q outputs (for
functions see truth table). These devices can be used in shift register and, by connecting Q
output to the data input, in counter and toggle applications.

ABSOLUTE MAXIMUM RATINGS

Vpp-Vss Supply voltage -0.5t0 15 \%
V; Input voltage (at any pin) Vss SV < Vpp
Piot Total power dissipation (per package) 200 mwW
Tetg Storage temperature -65 to 150 °C
Top Operating temperature: for HBC types -55 10 125 °C

for HBF types -40to 85 °C

ORDERING NUMBERS :

HBC 4013 AD  for dual in-line ceramic package

HBC 4013 AF  for dual in-line ceramic package frit seal {(extended temperature range)
HBC 4013 AK  for ceramic flat package

HBF 4013 AE  for dual in-line plastic package

HBF 4013 AF  for dual in-line ceramic package frit seal (standard temperature range)

Supersedes issue dated 5/74 339 9/74



HBC/HBF 4013 A

MECHANICAL DATA (dimensions in mm)

Dual in-line ceramic package
for HBC 4013 AD and
HBC/HBF 4013 AF

7ma

X

[

1 7
|55 [ N R N 0 (Y O I

Dual in-line plastic package
for HBF 4013 AE

Ceramic flat package for HBC 4013 AK

025

8.38

P0253-

A

7.1max

0.25

838
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HBC/HBF 4013 A

CONNECTION DIAGRAM (top view)

Qy 1 i vop

a 2[H] 1]13 Q

‘ - FI ’

CLOCK, 3[_f 12 &,

RESET 4] 111 cLock,

D4 5[—J ]10 RESET,

FIF2

seTy  6[- 9 D,

ves [ s seT,

$-0880

SCHEMATIC DIAGRAM
8/8 O

ET MASTER SECTION SLAVE SECTION

t 5 ﬁ h 1% i
“"?ﬁx} T . ‘LI T = m
L”Ja 5 ]

LI,

s

NE
i

vss
vss t vss

ALL P- SUBSTRATES (IE)CONNECTED ra vpop
ALL N-SUBSTRATES (1E)coNNECTED TOvsS

@ FF1/FF2 TERMINAL ASSIGNMENTS

341 9/74




HBC/HBF 4013 A

FUNCTIONAL LOGIC DIAGRAM and TRUTH TABLE

6/8 O
A% SET ¢ MASTER SECTION a} SLAVE SECTION
:Dyi, L T6 |— g
oo T |- D T
DATA = — T
f ? 9
d 16 =
RESET ¢
4100
4 ¢ PIN 14 =VQD
PIN 7 =GND

g—Do—t—DO—L
am

—D¢O—GO7HZ

BUFFERED OQUTPUTS

Q
4‘ >0—0 1113

5-0551

C'—gCK p|r|s|ala
—_Jofofofo]x
o1 |0
* = INVALID CONDITION - 110
*% = FF1/FF2 TERMINAL ASSIGNMENTS N | x|o]o]ala|e nocnange
X = DON'T CARE CASE X 1x11lolol
X X101 110
X X1 ]1]|=]|=»
RECOMMENDED OPERATING CONDITIONS
Vpp ™  Supply voltage 3to 15 \Y
v* Input voltage Vpp 10 Vgg
Top Operating temperature: for HBC types -b5 to 125 °C
for HBF types -40to 85 °C

* This is measured with respect to the Vgg pin voitage
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HBC/HBF 4013 A

STATIC ELECTRICAL CHARACTERISTICS

Parameter Test conditions Min. Typ. Max. |Unit
HBC types (extended temperature range)
I Quiescent current Vpp =5V
at Tymp=-b5°C 1| MA
at Tymp= 25°C 0.005 1| MA
at Tymp=125°C 601 uA
Vpp = 10V
at Tymp=-55°C 2| pA
at Tymp= 25°C 0.005 2| uA
at Tymp=125°C 120 | pA
Von  Output high voltage lo =0
Vpp =5V
at Tump=-55°C| 4.99 Y
at Tamp= 26°C|4.99 5 \Y
l at Tamp=125°C| 4.95 \Y
Vpp= 10V
at Tamp=-55"C| 9.99 v
at Tump= 25°C|[9.99 10 \Y
at T,mp=125°C| 9.95 \Y
Vor  Output low voltage lo =0
Vpp =5V or 10V
at Tymp=-55°C 0.01] V
at Tomp= 25°C 0 001V
at Tymp=125°C 0.05| V
- | Vnn Noise immunity Vpp =5V Vg, =4.2V
at Tamp=-55°C| 1.4 \Y
at Tomp= 25°C{1.56 225 \Y
at T,mp=125°C| 1.5 \Y
Vpp =10V V, =9V
at T,mp=-55°C| 2.9 \Y
at Tamp= 256°C|3 4.5 \Y
at Tamp=125°C| 3 \Y
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HBC/HBF 4013 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. [Unit
- | Vno  Noise immunity Vpp =5V V,=0.8V
at T,,,p=-b5°C | 1.5 \
at Tamp= 25°C (1.5 225 \
at Tymp=125°C | 1.4 \
Vpp = 10V Vg, =1V
at Tamp==b5°C|3 \
at Tomp= 25°C |3 4.5 \
at T,,p=125°C| 2.9 \
IpN Qutput drive current Vpp =5V V, =05V
N-channel at Tamp=-55°C| 0.65 mA
[ at Tomp= 25°C|0.5 1 mA
| at Tamp=125°C|0.35 mA
Vpp = 10V V, =05V
at T,mp=-55°C| 1.25 mA
at Tamp= 25°C|1 2.5 mA
at To,mp=125°C|0.75 mA
IpP Output drive current Vpp =5V  V, =45V
P-channel at Tomp=-55°C|-0.31 mA
at Tamp= 25°C|-0.25 -0.5 mA
at Tmp=125°C|-0.175 mA
Vpp = 10V V, =95V
at Tamp=-55°C|-0.8 mA
at Typp= 25°C|-0.65 -1.3 mA
at Tap=125°C|-0.45 mA
i Input current Tamp = 25°C 10 pA
HBF types (standard temperature range)
L Quiescent current Vpp =5V
at Tapp=-40°C 10 | MA
at Tamp= 25°C 0.01 10| pA
at Tymp= 85°C 140 | MA
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HBG/HBF 4013 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

345

Parameter Test conditions Min. Typ. Max. |Unit
e Quiescent current Vpp = 10V
at T,mp=-40°C 20 | MA
atT, = 25°C 0.02 20| uA
at Tamb— 85°C 280 | WA
Vo Output high voltage lo =
Vpp =5V
at Tump=-40°C | 4.99 Vv
at Tomp= 25°C| 499 5 Vv
at T,mp= 85°C | 4.95 Vv
Vpp = 10V
at Tymp=-40°C | 9.99 \Y
at Tymp= 25°C | 9.99 10 Vv
at T,mp= 856°C | 9.95 \
VoL  Output low voltage o=0
Vpp=5V or 10V
at Tymp=-40°C 0.01| V
at Tymp= 26°C 0 001 V
at T,mp= 85°C 0.05| V
VNH Noise immunity Vpp =56V V, =42V
at Tomp=-~40°C | 1.4 \
at Tymp= 25°C | 1.6 225 \Y
at Tump= 85°C | 1.6 \
Vpp = 10V V, =9V
at Tymp=-40°C | 2.9 \
at Tymp= 26°C | 3 4.5 \
at Tamp= 85°C | 3 \
Vno  Noise immunity Vpp =5V V,=0.8V
at Tamp=-40°C | 1.6 \
at Tymp= 25°C | 1.6 2.25 \
at T,mp= 85°C | 1.4 \
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HBC/HBF 4013 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. | Unit
VL Noise immunity Vpp = 10V V, =1V
at Tymp=-40°C | 3 \Y
at Tymp= 25°C | 3 4.5 \Y
at Tymp= 85°C | 2.9 \
IpN Output drive current Vpp =5V V, =05V
N-channel at T,mp=-40°C | 0.35 mA
at Tymp= 25°C {03 1 mA
at T,mp= 85°C | 0.24 mA
Vpp = 10V V, =05V
at Tymp=-40°C | 0.72 mA
at T,mp= 25°C |06 2.5 mA
at Tymp= 85°C | 0.5 mA
InP Output drive current Vpp =5V V, =45V
P-channel at Tamp=-40°C |-0.17 mA
at Tymp= 25°C |-0.14 -0.5 mA
at Tymp= 85°C (-0.12 mA
Vpp = 10V V, =95V
at T,mp=-40°C |-0.4 mA
at Tymp= 25°C|-0.33 -1.3 mA
at Tymp= 85°C [-0.27 mA
i Input current Tamp = 25°C 10 pA
G6-1186
= = S Typical power dissipation characteristics
hw) ’C:’:lepF— R
CL=50pF === g
10 E==lINPUT 1, = t4=20ns|
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HBC/HBF 4013 A

Typical N-channel drain characteristics

Typical P-channel drain characteristics

G- 1190 6-191
[
'O [typicAL TEMPERATURE | | | [T _ip T L]
(MA) | COEFFICIENT FOR 1ps03%rC| N (mA) -5V )
28 |1,mb=25°C
—— ‘ B | \
2 : - N -y
¥Gs=15V:
12
20 = = N
Ll N
B "4
16— -»—[/ - 16
12 Fobelf bt gy +— EA N e I e
| feed 10V
el 2
8 |- J?ﬂ‘
WA g |TYPICAL TEMPERATURE
4 B 5V COEFFICIENT FOR Ip=-03"/C[ | |
- Tamb=25°C T ]
2 Lom ] I
b] 2 4 6 8 10 12 vps(V) 0o 2 4 6 8 10 12 -vps(V)
Minimum N-channel drain character- Minimum P-channel drain character-
istics istics
6-1192 G-119)
o [TTTTTTI [T 0 11T TYPICAL TEMPERATURE
(mA)[ " 'HBC 4013 AD U\l 5 COEFFICIENT FOR Ip=-03°/"C
T THBC 4013 AK (mA) PRSP -5Y M7= 250C
[ ] HBF 4013 AE~ === A NRhD [T
s L8
® | 1] Vgs=157 2 3 J0Y J]I i % ]
[ 1.1 [ i > R
N i » RS e T
v T = L3 T
12 : A J 4 \ ey | W,i__x H
LT AT sy
J / | / 1 i
0 | //] L L 5 \ __>_L4_+,J‘._._4_
, ] N =
8 £ T T 6 O I SN S
/ SRt U T
6 }_+ _‘f &+ i HEE . L]
T R !
< : !o}v \I } \[J f \%\‘\; ?"L*} ‘}"*_ﬁ
. 7 | [ I L | [
NN 720N i NN 8 hecionao T 1
) st =T0v 1 Tamb=25°C g | JMBcai3ak 7] [Ves=-tsv T I
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HBG/HBF 4013 A

TEST CIRCUITS

Quiescent device current Noise immunity

) 1oy

M\{ ; " —L@ 5V or 10V

2 13 i_’sv___(]‘ L

[l 7v rgf_»‘ 1 "%

10 = ! 1 L ? »

N e peoes o S T

, s 10 SEQUENCE OF "I's* Mj_ ,,,+ 1

"_f——'?s 9 AND “D's" L \ .
I et | 10~
—_J 7 8 Ll [0 o s .
wy o ° A

f ot [
DYNAMIC ELECTRICAL CHARACTERISTICS (T,,= 25°C, C_= 15 pF typical

temperature coefficient for all Vpp= 0.3%/°C values, all input rise and fall
except tg, and t¢y)

time = 20 ns,

Parameter Test conditions Min. Typ. Max. | Unit
CLOCKED OPERATION
tpLn, Propagation delay time Vpp =5V
tpHL for HBC types 150 300| ns
for HBF types 150 3560| ns
Vpp = 10V
for HBC types 75 110| ns
for HBF types 75 125| ns
tron, Transition time Vpp =5V
trHL for HBC types 75 125| ns
for HBF types 75 150 ns
Vpp = 10V
for HBC types 50 70] ns
for HBF types 50 75| ns
|
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HBG/HBF 4013 A

DYNAMIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. | Unit
towH, Minimum clock pulse Vpp =5V
towe  Width for HBC types 1256 200 | ns
for HBF types 125 500 | ns
Vpp = 10V
for HBC types 50 80| ns
for HBF types 50 100 | ns
tor, Clock rise and fall time Vpp =5V
oy for HBC and
HBF types 15| us
Vpp = 10V
for HBC and
HBF types 5| us
ts Set-up time Vpp =5V
for HBC types 20 40| ns
for HBF types 20 50| ns
Vpp = 10V
for HBC types 10 20| ns
for HBF types 10 25| ns
fmax  Maximum clock Vpp = 5V
frequency for HBC types | 2.5 4 MHz
for HBF types | 1 4 MHz
Vpp = 10V
for HBC types | 7 10 MHz
for HBF types | 5 10 MHz
C; Input capacitance Any input
for HBC and HBF types 5 pF

SET and RESET OPERATION

tpLH(S), Propagation delay time Vpp =5V
tpHL(R) for HBC types 175 300 | ns
for HBF types 175 350 | ns
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HBC/HBF 4013 A

DYNAMIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.| Unit
tp H(s), Propagationdelay time Vpp = 10V
tpHL(R) for HBC types 75 110| ns
for HBF types 75 125| ns
towH(S), Minimum set and Vpp =5V
towL(R) reset pulse widths for HBC types 125 250 ns
for HBF types 126 500 | ns
Vpp = 10V
for HBC types B0 100| ns
for HBF types 50 125| ns
Typical clock frequency vs. Vpp tg -
(MHz) ,/
e
12 v
10
8
/
8 7
4
4
2 £
/
.
0 2 4 6 8 10 12 Vppv)
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HBC/HBF 4013 A

Typical propagation delay time vs. C_ Typical transition time vs. C_
G-1188 a-1189
tPLH tTLH
tpHL tTHL
(ns) (ns)
320 320
VDD=5V __~
280 po - 280
o]
240 240
200 = 200 ooET
160 1 10V e 160 il
.
- 1 T A 10V -
120 - 15V 120 el =
ot | pr "1
80 - — 80 > e ; ?V’QT—
40 == 40 I e
0 10 20 30 40 50 60 70 80 Cy(pF) 0 0 20 30 4 50 60 70 80 CL(pF)
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HBC/HBF 4014 A
COS/MOS INTEGRATED CIRCUIT

PRELIMINARY DATA

8-STAGE STATIC SHIFT REGISTER SYNCHRONOUS PARALLEL
OR SERIAL INPUT/SERIAL OUTPUT

LOW QUIESCENT POWER DISSIPATION

WIDE SUPPLY VOLTAGE RANGE: 3 to 156V

HIGH NOISE IMMUNITY: 45% of V55 (TYP.)

MEDIUM SPEED OPERATION: 5 MHz (TYP.) CLOCK RATE Vpp - Vgs = 10V

INPUTS FULLY PROTECTED

FULLY STATIC OPERATION

MSI COMPLEXITY onaSINGLE CHIP:
8 MASTER-SLAVE FLIP-FLOPS PLUS OUTPUT
BUFFERING and CONTROL GATING

The HBC 4014A (extended temperature range) and HBF 4014A (standard temperature
range) are monolithic integrated circuits, available in 16-lead dual in-line plastic or ceramic
package and ceramic flat package. The HBC/HBF 4014A types are 8-stage parallel-input/
serial output registers having common clock and parallel-serial control inputs, a single serial
data input, and individual parallel “Jam” inputs to each register stage. Each register stage is a
D-type, master-slave flip-flop. In addition to an output from stage 8, “Q" outputs are also
available from stage 6 and 7. Parallel as well as serial entry is made into the register synch-
ronous with the positive clock line transition and under control of the parallel-serial control
input. When the parallel-serial control input is “low”, data is serially shifted into the 8-stage
register synchronously with the positive transition of the clock line. When the parallel-serial
control input is “high”, data is jammed into the 8-stage register via the parallel input lines
and synchronous with the positive transition of the clock line. Register expansion using
multiple HBC/HBF 4014 A packages is permitted.

ABSOLUTE MAXIMUM RATINGS

Vpp-Vss Supply voltage -0.5t0 15 \Y
V; Input voltage (at any pin) Ves SV <Vpp
Piot Total power dissipation {per package) 200 mw
Tetg Storage temperature -65 to 150 °C
Top Operating temperature :  for HBC types -55 t0 125 °C

for HBF types -40to 85 °C

ORDERING NUMBERS:

HBC 4014 AD for dual in-line ceramic package

HBC 4014 AF for dual in-line ceramic package, frit seal (extended temperature range)
HBC 4014 AK for ceramic flat package

HBF 4014 AE for dual in-line plastic package

HBF 4014 AF for dual in-line ceramic package, frit seal {standard temperature range)
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HBG/HBF 4014 A

MECHANICAL DATA (dimensions in mm)

Dual in-fine ceramic package

for HBC 4014 AD and : g
HBC/HBF 4014 AF = Egi 5
L] [Te]

[:]

o

045 REPED

nooonnaQ
*© 9

1 8
| J U I () N N O

Dual in-line plastic package
for HBF 4014 AE

un

|
psin
Mmax
.

20max

OO[oaonnnn
3 9
1 8
[ 5 0 9 0 6 O 5 O |

Ceramic flat package for HBC 4014 AK

33“ 51

10.4

PO

e

0.25

8.38

PLOI-C
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HBC/HBF 4014 A

CONNECTION DIAGRAM (top view)

PARALLEL __ 9]
SERIAL
CONTROL
SERIAL n
INPUT 2
12 qg
cLocK j
12 Q, pBUFFERED
ouTPUTS
13__ag
Ia
5-0662
Vss
SCHEMATIC DIAGRAM
. T T TriRsT ReciSTER STAGE(oNE _ﬂéﬁgir TR
e | ) Yoo D
PARALLEL :3 :3 :3 :3 |
SERIAL |
CONTROL :3_5‘2 5 :] sp 3_ 3_0 |7o STAGE 2
’ |
S 5 gl
Yss | SP g vss Vss
PARALLEL L I
INPUT -1 | IT |
7 l 1 l
Yoo VDn| = - -
s Ti ¢ Yoo 3 Ti Yoo |
SERIAL ‘] :3 :ﬁ | L L |
W e S B S e
i 1 1 A2 1 p ANy
J |
R 4 _ |
::%VSS vis| 1; ¢ 4:[—— Vss 1: .._1:_1. ss
:3"00 | :3"00 === Yo ! .
sIcRy I | o
cLock ']_' é ¢ ” 5 :i 1]
10 F ALL"P*UNIT SUBSTRATES ARE BUFFERE a 2.Roc3
J CONNECTED 10 Yy, QUTPUT FOR
STAGES 6.7.8

ALL"N“UNIT SUBSTRATES ARE
CDNNECTED TO Vg5

¥ss
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HBC/HBF 4014 A

LOGIC BLOCK DIAGRAM

PARALLEL
INPUT -1
7

PARALLEL

NO{CHANGE)

SERIAL
CONTROL O_Do;
9

SERIAL
INPUT
n

TRUTH TABLE

Parallel

CLOCK™| Serial Serial Parallel| Parallel [{Internal) Q
[0} Input Control Input-1| Input-n| Q, n
| x | 0 0 0
B [ [ 0 I
X [ 0 | 0 [
| x [ [ [ [ [
] o 0 X X 0 |[Q,-1
N 0 X X I Q-1
| x X X X Q; Q,

< No change

* = Level Change

X = Don’t care case
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HBC/HBF 4014 A

RECOMMENDED OPERATING CONDITIONS

Vpp*  Supply voltage 3to 156 \Y

A Input voltage Vpp to Vgg

Top Operating temperature: for HBC types -bb to 125 °C
for HBF types -40to 85 °C

*This is measured with respect to the Vgg pin voltage

STATIC ELECTRICAL CHARACTERISTICS

Parameter Test conditions Min. Typ. Max. | Unit

HBC types (extended temperature range)

I Quiescent current Vpp =56V
at Tomp= -55°C 5] uA
at Tymp= 256°C 0.5 5| uA
at Tamp= 125°C 300 | MA
Vpp = 10V
at Tamp= -55°C 10 uA
at Tymp= 256°C 1 10| HA
at Tamp= 125°C 600 | uA
Vou  Output high voltage I,=0
Vpp =5V
at T,mp= -556°C | 4.99 \
at T,mp= 25°C ) 4.99 5 \
at Tymp= 126°C | 4.95 \
Vpp = 10V
at Tamp= -55°C | 9.99 \
at T,mp= 26°C| 999 10 \
at Tamp= 125°C | 9.95 \
Voo Output low voltage I, =0
Vpp =56V or 10V
at Tamp= -55°C 001} V
at T,mp= 25°C 0 0.01| V
at Tamp= 125°C 0.05| V
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HBC/HBF 4014 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. |Unit
Vnn  Noise immunity Vpp =5V V,=4.2V
at T,mp= -b5°C | 1.4 Y
at T,mp= 25°C |16 225 A
at T,mp= 125°C | 1.6 Y
Vpp =10V V, =9V
at T,mp= -55°C | 2.9 A
at T,mp= 25°C |3 4.5 Y
at Tamp= 125°C |3 \Y
VL Noise immunity Vpp =5V V,=0.8V
at Tamp= -55°C (1.5 \Y
at T,mp= 26°C|1.6 225 \Y
at T,mp= 125°C | 1.4 Y
Vpp =10V V, =1V
at T,mp= -55°C |3 \Y
at Tymp= 25°C |3 4.5 A
at Tymp= 125°C | 2.9 \Y
IpN Output drive current
N-channel Vpp =5V V,=0.5V
at Tymp= -b5°C |0.15 mA
at T,mp= 25°C|0.12 03 mA
at Tymp= 125°C | 0.085 mA
VDD =10V VO = 0.5V
at Tymp= -55°C | 0.31 mA
at Tump= 25°C|025 05 mA
at Tymp= 125°C | 0.175 mA
IpP Output drive current
P~channel Vpp =5V V,=45V
at T,mp= -55°C |-0.1 mA
at Tmp= 25°C|-0.08 -0.16 mA
at Tymp= 125°C |-0.055 mA
VDD =10V VO =95V
at T,mp= ~-55°C [-0.25 mA
at T,mp= 25°C|-0.20 -0.44 mA
at Tymp= 125°C |-0.14 mA
b Input current Tamp = 25°C 10 pA
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HBC/HBF 4014 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

L Parameter Test conditions Min. Typ. Max. |Unit
HBF types (standard temperature range)
I Quiescent current Vpp =5V
at Tymp= -40°C 50 | uA
at T,p= 25°C 05 B0 uA
at T,mp= 85°C 700 | uA
Vpp = 10V
at Tymp=-40°C 100 | pA
at T,mp= 256°C 1 100 | A
at Tamp= 85°C 1400 | A
Von  Output high voltage 1,=0
Vpp =5V
at Tamp= -40°C | 4.99 \
at T,mp= 25°C |4.899 b \
at Tymp= 85°C | 4.95 \
Vpp = 10V
at Tamp= -40°C | 9.99 \
at T,mp= 25°C |9.99 10 Vv
at T,mp= 85°C |9.95 \
VoL  Output low voltage lo=0
Vpp =5V or 10V
at Tamp= -40°C 0.01| V
at Tamp= 25°C 0 0.01| V
at Tamp= 85°C 005 V
Vnn  Noise immunity Vpp =5V V,=4.2V
at Tamp= -40°C | 1.4 v
at T,mp= 25°C | 1.6 225 \
at Tymp= 85°C | 1.5 \
Vpp =10V YV, =9V
at Tymp= -40°C | 2.9 \
at Tamp= 25°C |3 45 \
at Tamp= 85°C | 3 \
VnL  Noise immunity Vpp =5V V,=0.8V
at Tymp=-40°C | 1.6 \
at Tamp= 256°C |15 2.2b Vv
at T,mp= 85°C |14 \
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HBG/HBF 4014 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. |Unit
Vne  Noise immunity Vpp =10V Vg =1V
at Tamp= -40°C |3 \
at Tymp= 25°C |3 45 \Y)
at Tamp= 85°C |29 \Y)
IpN Output drive current Vpp =5V V,=0.5V
N-channel at Tymp= —-40°C | 0.072 mA
at Tynp= 25°C |0.06 0.3 mA
at T,mp= 85°C |0.05 mA
VDD:10V Vo = 0.5V
at Tymp= -40°C [0.12 mA
at Tymp= 25°C |[0.1 0.5 | mA
at T,mp= 85°C | 0.08 mA
IpP Output drive current Vpp =5V V,=45V
P-channel at Tymp= -40°C |-0.06 mA
at T,mp= 25°C |-0.05-0.16 mA
at Tymp= 85°C |-0.04 mA
Vpp=10V V, =9.5V
at Tamp= -40°C |-0.12 mA
at Tymp= 25°C |-0.1 -0.44 mA
at Tymp= 85°C |-0.08 mA
—
I Input current Tamp = 25°C 10 pA
0-1234 ..
Piot EEEETTIT SIS TIHIMEET Typical power dissipation characteristics
(uW) EY il : LHL
) Liov
B
il
|

PO N |

1]
10° {p (kHz)
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HBC/HBF 4014 A

TEST CIRCUITS

Quiescent device current

O_'L 1% TEST PERFORMED WITH THE

FOLLOWING SEQUENCE OF "1's”
and “0's".
1 16 —
2 ! Sy [Sa|Ss|SalSs
3 14 |
4 Py
5 12 Don't
6 Y E— Test 01 1 0|0
7 10 Test 0|1 1 110
8 9 Test 110 1|0 0|0
T Test 1 0 1 1 1
Test 1100 0|1
5-0665
Noise immunity
5V OR 10V
J oL ISVORTY
— 1 16 -4\0
2 15
DVM 3 14 o
' A 13 NP
— 5 12 1
+| 6 " \;)T
K 10 Q
— 8 s o
0 —
1.5¥ OR 3V
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HBC/HBF 4014 A

DYNAMIC ELECTRICAL CHARACTERISTICS (T,m, = 25°C, C_ = 15pF,
typical temperature coefficient for all Vpp = 0.3%/°C values, all input rise and fall
time = 20 ns, except t¢, and tg¢)

Parameter Test conditions Min. Typ. Max. | Unit
CLOCKED OPERATION
to ., Propagation delay time Vpp =5V
tpHL for HBC types 300 750 ns
for HBF types 300 1000 | ns
VDD =10V
for HBC types 100 225| ns
for HBF types 100 300| ns
trin, Transition time Vpp =5V
trHL for HBC types 150 300| ns
for HBF types 150 400| ns
VDD =10V
for HBC types 75 125| ns
for HBF types 75 150| ns
towH, Minimum clock Vpp =5V
towl  Pulse width for HBC types 200 500 ns
for HBF types 200 830 ns
for HBC types 100 175| ns
for HBF types 100 200| ns
thr, Clock rise and Vpp =5V or 10V
tor fall time for HBC and
HBF types 15| us
1, Set-up time Vpp =5V
for HBC types 100 350| ns
for HBF types 100 500| ns
Vpp = 10V
for HBC types 50 80| ns
for HBF types B0 100| ns
fmax  Maximum clock
frequency Vpp =5V
for HBC types |1 25 MHz
for HBF types | 0.6 2.5 MHz
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HBC/HBF 4014 A

DYNAMIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. | Unit
fmax  Maximum clock
frequency Vpp =10V
for HBC types | 3 5 MHz
for HBF types | 2.5 5 MHz
C; Input capacitance Any input
for HBC and HBF types 5 pF
Typical propagation delay time vs. C_ Typical transition time vs. C_
6-1232 6-123)
e T ey
(ns}) ! J‘ (ns)
400 \W"V" 500 ve
/
400 //
300 ‘,/4
N7,
! = 300 c\}o/
200 3 -
- 200 / howt]
] is — /[/ » 15
100 ] = = 100 |2 ,/'é/‘
0 20 40 60 80 Ci{pF) 0 20 40 60 80 CL(pP
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HBG/HBF 4014 A

Max. input clock frequency vs. Vpp

8-140

¢
(MHx)
7
[]
L~
5
4 /4/
3
2
J4

1
Q 5 0 Vpp V) 1L
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HBC/HBF 4015 A
COS/MOS INTEGRATED CIRCUIT

PRELIMINARY DATA

DUAL 4-STAGE STATIC SHIFT REGISTER WITH SERIAL
INPUT/PARALLEL OUTPUT

LOW QUIESCENT POWER DISSIPATION

WIDE SUPPLY VOLTAGE : 3 to 15V

HIGH NOISE IMMUNITY

MEDIUM SPEED OPERATION: 5 MHz (TYP.) CLOCK RATE at Vpp -Vgg = 10V
FULLY STATIC OPERATION

MSI COMPLEXITY on a SINGLE CHIP: 8 MASTER SLAVE FLIP-FLOPS PLUS
OUTPUT BUFFERING

The HBC 4015A (extended temperature range) and HBF 4015A (standard temperature ran-
ge) are monolithic integrated circuit, available in 16-lead dual in-line plastic or ceramic pa-
ckage and ceramic flat package, The HBC/HBF 4015A types consist of two identical, inde-
pendent, 4-stage serial-input/parallel~output registers. Each register has independent “Clock”
and “Reset” inputs as well as a single serial “Data” input “Q" outputs are available from each
of the four stages on both registers. All register stages are D-type, master-slave flip-flops. The
logic level present at the data input is transferred into the first register stage and shifted over
one stage at each positive - going clock transition. Resetting of all stages is accomplished by
a high level on the reset line. Register expansion to 8 stages using one HBC/HBF 4015A
package, or to more than 8 stages using additional HBC/HBF 4015A is possible.

