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The following standard devices are now available as JAN units:

Device Type Data Book
Number Description Page Number
JAN2N559-1 PNP Germanium Switching Transistor (Supplement2) 8- 2
JAN2N559-2 PNP Germanium Switching Transistor (Supplement2) 8- 2
JAN2N559-3 PNP Germanium Switching Transistor (Supplement2) 8- 2
JAN2NT03 NPN Silicon Switching Transistor 8- 8
JAN2NT08 NPN Silicon Switching Transistor 8- 17
JAN2NT18A NPN Silicon Switching and Amplifier Transistor 8- 22
JAN2N916 NPN Siltcon Switching and Amplifier Transistor 8- 45
JAN2N1613 NPN Silicon Switching and Amplifier Transistor 8- 22
JAN2N1711 NPN Silicon Switching and Amplifier Transistor 8- 22
JAN2N1893 NPN Silicon Switching and Amplifier Transistor 8- 70
JAN2N2369A NPN Silicon Switching Transistor 8- 92
JAN2N2708 NPN Silicon Amplifier Transistor (Supplement 2) 8- 29
JAN2N2919 NPN Silicon Multiple Device 11- 7
JAN2N2920 NPN Silicon Multiple Device 11- 7
JAN2N3127 PNP Germanium Amplifier Transistor (Supplement2) 9- 4
JAN2N3253 NPN Silicon Switching Transistor 8-147
JAN2N3444 NPN Silicon Switching T ransistor 8-147
JAN2N3498 NPN Silicon Switching and Amplifier Transistor 8-161
JAN2N3499 NPN Silicon Switching and Amplifier Transistor 8-161
JAN2N3500 NPN Silicon Switching and Amplifier Transistor 8-161
JAN2N3501 NPN Silicon Switching and Amplifier Transistor 8-161
JAN2N3506 NPN Silicon Switching Transistor 8-167
JAN2N3507 NPN Silicon Switching Transistor 8-167
JAN2N3634 PNP Silicon Switching and Amplifier Transistor 8-1178
JAN2N3635 PNP Silicon Switching and Amplifier Transistor 8-178
JAN2N3636 PNP Silicon Switching and Amplifier Transistor 8-1178
JAN2N3637 PNP Silicon Switching and Amplifier Transistor 8-1178
JAN2N3810 PNP Silicon Multiple Device (Supplement 2) 11- 20

JAN2N3811 PNP Silicon Multiple Device (Supplement 2) 11- 20



Numerical Index

DEVICE INDEX

The following is an alpha-numerical list of the devices contained in this

supplement.

Device Type Page Device Type Page Device Type Page
IN91 11- 2 1N3909 3-10 2N1959 8-18
1N92 11- 2 1N3910 3-10 2N1990 8-20
1N93 11- 2 IN3911 3-10 2N2224 8-21
1N2163 2- 2 1N3912 3-10 2N2242 8-23
1N2163A 2- 2 1N3913 3-10 2N2322 5- 2
1N2164 2- 2 1N4001 3- 6 2N2323 5- 2
1N2164A 2- 2 1N4002 3- 6 2N2324 5- 2
1N2165 2- 2 1N4003 3- 6 2N2325 5- 2
1N2165A 2- 2 1N4004 3- 6 2N2326 5- 2
1N2166 2- 2 1N4005 3- 6 2N2410 8-25
1N2166A 2- 2 1N4006 3- 6 2N2476 8-217
1IN2167 2- 2 1N4007 3- 6 2N24717 8-217
1N2167A 2- 2 1N4933 3-10 2N2646 5-31
1N2168 2- 2 1N4934 3-10 2N2647 5-31
1N2168A 2- 2 1N4935 3-10 2N2652 11- 4
1N2169 2- 2 1N4936 3-10 2N2652A 11- 4
1N2169A 2- 2 1N4937 3-10 JAN2N2708 8-29
1N2170 2- 2 1IN5150A 12- 2 2N2710 8-33
1N2170A 2- 2 1IN5152A 12- 2 2N2720 11- 6
1N2171 2- 2 IN5153A 12- 2 2N2721 11- 6
1N2171A 2- 2 IN5155A 12- 2 2N2722 11- 8
1N3491 3- 2 IN5156 12- 4 2N2723 11-10
1N3492 3- 2 IN5157 12- 4 2N2724 11-10
1N3493 3- 2 1N5221 2N2725 11-10
1N3494 3- 2 thru 2- 4 2N2785 11-12
1N3495 3- 2 1N5281 2N2845 8-35
1N3879 3-10 IN5283 2N2846 8-35
1N3880 3-10 thru 2-10 2N2847 8-35
1N3881 3-10 IN5314 2N2848 8-35
1N3882 3-10 JAN2N559-1 8- 2 2N2857 9- 2
1N3883 3-10 JAN2NbS59-2 8- 2 2N3009 8-37
1N3889 3-10 JAN2N559-3 8- 2 2N3010 8-39
1N3890 3-10 2N699 8- 6 2N3011 8-41
1N3891 3-10 2N702 8- 8 2N3013 8-37
1N3892 3-10 2N703 8- 8 2N3014 8-37
1N3893 3-10 JAN2NT03 8- 8 2N3015 8-43
1N3899 3-10 2N709 8- 9 2N3053 8-45
1N3900 3-10 2N721 8-11 2N3127 9- 4
1N3901 3-10 2N731 8-13 JAN2N3127 9- 4
1N3902 3-10 2N743 8-14 2N3210 8-46
1N3903 3-10 2N1708 8-16 2N3211 8-48




Numerical Index

Device Type Device Type Page Device Type Page
2N3299 2N4279 6- 6 2N4975 11-28
2N3300 2N4280 6- 6 2N5060 5-18
2N3301 2N4281 6- 6 2N5061 5-18
2N3302 2N4282 6- 6 2N5062 5-18
2N3423 2N4283 6- 6 2N5063 5-18
2N3424 2N4398 6-10 2N5086 8-66
2N3425 2N4399 6-10 2N5087 8-66
2N3515 2N4441 5-16 2N5088 8-70
2N3518 2N4442 5-16 2N5089 8-170
2N3796 2N4443 5-16 AF239 8-74
2N3797 2N4444 5-16 MC312A 13- 3
2N3800 2N4851 5-35 MC316 13- 5
thru 2N4852 5-35 MC317 13- 6
2N3817 2N4853 5-35 MC318 13- 7
JAN2N3810 2N4870 5-39 MC660P 13- 8
JAN2N3811 2N4871 5-39 MC661P 13- 8
2N3838 2N4890 8-60 MC663P 13-10
2N3839 2N4898 6-15 MC664P 13-10
2N3980 2N4899 6-15 MCT700P Series 13-16
2N4048 2N4900 6-15 MC834F, P 13-24
2N4049 2N4910 6-19 MC836F, P 13-26
2N4050 2N4911 6-19 MC83"7F, P 13-28
2N4051 2N4912 6-19 MC846G 13-30
2N4052 2N4918 6-23 MCB849F, P 13-32
2N4053 2N4919 6-23 MC849G 13-34
2N4123 2N4920 6-23 MC850F, G, P 13-36
2N4124 2N4921 6-27 MC851F, G, P 13-38
2N4125 2N4922 6-27 MC852 13-40
2N4126 2N4923 6-27 MC853 13-40
2N4151 2N4924 8-61 MC855 13-40
thru 2N4925 8-61 MC856 13-40
2N4198 2N4926 8-62 MC861F, P 13-48
2N4199 2N4927 8-62 MC861G 13-50
2N4200 2N4928 8-64 MC862G 13-52
2N4201 2N4930 8-64 MC863F, P 13-54
2N4202 2N4931 8-64 MC863G 13-56
2N4203 2N4937 11-26 MC934F 13-24
2N4204 2N4938 11-26 MC936F 13-26
2N4212 2N4939 11-26 MC937F 13-28
2N4213 2N4940 11-26 MC946G 13-30
2N4214 2N4941 11-26 MC949F 13-32
2N4215 2N4942 11-26 MC949G 13-34
2N4216 2N4957 9- 8 MC950F, G 13-36
2N4276 2N4958 9- 8 MC951F, G 13-38
2N42177 2N4959 9- 8 MC952 13-40
2N42178 2N4974 11-28 MC953 13-40




Numerical Index

Device Type Page Device Type Page Device Type Page
MC955 13-40 MP801 6-31 MR844 3-10
MC956 13-40 MPF102 10- 6 MR846 3-10
MC961F 13-48 MPS2369 8-81 MR880 3-10
MC961G 13-50 MPS3693 9-12 MR881 3-10
MC962G 13-52 MPS3694 9-12 MR882 3-10
MC963F 13-54 MPT28 5-26 MR884 3-10
MC963G 13-56 MPT32 5-26 MR886 3-10
MC1124P 13-58 MPT36 5-26 MR890 3-10
MC1302P 13-61 MPZ5-16 11-36 MR891 3-10
MC1429G 13-65 MPZ5-32 11-36 MR892 3-10
MC1433 13-63 MPZ5-180 11-36 MR894 3-10
MC1529G 13-65 MR322 3- 2 MR896 3-10
MC1552G 13-68 MR323 3- 2 MR1366 3-10
MC1553G 13-68 MR324 3- 2 MR1376 3-10
MC1554G 13-72 MR325 3- 2 MR1386 3-10
MC1709 13-76 MR326 3- 2 MR1396 3-10
MC1709C 13-80 MR327 3- 2 MRD200 11-30
MC1710 13-82 MR328 3- 2 MRD300 11-33
MCR1906-1 5-20 MR330 3- 2 MV1620

MCR1906-2 5-20 MR331 3- 2 thru 12- 5
MCR1906-3 5-20 MR810 3-13 MV1650

MCR1906-4 5-20 MR811 3-13 MV1720

MCR2818 5-22 MR812 3-13 thru 12- 6
MCR2835 5-24 MR814 3-13 MV1750

MCR2918 5-22 MR816 3-13 MV1812A 12- 4
MCR2935 5-24 MR830 3-10 MV1812B 12- 4
MK30 14- 2 MR831 3-10 M4L20M-3

MK35 14- 2 MR832 3-10 thru 5-28
MM4000 8-18 MR833 3-10 M4L50M-28

MM4001 8-T78 MR834 3-10 M4L20-3

MM4002 8-78 MR835 3-10 thru 5-28
MM4003 8-78 MR836 3-10 M4L50-28

MM5000 8-179 MR840 3-10 M4L20A

MM5001 8-179 MR841 3-10 thru 5-28
MM5002 8-79 MR842 3-10 M4L50A

MP800 6-31




Device Outline Dimensions

DEVICE DIMENSION DRAWINGS

All dimensions are in inches
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——— Device Outline Dimensions
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Device Outline Dimensions
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—— Device Outline Dimensions
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Device Outline Dimensions
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——— Device Outline Dimensions
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Device Outline Dimensions
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——— Device Outline Dimensions

All dimensions

are in inches
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Device Outline Dimensions

All dimensions

are in inches

CASE 72 10-LEAD FLAT PACKAGE
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NDTES: Leads are gold-plated kovar
Calector internally connected

o case.
Package weight = 0.45 grams
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———— Device Outline Dimensions
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Device Outline Dimensions

CASE 90

CASE 91

CASE 92

(1) This dimension is measured at the seating plane.
{7} & insulating stand-offs are provided.
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——— Device Outline Dimensions
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Device Outline Dimensions
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———— Device Outline Dimensions
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SILICON ZENER DIODES
and
CURRENT REGULATORS

THE FOLLOWING ZENER DIODES
ARE INCLUDED IN THIS SECTION

1N2163 1N2168A
1N2163A 1N2169
1N2164 1N2169A
IN2164A 1N2170
1N2165 1N2170A
1N2165A 1N2171
1N2166 1N2171A
1N2166A 1N5221
1N2167 thru
1IN2167A 1N5281
1N2168
CURRENT REGULATORS
1N5283
thru
1N5314

21



Silicon Zener Diodes

1N2163, A o 1n2171, A 750 mW

94V

750 Milliwatt, 9.4 volt reference diodes designedfor
long-term voltage stability in applications requiring
stable, reliable operation under severe environmental

CASE 52 conditions.
(DO-13 Outline)

MAXIMUM RATINGS
Junction and Storage Temperature: -65°C to +200°C

DC Power Dissipation: 750 Milliwatts at 25°C Ambient

ELECTRICAL CHARACTERISTICS
(at lzr = 10 mA & Ta = 25°C unless otherwise specified)

VZ =9.4 Volts +0.4 V (=0. 2 V Suffix "A"") @ IZT =10 ma (Note 1)
Max Temperatur
Voltage Test mp rature Max Dynamic
Coefficient
Change Temperatures Impedance
JEDEC (Note 2 ) Refig;nce (Note 3 )
Number AVZ (Volts) C %/°C ZZT (Ohms)
~N
1N2163,A 0. 033 0, +25, +70 0. 005
1N2164,A 0. 086 -55, 0, +25, 0.005
+75, +125
1N2165,A 0.115 -55, 0, +25, 0. 005
+75, +125, +185
1N2166, A 0. 007 0, +25, +70 0.001 LIS
1IN2167, A 0.017 -55, 0, +25, 0. 001
+75, +125
1N2168, A 0.023 -55, 0, +25, 0.001
+75, +125, +185
1N2169, A 0. 004 0, +25, +70 0. 0005
1N2170,A 0. 009 -55, 0, +25, 0. 0005
+75, +125
1N2171,A 0.012 -55, 0, +25, 0. 0005
+75, +125, +185 -
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Silicon Zener Diodes

IN2163, A thru IN2171, A (continued)

MECHANICAL CHARACTERISTICS

CASE: Welded, hermetically sealed, metal and glass.

FINISH:  All external surfaces are corrosion resistant and leads readily solderable.

POLARITY: Cathode end indicated by diode symbol. When operated as a reference
diode, the cathode end will be positive with respect to anode end.

WEIGHT: 1.5 grams (approx).

MOUNTING POSITION:  Any.

TEMPERATURE COMPENSATED REFERENCE DIODES

Temperature compensated reference diodes are made possible by taking ad-
vantage of the differing thermal characteristics of forward and reverse biased
silicon PN junctions. A forward biased junction has a negative temperature co-
efficient of approximately 2.0 millivolts/°C. Reverse biased junctions above
5.0 volts have a positive temperature coefficient and therefore it is possible by
judicious selection of combinations of forward and reverse biased junctions to
obtain a device which shows a very low temperature coefficient due to cancella-
tion. Because of the differing impedance versus temperature characteristics of
the junctions involved, optimum temperature stability is obtained by operating in
the zener current range at which the temperature coefficient is a minimum.

Further information, including a method of effective impedance cancellation
ina bridge circuit forultra-stable reference supplies, is contained inthe Motorola
Zener Diode Handbook. The handbook, containing valuable theory, design, and
application information, is available from your distributor.

NOTE 1 - Voltage-Current Relationship

Because of device impedance, the reference voltage will vary with changes
in zener current. These variations can be minimized by driving the device from
a constant current source.

NOTE 2 - Voltage Variation (AVy) and Temperature Coefficient

All Motorola reference diodes are characterized by the ""box' method. This
method provides for a guaranteed maximum voltage variation (AVyz in mV) over
a specified temperature range, verified by tests at several points within the range.
(Maximum voltage variations over the specified temperature ranges are given in
the table). The designengineer now has anumber (without any calculations) tell-
ing him the stability of the voltage over the temperature range of interest thus
giving him the maximum flexibility as well as economy in selecting the tempera-
ture stability required.

Since reference diodes have a non-linear voltage-temperature relationship
the temperature coefficients in %/°C are tabulated primarily for reference pur-
poses.

NOTE 3 - Zener Impedance Derivation

The dynamic zener impedance, Zgz, is derived from the 60 cycle ac voltage
which results whenan ac current having an rms value equal to 10% of the dc zener
current, Izr, is superimposed on Izp. A 100% cathode-ray tube curve trace
test is used to ensure that each zener characteristic has a sharp and stable knee
region.
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Silicon Zener Diodes

. Po= 500 mW
IN5221 thru 1IN5281 series siLicON) Vo= 24200V

500 Milliwatt surmetic 20 silicon zener diodes-
a complete new series of Zener Diodes in the popular
DO-T case with higher ratings, tighter limits, better
operating characteristics and a full set of designers’
curves that reflect the superior capabilities of silicon-
oxide-passivated junctions. All this in an axial-lead,
\ transfer-molded plastic package offering protection

CASE 51 . . i
in all common environmental conditions.

(DO-7)

MAXIMUM RATINGS
Junction and Storage Temperature: —65 to +-200°C
Lead Temperature not less than 1/16” from the case for 10 seconds: 230°C

DC Power Dissipation: 500 mW @ T. = 75°C, Lead Length = 34"
(Derate 4.0mW/°C above 75°C)

Surge Power: 10 Watts (Non-recurrent square wave @ PW = 8.3 ms, T, = 55°C,
Figure 16)

MECHANICAL CHARACTERISTICS

CASE: Void free, transfer molded, thermosetting plastic.

FINISH: All external surfaces are corrosion resistant. Leads are readily solderable
and weldable.

POLARITY: Cathode indicated by color band. When operated in zener mode, cathode
will be positive with respect to anode.

MOUNTING POSITION: Any.
WEIGHT: 0.18 gram (approximately).

FIGURE 1 — POWER-TEMPERATURE DERATING CURVE

1.0 T T
N L = LEAD LENGTH
8 TO HEAT SINK
£ 08 T
% P \¥ i
= TN
S 06 \\ <
E \\ \L\: % \\
g 04 \"'m \
s —~—— ~J
g L= 1 \\\
£ 02 \\Q\
& \Q‘
0
0 20 40 60 80 100 120 140 160 180 200

Ti, LEAD TEMPERATURE (°C)
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1N5221 thru 1N5281 series (continued)

ELECTRICAL CHARACTERISTICS (T,
lead length = 3;"; thermal resistance of heat sink = 30°C/W) v,

Max Zener Impedance

Nominal

JEDEC Zener Voltage | T A & 8 Suffix Cnly
Type No. V@ ly Current
{Note 1) Volts
{Note 2)

1N5221
IN5222
1N5223
IN5224
IN5225

IN5226
IN5227
185228
1N5229
IN5230

IN5231
IN5232
IN5233
IN5234
IN5235
IN5236
IN5237
IN5238
IN5239
IN5240

CRD e D | s e wwe|won e
NN EN O | W oo ooy e

Silicon Zener Diodes

=11

Max Reverse Leakage Current

25°C unless otherwise noted. Based on dc measurements at thermal equilibrium;

Max @ I, = 200 mA for all types.

Max Zener Voltage

A & B Suffix Only Non-Suffix Temp. Coeff.
(A & B Suffix Only)
x @V, Used yz (%0
For Suffix A (Note 3)

3

IN5241
IN5242
1IN5243
IN5244
IN5245

IN5246
IN5247
IN5248
IN5249
IN5250

IN5251
IN5252
IN5253
IN5254
IN5255

IN5256
IN5257
1N5258
IN5259
1N5260

IN5261
IN5262
IN5263
IN5264
IN5265

LR ESISESENT EYRAETPII (PR PRI s,

1IN5266
IN5267
IN5268
IN5269
IN5270

IN5271
IN5272
IN5273
IN5274
IN5275

cmu|lasbumlonvullovean|vmom o] voo am| @ oo

IN5276
IN5277
IN5278
IN5279
1N5280
IN5281

O CCOO S OO | e e

P PO PO R0 00 e [0e P e |0ores 000000000000 |wwmne|wmmma|me

NOTE 1 - TOLERANCE AND VOLTAGE DESIGNATION

Tolerance designation — The JEDEC type numbers shown indicate a
tolerance of =10% with guaranteed limits on only Vg, |, and V, as
shown in the above table. Units with guaranteed limits on all six
parameters are indicated by suffix “A”" for =10% tolerance and suffix
“B"” for £5.0% units.