ABSOLUTE MAXIMUM RATINGS -

Vpp-Vss  Supply voltage -05to15 V
Vi Input voltage (at any pin) Vgs SV, < Vpp
Piot Total power dissipation (per package) 200 mW
Tag Storage temperature -65 to 150 °C
Top Operating temperature:  for HBC types -55t0 125 °C

for HBF types -40to 85 °C

ORDERING NUMBERS:

HBC 4015 AD for dual in-line ceramic package

HBC 4015 AF for dual in-line ceramic package, frit seal {extended temperature range)
HBC 4015 AK for ceramic flat package

HBF 4015 AE for dual in-line plastic package

HBF 4015 AF for dual in-line ceramic package, frit seal {standard temperature range)
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HBG/HBF 4015 A

MECHANICAL DATA (dimensions in mm)

Dual in-line ceramic package
for HBC 4015 AD and ~
HBC/HBF 4015 AF :

Tuld
— 1
ax
|

5
56™

AJ’;Q.
.33 ]

g e

O I [ R S 0

Dual in-line plastic package
for HBF 4015 AE

7 4,max

10.4

=
i_ zomax
ONnNnnAaMnnn I_l—l
B 3
B

Ceramic flat package for HBC 4015 AK

PC57-B

71 max

025

838

GEEA
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HBC/HBF 4015 A

CONNECTION DIAGRAM

TRUTH TABLE

Yoo by A
¢ | D | R | Q|aQ,
DATA, 7 5 Q3
CLOCK, 9 . 4 Qgp 1o 0 ( 0 Qn.1
RESET, 64— °TA%F 3 Qa4 ]
10 Qg5 —/— 1 0 1 O'n-l
DATAR 15 130, I No
cLOCKg 1 . 12 05 | X 0 Q, | Q. | change
RESETg 14 STAGE 1 Q3g
X X 1 0 0
2 Qp
3 A= | EVEL CHANGE
Vss 5-0848 X =DON'T CARE CASE
LOGIC DIAGRAM
Qa Q24 Q; o
. ) N Sun
7
Ds O_W 0 b0 o o D o
1 1 |
a g ° o ‘ alJ
R R
9
20 >0 |
s & oo >
A
018 C28 Q3g Qi
13 12 no 2
Og S—Do—cD—D a b 0 b a b o
1 1
g °a L aJ a
R R
1
@Bo—Dw
Rg B—Do——c{/\ 5-0847
PIN16=Vpp
PIN 8 =GND
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HBC/HBF 4015 A

SCHEMATIC DIAGRAM

VoD Yop [~~~ e =
;ﬁ '_‘Tj | STAGE PIN 1 (ALL OTHER STAGES ARE IDENTICAL) Voo !
! I
e JEIE g
6 4 Ry Ry ; ] ouTy 5
FeN P20
q "’i : Yoo II Qya
Yss Vs - _ :q !
Yoo Yoo @ Yoo @ vis :
T 5 B
DATA N ﬂ E—‘ i ll
7 Dﬂ:’ﬂu [=ampliguiiae e,
B e U E MR
vss vss | g 233 @ Vss :
Fo-=— _ Voo '
Yoo : Yoo ) ¢ Vop }
= I I :
_ 1
cLOCK I i
L IS [
= L |
= i LEA T |
Vss vss ¢ v z Yss |
e e S 3
ALL P SUBSTRATES ARE CONNECTED TO ¥pp 508L9
ALL N SUBSTRATES ARE CONNECTED TO Vss
RECOMMENDED OPERATING CONDITIONS
Vpo ™ Supply voltage 3to 15 \
A7 Input voltage Vpp 10 Vgg
Top Operating temperature: for HBC types -55to 125 °C
for HBF types -40 to 85 °C

* This is measured with respect to the Vgg pin voltage
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HBG/HBF 4015 A

STATIC ELECTRICAL CHARACTERISTICS

r Parameter Test conditions Min. Typ. Max. (Unit
HBC types (extended temperature range)
I Quiescent current Vpp = 5V
at Tymp=-55°C 5 uA
at T,mp= 25°C 0.5 5| uA
at T,mp=125°C 300 | pA
Vpp = 10V
at Tymp=-55°C 10| pA
at T,mp= 25°C 1 10| pA
at Tamp=125°C 600| uA
Von Qutput high voltage Vpp = bV
at T,mp=-55°C|4.99 \
at T,mp= 25°C|4.99 5 Y
at T,mp=125°C|4.95 \
Vpp= 10V
at Tomp=-55"C|9.99 v
at T,mp= 25°C|9.99 10 \
at Tamp=125°C|9.95 \
VoL QOutput low voltage Vpp =5V or 10V
at T,mp=-55°C 0.01] V
at Tomp= 25°C 0 0.01] V
at T,mp=125°C 005 V
Vin  Noise immunity Vpp =5V VvV =42V
at Tymp=-55°C| 1.4 v
at Tump= 25°C|1.5 2.25 "
at T,mp=125°C| 1.5 \
Vpp = 10V Vv, =9V
at T,mp=-55°C| 2.9 \
at T,mp= 25°C|3 4.5 \
at T,mp=125°C| 3 \
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HBC/HBF 4015 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. |Unit
VL Noise immunity Vpp =5V V,=0.8V
at Tymp=-55°C | 1.6 \%
at Tymp= 25°C|1.5 225 \Y
at Tamp=125°C [ 1.4 v
Vpp = 10V V, =1V
at Tymp=7:55°C|3 \%
at T,mp= 25°C|3 4.5 \%
at T,mp=1256°C| 2.9 \%
IoN  Qutput drive current Vpp =5V Vg, =05V
N-channel at Tamp=-55°C| 0.15 mA
at Tymp= 25°C|0.12 03 mA
at T,mp=125°C| 0.085 mA
Vpp = 10V V, =0.5V
at Tamp=-55°C| 0.31 mA
at T,mp= 26°C|0.26 0.3 mA
at T,mp=125°C|0.175 mA
InP Output drive current Vpp =5V  V, =45V
P-channel at Tamp=-55°C|-0.1 mA
at T,mp= 25°C|-0.08 -0.16 mA
at Tamp=125°C|(-0.055 mA
Vpop = 10V V, =9.5V
at T,mp=-55°C|-0.25 mA
at Tymp= 25°C|-0.20 -0.44 mA
at Tamp=126°C|-0.14 mA
I; Input current Tamp = 25°C 10 pA
HBF types (standard temperature range}
I Quiescent current Vpp =5V
at Tamp=-40°C 50 | MA
at Tymp= 25°C 05 50| uA
at T,mp= 85°C 700 | pA
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HBG/HBF 4015 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. [Unit
I Quiescent current Vpp = 10V
at Tamp=-40°C 100 | WA
atT, = 25°C 1 100 | pA
at Tamp= 85°C 1400 | uA
Vou  Output high voltage Vpp =5V
at Tomp=-40°C | 4.99 \
at Typp= 25°C | 499 5 \
at T,mp= 85°C | 4.95 \
Voo = 10V
at Tomp=-40°C | 9.99 \
at Tamp= 25°C | 9.99 10 \
at Tymp= 85°C | 9.95 \
Vo  Output low voltage Vpp=5V or 10V
at Tymp=-40°C 0.01| V
at T,mp= 25°C 0 001 V
at Tamp= 85°C 0.05| V
VNH Noise immunity Vpp =5V V, =42V
at T,mp=-40°C | 1.4 \
at To,mp= 25°C | 1.5 225 \
at T,mp= 85°C | 1.5 \
Vpp = 10V V, =9V .
at T,mp=-40°C | 2.9 \
at Tamp= 25°C | 3 4.5 \
at Tamp= 85°C | 3 \
Vne  Noise immunity Vpp =5V V, =08V
at Tomp=-40°C | 1.6 \
at T,mp= 25°C| 1.6 2.25 \
at Tamp= 856°C | 1.4 \'
9/74
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HBG/HBF 4015 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. | Unit
Vo  Noiseimmunity Vpp = 10V V, =1V
at T,mp=-40°C | 3 \Y
at T,mp= 25°C | 3 45 \Y
at Tymp= 85°C | 2.9 \Y
IbN Output drive current Vpp =5V V,=05V
N-channe! at Tynp=-40°C | 0.072 mA
at Tamp= 25°C [0.06 0.3 mA
at T,mp= 85°C | 0.05 mA
Vpp = 10V V, = 0.5V
at T,mp=-40°C [0.12 mA
at Tump= 25°C 0.1 0.5 mA
at T,mp= 85°C (0.08 mA
IpP Output drive current Vpp =5V V,=4.5V
P-channel at T,mp=-40°C |-0.06 mA
at T,mp= 25°C |-0.05 -0.16 mA
at Tamp= 85°C [-0.04 mA
Vpp = 10V V, =9.5V
at Tymp=-40°C [-0.12 mA
at T,mp= 25°C (-0.1 -0.44 mA
at T,mp= 85°C |- 0.08 mA
I Input current Tamp = 25°C 10 pA
Pyo t EE e 705;'"7 Typical power dissipation characteristics
ety _AaL""r;RNATING 0"

EAND" " PATTERN =rf=q-

1}
1
|

,
anL
i

LY

10? 5
7%

= | L]
_/.

10 %/ —

sl H HY

P 110

i

2 63 L) 8

1 1 (kHz )
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HBG/HBF 4015 A

TEST CIRCUITS

Quiescent device current Noise immunity
SYOR 10V
J 1 _35VOR 7V
1
— O 16

7T.SV OR 3V

ﬁ
i

I R N
R

53

5-085)

Test performed with the following
sequence of “1s” and “0’s”

S1 |82 (S

Test | O [t |0

Don't Test 01011
Don’t Test 110 |1
Don’t Test 0|0 }0
Don‘t Test 110 )]0
Don‘t Test 0|0 |1
Test T10 |1

Don’t Test o |0 |0
Test 1 gt

DYNAMIC ELECTRICAL CHARACTERISTICS (T,,,=25°C, C_= 15pF, typical

temperature coefficient for all Vpp = 0.3%/°C values)

Parameter Test conditions Min. Typ. Max.| Unit

CLOCKED OPERATION

tpL ., Propagation delay time Vpp =5V

tpL for HBC types 300 750 ns
for HBF types 300 1000 | ns

Vpp =10V
for HBC types 100 225 | ns

for HBF types 100 300 Lns

9/74
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HBC/HBF 4015 A

DYNAMIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.| Unit
tyLH. Transition time Vpp =5V
trHL for HBC types 1560 300| ns
for HBF types 150 400 ns
Vpp = 10V
for HBC types 75 125| ns
for HBF types 75 150 | ns
town, Minimum clock Vpp = 5V
towL pulse width for HBC types 200 500 ns
for HBF types 200 830 ns
Vpp = 10V
for HBC types 100 175| ns
for HBF types 100 200| ns
tor, Clock rise and Vpp = 5V or 10V
ths fall time for HBC and
HBF types 15| wus
t, Set-up time Vpp = 5V
for HBC types 100 350 ns
for HBF types 100 500| ns
Vpp = 10V
for HBC types 50 80| ns
for HBF types 50 100| ns
frmax Maximum clock
frequency Vpp =5V
for HBC types | 1 25 MHz
for HBF types | 0.6 25 MHz
Vpp = 10V
for HBC types | 3 5 MHz
for HBF types | 2.5 5 MHz
C, Input capacitance Any input
for HBC and HBF types 5 pF
RESET OPERATION
tpnL (R} Propagation delay time Vpp = 5V
for HBC types 300 750| ns
for HBF types 300 1000| ns

9/74
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HBC/

HBF 4015 A

DYNAMIC ELECTRICAL CHARACTERISTICS (continued)

I Parameter Test conditions W Min. Typ. Max.| Unit
B i
tpr (R) Propagation delay time Vpp = 10V
for HBC types 100 2251 ns
for HBF types 100 300 | ns
towptR) Minimum set and reset
pulse width Vpp =&V
for HBC types 200 500 | ns
for HBF types 200 830 | ns
VDD =10V
for HBC types 100 1751 ns
for HBF types 100 200 ns
yp | |

tpLH
tPHL
{ns)

700
600
500
400
300
200

100

Typical propagation delay time vs. C,_

6-1359

—

"
2

Vpp

1 10V

[

L

N5V

T‘

AR

| LTI

10 20 30 40 50 60 70 80 Cy (pF)

Typical transition time vs. C_

6-1355

tTLH T

tTHL [

{ns}

800

700

BN

800 ——

500 | l |

Il

300

10V

\\

200
| 1
=

100 { =t

5V

SelERENEEEN

—+

0 10 20 30 40 S0

80 70 80 C| (pF)

375
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HBC/HBF 4015 A

te
{MHz;

G-1388
[TTTT
Tamb = 25°C
CL=15pF ]
r‘/
/
y
/
2 “ 6 10 12 Vpp(Vv)

376

Typical clock frequency vs. Vpp



HBC/HBF 4016 A
COS/MOS INTEGRATED CIRCUIT

PRELIMINARY DATA
QUAD BILATERAL SWITCH

® | OW QUIESCENT POWER DISSIPATION

® WIDE RANGE of DIGITAL and ANALOG SIGNAL LEVELS: DIGITAL or ANALOG
SIGNAL to 15V PEAK, ANALOG SIGNAL * 7.5V PEAK

® | OW "ON” RESISTANCE: 3002 (TYP.) OVER 15V p.p. SIGNAL INPUT RANGE for
Vpp-Vss = 15V

® MATCHED SWITCH CHARACTERISTICS: 408 (TYP.) DIFFERENCE BETWEEN Rop
VALUES at a FIXED BIAS POINT OVER 15V p.p. SIGNAL INPUT RANGE for
Vpp-Vss = 16V

® HIGH"ON-OFF"OUTPUT VOLTAGE RATIO:65dB (TYP.)at f; =10 kHz, R_ = 10k Q

e HIGH DEGREE of LINEARITY: < 05% DISTORTION (TYP) at f; = 1kHz,
Vi =5V p.p., Vop-Vss > 10V, R, =10k

® EXTREMELY LOW “OFF” SWITCH LEAKAGE RESULTING in VERY LOW OFFSET
CURRENT and HIGH EFFECTIVE "OF F* RESISTANCE: 10pA (TYP.),Vpp-Vss= 10V,
Tomp = 25°C

® EXTREMELY HIGH CONTROL INPUT IMPEDANCE (CONTROL CIRCUIT ISOLATED
from SIGNAL CIRCUIT): 102 Q (TYP.)

® TRANSMITS FREQUENCIES UP to 10MHz

® MATCHED CONTROL-INPUT to SIGNAL-OUTPUT CAPACITANCE: REDUCES
OUTPUT SIGNAL TRANSIENTS

The HBC 4016A {extended temperature range) and HBF 4016A (standard temperature ran-
ge) are monolithic integrated circuits, available in 14-lead dual in-line plastic or ceramic
package and ceramic flat package.

ABSOLUTE MAXIMUM RATINGS

Vpp-Vss Supply voltage -0.5to 15 \'
Vi Input voltage Vgs<V, < Vpp
Piot " Total power dissipation {per package) 200 mw
Tstg Storage temperature -65 to 150 °C
Top Operating temperature:  for HBC types -bb 1o 125 °C

for HBF types -40to 85 °C

ORDERING NUMBERS :

HBC 4016 AD for dual in-line ceramic package

HBC 4016 AF for dual in-line ceramic package frit seal, {(extended temperature range)
HBC 4016 AK for ceramic flat package

HBF 4016 AE for dual in-line plastic package

HBF 4016 AF for dual in-line ceramic package frit seal, (standard temperature range}
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HBC/HBF 4016 A

MECHANICAL DATA (dimensions in mm)

Dual in-line ceramic package
for HBC 4016 AD and
HBC/HBF 4016 AF

Dual in-line plastic package
{similar to TO-116)
for HBF 4016 AE

Ceramic flat package for HBC 4016 AK

\ 15.24

20max

NN Mfn M

14 8

| I S O [ Y|

‘7.1 max

025

838

POO-A
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HBC/HBF 4016 A

CONNECTION DIAGRAM (top view)

INPUT 1 E SAW
SIGNAL
A
UTPUT 2 E
utPuT 3 (] SBN .
SIGNAL.
B weut |
M SW
N N
contRoL 5 [}

CONTROL 6 ﬁ
c

h 14 ¥go

|]13 conTROL
A

sz CONTROL
b)

1N INPUT
SIGNAL

guo outpyt| ©

] 9 0OUTPUT|
SIGNAL

vss 7{] Scw E 8 weyr | €
5-0%a
SCHEMATIC DIAGRAM
VDD
P ﬂp P
Yoo~ - CONTROL
VOLTAGE (Vo) Ve — Ve
13 5 2
Vs5- - |
N N ey J N
=
INPUT SIGNAL (v;)
PIN 1,4.8,11 |
OUTPUT SIGNAL (V,)
PN 2,3.9,0 10V L0V 80V; e
-Vss
W B JLF JLF

N
Py '—‘
zlva

1

I0OVe 90vo
SWITCH A SWITCH B SWITCH C SWITCH D
NOTE: All switch P-channeil substrates are internally connected to PIN 14
All swiich N-channell substrates are internally connected to PIN 7 5-07%1
9/74
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HBG/HBF 4016 A

RECOMMENDED OPERATING CONDITIONS

Vop*  Supply voltage
V¥ Input voltage
Control line biasing:  Switch "ON”
Switch "OFF"
Signal level range
Top Operating temperature range:  for HBC types
for HBF types

31015 \)
Vpp 10 Vgs

V¢ "1"=Vpp

Ve "0" = Vs

Ves SV, S Vpp

-55t0 125  °C

-40to 85 °C

*This is measured with respect to the Vg pin voltage

STATIC ELECTRICAL CHARACTERISTICS

Parameter Test conditions Min. Typ. Max. Uni’ﬂ
HBC types (extended temperature range)
I Quiescent current Vpp= 10V
{(switch "ON" and “OFF") at Tymp= -b5°C 0.5 MA
at Tamp= 25°C 0.01 0.5 MA
at Tamp= 125°C 30| MA
SWITCH
Ron  “ON” resistance Ve=Vpp=5V Vgg= -5V
R .=10kQ
;=1 0.25V
at Tamp= -55°C 325 1870 Q
at Tamp= 25°C 580 2000 Q
at Tamp= 125°C 900 2600
V; =15V
at Tymp= -55°C 130 600 @
at Tump= 25°C 250 660 &
at Tamp= 125°C 400 960 Q J
9/74
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HBG/HBF 4016 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.| Unit
Ron  "ON” resistance Ve=Vpp=7.5V Vgg=-7.5V
R =10kQ
V,=%0.25V
at Tymp= -55°C 130 775| &
at Tomp= 25°C 280 850
at Tamp= 125°C 470 1230
V,=+75V
at Tomp= -55°C 120 360,
at Tomp= 25°C 200 400
at Tamp= 125°C 300 600 ©
Ve=Vpp=10V Vgg= OV
R.=10kQ
V, = 0.25V or 10V
at Tymp= ~bb°C 130 600 @
at Tymp= 25°C 250 660 &
at Tomp= 125°C 400 960 Q
V; = 5.6V
at Tomp= -55°C 300 1870
at Tamp= 25°C 560 2000
at Tymp= 126°C 880 2600
Ve=Vpp=156V Vgg=0V
RL= 10k
V; =0.25V or 16V
at Tamp= -55°C 120 360
at Tymp= 25°C 200 400 ©
at Tymp= 125°C 300 600 £2
V,=9.3V
at Tamp= -55°C 150 775 Q
at Tamp= 25°C 300 850 €
at Tymp= 125°C 490 1230, Q
9/74
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HBC/HBF 4016 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.| Unit
ARon A “"ON” resistance Ve =Vpp =5V Vgg = -5V
(between any 2 switches) | R_ =10k %
Vi =<5V
at Tymp = 25°C 15 Q
VC =VDD =7.5V VSS:—7'5V
RL=10ka
Vi =275V
at Tymp = 26°C 10 Q
Rorr “OFF” resistance Vpp = 10V Ve = Vgg=0V
at Tamp = 25°C 101 Q
|
CONTROL
Vino Threshold voltage Vpp =5V to 15V Vgg= 0V
I; = 10uA
at Tamp = -55°C | 0.7 29| V
at T,mp = 26°C (056 15 27|V
at Tamp = 126°C | 0.2 24| V
[ Input current Vpp =V =10V Vgg =0V
at Tamp = 25°C 10 pA
|
HBF types (standard temperature range)
I Quiescent current Vpp =10V
{switch "ON” and "OFF") at Tamp = -40°C 0.5 MA
at Tamp = 25°C 0.01 05| uA
at Tamp = 85°C 8| LA
9/74
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HBG/HBF 4016 A

STATIC ELECTRICAL CHARACTERISTICS {(continued)

Parameter Test conditions Min. Typ. Max.| Unit
SWITCH
Ron  “ON” resistance Ve = Vpp =5V Vgg = -5V

R, =10k ©

V, =*0.25V
at Tmp = -40°C 370 1900 |
at T,mp = 25°C 580 2000 | &
at T,np = 85°C 770 2380 | §2

V; =*5V
at T,mp = -40°C 1560 610 | &2
at Tomp = 256°C 250 660 | §2
at T,mp = 85°C 340 840 &

VC = VDD:75V VSS:—7'5V

R =10k §

V; = £0.25V
at Tamp = -40°C 160 790 | @
at T,mp = 25°C 280 850 |
at T,mp = 85°C 400 1080 | $2

V,=*75V
at T,np = -40°C 130 370 &
at Tamp = 25°C 200 400 | @
at Tamp = 85°C 260 520 &

Ve = Vpp = 10V Vg5 =0V

R_ =10k

V; = 0.25V
at T,mp = ~40°C 150 610 | &
at T,mp = 25°C 250 660 £
at T,mp = 85°C 340 840
at T,mp = -40°C 350 1900 | 2
at T,mp = 26°C 560 2000 | &
at T,mp, = 85°C 750 2380 |

V=10V
at T,mp = -40°C 1560 610 &
at T,mp = 25°C 250 660
atT,,, = 856°C 340 840 | &

383
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HBG/HBF 4016 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.|Unit
ARgppn A "ON” resistance Ve =Vpp =5V Vgg =-5V
{between any 2 switches) | R_ = 10k £
V, =+ 5V
at Tamp =25°C 15 Q
Ve = Vpp =7.5V Vgg=-7.5V
R_ = 10kQ
VvV, =75V
at Tomp = 25°C 10 Q
Rorr “OFF” resistance Vpp = 10V Vi =Vgg =0V
at Tamp = 26°C 10! Q
CONTROL
V1o Threshold voltage Vpp =5V to 18V Vg =0V
li=10 pA
at Tymp =26°C105 156 27 |V
I Input current Vpp =V =10V Vgg =0V
at T,mp = 25°C 10 pA
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HBC/HBF 4016 A

Fig. 1 - Test circuit Fig..2 - Typical "ON" characteristics
for 1 of 4 switches with
{Vpp = 18V, Vg5 =0V)

G-1269

Yo Ypp=15Y.¥gs =0 | |
(v) Tamb ™25 *C %_‘
Vi See test circult fig.1 QQ@ B
O 12 7MW
//* ||
10 4
A
V=Yoo | | —o—1 8 —
O—“—I < —
N —e—1 P 6
A
——OVo ‘ A
RL 7
$-0741 Y
0 2 4 8 g 10 1z v
Fig. 3 - Typical "ON” characteristics Fig. 4 - Typical “ON" characteristics
for 1 of 4 switches with for 1 of 4 switches with
(VDD: 10V, VSS= OV) (VDD= 5V, Vss= OV)
6-1288 G6-1267
Ypp =10V, Y5550V ::,) @ssmvs-ov ]
Tamb=25°C Tamb*25°C
See test circult fig.) / 5 | See test circuit fig.1 /
Y 4
74 4 S
- // / :pm" *(
}Q&Q‘p /| 3 ‘}\/ > |
b Zaile /{ Q,
A/ . [ | &
; / /
H f
L~ A
/
2 4 3 8 10V (V) 0 1 2 3 4 5V, (V)
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HBC/HBF 4016 A

Fig. 5 - Typical "ON" characteristics

Fig. 6 - Typical “ON” characteristics

for 1 of 4 switches with for 1 of 4 switches with
(Vpp= 7.6V, Vgg=-7.5V) (Vpp=5V, Vgg=-bV)
G-1268 v G-1269
Vo [Vpp+75.¥gg=-75V
DRI e -
al M)
6 ) B Tamb=25°C
NSee test circult tig.1 & a 4 |see testcircuit ﬂqj QG&
. | S -
| N 1ok < N
| et L L2
2
0 0
-2 -2 1 \
2 f T
-4
7 . |
- 4
i 1
-8 _6
-8 8 -4 22 1} 2 4 8 v, (V) -8 -4 -2 0 2 Ly W
Fig. 7 - Typical "ON" characteristics Fig. 8 - Typical “ON" characteristics
for 1 of 4 switches with as a function of temperature
(Vpbp= 2.5V, Vgg= -2.5V) for 1 of 4 switches with
(Vpbp=5V, Vgg= -5V}
G-1270 pD S5 G-127y
o o PPV B R % [y ovvege-
Oy | Vop 25V, vsg =25V ® ) [vop=su.vss=-sv | ]
Tamb=25°C See testcircuit fig.) 9
2 | See test circult tig.1 S “ N ""'\.\,' 1
) N7 2 i
A%
0 A 0 |
|
V
., » B |
% L
/V o
-2 7 -4 \"‘"o;(’ J
— s
Lol [ [ ] . [ 1] I
-3 -2 -1 1] 1 2 v (V) -6 -4 ~2. 0 2 &4 v (V)
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HBC/HBF 4016 A

DYNAMIC ELECTRICAL CHARACTERISTICS (T,,, =25°C, C,_ = 15pF, all

input rise and fall time = 20 ns)

Parameter

Test conditions

Min. Typ. Max. |Unit | Fig.

HBC and HBF types

SWITCH
d Sine wave distortion Ve =Vpp =5V Vgs=-5V
R_=10ka f=1kHz
Vim =£2.5V 0.4 %
B Frequency response
at -3dRB ("ON" state) Ve =Vpp=5V Vgg=-5V
RL=1kQ -
Vim=+25V 40 MHz | 11
B Frequency response
at-50dB ("OFF” state) | Vpp=5V Vc=Vgg=-5V
R =1k&
Vim =125V 1.25 MHz| 9
Crosstalk Vpp =BV Vgg = -5V
(Between any 2 switches)| R_ =1k f=1MHz
Vim =+2,5V 45 dB 10
tod Propagation delay
time Vc=Vpp=10V Vgs=0V
V=10V 10 ns 13
C; Input capacitance 4 pF
C Output capacitance 4 pF
© Vop=10V Vc=Vsg=0V
Cc Feedthrough
capacitance 0.2 pF
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HBC/HBF 4016 A

DYNAMIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. |Unit | Fig.
CONTROL
AR I
Crosstalk Ve=Vpp=10V Vgg=0V
{control input to switch | R = 10k&2
output) Rg = 1kQ b0 mV | 12
tpa Propagation delay time | V{=Vpp =10V Vg=0V
{(turn-"ON") RL =10k Q
Ve = 10V (square wave) 20 ns | 14
fmax Maximum frequency Vpp=10V Vgg=0V
(control input) R_. =1kq
Ve = 10V (square wave} 10 MHz | 15
G Input capacitance 5 pF

Fig. 9 - Typical feedthru vs. frequency and test circuit for switch "OFF"”

. 6-272
o [fo=5¥Vas =5V =5V <HH: A
© V. =5Vp-p SINE W) .77
o |Vi=5¥e-p INE WAVE (1.77 RMS) @8)
2 | ' Cio(FIXTURE)=08PF
o “'". RF VOLTMETER BOONTON
o 37 , ; RADIO MODEL 91-CA
/ Il | i | OR EQUIVALENT
y"' 1 1
» A Hﬂ » IPTFT |
V. ‘ v li . Ag TO
/ i N * o
5 XY, ; i 45 R‘-I ] %
1
A & ==
0 _@' &5 Ve =Vss
AN
5 / ° q?/ st #C = (CrxTURE *CueTER) =2.3+25=4.8pF
L / 7 _:u( FIXTURE AND METER NULLED OUT
5-0753
0 { | L[]l
2 468 H (Y] 2 ¢ 6 2 L6 1 468
0! 1 0 0’ 0’ f{kHz)
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HBG/HBF 4016 A

Fig. 10 - Typical crosstalk between two switches in the same package and the test circuit

G-127]

- = =Y
Yo Vpp =SV¥i¥gs =SV { 5v DD
V;=5Vp_p SINE WAVE (1.77 RMS), {

(mv) N (dB)
T TTTTITT Vi (a)
20 I:_,L.l I 1\,., ! : 55 /\_/ i
i k
L3 =

K

RF VOLTMETER

| V.oV BOONTON RADIO
‘ 7/ €='SS MODEL91-CA
5 / 45 OR EQUIVALENT
£

0 a1 2 OF 4 SWITCHES

#i{kHz) FIXTURE AND METER NULLED OUT

Fig. 11 - Typical switch frequency response and test circuit for switch “ON"

G-1274
VD
(vy | YDD75V.Vs5 75U Ves5Y
V| =5Vp-p,SINE WAVE (1.77RMS
. C5=0.8pF
f'i}"l RF VOLTMETER BOONTON
T “ ' RADIO MODEL91-CA
! C[) | OR EQUIVALENT
3
m ] S I
M lil x_ (RMS)
——
2 RL =IMQ and 100k CL—
T TT -3d8
H 10k <~ POINTS
1k0 Ve=V¥ss
1 -~ L
¥C = CeixTuRE *CMeTER)723°2554.8 pF
5-07%
0 ? 3 1] 2 3 [ 3] 1 & L )
0.1 1 10 f; (MHz)
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HBC/HBF 4016 A

TYPICAL APPLICATIONS (all unused terminals are connected to Vgg}

Fig. 12- Crosstalk-control input to Fig. 13 - Propagation delay time signal
signal output

input (V;) to signal output
(Vo)

Vpp=10V
10

ST
° ST
{=t4=20ns

—' | et 10V
vi T Yo Ve o/ -
X O—d ty=ty=20ns
1 i 10 v
| %} ]* [ =y, {Y Vo
5-0755 Vj5=GND 15pr 10kQ

$-0783

Fig. 14- Turn-"ON" propagation Fig. 15 - Maximum allowable control
delay-control input input repetition rate

REPETITION
Vpp=l0v ’

Vop=10¥

Ve
t,atya20ns
|_| — e
1ov Ve
o/ = oV Ve
ty=ty=20ns °
[ V| T

Vo
0V
ij_GND |5pi 10k

5-078¢

t.=ty=20ns

5-0788
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HBC/HBF 4017 A
COS/MOS INTEGRATED CIRCUIT

PRELIMINARY DATA

DECADE COUNTER/DIVIDER PLUS 10 DECODED DECIMAL OUTPUTS

LOW QUIESCENT POWER DISSIPATION

WIDE SUPPLY VOLTAGE RANGE : 3to 15V
HIGH NOISE IMMUNITY : 45% of V, (TYP.)
MEDIUM SPEED OPERATION : 5 MHz (TYP.) at V
INPUTS FULLY PROTECTED

HIGH FANOUT

FULLY STATIC OPERATION

oo - Vg = 10V

The HBC 4017A {extended temperature range) and HBF 4017 A (standard temperature range)
are monolithic integrated circuits, available in 16-lead dual in-line plastic or ceramic package
and ceramic flat package. They consist of a b-stage Johnson decade counter and an output
decoder which converts the Johnson binary code to a decimal number. Inputs include a
“Clock” a “Reset”, and a “Clock Enable” signal. Use of the Johnson decade counter configu-
ration permits high speed operation, 2-input decimal decode gating,and spike-free decoded
outputs.The ten decoded outputs are normally low,and go high only at their appropriate deci-
mal time period. The output changes occur on the positive-going edge of the clock pulse.
This part can be used in frequency division applications as well as decade counter or decimal
decode display applications.

ABSOLUTE MAXIMUM RATINGS

Vob - Vs Supply voltage -05t0 15 \%
v, Input voltage (at any pin) Voo SV, < Vo
Piot Total power dissipation {per package) 200 mw
Tt Storage temperature -65to 150 °C
Top Operating temperature : for HBC types -66t0 126 °C

for HBF types -40to 85 °C

ORDERING NUMBERS:

HBC 4017 AD for dual in-line ceramic package

HBC 4017 AF for dual in-line ceramic package, frit seal (extended temperature range)
HBC 4017 AK for ceramic flat package

HBF 4017 AE for dual in-line plastic package

HBF 4017 AF for dual in-line ceramic package, frit seal (standard temperature range)

Supersedes issue dated 11/73 391 9/74



HBC/HBF 4017 A

MECHANICAL DATA (dimensions in mm)

Dual in-line ceramic package

for HBC 4017 AD and —— g
HBC/HBF 4017 AF H &g
u 08 3
i .
| o5
045]| 254
17.78
20m

OO nM[mr
16 9

1 8
Jouooouaouagag

747

025

10.4

P057-8

L . VAN
Dual in-line plastic package
for HBF 4017 AE T
181
— wn
! 3l 025
0.45 2.54
17.78 8.38
POOI-C

20"’13)(

-

OO0 nNMM
16 9
1 8
|0 QRS i R 0 IR W R |

Ceramic flat package for HBC 4017 AK
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HBG/HBF 4017 A

CONNECTION DIAGRAM

Yoo
16
3o |
2 e
. — -
crock 4| & - | B
CLock _13 | Ty 3
ENABLE
RESET —12 10y Li
e (B
o
5 uge a
o
[ e 8
9 g ¥
N g
12 CARAY
OUTPUT
—la
vss
5-0487
-5 ' -~ 3 9
) 2 6 7 n
CLOCK
I Cour
LOCK LE D o0 O 0 9 b0 o %
13 CLOCK ENABI i c ¢ | L [ 12
0 (] 0 . 0 0
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HBG/HBF 4017 A

TIMING DIAGRAM

A AWAWAWAWAWAWAWAWRAWAWAWAWAWAW
RESET \
CLOCK , \

- [\ S

I\ I

CARRY \
QUTPUT 50489

RECOMMENDED OPERATING CONDITIONS

Voo Supply voltage 3to 15 Vv

v Input voltage Vpp to Vgg

TDp Operating temperature :  for HBC types -55 to 125 °c
for HBF types -40to 85 °c

* This is measured with respect to the Vg pin voltage
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HBC/HBF 4017 A

STATIC ELECTRICAL CHARACTERISTICS

Parameter ‘L Test conditions Min. Typ. M;lUnit
HBC types (extended temperature range)
I Quiescent current Vpp =5V
at Tymp= -55°C 5| MA
at Tamp= 25°C 0.3 5| MA
at Tump= 125°C 300 | uA
Vpp = 10V
at Tymp= -55°C 10 | A
at Tymp= 25°C 05 10| uA
at T,p= 125°C 600 | uA
Von Qutput high voltage 1,=0
Vpop =5V
at T,p= -55°C[4.99 Y
at T,mp= 25°C|4.99 5 Y
[ at Tymp= 125°C(4.85 3Y
Vpp = 10V
at T,mp= ~b5°C|9.99 Y
at Tamp= 25°C(9.99 10 Y
at T,mp= 125°C |9.95 Y
| Voo Qutput low voltage I, =0
Vpp =56V or 10V
at Tymp= -55°C 0.01] Vv
at Tymp= 25°C 0 001}V
at T,p= 125°C 0.05| V
1V Noise immunity Vpp =BV V=42V
at Tymp= -55°C|[1.4 Y
at T,mp= 25°C|1.5 225 Vv
at Tymp= 125°C|1.5 \%
Vpp = 10VV, =9V
at Tamp= -55°C {2.9 Y
at T,mp= 25°C|3 45 Y
at Tp= 125°C |3 Vv
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HBG/HBF 4017 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter ‘r Test conditions Min. Typ. Max.| Unit
A Noise immunity Vpp =5V V,=08V
at Tymp= -65°C| 1.6 Y
at T,mp= 25°Cj1.5 2.25 vV
at Tymp= 125°C{ 1.4 Y
Vpp =10V V, =1V
at Tamp= -b5°C| 3 Y
at Tymp= 25°C| 3 45 \Y;
at Tamp=125°Ci 2.9 A
I[N Qutput drive current Decoded outputs
N - channel Vpp =5V V, =05V
at Tamp= -55°C| 0.06 mA
at Tymp= 25°C|{0.05 0.1 mA
at Tamp= 125°C| 0.035 mA
Vpp = 10VV,=0.5V
at Tamp= -55°C|0.12 mA
at Tomp= 25°C|(0.1 0.4 mA
at T,mp= 125°C| 0.07 mA
Carry output
Vop =58V V,=0.5V
at Tymp= -55°C| 0.185 mA
at T,mp= 25°C(0.15 0.4 mA
at Tamp= 125°C| 0.105 mA
Vpp = 10VV, =056V
at Tymp= -55°C| 0.45 mA
at Tomp= 25°C|0.35 1 mA
at Tymp= 125°C| 0.25 mA
EDP Qutput drive current Decoded outputs
P - channel Vpp =5V V, =45V
at Tymp= -55°C|-0.0375 mA
at Tamp= 25°C|{-0.03 -0.075 mA
at Tomp= 125°C}-0.021 mA
Vpp = 10V V, =95V
at Tamp= -55°C|-0.12 mA
at Tymp= 25°C|-0.1 -0.2 mA
at Tymp= 125°C|-0.07 mA
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HBC/HBF 4017 A

STATIC ELECTRICAL CHARACTERISTICS ({continued)

Parameter Test conditions Min. Typ. Max/ Unit
IoP Qutput drive current Carry output
P - channe! Vgp =5V V, =45V
at T,mp= -55°C| -0.185 mA
at Tymp= 25°C|-0.15 -0.4 mA
at Tymp= 125°C| -0.105 mA
Vpp=10V V, =956V
at Tymp= -55°C| -0.45 mA
at Tymp= 25°C|-0.35 -1 mA
at Tamp= 125°C| -0.25 mA
Iy Input current Tamp = 25°C 10 pA

HBF types (standard temperature range)

I Quiescent current Vg =BV
at Tymp= -40°C 50| uA
at T,mp= 25°C 05 50| WA
at T,mp= 85°C ©700| upA
Vpp = 10V
at Tymp= -40°C 100| pA
at T,mp= 25°C 1 100| pA
at T,mp= 85°C 1400| MA
Vou Output high voltage I,=0
Vpp =5V
at Tymp= -40°C|4.99 \
at T,mp= 25°C|4.99 b5 \YJ
at T,mp= B85°C|4.95 \
Vpp = 10V
at Tymp= -40°C|9.99 \
at T,mp= 25°C|9.99 10 Y
at T,mp= 85°C|9.95 \
Voo Output low voltage I,=0
Vgp =5V or 10V
at T,mp= -40°C 0.01| V
at T,mp= 25°C 0 001V
at T,mp= 85°C 0.05| V
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HBG/HBF 4017 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. |Unit
= | Vun Noise immunity Vipp =BV V, =42V
at Tomp= -40°C| 1.4 \Y%
at T,mp= 25°C| 1.5 2.25 Vv
at T,mp= 85°C| 15 \Y%
Vop = 10V Vg =9V
at T,mp= -40°C| 2.9 \Y%
at Tamp= 25°C|3 45 \
at T,mp,= 85°C|3 \%
= |Vy_  Noise immunity Vpp =5V V, =08V
at Tamp= -40°C| 1.6 \
at Tamp= 25°C| 15 2.25 \Y%
at T,mp= 856°C| 1.4 \
Vpp =10V V, =1V
at T,mp= -40°C| 3 Y%
' at Tymp= 25°C|3 4.5 Y
at T,mp= 856°C|2.9 \Y
IpN Output drive current Decoded outputs
N - channel Vpp =5V V=05V
at T,mp= -40°C| 0.03 mA
at Tynp= 25°C|0.025 0.1 mA
at Tynmp= 85°C|0.02 mA
Vpp = 10V Vo =05V
at T,mp= -40°C| 0.085 mA
at T,mp= 25°C|0.07 0.4 mA
at T,mp= 85°C|0.055 mA
Carry output
Vpop = BY V, =0.6V
at Tump= -40°C| 0.095 mA
at T,mp= 25°C|0.08 0.4 mA
at T,mp,= 856°C|0.065 mA
Vpp = 10V V, = 0.5V
at Tymp= -40°C| 0.3 mA
at Tymp= 25°C|0.256 1 mA
at Tomp= 85°C| 02 mA
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HBG/HBF 4017 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.|Unit
N Output drive current Decoded outputs
P - channel Vpp =56V V, =45V
at T,mp= —40°C [-0.018 mA
at Tymp= 25°C |-0.015-0.075 mA
at Tmp= 85°C [-0.012 mA
Vpp = 10V V, =95V
at Tymp= —40°C |-0.085 mA
at Tnp= 25°C|-0.07 -0.2 mA
at T,mp= 85°C|-0.055 mA
Carry output
Vgp =5V V, =45V
at Tymp= -40°C |-0.095 mA
at T,mp= 25°C|-0.08 -04 mA
at T,mp= 85°C |-0.065 mA
Vpp = 10V V, =95V
at Tymp= -40°C|-0.3 mA
at Tymp= 25°C|-0.24 -1 mA
at T,np= 85°C|-0.20 mA
; Input current Tamp = 25°C 10 pA
Typical power dissipation characteristics 1o ESEETTIESEEA] U
(W) F—Fymbr25"C 31111l {
‘0::. _ IEP,U_T lr]:%;il)ns A E[il‘sv )
10t ! i
0’ :
10’ : L
=Y :
2 > “_I/: - i
° HSpl ik E&-Eop:r-_-jiéﬁﬁ
N HH T ;
[Tl L0
1 « 8 1 FLN ) H “ 6 b )
10 10? 0 14 (kHz)
399
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HBG/HBF 4017 A

DYNAMIC ELECTRICAL CHARACTERISTICS (T.,,,=25°C, C,_ = 15 pF, typical
temperature coefficient for all Vpp= 0.3%/°C values, all input rise and fall time = 20 ns,
except tg, and t¢f)

Parameter Test conditions Min. Typ. Max. |Unit
CLOCKED OPERATION
tp ., Propagation delay time Decode output lines
topL Vpp = 5V
for HBC types 500 1200| ns
for HBF types 500 1600| ns
Vpp = 10V
for HBC types 200 400| ns
for HBF types 200 500 ns
Carry output line
Vop =5V
for HBC types 350 1000| ns
for HBF types 350 1300| ns
Vpp = 10V
for HBC types 125 250/ ns
for HBF types 125 300| ns
triy - Transition time Decode output lines
L VDD= 5V
for HBC types 300 900| ns
for HBF types 300 1200 ns
Vpop = 10V
for HBC types 125 3560| ns
for HBF types 125 450| ns
Carry output line
Vop =5V
for HBC types 100 300( ns
for HBF types 100 350| ns
Vpp = 10V
for HBC types 50 150| ns
for HBF types 50 200| ns
towH,  Minimum clock Vop =5V
towl pulse width for HBC types 200 500| ns
for HBF types 200 830| ns
Vpop = 10V
for HBC types 100 170| ns
for HBF types 100 250| ns
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HBC/HBF 4017 A

DYNAMIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. |Unit
the Clock rise and Vop =5V or 10V
T fall time for HBC and HBF types 16 | Ws
1, Clock enable Voo =5V
set-up time for HBC types 175 500 | ns
for HBF types 175 700 | ns
Vpp = 10V
for HBC types 75 200 | ns
for HBF types 75 300 | ns
frnax Maximum clock Vpp =5V
frequency for HBC types 1 2.5 MHz
for HBF types 06 25 MHz
Vgp = 10V
for HBC types 3 5 MHz
for HBF types 2 5 MHz
C Input capacitance Any input
for HBC and HBF types L 5 pF
RESET OPERATION
ton Propagation delay time To decode output lines
Vpp =5V
for HBC types 450 1200 | ns
for HBF types 450 1600 | ns
Vgp = 10V
for HBC types 200 400 | ns
for HBF types 200 500 | ns
To carry output line
Vgop =5V
for HBC types 350 1000 | ns
for HBF types 350 1300 | ns
Vpop = 10V
for HBC types 125 250 | ns
L for HBF types 125 300 | ns
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HBG/HBF 4017 A

DYNAMIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.|Unit
town  Minimum reset Vpp =5V
pulse width for HBC types 200 500 | ns
for HBF types 200 830 ns
Vpop =10V .
for HBC types 100 165 | ns
for HBF types 100 250 | ns
Yern Removal time Vpp =5V
for HBC types 300 750 | ns
for HBF types 300 1000 | ns
Vpp = 10V
for HBC types 100 225 | ns
for HBF types 100 275 | ns
Typical clock frequency vs. V5p '¢ i
(MHz)
7
1]
-
5
. //
s 4
/
2 ‘/
, /
0 10 vpp(¥) 15
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HBC/HBF 4017 A

Typical propagation delay time vs. C__ Typical propagation delay time vs. C_
(decoded outputs ) (carry output)
G-1136 G-1ny
fPLH 1PLH
tpyL tPHL
(ns) (ns)
1600 80O
1400 }— 700
1200 800 Voo=5v LA
1000 voo= SVV/ 500
800 L 400 L P
600 = 300
L ov I
"1
400 oV 200 ———
=
200 == — st - 0o = =T v
T T I 3 15V, il ( | |
1 LT Ty IEE ]
0 10 20 0 &0 50 60 70 80 CL (pF) ) 10 20 0 40 50 60 70 80 C (pF)
Typical transition time vs. C;_ (decoded Typical transition time vs. C_ (carry
outputs) output)
G-1M G118
tH LTLH
tTHL tTHL
ns} {ns)
1600 400
14,00 350
1200 200
1000
250 Voo =5V A
V| 25y
800 Df 200 |
> |
600 150 Pls 10V P/
LA AT “isv L4
400 70 - L A iy
[ | Lot poest
200 —— = sy : 50 - -~ &
3 RN =
0 w20 30 40 50 B0 70 80 CL(pF) 0 0 20 30 4 %0 60 70 80 C(pF)
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HBC/HBF 4019 A
COS/MOS INTEGRATED CIRCUIT

PRELIMINARY DATA

QUAD AND-OR SELECTED GATE

LOW QUIESCENT POWER DISSIPATION

WIDE SUPPLY VOLTAGE RANGE: 3to 15V

HIGH NOISE IMMUNITY: 45% of Vpp (TYP.)

MEDIUM SPEED OPERATION: tpyyy =tp y =50 ns (TYP.) at C_ = 15 pF
INPUTS FULLY PROTECTED

The HBC 4019A (extended temperature range} and HBF 4019A (standard temperature
range) are monolithic integrated circuits, available in 16-lead dual in line plastic or ceramic
package and ceramic flat package.

The HBC/HBF 4019A types are comprised of four “TAND-OR select” gate configurations,
each consisting of two 2~input AND gates driving a single 2-input OR gate. Selection is ac-
complished by control bits K, and K,. In addition to selection of either channel A or
channel B information, the control bits can be applied simultaneously to accomplish the
logical A + B function.

ABSOLUTE MAXIMUM RATINGS

Vpp-Vss Supply voltage -0.5t0 15 \Y%
Vi Input voltage (at any pin) Vgs <V <Vpp
Piot Total power dissipation (per package) 200 mw
Tag Storage temperature -65 to 150 °C
Top Operating temperature:  for HBC types -b5to 125 °c

for HBF types -40to 85 °C

ORDERING NUMBERS:

HBC 4019 AD for dua! in-line ceramic package

HBC 4019 AF for dual in-line ceramic package, frit seal (extended temperature range)
HBC 4019 AK for ceramic flat package

HBF 4019 AE for dual in~line plastic package

HBF 4019 AF for dual in-line ceramic package, frit seal (standard temperature range)
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HBC/HBF 4019 A

MECHANICAL DATA (dimensions in mm)

. . . 7max
Dual in-line ceramic package
for HBC 4019 AD and . AER
HBC/HBF 4019 AF 1 = ©
: o
i | L
o 25
045 | | 254
17.78 10.4
POS3- B
Zomax

nnnnmnnn—|
16 9

1 8
U O 0 Ny |

Dual in-line plastic package 1™

for HBF 4019 AE
f ] ) 0.25

0.45]] | |2.54 '
17.78 8.38

POOI-C

in

=1
AT
33 |51

Zomax

OnAnonMA A
13 9
1 8
| 0 0 0 B W B O N R

Ceramic flat package for HBC 4019 AK
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HBG/HBF 4019 A

CONNECTION DIAGRAM

Ka Kb "oo
9 |14 1§

Ag—18
[
13 p,
By —L
2

12 D3

83— De=(A 4Ka)BL-Kb)
Ap —4] I g,

Bz —
6 Lg—m

50728 lg

SCHEMATIC DIAGRAM

For 1 of 4 identical stages

RECOMMENDED OPERATING CONDITIONS

Vpp ™ Supply voltage 3to 15 \Y

A Input voltage Vpp 10 Vgg

Top Operating temperature:  for HBC types -b5to 125 °C
for HBF types -40to 85 °C

*This is measured with respect to the Vgg pin voltage
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HBG/HBF 4019 A

STATIC ELECTRICAL CHARACTERISTICS

Parameter Test conditions Min. Typ. Max.| Unit
HBC types (extended temperature range}
I Quiescent current Vpp =5V
at Tump= ~55°C 5] MA
at Tamp= 25°C 0.03 5 MA
at T,mp= 125°C 300| MA
VDD =10V
at Tamp= -65°C 10 MA
at Tymp= 25°C 0.05 10| MA
at Tymp= 125°C 600 HA
Von  Output high voltage I, =0
VDD =5V
at Tamp= -55°C [4.99 \
at T,mp= 25°C [4.99 5 \
at T,mp= 125°C | 4.95 \
VDD =10V
at Tamp= -55°C [9.99 \
at Tamp= 25°C |9.99 10 A
at T,mp= 125°C |9.95 \
VoL  Output low voltage lo =0
Vpp =5V or 10V
at Tymp= -565°C 0.01| V
at Tymp= 25°C 0 001V
at Tymp= 125°C 0.05| V
Vnn  Noise immunity Vpp =5V V,=3.6V
at Tomp= -55°C | 1.4 \
at Tamp= 25°C |15 2.25 v
at Tomp= 1256°C | 1.5 \
Vpp=10V V,=7.2V
at Tymp= -55°C | 2.9 \
at Tamp= 25°C |3 45 Y
at Tamp= 125°C | 3 \
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HBC/HBF 4019 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.| Unit
Vno  Noise immunity Vpp=5V V,=0.95V
at T,p=-55°C | 1.5 \
at Tamp= 26°C |16 2.25 Y
at Tymp= 125°C (1.4 Y
Vpp= 10V V, =29V
at T,mp= -55°C |3 Y
at T,mp= 25°C |3 4.5 Y
at Tymp= 125°C (2.9 \
IpN Output drive current Vpp =5V Vo =05V
N-channel at Tymp= -55°C | 0.6 mA
at Tynp= 25°C|0.45 0.9 mA
at Tymp= 125°C | 0.30 mA
Vpp=10V V,=0.5V
at T,mp= -55°C | 0.9 mA
at T,mp= 25°C|0.75 1.5 mA
at Tymp= 125°C | 0.55 mA
ipP Output drive current Vop =5V Vy,=4.5V
P-channel at Tonp= -55°C |-0.31 mA
at Tamp= 25°C {~0.25 -0.5 mA
at Tamp= 126°C |-0.175 mA
Vpp =10V V, =95V
at Tynp= -55°C |-0.95 mA
at Tymp= 25°C[-0.7 -15 mA
at Tomp= 125°C |-0.5 mA
I Input current Tamp = 25°C 10 pA
HBF types (standard temperature range)
I Quiescent current Vpp =5V
at Tamp= -40°C 50| pA
at T,mp= 25°C 0.1 50| pA
at Tynmp= 85°C 700| puA
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HBG/HBF 4019 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.| Unit
Vne  Noise immunity Vpp=10V V,=29V
at Tymp= ~40°C | 3 \
at Tymp= 28°C {3 45 \Y
at T,mp= 85°C |29 \
IpbN  Output drive current Vpp =5V V, =05V
N-channet at Tymp= ~40°C | 0.37 mA
at Tynp= 25°C (0.30 1 mA
at Tomp= 85°C | 0.23 mA
Vpp=10V V, =05V
at Tamp= -40°C | 0.8 mA
at Tymp= 25°C [0.65 1.5 mA
at T,mp= 85°C | 0.5 mA
IpP Output drive current Vpp =5V V, =45V
P-channel at T,np= -40°C |-0.145 mA
at Tymp= 25°C [-0.12 -0.5 mA
at T,mp= 85°C |-0.095 mA
Vpp=10V V,=9.5V
at Tymp= -40°C |-0.6 mA
at Tymp= 25°C[-05 -15 mA
at Tonp= 85°C |-0.4 mA
1 Input current Tamp= 25°C 10 pA
6-1264
Row B EEE E=5EEH| Typical power dissipation characteristics
(nW) A
10 EEmeEmmEE—— .'-JiL
== jii:
10° _43 L—_‘@ i
S 1}, 1
A
102 JHlll 5 H
== ',4§/):i
<A
0 | M’jvﬁ Z/KV'J ]
_': .’L ./A_,_~A£“:' H
shamPy ,/"ﬁ
Ll il
Zei=s &
A
10! L1
' 10 107 14(kHz)
410
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HBG/HBF 4019 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.|Unit
I Quiescent current Vpp = 10V
at T,mp= -40°C 100| nA
at T,mp= 25°C 0.2 100| pA
at T,mp= 85°C 1400| MA
Vou  Output high voltage I, =0
Vpp=5V
at Tymp= -40°C | 4.99 v
at T,mp= 25°C 499 b Vv
at Tymp= 85°C [4.95 \
Vpp= 10V
at T,mp= -40°C | 9.99 Vv
at T,mp= 25°C 19.99 10 \Y)
at T,;mp= 85°C | 9.95 Vv
VoL  Output low voltage b =0
Vpp =5V or 10V
at Tymp= -40°C 001 v
at T,mp= 25°C 0 0.01 V
at T,p= 85°C 0.05 V
Vnn  Noise immunity Vpp =5V V,=3.6V
at Tynp= -40°C [ 1.4 \
at Tynp= 26°C |15 2.25 Vv
at T,mp= 85°C[1.5 \
Vpp=10V V,=7.2V
at T,mp= -40°C [ 2.9 Vv
at Tymp= 25°C | 3 45 \
at T,,p,= 85°C |3 \
Vno  Noise immunity Vpp=56V V, =085V
at Typp= -40°C | 1.6 \
at T,mp= 25°C| 1.5 226 Vv
i at T,mp= 856°C| 1.4 Vv

41 7/74



HBG/HBF 4019 A

TEST CIRCUITS

Quiescent device current

15—

PERFORM LEAKAGE

TEST AT EACH INPUT
CONDITION

N m s w N~
s

Noise immunity

3EVOR 7V

5-0734

@—IOV

1.6 OR 3V

® N o W N -

5-0736

5V OR 10V

DYNAMIC ELECTRICAL CHARACTERISTICS (T,,,,=25°C, C_=15 pF, typical

temperature coefficient for all Vpp = 0.3%/°C values)

Parameter Test conditions Min. Typ. Max.| Unit
tp ., Propagation delay time Vpp=5V
tPHL for HBC types 100 225( ns
for HBF types 100 300| ns
Vpp=10V
for HBC types 50 100] ns
for HBF types 50 125| ns
tro g, Transition time Vpp =5V
tTHL for HBC types 100 200] ns
for HBF types 100 275| ns
Vpp = 10V
for HBC types 40 65! ns
for HBF types 40 80| ns
C; Input capacitance A and B inputs
for HBC and HBF types 5 pF
K, and Ky inputs
for HBC and HBF types 12 pF
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HBC/HBF 4019 A

Typical propagation delay time vs.C_ Typical transition time vs.C,_
t 8-1261 G-1262
(PLH :PLH
PHL PHL
(ns) (ns)
400 400
350 350
300 300
250 250
1A
200 200 Vop =5Y
L
]

150 Vop =5V = 150 ]

Lt 1 10V
100 Tov| |1 100 - i

L— — = I ey

50 - BT I T 15y

et =—"T"] 15V 50 P I e

I E

0 10 20 30 40 50 60 70 80 Cy(pF) 0 10 20 30 40 50 60 70 80 Cy (pF)

Maximum propagation delay time vs.Vpp

6-1263
tPLH
tPHL
(ns)
600
500
400 \\
300 \\ HBF4019AE
N
200 |—| | N \
HBCAO19A] N N
|—HBC4019AK
HBC4O019AF o~
100 (—HBF 4019AF

0 5 10 vpp (V2
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HBC/HBF 4019 A

TYPICAL APPLICATIONS

AND-OR selected gating

"B" REGISTER A" REGISTER

MHec-wBF co13A OR QU T THec-HercomA OR £QUN | THBC-HBFO13A OR £GUI. 71 HeC-HBFLOIIA GREQUV. |
I

1

1

I

‘ n

1

|

1

1
|
)
1
|
|
'
'
]

SRR DUSVRUSOUSY I [ SO UREPRp AP I R ISR
e e S e e e e a9 (Kb
(Ka) I SELECT
sevect | i I | 1 "8"REGISTER
"N REGISTER | 1
1 1
| |
L 1
1 1
1 T
1 1
| |
1 )
1 1
) 1
1] 1
S HBCHeFsOWA | ___ )
5-0730
OUTPUT oyTPUT oyreuT ouTPUT
Shift left shift right register
SHIFT RIGHT INPUT SHIFT LEFT
INPUT
|y i Iy I e e e e it . r~——"~-—™
|
— ‘
1
(Xa) ! (Kb)
SHIFT . SHIF
LEFT ) RIGHT
SELECT ! SELECT
1
|
1
1
i
1
LHBC-HBF 40194 |
tiock >~ ¢
PR I
]
b
SHIFT : o SHIFT
T Cdar 0 P RIGHT
ouTPUT ' OUTPUT
|
HBC-HBF4OIA | OR EQUIV.,
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HBG/HBF 4018 A

TYPICAL APPLICATIONS (continued)

True complement selector

THBC-HBF4OBAOR EQUIV..” 77 T MHBCHBFOBAOR EQU, 7T T R
1
) [
h " |
: m “ X m :
] [
t [ r :
’ [N I
| },___ __________ ’_____JL ______ R U L_____J
® [ A B i e """ 70 ke
,.RL)E i T 1 | COMPLEMENT
SELECT | 1 SELECT
T '
1 1
¥ 1
1 1
i 1
1 1
1 1
1 1
1 1
i i
\
. mecweecowa T T :
___________ $-0732
ouTRuT oyreyT oyreur oyrePuT
AND-OR exclusive - OR selector
A B A2 B A3 B3 Az B¢

F%{—l

]
i

17 ar r 1
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HBC/HBF 4020A

GOS/MOS INTEGRATED CIRCUIT

PRELIMINARY DATA

14-STAGE RIPPLE-CARRY BINARY COUNTER/DIVIDER

LOW QUIESCENT POWER DISSIPATION

WIDE SUPPLY VOLTAGE RANGE: 3 to 15V

HIGH NOISE IMMUNITY: 452 of V5 (TYP.)