N voltage — To d units with zener
voltages other than those assigned JEDEC numbers, the Motorola
type number should be used.
EXAMPLE:
90 Z S 5

0.5 Watt -E—Toleyance

(%)

Motorola ““Surmetic’
Nominal Voltage Zener Diodes

NOTE 2 — SPECIAL SELECTIONS AVAILABLE INCLUDE:
1 .— Nominral zener voltages between those shown.

2-5

2 — Matched sets: (Standard Tolerances are +5.0%, +209%.

*+1.0%)

a. Two or more units for series connection with specified
tolerance on total voltage. Series matched sets make zener
voltages in excess of 200 volts possible as well as providing
lower temperature coefficients, lower dynamic impedance
and greater power handling ability.

b. Two or more units matched to one another with any spec-
ified tolerance.

3 — Tight voltage tolerances: 1.0%,, 20%, 3.0%.

NDTE 3 — TEMPERATURE COEFFICIENT (4vz)

Test conditions for temperature coefficient are as follows:

a. Ily =75mA T, = 25°C,
T, = 125°C (1N5221A, B thru 1N5242A, B)
b. 1z = Rated Iy, T, = 25°C,

T, = 125°C (1IN5243A, B thru 1N52B1A, B.)
Device to be temperature stabilized with current applied prior to
reading breakdown voltage at the specified ambient temperature.



Silicon Zener Diodes

1N5221 thru TN5281 series (continued)

TYPICAL REVERSE CHARACTERISTICS FOR SELECTED ZENER DIODES

Curves marked T, were obtained from dc measurements at thermal equilibrium: lead length - %! thermal resistance of heat sink  30°C/W
Curves marked T, were obtained from pu se tests: mounting conditions are not a factor

VziNominal) = 3.3 Volts
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TN5221 thru TN5281 series (continued)

fvz, TEMPERATURE COEFFICENT (mv/°C}

Bz, TEMPERATURE COEFFICIENT (mv/°C)

Z7, DYNAMIC IMPEDANCE (OHMS}

79,

TEMPERATURE COEFFICIENTS

Silicon Zener Diodes

AND VOLTAGE REGULATION

(90% of the units are in the ranges indicated)

FIGURE 8 — RANGE FOR UNITS T0 12 VOLTS

FIGURE 9 — RANGE FOR UNITS 12 T0 200 VOLTS
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FIGURE 10— EFFECT OF ZENER CURRENT FISURE 11 — VOLTAGE REGULATION
70 2 —
P - Ta=25°C
0 — 2 L=%" e
50 L, g o Gua=30°C/W A
40 / % 7z
jary A Y -
1 g 07 =20t 20m
g s /
2.0 g
.01 mA - I
10 ] AV ¥
~loma Y 03| TYPICAL H 2
R/ sy PP A
10 30mA o 1.0mA ; 02
V2 @178 Ta=25°C 3 2= 011005 of fzw
-20 4 \ ﬂ—r
~30 J l 0.4
20 30 40 50 60 70 &0 94 10 il 12 20 30 50 70 10 20 30 50 70 100 200
V, ZENER VOLTAGE (VOLTS) V. ZENER VOLTAGE AT 7y (VOLTS)
TYPICAL ZENER IMPEDANCE
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1000 200
. f T, = 5510+ 150°C I L
50 izlaci= 01 Izd) 9 0 P
A I7(dc)=1.0 m
200 BN z 7P .
= 1 7
100 = 4 1 S !
g i /.
50 I A
& AV
ol T E N am Tp=25°C
" V2= 15V N £ 5 pd izlac) = 0.1 1ptde)
10 £33V : E- a8 7
o 271V < H 2 70 7 ]
50 51V < 50 W Z
20 Il 30
1.0 2.0l
01 0z 05 10 20 53 1020 310 20 30 50 70 10 20 30 50 70 100 700

Iz. ZENER TEST CURRENT (mA}

V. ZENER VOLTAGE AT Iz (VOLTS)

2-7



1N5221 thru 1IN5281 Series (continued)

Silicon Zener Diodes

FIGURE 14— TYPICAL THERMAL RESPONSE

T T 1=1"D:0] | a=d

00, T I ¥ 1 1 1 JI (RN [Z e —Ir
g [ D=05 T L-3/8 ]
2 b b o/
g 1M F L 1/16"I-|;b
5 = .
& E M) D:(;z Tl
25 o - 1T
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FIGURE 15— TYPICAL THERMAL RESISTANCE APPLICATION NOTE

o 0 Since the actual voltage available from a given zener diode is
§ J T ] temperature dependent, it is necessary to determine junction temp-
< r erature under any set of operating conditions, in order to calculate its
=3 1 value.The following procedure is recommended:
5 00 Lead. Temperature, Tu, should be determined from:
g l B ll Tu=6Po+Ty
& fia is the lead-to-ambient thermal resistance and Py is the
z power dissipation. #La is generally 30-40°C/W for the vari-
;. 0 Lomf L] —f ous clips and tie points in common use and for printed
= circuit board wiring.
§ _‘( Junction Temperature, Ty, may be found from:
2 T =T+ 4Ta
g l PRIMARY PATH OF £.TsLis the increase in junction temperature above the lead
5 CONDUCTION IS THROUGH temperature and may be found from Figure 14 for a train of
ES i THE CATHODE LEAD power pulses or from Figure 15 for dc power.
< 0y 07 e 016 | 4DSL To For worst-case design, using expected limits of iz, limits of P and

Ppx. PEAK SURGE POWER (WATTS)

L. LEAD LENGTH TG HEAT SINK {INCH!

FIGURE 16 — MAXIMUM NON-REPETITIVE SURGE POWER

RECTANGULAR WAVE FORM. 1]
00l 7, SHOWN 1 PRIOR 70 SURGE |14
2001 NS
~ ™ T
T) = +25°C
100 ™ . :
< —F
70 T Y
50 d
" T~ +55°
k' :
2 I~
EhSTS
U lh N
10 : |
70 =t
I 1T u|
001 002 05 01 0z 05 10 20 80 10

PW _PULSE WIDTH (ms)

the extremes of T, (4 T,)may be estimated. Changes in voltage, Vz,can
then be found from:
LV =8yT
flvz, the zener voltage temperature coefficient, is found from
Figures 8,9, and 10,

Under high power-puise operation, the zener voltage will
vary with time and may also be affected significantly by the
zener resistance. For best regulation, use short leads, espe-
cially to the cathode, and keep current excursions as low as
possible.

Data of Figure 14 should not be used to compute surge capa-
bitity. Surge limitations are given in Figure 16. They are lower than
would be expected by considering only junction temperature, as cur-
rent crowding effects cause temperatures to be extremely high in
small spots resulting in device degradation shou'd the fimits of Figure
16 be exceeded.



Silicon Zener Diodes

IN5221 thru TN5281 Series (continued)

FIGURE 17— TYPICAL CAPACITANCE FIGURE 18 — TYPICAL FORWARD CHARACTERISTICS
1000 — . 1000 —
— T S
70 V=19V T, =2 500 = 7
500! L3 - Z
1 V4
100 1 20 VA 7
— T =
= 20 P 8.2V Z 100
s s = £ : F—+—+f
%ﬁ b T 27 § 5c —— i 7 E v
g 1 + s T, = 150°C7 T 100°C, —25"0/_ —55°C7
Y 60V g 4 7 174
| M Pl z
5 P 101
= = = =
30| 100 ¥ = Y > o - ;-
100V = 50 ra 7 v
2 —
& ~ 20 1/ /
ol V4 7 4
10! 10 L
10 20 30 50 70 10 20 30 50 70 100 03 04 05 06 0.7 08 09
Vi, REVERSE VOLTAGE (VOLTS) V¢, FORWARD VDLTAGE (VDLTS)
FIGURE 19— TYPICAL NOISE DENSITY FIGURE 20 — NOISE DENSITY MEASUREMENT METHOD
100,
===t AMMETER 108D AMPLIFIER
{1z = 250 pA RESISTDR
5011, = 25°C + FILTER
A = =1 51k iy } TRUE
£ 30 OC POWER y v RMS
& SUPPLY TEST ZENER 2 o | voLT
22 o METER
- v
NDISE OENSITY (VOLTS PER SQUARE ROOT BANOWIDTH) = ———— 24—
W '~ OVERALL GAN VB
WHERE: 8W = FILTER BANDWIDTH (H2)
V¥oue = DUTPUT NDISE (VDLTS RMS)
0 The input voltage and load resistance are high so that the zener diode is
driven from a constant current source. The amplifier is low noise so that
10 the amplifier noise is negligible compared to that of the test zener. The
! filter is known so that the noise density can be calculated from
10 20 30 5070 10 030 % 70 10 the formula shown. The data of Figure 19 and the formuta can also be
V2, ZENER VOLTAGE (VOLTS) used to find noise for any system bandwidth.



Current Regulators

15283 v 185314 I = 0.22-4.7 mAmin

Pp = 600 mW

Field-effect current regulator diodes are circuit
elements that provide a current essentially independent
of voltage. These diodes are especially designed for
maximum impedance over the operating range.

CASE 51
(DO-7)

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Operating Voltage POV Volts
(TJ = -55°C to +200°C) 100
Steady State Power Dissipation PD
@TL =15°C 600 mW
Derate above TL =75°C 4.8 mW/°C

Lead Length = 3/8"
{Forward or Reverse Bias)

Operating and Storage Junction T, T R
Temperature Range I’ “stg | -55to +200 c

2-10



1N5283 thru 1N5314 (continued)

ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted)

Current Regulators

Minimum Minimum Maximum
Regulator Current Dynamic Knee Limiting
lp MA)@Vy =25V Impedance Impedance Voltage
@v, =25V @v =60V @, =081, (min)
Type No. | nom min max Z, (Mo) Z, (Mo) V, (Volts)
1N5283 0.22 | 0.198 | 0.242 25.0 2.75 1.00
1N5284 0.24 | 0.216 | 0.264 19.0 2.35 1.00
1N5285 0.27 | 0.243 | 0.297 14.0 1.95 1.00
1N5286 0.30 | o0.270 | 0.330 9.0 1.60 1.00
1N5287 0.33 0.297 | 0.363 6.6 1.35 1.00
1N5288 0.39 0.351 | 0.429 4.10 1.00 1.05
1N5289 0.43 0.387 | 0.473 3.30 0.870 1.05
1N5290 0.47 0.423 | 0.517 2.70 0. 750 1.05
1N5291 0.56 | 0.504 | 0.616 1.90 0.560 1.10
1N5292 0.62 0.558 | 0.682 1.55 0.470 1.13
1N5293 0.68 | 0.612 | 0.748 1.35 0. 400 1.15
1N5294 0.75 0.675 | 0.825 1.15 0.335 1.20
1N5295 0.82 0.738 | 0.902 1.00 0.290 1.25
1N5296 0.91 0.819 | 1.001 0.880 0. 240 1.29
1N5297 1.00 0.900 | 1.100 0. 800 0.205 1.35
1N5298 110 | 0.990 | 1.210 0.700 0.180 1.40
1N5299 1.20 1.08 1.32 0.640 0.155 1.45
1N5300 1. 30 117 1.43 0. 580 0.135 1. 50
1N5301 1.40 1.26 1.54 0.540 0.115 1.55
1N5302 1.50 1.35 1.65 0.510 0.105 1.60
1N5303 1.60 1.44 1.76 0.475 0.092 1.65
1N5304 1.80 1.62 1.98 0.420 0.074 1.75
1N5305 2.00 1.80 2.20 0.395 0.061 1.85
1N5306 2.20 1.98 2. 42 0.370 0. 052 1.95
1N5307 2.40 | 2.16 2.64 0.345 0.044 2.00
1N5308 2.70 | 2.43 2.97 0.320 0.035 2.15
1N5309 3.00 ( 2.70 3.30 0. 300 0.029 2.25
1N5310 3.30 2.97 3.63 0. 280 0.024 2.35
IN5311 3.60 3.24 3.96 0.265 0.020 2.50
1N5312 3.90 3.51 4.29 0. 255 0.017 2.60
1N5313 4.3 | 3.87 4.73 0.245 0.014 2.75
1N5314 4.70 4.23 5.17 0.235 0.012 2.90

2-11




1N5283 thru TN5314 (continued)

FIGURE 1 — TYPICAL CURRENT REGULATOR CHARACTERISTICS

v P8 L@V I ]
a0
Iy N, J
wi8 {
£ wel POV

o

(o, DIDDE CURRENT (mA}
>

Current Regulators

SYMBOLS ANO OEFINITIONS

tp —~ Diode Current.
I, — Limiting Current: 80% of Ip munimum used to determine Limiting
voltage, V|
Ip — Pinch-off Current: Regulator current at specified Test Voltage. Vy.
POV — Peak Operating Voitage: Maximum voltage to be applied to device,
#i — Current Temperature Coefficient
Vax — Anode-to-cathode Voitage.
Vi = Knee Impedance Test Voltage: Specified voltage used to establish
Knee Impedance, Z.

; Vi — Limiting Voltage: Measured at I,. Vi, together with Knee AC Im-
—Wpey 4 pedance, Zy. indicates the Knee characteristics of the device.
14
—40L S Vr - Test Voltage: Voltage at which l» and Z; are specified.
= 1 . _ 2y —~ Knee AC Impedance at Test Voltage: To test for 2y, a 90 Hz signal
—60 l’ REVERSE . vk with RMS value equal to 10% of test voitage, V. is superimposed
) S+ ANOOE G CATHODE on Vi:
| [ ronwn 2 = /i
—100° L where iy is the resultant ac current due to vy
-2 -1 [] 20 40 60 80 100 120 140 160 Yo provide the most constant current from the diode, Zy should be
as high as possible; therefore, a minimum value of Zx is specified
Vax, ANDOE-CATHODE VOLTAGE (VOLTS} 2y — AC Impedance at Test Voltage: Specified as a minimum value. To
test for Zr, a 90 Hz signal with RMS value equal to 10% of Test
Voltage, Vy, 1s superimposed on Vy.
FIGURE 2 — TYPICAL THERMAL RESISTANCE
g 30 APPLICATION NOTE
S
b /, As the current available from the diode is temperature dependent, it is
2 7 necessary to determine junction temperature, T, under specific operatin;
250 g
= conditions to calculate the value of the diode current. The following
2 procedure is recommended:
= o / Lead Temperature, T,. shall be determined from:
g > TL=fuuPo
E where A is lead-to-ambient thermal resistance
z POINT OF LEAD TEMPERATURE and.  Pojspower dissipation
g 150 MEASUREMENT #a is generally 30-40°C/W for the various clips and tie points in
=) common use, and for printed circuit-board wiring.
2
z Junction Temperature. T,. shall be calculated from:
2 100 J Ty=T +8uPo
e L L where #) is taken from Figure 2.
= (MOST HEAT CONDUCTION 1S For circuit design limits of Vax. limits of Pp may be estimated and
< 5D THROUGH THE CATHODE LEAG) extremes of T; may be computed. Using the information on Figures 4 and
0 02 04 05 08 To 5, changes in current may be found. To improve current regulation. keep
. g Vak low to reduce Pp and keep the leads short, especially the cathode lead,
L. LEAD LENGTH (NCHES) to reduce f.
FIGURE 3 —TYPICAL FORWARD CHARACTERISTICS
10
e = =SS
T0F pov = t00v [T 1
50 ] 1N5313
z +— (DATA O8TAINEQ —
E |— FROM PULSE TESTS)
< 30 IN5309 ]
S 9| Pt et T
= e et 1N5305 _]
3 —
g 0 Praaes 1]
S — IN5298 3
2 07 f—-
% 05 et 15290
z A
2 03 Y|
-
02 ~
]
al [
0.1 02 03 05 07 10 20 30 50 70 10 20 30 E 7 I

Vak. ANODE-CATHODE VOLTAGE (VOLTS)
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w——— Current Regulators

1N5283 thru TN5314 (continued)

FIGURE 4 — TEMPERATURE COEFFICIENT

07 T T
06 [ T | T, = +25°Cto +150°C
N | Vax = 25V n
S 05 ~J [ A
L1p = 155 1 tnomy £TS 0
% 04 100 —
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o RANGE"
2 R TYPICAL ——
%"0’2 I — T 1
=03 [~ —
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0.4 —
05 [
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I, NOMINAL PINCH-OFF CURRENT (m#)
FIGURE 5 — TEMPERATURE COEFFICIENT
10 B —
! Ty = ~55°C to +25°C
s ¢ Vo — 25V 1
5 ~S— 6
@ 08 ~—_ Blp= 15 pinom ST
£ o 1
I }
& 4
g - D RANGE®
S 0 ~ -
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I o~
g S ] —
s 04 — -
& ™ —_—
& 06 ]
-08
-10
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T, NOMINAL PINCH-OFF CURRENT (mA)
FIGURE 6 — CURRENT REGULATION FACTOR
01 —
0 ]
~01
5 ~L s
& 03 AN
2 0, TYPICAL
= —0.
S s AN N \\
=
£ -05 NN
S 7
A o8 25 N
09 40V, Vax VARIEQ FROM 10V 10 50V L<
@50V -K@I10V \
-0 ly" LEAD LENGTH, #,  30°C/W N
-1l 1 L
0.2 03 0.4 05 06 07 08 09 10 20 30 40 50

Ip, NOMINAL PINCH-OFF CURRENT (mA)
*90% of the units will be in the ranges shown.
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SILICON RECTIFIERS

THE FOLLOWING RECTIFIERS
ARE INCLUDED IN THIS SECTION

1N3491 1N3909 MR325 MR842
1N3492 1N3910 MR326 MR844
1N3493 1N3911 MR327 MR846
1N3494 1N3912 MR328 MR880
1N3495 1N3913 MR330 MR881
1N3879 1N4001 MR331 MR882
1N3880 1N4002 MR810 MR884
1N3881 1N4003 MR811 MR886
1N3882 1N4004 MR812 MR890
1N3883 1N4005 MR814 MR891
1N3889 1N4006 MR816 MR892
1N3890 1N4007 MR830 MR894
1N3891 1N4933 MR831 MR896
1N3892 1N4934 MR832 MR1366
1N3893 1N4935 MR833 MR1376
1N3899 1N4936 MR834 MR1386
1N3900 1N4937 MR835 MR1396
1N3901 MR322 MR836

1N3902 MR323 MR840

1N3903 MR324 MR841
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——— Silicon Rectifiers

1N3491 thro 1N3495 (siLicon) lo=25A

(MR322 thru MR326) Vi —to0 1000 V
MR327, MR328, MR330, MR331

Medium-current siliconrectifiers — compact, highly
efficient silicon rectifiers for medium-current appli-
cations.

CASE 43
(DO-21)

MAXIMUM RATINGS

—e| N | Tin|n —
$IE8883885 8 51 8 3 ;
Rating Symbol Se|agseSese2 el 2|l 2] 2 Unit
Z=|ZE|ZS|ZE|ZE| = | 2| 2| =
Peak Repetitive Reverse Voltage vRM(rep)
Working Peak Reverse Voltage vRM(Wkg) 50 {100 | 200 300 { 400 | 500 | 600 800 | 1000 Volts
DC Blocking Voltage VR
Non-Repetitive Peak Reverse Voltage
(halfwave, single phase, vRM(l\Dn-rep) 100 | 200 | 300| 400 | 500 | 600 | 720 | 1000 | 1200 Volts

80 cycle peak)

RMS Reverse Voltage Vy 35| 70 | 140| 210 ( 280 | 350 | 420 ( 560 700 Volts

Average Rectified Forward Current
(single phase, resistive load, ) 25 Amperes
60 Hz , see Figure 3) Tc = 130°C

Non-Repetitive Peak Surge Current
(surge applied at rated load IFM(surge) ~+-——————— 300 (for 1/2 cycle) —————m Amperes
conditions, see Figure 5)

12t Rating (non-repetitive, for t

greater than 1 ms and less 2t 375 Armg)2 s€C
than 8.3 ms)
Operting nd srse Sctn "
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case e 1.2 0C/Watt

MECHANICAL. CHARACTERISTICS

CASE: Welded, hermetically sealed construction.