MEDIUM SPEED OPERATION

INPUTS FULLY PROTECTED

LOW OUTPUT IMPEDANCE: 100022 {TYP.) at Vpp-Vss = 10V
HIGH FANOUT

The HBC 4020A (extended temperature range) and HBF 4020A (standard temperature
range} are monolithic integrated circuits, available in 16-lead dual in-line plastic or cera-

mic package and ceramic flat package.

They consist of a 14 ripple-carry stage binary counter. Buffered outputs are externally
available from stages 1, and 4 through 14. The counter is reset to its “all zeros” state by a

high level on the reset input line.

Each counter stage is a static master-siave flip-flop. The counter is advanced one count on

the negative-going transition of each input pulse.

ABSOLUTE MAXIMUM RATINGS

Vpp-Vss Supply voltage

Vi Input voltage {at any pin)

Piot Total power dissipation (per package)
Tetg Storage temperature

Top Operating temperature: for HBC types

for HBF types

-0.5t0 15 \%

Vss SV < Vpp
200 mwW

-65to 160 °C

-66to 125 °C

-40to 85 °C

ORDERING NUMBERS:
HBC 4020 AD for dual in-line ceramic package

HBC 4020 AF for dual in-line-ceramic package frit seal {extended temperature range)

HBC 4020 AK for ceramic flat package
HBF 4020 AE for dual in-line plastic package

HBF 4020 AF for dual in-line ceramic package frit seal {standard temperature range)

Supersedes issue dated 2/74 417
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HBG/HBF 4020A

MECHANICAL DATA (dimensions in mm)

Dual in-line ceramic package r
for HBC 4020 AD and : R

HBC/HBF 4020 AF I
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F
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Dual in-line plastic package
for HBF 4020 AE
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Ceramic flat package for HBC 4020 AK
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HBC/HBF 4020A

CONNECTION DIAGRAM

Yoo
e
10 3 o
INPUT ; !
PULSES Qq
5 \
Qs 0
4 —qg 2
& q ’é
B qq s
H2— g &
s
4 QD S
5oy 2
L [ -
Loy
i 3
RESET e
r
¥,
ss S 0484
NPUT
PULSE
SHAPER -
) 3 —00
¢ 1 ¢ SLAVE gt
MASTER
SECTION SECTON nd STROE

L] +
RESET

® R =HIGH DOMINATES (RESETS ALL STAGES) n

4 ACTION OCCURS ON NEGATIVE GOING TRANSITION OF INPUT
PULSE COUNTER ADVANCES ONE BINARY COUNT ON EACH
NEGATIVE ( TRANSITION (16,384 TOTAL BINARY COUNTS). L 3-0408

A
Emu"-(ﬂﬂ(@)(ﬂ)

-
B

STAGE 1

RECOMMENDED OPERATING CONDITIONS

Voo Supply voltage 3t015 V

A Input voltage Vpp t0 Vgg

Top Operating temperature: for HBC types -55t0 1256 °C
for HBF types -40to 85 °C

* This is measured with respect to the Vgg pin voltage
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HBC/HBF 4020A

STATIC ELECTRICAL CHARACTERISTICS

Parameter Test conditions Min. Typ. Max. |Unit
HBC types (extended temperature range)
I Quiescent current Vpp =5V
at Tamp= -56°C 15| pA
at Tamp= 2b6°C 05 15| LA
at Tymp= 125°C 900 | uA
Vpp = 10V
at Tamp= -55°C 25| WA
at Tamp= 25°C 1 25 | WA
at Tomp= 125°C 1500 | MA
Von  Output high voltage I,=0
Vpp= 5V
at Tamp= -556°C |4.99 \%
at Tamp= 25°C |4.99 5 \
at Tamp= 125°C |4.95 \%
Vpp = 10V
at Tamp= -55°C |9.99 \
at Tymp= 25°C (9.99 10 \
at T,mp= 125°C |9.95 \
VoL  Output low voltage lo =0
Vpp = 5V or 10V
at T,mp= -55°C 0.01| V
at T,mp= 25°C 0 0.01 V
at T,mp= 125°C 0.05/ V
Ve Noise immunity Vpp =5V V,=4.2V
at T,mp= -55°C| 1.4 \
at T,mp= 25°C|1.5 2.25 \
at Tymp= 125°C | 1.5 \
Vpp =10V V, =9V
at Tymp= -55°C| 2.9 \
at T,mp= 25°C|3 4.5 \
at Tymp= 126°C |3 \
9/74
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HBC/HBF 4020A

STATIC ELECTRICAL CHARACTERISTICS (continued)

421

Parameter Test conditions Min. Typ. Max. |Unit
Vne  Noise immunity Vpp =5V V,=0.8V
at T,mp= -b5°C|(1.5 \Y%
at T,mp= 256°C{1.5 2.25 \%
at T,mp= 125°C|(1.4 \
Vpp =10V V, =1V
at T,mp= -56°C|(3 \%
at Tymp= 25°C|3 4.5 \Y
at Tymp= 125°C|(2.9 \%
IpN  Output drive current Vpp =5V V, =05V
N-channel at Tymp= -556°C|0.09 mA
at T,mp= 25°C|0.075 0.2 mA
at Tamp= 125°C|0.05 mA
Vpp =10V V, =05V
at Tamp= -55°C[0.185 mA
at Tymp= 25°C|0.15 0.4 mA
at Tamp= 125°C|0.105 mA
IpP Output drive current Vpp =5V V, =45V
P-channiel at Tymp= -55°C|-0.11 mA
at Tymp= 26°C|-0.09 -0.25 mA
at Tamp= 125°C|-0.065 mA
Vpp =10V V, =9.5V
at T,mp= -65°C|-0.25 mA
at Tump= 25°C|-0.20 -0.5 mA
at Tu,mp= 125°C|-0.14 mA
l; Input current Tamp= 25°C 10 pﬁj
HBF types (standard temperature range)
I Quiescent current Vpp =5V
at T,mp= -40°C 50 | WA
at T,mp= 25°C 1 50 | LA
at Tymp= 86°C 700 | uA
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HBC/HBF 4020A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. |Unit
o Quieccent current Vpp = 10V
at T,mp= -40°C 100| WA
at T,mp= 25°C 2 100| A
at T,;mp= 85°C 1400| pA
Von  Output high voltage I,=0
Vpp =5V
at T,mp= -40°C| 4.99 \
at Tamp= 25°C| 499 5 \
at T,mp= 85°C| 4.95 \
Vpp = 10V
at Tamp= ~40°C| 9.99 \
at T,mp= 25°C| 9.99 10 \
at Tamp= 85°C| 9.95 \
VoL  Output low voltage o =0
Vpp=5V or 10V
at Tymp= -40°C 0.01| V
at Tymp= 25°C 0 001V
at T,p= 85°C 0.05| V
Vnn  Noise immunity Vpp =5V V, =42V
at Tamp= -40°C| 1.4 \
at Tymp= 25°C| 1.5 2.25 \
at Tamp= 85°C| 1.5 \
Vpp= 10V V, =9V
at Tymp= -40°C| 2.9 \
at T,mp= 25°C| 3 4.5 \
at T,mp= 85°C| 3 \
Vi Noise immunity Vpp=5V V,=0.8V
at Tamp= -40°C| 1.5 \
at Tymp= 25°C| 1.5 226 \
at T,mp= 85°C| 1.4 \
9/74
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HBC/HBF 4020A

STATIC ELECTRICAL CHARACTERISTICS (continued)

3

Parameter Test conditions Min. Typ. Max. |Unit
A Noise immunity Voo = 10V V, =1V
at T,mp= -40°C| 3 \Y
at T,mp= 25°C| 3 4.5 \Y
at T,mp= 85°C| 2.9 \Y
IpN Output drive current Vpp =5V VvV, =05V
N-channel at Tymp= -40°C| 0.09 mA
at T,mp= 25°C| 0.08 0.33 mA
at T,mp= 85°C! 0.065 mA
Voo =10V V =05V
at Ty,mp= -40°C| 0.16 mA
at T,mp= 25°C| 0.13 0.5 mA
at T,mp= 85°C| 0.1 mA
IoP Qutput drive current Vop =5VV, =45V
P-channel at Tamp= -40°C|-0.09 mA
at Tymp= 25°C|-0.06 -0.25 mA
at T,mp= 85°C|-0.05 mA
Vpp =10V V =95V
at Tymp= -40°C|-0.18 mA
at Tymp= 25°C|-0.15 -0.5 mA
at Tymp= 85°C|-0.12 mA
I Input current Tamp = 25°C 10 PA
Typical power dissipation characteristics Pot
(uw) : ; ——t
T I
05 oL Tamb=25'C | .|
l j——'c‘t:l:pl: =t
s C1=50pF - ==
0, | H
10’1l
1012
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HBC/HBF 4020A

DYNAMIC ELECTRICAL CHARACTERISTICS (T,,= 25°C, C,_= 15 pF, typical
temperature coefficient for all Vpp= 0.3%/°C values, all input rise and fall time = 20 ns,
except t¢, and tgy)

L Parameter Test conditions Min. Typ. Max. | Unit
CLOCKED OPERATION
tpr v, Propagation delay time Vpp = 5V W
tpHL for HBC types 450 600 | ns
: for HBF types 450 650 | ns
VDD =10V
for HBC types 160 225 | ns
for HBF types 150 250 | ns
ty . Transition time Vpp =5V
Tyl for HBC types 450 600 | ns
for HBF types 450 650 | ns
Vpp = 10V
for HBC types 200 300 | ns
for HBF types 200 350 | ns
tpwrH, Minimum clock pulse Vpp =5V
towe  width for HBC types 200 335 | ns
for HBF types 200 500 | ns
VDD =10V !
for HBC types 70 125 | ns
for HBF types 70 165 | ns
tr, Clock rise and fall time Vpp =5V or 10V
ths for HBC and HBF types 15 | us
fmax Maximum clock Vpp =5V
frequency for HBC types | 1.6 256 MHz
for HBF types 1 2.5 MHz
VDD =10V
for HBC types | 4 7 VIHz
for HBF types | 3 7 MHz
C; Input capacitance Any input
for HBC and HBF types 5 pF
9/74
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HBG/HBF 4020A

DYNAMIC ELECTRICAL CHARACTERI

STICS (continued)

Parameter Test conditions Min. Typ. Max. Unit]
RESET OPERATION
tpy.  Propagation delay time Vpp =5V W
for HBC types 2000 3000| ns
for HBF types 2000 3500| ns
Vpop = 10V
for HBC types 500 775| ns
for HBF types 500 900 ns
towH  Minimum reset pulse Vpp =5V
width for HBC types 1800 2500| ns
for HBF types 1800 3000/ ns
Vpp = 10V ’
for HBC types 300 475| ns
for HBF types 300 550| ns
Typical clock frequency vs. Vpp (;:z) ; ] K T
|
" ‘ — i
o [ ; |
: —
8 - ; s
o || il
T AR
- LA
Y4 ;
2 LA R
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HBC/HBF 4020A

Typical propagation delay time vs. C_ Typical transition time vs. C_
G-174 G-n33
tpHL T 1THL [T TT
tPLH \ L tTLH NN
(ns} . (nS) L ) : :
800 [— ] T T 1600 i §
f YDo=5Y g 1
700 — T 1400 : +
R e
80 t t 1260 + +
HEEERERZJRE § . Pl
I 13 | | | vop=15%A | ||
500 t /} 1 T 1000 { T Bl
400 rri + —- I 800 T
| } 5 H
i — :
100 ﬁi : 4 L ] ] 600 /\' ( ; -
¢ oy , 10V T | ]‘&_ 1 T T
- i —5 =t
200 [T e w0 .
et | . ¥ " F_ ! |5y |
100 L 1SV | | : 200 |t ’ L
= T e T
P ] T [ L SRR EEEEN
o 10 20 30 40 50 60 70 80 Cy(pF) ° W W 30 0 O 8 0 80 CylpF)

426



HBC/HBF 4021 A
COS/MOS INTEGRATED CIRCUIT

PRELIMINARY DATA

8-STAGE STATIC SHIFT REGISTER ASYNCHRONOUS PARALLEL INPUT/
SERIAL OUTPUT SYNCHRONOUS SERIAL INPUT/SERIAL OUTPUT

LOW QUIESCENT POWER DISSIPATION

WIDE SUPPLY VOLTAGE RANGE: 3 to 15V

HIGH NOISE IMMUNITY: 45% of Vg (TYP.)

INPUTS FULLY PROTECTED

HIGH FANOUT

ASYNCHRONOUS PARALLEL or SYNCHRONOUS SERIAL OPERATION UNDER
CONTROL of PARALLEL/SERIAL CONTROL INPUT

® INDIVIDUAL "JAM” INPUTS TO EACK REGISTER STAGE

® MASTER SLAVE FLIP-FLOP REG!STER STAGE

® FULLY STATIC OPERATION ..... DC to 5 MHz

The HBC 4021A (extended temperature range) and HBF 4021A (standard temperature ran-
ge) are monolithic integrated circuits, available in 16-lead dual in-line plastic or ceramic
package and ceramic flat package. The HBC/HBF 4021A types are 8-stage parallel or serial-
input/serial~output shift registers having common Clock and Parallel/Serial Control inputs, a
single Serial Data input, and individual parallel “Jam” inputs to each register stage. Each
register stage is a D-type, master-siave flip~flop. “Q" outputs are available from the sixth,
seventh, and eighth stages. When the Paraliei/Serial Control inputs is “low”, data is serially
shifted into the 8-stage register synchronously with the positive-going transition of the
Clock pulse. When the Parallel/Serial Control input is "high”, data is jammed into the 8-stage
register via the parallel input lines asynchronously with the clock line.

Register expansion is possible using additional HBC/HBF 4021A package.

ABSOLUTE MAXIMUM RATINGS

Vpop-Vss Supply voltage -0.5t0 15 \Y
\ input voltage (at any pin) Vgs <V <Vpp
Piot Total power dissipation (per package) 200 mw
Tstg Storage temperature -65 to 150 °C
Top Operating temperature:  for HBC types —55 to 125 °C

for HBF types -40to 85 °C

ORDERING NUMBERS:

HBC 4021 AD for dual in-line ceramic package

HBC 4021 AF for dual in-line ceramic package, frit seal (extended temperature range)
HBC 4021 AK for ceramic flat package

HBF 4021 AE for dual in-line plastic package

HBF 4021 AF for dual in-line ceramic package, frit seal (standard temperature range)
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HBG/HBF 4021 A

MECHANICAL DATA (dimensions in mm)

Dual in-line ceramic package
for HBC 4021 AD and
HBC/HBF 4021 AF

0 O O O O s I I i
16 9

1 8
L O O R R B O S

Dual in-line plastic package

for HBF 4021 AE

Ceramic flat package for HBC 4021 AK
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HBC/HBF 4021 A

CONNECTION DIAGRAM
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HBC/HBF 4021 A

ONE TYPICAL STAGE AND ITS EQUIVALENT DETAILED CIRCUIT

Q
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HBC/HBF 4021 A

RECOMMENDED OPERATING CONDITIONS

Vpp* Supply voltage 3to 15 \%

I Input voltage Vpp to Vgs

Top Operating temperature:  for HBC types -65 to0 125 °C
for HBF types -40to 85 °C

*This is measured with respect to the Vgg pin voltage

STATIC ELECTRICAL CHARACTERISTICS

Parameter Test conditions Min. Typ. Max.| Unit

HBC types (extended temperature range)

I Quiescent current Vpp =5V
at Tymp= -55°C 5 UA
at Tymp= 25°C 05 5|uA
at Tymp= 125°C 300 | A
Vpp = 10V
at Tymp= -b5°C 10| MA
at Tamp= 25°C 1 10| MA
at Tymp= 125°C 600 | uA
Vou  Output high voltage lo =
VDD =5V
at Tamp= -55°C [4.99 \
at Tymp= 25°C (499 5 \Y
at Tymp= 125°C (4.95 \Y
lo =
Vpp=10V
at Tymp= -55°C [9.99 \Y
at Tymp= 25°C (9.99 10 \Y
at Tmp= 125°C |9.95 \Y
VoL  Output low voltage I, =0
Vpp=5V or 10V
at Tymp= -B5°C 0.01| Vv
at Tymp= 25°C 0 001|V
at Tamp= 125°C 0.05 V
Vny  Noise immunity Vpp=5V V,=4.2V
at Tymp= ~-b5°C | 1.4 \Y
at Tamp= 25°C |15 225 \Y
at Tamp= 125°C | 1.5 \
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HBG/HBF 4021 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.|Unit
Vnr  Noise immunity Vpp=10V V, =9V
at Tamp= -B5°C |2.9 \
at Tamp= 25°C |3 45 \Y
at Tamp= 125°C |3 \Y
VnL  Noise immunity Vpp =BV V, =0.8V
at Tamp= ~-B5°C | 1.5 \Y
at Ty,mp= 25°C |16 2.25 \Y
at Tamp= 125°C | 1.4 \
Vpp=10V V,=1V
at Tamp= -b5°C |3 \Y
at Ta,mp= 256°C |3 45 \
at Tamp= 125°C |2.9 \
IpN  Outputdrive current Vpp=5V V, =05V
N-channei at Tamp= -55°C | 0.15 mA
at Tamp= 25°C|0.12 0.3 mA
at Tamp= 125°C | 0.085 mA
VDD=1OV VO = 0.5V
at Tymp= -55°C | 0.31 mA
at Tamp= 25°C |0.25 05 mA
at Tamp= 125°C |0.175 mA
IoP Output drive current Vpp=5V V, =45V
P-channel at Tymp= -55°C |-0.1 mA
at T,mp= 25°C |-0.08 -0.16 mA
at Tomp= 125°C |-0.055 mA
VDD=1OV VO =9.5V
at Tamp= ~b5°C |-0.25 mA
at Tamp= 25°C |-0.20 -0.44 mA
at Tamp= 125°C |-0.14 mA
I Input current Tamp = 25°C 10 pA
HBF types (standard temperature range)
I Quiescent current Vpp =5V
at Tymp= -40°C 50| uA
at Tamp= 25°C 05 50| uA
at Tomp= 85°C 700 mA
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HBG/HBF 4021 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.| Unit
I Quiescent current Vpp= 10V
at Tymp= -40°C 100! wA
at Tymp= 25°C 1 100] uA
at Tamp= 85°C 1400 | pA
Von  Output high voltage l, =
VDD =56V
at Tamp= ~40°C |4.99 v
at Tamp= 26°C [499 5 \
at Tamp= 85°C [4.95 \Y
o =
Vpp=10V
at Tamp= ~40°C 19.99 \
at Tamp= 256°C (9.99 10 \Y
at T,mp= 856°C [9.95 v
VoL  Output low voltage I, =0
VDD= 5V or 10V
at Tamp= ~40°C 0.01| V
at Tamp= 25°C 0 001 V
at T,mp= 85°C 0.05| Vv
Vnr  Noise immunity Vpp =5V V,=4.2V
at Tymp= -40°C |1.4 \
at T,mp= 26°C |15 225 \
at T,mp= 85°C |15 \
Vpp=10V V=9V
at Tamp= -40°C (2.9 A
at Tymp= 25°C |3 45 \
at Tymp= 85°C (3 \Y
Vno  Noise immunity Vpp =5V V,=0.8V
at Tump= -40°C (1.5 \
at T,mp= 25°C |15 2.25 \
at Tamp= 856°C 1.4 \
VDD=10V VO =1V
at Tymp= -40°C |3 \
at Tamp= 25°C (3 4.5 \"
L at Tomp= 856°C |2.9 LV
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HBC/HBF 4021 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.{ Unit
IpN  Output drive current Vpp=5V V,=0.5V
N-channel at Tymp= -40°C (0.072 mA
at T,mp= 25°C(0.06 0.3 mA
at T,mp= 85°C |0.05 mA
Vop=10V V, =05V
at Tymp= -40°C |0.12 mA
at Tymp= 25°C [0.1 0.5 mA
at Tymp= 85°C [0.08 mA
IoP Output drive current Vpp=5V V,=4.5V
P-channel at Tymp= -40°C [-0.06 mA
at Tymp= 25°C [-0.05 -0.16 mA
at T,mp= 85°C |-0.04 mA
VDD=10V VO =95V
at Tymp= -40°C |-0.12 mA
at Tanp= 25°C|-0.1 -0.44 mA
at T,mp= 85°C |-0.08 mA
ly Input current Tamp = 25°C 10 pA
Pt B R Typical power dissipation characteristics
(uw) it —HH
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HBG/HBF 4021 A

TEST CIRCUITS

Quiescent device current Noise immunity

C, sV OR 10V
L 1ov )

.59 OR 7V

\
o
16 h—w—
15 ]
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ol

L T I

e O R O

9 1 o—
U ———
$-0666

50665

DYNAMIC ELECTRICAL CHARACTERISTICS (T,,,= 25°C, C,_= 15 pF, typical
temperature coefficient for all Vpp= 0.3%/°C values, all input rise and fall time = 20 ns,
except tg, and tehs)

Parameter Test conditions Min. Typ. Max.| Unit
tpLn, Propagation delay time Vpp =5V
tpH) for HBC types 300 750]| ns
for HBF types 300 1000( ns
Vpp = 10V
for HBC types 100 225| ns
for HBF types 100 300/ ns
. Transition ti _ N
TLH: ransition time Vpp =5V
trHL for HBC types 150 300| ns
for HBC types 150 400( ns
Vpp =10V
for HBC types 75 125| ns
for HBF types 75 150| ns
L L
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HBG/HBF 4021 A

DYNAMIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.{ Unit
L
town, Minimum clock Vpp =5V
towr  pulse width for HBC types 200 500| ns
for HBF types 200 830 | ns
Vpp = 10V
for HBC types 100 175| ns
for HBF types 100 200| ns
town  Minimum high-level Vpp =5V
Parallel/Serial Control for HBC types 200 500] ns
pulse width for HBF types 200 830| ns
Vpp= 10V
for HBC types 100 175 ns
for HBF types 100 200]| ns
tr. Clock rise and Vpp =5V or 10V
ths fall time for HBC and HBF types 15 us
1 Set-up time Vpp =5V
for HBC types 100 350 ns
for HBF types 100 500( ns
Vpp= 10V
for HBC types 50 80/ ns
for HBF types 50 100! ns
tfmax ~ Maximum clock Vpp =5V
freguency for HBC types |1 2.5 MHz
for HBF types (0.6 25 MHz
Vpp= 10V
fcr HBC types | 3 5 MHz
for HBF types | 2.5 5 Mﬂ
C; Input capacitance Any input
for HBC and HBF types 5 pF
7174
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HBG/HBF 4021 A

Typical clock frequency vs.Vpp Typical propagation delay time vs.C_
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HBC/HBF 4024 A
COS/MOS INTEGRATED CIRCUIT

PRELIMINARY DATA

7-STAGE BINARY COUNTER WITH BUFFERED RESET

LOW QUIESCENT POWER DISSIPATION

WIDE SUPPLY VOLTAGE RANGE: 3 to 15V

HIGH NOISE IMMUNITY: 45% of Vpp (TYP.)

MEDIUM SPEED OPERATION: 7 MHz (TYP.} INPUT PULSE RATE at Vpp-Vss =10V
INPUTS FULLY PROTECTED

LOW OUTPUT IMPEDANCE

HIGH FANOUT

STATIC COUNTER OPERATION - COUNTER RETAINS STATE INDEFINITELY
WITH INPUT PULSE LEVEL "LOW” or "HIGH"

GATE INPUT LOADING on BOTH RESET and INPUT-PULSE LINES

The HBC 4024A (extended temperature range) and HBF 4024A (standard temperature
range) are monolithic integrated circuits, available in 14-lead dual in~line plastic or ceramic
package and ceramic flat package. They consist of an input pulse shaping circuit, reset line
driver circuitry, and seven binary counter stages. The counter is reset to “zero” by a high
level on the reset input. Each counter stage is a static master-slave flip-flop. The counter
state is advanced one count on the negative-going transition of each input pulse.

ABSOLUTE MAXIMUM RATINGS

Vpo-Vss Supply voltage -0.56to 15 \Y%
A\ Input voltage (at any pin) Vgg SV, < Vpp
Piot Total power dissipation (per package) 200 mw
Tetg Storage temperature -65 to 150 °C
Top Operating temperature:  for HBC types -b5 to 125 °C

for HBF types -40to 85 °C

ORDERING NUMBERS:

HBC 4024 AD for dual in-line ceramic package

HBC 4024 AF for dual in-line ceramic package, frit seal {extended temperature range)
HBC 4024 AK for ceramic flat package

HBF 4024 AE for dual in-line plastic package

HBF 4024 AF for dual in-line ceramic package, frit seal (standard temperature range)
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HBG/HBF 4024A

MECHANICAL DATA (dimensions in mm)

Dual in-line ceramic package
for HBC 4024 AD and
HBC/HBF 4024 AF

Dual in-line plastic package
for HBF 4024 AE

Ceramic flat package for HBC 4024 AK
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HBC/HBF 4024A

CONNECTION DIAGRAM

Vop
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PULSES ™ Q2
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RESET Qq
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SCHEMATIC DIAGRAM
Pulse shaper and 1 binary stage
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HBC/HBF 4024 A

LOGIC BLOCK DIAGRAM
Pulse shaper and 1 binary stage

INPUT PULSE
SHAPER -
¢ —0
_ &
¢ MASTER ¢ SLAVE INPUTS TO
] SECTION SECTION 2nd STAGE
[o}]
¢ 6 6 O
. ¢ ¢ Q) OUT=anio®
RESET EQUATIONS FOR STAGES 2TO 7
4 ¢ {: Q20UT-EONGIR)
R R azouT=GaKancadify
1o 15 Q40U T=QLXQNEHBHPKR)
STAGE! . 050U T=ASHOXOCAXLNBKR)
& -
= R}
BmR=HIGH DOMINATES (RESETS ALL STAGES) e QsOUT—(?sXQIXQZ)(Oj)(QA)(Qs)(@)( . -
) ¢ Q70U T=ANONCHRINLNOSHRENBHF)
A ACTION OCCURS ON NEGATIVE GOING TRANSITION OF INPUT PULSE COUNTER S-0715
ADVANCES ONE BINARY COUNT ON EACH NEGATIVE @ TRANSITION
(128 TOTAL BINARY COUNTS)
FUNCTIONAL DIAGRAM
12 1 9 6 4 3
vo! Vo2 Vo3 Vot Vg5 Vgb Vo?
@
. @ ‘—T Q1 Q2 Q3| Q| Qs Qg Q7
FiF-1) | {rir-2) | [FiF-3) | |FiF-4) | |FIF-5) | |FIF-8] | |FIF-7
INPUT A A A
Q a & Q e} [¢] a
PULSES T—aﬁTl 22 Ja Tt. js 26 T7
2 PiN14=Vpp
PIN 7 =V5s§
RESET 5-0716
RECOMMENDED OPERATING CONDITIONS
Vep© Supply valtage 3to 15 A
Vi* Input Voltage VDD to VSS
Top Operating temperature:  for HBC types -65 to 125 °C
for HBF types -40to 85 °C

* This is measured with respect to the Vgg pin voltage
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HBC/HBF 4024 A

STATIC ELECTRICAL CHARACTERISTICS

Parameter Test conditions Min. Typ. Max.| Unit
HBC types (extended temperature range)
I Quiescent current Vpp =5V
at Tymp= -55°C 5| uA
at Tymp= 25°C 0.3 5[ HA
at Tymp= 125°C 300| MA
Vpp = 10V
at Tymp= -55°C 10| MA
at Tymp= 25°C 05 10| MA
at Tymp= 125°C 600| uA
Von  Output high voltage I, =0
VDD =5V
at T,mp= -55°C | 4.99 \Y
at Tymp= 25°C 1 4.99 5 \
at Tymp= 125°C [ 4.95 \
VDD =10V
at Tamb™ -55°C | 9.99 \Y
at Tymp= 25°C 999 10 \Y
at T,mp= 125°C | 9.95 \Y
VoL  Output low voltage I, =0
VDD =5V or 10V
at T,mp= -55°C 0.01| V
at T,mp= 25°C 0 001 V
at Tymp= 125°C 0.05| V
Vnn  Noise immunity Vpp =5V V,=4.2V
at Tymp= -55°C|[ 1.4 Y
at Tymp= 256°C|( 1.5 2.26 \Y
at Tymp= 125°Cl 1.5 Y
Vpp = 10V V, =9V
at Tymp= -B5°C| 2.9 \
at Tymp= 25°C| 3 45 \YJ
at Tymp= 125°C| 3 \
VnL  Noise immunity Vpp=5V V,=0.8V
at T,mp= -55°C| 1.6 Vv
at T,mp= 25°C| 1.5 225 Vv
B at Tamp= 125°C| 1.4 Vv
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HBG/HBF 4024A

STATIC ELECTRICAL CHARACTERISTICS (continued)

7/74

Parameter Test conditions Min. Typ. Max.| Unit
Vno  Noise immunity Vpp =10V V, =1V
at Tamp= -65°C |3 \
at Tymp= 25°C |3 4.5 \Y%
at Tamp= 125°C | 2.9 \
IpbN  Qutput drive current Vpp =5V V,=05V
N-channel at Tamp= -55°C | 0.31 mA
at Tomp= 25°C[0.25 0.5 mA
at Tamp= 125°C | 0.175 mA
Vpp = 10V V, = 0.5V
at Tymp= ~565°C | 0.62 mA
at Tynp= 25°C 105 1 mA
at Tamp= 125°C | 0.35 mA
IpP Output drive current Vpp =5V V, =45V
P-channel at Tamp= -55°C |-0.19 mA
at Tymp= 25°C|-0.15 -0.3 mA
at Tymp= 125°C |-0.105 mA
VDD =10V VO =956V
at Tamp= -55°C |-0.45 mA
at T,mp= 25°C1-0.35 -0.7 mA
at T,mp= 125°C |-0.25 mA
li Input current Tamp = 25°C 10 PA
HBF types (standard temperature range)
I Quiescent current Vpp =5V
at T,mp= -40°C 50| MA
at T,mp= 25°C 05 560 pA
at T,,,= 85°C 700 | MA
Vpp = 10V
at Tymp= -40°C 100 MA
at T,mp= 25°C 1 100( MA
at T,,,= 85°C 1400 | pA
Von  Output high voltage lo =
Vpp =5V
at Tymp= -40°C | 499 Vv
at T,mp= 25°C|4.99 5 \Y
at T,mp= 85°C|4.95 \
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HBC/HBF 4024A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.| Unit
Vor  Output high voltage Vpp = 10V
at Tamp= -40°C | 9.99 \
at Tamp= 25°C [(9.99 10 \
at Tamp= 85°C|9.95 \
VoL  Output low voltage b, =0
VDD =5V or 10V
at Tymp= -40°C 0.01| V
at Tamp= 25°C 0 001V
at Tymp= 85°C 0.05| V
Ve Noise immunity Vpp =5V V,=4.2V
at Tamp= -40°C | 1.4 \
at Tamp= 25°C|[1.5 2.25 \
at T,mp= 85°C |15 \
Vpp = 10V V, =9V
at Tomp= -40°C | 2.9 \
at Tamp= 25°C|3 4.5 \
at Tamp= 85°C| 3 \
Vno  Noise immunity Vpp=5V V,=0.8V
at Tamp= -40°C | 1.6 \
at Tymp= 25°C |15 2.25 \
at Tamp= 85°C| 1.4 \Y
Vpp = 10V V, =1V
at Tamp= -40°C | 3 \
at Tamp= 25°C |3 45 \
at T,mp= 85°C |29 \
IpN  Output drive current Vpp=5V V,=0.5V
N-channel at Tymp= -40°C | 0.15 mA
at Tamp= 25°C|0.12 05 mA
at Tamp= 85°C| 0.095 mA
Vpp = 10V V, = 0.5V
at Tymp= -40°C | 0.31 mA
at Tamp= 25°C|0.25 0.7 mA
at Tymp= 85°C| 0.2 LmA
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HBC/HBF 4024A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.| Unit
1P Output drive current Vpp =BV V,=25V
P-channel at Tymp= -40°C (-0.145 mA
at T,mp= 25°C|-0.12 -0.3 mA
at T,mp= 85°C[-0.95 mA
Vpp =10V V, =9.5V
at T,mp= -40°C {-0.31 mA
at Tamp= 25°C |-0.25 -0.7 mA
at T,mp= 85°C |-0.2 mA
Iy Input current Tamp= 25°C 10 | pA
6-1260 R L
Fiot : Typical power dissipation characteristics
oW H—
10% , Tamb=25'C s Ll
‘ Cie1SpF i V=15V 2 H
,—c= —_——— bp H
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7/74 446




HBG/HBF 4024 A

Typical N~channel drain characteristics Typical P~-channel drain characteristics
G-1251 0 0-1252
Ip [TYPICAL E'TNE1§/|PERATURE o
(mA) |COEFFICI FOR  Ipx-03%/'C -1p Mo 5v |
. ——
" Tamb=25°C (mA) \\t Po—
2 Vg5=15Y .
L1 N
10 “ [
pd L N J10v
8 4 s L N 1
4 oV [ N
I N
6 10 \\
A A S
/ N
4 12 A
2 5V G>="5V
14
|~ TYPICAL TEMPERATURE
~ ;l COEFFICIENT FOR lD--0-3°I.I C
| 16 Tamb=25"C l
[\ 2 4 [ 8 02 Vpgt¥) ] 2 4 [ 8 10 12 -V¥pgly)
Minimum N-channel drain characte- Minimum P-channel drain characte-
ristics ristics
0-1253 o G-1254
I HBC 4024 AD g BC 4024 AD
iy |HBC 4024 AF} LI o = 4-5Y | | hecas AF}
mMA) |4BC 4024 AK 15y D A AT S | HEC 4024 AK
HBF 4024 AEY __ Yos (mA) N = o] HBFLOAEL
HBF 4024 AF |t N -10V BF 4024 A
6 2 ™~ [ ]
/ ™ -10vY
5 s LN s L N
/£
4 4
/ 15V L
, LEFETTT . N ]
P ov M~ | -Ygs=15¥
2 47 ' 6
P4 10v
=
1 /A0 | 1] 7
b TYPICAL TEMPERATURE TYPICAL TEMPERATURE
5V COEFFICENT FOR ly=-03%/"C COEFFICIENT FOR Ip=-03%/°C
£+ T Tamb=25°C Tamb=25'C_ [ ]
0 2 4 6 8 0 2 YotV 0 2 4 s 8 10 12 Vpglv)
447

7/74




HBC/HBF 4024A

TEST CIRCUITS

Quiescent device current

10V
Ip
1/4-4001
o 1
3 2
2 3
2
4012 4
5
6
7
_—
S$-07t7
Noise immunity Reset noise immunity
5V OR 10V 5v OR 10V
35VOR 7V (J;
—0
1 14 1 14
35VOR7V |
2 13 —0 &l—ﬁ 2 13
15V OR 3V o Lt @ ~ .
3 s EI= S
—0
4 i 15V OR 3V 4 1
5 10 5 10
6 9 6 9
7 8 7 8
J- S-0718 -— 5-079
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HBG/HBF 4024A

DYNAMIC ELECTRICAL CHARACTERISTICS (T,,,=25°C, C_=15pF, typical
temperature coefficient for all Vpp = 0.3%/°C values, all input rise and fall time = 20 ns,
except tep, and t¢f)

Parameter Test conditions Min. Typ. Max.| Unit
INPUT OPERATION
tp ., Propagation delay time Vpp =5V
tpyL  (clock input to Q, for HBC types 175 350| ns
output!} for HBF types 175 400| ns
Vpp = 10V
for HBC types 80 125| ns
for HBF types 80 150 ns
trLy, Transition time Vpp =5V
tryL for HBC types 175 225| ns
for HBF types 175 250| ns
Vpp = 10V
for HBC types 80 125| ns
for HBF types 80 150| ns
towh. Minimum clock pulse Vpp =56V
TowL  width for HBC types 200 330| ns
for HBF types 200 500 ns
Vpp = 10V
for HBC types 140 125| ns
for HBF types 140 165| ns
tpr. Clock rise and fall time Vpp =5V
tpe for HBC types 15| Ms
for HBF types 15| Ms
Vpp = 10V
for HBC types 10| Ms
for HBF types 10| Ms
fmax  Maximum clock Vpp =5V
frequency for HBC types | 1.5 2.5 MHz
for HBF types 25 MHz
VDD =10V
for HBC types |4 7 MHz
for HBF types |3 7 MHz
C; Input capacitance Any input
for HBC and HBF types 5 pF
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HBG/HBF 4024A

DYNAMIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.|Unit
RESET OPERATION
tpyL  Propagation delay time Vpp =5V
for HBC types 500 700| ns
for HBF types 500 800 | ns
VDD =10V
for HBC types 250 350| ns
for HBF types 250 400 | ns
towH  Minimum reset pulse Vpp =5V
width for HBC types 375 500| ns
for HBF types 375 600| ns
VDD =10V
for HBC types 200 300 ns
for HBF types 200 350 | ns
4 =T Typical input pulse frequency vs. Vpp
{MHz)
12
0
8 L1
v
6 .
A 1]
d
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HBG/HBF 4024 A

Typical propagation delay time vs. C_ Typical transition time vs. C__
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HBC/HBF 4027A
COS/MOS INTEGRATED CIRCUIT

PRELIMINARY DATA

DUAL J-K MASTER-SLAVE FLIP-FLOP

LOW QUIESCENT POWER DISSIPATION

WIDE SUPPLY VOLTAGE RANGE: 3 to 15V

HIGH NOISE IMMUNITY: 45% of Vg (TYP.)

MEDIUM SPEED OPERATION: 8MHz (TYP,)CLOCK TOGGLE RATE at Vpp-Vss= 10V
INPUTS FULLY PROTECTED

LOW OUTPUT IMPEDANCE

HIGH FANOUT

The HBC 4027A (extended temperature range) and HBF 4027A (standard temperature
range) are monolithic integrated circuits, available in 16-lead dual in-line plastic or ceramic
package and ceramic flat package.

The dual J-K flip-flop is constructed with MOS N-channel and P-channel enhancement
mode transistors,

Each flip-flop has independent “J”, “K”, “clock”, “set” and “reset” inputs.

These devices may be used in control registers or toggle functions. They find primary use
where very low power dissipation and/or high immunity inherent in COS/MOS offers
system advantage.

ABSOLUTE MAXIMUM RATINGS

Vpp-Vss Supply voltage -05t0 156 \)
Vi Input voltage (at any pin) Ves <V, < Vpp
Piot Total power dissipation (per package) 200 mw
Tatg Storage temperature -65 to 150 °C
Top Operating temperature:  for HBC types -6b 10 125 °C

for HBF types -40to 86 °C

ORDERING NUMBERS:

HBC 4027 AD for dual in-line ceramic’package

HBC 4027 AF for dual in-line ceramic package, frit seal (extended temperature range)
HBC 4027 AK for ceramic flat package

HBF 4027 AE for dual in-line plastic package

HBF 4027 AF for dual in-line ceramic package, frit seal (standard temperature range)

Supersedes issue dated 9/73 453 9/74



HBC/HBF 4027A

MECHANICAL DATA

{dimensions in mm)

Dual in-line ceramic package r————-]7 o
for HBC 4027 AD and c—
HBC/HBF 4027 AF i £ QT
F H h| 9
Lj Oy
|
‘ g_ 025 -
045 l__ 254
17.78 10.4
P0S3 B
Zomax
A M.
6 9
1 8
N NEERERERERS RS
Dual in-line plastic package =
for HBF 4027 AE c
[~ | &l & =
4 | &1 i [ 1
[ )
QL 025
0.45]| 2.54
17.78 8.38
PDOI-C
20”‘\3)(

O @An
3] 9
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oo ooOoogn

Ceramic flat package for HBC 4027 AK
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HBC/HBF 4027A

CONNECTION DIAGRAM (top view)

Vap Q; Q; CLOCK, RESET; K, J; SET,
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HBG/HBF 4027A

FUNCTIONAL LOGIC DIAGRAM and TRUTH TABLE

SET
O T p
/5 | I's MASTER 7 SLAVE 1/15
J ¢ 1 Q
. . )
6/10 -
ooy © [T Dot o0
Eg > - 214
K $2 7 fZ 7 /
5/1 } 1 A %
Y TG
2 12
RESET -
O A 5
4/12 g J4 5-0431
CLOCK
3/13 E [:
t,_1 INPUTS (1) t, OUTPUTS (2)
¢ |J|k|sIRrlallala
i |x|ololofi]o
I xlolololi]|i]o
S lox|ojo|oflo]
o o
X  DON'T CARE < | x|t o ! !
*  INVALID CONDITION N Ix|x|olo]|x + {No Change}
(1) t,_1 REFERS TO THE TIME INTERVAL PRIOR X [ X| X[l ]o|x|1|o
TO THE POSITIVE CLOCK PULSE TRANSITION % IxIxlolt Ixllal,
{2) 1, REFERS TO THE TIME INTERVALS AFTER s
THE POSITIVE CLOCK PULSE TRANSITION X [X|xXJrjrjx
WHERE | = HIGH LEVEL
O = LOW LEVEL
RECOMMENDED OPERATING CONDITIONS
Vpp* Supply voltage 3to15 V
Vi* Input voltage Vpp to Vss
Top Operating temperature: for HBC types -65to 126 °C
for HBF types -40to 85 °C

* This is measured with respect to the Vgg pin voltage
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HBC/HBF 4027A

STATIC ELECTRICAL CHARACTERISTICS

Parameter Test conditions Min. Typ. Max.|Unit
HBC types (extended temperature range)
I Quiescent current Vpp=5V
at Tamp= -55°C 1 1A
at T,mp= 25°C 0.005 1| MA
at Tymp= 126°C 60| uA
Vpp= 10V
at Tamp= -565°C 2| pA
at Tamp= 25°C 0.005 2| uA
at Tamp= 125°C 120| uA
Von  Output high voltage lo =
Vpp=5V
at Tymp= ~55°C | 4.99 Y
at Tymp= 256°C 499 5 \
- at T,mp= 125°C | 4.95 \
Vpp= 10V
at Tymp= -55°C | 9.99 \
at T,mp= 25°C (999 10 \
at Tamp= 125°C | 9.95 \
VoL  Output low voltage lo =0
Vpp= 5V or 10V
at Tymp= -5656°C 001 V
at T,mp= 25°C 0 001 V
at T,mp= 125°C 005, V
Vnn  Noise immunity Vpp=5V V,=4.2V
at Tamp= -B6°C [ 1.4 \
at Tamp= 25°C |16 225 \Y
at Tymp=125°C | 1.5 \
Vpp=10V V,=9V
at T,mp= -55°C | 2.9 Y
at T,mp= 25°C |3 45 \
at T,mp=125°C | 3 \
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HBC/HBF 4027A

STATIC ELECTRICAL CHARACTERISTICS (continued)

9/74

Parameter Test conditions Min. Typ. Max.| Unit
Vno  Noise immunity Vpp=5V V,=0.8V
at Tamp= -B5°C | 1.6 \
at T,mp= 25°C |15 225 \
at Tymp= 125°C | 1.4 \
Vpp=10V V, =1V
at T,mp= -55°C |3 \
at T,mp= 25°C |3 45 Y
at T,mp=125°C 2.9 \
IpN Output drive current Vpp=5V V, =05V
N-channel at Tymp= -55°C | 0.63 mA
at Tymp= 256°C |05 1 mA
at T,mp= 125°C | 0.33 mA
Vpp= 10V V, =05V
at Tymp= -55°C | 1.25 mA
at T,mp= 25°C |1 25 mA
at Tamp= 125°C | 0.7 mA
IpP Output drive current Vpp=5V V, =45V
P-channel at Tymp= -b5°C [-0.31 mA
at Ty,mp= 25°C |-0.25 -0.5 mA
at T,mp= 125°C |-0.175 mA
Vpp=10V V, =95V
at Tymp= -b5°C |-0.8 mA
at Tomp= 25°C |-0.65 -1.3 mA
at T,mp= 1256°C |-0.45 mA
I; Input current Tamp = 25°C 10 pA
HBF types (standard temperature range)
I Quiescent current Vpp=5V
at Tymp= -40°C 10] MA
at Tymp= 25°C 0.01 10| uA
at Tomp= 85°C 140 | uA
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HBG/HBF 4027A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. | Unit
I Quiescent current Vpp = 10V
at Typp= -40°C 20| vA
at T,;mp= 25°C 0.05 20| pA
at Tymp= 85°C 280 | uA
Von  Output high voltage o =0
Vpp =5V
at Tomp=-40°C | 4.99 \Y
at T,mp= 25°C| 499 b \Y
at Tym,= 85°C| 4.95 Y
Vpp= 10V
at Tamp= -40°C | 9.99 \Y
at Tymp= 25°C| 9.99 10 \Y
at T,mp= 85°C| 9.95 Y
VoL  Output low voltage le =0
Vpp =5V or 10V
at Typp= -40°C 0.01| V
at Tymp= 25°C 0001 V
at T,mp= 85°C 0.05| V
Vnn  Noise immunity Vpp =5V V, =4.2V
at Tymp= -40°C | 1.4 Y
at Tymp= 25°C |15 225 Y
at T,mp= 85°C | 1.6 v
Vpp= 10V V, =9V
at Tymp= -40°C | 2.9 \Y
at T,mp= 256°C |3 45 Y
at Tymp= 85°C |3 Y
VinL  Noise immunity Vpp=5V V, =08V
at Tymp= -40°C | 1.5 \Y
at Ty,mp= 25°C (15 225 Y
at T,mp= 85°C | 1.4 \Y
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HBC/HBF 4027A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter

Test conditions

Min. Typ. Max.| Unit

VL  Noise immunity Vpp=10V V, =1V
at Tamp= -40°C| 3 \Y
at Tymp= 25°C| 3 45 \Y
at T,mp= 85°C| 2.9 \
IpN QOutput drive current Vpp=56V V, =05V
N-channel at Tymp= -40°C| 0.3 mA
at Tymp= 25°C| 0.3 1 mA
at T,mp= 85°C| 0.24 mA
Vpp=10V V, =0.5V
at Tymp= —40°C| 0.72 mA
at Tymp= 25°C| 0.6 2.5 mA
at Tymp= 85°C| 0.5 mA
InP Output drive current Vpp =5V V, =45V
P-channel at Tamp= -40°C|-0.17 mA
at Tamp= 25°C|-0.14 -05 mA
at Tymp= 85°C|-0.063 mA
Vpp=10V V, =9.5V
at Tymp= -40°C| -0.4 mA
at T,mp= 25°C|-0.33 -1.3 mA
at Tymp,= 85°C|-0.27 mA
l; Input current Tamp=25°C 10 pA
9/74 460




HBC/HBF 4027A

-1077/1

Typical power dissipation characteristics Ptot
(uw)

—

Tamb= 25°C

INPUT 1=t = 20ns
bt T

(RPN

N row

~ o

N o

DYNAMIC ELECTRICAL CHARACTERISTICS (T,.,,= 25°C, C, = 15 pF, typical

coefficient temperature for all values of Vpp = 0.3%/°C, input t, and t; = 20 ns except
tgpy and tghe)

T
Parameter Test conditions Min. Typ. Max.| Unit
tpn, Propagation delay time Vpp =5V
toL for HBC types 150 300} ns
for HBF types 150 400| ns
Vpp = 10V
for HBC types 75 110 ns
for HBF types 75 160 | ns
Iy p, Transition time Vop =5V T
Ty for HBC types 75 125| ns
for HBF types 75 250 ns
Vpp = 10V
for HBC types 50 70| ns
for HBF types 50 140| ns
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HBG/HBF 4027A

DYNAMIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.| Unit
town, Minimum clock pulse Voo = 5V
TowL width for HBC types 165 330 | ns
for HBF types 165 500 | ns
Vop = 10V
for HBC types 65 110! ns
for HBF types 65 165 | ns
W, Clock rise and fall time Vpp = BV
Ty for HBC and
HBF types 15| wus
Vpop = 10V
for HBC and
HBF types "B us
1, Set-up time Vpp = 5V
for HBC types 70 150 | ns
for HBF types 70 200 | ns
Vop = 10V
for HBC types 26 50| ns
for HBF types 25 75| ns
frmax Maximum clock frequency | Vpp= bV
(toggle mode) for HBC types | 1.5 3 MHz
for HBF types | 1 3 MHz
Vop = 10V
for HBC types | 4.5 8 MHz
for HBF types | 3 8 MHz
C, Input capacitance Any input
for HBC and HBF types b pF
SET and RESET OPERATION
to_ (5), Propagation delay time Vop =5V
oy (R) for HBC types 175 225 | ns
for HBF types 175 360 | ns

9/74
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HBC/HBF 4027A

DYNAMIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. | Unit
t, y(s). Propagation delay time Vpp =10V
top L (R) for HBC types 75 110 | ns
for HBF types 75 150 | ns
town (), Minimum set and Vpp =5V
t,wL (R) reset pulse widths for HBC types 125 200 | ns
for HBF types 125 300 | ns
Vpp = 10V
for HBC types 50 80 | ns
for HBF types 50 120 | ns
. -1078/1
Maximum clock frequency vs. Vpp frnax | T
{MHz) I 1
TOGGLE MODE | |
6 _
| L
HBC4027AD | -1—
‘ HBC40274K L7
A
/
A
2 HBF4027AE
/]
4
L
0 5 10 vpp (V) 15
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HBG/HBF 4027A

Typical propagation delay time vs. C_

Typical transition time vs. C_

G-1073/1 -
tPLH | \ [ ¢
1PHL THL
t
TLH T ‘
(ns) |
(ns) \
300 300 T
| vpo=5vY /J/\
200 ] N )
LT y
74Z I VDESL{‘/‘,
| ] 1
100 F—-t——tomr ) - 100 // -
| | j %ﬁ —T 15y
0 J ‘ D 0
10 30 50 70 90 C,_(pF) 10 30 50 70 90 Cy(pt)
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HBC/HBF 4028 A
COS/MOS INTEGRATED CIRCUIT

PRELIMINARY DATA

BCD-TO-DECIMAL DECODER

LOW QUIESCENT POWER DISSIPATION
WIDE SUPPLY VOLTAGE RANGE: 3 to 15V

HIGH NOISE IMMUNITY: 45% of V (TYP.)

MEDIUM SPEED OPERATION: tyy, =ty =30 ns (TYP.) at Vg =10V
INPUTS FULLY PROTECTED

LOW OUTPUT IMPEDANCE

HIGH FAN-OUT

HIGH DECODED OUTPUT DRIVE CAPABILITY

The HBC 4028A (extended temperature range) and HBF 4028A (standard temperature
range) are monolithic integrated circuits, available in 16-lead dual in-line plastic or ceramic
package and ceramic flat package. These decoders are constructed so thatan 8421 BCD
code on the four inputs provides a decimal (one-of-ten) decoded output, while a 3-bit
binary inputs provides a decoded octal {one-of-eight) code output with D input forced to
logic “O”. A logic “1” signal at the D input inhibits octal decoding and causes outputs O
through 7 to go low.

ABSOLUTE MAXIMUM RATINGS

Vpp-Vss Supply voltage -0.5t0 15 \
Vv, Input voltage {(at any pin) Vgg SV < Vpp
Piot Total power dissipation (per package) 200 mw
Tsio Storage temperature -65t0 1560 °C
Top Operating temperature: for HBC types -b5 to 1256 °c

for HBF types -40to 85 °C

ORDERING NUMBERS:

HBC 4028 AD for dual in-line ceramic package

HBC 4028 AF for dual in-line ceramic package frit seal (extended temperature range)
HBC 4028 AK for ceramic flat package

HBF 4028 AE for dual in-line plastic package

HBF 4028 AF for dual in-line ceramic package frit seal (standard temperature range)

Supersedes issue dated 9/73 465 9/74



HBG/HBF 4028A

MECHANICAL DATA (dimensions in mm)

7max
Dual in-line ceramic package ]
for HBC 4028 AD and T AR
HBC/HBF 4028 AF & A @l 3
| put H 025 ).
045 254
17.78 10.4
$053- 8B
Zomax
|'r‘l nNonNnaAan |
% 9
1 8
Oouoooguag
. . 7.1fT\AX
Dual in-line plastic package
for HBF 4028 AE ET3Y
i d_ﬁ{ 3[
ar 025
0.45 2.54
17.78 8.38
POGI-C
zomux

OnnnnaAan
I3 9

8

1
[0 0 I O It R

Ceramic flat package for HBC 4028 AK
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HBG/HBF 4028A

CONNECTION DIAGRAM
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HBC/HBF 4028A

RECOMMENDED OPERATING CONDITIONS

Voo * Supply voltage 3to 15 \Y
vV, * Input voltage Vpp to Vsg
Top Operating temperature : for HBC types 5510125 °C
for HBF types -40to 85 °C
*This is measured with respect to the Vgg pin voltage
STATIC ELECTRICAL CHARACTERISTICS
Parameter Test conditions Min. Typ. Max. |Unit
HBC types (extended temperature range)
IL Quiescent current Vpp =5V
at Tymp= -55°C 5| uA
at Tymp= 25°C 05 5| uA
at Tomp= 125°C 300 | uA
Voo = 10V
at Tymp= -55°C 10| uA
at Tymp= 25°C 1 10| wA
at Tymp= 125°C 600| WA
Von  Output high voltage lo,=0
Vop = 5V
at Tymp= -55°C | 4.99 v
at T,mp= 25°C|4.99 5 v
at Tymp= 125°C | 4.95 v
Vop = 10V
at Tomp= -55°C | 9.99 Vv
at Tomp= 25°C19.99 10 Vv
at Tomp= 125°C | 9.95 Vv
VoL  Output low voltage I, =0
Vpp =5V or 10V
at Tymp= -55°C 001] Vv
at Tymp= 25°C 0 001 V
at Tymp= 125°C 0.05| V

9/74
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HBC/HBF 4028 A

STATIC ELECTRICAL CHARACTERISTICS (continued)

|

Parameter Test conditions Min. Typ. Max.| Unit
Vne  Noise immunity Vpp =bV V, =36V j—‘
at T,mp= -55°C| 1.4 \
at T,mp= 25°C| 1.5 2.25 \
at T,mp= 125°C| 1.6 \
Vpp =10V V, =7.2V
at T,mp= -55°C| 2.9 \
at T,mp= 25°C| 3 45 \
at Tamp= 125°C| 3 H
Vni  Noise immunity Vpp =5V V, =095V
at Tomp= -B5°C| 1.6 \Y
at T,mp= 25°C| 1.6 225 \Y
at T,mp= 125°C| 1.4 Vv
Vpp =10V V, =29V
at Tamp= -b5°C| 3 Vv
at Tomp= 25°C| 3 4.5 \
at T,mp=125°C| 2.9 \
IpN  Output drive current Vpp =5V V, =05V
N-channel at T,mp= -55°C| 0.75 mA
at T,mp= 25°C| 0.6 1.2 mA
at Tamp= 126°C| 0.45 mA
Vpp = 10V V, = 0.5V
at T,mp=-56°C| 1.6 mA
at T,mp= 256°C| 1.2 24 mA
at T,mp=125°C| 0.9 mA
IoP Output drive current Vpp =5V V, =95V
P-channel at Tamp= -55°C|-0.7 mA
at Tamp= 25°C{-0.45 -0.9 mA
at Tymp= 125°C|-0.32 mA
Vppo = 10VV, =45V
at T,mp= -55°C|-1.4 mA
at T,mp= 25°C(-0.95 -1.9 mA
at Tamp= 125°C|-0.65 mA

|

469
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HBC/HBF 4028A

STATIC ELECTRICAL CHARACTERISTICS {continued)

9/74

Parameter Test conditions Min. Typ. Max.| Unit
L Input current Tamp = 25°C 10 pA
HBF types (standard temperature range)
I Quiescent current Vpp=5V
at T,mp= -40°C 50| uA
at T,mp= 25°C 5 50| uA
at Ty,mp= 85°C 700 uA
Vpp= 10V
at Tymp= ~40°C 100 | nA
at Tomp= 25°C 10 100] uA
at T,mp= 85°C 1400 | uA
Von  Output high voltage lo =
Vpp=5V
at Tymp= ~40°C | 4.99 \
at Tmp= 25°C (499 5 \
at T,mp= 85°C |4.95 \
Vpp= 10V
at Tymp= -40°C 19.99 \
at T,mp= 25°C |9.99 10 \
at T,mp= 85°C |9.95 A
VoL  Output low voltage Is=0
Vpp=5V or 10V
at Tymp= -40°C 0.01| V
at Tomp= 25°C 0 0.01] V
at T,mp= 85°C 0.05| V
Vinn  Noise immunity Vpp=5V V,=3.6V
at Tamp= -40°C | 1.4 \
at Tamp= 25°C |15 2.25 \
at T,mp= 85°C | 1.5 \
Vpp=10V V, =7.2V
at Tomp= -40°C | 2.9 \
at Tymp= 25°C |3 45 \)
at Tymp= 85°C |3 \
470




HBG/HBF 4028A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.| Unit
VnL  Noise immunity Vpp=5V V,=0.95V
at Tymp= -40°C | 1.5 \
at Tamp= 25°C [ 1.5 2.25 V|
at Tamp= 85°C (1.4 \%
Vpp= 10V V, =29V
at Tamp= -40°C | 3 \
at Tamp= 25°C | 3 4.5 A
at Tump= 85°C | 2.9 \
IpN Output drive current Vpo=5V V, =05V
N-channel at Tymp= -40°C | 0.35 mA
at T,mp= 26°C (0.3 1.2 mA
at Tymp= 85°C | 0.25 mA
Vpp=10V V,=0.5V
at Tamp= -40°C | 0.7 mA
at T,mp= 26°C |06 2.4 mA
at Tymp= 85°C |05 mA
IpP Output drive current Vpp=5V V,=45V
P-channel at Tamp= -40°C |-0.32 mA
at T,mp= 25°C |-0.22 -0.9 mA
at T,mp= 85°C |-0.18 mA
Vogp=10V V,=9.5V
at Tymp= -40°C |-0.65 mA
at T,mp= 25°C |-0.48 -1.9 mA
at Tamp= 85°C |-0.4 mA
l; Input current Tamp = 25°C 10 pA
471
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HBC/HBF 4028A

DYNAMIC ELECTRICAL CHARACTERISTICS (T,,,,=25°C, C,_ = 15 pF, typical
coefficient temperature for all values of Vpp = 0.3%/°C ,and all input rise and fall
times = 20 ns}

Parameter Test conditions Min. Typ. Max.|Unit
tpLn  Propagation delay time Vpp =5V
(low to high level} for HBC types 250 480 | ns
for HBF types 250 700 | ns
Vpp = 10V
for HBC types 100 180 | ns
for HBF types 100 290 ( ns
tpL  Propagation delay time Vpp =5V
(high to low level) for HBC types 250 480 | ns
for HBF types 250 700 | ns
Vpop = 10V
for HBC types 100 180 | ns
for HBF types 100 290 | ns
tyLy  Transition time Vpp =5V
{low to high level) for HBC types 60 150 | ns
for HBF types 60 300 | ns
Voo = 10V
for HBC types 30 75| ns
for HBF types 30 160 | ns
trye  Transition time Vpp =5V
(high to low level) for HBC types 60 150 ns
for HBF types 60 300| ns
Vpp =10V
for HBC types 30 75| ns
for HBF types 30 150 | ns
o Input capacitance Any input
for HBC and HBF types 5 pF
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HBG/HBF 4028 A

Fig. 1 - Typical propagation delay ti- Fig. 2 - Typical transition time versus
me versus C_ C_
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HBG/HBF 4028A

TYPICAL APPLICATIONS

The circuit shown in fig. 5 converts any 4-bit code to a decimal or hexadecimal code. Fig.6
shows a number of codes and the decimal or hexadecimal number in these codes which
must be applied to the input pins of the HBC/HBF 4028A to select a particular output.
For example: in order to get a *high” on output n. 8 the input must be either an 8 expres-
sed in 4-bit binary code, a 15 expressed in 4-bit Gray code, or a 5 expressed in Excess-3
code.