FINISH: All external surfaces corrosion-resistant and the terminal lead is readily
solderable.
POLARITY: CATHODE TO CASE (reverse polarity units are available upon request and
are designated by an “R” suffix i.e. MR327R or IN3491R).

MOUNTING POSITIONS: Any.

32



———— Silicon Rectifiers

TN3491 thru 1N3495 (continued)

ELECTRICAL CHARACTERISTICS

ir. INSTANTANEQUS FORWARD CURRENT (AMPS)

Characteristic and Conditions Symbol Max Unit
Full Cycle Average Forward Voltage Drop
(rated I and V,,, single phase, 60 Hz, T¢ = 150°C) VF(av) 0.6 Volts
Instantaneous Forward Voltage Drop Vg Volts
(i =100 Amps, Ty = 25°C) 1.5
Full Cycle Average Reverse Current IR(AV) mA
(rated I and V., single phase, 60 Hz, T¢ = 150°C)
1N3491/MR322 10
1N3492/MR323 10
1N3493/MR324 8
1N3494/ MR 325 6
1N3495/MR326 4
MR327 3
MR328 2.5
MR330 2
MR331 1.5
DC Reverse Current Iy mA
(Rated Vg, T = 25°C) 1.0
FIGURE 1 — MAXIMUM FORWARD VOLTAGE DROP FIGURE 2 — MAXIMUM FORWARD POWER DISSIPATION
500 70
TTTT] 7
] =15
20 -~ " 50° CONOUCTION /
(6 PHASE STAR)
=
, ] VAV
60 7 ~ % 5 120° CONOUCTION / //
8 7/ = [ (3 PHASE, HALF WAVE OR
R s A 5 FULL WAVE. OR
7 / % |— 6 PHasEWiTH \/L\/ /
2 Vi & INTERP HASE) /
A s g
10 ,]\ T, 25 ] ™~ "0c. coNTiNuOU:
i g / /
50 ,,' 1 a /
] E
40 / 1 % 20 / 7
20 2 7
[ g / 7§\ 180° CONOUCTION
10 ERR) / 4 (1 PHASE, HALF WAVE
: % OR FULL WAVE)
06 &
1
04 J, 10
02 I, I
01 0
0 04 08 12 16 20 2.4 0 10 2 0 ) 50 60
Ve, MAXIMUM FORWARO VOLTAGE OROP (VOLTS) Ie(av), AVERAGE FORWARD CURRENT (AMPS)
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— Silicon Rectifiers

TN3491 thru 1N3495 (continued)
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FIGURE 3 — MAXIMUM CURRENT RATINGS
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FIGURE 4 — MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE
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—— Silicon Rectifiers
TN3491 thru 1N3495 (continued)

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 6 — RECTIFICATION EFFICIENCY FIGURE 7 — REVERSE RECOVERY TIME
100 == k]
\\"\ L 2
'\\\ Bany
70 _ AN
R N \\\\ kK \ N T,=25°C
® w10
: N N £ N
2 5% T,=175% % 70
S N g
£ 3
= 8 . <
&2 50 I = 54
g = 1A
5 CURRENT NPUT WAVEFORM £ 1A
2 \ & 1 - N N
W |- K | NN
™N N
20 | 0= S
L l l I I - N
L I M
20 Lt [ 1Elt 10 Lo gt
10 20 30 50 70 10 2 30 5 70100 0l 02 03 05 07 10 20 30 50 70 10
REPETITION RECOVERY (kHz) In/If, RATIO OF REVERSE TO FORWARQ CURRENT
FISURE 8 — JUNCTION CAPACITANCE FIGURE 3 — FORWARD RECOVERY TIME
1000 10 T | 1
+——
700 - 1,=2°C
” Y Uf\’:l
300 EN S 7
N Ty=25°C = 05 -t~ Ut //
g z
ot =
2 NJ 5] v =1V
E 3
g 8 03 L
B3 g L—1
S50 - H L+
H = 02
30 &
1 se=a2v
0
L1 ‘
10 [
L0 200 30 50 70 10 20 30 50 70100 10 20 30 50 70 10
Vg, REVERSE VOLTAGE (VOLTS) if, FORWARO PULSE CURRENT (AMPS)
ity - oreow MOUNTING PROCEDURES
10SM.Acs 0.2C/W ¥
a1
SHOULOER RiNG Ly M Motorola MR322-MR331 and 1N3491-1N3495 rectifiers are designed to be press-fitted in a heat sink in
1 :T: G order to attain full device ratings. Recommended procedures for this type of mounting are as foliows :
— _W ¥ EW A 1. Drill a hole in the heat sink 0.499 = .001 inch in diameter.
v ( [ 0443 - nrxn 2. Brelnka(h: hc:l‘: edge as shown to prevent shearing off the knurled edge of the reciifier when it is
u pressed into the hole.
HEAT SINK MOUNTING 3. The depth and width of the break should be 0.010 inch maximum to retain maximum heat sink

surface contact.
ADOITIOML . To prevent damage to the rectifier during press-in, the pressing force should be applied only on
HEAT SNK PLATE the shoulder ring of the rectifier case as shown in the figure.
The pressing force should be applied evenly about the shoulder ring 10 avoid tilting or canting
of the rectifier case in the hole during the press-in operation. Also, the use of a light industrial
lubricant will be of considerable aid.

IS

Py

RIITIE

COMPLETE KNURL ™~ Th

INTIMATE
CONTRCT RREA CONTACT AREA CHASSIS
THIN-CHASSIS MOUNTING
NOTE: !
Refer to Motorola PR-104 for it ing methods, and information.




——— Silicon Rectifiers ——

1n4001 thrv 1n4007

<5
il
ulﬂ

0-1000 V

R=

—— CATHODE . g P : s
Surmetic rectifiers, subminiature size, axial lead

mounted rectifiers for general purpose low-power ap-

plications.
CASE 59

MAXIMUM RATINGS

— | Nl @[ w ] 0|~
: g g 8lglg g 8lum
Rating Symbol | | S| S| S| S| F| | Unit
Z | Zz|lZz|Z2|lZz|Z2|Z
Peak Repetitive Reverse Voltage vRM(rep)
Working Peak Reverse Voltage vRM(Wkg) 50 | 100 | 200 | 400 | 600 | 800 | 1000| Volts
DC Blocking Voltage VR

Non-Repetitive Peak Reverse Voltage

(halfwave, single phase, 60 Hz peak) vRM(non—rep) 60 | 120 | 240 | 480 | 720 | 1000 | 1200| Volts

RMS Reverse Voltage Vr 35 70 | 140 | 280 | 420 | 560 | 700 | Volts

Average Rectified Forward Current
(single phase, resistive load, 1 1.0 Amp
60 Hz, see Figure 6, Ty = 75°C)

Non-Repetitive Peak Surge Current

(surge applied at rated load 1 30 (tor 1 cycle) Amp
conditions, see Figure 2) FM(surge)

Operating and Storage Junction - °
Temperature Range TJ’ Tst.g 65 to +175 c

ELECTRICAL CHARACTERISTICS

Characteristic and Conditions Symbol Max Unit

Maximum Instantaneous Forward Voltage Drop VF Volts
(iF = 1.0 Amp. T =25°C) Figure 1 1.1

Maximum Full-Cycle Average Forward Voltage Drop VF(AV) Volts
(I0 =1.0 Amp, TL =753C. 1inch leads) 0.8

Maximum Reverse Current (rated dc voltage) TJ = 25°C IR 0.01 mA
b 100°C 0.05

Maximum Full-Cycle Average Reverse Current IR(AV) mA

(10 =1.0 Amp. Ty, = 75°C. 1 inch leads)

MECHANICAL CHARACTERISTICS

CASE: Void free, Transfer Molded

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 350°C, 3" from
case for 10 seconds at 5 Ibs. tension

FINISH: All external surfaces are corrosion-resistant, leads are readily solderable
POLARITY: Cathode indicated by color band
WEIGHT: 0.40 Grams (approximately)



——— Silicon Rectifiers

TN4001 thru TN4007 (continued)

FIGURE 1 — FORWARD VOLTAGE FIGURE 2 — MAXIMUM SURGE CAPABILITY
O T T = o 10
] = £ FANWAWAN
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£ 50 SURGE APPLIED AT NO H
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FIGURE 4 —TYPICAL TRANSIENT THERMAL RESISTANCE
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FOR fy,y) VALUES AT PULSE WIDTHS LESS THAN 3.0 ms. THE ABOVE CURVE
CAN BE EXTRAPOLATED DOWN TO 10 ,.s AT A CONTINUING SLOPE OF 172



1N4001 thru 1N4007 (continued)

Ir, FORWARD CURRENT (AMP)

IF(avq). AVERAGE FORWARD CURRENT (AMP)

.1, THERMAL RESISTANCE,JUNCTION-TO-LEAD (°C/W)

Silicon Rectifiers

CURRENT DERATING DATA

FIGURE 5 LEAD TEMPERATURE DERATING (DC ONLY)

FIGURE 6 — RESISTIVE,INDUCTIVE LOADS
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FIGURE 7 — CAPACITIVE LOADS NOTES
20
NOTE 1
Data shown for thermal resistance junction-to-ambient (8,4) for the mountings
f 6’0 W shown is te be used as typica) guideline values for preliminary engineering or in
1.5 case the tie point temperature cannot be measured.
\b lp = 10k, TYPICAL VALUES FOR ¢, IN STILL AIR
L= 1/32 L~ -t
) i iy
0 *
P——] T LT
\\,\‘ P.C. 80ARD
?\Q\ \\ MOUNTING METHOD 1 MOUNTING METHOD 2
s ! e NN MDUNTING | LERD LENGTH, LUN)
T 20Kl METHOD (1732 [ 3/8 | 1 | "
- } 1 — |75 {85 [*Ciw
[ 2 55 72 85 |°C/W
0 20 40 60 80 100 120 140 16D 180 200 *Using Mounting Method 1 or 2 with L = 1 the curve marked ° in Figure
6 can be used for 60 Hz half-wave resistive/inductive load (Rating s
T., LEAD TEMPERATURE (°C) Ambient Temperature). The abscissa of Figure 6 then indicates T, in °C.
NOTE 2
ok Poy
YCLE, 0 -
FIGURE 8 — STEADY-STATE THERMAL RESISTANCE OUIYOYCLE, 0 =t/
80, T PEAK POWER, Py, is peak of an
i equivalent square power pulse.
70| L—’l——‘
To determine maximum junction temperature of the diode in a
anl given situation, the following procedure is recommended:
The temperature of the lead should be measured using a thermocouple placed
5 on the lead as close as possibte to the tie point. The therma) mass connected to
MAXIMUM L~ the tie paint is normally large enough so that it will not significantly respond to
N heat surges generated in the diode as a result of pulsed operation once steady-
? L state conditions are achieved. Using the measured value of Ty, the junction
a0 TYPICAL temperature may be determined by:
" T=T+ T
20 / where /. Ty is the increase in junction temperature above the lead temperature.
It may be determined by:
10
ATy =Py [ Aui(y* D411 -0l Burge 4 ) + Aitie) — oty
% Y % 1 % A % 1 1% 1% where fy (y; ~ value of transient thermal resistance at timet, f.e.:

L, LEAD LENGTH (INCHES)

3-8

Ouye +tp) = value of fyq iy at time tt,
Buepepl = value of By (o) at end of pulse width ¢,
OJ,_““ = value of 8,y at time ¢




—— Silicon Rectifiers

1N4001 thru TN4007 (continued)

TYPICAL DYNAMIC CHARACTERISTICS

FIGURE 9 — FORWARD RECOVERY TIME

FIGURE 10 — REYERSE RECOVERY TIME

20 ot 2
Vi y
£ % =
2 10— A ET
) 1 4 w
H — * =
= V] PR
2 4 g o q
g 08 g
&
- /| z
g u o d £ a0
£ ot T T~ 8
s &
502 | T £ 20
& T v, = 20V
y ]
01 02 03 05 07 10 20 30 S0 70 10 01 02 03 05 07 10 20 30 50 70 1
7, FORWARO CURRENT (AMP) {a/4r, DRIVE CURRENT RATI0
FIGURE 11 — RECTIFICATION WAVEFORM EFFICIENCY FIGURE 12— JUNCTION CAPACITANCE
10 TSR ==
DATA NORMALIZEQ —F= 0 T, =25
07 TO 1.0 kHz VALUE = N 50
LIl b N
. s /- MEASUIRED DATA - NONN 30
S ~ o — —
§ o \\\TJ—VSC NN 520 -
= DAN =] i
Z NN E 0
= CURRENT INPUT WAVEFDRM NGRS € 10
& NN 3 50
RS AVAVAV ¢ ~
N 30
|| N .
01 10
10 20 30 5070 10 20 30 50 70 100 200 01 0203 050710 2030 507010 20 30 50 70100

REPETITIDN FREQUENCY (kHz)

Ve, REVERSE VDLTAGE (VOLT)

RECTIFIER EFFICIENCY NOTE

FIGURE 13 — SINGLE-PHASE HALF-WAVE RECTIFIER CIRCUIT

R,
RS Vo

N

The rectitication efficiency factor o shown in F-gure 11 was calculated using the
formula:

Volde)
o 0%

-
Violac) + Vipido)

Pac

For a sine wave input V., sin (et} to the diode, assumed lossless, the maximum theoretica
efficiency factor becomes

Vi
=R,

o(sme»:TL' 100% = —  100% - 406% @
4R vt

R,
square” gt 0% 0% O

I

For a square wave input of amplitude V...,
the efficiency factor becomes:

{A full wave circuit has twice these efficiencies)

As the frequency of the input signat is increased, the reverse recovery time of the diode
(Figure 10) becomes significant, resulting in an increasing ac voltage component across
Ry which is opposite in polarity to the forward current, thereby reducing the value of the
efficiency factor o as shown on Figure 11.

It shouid be emphasized that Figure 11 shows waveform efficiency only; it dees not
provide a measure of diode losses. Data was obtained by measuring the ac component of
Vo with a true rms ac voltmeter and the dc component with a dc voltmeter. The data was
used in Equation 1 to obtain points for Figure 11.
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——— Silicon Rectifiers

1N4933 ihrv 1n4937 (siLicon) lo=1.0-30 A

1N3879 thru IN3883 — 1N3889 thru 1N3893 Ve = 50-600V
1N3899 thru 1N3903 — 1N3909 thru 1N3913

MR830 thru MR836 — MR1366, MR1376,

MR1386, MR1396

Fast recovery silicon rectifiers designed for special
applications such as high frequency rectification, in-
verters, free-wheeling diodes, and other fast switching
circuits. A complete line of rectifiers having typical
recovery timeof 0. 1 microseconds providing high effi-
ciency at frequencies of 250 kHz and higher.

MR830-MR836

CASE 60
3,
1N3899-1N3903 1N3879-1N3883
MR1386 MR1366
1N3909-1N3913 1N3889-1N3893
MR1396 MR1376
1N4933-1N4937 \
CASE 59 CASE 42 CASE 56A (p0O-4)
(DO-5)
MAXIMUM RATINGS
IO* IFM(Snge)** VRM(rep} vRM(wkg)’ VR(Volts)

Ampere Ampere 50 100 200 300 400 600
1.0 30 1N4933 | 1N4934 |1N4935 - 1N4936 |1N4937
3.0 100 MR830 [ MR831 |MR832 - MR834 |MR836
6.0 150 1N3879 | 1N3880 |1N3881 | 1N3882 | 1N3883|MR1366
12 200 1N3889 | IN3890 |1N3891 | 1N3892 | 1N3893 | MR1376
20 225 1N3899 | 1N3900 |1N3901 | 1N3902 | 1N3903 [MR1386
30 300 1N3909 | 1N3910 {1N3911 [ 1N3912 | 1N3913 | MR1396

* Figure 3 ** Figure 4

THERMAL CHARACTERISTICS

Characteristics Symbol Max Limit Unit

Maximum Junction Operating TJ -65 to +150 “C
Temperature Range

Maximum Case Storage Tstg -65 to +175 e

Temperature Range
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———— Silicon Rectifiers

1N4933 thru 1N4937 (continued)

ELECTRICAL CHARACTERISTICS

Characteristics Symbol Max Limit Unit

1N4933 thru 1N4937

DC Forward Voltage Drop (]F =1.0 Adc, TA =25°C) VF 1.2 Vde

DC Reverse Current (Rated VR) TA =25°C IR 5.0 nA
TA =100°C 100

MR830 thru MR836

DC Forward Voltage Drop (IF = 3.0 Adc, TA =25°C) VF 1.1 Vde

DC Reverse Current (Rated VR) TA =25°C IR 0.05 mA
TA =100°C 2.5

1N3879 thru 1N3883, MR1366

DC Forward Voltage Drop (IF = 6.0 Adc, TC =25°C) VF 1.4 vde

DC Reverse Current (Rated VR) TA =25°C IR 0.015 mA
TA =100°C 1.0

1N3889 thru 1N3893, MR1376

DC Forward Voltage Drop (IF =12 Adc, Tc = 25°C) vF 1.4 Vde

DC Reverse Current (Rated VR) Tc =25°C IR 0.025 mA
’I‘C =100°C 3.0

1N3899 thru 1N3903, MR1386 .

DC Forward Voltage Drop (IF = 20 Adc, ’I‘A =25°C) VF 1.4 Vde

DC Reverse Current (Rated VR) TA =25°C Iz 0.05 mA
TA =100°C 6.0

1N3909 thru 1N3913, MR1396

DC Forward Voltage Drop (lF = 30 Adc, TA =25°C) Ve 1.4 vde

_ ge0

DC Reverse Current (Rated VR) TA =25°C IR 0.08 mA

TA =100°C 10
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——— Silicon Rectifiers

1N4933 thru 1N4937 (continued)

REVERSE RECOVERY TIME CHARACTERISTICS FIGURE 1 — TYPICAL RECOVERY PATTERN
Characteristics Symbol Max Limit Unit I I
Maximum Reverse Recovery Time oy po
(ll7 = 1.0 Amp min, Figure 2 test T T N
circuit) All Types 0.2 1,0AMP DWISIION -
Maximum Overshoot Current [ Amp 4
(Figure 2) had R0 7 los
1N4933, MR830, 1N3879, 1N3889 Series| REFERENCE \\ r
MR1386, MR1367 2.0
13890, 1N3909 Series 1
MR1386, MR1396 3.0 25 nS/DIVISI?N
FIGURE 2 — TEST CIRCUIT
~ TEKTRONIX $45A, K PLUG-IN
1 PRE-AMP, P8000 PROBE OR EQUIVALENT
P R) = ADJUST TO APPROXIMATELY 1.4 6
T v 1 50 W TO GIVE A MAX 1| WHICH 8 NOT GREATER
7 L\ NON-INDUCTIVE THAN THE MAX 8PECIFIED VALUE. t_ B
[ 4 THEN MEASURED.

C. P. CLARE
HPG 1002
R,
- 2 +
30 Vde p——0
CONSTANT VOLTAGE lsbg oF o
SUPPLY R
+0- g

UNIT
# UNDER TEST

R, - TEN1.0W, 109, 15 CARBON COMPOUND
RESISTORS IN PARALLEL
T, = 257’ °C FOR RECTIFIER

MINIMIZE ALL LEAD LENGTHS

1.8 Adc FROM CONSTANT VOLTAGE SUPPLY
RIPPLE = 3,0 mV RMS MAX

2y = 1/2 B Max de to 2.0 kHz.