Fig. 5 - Code conversion circuit

INPUTS

AL
r R /6 4009A
-

A B c D A B c D
4028 A 4028A
0123456789 0123456789

01234567 89101 12131415
— —
16 OUTPUTS

50465
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HBC/HBF 4028 A

TYPICAL APPLICATIONS (continued)

Fig. 6 ~ Code conversion chart
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Fig. 7 ~ 6-bit binary to 1 of 64 address decoder
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HBC/HBF 4029A
COS/MOS INTEGRATED CIRCUIT

PRELIMINARY DATA

PRESETTABLE UP/DOWN COUNTER

LOW QUIESCENT POWER DISSIPATION

WIDE SUPPLY VOLTAGE RANGE : 3 to 15V

HIGH NOISE IMMUNITY : 45% of Vo (TYP.)

MEDIUM SPEED OPERATION: 5MHz (TYP.} at C, = 15pF and V-V =10V
INPUTS FULLY PROTECTED

LOW QUTPUT IMPEDANCE

BINARY OR DECADE UP/DOWN COUNTING

The HBC 4029A (extended temperature range} and HBF 4029A (standard temperature
range) are monolithic integrated circuits, available in 16-lead dual in-line plastic or ceramic
package and ceramic flat package, containing N-channel and P-channel enhancement mo-
de transistors. The device consists of a four-stage binary or BCD-decade up/down counter
with provisions for “look-ahead” carry in both counting modes. The inputs consist of a sin-
gle Clock, Carry-in (Clock Enabie}, Binary/Decade, Up/Down, Preset Enable, and four
individual Jam signals. Four separate buffered Q signals and Carry Qut signal are provided
as outputs.

ABSOLUTE MAXIMUM RATINGS

Vpp-Vss Supply voltage -0.51t0 15 Y
Vv, Input voltage (at any pin) Vg SV, SV
Piot Total power dissipation {per package) 200 mw
Teto Storage temperature -65to 150 °C
Top Operating temperature :  for HBC types -651t0 126 °C

for HBF types -40to 85 °C

ORDERING NUMBERS:

HBC 4029 AD for dual in-line ceramic package

HBC 4029 AF for dual in-line ceramic package, frit seal (extended temperature range)
HBC 4029 AK for ceramic flat package

HBF 4029 AE for dual in-line plastic package

HBF 4029 AF for dual in-line ceramic package, frit seal (standard temperature range}

Supersedes issue dated 12/73 477 9/74



HBC/HBF 4029A

MECHANICAL DATA

Dual in-line ceramic package
fér HBC 4029 AD and
HBC/HBF 4029 AF

Duat in-line plastic package
for HBF 4029 AE

Ceramic flat package for HBC 4029 AK

{dimensions in mm)
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HBC/HBF 4029A

CONNECTION DIAGRAM
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HBC/HBF 4029A

TIMING DIAGRAMS
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HBC/HBF 4029A

RECOMMENDED OPERATING CONDITIONS

Vpp©  Supply voltage 3to15 V

V¥ Input voitage Vpp 1o Vgg

Top Operating temperature :  for HBC types -55t0 125 °C
for HBF types -40 to 85 °C

* This is measured with respect to the Vg Pin voltage

STATIC ELECTRICAL CHARACTERISTICS

L Parameter Test conditions Min. Typ. Max. |Unit

HBC types (extended temperature range)

I Quiescent current Vpp =5V
at Tymp= -55°C 5| A
at Tump= 256°C 0.3 5| uA
at Tamp= 125°C 300 | uA
Vpop = 10V
at Tymp= -556°C 10 | A
at Tump= 25°C 0.5 10 | uA
at Tamp= 125°C 600 | A
Vou Qutput high voltage I,=0
Vpp =5V
at T,mp= -55°C | 4.99 v
at Tamp= 25°C | 4.99 5 Y
at Tymp= 125°C | 4.95 Vv
Vpp = 10V
at T,mp= -55°C | 9.99 Y
at T,mp= 256°C [ 9.99 10 \Y
at Tamp= 125°C | 9.95 Y
VoL QOutput low voltage I,=0
Vpp =5V or 10V
at Tamp= -55°C 0.01 | V
at Tamp= 25°C 0.01 | V
at Tymp= 125°C 0.05 | V
L
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HBC/HBF 4029A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.,| Unit
Vi Noise immunity Vpp =5V V, =42V
at T,mp= -55°C 1.4 \
at T,mp= 2B°C |15 2.25 \YJ
at Tymp= 126°C | 1.5 \
Vpp = 10V V, =9V
at T,mp= -55°C |2.9 \
at T,mp= 25°C |3 4.5 \YJ
at Tymp= 125°C |3 \
VL Noise immunity Vpp =BV Vo, =08V
at T,mp= -B5°C |1.5 \Y
at T,mp= 25°C[1.6 225 \
at Tymp= 126°C | 1.4 \
Vpp = 10V V, =1V
at Tymp= -05°C |3 \
at T,mp= 25°C |3 45 \Y
at Tymp= 125°C |2.9 \
IpN Drive current Q outputs
N-channel Vpp =50V V, =05V
at Tymp= -55°C | 0.5 mA
at Tymp= 25°C |04 0.8 mA
at T,mp= 125°C |0.28 mA
Vpp = 10V Vo = 0.5V
at T,mp= -55°C | 0.74 mA
at T,mp= 26°C|0.6 1.2 mA
at Tymp= 125°C | 0.42 mA
Carry output
Vpp =BV Vo =05V
at Tymp= -55°C | 0.1 mA
at T,mp= 25°C|0.08 0.16 mA
at Tump= 126°C | 0.06 mA
Vpp = 10V V, = 0.5V
at T,sp= -55°C| 0.4 mA
at T,mp= 25°C|0.32 0.64 mA
at T,mp= 125°C | 0.22 mA
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HBC/HBF 4029A

STATIC ELECTRICAL CHARACTERISTICS {(continued)

|—_ Parameter Test conditions Min. Typ. Max.| Unit
P Drive current Q outputs
P-channe! Vpp =5V V, =456V
at Tymp= -55°C(-0.18 mA
at Tymp= 25°C|-0.12-0.24 mA
at Tomp= 126°C [-0.08 mA
Vpop = 10VV, =95V
at Tymp= -65°C |-0.3 mA
at Tymp= 25°C(-02 -04 mA
at Tamp= 125°C [-0.14 mA
Carry output
Vpp =BV Vg, =45V
at Tamp= -55°C|[-0.09 mA
at Tamp= 25°C|-0.06 -0.12 mA
at Tomp= 125°C|-0.04 mA
Vo = 10VV, =06V
at Tymp= -55°C |-0.15 mA
at T,mp= 256°C|-0.1 -0.2 mA
at Tymp= 125°C|-0.07 mA
l Input current Tamp = 25°C 10 pA
HBF types (standard temperature range)
I Quiescent current Vg =5V
at Tymp= -40°C 50| A
at T,mp= 25°C 0.5 50| A
at T,mp= 85°C 700| MA
Vpp = 10V
at Tyyp= -40°C 100| tA
at Tymp= 25°C 1 100| MA
at Tymp= 85°C 1400| uA
Vou Output high voltage 1,=0
Vpp =5V
at Tamp= —40°C | 4.99 A
at T,mp= 25°C|499 b Vv
at T,mp= 85°C|4.95 Vv
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HBC/HBF 4029A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. | Unit
Von  Output high voltage I,=0
Vpop = 10V
at T,mp= -40°C| 9.99 v
at T,mp= 25°C|9.99 10 \Y
at Tymp= 85°C|{9.95 Y
Voo Output low voltage I,=0
Vpp =5V or 10V
at T,mp= -40°C 001 v
at Tymp= 256°C 0.0t v
at Tymp= 85°C 0.05| v
Ve Noise immunity Vpp =5V Vo =42V
at T,mp= -40°C| 1.4 \Y
at Tymp= 26°C| 1.6 2.25 \Y
at T,mp= 85°C|1.6 \Y
Vpp = 10VV, =9V
at Tyme= -40°C|2.9 Y
at T,mp= 256°C|3 4.5 Y
at T,mp= 85°C|3 \Y
Vil Noise immunity Vpp =BV Vo =08V
at T,mp= -40°C|1.5 \Y
at T,mp= 256°C|1.5 2.25 \Y
at T,mp= 85b°C|1.4 \Y
Vpop = 10VV, =1V
at T,mp= -40°C| 3 \Y
at T,mp= 2b°C| 3 4.5 \Y
at T,mp= 85°C| 2.9 \Y
IHN Drive current Q outputs
N-channel Vpp =bV V, =056V
at Tymp= -40°C| 0.24 mA
at T,mp= 25°C| 0.2 038 mA
at Tamp= 85°C| 0.16 mA
Vpp = 10VV, =056V
at T,mp= -40°C| 0.36 mA
at Tamb: 25°C 03 1.2 mA
at T,mp= 85°C| 0.24 mA
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HBC/HBF 4029A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. | Unit
IpN Drive current Carry output
N-channel Vop =5V V, =05V
at Tymp= -40°C| 0.05 mA
at T,mp= 25°C|0.04 0.16 mA
at T,mp= 85°C|0.03 mA
Vop =10V V, =05V
at Tomp= -40°C| 0.19 mA
at T,mp= 25°C|0.16 0.64 mA
at T,mp= 85°C|0.13 mA
I5P Drive current ' Q outputs
P-channel Vop =5V V, =45V
at Tamp= -40°C|~-0.07 mA
at Tamp= 25°C|-0.06 -0.24 mA
at T,mp= 85°C|-0.05 mA
Voo = 10V V, =95V
at Tymp= -40°C|-0.14 mA
at T,mp= 25°C|-0.1 -0.4 mA
at T,mp= 85°C|-0.08 mA
Carry output
Voo =5V Vo =45V
at Tymp= -40°C|-0.04 mA
at Tymp= 25°C|-0.03 -0.12 mA
at Tamp= 85°C|-0.02 mA
Vpp = 10V V, =956V
at Tymp= -40°C | -0.07 mA
at Tymp= 25°C|-0.05 -0.2 mA
at T,mp= 85°C|-0.04 mA
: Input current Tamb= 25°C 10 pA
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HBC/HBF 4029A

Typical power dissipation
characteristics

G-y

(W) [ Tamp=25 L‘{

o e
I
LI

0 ] EF_‘U‘{ !,:::20ns

I
I
2

4« 68
tg (kHz}

DYNAMIC ELECTRICAL CHARACTERISTICS (T,m,=25°C, C, = 15 pF, typical

temperature coefficient for all Vpp= 0.3%/°C values, all input rise and fall time = 20 ns,

except tg, and tgy)

Parameter

Test conditions

Min. Typ. Max. | Unit

CLOCKED OPERATION

toLn,
T

Propagation delay time

Q outputs
Vop =5V
for HBC types
for HBF types
Vpp = 10V
for HBC types
for HBF types
Carry output
Vpp =5V
for HBC types
for HBF types
Vpp = 10V
for HBC types
for HBF types

325 650 | ns
325 1300 | ns

115 230 | ns

115 460 | ns

425 850 | ns

425 1700 | ns

150 300 | ns
150 600 | ns
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HBC/HBF 4029A

DYNAMIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.| Unit
triy,  Transition time Q outputs
TraL Vpp =5V
for HBC types 100 2001 ns
for HBF types 100 400 | ns
Vpp = 10V
for HBC types 50 100 | ns
for HBF types 50 200 | ns
Carry output
Vpp =5V
for HBC types 200 400/ ns
for HBF types 200 800 | ns
Vpp = 10V
for HBC types 100 200 | ns
for HBF types 100 400 | ns
towr,  Minimum clock Vpop =5V
towi pulse width for HBC types 200 340 | ns
for HBF types 200 500 | ns
Vpp = 10V
for HBC types 100 170 ns
for HBF types 100 250 | ns
t¢,.* Clock rise Vpp =5V or 10V
tps and fall time for HBC and HBF types 15| us
t,**  Set-up time Vpp =5V
for HBC types 325 650, ns
for HBF types 325 1300} ns
Vpp = 10V
for HBC types 115 230 | ns
for HBF types 115 460 | ns
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HBC/HBF 4029A

DYNAMIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.|Unit
fmax Maximum clock Vgop =5V
frequency for HBC types 1.6 25 ViHz
for HBF types 1 25 MHz
Vpp = 10V
for HBC types 3 5 MHz
for HBF types 2 5 MHz
o Input capacitance Any input
for HBC and HBF types 5 pF
PRESET ENABLE
tpLn. Propagation delay Q outputs
tonL time Vpp =5V
for HBC types 325 650| ns
for HBF types 325 1300| ns
Vpp = 10V
tor HBC types 115 230| ns
for HBF types 115  460]| ns
Carry output
Vpp =5V
for HBC types 425 850| ns
for HBF types 425 1700| ns
Vop = 10V
for HBC types 160 300| ns
for HBF types 150 600 ns
towh Pulse width Vpp =5V
for HBC types 115  330| ns
for HBF types 115 660| ns
Vpp = 10V
for HBC types 80 160 | ns
for HBF types 80 320| ns
trem Removal time Vop =5V
for HBC types 3256 650| ns
for HBF types 325 1300| ns
Vpp = 10V
for HBC types 1156 230| ns
for HBF types 115 460 ns
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HBC/HBF 4029A

DYNAMIC ELECTRICAL CHARACTERISTICS (continued)

*

Parameter Test conditions Min. Typ. Max.|Unit
L
CARRY INPUT
LIS Propagation delay Carry output
ton time Vgop =5V
for HBC types 175 350 | ns
for HBF types 175 700 | ns
Vpp = 10V
for HBC types 50 100 | ns
for HBF types 50 200 | ns
e |

If more than one unit is cascaded in the parallel clocked application, tg, should be made

less than or equal to the sum of the fixed propagation delay at 15 pF and the transition

time of the carry output driving stage for the estimated capacitive load

** From Up/Down, Binary/Decade or Carry Input Control inputs to Clock input

Maximum clock frequency vs. V5

[

fmax T ‘
Mhz ! | HBC2029aD
35 ! HBC4C294K
i /T’
3 Al
T
25 T : HBFL(E-AE
u ]
|
z ;
[ 4 W ] LI:
15 : ] -
_
) I
/ T
05 // u~
/ :
/1 i BN il
o 2 ‘ 3 0 -3 (V)
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HBC/HBF 4029A

Typical propagation delay time vs. C
(Q outputs)

G.1a2

300

I\
I

200 :
1

A

80 CL{(pF)

100

Typical transition time vs. Cy_
{Q outputs)

Typical propagation delay time vs. C
(carry output)

o-nud

tPLH T
tPHL T

(ns) T A
800

VED=§V

800 L-

500

AY

wo A

329

200 —

|t —t ! :
wo Ll T
15V | |]
[

70 80 CL(pF)

0 0 20 30 40 50 60

Typical transitiontime vs. C_
(carry output)

G-1e4 G-
tTLH tTLH
tTHL tTHL
(ns) (ns)
400 800
A 700 =
350 VCD=5V VD)=DV A
300 600
w.
250 LA 500
7
P
200 400
pd oV A 0V L L
150 e adl 300 A LA
P -t J—L
- 15V LA sy
100 200 - At |2
. 1 1 -
P’ =
IR g - 100
* T LA
] 1
0 W 20 30 40 50 60 70 80 CL(pF) 0 0 20 30 40 5 80 70 80 C(pF)
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HBC/HBF 4029A

APPLICATIONS

Cascading counter system

Multiple packages can be connected in either a parallel-clocking or a ripple-clocking arran~
gement. Parallel clocking provides synchronous control and hence faster response from all
counting outputs. Rippie-clocking allows for longer clock input rise and fall times.

Cascading counter packages

“PARALLEL CLOCKING™

UP/DOWN
PRESET >

ENABLE
Ll Y (b4
PE 1 Jz2 Ja Js UPIDPE )y J2 13 14 UPIDPE )| Jz2 1 14
I 4020A co cL  4029A cop——Q1 4029A CO
B/D ¢ 07 02 03 Q4 B ¢ Q) 02 03 Q4 B/D ¢ Q) Q2 93 Q4
ERE KRR JE I
CLOCK -—
BINARY/
DECADE
- “RIPPLE CLOCKING"
PREseT —] B
I
Y [ibiy by
UAOPE 5y J2 J3 e UPIOPE & J2 J3 Ja4 - UPIDPE J1 J2 43 g
Cl 4029A co P—-—Of‘l 4029A CoOp—e—XCL 4029A cop————
BD ¢ 01 Q2 Q3 Qq BID ¢ Ch Q2 03 Qa4 B/O ¢ Q1 Q2 Q3 Q4
T IERRR T
cLOCK
BINARY/ >
DECADE
5-0507

Conversion of “CLOCK UP”, “CLOCK DOWN" input signals to “CLOCK” and
"UP/DOWN" input signals.

The HBC/HBF4029A “Clock” and “Up/Down” inputs are used directly in most applications.
In applications where “Clock Up” and “Clock Down" inputs are provided, conversion to the
HBC/HBF 4029A “Ciock” and “Up/Down” inputs can easily be realized by use of the cir-
cuits shown below.
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HBC/HBF 4029A

APPLICATIONS (continued)

Conversion of “Clock Up”,“Clock Down” input signals (must be maintained high) to “Clock”
and "Up/Down” input signals

"CLOCK UPT

J “UPIDOWN"
~ Yoo
"CLOCK DOWN” L
—i ) ="cLocK”

|
. ~ CLOCK”

HBC,/HBF 4011A

QUAD 2 INPUT NAND GATE |

Conversion of “Clock Up”, "Clock Down” input signals {(must be maintained low } to "Clock”
and "Up/Down” input signals

"CLOCK DOWN -

- “UPIDOWN"

¥sg

"CLOCK uP" ——]

HBC/HBF 4001A
QUAD 2 INPUT NOR  GATE
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HBC/HBF 4030A
COS/MOS INTEGRATED CIRCUIT

PRELIMINARY DATA

QUAD EXCLUSIVE - OR GATE

LOW QUIESCENT POWER DISSIPATION

WIDE SUPPLY VOLTAGE

HIGH NOISE IMMUNITY: 45% of Vpp (TYP.)

MEDIUM SPEED OPERATION: tpy, = tpry =40 ns (TYP.) C_ = 15 pF
LOW OUTPUT IMPEDANCE: 5008 (TYP.) at Vpp - Veg = 10V

INPUT FULLY PROTECTED

The HBC 4030 A (extended temperature range) and HBF 4030 A (standard temperature ran-
ge) are monolithic integrated circuits, available in 14-lead dual in-line plastic or ceramic pack-
age and ceramic flat package.

HBC/HBF 4030 A types each contains four independent Exclusive - OR gate integrated on a
single monolithic silicon chip.

Each Exclusive - OR gate consist of four N-channel and four P-channel enhancement — type
transistors.

All inputs and outputs are protected against electrostatic effects.

ABSOLUTE MAXIMUM RATINGS

Vpp-Vgs Supply voltage -0.5t0 15 \%
Vi Input voltage (at any pin) Vgg S V) <Vpp
Piot Total power dissipation {per package) 200 mw
Tetg Storage temperature -65 to 150 °C
Top Operating temperature : for HBC types -55t0 125 °C

for HBF types -40to 85 °C

ORDERING NUMBERS :

HBC 4030 AD for dual in-line ceramic package

HBC 4030AF  for duai in-line ceramic package, frit seal {(extended temperature range)
HBC 4030AK for ceramic flat package

HBF 4030AE for dual in-line plastic package

HBF 4030AF  for dual in-line ceramic package, frit seal (standard temperature range)

9/74
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HBC/HBF 4030A

MECHANICAL DATA (dimensions in mm)

Dual in-line ceramic package am
for HBC 4030 AD and i e r ‘1
HBC/HBF 4030 AF : E ¢
0| @
. [=] ;]
B _ﬂi_m 025
.7
254
8.38
PJISI-A
Dual in-line plastic package
for HBF 4030 AE g
@) 2!
Ot
F ol
g

-

Ceramic flat package for HBC 4030 AK
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HBG/HBF 4030A

CONNECTION DIAGRAM

J=A®B LcE®F
KaC®D M=26®@H
POSITIVE LOGIC

LEVELS:
“9" = OV
" =VDD
=T | vm— g | Se— — — 5 -0809
1 2 3 P 5 5 7
A 8 3 K c o Yss

SCHEMATIC DIAGRAM and TRUTH TABLE
uTV:g

|Q%AG:[T Al JT
g 1EE
ﬁ#ﬂ*’ SRR E

vy]

1

j ‘ Where “1” = High level
OVss 5-0801 “0" = Low level

ALL P-CHANNEL SUBSTRATES ARE INTERNALLY CONNECTED TO vpg
ALL N-CHANNEL SUBSTRATES ARE INTERNALLY CONNECTED 10 Vgg

RECOMMENDED OPERATING CONDITIONS

Vpp*  Supply voltage 3to 15V

Vi* Input voltage Vpp to Vsg

Top Operating temperature: for HBC types -65to0 126 °C
for HBF types -40to 85 ©°C

* This is measured with respect to the Vgg pin voltage
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HBG/HBF 4030A

STATIC ELECTRICAL CHARACTERISTICS

Parameter Test conditions Min. Typ. Max. |Unit
HBC types (extended temperature range)
e Quiescent current Vpp =5V
at T,mp=-55°C 0.5 uA
at T,mp= 25°C 0.005 0.5 | ua
at T,mp=125°C 30 pA
Vpp = 10V
at Tymp=-55°C 11 pA
at T,mp= 25°C 0.01 1) pA
at T,mp=125°C 60| uA
Von  Output high voltage lo =
Vpp = 5V
at T,mp=-55°C|(4.99 \Y
at T,mp= 25°C[4.99 b Y
at T,mp=125°C| 4.95 \Y
Vpp= 10V
at T,m,=-55"C|9.99 \Y
at T,mp= 25°C|9.99 10 Y
at T,mp=125°C|9.95 \Y
VoL  Output low voltage I,=0
Vpp = 5V or 10V
at Tymp=-55°C 0.01} V
at Tymp= 25°C 0 001 V
at Tamp=125°C 0.05| V
VnH Noise immunity Vpbp = 5V
at Tamp=-55°C| 1.4 \Y
at T,mp= 25°C|1.56 225 \Y
at Tamp=125°C| 1.5 v
Vpp = 10V
at T,mp=-55°C| 2.9 \Y
at Tamp= 25°C|3 4.5 %
at Tamp=125°C} 3 \Y
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HBC/HBF 4030A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter | Test conditions Min. Typ. Max. |Unit
Vno  Noise immunity Vpp =5V
at T,mp=-55°C | 1.5 Y
at T,mp= 25°C 1.6 225 \Y
at T,mp=125°C|1.4 \Y
Vpp = 10V
at Tmp=1=55°C|3 \Y
at T,mp= 25°C|3 4.5 Vv
at T,mp=1256°C | 2.9 \Y
_ N
IpN Output drive current Vpp =5V
N-channel at T,mp=-55°C| 0.75 mA
at T,mp= 25°C1 0.6 1.2 mA
at T,mp=125°C| 0.45 mA
Vpp = 10V
at Tymp=-55°C| 1.5 mA
at T,mp= 25°C|1.2 24 mA
at Tomp=125°C| 0.9 mA
]
InP Output drive current Vpp =5V
P-channel at Tomp=-55°C|-0.45 mA
at T,mp= 25°C|-0.3 -0.6 mA
at Tamp=125°C|-0.21 mA
Vpp = 10V
at T,mp=-55°C|-0.95 mA
at Tamp= 25°C|-0.65 -1.3 mA
at T,mp=125°C|-0.45 mA
I Input current V=0V orV, =Vpg
L Tamp= 25°C 10 pA
HBF types (standard temperature range)
I Quiescent current Vpp =5V
at Tymp=-40°C 5| WA
at T,mp= 25°C 005 5| uA
at Tamp= 85°C 70 \ilA
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HBG/HBF 4030A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. |Unit
I Quiescent current Vpp = 10V
at Tamp=-40°C 10| MA
atT, .= 26°C 0.1 10| MA
at Tamp= 85°C 140 | MA
Von  Output high voltage I, =0
Vpp =5V
at T,mp=-40°C | 4.99 \Y
at T,p= 25°C| 499 5 Y
at Tamp= 85°C | 4.95 Y
Vpp = 10V
at Tymp=-40°C | 9.99 \Y
at Tamp= 25°C| 9.99 10 Y
at Tamp= 85°C | 9.95 Y
VoL  Output low voltage lo =0
Vpp=5V or 10V
at Tymp=-40°C 0.01| V
at Tamp= 25°C 0 001 V
at Tump= 85°C 0.05| V
Van  Noise immunity Vpp =5V
at Tamp=-40°C | 1.4 Y
at Tymp= 26°C| 1.5 225 Y
at Tymp= 85°C | 1.5 Y
Vpp = 10V
at Tymp=-40°C | 2.9 Y
at Tymp= 25°C| 3 45 \Y
at Tamp= 85°C | 3 \
Vno  Noise immunity Vpp =5V
at Tomp=-40°C | 1.5 \
at Tymp= 25°C| 1.5 225 Y
at Tymp= 85°C| 1.4 \Y
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HBG/HBF 4030A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. | Unit
Vil Noise immunity Vpp = 10V
at Tymp=-40°C | 3 \Y
at T,mp= 25°C | 3 45 \
at T,mp= 85°C | 2.9 \Y
IpN Output drive current Vpp =5V
N-channel at Tamp=-40°C | 0.35 mA
at T,mp= 25°C |03 1.2 mA
at T,mp= 85°C | 0.25 mA
Vpp = 10V
at T,mp=-40°C | 0.7 mA
at Tymp= 25°C |06 24 mA
at T,mp= 85°C | 0.5 mA
IpP Output drive current Vpp =5V
P-channel at T,mp=-40°C [-0.21 mA
at Tymp= 25°C |-0.15 -0.6 mA
at Tymp= 85°C [-0.12 mA
VDD =10V
at Tymp=-40°C |-0.45 mA
at T,,p,= 25°C|-0.32 -1.3 mA
at T,mp= 85°C |-0.25 mA
l; Input current V= 0VorV;=Vpp
Tamp = 26°C 10 PA
P! =TS =TT Typical power dissipation characteristics
i e ;F e (por gate) ’
ITNPUT 1t s = 20ns"
===
= £
o —HH 1t
10"y ==Y
e =
10, = —: ==t 5"‘» L : ‘
: LA Ufi S
. e
‘: gcslﬁj—.—:}?; ;"‘,;%E
‘ B
O o ) o 1 A R
10’ o e T e lfi(AHz‘).
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HBC/HBF 4030A