FIGURE 3 — MAXIMUM CURRENT RATING FIGURE 4 — MAXIMUM ALLOWABLE SURGE CURRENT
Il (60 Hz, RESISTIVE GR INDUCTIVE LOAD) 100 LALR.L A S St i
= " N N 0 . N SURGE APPLIED AT RATED [ l
g STUD MOUNTED TYPES 8% N LOAD CONDITIONS

00 L [>3=
gt 55, ™. || VRwrep) APPLIED AFTER SURGE |
5 w2 NG
2 5 4 :—: §|
E N Zw N
] LEAD MOUNTED TYPES \ g g ~
w50 - 15 a I \4
; \ <} - N‘Ny....
i \ L a5 =1 CYCLE
Q25 8]
& -
s
a
0
0 25 50 75 100 125 150 175 200 1 2 4 6 810 20 40 60 80 100

T¢, CASE TEMPERATURE (“C) — STUD MOUNTED
Tar AMBIENT TEMPERATURE (°C) — LEAD MOUNTED

3-12
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——— Silicon Rectifiers

MR8 10 thrv Mr812 (siLicoN) lo=0.75-30 A

MR814, MR816, MR840 thru MR842

Vi =50-600V

MR844, MR846, MR880 thru MR882
MR884, MR886, MR890 thru MR892
MR894, MR896

MR840 thru MR842
MR844, MR846

CASE 60

Fast recovery silicon rectifiers designed for special
applications such as high frequency rectification, in-
verters, free-wheeling diodes, and other fast switching
circuits. A complete line of rectifiers having typical
recovery timeof 0.5 microseconds providing high effi-
ciency at frequencies of 50 kHz and higher.

MR890 thru MR892 MR880 thru MR882

MR894, MR896 MR884, MR886
MR810 thru MR812
MR814, MR816
CASE 59 CASE 42 CASE 56A (p0O-4)
(DO-5)
MAXIMUM RATINGS
* *k
Io IFM(surge) VRM(rep)’ VRM(wkg)’ VR (volts)
A mpere Ampere 50 100 200 400 600
0.75 30 MR810 | MR811 | MR812 | MR814 | MR816
3.0 100 MRS840 | MR841 | MR842 | MR844 | MR846
12 200 MR880 | MR881 | MR882 | MR884 | MR886
30 350 MR890 | MR891 | MR892 | MR894 | MR896
* Figure 3 ** Figure 4

THERMAL CHARACTERISTICS

Characteristics Symbol Max Limit Units
Maximum Junction Operating T -65 to +150 °C
J
Temperature Range
Maximum Case Storage Temperature T -65 to +175 °C
stg
Range
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—— Silicon Rectifiers

MR810 thru MR812 (continued)

ELECTRICAL CHARACTERISTICS

Characteristic Symbol Max Limit Unit
MR810 - MR816
DC Forward Voltage Drop
- - 95°( v Vde
(IF—LOAdc, TA_25 C) F 1.4
DC Reverse Current
(Rated V) T, =25°C r 0.01 mA
Ty = 100°C 0.2
MR840 - MR846
DC Forward Voltage Drop
_ N B e \s Vde
(IFv3.0Ad1_, TA'25 C F 1.4
DC Reverse Current 1 mA
(Rated V) T, =25°C R 0.075
R A
TA = 100°C 3.5
MR880 - MR886
DC Forward Voltage Drop
(I_ =12 Ade, T =25°C) Vr 1.4 vae
F C
DC Reverse Current I mA
(Rated VR) T =25°C R 0.5
C
TC =100°C 4.0
MR890 - MR896
DC Forward Voltage Drop
(I, =30 Ade, T =25°C) Vr 1.4 Vde
C
DC Reverse Current 1 mA
(Rated VR) TC =25°C R 1.2
TC =100°C 15
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— Silicon Rectifiers

MR810 thru MR812 (continued)

REVERSE RECOVERY TIME CHARACTERISTICS FIGURE 1 — TYPICAL RECOVERY PATTERN
Characteristic Symbol Max Limit Unit [ ]
Maximum Reverse Recovery Time t b | t
(15 =1 Amp min, Figure 2 test r 1.0 us 1.'0 AMP/DIVISION T~
cireuit) All Types | / /,
Maximum Overshoot Current 1 REFZ[?EDNCEf' g
(Figure 2) o8 E I N
MR810, 840, 880 Series 2.0 Amp 1 |
MR890 Series 50 100 ns/DIVISION
>

FIGURE 2 — t.. TEST CIRCUIT

N , TEKTRONIX 545A, K PLUG-IN
o PRE-AMP, P6000 PROBE OR EQUIVALENT
115 Vae Ry 30 Ry~ ADJUST TO APPROXIMATELY 1.4
o 3.0 + 50 W
60 Hz 898 L+ non-mpverive TO GIVE A MAX I WHICH 5 NOT GREATER
[ 4 T THAN THE MAX SPECIFIED VALUE. 118
N / UNDER TEST THEN MEASURED.
R, = TEN1.0W, 108, I CARBON COMPOUND
4 N RESISTDRS IN PARALLEL
C. P. CLARE 10
NG 1002 1.0 AMP TA = 25 -0 C FOR RECTIFIER
SLO-BLO
FUSE R MINIMIZE ALL LEAD LENGTHS
o—e 2 .
30 Vo r—
CONSTANT VOLTAGE A< 1.OuF 1. 0uF -1 1.0 Adc FROM CONSTANT VOLTAGE SUPPLY
SUPPLY 300 v o0 v _ RIPPLE - 3.0 mV RMS MAX
© Oz :1/20Max de to 2.0 kHz.
out
' A o ' T T 100) TTTIIT T T 1T
(50 Hz. RESISTIVE OR tNDUCTIVE LOAD) . SURGE APBLIED AT RATED | | ”
STUD MOUNTED TYPES & \\ LOAD CONDITIONS
/ Kl N v APPLIED AFTER SURGE
b RM(rep) .
a E ~
a 2 RN
= N
i k
N Q
5 £
- o
p LEAD MOUNTED TYPES \ e @ 50 I ~
© 50 z o \\
w3 NN
Sl 4 Pttt
25 1 CYCLE
N 872 2
[
0 25 50 75 100 125 150 175 200 1 2 4 6 810 20 40 §0 80100
T, CASE TEMPERATURE (°C) — STUD MOUNTED NUMBER OF CYCLES AT 60Hz

Ty, AMBIENT TEMPERATURE (°C) — LEAD MOUNTED
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THYRISTORS and TRIGGERS

SILICON CONTROLLED RECTIFIERS,
4-LAYER DIODES,
UNIUNCTION TRANSISTORS

THE FOLLOWING THYRISTORS
ARE INCLUDED IN THIS SECTION

SILICON CONTROLLED

RECTIFIERS

2N2322 2N4200 2N4216 2N5062
2N2323 2N4201 2N4441 2N5063
2N2324 2N4202 2N4442 MCR1906-1
2N2325 2N4203 2N4443 MCR1906-2
2N2326 2N4204 2N4444 MCR1906-3
2N4151 2N4212 2N4870 MCR1906-4

thru 2N4213 2N4871 MCR2818
2N4198 2N4214 2N5060 MCR2835
2N4199 2N4215 2N5061 MCR2918

MCR2935
UNIJUNCTION 4-LAYER DIODES 3-LAYER DIODES
TRANSISTORS
2N2646 M4L20M-3 MPT28
2N2647 thru MPT32
2N3980 50M-28 MPT36
2N4851 M4L20-3
2N4852 thru
2N4853 50-28
M4L20A
thru
50A
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——Silicon Controlled Rectifiers

| I, = 1.6 ARMS
2N2322 thru 282326 (siLicon) s A 200 Y

All-diffused PNPN thyristors designed for gating
operation in mA /uA signal or detection circuits.

CASE 31A
(TO-5)

MAXIMUM RAT'NGS;*(TJ = 125°C unless otherwise noted, Rgx == 1000 ohms)

Rating Symbol Value Unit
Peak Reverse Blocking Voltage \'s Volts
(Note 1) aN2322 RXM(rep) 25
2N2323 50
2N2324 100
2N2325 150
2N2326 200
Non-Repetitive Peak Reverse Blocking Voltage V. Volts
(t < 5.0 ms) IN2322 RXMfon-rep) | 4
2N2323 75
2N2324 150
2N2325 225
2N2326 300
Forward Current RMS If 1.6 Amp
(All Conduction Angles)
Peak Surge Current I 15 Amp
(One-Half Cycle, 60 Hz) FM(surge)
No Repetition Until Thermal
Equilibrium is Restored
Peak Gate Power — Forward PGFM 0.1 Watt
Average Gate Power — Forward pGF(AV) 0.01 Watt
Peak Gate Current — Forward IGFM 0.1 Amp
Peak Gate Voltage — Forward VGFM 6.0 Volts
Reverse VGRM 6.0
Operating Junction Temperature Range TJ -65 to +125 °Cc
Storage Temperature Range Tstg -65 to +150 °cC
Lead Solder Temperature - +230 °cC
(>1/16" from case, 10 sec. max)

* JEDEC Registered Values

52



2N3222 thru 2N2326 (continued)

Silicon Controlled Rectifiers

ELECTRICAL CHARACTERISTICS (1. = 25*C unless otherwise noted, Rex = 1000 ohms)

Characteristic Symbol Min Max Unit
Peak Forward Blocking Voltage (Note 1) VFXM Volts
2N2322 25% -
2N2323 50* -
2N2324 100* -
2N2325 150* -
2N2326 200* -
Peak Reverse Blocking Current IRXM uA
{Rated VR.XM' TJ =125°C) - 100*
Peak Forward Blocking Current FXM uA
(Rated VFXM‘ TJ =125°C) - 100*
Forward "On" Voltage Ve Volts
(IF=1.0A Peak) - 1.5
(IF =3.14A Peak, TC = 85°C) - 2.0%
Gate Trigger Current (Note 2) IGT uA
{Anode Voltage = 6.0 Vdc, RL =100 ohms) - 200
{Anode Voltage = 6.0 Vdc, RL =100 ohms, TC = -65°C) - 350*
Gate Trigger Voltage VGT Volts
{Anode Voltage = 6.0 V, RL =100 ohms) - 0.8
{Anode Voltage = 6.0 V, RL =100 ohms, TC = -65°C) - 1.0%
= = = ° . 1% -
{Anode Voltage = Rated VFXM’ RL 100 ohms, TJ 125°C) 0.1
Holding Current ]HJ( mA
{Anode Voltage = 6.0 V) - 2.0
{Anode Voltage = 6.0V, To= -65°C) - 3.0*
{Anode Voltage = 6.0V, TC =125°C) 0.15* -
Turn-On Time ton Circuit dependent,
R consult manufacturer
Turn-Off Time toee

* JEDEC Registered Values

Notes: 1. Vaxm and Vixy can be applied for all types on a continuous dc
basis without incurring damage.

2. Rgucurrent is not included in measurement.
Thyristor devices shall not be tested with a constant current source for for-

FIGURE 1 — CASE TEMPERATURE vs CURRENT

ward or reverse blocking capability such that the voltage applied exceeds
the rated blocking voltage.

Thyristor devices shall not have a positive bias applied to the gate concur-
rently with a negative potential applied to the anode.

FIGURE 2 — AMBIENT TEMPERATURE vs CURRENT

gm0 Suo NOTES: i T
g l & (1) C. 165, 3¢5, 65, CIRCUIT — RESISTIVE OR
£ gl INOUCTIVE LOAD. 50 TO 400 Hz
il & (2 125°C UNCTION TEMPERATURE |
: Z100 } z
\\ oole—ed 180° = 0 130°
N CONUUCTION ANGLE Z g CONDUCTION ANGLE
ANSY H
30° ] ppot D) = N
60 60
%° N N g \
N N £,
N ERY \Q \
=
g 180°
\ £ 30° n°\ d
N H [} \ c
dc S‘ 0 §0° 120°
02 14 16 i) 0.1 0§ D7

02 03 04 05
[g(ay). AVERAGE FORWARD CURRENT (AMP)




Silicon C;:n'roHed Rectifiers

2N41571 thru 284198 (s11cON) l’,:: A,= 25.600 V
rep)

oo

2N4151.58 2N4159-66 2N4167-74 2N4175-82 2N4183-90 2N4191-98
CASE 85 CASE 85L CASE 86 CASE 86L CASE 87L  CASE 88L

o o

Multi-purpose silicon controlled rectifiers suited for industrial, consumer,
and military applications. Offered in a choice of space-saving, economical
packages for mounting versatility.

MAXIMUM RATINGS

(Apply over operating temperature range and for all case types unless otherwise noted)

Rating Symbol Value Unit
Peak Reverse Blocking Voltage* v, * 1 Volts
2N4151, 59, 67, 75, 83, 91 ROM(rep) 25
2N4152, 60, 68, 76, 84, 92 50
2N4153, 61, 69, 77, 85, 93 100
2N4154, 62, 70, 78, 86, 94 200
2N4155, 63, 71, 79, 87, 95 300
2N4156, 64, 72, 80, 88, 96 400
2N4157, 65, 73, 81,89, 97 500
2N4158, 66, 74, 82, 90, 98 600
Non-repetitive Peak Reverse Blocking Voltage v, Volts
3N4151, 59, 67, 75, 83,81 | ROM(non-rep) 5
2N4152, 60, 68, 76, 84, 92 100
2N4153, 61,69, 77, 85, 93 150
2N4154, 62, 70, 78, 86, 94 300
2N4155, 63, 71, 79, 87,95 400
2N4156, 64, 72, 80, 88, 96 500
2N4157, 65, 73, 81, 89, 97 600
2N4158, 66, 74, 82, 90, 98 700
Forward Current RMS II 8.0 Amp
Circuit Fusing Considerations 12t A2g
(TJ = -40 to +100°C; t = 8,3 ms) 40
Peak Forward Surge Current ¥ 1 ¥ Amp
(One cycle, 60 Hz, T, = -40 to +100°C) FM(surge) 100
Peak Forward Gate Power T Porm! 5.0 Watt
Average Forward Gate Power T PGF (AV)T 0.5 Watt
Peak Forward Gate Currentt IGFMT 2.0 Amp
Peak Gate Voltage — Forward** VGFM“ 10 Volts
Reverse VGRM 10
Operating Temperature Range T Tt -40 to +100 °C
Storage Temperature Range t Tsth -40 to +150 °C
Stud Torque 2N4167-2N4182 15 in. 1b,
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«——Silicon Controlled Rectifiers mmmm—

2N4151 thru 2N4198 (continued)

THERMAL CHARACTERISTICS

L Characteristic Symbol Typ Max Unit

[ Thermal Resistance, Junction to Case 95c 1.5 2.5% °c/wW

Thermal Resistance, Case to Ambient [} CA °c/w
(See Fig. 11) 2N4151-66, 2N4183-98 50 —_

*VROM(rep) forall types can be applied on a continuous dc basis without incurring damage. Ratings apply
for zero Or negative gate voltage. Devices should not be tested for blocking capability in a manner such
that the voltage applied exceeds the rated blocking voltage.

**Devices should not be operated with a positive bias applied to the gate concurrently with a negative poten-
tial applied to the anode.

T JEDEC Registered Values

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

Characteristic Symbol Min Max Unit

Peak Forward Blocking Voltaget v T Volts

(T. = 100°C) 2N4151, 59, 67, 75, 83, 91 FOM 25 —
J 2N4152, 60, 68, 76, 84, 92 50 —_
2N4153, 61, 69, 77, 85, 93 100 —

2N4154, 62, 70, 78, 86, 94 200 _

2N4155, 63, 71,79, 87, 95 300 _

2N4156, 64, 72, 80, 88, 96 400 -

2N4157,65,73,81,89,97 500 -—

2N4158, 66, 74, 82, 90, 98 600 —

Peak Forward Blocking Currentt IFOMT mA
(Rated VFOM @ TJ = 100°C, gate open) —_ 2.0

Peak Reverse Blocking Current? XROMT 20 mA
(Rated VROM @ ’l‘J = 100°C, gate open) —

Gate Trigger Current (Continuous dc)** IGT” mA
(Anode Voltage = 7.0 Vde, R = 100 Q) — 20
(Anode Voltage = 7.0 Vde, RL = 1009 T(,: -40°C)T —_ 501

Gate Trigger Voltage (Continuous dc) VGT Volts
(Anode Voltage = 7.0 Vdc, RL = 10092) — 15
(Anode Voltage = 7.0 Vdc, Ry = 1002, T, = -40°C)t — 2.5%

(Anode Voltage = 7.0 Vde, Ry = 1009, T = 100°C) T 0.2 —

Forward "On" Voltage (pulsed, 1.0 ms max, duty cycle < 1%) Vr Volts
Ip=5.04) — 1.3
(Ip=15.7A)t — 2.0t

Holding Current XHO mA
(Anode Voltage = 7.0 Vdc, gate open) —_ 25
(Anode Voltage = 7.0 Vdc, gate open, Te = -40°C)T —_ 6071

Typical

Turn-On Time (tq + t;) t us
(g =20 mAde, Ip = 5.0 Adc) on 1.0

Turn-Off Time toff us
(IF = 5.0 Adc, XR = 5.0 Adc) 15
(IF= 5.0 Adc, IR= 5.0 Adc, TJ= 100°C) 25
(VFXM = rated voltage)

(dv/dt = 30 V/us)

Forward Voltage Application Rate dv/dt Vius

(Gate open, TJ = 100°C) 50

*Vpom for ail types can be applied on a continuous dc basis without incurring damage, Ratings apply for zero or negative gate voltage. These devices should
not. be tested with a coustant current source for forward or reverae biocking capability such that the voltage applied exceeds the rated blocking voltage,

*sFor optimum operation, i.e. faster turn-on, lower Switching losses, best di/dt capability, recommended Igy =200 mA.

1JEDEC Registered Values
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= Silicon Controlled Rectifiers

2N4151 thru 2N4198 (continued)

EFFECT OF TEMPERATURE UPON TYPICAL TRIGGER CHARACTERISTICS

FIGURE 1 — GATE TRIGGER CURRENT

FIGURE 2 — GATE TRIGGER VOLTAGE

16 — 16 r‘
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50§ v bos l J
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FIGURE 3 — 60 Hz SURGES FIGURE 4 — SUB-CYCLE SURGES
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z N a
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@ e n
Y N °
E2E 2
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FIGURE 5 — GATE TRIGGER CHARACTERISTICS FIGURE 6 — TYPICAL HOLBING CURRENT
20 T MAXIMUM AILOWASLE FORWARD GATE CURRENT 16
= lepm=20 AMP
=§g l\
10 %g 8 L5 v0LTS Peen = 5.0W " N
LS F s GATE VOLTAGE
== T
s 229 REQURED 0 TNIGGER e | < ho NORMALIZED—
~ 12E =] N 10 25°C
& 03 [EE | RECOMMENDED TRIGGER ERY A
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& £ Ne.
3 | g 10 <
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3 | AND CURRENT WITHIN THIS AREA 4]
% 1,=25°C, Y = 7D V) 5
| 208
20 mA GATE CURRENT REQUIRED s
| T0 TRIGGER ALL UNITS I
] o
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T T T -1 T T T 1 el B
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*Heat sink sufficient to maintain atlowable case temperature for 180 degree conduction angle during normal operation, see Figure 7.
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2N4151 thru 2N4198 (continued)

DERATING AND DISSIPATION FOR RESISTIVE AND INDUCTIVE
LOADS (f=60 to 400 Hz, SINE WAVE)

E1°C)

ERATUR

£ TEMPE

Te. MAXIMUM ALLOWABLE CAS:

HEAT SINK AREA (SQUARE INCHES)

i, INSTANTANEOUS FORWARD CURRENT (AMP}
~

FIGURE 7 — CURRENT DERATING

Silicon Controlled Rectifiers mm——

FIGURE 8 — FORWARD POWER DISSIPATION
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Silicon Controlled Rectifiers

2n4199 1hro 284204 Irirep) = 100 A

vROM(rep) =50V

Fast switching, high-voltage Thyristors especially
designed for pulse modulator applications in radar and
other similar equipment.

CASE 63

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Reverse Blocking Voltage* (TJ:105°C) VROM(rep)* 50 Volts
Repetitive Peak Forward Current I 100 Amp
(PW = 3.0 gs, Duty Cycle = 0. 6%, FM(rep)
TC = 85°C max)
Current Application Rate** di/dt** 5000 Alus
Peak Gate Power-Forward PorM 20 Watts
Average Gate Power-Forward PGF(AV) 1.0 Watt
Peak Gate Current- Forward XGFM 5.0 Amp
Peak Gate Voltage-Forward VGFM 10 Volts
Reverse *** VGRM *#* 10
Operating Junction Temperature Range TJ °C
Blocking State -65 to +105
Conducting State -65 to +200
Storage Temperature Range Tstg -65 to +200 °c
Stud Torque —_ 15 in. Ib,

*Characterized for unilateral applications where reverse blocking capability is not important.
Higher voltage units available upon request. Viomi.p May be applied as a continuous dc
voltage for zero or negative gate voltage but positive gate voltage must not be applied con-
currently with a negative potential on the anode. When checking blocking capability, do not
permit the applied voltage to exceed the rated voltage.

#*Minimum Gate Trigger Pulse: i = 200 mA, PW =1 s, t, = 20 ns.
*%%Do not reverse bias gate during forward conduction if anode current exceeds 10 amperes.
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Silicon Controlled Rectifiers

2N4199 thru 2N4204 (continued)

ELECTRICAL CHARACTERISTICS (7, = 25°C unless othermse noted)

Characteristic Fig. No. Symbol Min | Max | Unit
Peak Forward Blocking Voltage* 2N4199 VFOM' 300 — Volts
(TC: 105°C) 2N4200 15 400 e
2N4201 500 —
2N4202 600 —_
2N4203 700 —_
2N4204 800 —
Peak Forward and Reverse Blocking Current 7 lFOM —_ 2.0 mA
(Rated Viom 2 Vpom+ Tc = 105°C, gate open) Lom _ 2.0
Gate Trigger Current (Continuous dc) IGT mA
(Anode Voltage = 7.0 Vdc, Ry =100 ohms, T, = 25°C) 14 — 50
(Anode Voltage = 7.0 Vdc, RL = 100 ohms, TC = -65°C) — 100
Gate Trigger Voltage (Continuous dc) vGT Voits
(Anode Voltage = rated VF , R; =100 ohms, T.=105°C) 0.2 —
OM’ 'L C 12
(Anode Voltage = 7.0 Vde, Ry = 100 ohms, T 25°C) — 15
(Anode Voltage = 7.0 Vde, RL = 100 ohms, TC = -65°C) —_ 2.0
Holding Current lHO mA
(Anode Voltage = 7.0 Vde, gate open, T, = 105°C) 18 3.0 —
Forward ""On" Voltage VF Volts
(I =2 Adc, PW = 1.0 ms max, Duty cycle £ 1%) & - 1.5
Dynamic Forward "On" Voltage VF( ) Volts
(0. 5 s after 50% decay point on dynamic forward voltage waveform.) 7 on
Forward Current: 30 A pulse (PFN discharge circuit.) - 25
Gate Pulse: at 200 mA, PW = 1.0 s, t, = 20 ns
Turn-On Time s
Delay Time All types 1,9 ty —_ 200
Rise Time 2N4199 and 2N4200 L1 t — 200
2N4201 —_ 150
2N4202 — 130
2N4203 and 2N4204 — 100
Pulse Turn-Off Time 2,13 t us
Test Conditions: PFN discharge; Forward Current = 30 A pulse; off(pulse) -— 20
Reverse Current = 5.0A, Tg = 85°C, dv/dt = 250 V/us to Rated VroMm;
Reverse anode voltage during turn- o(l interval = 0 V;
Reverse gate bias during turn-off interval = 6.0 V.
Forward Voltage Application Rate (Linear Rise of Voltage) dv/dt V/us
("l‘C = 105°C, gate open) 16 250 —
Thermal Resistance (Junction to Case) 6 D -—_ 3.0 °C/W

*“Veou for all types can be applied on a continous dc basis without incurring damage. Ratings apply for zero or negative gate voltage. When
checking forward or reverse blocking capability, these devices should not be tested with a constant current source in a manner that the
voltage applied exceeds the rated blocking voltage. Other voltage units available upon request.

TEST CIRCUITS

FIGURE 1— TURN-ON TIME FIGURE 2 — TURN-OFF TIME
Va :%EETVVA FOR PN, Zo = 20 Q ¢ 200 HoH
FOM NAANS
- AAAS T 1.
L 4]200 H RECOVERY Y zmztu mmc[n REAPPUIED
01ODE ” FORWARD VOLTAGE,
. TS dv/dt = 250 V/ s
y e 10 RATED Vson
SouRCE ["L.| ]
LR 4 TRIGGER WH EN
ie) N DUT g ia
TLs Y| C
C=10uF
Rg= 100S _
1 fL=100 $ Shem20@ Vax
WA 0—

*Two MR1337-S fast racovery diodes in senes (use voltage sharing
work as described 1n Chapter 8 of Motorola Silicon Rectifier o)
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———Silicon Controlled Rectifiers

2N4199 thru 2N4204 (continued)

14, ULLAT 1IML 1AS)

t,, CURRENT RISE TIME (ns)

tow, PULSE TURN-OFF TIME {5}
-

SWITCHING CHARACTERISTICS TRIGGERING CHARACTERISTICS
FIGURE 9 — DELAY TIME FIGURE 10 — TYPICAL PULSE TRIGGER CHARGE/ CURRENT
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2N4199 thru 2N4204 (continued)

FIGURE 15 — TYPICAL BLOCKING VOLTAGE DERATING

Silicon Controlled Rectifiers mmm—

FIGURE 16 — TYPICAL dv/dt CAPABILITY
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FIGURE 17 — FORWARD BLOCKING CURRENT

Ve, GATE-TO-CATHDDE REVERSE VDLTAGE (VOLTS)

. FIGURE 18 — HOLDING CURRENT
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«———Silicon Controlled Rectifiers

2N4199 thru 2N4204 (continued)

FIGURE 3 — MAXIMUM ALLOWABLE FORWARD PULSE CURRENT
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- 20 circuits. L N N\ Lo checkedAas indicated in the design note.

10 20 30 50 70 10 20 3 S0 70 100 100 200 500 1k 2k 5k 10k 20k
PW, PULSE WIOTH (.5} 1, PULSE REPETITION RATE( Ha)
DESIGN NOTE

Use of Transient Thermal Resistance Data
A train of periodical power pulses can be represented by the model
shown in Fig. A. Using the model and the device thermal response, the
normalized effective transient thermal resistance of Fig. 6 was cal-
culated for various duty cycles from:

r)=D+(1-D)-r(ty +tp) + r(ta) -r(tp)
To find #ic(t)multiply the value obtained from Fig. 6 by the steady-
state value fic(=). Use3°C/W for worst-case results; use 2°C/W
for typical information.

DESIGN EXAMPLE

A 2N4199 discha-ging a PFN, transient power puise shown in Fig. C.
Conditians:  Vax = 150 V., Ik = 44 A, f = 5000 Hz.

Determine: 4T

Method 1: (See Fig. A) Pata is chosen to have the same energy as the
actual powér pulse, i.e.: the area under the curves are equal. Pa equals
the peak of the actual power pulse. At a pu'se repetition frequency of
5000Hzand Ta=2.14 ;s (D =0.0107); the reading on Fig. 6is 0.039.

AT = r(t)fic(=)Pa = (0.039) (3) (1000) = 120*C.

Method 2: For a power waveform where the time of the peak power
is short compared 1o the total transient, the foregoing method results
inan overly large safety factor. A pulse model closer to the real case
is shown in Fig. B.Using the transient thermal resistance information
torD=0inFig. 6, AT(t,) and & T (t) can be evaiuated from

ATty = [P, [T, + (1 =D,)- (T +T,) + D ~ (T
+P,[(1=-Dp) - r(T) + D, — r(T—T,)}]eJc(w)
AT(tg) = [P‘[r(Tﬁ- T2)+(1 =D er(T+T, +T)— r(T+ T r(T1)]
+ Py [T+ (1= Dy +r(T + Tp)+ By = 1(7)]] 6,0¢=)
The two results are compared; the one with higher value is taken for
worst-case design. For the problem. values for the equivalent pulses

of Fig. Bare Py= 1000 W, P, = 700 W, T; = 1.05 us, T2 = 1,55 us,
D,=5.25(10"%), D, = 7.75(107%).
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Silicon Controlled Rectifiers e

2N4199 thru 2N4204 (continued)

FIGURE 6 — NORMALIZED EFFECTIVE TRANSIENT THERMAL RESISTANCE
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————Silicon Controlled Rectifiers

aN4212 thew 284216 (siLicon) =16A

vRXM(rep) = 25-200 v

PNPN thyristors (silicon controlled rectifiers) de-
\ signed for operation in mA /uA signal or detectioncir-

\ cuits.

CASE 31A
(TO-5)

MAXIMUM RATINGS * (T

=125 C unless otherwise noted)

J
Rating Symbol Value Unit
Peak Reverse Blocking Voltage A N Volt
(Note 1) IN4212 RXM(rep) 25
2N4213 50
2N4214 100
2N4215 150
. 2N4216 200
Forward Current RMS If 1.6 Amp
(A1l Conduction Angles)
Peak Surge Current I 15 Amp
(One Cycle, 60 Hz) FM(surge)
No Repetition until
Thermal Equilibrium
is Restored
; -F ard .
Peak Gate Power orwar PGFM 0.1 Watt
Average Gate Power - Forward PGF(AV) 0.01 Watt
Peak Gate Current - Forward IGFM 0.1 Amp
Peak Gate Voltage - Forward VGFM 6.0 Volt
Reverse VGRM 6.0
Operating Junction Temperature TJ -65to +125 e
Range
Storage Temperature Range Tstg -65 to +150 °C
Lead Solder Temperature - +230 °C
(>1/16" from case, 10 sec. max)

* JEDEC Registered Values.

5-14



- Silicon Controlled Rectifiers

2N4212 thru 2N4216 (continued)

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted, R, = 1000 ohms)

Characteristics Symbol Min Max Unit
Peak Forward Blocking Voltage (Note 1) VFXM Volt
2N4212 25% -
2N4213 50* -
2N4214 100* -
2N4215 150* -
2N4216 200*
Peak Reverse Btocking Current IRXM - 200* nA
(Rated VRXM‘ TJ =125°C)
Peak Forward Blocking Current IFXM - 200* nA
(Rated VFXM‘ TJ =125°C)
Forward "On” Voltage VF - 1.5% Volt
(IF = 1.0 Adc peak)
Gate Trigger Current (Note 2) IGT uAde
{Anode Voltage = 7.0 V, RL =100 ochms}
(T =250 - 100
(’I‘C = -65°C) - 300*
Gate Trigger Voltage VGT Volt
(Anode Voltage = 7.0V, RL =100 ohms, ’I‘C =25°C) - 0.8
(Anode Voltage = 7.0 V, RL =100 ohms, ’I‘C = -65°C) VGT - 1.0*
(Anode Voltage = Rated VFXM’ RL =100 ohms, TJ =125"C) VGNT 0.1* -
Holding Current {Anode Voltage = 7.0 V) Te = 25°C Tix 3.0 mA
’I‘c = -65°C 7.0%
Turn-On Time t n
ol Circuit dependent,
Turn-Off Time to(f consutt manufacturer

*

JEDEC Registered Values
1. VRX
continuous dec basis without incurring damage.

2. RGK current is not included in measurement.

Notes: M and VFXM can be applied for all types ona

FIGURE 1 — CASE TEMPERATURE vs CURRENT

Thyristor devices shall not be tested with a constant current source
for forward or reverse blocking capability such that the vottage
applied exceeds the rated btocking voltage.

Thyristor devices shall not have a positive bias applied to the gate
concurrently with a negative potential applied to the anode.

FIGURE 2 — AMBIENT TEMPERATURE vs CURRENT
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Silicon Controlled Rectifiers

24441 1hrv 284444 (siLicon) i =8.0A

VroMirep) = 50-600 V

o~ Plastic thyristors (silicon controlled rectifiers) de-
- =) signed for high-volume consumer phase-control appli-
cations such as motor speed, temperature, and light
controls and for switching applications in ignition and
starting systems, voltage regulators, vending machines,
/3 CASE90  and lamp drivers,etc.
G

MAXIMUM RATINGS (’I‘J = 100" C unless otherwise noted)

Rating Symbol Value Unit
Peak Reverse Blocking Voltage A Volts
(Note 1) 2N4441 ROM(rep) 50
2N4442 200
2N4443 400
2N4444 600
Peak Reverse Blocking Voltage A Volts
(Non-Recurrent, t = 5.0 ms (max) ROM(non rep)
duration) 2N4441 5
2N4442 300
2N4443 500
2N4444 700
Forward Current RMS If Amps
(A1l Conduction Angles) 8.0
Peak Forward Surge Current I Amps
(1/2 cycle, 60 Hz, FM(surge)
T. = -40 to +100°C) 80
J
Circuit Fusing Considerations 12t Azs
(T =-40to +100°C;
t=1.0to 8.3 ms) 25
Peak Gate Power - Forward PGFM 5.0 Watts
Average Gate Power - Forward PGF(AV) 0.5 Watt
Peak Gate Current - Forward IGFM 2.0 Amps
Peak Gate Voltage - Forward VGFM 10 Volts
Reverse VGRM 10
Operating Junction Temperature
Range TJ -40 to +100 °c
Storage Temperature Range Tstg -40 to +150 °c
Mounting Torque (6-32 screw) - 12 in. lb.

(Note 2)
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Silicon Controlled Rectifiers m——

2N4441 thru 2N4444 (continued)

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

Characteristics Symbol Min Typ Max Unit
Peak Forward Blocking Voltage v
(T, =100°C) Note 1 FoM
J 2N4441 50 - - Volts
2N4442 200 - -
2N4443 400 - -
2N4444 800 - -
Peak Forward Blocking Cuarrent lFOM mA
(Rated VFOM @ T.] =100°C, gate open) - - 2.0
Peak Reverse Blocking Cuzrent IROM mA
(Rated Vaom @ T, = 100°C, gate open) - - 2.0
Forward "On" Voltage VF Volts
(15 = 5.0 A peak) - 1.0 1.5
(I = 15.7A peak) R . 2.5%
Gate Trigger Current (Continuous dc} lGT mA
(Anode Voltage - 7.0 Vdc, RL =100 ohms) TC = 25%C - 10 30
T, = -40°C - - 60 t
o]
Gate Trigger Voltage (Cantinuous dc) Volts
(Anode Voltage = 7.0 Vde, Ry =100 ohms) T, = 25°C Vor - 0.7 1.5
(Anode Voltage = 7.0 Vdc, R, = 100 ohme) T, = -40°%c| Vo - - 251
. R - 100% . -
(Anode Voltage = Rated vFOM. Ry =100 chms) TJ = 100°C VaNT 0.21
Holding Current lﬂo mA
(Anode Voltage = 7.0 Vde, gate open) T. = 25°C - 10 10
= -40° - -
TC = -40°C 701
Turn-On Time (on us
(I =5.0A, I, =20 mA) - 1.0 -
Turn-Off Time (0“ us
(IFzS.Ol\‘ ‘RSS‘O‘A) - 15 -
= = = 0, - -
(IF»S,OA,IR-SA)A, TJ-XOO C) 20
Forward Voltage Application Rate dv/dt V/us
(T} =100°C) - 50 -
Thermal Resistance, Junction to Case 8¢ - - 2.5 oc/w
Thermal Resistance, Case to Ambient 6ca - 40 - oc/w
$JEDEC registered. non-production line tests.
FIGURE 1 — CURRENT DERATING — HALF WAVE FIGURE 2 — TYPICAL PARAMETER
VARIATIONS vs TEMPERATURE
100 e T T T
GT NORMALIZED I ., Vo, 1
: : GT' 'GT' 'HO
s S L
e r 14 HO
\
FE £
S Ot=a-—7 #E =12
& ] E28
o NN o= conoucrionaae| SEE
g N §ic | Ve
=) ZEas 0
g u NN sog Yot
z SN N 855=
2 60" *90* 29228
= | *120° SO0 08
E =
£ =] \
3 ‘ I *180°
- ! |
»9 70 CASE MEASUREMENT POINT;WHEN UNIT o 0.6 HO
1S MOUNTED DOWN - ANODE LEAD 178" MAX 1 A
FROM CASE OTHERWISE CENTER OF GT
MOUNTING PAD l
04
1 2 3 4 5 § [] T4 25 0 25 50 75 100
Ig(av}, AVERAGE FORWARD CURRENT (AMPS} T,. JUNCTION TEMPERATURE { C)
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Silicon Controlled Rectifiers

2n5060 thru 285063 L=08A

vRXM(rep] =30-150V

{ PNPN plastic thyristors (silicon controlled recti-
fiers) designed for operation in low voltage mA/uA
switching and detection circuits.

\ A
CASE 29(10) c/ G
(TO- 92)

MAXIMUM RATINGS (TJ = 125°C unless otherwise noted)

Rating Symbol Value Unit
) e U .
Peak Reverse Blocking Voltage VRXM(rep) Volt
(Note 1) 2N5060 30
2N5061 60
2N5062 100
2N5063 150
Forward Current RMS If 0.8 Amp
Peak Surge Current I 6.0 Amp
(One Cycle, 60 Hz) FM(surge)
No Repetition until
Thermal Equilibrium
is Restared
Peak Gate Power - Forward PGFM 0.1 Watt
Average Gate Power - Forward PGF(AV) 0.01 Watt
Peak Gate Current - Forward IGFM 1.0 Amp
(300 s, 120 PPS)
Peak Gate Voltage - Forward VGFM 5.0 Volt
Re 5 5.0
everse VGRM
Operating Junction Temperature TJ -65 to +125 °C
Range
Storage Temperature Range Tstg -65 to +150 °C
Lead Solder Temperature +230 °C
(>1/16" from case, 10 sec. max)
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2N5060 thru 2N5063 (continued)

Silicon Controlled Rectifiers

ELECTRICAL CHARACTERISTICS (1, - 25°C unless otherwise noted, Rg;e = 1000 ohms)
Characteristic Symbol Min Max Unit
Peak Forward Blocking Voltage (Note 1) VFXM Voit
2N5060 30* -
2N5061 60* -
2N5062 100* -
2N5063 150* -
Peak Reverse Blocking Current IRXM “A
- 125% »
(Rated VRXM' TJ = 125°C) - 50
Peak Forward Blocking Current lFXM uh
- 125° - 50
(Rated VFXM’ TJ =125°C)
Forward "On" Voltage VF Volt
(IF = 1.0 A Peak) - 1.7*
Gate Trigger Current (Note 2) lGT uAde
(Anode Voltage = 7.0V, RL =100 ohms)
(TC =25°C) 200
('I‘C = -65°C) - 350%
Gate Trigger Voltage VGT Volt
(Anode Voltage = 7.0V, RL = 100 ohms, ’1“C =25°C) - 0.8
(Anode Voltage = 7.0V, RL = 100 ohms, TC = -65°C) - 2%
(Anode Voltage - Rated VFXM‘ RL = 100 ohms, ’I‘J = 125°C) 0. 1* -
Holding Current (Anode Voltage - 7.0 V) TC =25°C IHX 5.0 mA
TC = -65°C 10%
Turn-On Time ton Circuit dependent,
Turn-Off Time t consult manufacturer
off

*JEDEC Registered Values

Thyristor devices shall not be tested with a constant current
source for forward or reverse blocking capability such that

0.8

Notes: 1. VRXM and VFXM can be applied for all types on the voltage applied exceeds the rated blocking voltage.
a continuous dc basis without incurring damage. Thyristor devices shall not have a positive bias applied to
2. R current is not included in measurement. the gate concurrently with a negative potential applied to the
GK anode.
FIGURE 1 — CURRENT DERATING FIGURE 2 — POWER DISSIPATION
~ 130 1.6
G o =" CONDUCTION 30 =
ﬁ;mn ANGLE zE14
S CASE MEASUREMENT | 8 , o
ge \\ POINT - CENTEROF | Oz " "o = CONDUCTION ANGLE
33100 N FLAT PORTION w8 de
i & \ \ o : . /
2 \ N sa o A
s 90 g o. 180
& N EE A
g =4 e
g5 80 S 2006 90° 1,
o] N o - 30> 60
23w \\ 5 04 "
© - o o o < . / ~
N a = 30° [60° |90 180 de =z /
[STY) } 1 =) 0.2
- N N
50 0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.1 0.2 0.3 0.4 0.5 0.6 0.7
IF(AV)' AVERAGE FORWARD CURRENT (AMP) IF(AV)’ AVERAGE FORWARD CURRENT (AMP)