Typical N-channel drain characteristics
6-1334

'p Tamb =25C LLL _ 4
(mA) TYPICAL TEMPERATURE COEFFICIENT
] FOR Ip =-03"%/C F’gs sy
~
20 y -
A
J 10V
0 A
)4
/
I/
Vs v
- s
Q 5 10 Yps(V)
TEST CIRCUITS

Quiescent device current

10v
——1 14 I
1

O——s
2 13 5
3 12 !

o1
14 1"

S-0810 -

Typical P-channel drain characteristics

o G- 1335
T [ Tvgs =-5v I [
s *
o N T T
(ma) P~ N ‘ -
ERNERE SN
10 f\df L ||
) N \ 1
Ll \“\K L
-1
- ___[}\‘:"__‘
20 j U I SR S PN S o
.*4*._____
AEEREY RN
U amp=2sd [ 1]
20 TYPICAL TEMPERATURE
[ ] |[COEFFICIENT FOR 1g = -037%/°C
0 5 0 ~¥ps (V)
Noise immunity
5V OR 10V
I5VORTY
1 14
1
F—vz 13 "
-3 12 1
0
~4 1
s 10% 15V ORIV
s 9 f—s
IF -
5-0811
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HBC/HBF 4030A

DYNAMIC ELECTRICAL CHARACTERISTICS(T,,,= 25°C, C_= 15 pF,typical

temperature coefficient for all Vpp = 0.3%/°C values, all input rise and fall time = 20 ns)

Parameter Test conditions Min. Typ. Max.| Unit
tpLH. Propagation delay Vpp =5V
oL time for HBC types 100 200| ns
for HBF types 100 300! ns
Vpp = 10V
for HBC types 40 100| ns
for HBF types 40 150/ ns
triH Transition time Vpp =5V
for HBC types 80 150]| ns
for HBF types 80 300| ns
Vpp = 10V
for HBC types 30 75| ns
for HBF types 30 150| ns
tyyL  Transition time Vpp =5V
for HBC types 70 150| ns
for HBF types 70 300| ns
Vpp = 10V
for HBC types 256 75| ns
for HBF types 25 150 ns
C; Input capacitance V=0V orV;=Vpp
for HBC and HBF types 5 QF
o [TTT T T Typical propagation delay time vs. C_
tPHL ____l_\ |
{ns) T ] T
1] T
300 —1 { | f+i
I T T
o v =5V 7
il | |
. : 1
200 zl
I ! ;
| A I | !
. | ; L }
00 4 e
g = I
R et 15y
- I !
1 ] ]
[ 50 100 150 Cy (pF)
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HBG/HBF 4030A

Typical transition time vs. G_

Maximum propagation delay time

vs. Vpp
6-1337 G-1338
tTLH [ tpLH T [T [
trpel ! B tPHL
(as) | | AT (ns)
T
A Vop=3v
300 trLH /I 300 ‘ \
//
/
7 7
T 7
200 // /|/ 200
/A / - T 4}'9" | \ (HBF4030AE
IHi 34 € 4030AD
L WS4 \v HBC 4030AK g
100 A trug 13 100 HBC 4030AF
= o’ HBE 4030AF ]
71 1 trH =
L ot
11
0 50 100 50 €y (pF) 0 5 10 vpp (V)
TYPICAL APPLICATIONS
Even-parity-bit generator Even-parity checker
{1-3/4 x HBC/HBF 4030A) {2 x HBC/HBF 4030A)
r
1 1
2 2
2 3 “0"s TRUE TRANSMISSION
4 4 “1”a FALSE TRANSMISSION
8BIT EVEN 8BIT
WORD ARy WORD
5 5
€ 8
7 7
8 5-0802 8
EYEN PARITY BT
9/74
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HBC/HBF 4030A

TYPICAL APPLICATIONS (continued)

Odd-parity-bit generator Odd-parity checker
{2 x HBC/HBF 4030A) {2 x HBC/HBF 4030A)

“1" «TRUE TRANSMISSION
"Q" u FALSE TRANSMISSION

aBIT
WORD

8BIT
WORD

S :

8-~bit comparator

142 HBC - HBF 2 HBC ~HBF
«0024A 4002 A

) 174 HBC ~HBF
Z 21WHEN INPUT WORD X; -Xg Y™ ¥y LONA
20 WHEN INPUT WOBD X, -Xg DIFFERS
FROM INPUT WORD v, .. Yy IN AT LEAST
ONE POSITION 4 HBC -HBF
4ONA
z S -0%08
. . Y k] ¥s Ys Y7 Y= SION
8-bit two’s complement - - "ot
40304 \ ‘

4030 A

adder-substractor

Xg»SION
| BT
Ay B Az By Ay B3 AL B, Ay 8 Ay By Ay By A, 8,
+-—CI HBC-HBF 4008 & co|- -—cl HBC -HBF 40084 o |—
{CARRY IN) (CARRY QUT) (CARRY IN) (CARRY OUT)

" 5y Sa 54 Sy “g Sg Sy Sg

0"« ADD

» SUBTRACT S SeeX) XgiV Vg

= L LEAST SIGNIFICANT BIT

©  LMOST SIGNIFICANT BIT(SIGN BIT) s-0807
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HBC/HBF 4030A

TYPICAL APPLICATIONS (continued)

TABLE 1
Two's complement numbers and their equivalent decimal values

Xg X; Xg X5 Xy X3 Xp X, Xg X7 Xg Xs X5 X3 Xz X

0 ¢ 0 0 0 0 0 0 = 0 I T S R T T T

0o 0 0 0 0 0o 0 1 = 1 Tt 1 1 1 1 1 1 0 =-

o 0 0 0 0 0 1 0 = 2 Tt 1 1 1 1 1 0 1 =-3
0O 0 0 0 0 0 1 1 = 3 T 11111 00 =-

11 1 1 1 0 1 1 =-5b

~ = =
o 1™ 1 1 1 1 1 0 =126 1 0 0 0 0 0 0 1 =-127
o 1t 1 1 1 1 1 1 =127 1 0 0 0 0 0 O 0 =-128

The two's complement adder-substractor can add or substract any two of the numbers in

TABLE 1. For example

a) 2 SIGN
+ = BIT
-5 X 000000 0 2+
- Y 1/t 1110 1-54+
Ci 0+ +
So|1 |1 11 1 1=-3
co

SIGN
b}-2 BIT
o= X tir 1 10 -2+
-5 Y 1110 011 -5
- Y 0|000 0o +
Cl 1 +
s1of{oo0o0 01 1=3
co
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HBC/HBF 4035A
COS/MOS INTEGRATED CIRCUIT

4 - STAGE PARALLEL IN/PARALLEL OUT SHIFT REGISTER

LOW QUIESCENT POWER DISSIPATION

WIDE SUPPLY VOLTAGE RANGE : 3 to 15V

HIGH NOISE IMMUNITY : 45% of V, (TYP.)

HIGH SPEED OPERATION : up to 5 MHz

INPUTS FULLY PROTECTED

SYNCHRONOUS PARALLEL ENTRY on ALL 4 STAGES

HIGH FANOUT

STATIC FLIP-FLOP OPERATION; MASTER-SLAVE CONFIGURATION
RESET CONTROL

BUFFERED QUTPUTS

The HBC 4035A (extended temperature range) and HBF 4035A (standard temperature range)
are monolithic integrated circuits, available in 16-lead dual in-line plastic or ceramic package
and ceramic flat package. Four stage clocked serial registers with provision for synchronous
parallel inputs to each stage and serial inputs to the first stage via J-K logic, are integrated.
With J-K inputs connected together, the first stage becomes a “D” type flip-flop.

ABSOLUTE MAXIMUM RATINGS

Vop~Vss Supply voltage -0.5to 15 Vv
Vv, Input voltage (at any pin) Veg <V, <Vpp
Piot Total power dissipation {per package) 200 mw
Taig Storage temperature -65to 160 °C
Top Operating temperature:  for HBC types -651t0 125 ©°C

for HBF types -40to 85 ©°C

ORDERING NUMBERS :

HBC 4035 AD for dual in-line ceramic_package

HBC 4035 AF for dual in-line ceramic package frit seal {extended temperature range)
HBC 4035 AK for ceramic flat package

HBF 4035 AE for dual in-line plastic package

HBF 4035 AF for dual in-line ceramic package frit seal (standard temperature range)

Supersedes issue dated 5/74 505 9/74



HBG/HBF 4035A

MECHANICAL DATA (dimensions in mm)

Dual in-line ceramic package
for HBC 4035 AD and , c— %
HBC/HBF 4035 AF : &l %
B S,
S Q 025
045 254
17.78 10.4
P0sS3- B
zomax
\ A mn F\_]_TI
16 3
1 8
Dual in-line plastic package 7™
for HBF 4035 AE
0.25
17.78 . 838

POOI-C

isEENaERNEnN e

1B 9
1 8
| O N I O

Ceramic flat package for HBC 4035 AK
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HBC/HBF 4035A

CONNECTION DIAGRAM and OPERATING MODE TRUTH TABLE

{top view)

orQt qt Y e i vbD

e mp o ERERE

R ﬁ 3 % p 03163 FAL[I;FL SERIAL 1 PARALLEL MODE

Jd EL 13 ] QLIbL 0 SERIAL MOOE

RESET i 5 12 ] P-4 FJE nU/I\Cﬂ:’LEMENY l 1 TRUE OUTPUTS
CLOCK [t 6 " ? P1-3 0 COMPLEMENT OUTPUTS
PIS 0 P 10 h Pi-2 ‘ RESET 1 OUTPUT LOW

vss [B 9 P PI-1 r CLOCK (81 /" | INFORMATION REMOVAL

$-053%

LOGIC BLOCK DIAGRAM and FIRST STAGE TRUTH TABLE

PARALLEL

PARALLEL INPUT - 1

SERIAL
CONTROL (P/S)

RESET
ABO— DO--C{> — —_
TRUE/CDMPL E

B/S.0«SERAL MDOE
T/Cuta TRUE OUTPUTS

(v/c)

50304

INPUT PROTECTION  CIRCUIT

15 1% 0
cLock | th-1UNPUTS) th (ourpms: 02 a1 at
_(W [V K R Qny an

PIN 16.¥0p
_/_T o|x | o 0 o PIN 8 2GND
| X o] o]
1
e * TGLTRANSMISSIQN GATE \
b e
/| x|o|o | o | e} Vo0 W n aur
TOGGLE
—/ ‘19 ° | % On-1 MopE ! é‘(i) : H 2
e ] SR
x| 0 1 | meur 1 INPUT TD QUTPUT 1S
oIN L _] GATE 4) A BIDIRECTIONAL LOW IMPEDANCE
\ X X ) Q ot TTTmTmT WHEN_ CONTRQL INPUT 1 1S "LOW ~
nl n-l Yo AND CONTRQL WNPUT 2 IS “HIGH™
©) AN OPEN CIRCUIT WHEN CONTROL
x X | x f x o] NPUT 1 IS” NIGN "AND CONTROL

INPUT 21570

507
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HBC/HBF 4035A

RECOMMENDED OPERATING CONDITIONS

Voo Supply voltage 3to 15 V
% Input voltage Vpp to Vgg
Top Operating temperature :  for HBC types -b5t0 126 °C
for HBF types -40t0 85 °C
* This is measured with respect to the Vg¢ pin voltage
STATIC ELECTRICAL CHARACTERISTICS
Parameter Test conditions Min. Typ. Max. |Unit
HBC types (extended temperature range)
N Quiescent current Vpp =5V
atT,. ., =-565°C 5 KA
atT, ., = 25°C 0.3 51 uA
atT, ., =125°C 300 | uA
Vo = 10V
atT,.,=-bb°C 10 | uA
atT, .= 25°C 05 10| nA
atT, ., =125°C 600 | A
Vo  Output high voltage | =
Vop =5V
atT,.,=-55°C |4.99 \Y
atT,,= 25°C (499 5 \Y
at T, ., =126°C [4.95 Y
Vpop = 10V
atT, ., =-55°C |9.99 \%
atT, .= 25°C 1999 10 \Y
atT, ,=125°C |9.95 \Y)
Voo Output low voltage l,=0
Vgop =5V or 10V
atT, .,=-b5°C 0011 V
atT,.,= 25°C 0 001]|V
at Tamb =125°C 0.05 | V
9/74
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HBC/HBF 4035A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max|Unit
Vi Noise immunity Vpp =5V V, =4.2V
atT, . = -55°C (1.4 \Y
atT, ., = 25°C |15 225 \YJ
at T,np =125°C |15 \Y
Vpp = 10V V, =9V
at T,,, =-55°C |29 Vv
at T, = 25°C |3 4.5 \Y
atT,,, = 125°C |3 \YJ
‘e Noise immunity Vpp =5V V, =0.8V
atT, ,=-565°C |15 \Y
atT, ,= 25°C |15 225 \YJ
atT, ., =125°C | 1.4 Vv
Vpp = 10V Vg, =1V
at T,,, =-55°C |3 \YJ
atT, , = 25°C |3 4.5 \YJ
atT, ., =126°C |29 \YJ
[N Output drive current Vpp =5V V, =05V
N-channel at T, ., =-55°C |0.62 mA
atT, ,= 26°C |050 1 mA
atT, ,=125°C |0.35 mA
Voo =10V V=05V
atT,,, =-55°C |1.55 mA
atT, ., = 25°C |1.25 25 mA
atT,., =125°C |0.87 mA
IoP Output drive current Vpp =5V V, =45V
P-channel at T, ,, =-55°C |-0.31 mA
atT, ,= 25°C [-0.25 -05 mA
atT, , =125°C |-0.17 mA
Vpop = 10V V, =095V
atT,,, =-565°C |-0.81 mA
atT, ., = 25°C |-0.65-1.3 mA
atT, ., =1256°C |-0.45 mA
9/74
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HBC/HBF 4035A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. |Unit
L Input current T,mp = 26°C 10 pA
HBF types (standard temperature range)
I Quiescent current Vop =5V
at T,mp = -40°C 50 | uA
at Tymp = 25°C 05 50 | uA
at Tymp = 85°C 700 | pA
Vpp = 10V
at Tomp = -40°C 100 | uA
at Tamp = 26°C 1 100 | uA
at T,mp = 85°C 1400 | A
Vou Output high voltage I.=0
VDD =5V
at T,mp = -40°C | 4.99 \
at T,mp = 26°C (499 5 \
at Tymp = 85°C | 4.95 \%
Vpp = 10V
at T,mp =-40°C | 9.99 \%
at T,mp = 26°C | 9.99 10 \Y
at Tamp = 85°C | 9.9b \Y%
Voo Output low voltage lo =
Vpp =5V or 10V
at T,mp = -40°C 0.01 \Y%
at Tomp = 26°C 0 001 \Y
at T, = 85°C 005 | V
Vium Noise immunity Vpp =BV V, =4.2V
at Tymp =-40°C (14 \Y
at Tymp = 25°C | 1.6 225 \Y
at Tymp = 86°C | 1.6 \Y
Vpp = 10V V, =8V
at Tamp = -40°C | 2.9 \Y
at T,mp = 256°C | 3 45 \Y
at Tamp = 86°C |3 \%
| R
A\ Noise immunity Vpp = bV V, = 0.6V
atT, ., =-40°C (15 \Y
atT, ., = 256°C |15 225 \Y
atT, ., = 85°C |14 VJ

9/74
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HBG/HBF 4035A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.| Unit
\NTS Noise immunity Vpp = 10V V, =1V
atT,.,, =-40°C 3 \%
atT,., = 25°C 3 4.5 \%
atT, ., = 85°C 2.9 \%
IpN Output drive current Vpp =BV V, =05V
N-~channel atT, ., =-40°C 0.43 mA
atT, .= 256°C 036 1 mA
atT, .= 85°C 0.24 mA
Vop = 10V V, =05V
at T, ., = -40°C 1.05 mA
at T, = 25°C 085 25 mA
at Tam_b = 85°C 0.59 mA
I5P Output drive current Vpp =58VV, =456V
P-channel - atT,., =-40°C |-0.2 mA
atT,.,, = 25°C |-0.18 -0.5 mA
atT, ., = 85°C |-0.12 mA
Vpp =10V V, =95V
atT, ., =-40°C |-0.56 mA
atT,., = 25°C |-0.45 -0.31 mA
atT, ., = 85°C |-0.31
h Input current Tamp = 25°C 10
Typical power dissipation characteristics Prot 2 =
(Wi 1
*| ALTERNATING "0" vID
10% 3|  AND 1" PATTERN -
IO" _ _E
A — ;-
0 ? 4
H {17 W
2 ) dyr L
'ytﬁ?‘ff}_ﬁ.’_fe SHNE= gty
‘Z: /":4—7 ol b )1 —— B 1
2 1 p/ e 11 I T [g]l. Lf
o L —r
:2_/}4’ Hese L == === CLS0pF B
: i o S
T i
1 L N 7 L ) H 4 6 H 4 63
1 0 0! 0? 1g (kHz)
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HBC/HBF 4035A

DYNAMIC ELECTRICAL CHARACTERISTICS (T,,,, = 256°C, C, = 15pF, typical

amb
temperature coefficient for all Vg = 0.3%/°C values)
Parameter Test conditions Min. Typ. Max. |Unit
CLOCKED OPERATION
—
tpLn: Propagation delay time Vpp =5V
thnL for HBC types 260 500 | ns
for HBF types 260 700 | ns
Vpp = 10V
for HBC types 100 200 | ns
for HBF types 100 300 | ns
=
tr . Transition time Vpp =5V
TrHL for HBC types 100 200 | ns
for HBF types 100 300 | ns
Vpp = 10V
for HBC types 50 100 | ns
for HBF types 50 150 | ns
towH,  Minimum clock Vpp = 5V
towl pulse width for HBC types 200 335 | ns
for HBF types 200 500 | ns
Vpp = 10V
for HBC types 100 165 | ns
for HBF types 100 250 | ns
te, Clock rise and Vgp = 5V
t¢r fall time for HBC types 15 | us
for HBF types 15 | us
Vpp = 10V
for HBC types 5| us
for HBF types 5 | Ws
t, Set - up time {J/K lines) Vpp = 5V
for HBC types 250 500 | ns
for HBF types 260 750 | ns
Vpp = 10V
for HBC types 100 200 | ns
for HBF types 100 250 | ns
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HBG/HBF 4035A

DYNAMIC ELECTRICAL CHARACTERISTICS (continued)

513

Parameter Test conditions Min. Typ. Max.| Unit
t Set-up time
(parallel -in-lines) Vpp = 5V
for HBC types 100 350 | ns
for HBF types 100 500 | ns
Vpp = 10V
for HBC types 50 80| ns
for HBF types 50 100 | ns
L Maximum clock
frequency Vpp = 5V
for HBC types 1.6 25 MHz
for HBF types 1 25 MHz
Vpp = 10V
for HBC types 3 5 MHz
for HBF types 2 5 MHz
C, Input capacitance Any input
for HBC and HBF types 5 pF
RESET OPERATION
tp . Propagation delay time Vop =5V
TonL for HBC types 250 500 | ns
for HBF types 250 700 | ns
Vpp = 10V
for HBC types 100 200 | ns
for HBF types 100 300 | ns
towH.  Minimum reset
towL pulse width Vgp = BV
for HBC types 200 400 | ns
for HBF types 200 500 | ns
Vpp = 10V
for HBC types 100 175 | ns
for HBF types 100 200 | ns
9/74




HBC/HBF 4035A

tPLH
tPHL
(ns)

300

200

100

¢
iz)

Typical propagation delay- time vs. C,_

o.nay

]
[T -~
Vpp = 5V
|
pov -
- [
| st 15V et
et
et

W 0 30 40 80 680 70 80 CL(pF}

Typical clock input frequency vs.V g

-
4
4
v
/(
/
/
H 4 [ 8 10 12 Yoo fv)

tTHL
tTLH
(ns)

200

100

Typical transition time vs. C_

o-14l
Vop =5V
e ho v
e ot
—— _P.-—
RIS = oy g I BB = 15¥
Las |
1
0 20 30 40 50 60 70 80 Cyp(pF)

9/74



HBG/HBF 4035A

WAVEFORMS

Transition times and propagation delay times

YDD
/ \ / \ s0%
7 / | .
| tTLH COATHL
VDD - = s
7 \ iy
0 £ f {\t 10%
tPLH APHL
~——— -
5-0514

Set-up times

Yoo
50%

5-0513

Clock pulse rise and fall times

ty tr

e
vob — 1+ l I‘.—\ __sou

; \
== \ 50%

1%

0

g

50%DUTY CYCLE
5-0515
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HBG/HBF 4035A

TYPICAL APPLICATIONS

Binary-to-BCD converter

9 wT nT ] 9 ;oT “T 12
2{p;s PI-1 PI-2 PI-3 Pl-4 ’ 7{p/g Pt PI-2 PI-3 Pi-4
CLOCK © Bclock £ 1cLock ‘
40354
CARRY ¢ 1 J
INPUT g v L3R TENS REGISTER
vop © 2l 00, 2{re
RESET O iR 0 02 Q3 & R O Q2 03 &
1 15 14 k] 1 15 14 13
—> —
» | BCD BCOD
UNITS TENS
» | qut out
P! PIS CARRY
BCD UNITS CARRY FORWARD BCD TENS FORWARD 1O NEXT
{BIDEC LOGIC) (BIDEC LOGIC) DECADE
Pl-2 P1.2
TOUNITS PI-3 TO TENS pL.3
REGISTER T
[ s REGISTER] ~_ —
e ——— -
$-0818/1
Example of binary-to-BCD conversion BIDEC logic
Q) Q2 Q3 Q4
Units Tor
Register Reglster o 0o o
—— e
1 2 4 B 12 48
2 ]
X PIS
B8 = 0 1 0 % t 1 -j
Shife CARRY
Shin FORWARD
o1 0 1 11
Shift
0 1 0 1 1 % Voo
Add® 3 to Units Decede & Shilt 1
@ v 00 1 01 4> fol P1-2
Shift
01 00 10
Add® 3 Units Dacsds & Shift a n
o0 0 11 010 P1-3
R e
* From Laft to Right 8 B

516
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HBC/HBF 4035A

Double sequence generator State sequences
Yoo
L [9 I!O Iu 12 _L
5 Pl-t PI-2 PI-3 Plog
PIS
Hue
_€lcrock 4035A 'L:J:Ingncon(rol line (Elhlwo diffarent state sequences l:l;nl?o?nsratnd.
& or supposa the wo are dgsired on com-
a :_( “-STAGE REGISTER mand {control ling E}
Sn 0 02 ' o Controt =E= 0 1
! —I‘5 S Q, o, q aq, Q, q, a, q,
. A8 ¢ b A B ¢ D
0 0 0 V] 1] 15 1 1 1 1
1, 1 1 o o o0 14 0 1 1 1
2 1] 1 1] 0 13 1 0 1 1
o) sl 5 1 0 1 © 0 0 1 0 1
N 2 e w o 1 0o 1 5§ 1. 0 1 0
L0128 4 1] 1] 1 1] 11 1 1 1] 1
i : X conTsoL 9 1 0 o 1t 6 0 1 1 0
: 3 1 1 0 0 12 0 0 1 1
6 0 1 10 9 1 0 o 1
| 13 1 0 1 1 2 0 1 V] o
o Siomd g L T T S a 0o 0 1 o
coorw wita (0% 7 1 1 1 o B 0 0 0 1
) 1 14 1] 1 1 1 1 1 0 V] 0
12 0 0 1 1 a1 1 o o
8 0o o o 1 7 01 1 10
om0
Shift left/shift right register
LEFT
SHIFT
9 10| 1" 12 INPUT
LEFT/RIGHT 1 o5 PI-1 P1-2 PI1-3 Pl-4
41,
RIGHT SHIFT _@
INPUT K
CLOCK SlcLock 4035A
TRUE/COMPL. 2lyc
RESET A
3] Q2 Q3 Q4
LEFTSHIFT 1 15 1% 3 o SIGHT
ouTPUT OUTRUT
TRUE/COMP. CONTROL IN TRUE MOOE
5-0519
9/74
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HBC/HBF 4045A
COS/MQS INTEGRATED CIRCUIT

PRELIMINARY DATA

21 - STAGE COUNTER

® LOW QUIESCENT POWER DISSIPATION
® WIDE SUPPLY VOLTAGE RANGE: 3 to 15V
® HIGH NOISE IMMUNITY: 45% of Vpp (TYP.)
® HIGH SPEED OPERATION: 10 MHz (TYP.) at Vpp = 10V
® INPUTS FULLY PROTECTED
® OUTPUT DRIVERS with SINK or SOURCE CAPABILITY:
7 mA (TYP.) at Vg = 0.5V, Vpp = 5V (SINK)
5mA (TYP.) at Vo, = 4.5V, Vpp = 5V (SOURCE)
® OUTPUT WAVEFORMS SHAPED for a 3.125% DUTY CYCLE

® 16.5V ZENER DIODE TRANSIENT PROTECTION on CHIP for AUTOMOTIVE USE

The HBC 4045A (extended temperature range) and HBF 4045A (standard temperature
range) are 21 - stage binary counters constructed with MOS P-channel and N-chahnel
enhancement mode devices in a single monolithic chip. The device is a timing circuit consist-
ing of 23 flip-flops, two inverter output drivers, three zener diodes providing transient pro-
tection at 16.5V, and input inverters for use in a crystal oscilfator. The HBC/HBF 4045A
configuration has 21 flip-flop counting stages and two flip-flops used to shape the output
waveform. Push-pull operation is provided by the inverter output drivers. A crystal oscilator
circuit can be made less sensitive to voltage supply variations by the use of source resistors.
In this device, the sources of the P and N transistors have been brought out to package
terminals. If external resistors are not required, the sources must be shorted to their respec-
tive substrates (Sp to Vpp, Sy to Vg - see logic diagram). The device is available in
' 16-lead dual in-line plastic or ceramic package and ceramic flat package.