5-19



Silicon Controlled Rectifiers

mcr1906-1 thrw Mmcr1906-4 (siuicon) l=1.6 A

vRXM(rep] = 25-200V

\ Thyristors (silicon controlled rectifiers) designed
forapplications in control systemsand sensingcircuits

\ where low level gating and holding characteristics are

CASE 31A

necessary.
(TO-5)

MAXIMUM RATINGS (T, =100°C unless otherwise noted)

J
Rating Symbol Value Unit
Pslil;t?e:e(%;soeteBll;)ckmg VRXM(rep) Volt
ge " MCR1906-1 25
MCR1906-2 50
MCR1906-3 100
MCR1906-4 200
Forward Current RMS If 1.6 Amp
(A1l Conduction Angles)
Peak Forward Surge Current I
(One Cycle, 60 Hz, FM(surge) Amp
TJ = -40 to +100°C) 15
No Repetition Until
Thermal Equilibrium
is Restored
Peak Gate Power Forward PGFM 0.1 Watt
Average Gate Power Forward PGF(AV) 0.01 Watt
Peak Gate Current Forward IGFM 0.1 Amp
Peak Gate Voltage - Forward VGFM 6.0 Volt
Reverse VGRM 6.0
Operating Junction Temperature TJ -65 to +100 e
Range
Storage Temperature Range TStg -65 to +150 °C
Lead Solder Temperature - +230 °C
(>1/16" From Case, 10 sec. max.)
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——Silicon Controlled Rectifiers

MCR1906-1 thru MCR1906-4 (continued)

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted, RGK = 1000 ohms)
Characteristics Symbol Min Max Unit
Peak Forward Blocking Voltage (Note 1) VFXM Volt
: MCR1906-1 25 -
MCRI1906-2 50 -
MCRI1906-3 100 -
MCR1906-4 200 -
Peak Reverse Blocking Current IRXM uA
(Rated VRXM‘ TJ =100°C) - 500
Peak Forward Blocking Current 1FXM uA
(Rated VFXM’ TJ =100°C) - 500
Forward "On" Voltage VF Volt
(IF = 1,0 Adc peak) - 1.75
Gate Trigger Current (Note 2) ]GT mAdc
(Anode Voltage = 7.0 V, RL =100 ohms) - 1.0
Gate Trigger Voltage Volt
(Anode Voltage =7.0V, RL =100 ohms) VGT - 1.0
= T, = ’ -
(Anode Voltage = Rated VFXM' R, 100 ohms, 1 100°C VGNT 0.1
Holding Current Ty mA
(Anode Voltage = 7.0 V) - 5.0
Turn-On Time ton
Circuit dependent,
Turn-Off Time tO“ consult manufacturer
Notes: 1. VRXM and VFXM can be applied for all types on a continuous
dc basis without incurring damage.
2. RGK current is not included in measurement.
Thyristor devices shall not be tested with a constant current source
for forward or reverse blocking capability such that the voltage
applied exceeds the rated blocking voltage.
Thyristor devices shall not have a positive bias applied to the gate
concurrently with a negative potential applied to the anode.
FIGURE 1 — CASE TEMPERATURE vs CURRENT FIGURE 2 — AMBIENT TEMPERATURE vs CURRENT
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]
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3 BANAN ) \ g \
™ 900"
= 0 6D°
g " 1207 N 5 \
Z
S 180°* de 3
2 s -1 & \ N
E Z T \
: AN | N
= 1 H * | ‘A a" M
= %0
K D 0.2 04 0.6 08 10 1.2 14 16 = 0 0.1 0.2 0.3 0.4 D5 0.6 0.7
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.

I (av). AVERAGE FORWARO CURRENT (AMPS) s 1avi» AVERAGE FORWARD CURRENT (AMPS)
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————Silicon Controlled Rectifiers

l’=20A
Mcr2818 (series) Vsonrp) = 25-600 V
mcr2918

PNPN Thyristors (silicon controlled rectifiers) well
suited for industrial and consumer applications such as
power supplies, battery chargers, temperature, motor,
light and welder controls, and protective devices. For
reverse polarity add suffix "R"'.

CASE 91 CASE 92
MAXIMUM RATINGS (’I‘J =100°C unless otherwise noted)

Rating Symbol Valve Units
Repetitive Peak Reverse Blocking Vv N Volts
Voltage Ratings apply -1 ROM(rep) 25
for zero or negative -9 Do not apply 50
gate voltage. - positive gate
MCR2818 3 bias concur- ;(0)8
rently with
MCR2918 §~ 5 negative anode 300
-6 potential. 400
-1 500
-8 600
Non-repetitive Peak Reverse V. Volts
Blocking Voltage ROM(non-rep)
(t <5.0 ms) -1 35
-2 75
3 150
MCR2818 4 300
5 400
MCR2918 6 500
-1 600
-8 700
Forward Current RMS If 20 Amp
Peak Surge Current I Amp
(one cycle, 60 Hz) FM(surge)
(T;=-40to +100°C) 240
Circuit Fusing Considerations 12t A%
(T;=-40to +100°C) 235
(t =1.0 to 8.3 ms)
Peak Gate Power P 5.0 Watt
GFM
Average Gate Power PGF(AV) 0.5 Watt
Peak Forward Gate Current IGFM 2.0 Amp
Peak Gate Voltage Volts
Forward VGFM 10
Reverse VGRM 10
Operating Junction Temperature TJ -40 to +100 °cC
Range
Storage Temperature Range Tstg -40 to +150 °ec
Stud Torque (MCR2918 Series) - 30 in. lb.
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——uSilicon Controlled Rectifiers

MCR2818, MCR2918 (continued)

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

Characteristics Symbol Min Typ Max Unit
Peak Forward Blocking Voltage* Voo * Volts
(T, =100°C) -1 FoM 25 R R
-2 50 - R
mcress ) 13 - - -
-5 300 - -
R
McR2918 ) o 200 . _
-7 500 - -
-8 600 - -
Peak Forward Blocking Current IFOM mA
(Ruted Vo With gate open, Ty = 100°C) - 1.0 5.0
Peak Reverse Blocking Current IRo mA
(Rated Vp o with gate open. T = 100°C) M - 1.0 5.0
Forward "On" Voltage Ve Volts
(I = 20 A Peak) - 1.2 1.5
Gate Trigger Current (Continuous dc) ir mA
(Anode Voltage = 7.0V, R, =100 ) - 10 0
Gate Trigger Voltage (Continuous dc) Volts
(Anode Voltage = 7.0V, R, =1009) Vor - 0.7 1.5
(Anode Voltage = Rated Vo, Ry =100 2, T = 100°C) Veonr 0.2 - -
Holding Current Lio mA
(Anode Voltage = 7.0 V, gate open) - 10 50
Turn-On Time (14~ t ) t 5
d ns
(I = 20 Ade, I =40 mAdc) on - 1.0 -
Turn-Off Time tor us
(15 =104, 1o =104) o - 15 -
R _ - 100° R 25 -
(Ip =104, 1 = 104, T - 100°C)
Forward Voltage Application Rate dv/dt V/us
(TJ =100°C) - 50 -
Thermal Resistance 8¢ °c/w
MCR2818 - - 1.5
MCR2918 - - 8

* Vo for all types can be applied on a continuous de basis without incurring damage. Ratings apply for zero or negative gate voltage.

SCR devices should not be tested with a constant current source for forward or reverse blocking capability such that the voltage
applied exceeds the rated blocking voltage.

FIGURE 1 — CURRENT DERATING FIGURE 2 — POWER DISSIPATION
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HALF-WAVE OPERATION 24 9
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lF(;\V)' AVERAGE FORWARD CURRENT (Amp) IF (Av)’ AVERAGE CURRENT (Amp)
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«——Silicon Controlled Rectifiers

k=35A
mcr2835 (series) Veomirey = 25600 V
mcr2935 PNPN

N\ Thyristors (silicon controlled rectifiers) well suited
b_&/\ for industrial and consumer applications such as power

> supplies, battery chargers, temperature, motor, light
and welder controls, and protective devices.

CASE 91 CASE 92

MAXIMUM RATINGS (TJ =100°C unless otherwise noted)

Rating Symbol Value Units
bt R .
Do or r_opntltxve Peak Reverse VROM(rep) Volts
Blocking Voltage 1 25
Ratings apply for .9 Do not apply 50
zero or negative -3 positive gate 100
gate voltage. 4 bias concur- 200
MCR2835 - 5 rently with 300
- negative anode
MCR2935 -6 potential. 400
-7 500
-8 600
Non-Repetitive Peak Reverse A -
Blocking Voltage ROM(nhon-rep) Volts
(t <5.0 ms) -1 35
-2 75
MCcR2835 | o
MCR2935 | T % a0
-1 600
-8 700
Forward Current RMS If 35 Amp
Peak Surge Current I Amp
(one cycle, 60 Hz) FM(surge)
(TJ = -40 to +100°C) 325
Circuit Fusing Considerations I2t Azs
(TJ = -40 to +100°C) 435
(t =1.0to 8.3 ms)
Peak Gate Power PGFM 5.0 Watt
Average Gate Power PGF(AV) 0.5 Watt
Peak Forward Gate Current IGFM 2.0 Amp
Peak Gate Voltage Volts
Forward VGFM 10
Reverse VGRM 10
Operating Junction Temperature T 40 to +100 oc
Range J
Storage Temperature Range Tstg -40 to +150 °C
Stud Torque (MCR2935 Series) - 30 in. 1b.
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———.Silicon Controlled Rectifiers mmm—

MCR2835, MCR2935 (continued)

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

Characteristics Symbol Min Typ Max Unit
Peak Forward Blocking Voltage* VFOM' Volts
(T =100°C) -1 25 - -
-2 50 - -
-3 100 - -
MCR2835 | _ 200 - -
-5 300 - -
MCR2935 ) T4 00 N B
-7 500 - -
-8 800 - -
Peak Forward Blocking Current Teom mA
(Rated VFOM with gate open, TJ =100°C) - 1.0 5.0
Peak Reverse Blocking Current Teom mA
(Rated Vp 1, with gate open, T = 100°C) - 1.0 5.0
Forward "On'" Voltage VF Volts
(IF=35A Peak) - 1.2 1.5
Gate Trigger Current (Continuous dc) lGT mA
(Anode Voltage = 7.0V, R\ =100 Q) - 10 40
Gate Trigger Voltage (Continuous dc) Volts
(Anode Voltage = 7.0 V, Ry =100 0) Vor - 0.7 1.5
(Anode Voltage = Rated V.., R/ = 1009, T, -100°C 0.2 - -
Holding Current Lo mA
(Anode Voltage = 7.0 V, gate open) - 10 50
Turn-On Time {t, + t ) tn us
(Ig = 35 Ade, Ip < 40 mAdc) - 1.0 -
Turn-Off Time toct us
(Ip =104, iy =104) - 15 -
(I =104, 1o =104, T; =100°C) - 25 -
Forward Voitage Application Rate av/at V/us
(TJ =100°C) - 50 -
Thermal Resistance 8¢ °c/w
MCR283% - - 1.2
MCR2935% - - 1.3

. VFOM for all types can be applied on a continuous dc basis without incurring damage. Ratings apply for zero or negative gate voltage.

SCR devices should not be tested with a constant current source for forward or reverse blocking capability such that the voltage
applied exceeds the rated blocktng voltage.

FIGURE 1 — CURRENT DERATING FIGURE 2 — POWER DISSIPATION
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mpT28 (siLicon)

mpr32
mp1r36

CASE 298
(TO-92)

3-Layer Diodes

ligrj 12 and i)z = 50 uA max
AVi;and AV, =10V typ

Plastic silicon annular 3-layer bilateral triggers,
two-terminal devices which exhibit symmetrical ne-
gative resistance switching characteristics. These
economical, durable devices have been developed for
use in thyristor triggering circuits and signal switching
and detection circuits.

MAX'MUM RAT'NGS (To = 25°C unless otherwise noted)

Rating Symbol Value Unit

Peak Pulse Current I ulse Amp

(30 zs duration, 120 Hz P

repetition rate) 2.0
Power Dissipation @TA = -40 to +25°C| PD 300 mw

Derate above 25°C 4,0 mW/°C
Operating Junction Temperature Range TJ -40 to +100 °C
Storage Temperature Range TStg -40 to +150 °C

FIGURE 1 — VOLT-AMPERE CHARACTERISTICS

I(+)
AV
10mAlL — 12 {
(BL)21 |
ViBR)21 $ IBR)12L — b
V() T ; — v
T Ier)21 | (BR)12
| (BL)12
|
————— 10 mA
L&J\ SYMBOL
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3-Layer Diodes

MPT28, 32, 36 (continued)

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

Characteristic Symbol Min Typ Max Unit
Breakover (switching) Voltage - both directions \Z &V Volt
(BR)12 (BR)21
PT28 24 28 32
MPT32 28 32 36
MPT36 32 36 40
Breakover (switching) Current — both gdirections I(BR)IZ & I(BR)ZI - 20 50 HAmp
Switchback (delta) Voltage - both directions AVIZ & AVZI Volt
MPT28 5.0 10 -
MPT32 7.0 10 -
MPT36 7.0 10 -
Peak Blocking Current - both directions 1 &1 1A
L L)2!
Voltage Applied = 18 V (BL)12 (BL)21 - 0.5 10
Breakover (switching) Voltage Temperature %/°C
Coefficient, TA = -40°C to +100°C - 0.03 -

* Plastic trigger devices have symmetrical characteristics and as such the terminat leads are interchangeable.
For purposes of symbol clarification, the leads have arbitrarily been designated 1 and 2. A 12 designation indicates that
terminal 1 is positive with respect to terminal 2, vicc versa for a 21 designation.

FIGURE 2 — TYPICAL CONTROL CIRCUIT

R
L
Lo
LOAD
6 to 900 ’
WATTS MOTOROLA
5 150 k2 BILATERAL
TRIGGER MOTOROLA
117 vac 5.0 k0 MPT32 y& MACL-4
60 Hz TRIAC
==0.1 pF 0.01 uF
L,y
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4-Layer Diodes

mar20M-3 thro 50M-28 Vimirep) = 10-25 V

Ir=180mA

M4l20'3 thrv 50"28 Pp = 200 mW
maL20A 1ho 50A

PNPN 4-layer diodes — two-terminal, low-leakage,
oxide passivated devices used for applications such as
pulse generators, alarm circuits, telephone switching

circuits, sawtooth oscillator and controlled rectifier
trigger circuits.

CASE 51
(DO-7)

MAXIMUM RATINGS (T4 = 25°C unless otherwise noted)

Rating Symbol Value Unit
Pz::l;sf{g;'erse Blocking Voltage VRM(rep) Volts
M4L20 Series 10
M4L30 Series 15
M4L40 Series 20
M4L50 Series 25
Continuous Forward Current IF 180 mA
Steady State Power Dissipation PD 200 mwW
(T A 50 °C)
Derate above 50°C 2.0 mwW/°C
Peak Pulse Current I Amp
pulse 10
(PW =50 us Max)
Operating Junction and Storage T, T -65 to +150 °C
J’ Tstg
Temperature Range
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——4-layer Diodes

M4L20 SERIES (continued)

ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted)

Forward Max. Fwd. Max. Rev.
T Breakover Max. Switch.| Fwd. Max. Forward Vohage & Rev. Leakage
Forward Voltage Holding Current Imp. Max. ) o129 | Max. Cap. Leakage Current
Breakover (@T,= —60 fo| Current - Test | P @ 10 mv AC Current @
Voltage +125°C Iy @ Current | Ton@lr [l =70 mA |1, = 2.0 Al £ = 130 kH; lw @ Veg | Ta =125
Type Viare Vi mA Vs I [f=60H v Ve [YRTO0Vde | oy @ Vol ' @ Vem
Number [ “in/Max Min/Max | Min/Max A mA Ohms Volts Volts pF nA_ Valts| »A  Volts
M4L20-3 | 16/24 . 1/6 125 0 2.0 12 2.5 40 50 12| - -
M4L20M-3 | 16/24 14/25 1/6 125 | 10
M4L20-8 | 16/24 - 115 . .
M4L20M-8 | 16/24 14/25 1715 125 10-‘
M4L20-28 16/24 - 14/45 - -
M4L2oM-28  16/24 14/25 14/45 125 | 10
M4120A 14/26 - 0.5/60 85 100 - .
M4L30-3 | 26/34 - 1/6 [ 35 50 18 - .
M4L30M-3 | 26/34 23/36 1/6 15 | 1
M41.30-8 28/34 - 1/15 - -
M4L3OM-8 | 26/34 23/36 115 125 | 15
M4130-28 | 26/34 - 14/45 . .
M4L30M-28  26/34 23/36 14/45 L 125 | 15
M4L30A 24/36 - 0.5/60 85 100 . .
MAL40-3 | 36/44 - 1/6 ™ 50 2] - .
M4L4OM-3 | 36/44 32/46 1/6 125 | 2
MaL40-8 | 36/44 - 115 . -
M4L4OM-8 | 36/44 32/46 1/15 125 | 2
M4L40-28 | 36/44 - 14/45 - -
MAL4OM-28  36/44 32/48 14/45 125 | 2
M4L40A 34/46 - 0.5/60 85 100 - .
M4150-3 | 48/54 - 1/6 0 30 50 30| - .
MALSOM-3 | 46/54 41/57 1/6 125 | 25
M4L50-8 | 46/54 - 115 . .
M4L50M-8 | 46/54 41/57 115 125 | 25
M4L50-28 | 46/54 - 14/45 - -
M4L5OM-28  46/54 41/57 14/45 125 | 25
M4L50A 44/56 - 0.5/60 85 100 - -

* PW = 300 us, Duly Cycle < 2%

FIGURE 1 — POWER-TEMPERATURE DERATING CURVE

1

s
2
e

&
<

MECHANICAL CHARACTERISTICS

CASE: Hermetically sealed all glass case

DIMENSIONS: JEDEC DO-7 Outline

FINISH: All external surfaces are corrosion
resistant with readily solderable leads

o
&

Pp. POWER DISSIPATION imW:
8

POLARITY: Cathode end indicated by color band 0
WEIGHT: 0.2 grams (approx.) 0 25 50 7% 100 125 150
MOUNTING POSITION: Any Ta. AMBIENT TEMPERATURE ¢-C)
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M4L20 SERIES (continued)

TYPICAL DC CHARACTERISTICS
vs. TEMPERATURE

(NORMALIZED TO +25°C VALUES)

4-Layer Diodes

FIGURE 2 — FORWARD BREAKOVER VOLTAGE FIGURE 5 — TYPICAL CAPACITANCE
(NORMALIZED TO O V)
15 10
8
g z
5 zr g
g R o
g ropb— 4 = e < Voni
= - “ )
| ] \
H 2
“‘.:'. 07 - \ g . \\ —
z =3 \\
e~
05 05 JL
-5 -5 25 0 25 5 75 100 125 150 5 10 15 20 % 30 B 40 4
Ta, AMBIENT TEMPERATURE (°C) Ve, FORWARO VOLTAGE (VOLTS)
FIGURE 3 — REVERSE BLOCKING VOLTAGE
15
Y . Nominal Switching | Typical Capacitance
g —
S Voltage Vigoe @V =0
2 10 20V 24 pF
= | —1 ]
S B 0V 209
2 a0V 19pF
& 50V 17F
“f,-{ 07
K
[
-75 -50 -25 0 25 5 5 100 15 150
Ta, AMBIENT TEMPERATURE (°C)
FIGURE 4 —HOLDING CURRENT
100
70 A =
50 N
AN
_ 30
2 2 AN
2
E =
3 07
1)
03
02
o1
-75 -5 -25 0 25 50 75 100 125 150

Ta. AMBIENT TEMPERATURE (°C)
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Unijunction Transistors

2N2646 (siicon) Vis = gs v
e = m
2n2647 Po = 300 mW

Silicon annular PN unijunction transistors designed
for use in pulse and timing circuits, sensing circuits
and thyristor trigger circuits.