ABSOLUTE MAXIMUM RATINGS

Vpbp-Vss Supply voltage -0.51t0 15 Y
Vi Input voltage (at any pin) Vgs SV < Vpp
Piot Total power dissipation (per package, including zener diodes) 200 mw
Tetg Storage temperature -65 to 150 °C
Top Operating temperature: for HBC types -55to 125 °C

for HBF types -40to 85 °C

ORDERING NUMBERS :

HBC 4045 AD  for dual in-line ceramic package

HBC 4045 AF  for dual in-line ceramic package frit seal, {extended temperature range)
HBC 4045 AK  for ceramic flat package

HBF 4045 AE  for dual in-line plastic package

HBF 4045 AF  for dual in-line ceramic package frit seal, {standard temperature range)
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HBC/HBF 4045A

MECHANICAL DATA (dimensions in mm)

Dual in-line ceramic package 74m
for HBC 4045 AD and
HBC/HBF 4045 AF !

h

-
5™ I
' 3'3 rv5.6 mar

o
%

045 254
17.78 10.4

PO57-8

20m

[';IF\ELHF\I_IF\D
6 9

Dual in-line plastic package 71m
for HBF 4045 AE c
F erd
b ikl
2 0.25
0.45 2.54
17.78 8.38
POO1-C
zomax

OononnnmM

16 9
o 5
T A A

Ceramic flat package for HBC 4045 AK
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HBC/HBF 4045A

CONNECTION DIAGRAM (top view)

Vinv, [ 16 (] #1ny.
Gy, [ '5]¢_5|NV.
voo {] 1[] vss
I 13]
NC-< ] (]
q 1] pnc
Y ﬂ 10]]
ved ] 9
5-0540

LOGIC BLOCK DIAGRAM

SCHEMATIC
OF FIRST

#102nD
NVERTER
P

t

1

|

. QF o Ig 1
. |

B FiF17 1 FIF21 5 FIF?ILMI
8 |

|

|

|

[

|

|

|

R
¢
FiF2) y
D 7
R
4045AE

osC 5-0%41
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HBG/HBF 4045A

RECOMMENDED OPERATING CONDITIONS

Vpp*  Supply voltage 3015 V
V* Input voltage Vpp to Vgs
Top Operating temperature: for HBC types -65t0 126 °C
for HBF types -40to 85 °C
* This is measured with respect to the Vgg pin voltage
STATIC ELECTRICAL CHARACTERISTICS
Parameter Test conditions Min. Typ. Max.| Unit
HBC types (extended temperature range)
I Quiescent current Vpp =5V
at Tynp=-55°C 15( pA
at T,mp= 25°C 0.5 15| pA
at Tymp=125°C 900| uA
VDD =10V
at Typ=-55°C 25| uA
at Tymp= 25°C 1 25| uA
at T,mp=126°C 1500 pA
Von  Output high voltage lo =0
VDD =56V
at Tymp=-55°C |4.99 v
at Tamp= 25°C |4.99 5 \Y)
at T,mp=125°C | 4.95 \Y)
VDD =10V
at Tymp=-55°C | 9.99 Vv
at T,mp= 25°C [9.99 10 \Y)
at Tymp=125°C |9.95 A
VoL  Output low voltage lo =0
VDD =5V or 10V
at Tymp=-55°C 0.01| V
at T,mp= 25°C 0 001 V
at T,mp=125°C 0.05| V
5/74

522



HBC/HBF 4045A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.|Unit
Vnn  Noise immunity Vpp =5V
at T,mp=-556°C| 1.4 \
at T,mp= 25°C| 1.5 225 Y
at T,mp=125°C| 1.5 \
Vpp = 10V
at Tamp=-55°C| 2.9 \
at T,mp= 25°C| 3 4.5 \
at T,p=125°C| 3 \
VnL  Noise immunity Vpp =5V
at Tamp=-55°C| 1.6 \
at Tamp™= 25°C| 1.5 2.25 \
at T,mp=125°C | 1.4 \
VDD =10V
at Tymp=-556°C| 3 \
at T,mp= 25°C|3 45 \
at Tamp=125°C| 2.9 \
IpN Qutput drive current Vpp=5V V,=05V
N-channel at T,np=-55°C| 4.4 mA
at T,mp= 25°C|3.6 7 mA
at Tamp=125°C| 2.5 mA
Vpp =10V V, =05V
at T,mp=-55°C| 6.9 mA
at T,mp= 26°C|(5.5 11 mA
at Tamp=125°C| 3.9 mA
IpP  Output drive current Vpp =5V V, =45V
P-channel at T,mp=-55°C| -3.1 mA
at Tymp= 26°C|-2.5 -5 mA
at T,mp=125°C| -1.8 mA
Vpp =10V V, =9.5V
at T,mp=-56°C| -5.6 mA
at T,mp= 26°C|-45 -9 mA
at T,mp=125°C|-3.2 mA
li Input current Tamp = 25°C 10 pA
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HBC/HBF 4045A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max.| Unit
HBF types (standard temperature range}
I Quiescent current Vpp =5V
at T,np= -40°C 50| MA
at T,mp= 25°C 1 50 WA
) at T,mp= 85°C 700| WA
Vpp = 10V
at Tymp= -40°C 100| MpA
at Tymp= 25°C 2 100| pA
at T,mp= 85°C 1400| pA
Von  Output high voltage 1, =0
Vpp =5V
at Typ= -40°C| 4.99 A
at T,,mp= 25°C| 499 5 \Y
at T,mp= 85°C| 4.95 \Y
Vpp = 10V
at T,mp= -40°C| 9.99 \Y
at T,mp= 25°C| 9.99 10 \Y
at T,mp= 85°C| 9.95 \Y
Vor  Qutput low voltage I,=0
Vpp=5V or 10V
at Tymp= -40°C 0.01f V
at Tymp= 25°C 0 001 V
at T,,p= 85°C 0.05( V
Vnn  Noise immunity Vpp =5V
at T,p=-40°C| 1.4 \Y
at T,mp= 25°C| 1.5 225 \Y
at T,mp= 85°C| 1.5 \Y
Vpp = 10V
at Tymp= -40°C]| 2.9 \Y
at T,mp= 25°C| 3 4.5 A
atT,mp 85°C) 3 A
VnL  Noise immunity Vpp =5V
at T,mp=-40°C| 1.6 \
at Tamp= 25°C| 1.5 2.25 \Y
at T,mp= 85°C| 1.4 \
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HBG/HBF 4045A

STATIC ELECTRICAL CHARACTERISTICS (continued)

Parameter Test conditions Min. Typ. Max. |Unit
VaL  Noise immunity Vpp = 10V
at Tymp=-40°C | 3 \Y
at Tymp= 25°C |3 45 v
at T,mp= 85°C | 2.9 Y
IpN Qutput drive current Vpp =5V V, =05V
N-channel at Tamp=-40°C | 2.2 mA
at Tamp= 25°C | 1.8 7 mA
at Tymp= 85°C | 1.3 mA
Vpp = 10V V, =05V
at Tamp= -40°C | 3.5 mA
at Tymp= 25°C | 2.8 11 mA
at Tymp= 85°C | 2 mA
IpP Output drive current Vpp =5V  V, =45V
P-channel at Tymp= -40°C | -1.6 mA
at Tymp= 25°C |-1.3 -5 mA
at T,mp= 85°C | -0.9 mA
Vpp = 10V V,=9.5V
at T,mp= -40°C | -2.8 mA
at T,mp= 25°C |-23 -9 mA
at T,mp= 85°C |-1.6 mA
Iy Input current Tamp = 25°C 10 pA
Typical power dissipation characteristics Prot T 2 "7};;;
(uW) [TTPLASTIC PACKAGE = ==w=o T 1001}
108 ClElRL/;\mlC‘P‘ACK GE e
— Tamb =25°C H{} ﬂ !
t0®
o
, R
10 LA
‘ th)?/ = i i
107 == r_“? _?J i
10 7; ! |
]| I !
1 1]/) |
10" ‘“10‘1 “105’ “.1o°’ ‘ alo’ [ (‘H‘zl)
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HBC/HBF 4045A

DYNAMIC ELECTRICAL CHARACTERISTICS (T,m, = 25°C, C_ = 15pF,

typical coefficient temperature for all values of Vpp = 0.3%/°C, input t, and t; = 20 ns
except tgp, and tpt)

Parameter Test conditions Min. Typ. Max. | Unit
thr Clock rise and Vpp = 10V
thr fall time for HBC and HBF types 15| Ms
fmax  Maximum clock Vpp =5V
frequency for HBC and HBF types | DC 5 MHz
VDD =10V
for HBC and HBF types | DC 10 MHz
C; Input capacitance Any input
for HBC and HBF types 5 pF
TYPICAL APPLICATIONS

Digital equipment in which ultra-low dissipation and/or operation using a battery source
are primary design requirements.

Accurate timing from a crystal oscillator for timing applications such as wall clocks, table
clocks, automobile clocks, and digital timing references in any circuit requiring accurately
timed outputs at various intervals in the counting sequence.

Driving miniature synchronous motors, stepping motors, or external bipolar transistors in
push-pull fashion.

Electronic watch application circuit

=== 4045A
[}
&D
'“C
2007m2mHz | —Hal—

50870

526



Printed in italy by Pirovano - Segrate - Milano

527



ALPHA-NUMERICAL INDEX

LINEAR INTEGRATED CIRCUITS

MOS INTEGRATED CIRCUITS

i e I B

COS/MOS INTEGRATED CIRCUITS

528









	a-MINOLTA-13011213050_0006
	S-MINOLTA-13011212250_0001
	S-MINOLTA-13011212250_0002
	S-MINOLTA-13011212250_0003
	S-MINOLTA-13011212250_0004
	S-MINOLTA-13011212250_0005
	S-MINOLTA-13011212250_0006
	S-MINOLTA-13011212250_0007
	S-MINOLTA-13011212250_0008
	S-MINOLTA-13011212250_0009
	S-MINOLTA-13011212250_0010
	S-MINOLTA-13011212250_0011
	S-MINOLTA-13011212250_0012
	S-MINOLTA-13011212250_0013
	S-MINOLTA-13011212250_0014
	S-MINOLTA-13011212250_0015
	S-MINOLTA-13011212250_0016
	S-MINOLTA-13011212250_0017
	S-MINOLTA-13011212250_0018
	S-MINOLTA-13011212250_0019
	S-MINOLTA-13011212250_0020
	S-MINOLTA-13011212250_0021
	S-MINOLTA-13011212250_0022
	S-MINOLTA-13011212250_0023
	S-MINOLTA-13011212250_0024
	S-MINOLTA-13011212250_0025
	S-MINOLTA-13011212250_0026
	S-MINOLTA-13011212250_0027
	S-MINOLTA-13011212250_0028
	S-MINOLTA-13011212250_0029
	S-MINOLTA-13011212250_0030
	S-MINOLTA-13011212250_0031
	S-MINOLTA-13011212250_0032
	S-MINOLTA-13011212250_0033
	S-MINOLTA-13011212250_0034
	S-MINOLTA-13011212250_0035
	S-MINOLTA-13011212250_0036
	S-MINOLTA-13011212250_0037
	S-MINOLTA-13011212250_0038
	S-MINOLTA-13011212250_0039
	S-MINOLTA-13011212250_0040
	S-MINOLTA-13011212250_0041
	S-MINOLTA-13011212250_0042
	S-MINOLTA-13011212250_0043
	S-MINOLTA-13011212250_0044
	S-MINOLTA-13011212250_0045
	S-MINOLTA-13011212250_0046
	S-MINOLTA-13011212250_0047
	S-MINOLTA-13011212250_0048
	S-MINOLTA-13011212250_0049
	S-MINOLTA-13011212250_0050
	S-MINOLTA-13011212250_0051
	S-MINOLTA-13011212250_0052
	S-MINOLTA-13011212250_0053
	S-MINOLTA-13011212250_0054
	S-MINOLTA-13011212250_0055
	S-MINOLTA-13011212250_0056
	S-MINOLTA-13011212250_0057
	S-MINOLTA-13011212250_0058
	S-MINOLTA-13011212250_0059
	S-MINOLTA-13011212250_0060
	S-MINOLTA-13011212250_0061
	S-MINOLTA-13011212250_0062
	S-MINOLTA-13011212250_0063
	S-MINOLTA-13011212250_0064
	S-MINOLTA-13011212250_0065
	S-MINOLTA-13011212250_0066
	S-MINOLTA-13011212250_0067
	S-MINOLTA-13011212250_0068
	S-MINOLTA-13011212250_0069
	S-MINOLTA-13011212250_0070
	S-MINOLTA-13011212250_0071
	S-MINOLTA-13011212250_0072
	S-MINOLTA-13011212250_0073
	S-MINOLTA-13011212250_0074
	S-MINOLTA-13011212250_0075
	S-MINOLTA-13011212250_0076
	S-MINOLTA-13011212250_0077
	S-MINOLTA-13011212250_0078
	S-MINOLTA-13011212250_0079
	S-MINOLTA-13011212250_0080
	S-MINOLTA-13011212250_0081
	S-MINOLTA-13011212250_0082
	S-MINOLTA-13011212250_0083
	S-MINOLTA-13011212250_0084
	S-MINOLTA-13011212250_0085
	S-MINOLTA-13011212250_0086
	S-MINOLTA-13011212250_0087
	S-MINOLTA-13011212250_0088
	S-MINOLTA-13011212250_0089
	S-MINOLTA-13011212250_0090
	S-MINOLTA-13011212250_0091
	S-MINOLTA-13011212250_0092
	S-MINOLTA-13011212250_0093
	S-MINOLTA-13011212250_0094
	S-MINOLTA-13011212250_0095
	S-MINOLTA-13011212250_0096
	S-MINOLTA-13011212250_0097
	S-MINOLTA-13011212250_0098
	S-MINOLTA-13011212250_0099
	S-MINOLTA-13011212250_0100
	S-MINOLTA-13011212250_0101
	S-MINOLTA-13011212250_0102
	S-MINOLTA-13011212250_0103
	S-MINOLTA-13011212250_0104
	S-MINOLTA-13011212250_0105
	S-MINOLTA-13011212250_0106
	S-MINOLTA-13011212250_0107
	S-MINOLTA-13011212250_0108
	S-MINOLTA-13011212250_0109
	S-MINOLTA-13011212250_0110
	S-MINOLTA-13011212250_0111
	S-MINOLTA-13011212250_0112
	S-MINOLTA-13011212250_0113
	S-MINOLTA-13011212250_0114
	S-MINOLTA-13011212250_0115
	S-MINOLTA-13011212250_0116
	S-MINOLTA-13011212250_0117
	S-MINOLTA-13011212250_0118
	S-MINOLTA-13011212250_0119
	S-MINOLTA-13011212250_0120
	S-MINOLTA-13011212250_0121
	S-MINOLTA-13011212250_0122
	S-MINOLTA-13011212250_0123
	S-MINOLTA-13011212250_0124
	S-MINOLTA-13011212250_0125
	S-MINOLTA-13011212250_0126
	S-MINOLTA-13011212250_0127
	S-MINOLTA-13011212250_0128
	S-MINOLTA-13011212250_0129
	S-MINOLTA-13011212250_0130
	S-MINOLTA-13011212250_0131
	S-MINOLTA-13011212250_0132
	S-MINOLTA-13011212250_0133
	S-MINOLTA-13011212250_0134
	S-MINOLTA-13011212250_0135
	S-MINOLTA-13011212250_0136
	S-MINOLTA-13011212250_0137
	S-MINOLTA-13011212250_0138
	S-MINOLTA-13011212250_0139
	S-MINOLTA-13011212250_0140
	S-MINOLTA-13011212250_0141
	S-MINOLTA-13011212250_0142
	S-MINOLTA-13011212250_0143
	S-MINOLTA-13011212250_0144
	S-MINOLTA-13011212250_0145
	S-MINOLTA-13011212250_0146
	S-MINOLTA-13011212250_0147
	S-MINOLTA-13011212250_0148
	S-MINOLTA-13011212250_0149
	S-MINOLTA-13011212250_0150
	S-MINOLTA-13011212250_0151
	S-MINOLTA-13011212250_0152
	S-MINOLTA-13011212250_0153
	S-MINOLTA-13011212250_0154
	S-MINOLTA-13011212250_0155
	S-MINOLTA-13011212250_0156
	S-MINOLTA-13011212250_0157
	S-MINOLTA-13011212250_0158
	S-MINOLTA-13011212250_0159
	S-MINOLTA-13011212250_0160
	S-MINOLTA-13011212250_0161
	S-MINOLTA-13011212250_0162
	S-MINOLTA-13011212250_0163
	S-MINOLTA-13011212250_0164
	S-MINOLTA-13011212250_0165
	S-MINOLTA-13011212250_0166
	S-MINOLTA-13011212250_0167
	S-MINOLTA-13011212250_0168
	S-MINOLTA-13011212250_0169
	S-MINOLTA-13011212250_0170
	S-MINOLTA-13011212250_0171
	S-MINOLTA-13011212250_0172
	S-MINOLTA-13011212250_0173
	S-MINOLTA-13011212250_0174
	S-MINOLTA-13011212250_0175
	S-MINOLTA-13011212250_0176
	S-MINOLTA-13011212250_0177
	S-MINOLTA-13011212250_0178
	S-MINOLTA-13011212250_0179
	S-MINOLTA-13011212250_0180
	S-MINOLTA-13011212250_0181
	S-MINOLTA-13011212250_0182
	S-MINOLTA-13011212250_0183
	S-MINOLTA-13011212250_0184
	S-MINOLTA-13011212250_0185
	S-MINOLTA-13011212250_0186
	S-MINOLTA-13011212250_0187
	S-MINOLTA-13011212250_0188
	S-MINOLTA-13011212250_0189
	S-MINOLTA-13011212250_0190
	S-MINOLTA-13011212250_0191
	S-MINOLTA-13011212250_0192
	S-MINOLTA-13011212250_0193
	S-MINOLTA-13011212250_0194
	S-MINOLTA-13011212250_0195
	S-MINOLTA-13011212250_0196
	S-MINOLTA-13011212250_0197
	S-MINOLTA-13011212250_0198
	S-MINOLTA-13011212250_0199
	S-MINOLTA-13011212250_0200
	S-MINOLTA-13011212250_0201
	S-MINOLTA-13011212250_0202
	S-MINOLTA-13011212250_0203
	S-MINOLTA-13011212250_0204
	S-MINOLTA-13011212250_0205
	S-MINOLTA-13011212250_0206
	S-MINOLTA-13011212250_0207
	S-MINOLTA-13011212250_0208
	S-MINOLTA-13011212250_0209
	S-MINOLTA-13011212250_0210
	S-MINOLTA-13011212250_0211
	S-MINOLTA-13011212250_0212
	S-MINOLTA-13011212250_0213
	S-MINOLTA-13011212250_0214
	S-MINOLTA-13011212250_0215
	S-MINOLTA-13011212250_0216
	S-MINOLTA-13011212250_0217
	S-MINOLTA-13011212250_0218
	S-MINOLTA-13011212250_0219
	S-MINOLTA-13011212250_0220
	S-MINOLTA-13011212250_0221
	S-MINOLTA-13011212250_0222
	S-MINOLTA-13011212250_0223
	S-MINOLTA-13011212250_0224
	S-MINOLTA-13011212250_0225
	S-MINOLTA-13011212250_0226
	S-MINOLTA-13011212250_0227
	S-MINOLTA-13011212250_0228
	S-MINOLTA-13011212250_0229
	S-MINOLTA-13011212250_0230
	S-MINOLTA-13011212250_0231
	S-MINOLTA-13011212250_0232
	S-MINOLTA-13011212250_0233
	S-MINOLTA-13011212250_0234
	S-MINOLTA-13011212250_0235
	S-MINOLTA-13011212250_0236
	S-MINOLTA-13011212250_0237
	S-MINOLTA-13011212250_0238
	S-MINOLTA-13011212250_0239
	S-MINOLTA-13011212250_0240
	S-MINOLTA-13011212250_0241
	S-MINOLTA-13011212250_0242
	S-MINOLTA-13011212250_0243
	S-MINOLTA-13011212250_0244
	S-MINOLTA-13011212250_0245
	S-MINOLTA-13011212250_0246
	S-MINOLTA-13011212250_0247
	S-MINOLTA-13011212250_0248
	S-MINOLTA-13011212250_0249
	S-MINOLTA-13011212250_0250
	S-MINOLTA-13011212250_0251
	S-MINOLTA-13011212250_0252
	S-MINOLTA-13011212250_0253
	S-MINOLTA-13011212250_0254
	S-MINOLTA-13011212250_0255
	S-MINOLTA-13011212250_0256
	S-MINOLTA-13011212250_0257
	S-MINOLTA-13011212250_0258
	S-MINOLTA-13011212250_0259
	S-MINOLTA-13011212250_0260
	S-MINOLTA-13011212250_0261
	S-MINOLTA-13011212250_0262
	S-MINOLTA-13011212250_0263
	S-MINOLTA-13011212250_0264
	S-MINOLTA-13011212250_0265
	S-MINOLTA-13011212250_0266
	S-MINOLTA-13011212250_0267
	S-MINOLTA-13011212250_0268
	S-MINOLTA-13011212250_0269
	S-MINOLTA-13011212250_0270
	S-MINOLTA-13011212250_0271
	S-MINOLTA-13011212250_0272
	S-MINOLTA-13011212250_0273
	S-MINOLTA-13011212250_0274
	S-MINOLTA-13011212250_0275
	S-MINOLTA-13011212250_0276
	S-MINOLTA-13011212250_0277
	S-MINOLTA-13011212250_0278
	S-MINOLTA-13011212250_0279
	S-MINOLTA-13011212250_0280
	S-MINOLTA-13011212250_0281
	S-MINOLTA-13011212250_0282
	S-MINOLTA-13011212250_0283
	S-MINOLTA-13011212250_0284
	S-MINOLTA-13011212250_0285
	S-MINOLTA-13011212250_0286
	S-MINOLTA-13011212250_0287
	S-MINOLTA-13011212250_0288
	S-MINOLTA-13011212250_0289
	S-MINOLTA-13011212250_0290
	S-MINOLTA-13011212250_0291
	S-MINOLTA-13011212250_0292
	S-MINOLTA-13011212250_0293
	S-MINOLTA-13011212250_0294
	S-MINOLTA-13011212250_0295
	S-MINOLTA-13011212250_0296
	S-MINOLTA-13011212250_0297
	S-MINOLTA-13011212250_0298
	S-MINOLTA-13011212250_0299
	S-MINOLTA-13011212250_0300
	S-MINOLTA-13011212250_0301
	S-MINOLTA-13011212250_0302
	S-MINOLTA-13011212250_0303
	S-MINOLTA-13011212250_0304
	S-MINOLTA-13011212250_0305
	S-MINOLTA-13011212250_0306
	S-MINOLTA-13011212250_0307
	S-MINOLTA-13011212250_0308
	S-MINOLTA-13011212250_0309
	S-MINOLTA-13011212250_0310
	S-MINOLTA-13011212250_0311
	S-MINOLTA-13011212250_0312
	S-MINOLTA-13011212250_0313
	S-MINOLTA-13011212250_0314
	S-MINOLTA-13011212250_0315
	S-MINOLTA-13011212250_0316
	S-MINOLTA-13011212250_0317
	S-MINOLTA-13011212250_0318
	S-MINOLTA-13011212250_0319
	S-MINOLTA-13011212250_0320
	S-MINOLTA-13011212250_0321
	S-MINOLTA-13011212250_0322
	S-MINOLTA-13011212250_0323
	S-MINOLTA-13011212250_0324
	S-MINOLTA-13011212320_0001
	S-MINOLTA-13011212320_0002
	S-MINOLTA-13011212320_0003
	S-MINOLTA-13011212320_0004
	S-MINOLTA-13011212320_0005
	S-MINOLTA-13011212320_0006
	S-MINOLTA-13011212320_0007
	S-MINOLTA-13011212320_0008
	S-MINOLTA-13011212320_0009
	S-MINOLTA-13011212320_0010
	S-MINOLTA-13011212320_0011
	S-MINOLTA-13011212320_0012
	S-MINOLTA-13011212320_0013
	S-MINOLTA-13011212320_0014
	S-MINOLTA-13011212320_0015
	S-MINOLTA-13011212320_0016
	S-MINOLTA-13011212320_0017
	S-MINOLTA-13011212320_0018
	S-MINOLTA-13011212320_0019
	S-MINOLTA-13011212320_0020
	S-MINOLTA-13011212320_0021
	S-MINOLTA-13011212320_0022
	S-MINOLTA-13011212320_0023
	S-MINOLTA-13011212320_0024
	S-MINOLTA-13011212320_0025
	S-MINOLTA-13011212320_0026
	S-MINOLTA-13011212320_0027
	S-MINOLTA-13011212320_0028
	S-MINOLTA-13011212320_0029
	S-MINOLTA-13011212320_0030
	S-MINOLTA-13011212320_0031
	S-MINOLTA-13011212320_0032
	S-MINOLTA-13011212320_0033
	S-MINOLTA-13011212320_0034
	S-MINOLTA-13011212320_0035
	S-MINOLTA-13011212320_0036
	S-MINOLTA-13011212320_0037
	S-MINOLTA-13011212320_0038
	S-MINOLTA-13011212320_0039
	S-MINOLTA-13011212320_0040
	S-MINOLTA-13011212320_0041
	S-MINOLTA-13011212320_0042
	S-MINOLTA-13011212320_0043
	S-MINOLTA-13011212320_0044
	S-MINOLTA-13011212320_0045
	S-MINOLTA-13011212320_0046
	S-MINOLTA-13011212320_0047
	S-MINOLTA-13011212320_0048
	S-MINOLTA-13011212320_0049
	S-MINOLTA-13011212320_0050
	S-MINOLTA-13011212320_0051
	S-MINOLTA-13011212320_0052
	S-MINOLTA-13011212320_0053
	S-MINOLTA-13011212320_0054
	S-MINOLTA-13011212320_0055
	S-MINOLTA-13011212320_0056
	S-MINOLTA-13011212320_0057
	S-MINOLTA-13011212320_0058
	S-MINOLTA-13011212320_0059
	S-MINOLTA-13011212320_0060
	S-MINOLTA-13011212320_0061
	S-MINOLTA-13011212320_0062
	S-MINOLTA-13011212320_0063
	S-MINOLTA-13011212320_0064
	S-MINOLTA-13011212320_0065
	S-MINOLTA-13011212320_0066
	S-MINOLTA-13011212320_0067
	S-MINOLTA-13011212320_0068
	S-MINOLTA-13011212320_0069
	S-MINOLTA-13011212320_0070
	S-MINOLTA-13011212320_0071
	S-MINOLTA-13011212320_0072
	S-MINOLTA-13011212320_0073
	S-MINOLTA-13011212320_0074
	S-MINOLTA-13011212320_0075
	S-MINOLTA-13011212320_0076
	S-MINOLTA-13011212320_0077
	S-MINOLTA-13011212320_0078
	S-MINOLTA-13011212320_0079
	S-MINOLTA-13011212320_0080
	S-MINOLTA-13011212320_0081
	S-MINOLTA-13011212320_0082
	S-MINOLTA-13011212320_0083
	S-MINOLTA-13011212320_0084
	S-MINOLTA-13011212320_0085
	S-MINOLTA-13011212320_0086
	S-MINOLTA-13011212320_0087
	S-MINOLTA-13011212320_0088
	S-MINOLTA-13011212320_0089
	S-MINOLTA-13011212320_0090
	S-MINOLTA-13011212320_0091
	S-MINOLTA-13011212320_0092
	S-MINOLTA-13011212320_0093
	S-MINOLTA-13011212320_0094
	S-MINOLTA-13011212320_0095
	S-MINOLTA-13011212320_0096
	S-MINOLTA-13011212320_0097
	S-MINOLTA-13011212320_0098
	S-MINOLTA-13011212320_0099
	S-MINOLTA-13011212320_0100
	S-MINOLTA-13011212320_0101
	S-MINOLTA-13011212320_0102
	S-MINOLTA-13011212320_0103
	S-MINOLTA-13011212320_0104
	S-MINOLTA-13011212320_0105
	S-MINOLTA-13011212320_0106
	S-MINOLTA-13011212320_0107
	S-MINOLTA-13011212320_0108
	S-MINOLTA-13011212320_0109
	S-MINOLTA-13011212320_0110
	S-MINOLTA-13011212320_0111
	S-MINOLTA-13011212320_0112
	S-MINOLTA-13011212320_0113
	S-MINOLTA-13011212320_0114
	S-MINOLTA-13011212320_0115
	S-MINOLTA-13011212320_0116
	S-MINOLTA-13011212320_0117
	S-MINOLTA-13011212320_0118
	S-MINOLTA-13011212320_0119
	S-MINOLTA-13011212320_0120
	S-MINOLTA-13011212320_0121
	S-MINOLTA-13011212320_0122
	S-MINOLTA-13011212320_0123
	S-MINOLTA-13011212320_0124
	S-MINOLTA-13011212320_0125
	S-MINOLTA-13011212320_0126
	S-MINOLTA-13011212320_0127
	S-MINOLTA-13011212320_0128
	S-MINOLTA-13011212320_0129
	S-MINOLTA-13011212320_0130
	S-MINOLTA-13011212320_0131
	S-MINOLTA-13011212320_0132
	S-MINOLTA-13011212320_0133
	S-MINOLTA-13011212320_0134
	S-MINOLTA-13011212320_0135
	S-MINOLTA-13011212320_0136
	S-MINOLTA-13011212320_0137
	S-MINOLTA-13011212320_0138
	S-MINOLTA-13011212320_0139
	S-MINOLTA-13011212320_0140
	S-MINOLTA-13011212320_0141
	S-MINOLTA-13011212320_0142
	S-MINOLTA-13011212320_0143
	S-MINOLTA-13011212320_0144
	S-MINOLTA-13011212320_0145
	S-MINOLTA-13011212320_0146
	S-MINOLTA-13011212320_0147
	S-MINOLTA-13011212320_0148
	S-MINOLTA-13011212320_0149
	S-MINOLTA-13011212320_0150
	S-MINOLTA-13011212320_0151
	S-MINOLTA-13011212320_0152
	S-MINOLTA-13011212320_0153
	S-MINOLTA-13011212320_0154
	S-MINOLTA-13011212320_0155
	S-MINOLTA-13011212320_0156
	S-MINOLTA-13011212320_0157
	S-MINOLTA-13011212320_0158
	S-MINOLTA-13011212320_0159
	S-MINOLTA-13011212320_0160
	S-MINOLTA-13011212320_0161
	S-MINOLTA-13011212320_0162
	S-MINOLTA-13011212320_0163
	S-MINOLTA-13011212320_0164
	S-MINOLTA-13011212320_0165
	S-MINOLTA-13011212320_0166
	S-MINOLTA-13011212320_0167
	S-MINOLTA-13011212320_0168
	S-MINOLTA-13011212320_0169
	S-MINOLTA-13011212320_0170
	S-MINOLTA-13011212320_0171
	S-MINOLTA-13011212320_0172
	S-MINOLTA-13011212320_0173
	S-MINOLTA-13011212320_0174
	S-MINOLTA-13011212320_0175
	S-MINOLTA-13011212320_0176
	S-MINOLTA-13011212320_0177
	S-MINOLTA-13011212320_0178
	S-MINOLTA-13011212320_0179
	S-MINOLTA-13011212320_0180
	S-MINOLTA-13011212320_0181
	S-MINOLTA-13011212320_0182
	S-MINOLTA-13011212320_0183
	S-MINOLTA-13011212320_0184
	S-MINOLTA-13011212320_0185
	S-MINOLTA-13011212320_0186
	S-MINOLTA-13011212320_0187
	S-MINOLTA-13011212320_0188
	S-MINOLTA-13011212320_0189
	S-MINOLTA-13011212320_0190
	S-MINOLTA-13011212320_0191
	S-MINOLTA-13011212320_0192
	S-MINOLTA-13011212320_0193
	S-MINOLTA-13011212320_0194
	S-MINOLTA-13011212320_0195
	S-MINOLTA-13011212320_0196
	S-MINOLTA-13011212320_0197
	S-MINOLTA-13011212320_0198
	S-MINOLTA-13011212320_0199
	S-MINOLTA-13011212320_0200
	S-MINOLTA-13011212320_0201
	S-MINOLTA-13011212320_0202
	S-MINOLTA-13011212320_0203
	S-MINOLTA-13011212320_0204
	S-MINOLTA-13011213050_0007