CASE 22A

{Lead 3 connected to case)

MAXIMUM RATINGS (T. = 25°C unless otherwise noted)

Rating Symbol Value Unit
RMS Power Dissipation* Pp 300* mw
RMS Emitter Current Ie 50 mA
Peak Pulse Emitter Current** ig 2%* Amp
Emitter Reverse Voltage VB2E 30 Volts
Interbase Voltage VgaB1 35 Volts
Operating Junction Temperature Range Ts -65 to +125 OS¢
Storage Temperature Range Tstg -65 to +150 O¢

*

Derate 3.0 mW/°C increase in ambient temperature. The total power dissipation
(available power to Emitter and Base-Two) must be limited by the external
circuitry.

** Capacitor discharge — 10 pF or less, 30 volts or less.
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2N2646, 2N2647 (continued)

Unijunction Transistors

ELECTRICAL CHARACTERISTICS (7. - 25°C unless ofherwise noted)

Characteristic Symbol Min Typ Max Unit
Intrinsic Standoff Ratio n -
(Vp2B1 = 10 V) (Note 1) 2N2646 0.5 - 0.75
2N2647 0.68 — 0.82
Interbase Resistance Ryg K ohms
(Vpzp1 = 3V, Ig = 0) 4.7 7.0 9.1
Interbase Resistance Temperature Coefficient oR, %/%
(Vpzpp = 3V, Ig = 0, Ty = -55°C to +125°C) BB 0.1 — 0.9
Emitter Saturation Voltage VEBI (sat) Volts
(Vpopy = +0 V.Ig = 50 mA) (Note 2) - 35 —
Modulated Interbase Current Ip2(mod) mA
(Vpep1 = 10V, Ig = 50 mA) - 15 —
Emitter Reverse Current Igo uA
(Vg = 30 V,Ig; = 0) 2N2646 — 0.005 12
2N2647 — 0.005 0.2
Peak Point Emitter Current Ip uA
(Vaapy = %5 V) 2N2648 — 1.0 5.0
B 2N2647 — 1.0 2.0
Valley Point Current Iy mA
(Vpapy = %0 V, Ryp = 100 ohms) (Nate 2) 2N2648 4.0 6.0 —
2N2647 8.0 10 18
Base-One Peak Pulse Voltage VOBI Volts
(Note 3, Figure 3) 2N2646 3.0 5.0 -
2N2647 6.0 7.0 P

NOTES

1. Intrinsic standoff ratio,
1,is defined by equation:
ne= Vp — Vipap
Vazei
Where V, - Peak Point Emitter Voltage
Vpaa == Interbase Voltage

Vigay) = Emitter to Base-One Junction Diode Drop

2. Use pulse techniques: PW =~ 300 us duty cycle =2% to avoid
internal heating due to interbase modulation which may result in
erroneous readings.

3. Base-One Peak Pulse Voltage is measured in circuit of Figure 3.
This specification is used to ensure minimum pulse amplitude for
applications in SCR firing circuits and other types of pulse circuits.

(=05V @10 pA)
FIGURE 1 — UNIJUNCTION TRANSISTOR SYMBOL  FIGURE 2 — STATIC EMITTER CHARACTERISTIC FIGURE 3 — ¥,,,, TEST CIRCUIT
AND NOMENCLATURE CURVES (Typical Relaxation Oscillator)
(Exaggerated to Show Details)
2 Ve v
-— NEGATIVE
—O CUTOFF Jﬂ‘— SIoTn o
i REGION | | REGION | REGION +20V
wt | R Rez
" 11\ peak pONT |
e ! !
_..E B i i EM;:!SE:lTo
i | CHARACTERISTIC
B Vaan ' | VALLEY POINT
VER() 44 4+ - — — = _J,___

Ye Wittt o2 I
i I I
( | 1
T m=0 | |
j : !
in ™ Ie

| —} |
(e o] leo
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———Unijunction Transistors

2n3980 Vs =35V

le =50mA

Silicon annular PN unijunctiontransistor designed for
military and industrial use in pulse, timing, sensing,
and oscillator circuits.

CASE 22A
(Lead 3 connected to case)

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

Rating Symbol Value Unit
RMS Power Dissipation* PD 360* mW
RMS Emitter Current Ie 50 mA
Peak Pulse Emitter Current** ie 1.0%* Amp
Emitter Reverse Voltage szE 30 Volts
Interbase Voltage szBl 35 Volts
Storage Temperature Range Tstg -65 to +200 °C

*

Derate 2.4 mW/°C increase in ambient temperature. Total power dissipation (available power
to Emitter and Base-Two) must be limited by external circuitry.

**Capacitance discharge current must fall to 0.37 Amp within 3. 0 ms and PRR < 10 PPS.
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2N3980 (continued)

ELECTRICAL CHARACTERISTICS (1, = 25°C unless otherwise noted)

Unijunction Transistors

Characteristic Symbol Min Typ Max Unit

Intrinsic Standoff Ratio 1 _
(Vpgpy = 10 V) Note 1 0.68 — 0.82

Interbase Resistance Rgn X ohms
(Vpopy =30V, 1= 0) 4.0 6.0 8.0

Interbase i T e Coeffici aRpp ®/°C
(Vggpy = 3:0 V. 1p = 0, T, = -65°C t0 +100°C) 0.4 — 0.9

Emitter Saturation Vottage v Volts

' * EB1(sat)

(Vgopy = 10V, I = 50 mA) Note 2 — 2.5 3.0

Modulated Interbase Current 1 mA

- . B2(mod)

(Vggpy = 10V, I = 50 ma) 12 15 —

Emitler Reverse Current IEO
(Vpog =30V, 15, = 0) — 5.0 10 oA
(Vpgp = 30 V. Tp) =0, T, = 125°C) - - 10 uA

Peak Point Emitter Current Ip uA
(Vpop; =2 V) - 0.6 2.0

Valley Point Current Iv mA
(Vpapy = 20V, Rpy = 100 ohms) Note 2 1.0 4.0 10

Base-One Peak Pulse Voltage Vop1 Volts
(Note 3, Figure 3) 6.0 8.0 —

Maximum Oscillation Frequency f(max) MHz
(Figure 4) 1.0 1.25 -

NOTES

1. intrinsic standoff ratio,
n,is defined by equation:
7= Yo — Vieay
Vezgi
Where Vp = Peak Point Emitter Voltage
Vpag = Interbase Voitage

Vigay) = Emitter to Base-One Junction Diode Drop

(~05Y @ 10 pA)

FIGURE 1 — UNIJUNCTION TRANSISTOR

2. Use pulse techniques: PW =~ 300 us duty cycle 2% to avoid
internat heating due to interbase modulation which may resuit in

erroneous readings.

3. Base-One Peak Pulse Voitage is measured in circuit of Figure 3.
This specification is used to ensure minimum pulse amplitude for

FIGURE 2 — STATIC EMITTER

FIGURE 3 — ¥op, TEST CIRCUIT

applications in SCR firing circuits and other types of pulse circuits.

FIGURE 4 — F(max) MAXIMUM

SYMBOL ANO NOMENCLATURE CHARACTERISTICS CURVES (Typical Relaxation Oscitlator) FREQUENCY TEST CIRCUIT
{Exaggerated to Show Details)
Iz Ve v
. NEGATIVE ]
CUTDFF _§ SATURATION .
~RESISTANCE > |=— —0
=< e+ REGON ! REGION [ 20V
Vo trhs i 4 SR
[} ' > Rz
z PEAK POINT { 0k SI0Q
| )
— B U EMITTER 70
£ U BASE] B,
| CHARACTERISTIC £
B, v VALLEY POINT
8281 v, _ / 4
M i g ] b \
y Y i 01001 ,F |
i L
> FREQ!
! 222 COUNTER
|
3 Iv ¢ o
—] |
o—— ——4——20 ko L
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Unijunction Transistors

V=35V
aN4851 thrv 284853 (siicon) I = 50 mA RMS

Silicon annular unijunction transistors designed for
pulse and timing circuits, sensing circuits, and thy-
ristor trigger circuits.

Lead 3 connected to case

CASE 22A

MAXIMUM RATINGS (T4 = 25°C unless otherwise noted)

Rating Symbol Value Unit
RMS Power Dissipation* PD* 300 mW
RMS Emitter Current Ie 50 mA
Peak-Pulse Emitter Current ** ie ** 1.5 Amp
Emitter Reverse Voltage VBZE 30 Volts
Interbase Voltage T VBZBIT 35 Volts
Operating Junction Temperature Range| TJ -65 to +125 °C
Storage Temperature Range Tstg -65 to +200 °C

* Derate 3.0 mW/°C increase in ambient temperature.
** Duty cycle = 1%, PRR = 10 PPS (see figure 6)
+ Based upon power dissipation at TA =25°C

FIGURE 1 — UNIJUNCTION TRANSISTOR FIGURE 2 — STATIC EMITTER
SYMBOL AND NOMENCLATURE CHARACTERISTICS CURVES FIGURE 3—V oy TEST CIRCUIT
™ ¢ NEGATIVE
—i RESISTANCE
— S e
vp !
1
|
IE I|
— 8 ITTER
o= E z || Exxs:nu‘sn
| CHARACTERISTIC
By v : VALLEY POINT
B281 VBE1(sat) 4
Ve vy |
i 1
t ]
Ig2=0 E :
1 1
Ip Iy '€
o— b—— o IEg
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Unijunction Transistors

2N4851 thru 2N4853 (continued)

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

o Figure . .
Characteristic go Symbol Min Typ Max Unit
Intrinsic Standoff Ratio* 4, 8 n” -
(VBZBI =10V) 2N4851 0,56 - 0.75
2N4852, 2N4853 0,70 — 0.85
Interbase Resistance 11, 12 RBB ot o1 k ohms
(VB2B1=3'0 v, IE=0) . 8
Interbase Resistance Temperature Coeﬂicie:lt 12 aRBB 0 o8 %/°C
=3 - = 6% . bl .
(Vpgpy = 8:0V, 15 = 0, T, = -6% to +125°C) 2
Emitter Saturation Voltage** VEBI(sat)" Volts
(VBZBI =10V, IE = 50 mA) — 2.5 -
Modulated Interbase Current IBZ( mA
- mod} . _
(Vpgpy = 10V, 1 = 50 mA) 15
Emitter Reverse Current 7 [EBZO uA
(Vpog = 30V, I5; = 0) 2N4851, 2N4852 - — 0.1
2N4853 —_ —_ 0.05
Peak-Point Emitter Current 9, 10 [p nA
(Vgopy =28 V) 2N485], 2N4852 — — 2.0
2N4853 — — 0.4
Valley-Point Current** 13, 14 [v" mA
(v =20V, = 100 ohms) 2N4851 2.0 —_ _—
B2B1 " B2 2N4852 4.0 - -
2N 4853 6.0 — —_
Base-One Peak Pulse Voltage 2N4851 3, 17 VOB\ 3.0 —_— —_ Volts
2N4852 5.0 - _
2N4853 6.0 _ —_
Maximum Frequency of Oscillation 5 ((max) 1.0 1.25 _ MHz

+ M, Intrinsic standoff ratio, is defined in terms of the peak-point voltage. Vp, by means of the eq\ulion:Vp =T Vgg + VF, where Vp is about 0. 49 volt at 25°C @

Ip = 10 A and decreases with temperature at about 2.5mV °C. The test circuit is shown in Figure 4. Components 10 Cl' and the lflT form a relaxation oscillator;
the remaining cizcuitry serves as a peak-voltage detector. The forward drop of Diode Dy compensates for Vp. To use, Ihe “cal” button is pushed, and Ry is adjusted
to make the current meter, M), read full scale. When the "cat” button is released, the value of  is read directly from the meter, if full scale on the mefer reads 1.0.

*+ Use pulse techniques: PW = 300 us, duty cycle £ 2.0% to avoid internal heating, which may result in erroneous readings.

FIGURE 6— PRR TEST CIRCUIT
FIGURE 4 — , TEST CIRCUIT FIGURE 5 — f maz) TEST CIRCUIT AND WAVEFDRM

0V DUTY CYCLE =< 1% PRA =< 10 pps
! s o
0 Ped
15
CAL—* 2Ry 018 &
b [
10k _tan
j 9 DUTY CYCLE foif
R —15 A
AAZA i 4 CURRENT WAVEFORM THRU R
90k Ry AQJUSTED
FOR Hmaxy I
c 10 ku
A3 = Ao ———o0 )
100k A 00 2030y
T0 3 (M;-n:l for 154
Rp1<
B1>  FREQUENCY seakin Rr)
4702 counTER |
=
/ —o
[ld‘_ 104 FULL SCALE
10 4 diode with the following characturistics: = -
VE=049V@IE=10 4A T
IR<20 yA@VR=20V
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Unijunction Transistors

2N4851 thru 2N4853 (continued)

TYPICAL CHARACTERISTICS

FIGURE 7 — EMITTER REVERSE CURRENT

FIGURE 8 — INTRINSIC STANDDFF RATID

I 3 —T T
Y 30V
N =1
= o Veze1 =10V
g SW OPEN FOR lggag °
£ 02 SWCLOSED FOR tgpog 5 o
&
Y P
g = = Z &
2 00 < 2 2N4852, 24853
& s oo s -
S 0 > PER -
E o e E
E oo E4
] = £ R — 20485
& 0 (0 o Zz 06
= VU YEB2S. =
2 - - = +
20.002 leB20 >~
So.009 05
-60 40 -20 0 20 40 60 80 100 120 140 -60 40 20 0 20 40 60 B0 100 120 140
T), JUNCTION TEMPERATURE {0C) T, JUNCTION TEMPERATURE (°C)
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FIGURE 9 — EFFECT DF VDLTAGE FIGURE 10— EFFECT OF TEMPERATURE
25 T —r——
= T) =250C Vp281=25V
< < 3
3 24
= . = 08
= o £ o
2 \ g
AN S o L
X g o I —
£ ANAN g —
£ E 2NAB51, 2NAB52
10 N\ \\ T o4 T ——
- 0] - N
£ =
g H
% \X 2N4851, 2N4852 &
< 05 N 30
& N & 2N4853
a — a
< INag53 = T
1] T 0
30 60 90 12 15 18 21 24 27 a0 50 40 -2 0 20 40 60 80 100 120 140

Va2g1, INTERBASE VOLTAGE (VOLTS)

T,. JUNCTION TEMPERATURE (9C}

INTERBASE RESISTANCE
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FIGURE 12 —EFFECT OF TEMPERATURE

T, JUNCTION TEMPERATURE (9C)
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————Uhnijunction Transistors

2N4851 thru 2N4853 (continued)

TYPICAL CHARACTERISTICS

VALLEY CURRENT

FIGURE 13 — EFFECT OF VOLTAGE ® FIGURE 14 — EFFECT OF TEMPERATURE
16 T T T
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FIGURE 17 —OUTPUT VOLTAGE
5 —
2 T ] Rg) = 1002
°
S - t
w -
210 = 00L&
S s ot =3
2 —1 o 1 e 1009
o 3.0t e e —t—
g S o LT —__’1/ s - —_/ Eﬂ—é
22 — 11 L —= =
=
§ ] Tl R (SEE FIGURE 3)
w o ot > Comt ==
fo =2 e
@ oo — Ag2 -
g° - L Th = 250C
N P ol P — N 1
s _d e 2N4852, 2N4853
> 0.2 "l IR N S S W
.00 (802 0.005 0.1 0.02 0.05 [ 0.2 05 1.0 20 50 [l

€. CIRCUIT CAPACITANCE. EMITTER T0 GROUNA (F)

5-38



Unijunction Transistors

2n4870 (siLicon) V=35V
I, = 50 mA RMS
2n4871

PN unijunction transistors designed for use in pulse
and timingcircuits, sensingcircuitsand thyristor trig-
ger circuits.

— B

\
CASE 29(9) \ N
(10-92) B,

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

Rating Symbol Value Unit
RMS Power Dissipation* PD 300* mW
RMS Emitter Current Ie 50 mA
Peak Pulse Emitter Current** ie 2%* Amps
Emitter Reverse Voltage VBZE 30 Volts
Interbase Voltage VB2B1 35 Volts
Operating Junction Temperature Range TJ -65 to +125 °C
Storage Temperature Range Tstg -65to +150 | °C

* Derate 3.0 mW/°C increase in ambient temperature. The total power
dissipation (available power to Emitter and Base-Two) must be limited
by the external circuitry.

**  Capacitor discharge — 10 uF or less, 30 volts or less.
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———Unijunction Transistors

2N4870, 2N4871 (continued)

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

Characteristics Symbol Min Typ Max Unit
Intrinsic Standoff Ratio n —
(Vgagy =10 V) (Note 1) 2N4870 0.56 — 0.15
“ 2N4871 .70 - 0.85
Interbase Resistance Ropo K ohms
Vgupg =3V ;=0 4.0 6.0 9.1
Interbase Resistance Temperature Coefficient *RBBRO %/°C
(Vgygy =3V, L5 =0, T, = -55°C to +125°C) 0.10 — 0.90
Emitter Saturation Voltage v Volts
a - . EBI (sat) | __
(Vgypy = 10V, I = 50 mA) iNote 2) 2.5 -
Modulated Interbase Current I3 (moq) mA
(Vgypy =10V, I = 50 mA) - 15 —
Emitter Reverse Current Iy uA
- i B20
Vgpp =30V, 15 =0 - 0.05 | 1.0
Peak Point Emitter Current L uA
Vpopy =% V) - 10 5.0
Valley Point Current 1, mA
(Vi ypy = 20 Vo Rpy = 100 ohms) (Note 2) 2N4870 2.0 5.0 -
) 2N4871 4.0 7.0 —_
Base -One Peak Pulse Voltage 2N4870 Von 3.0 6.0 - Volts
(Note 3, Figure 3) 2N48T1 5.0 8.0 —_
NOTES:
1. The intrinsic standoff ratio, 1, is essentially 2. When Testing for Emitter Saturation 3. The Base-One Peak Pulse Voltage
constant with interbase voltage. 7 is defined by Voltage (VEB1 (sm)) and Valley Point is measured in the circuit of

the equation:

W oVp -V

F(EBY)

vBZBl

Current (lv), the Emitter Current

should be limited to avoid internal

heating resulting in erroneous readings.

Where: VP = Peak Point Emitter Voltage

vBZBl = Interbase Voltage

= Emitter to Base-One
Junction Diode Drop
{=~ 0.5V}

VeEs)

FIGURE 1 — UNIJUNCTION TRANSISTOR SYMBOL
AND NOMENCLATURE
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Figure 3. This specification is
used to ensure a minimum pulse
amplitude for applications in SCR
firing circuits and other types of
pulse circuits.

FIGURE 3 — ¥,,,, TEST CIRCUIT

(Typical Retaxation Osciliator)
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POWER TRANSISTORS

THE FOLLOWING POWER TRANSISTORS
ARE INCLUDED IN THIS SECTION

2N4048 2N4399
2N4049 2N4898
2N4050 2N4899
2N4051 2N4900
2N4052 2N4910
2N4053 2N4911
2N4276 2N4912
2N4277 2N4918
2N4278 2N4919
2N4279 2N4920
2N4280 2N4921
2N4281 2N4922
2N4282 2N4923
2N4283 MP800
2N4398 MP801



Power Transistors

2n4048 thro 284053 Veeo = 30-60 V

Ilc=60A
Po=170W

PNP germanium power transistors designed for
high-current applications requiring high gain and ex-

CASE 7 tremely low saturation voltage.

(TO-36)

MAXIMUM RATINGS

Ratin Symbol 2N4048 | 2N4049 | 2N4050 Uniit
9 4 2N4051 | 2N4052 | 2N4053
Collector-Emitter Voltage VCEO 30 45 60 Vde
Collector-Emitter Voltage VCES 45 60 15 Vdc
Collector-Base Voltage VCB 45 60 5 Vde
Emitter-Base Voltage VEB 25 30 40 Vdce
Collector Current — Continuous Ic* 60 Adc
Total Device Dissipation @ TC =25°C PD 170 Watts
Derate above 25°C 2.0 w/'C
Operating and Storage Junction T, T +———— -65 to +110————> °C
J’ Tstg
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case GJC 0.5 °C/W

FIGURE 1 — AVERAGE POWER-TEMPERATURE DERATING CURVE

200 \ \ ]
_ FOR TRANSIENT THERMAL RESISTANCE AND
2 160 SAFE OPERATING AREA INFORMATION,
= SEE FIGURES 2 & 3.
=
g 120
£
g
= 80
=
&
()
< g0

0

20 40 60 80 100 120

Tc, CASE TEMPERATURE (°C)
* JEDEC Registered Values, For True Capability See Figure 3
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2N4048 thru 2N4053 (continued)

Power Transistors

ELECTRICAL CHARACTERISTICS (1. = 25°C unless otherwise noted)

[ Characteristic l Symbol l Min Max l Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltaget BVCEOT Vde
(IC =1.0 Adc, IB =0) 2N4048, 2N4051 30 -
2N4049, 2N4052 45 -
2N4050, 2N4053 60 -
Collector-Emitter Breakdown Voltage BVCES Vde
(Ic =300 mAdc, VBE =0) 2N4048, 2N4051 45 -
2N4049, 2N4052 60 -
2N4050, 2N4053 75 -
Floating Potential VE BF Vde
(VCB =45 vdc, [E =0) 2N4048, 2N4051 - 0.5
(VCB = 60 vdc, I'E =0) 2N4049, 2N4052 - 0.5
(VCB =175 Vdc, l'E =0) 2N4050, 2N4053 - 0.5
Collector Cutoff Current ICEX mAdc
(VCE =30 Vdc, vBE(off) =2.0 Vdc, TC = +71°C) 2N4048, 2N4051 - 15
(VCE =45 Vdc, vBE(oﬂ) =2.0Vdc, TC =+T71°C) 2N4049, 2N4052 - 15
(VCE = 60 Vdc, vBE(oﬂ) =2.0 Vdc, TC =+T1°C) 2N4050, 2N4053 - 15
Collector Cutoff Current ICBO mAdc
(VCB = 2.0 Vdce, I'E =0) All Types - 0.2
(Vop = 45 Vde, I, = 0) 2N4048, 2N4051 - 4.0
(Vep = 60 Vde, I = 0) 2N4049, 2N4052 - 4.0
(VCB =75 Vde, I.E =0) 2N4050, 2N4053 - 4.0
Emitter Cutoff Current I‘EBO mAdc
v =25 Vde, I, =0) 2N4048, 2N4051 - 4.0
BE C
(Vg =25 Vde, I, =0, T, =+71°C) - 15
(VBE =30 Vdc, [C =0) 2N4049, 2N4052 - 4.0
(VBE =30 vdc, Ie= 0, Te = +71°C) - 15
(VBE = 40 Vdc, IC =0) 2N4050, 2N4053 - 4.0
(Vg =40 Vde, I, =0, T, =+71°C) - 15
ON CHARACTERISTICS
DC Current Gaint hFE1 -
(IC =15 Adc, vCE = 2.0 Vdc) 2N4048, 2N4049, 2N4050 60 120
2N4051, 2N4052, 2N4053 80 180
(1o =60 Adc, Vo =2.0 Vdc) 15 -
Collector-Emitter Saturation Voltaget v 1 Vde
I = 15 Adc, I = 1.0 Ade) CE(sat) - 0.15
([C = 60 Adc, [B = 6.0 Adc) - 0.3
Base-Emitter Saturation Voltaget v 1 Vdc
(I, =15 Ade, Ty =1.0 Ade) BE(sat) - 0.6
(Ic =60 Adc, IB = 6.0 Adc) - 1.0
SMALL SIGNAL CHARACTERISTICS
Common-Emitter Cutoff Frequency f kHz
(I =15 Ade, Vi = 2.0 Vdc) e 2.0 -

+ To avoid excessive heating of the collector junction, perform test with pulse method.

The switching performance of this transistor is determined primarily
by the gain-bandwidth product. #;*, and the behavior of the base-spreading
resistance, ry’

In the case of rise time, the base spreading resistance plays a smail
part, and the test circuit defivers a canstant current step of turn-on current
to the transistor (ly;). Therefore, the curve ct t, on Figure 6 tollows theory
closely, i.e.:

le, 1
08, " 2y
From the curve. it can be seen that f; is roughly constant with current; using
the equation, its large signal value can be calculated to be approximately
120 kHz at the 20-Amp fevel. A lower supply voltage will increase rise time
slightly.
Y arn-off time is siow because of conductivity modutation which occurs
in the base region. When the transistor is held “on™ in saturation, the base
region becomes filled with excess charge: ie.. charge in excess of that

t,

“fy =t xhg
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necessary to sustain the circuit limited value of le. As a result, the base
resistivity and consequently ry’ became very low. During turn off, as the
excess charge is reduced, the accompanying increase in resistivity causes
amarked reduction in the turn-off current. ips. as can be seen from the wave
forms of Figure 5. During tall time, the is; Current is very low Causing an
extended fall time.

Only a slight impravement in turn-off perfarmance is achieved with a
“speed-up" capacitor placed across Ry. This unusual behavior occurs be
cause ry’ limits the amount of reverse current which can be achieved. Also,
it seems evident that ry’ increases with applied reverse current. so that
etforts to speed up the turn.off behavior are somewhat futile.

In most applications. swiching time will be clase to the values shown
on Figure 6. Delay time is not shown as it is negligible in comparison to the
other times




2N4048 thru 2N4053 (continued)

g Ve PR Lo
2 07 Fto=05 07 There are two limitations on the power hand-
Z o5 - = 05 dling ability of a transistor: junction temperature
3 il 3 and secondary breakdown. Safe operating area
w03 11 L] 1 03 curves indicate l¢ Ve limits of the transistor that
z L—+D=02 man— 2 must be observed for reliable operation; i.e. the
%02 =t = sec/wHH 02 transistor must not be subjected to greater dissipa-
4] —rD=0l-rrg I H a - Dd°C/w‘ tion than the curves indicate.
iCitp) =
2 nEt ol el 0l The data of Figure 3 is based on Ty =
= 0.07 =t » 1 007 11D°C; Tc is variable depending upon conditions.
§ - T { } I - Pulse curves are valid for duty cycles to 10% pro-
U] o e - INGLE PULSE: 0.05 vided Typy <0 110°C. T, may be caiculated
=1 v | 1 ﬂ“ T e - O rlty) P from the data in Figure 2. At high case tempera-
2‘003 SnaLe PuLse -0 Py HTotens — Te - fuc i) Pat 1411 0,03 tures, thermal limitations will reduce the power
= - = | £ 1] that can be handled to values less than the limi-
Eon Mo=oT ! 3 REPETINE PUSES -l 002 86 S b o ondary bresikdomn.
5 1) = Te = Aue 1t D1 P 1
Zoot T CTeeee = {1 (0 1 L Al oo
01 D2 5 10 20 50 10 2 50 100 200 500 1000 2000 5000 10000
ty, PULSE WIDTH {ms)
FIGURE 3 — ACTIVE REGION SAFE-OPERATING AREA FIGURE 4 — SAFE OPERATING AREA TEST CIRCUIT
100
=
2 X <0040 0.25 mHy
50 ~
N AN N\ -
= Adjforlc = 60A
§ 3 \\ ) for le
[ N N @Vee= Vg
2 N, AN 100, 20W = v
E] N N N 00, oo =
8 N Nt}
= 10 o 1005 H -
0 = ~ T AOFOR I, - 50A =2 = 20V ' m
= AN T
EEY)
=4 10ms-
S 30— T,=110°C AN +
2l—F CURVES APPLY N 5.0ms T] “NOT REQUIRED IF CURRENT PROBE  ***ZENER SELECTEQ TD ESTABLISH
- BF\ UV{ R‘A'EDAVCfo N \\ 111 USED TD READ tyy SAFE DPERATING AREA VOLTAGE.
o **PRF =260 H. Fle = 60 Ade:
10 I l [ l ] ] \ ¢ l l J : CZMMB ;mas 35 Vde
to 20 30 50 70 10 20 30 50 70 100 SERIES IMPEDANGCE & INDUCTANCE 2N4049, 204052 — 40 Vdc
MUST BE KEPT TD A MINIMUM. 2N40S0, 2N4053 = 45 vde
Ve, COLLECTOR-EMITTER VDLTAGE (VOLTS)
FIGURE 5 — SWITCHING TEST CIRCUIT FIGURE 6 — SWITCHING TIMES
70 0BTAIN DATA FDR FIGURE 5, 10 =
Ry & R, WERE VARIED. Ve and V; L e S 4
LEVELS REMAINED APPROXIMATELY 50f—= ¢ 1
A5 SHOWN. —t— oo = IC/IIO
t, = 30 b—1—"e2tpt) Il
b=t O s =1 Al L
g {7 b
£ 10 =]
5
« 10
50 N
30 L
20
10
10 20 30 50 70 10 20 3 50 70 100
ic. CDLLECTOR CURRENT (AMP)

FIGURE 2 — TRANSIENT THERMAL RESISTANCE
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Power Transistors

2N4048 thru 2N4053 (continued)

TYPICAL DC CHARACTERISTICS

FIGURE 7 — DC CURRENT GAIN FIGURE 8 — CBLLECT8R SATURATION REGION
20 I T T 20
_H__szyzsv‘c - Ty =100°C . I l ” l [ l I l l
2 le=30A[[fIc =104 lc=50A
maal g s c <7, c
1) = 55°C o le=10A lc = 30A I ]
N 5 T, = 25°C
£ =
b Z L2 (NOTE )T
Y £
3
N >
Vee = 20V N 3 08
(NOTE 1) g
L] g
NORMALIZED 10 T, = 25°C, Ic = 15 AMP 3 04 \
prol=2a%tr! R \
D.l ] ] r I | ’ 0 M RS H
07 10 20 30 5070 10 0 30 5 M 0005 001 002 005 01 02 05 10 20 50
c. COLLECTOR CURRENT (AMP) Is, BASE CURRENT (AMP)
FIGURE 9 — EFFECTS OF BASE-EMITTER RESISTANCE FIGURE 10 — “ON” YOLTAGES
1000 . . 12
& s — T Ve = DV 1] /
S 500 1 1 — 1 )
g — e = Oless 10 T, = 25
g - ~ i A NOTEL
2 100 L _lc = 501ces 2 s
= s g
E % le =20 lces 5 - Vag(on) @Vcp =20V
= ~S - 2 I
3 — ™ s 06 =T 1
g ] . g et
g le =12 legs - D > 04 R - /
~—F = T
§ 50 \‘;\\ ~ // V.H_‘,,@Ic/l.: 10 ]
b 1 02 _
& 20[FOR VALUES OF I g SEE FIGURE 11 - vlcu‘...ll(?lcll.- 10 -
10 | I N 0 T |
0 2 20 ) 80 100 10 20 30 50 70 10 0 30 50 N
T., JUNCTION TEMPERATURE (°C) I... COLLECTOR CURRENT (AMP)
FIGURE 11 — COLLECTOR CUTOFF REGION FIGURE 12 — TEMPERATURE COEFFICIENTS
? +20
o =M F—=apPROXIMATE LOCUS =227 I«'plp srclml ]I In’ H
ey _ WHERE Ic. = loso =2 VARAV Y4 APPLIE: le/ly < hee/
==Vee =20V lc 0, X, V7
30 Lt L e
S — A7t g Ve for Veg () -
] , ¥ X/ Z o0
E] W T, = 100°C Y 7 g
} T s A ]
g —1,=60°C — \ 1'11 7 E—l.o
F : tw-: _r/\, / le = lcgs 8 L
S = — X - 2 ¥ forvae | | L]
-  ———rry va T ~20
T 125 - REVERSE BAS r—% l—tT"1
N Ao X onwulm BIAS "
~ 408 +04 +02 0 02 10 20 30 50 70 10 0 30 50 70
Vi, BASE-EMITTER VOLTAGE (VOLTS) Ic. COLLECTOR CURRENT (AMP)

NOTE 1: Data s obtained from puise tests and adjusted to nullfy the eftect of icyo.
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Power Transistors

2n4276 theo 284283 IVCE) ;22-60 v
o=

PNP germanium power transistors designed for
high-current applications requiring high gain and ex-

CASE 3A tremely low saturation voltage.
(TO-3)

MAXIMUM RATINGS

. 4282 !
Ratin symbol | 24276 | 2N4278 | 2N4280 | 2N Unit
9 ¥ 2N4277 | 2N4279 | 2N4281 | 2N4283
Collector-Emitter Voltage VCEO 20 30 45 60 Vde
Collector-Emitter Voltage VCES 30 45 60 75 Vde
Collector-Base Voltage VCB 30 45 60 7% Vde
Emitter-Base Voltage VEB 20 25 30 40 Vde
Collector Current— Continuous * IC' 60 Adc
Total Device Dissipation @ Te = 25°C PD 170 Watts
Derate above 25°C 2.0 w/°C
Operating and Storage Junction TJ, Tst °C
Temperature Range B e 65 to 4110 |
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case gJC 0.5 “C/W

FIGURE 1-- AVERAGE POWER-TEMPERATURE DERATING CURVE

200 l I l
FOR TRANSIENT THERMAL RESISTANCE AND

@ 160 SAFE OPERATING AREA INFORMATION, ———
= SEE FIGURES 2 & 3.
= I~
s
2 120
=
2
S 80
=
o
[+

(<)
o 40

0
20 40 60 80 100 120

Te, CASE TEMPERATURE (°C)
* JEDEC Registered Values, For True Capability See Figure 3.
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Power Transistors

2N4276 thru 2N4283 (continued)

ELECTRICAL CHARACTERISTICS (T = 25°Cunless atherwise noted)

[ Characteristic Symbol Min Max 1 Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltaget BVCEOY Vde
(lc =1.0 Ade, IB =0) 2N4276, 2N4277 20 -
2N4278, 2N4279 30 -
2N4280, 2N4281 45 -
2N4282, 2N4283 60 -
Collector-Emitter Breakdown Voltage BVCES Vde
(lC = 300 mAdec, VBE =0) 2N4276, 2N4277 30 -
2N4278, 2N4279 45 -
2N4280, 2N4281 60 -
2N4282, 2N4283 % -
Floating Potential VEBF Vde
(VCB =30 Vde, IE =0) 2N4276, 2N4277 - 0.5
(VCB =45 Vdec, IE =0) 2N4278, 2N4279 - 0.5
(VCB =60 Vde, IE =0) 2N4280, 2N4281 - 0.5
(VCB =175 Vdc, lE =0) 2N4282, 2N4283 - 0.5
Collector Cutoff Current ICEX mAdc
(VCE =20 Vde, VBE(OH'} =2.0 Vdc, TC = +71°C) 2N4276, 2N4277 - 15
(VCE =30 Vdc, VBE(Off} =2.0Vdc, TC = +T1°C) 2N4278, 2N4279 - 15
(VCE = 45 Vde, VBE(O[Q = 2.0 Vdc, TC = +71°C) 2N4280, 2N4281 - 15
(VCE =60 vdc, VBE(OH) =2.0Vdc, TC = +71°C) 2N4282, 2N4283 - 15
Collector Cutoff Current ICBO mAdc
(VCB =2.0 Vde, ]E =0) All Types - 0.2
(VCB =30 Vde, IE =0) 2N4276, 2N4277 - 4.0
(VCB = 45 Vdc, IE = 0) 2N4278, 2N42179 - 4.0
(VCB = 60 vdc, IE =0) 2N4280, 2N4281 - 4.0
(VCB =75 vdc, IE = 0) 2N4282, 2N4283 - 4.0
Emitter Cutoff Current IEBO mAde
(VBE =20 Vdc, IC = 0) 2N4276, 2N4277 - 4.0
= = = ° -
(VBE =20 Vdc, IC =0, TC +71°C) 15
(Vpg =25 Vde, 1, =0) ) 2N4278, 2N4279 - 4.0
(Vg =25 Vde, I, =0, T = +71°C) - 15
= = 4 - 3
(VBE 30 vdc, IC 0) 2N4280, 2N4281 4.0
(VBE:30 Vde, IC=0, TC=+71 C) - 15
(VBE =40 Vdc, IC =0) 2N4282, 2N4283 - 4.0
(VBE = 40 Vdc, lc =0, TC = +71°C) - 15
ON CHARACTERISTICS
DC Current Gaint hppt -
(lc =15 Adc, VCE = 2.0 Vdc) 2N4276, 2N4278, 2N4280, 2N4282 60 120
2N4277, 2N4279, 2N4281, 2N4283 80 180
(IC = 60 Adc, VCE = 2.0 Vdc) 15 -
Collector -Emitter Saturation Voltaget A \J vdc
(I = 15 Ade, 1, = 1.0 Ade) CE(sat) - 0.15
(lCZSOAdc, lB:8.0Adc) - 0.3
Base-Emitter Saturation Voltaget V. ¢ 1 Vde
(I =15 Adc, Iy =1.0 Adc) BE(sat) . 0.6
= = - 1.0
(IC 60 Adc, IB 6.0 Adc)

SMALL SIGNAL CHARACTERISTICS

Common-Emitter Cutoff Frequency
(15 =15 Ade, Voo =2.0 vdc)

I I

t To avoid excessive heating of the collector junction, perform test with pulse method.



2N4276 thru 2N4283 (continued)

Power Transistors

FIGURE 2 — TRANSIENT THERMAL RESISTANCE

g == 10
g 0.7
g i 05
§ - ” 03
z i Bicime)  05°C/W
2 — = Hiciryp) = 04°C/W 02
g IR T .
& 2" = = 00
= 005 + P I _1 I 0.05
iy S . ul ) . - SINGLE PULSE: Tyjpt) — Tc * Aac ity) Poi
Zon S T T Y }*[ ___1 HH— REPETITIVE PULSES: T 1) -~ T = flc ity DIP, .03
= ~ - 002
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] A
10 0z 03 D5 1D 20 30 50 )} 20 30 50 100 200 300 500 1000 200D 3000 50D0 10000
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FIGURE 3 — ACTIVE REGION SAFE OPERATING AREA

10D =

70 A There are two limitations on the power handiing ability

5D \\ \C of a transistor: junction temperature and secondary break-
= down. Safe operating area curves indicate lc — Vg limits of
) D the transistor that must be observed for reliable operation;
= N N N i.e. the transistor must not be subjected to greater dissipa-
D N N tion than the curves indicate.
g N The data of Figure 3 is based on Ty, = 110°C; T is
E N N 3 ! okl X
S 0 - I variable depending on conditions. Pulse curves are valid for
& duty cycles to 10% provided Ty i) < 110°C. Ty may be
g 70 A calculated from the data in Figure 2. At high case tempera-
= 50 tures, thermal limitations will reduce the power that can
5] be handled to values less than the limitations imposed by
© 30b——+-Ti=tpc secondary breakdown.

2 [ CURVES APPLY N

| BELDW RATED Veeo N«
10 111 N
10 20 30 50 7D 10 20 30 50

Ry & Ry WERE VARIED. Ycc and ¥y
LEVELS REMAINED APPRDXIMATELY R

AS SHDWN.

-105Y

Veg, COLLECTDR-EMITTER YOLTAGE {YDLTS)

FIGURE 4 — SWITCHING TEST CIRCUIT

FIGURE 5 — SWITCHING TIMES

100 > e
=) 70 %zvcc 30V
TD OBTAIN DATA FOR FIGURE 5, Yee =30Y F-—t‘a- 50 Iy = 1e/10 t ul
-4 4 2(p0) = o1
0= —.1 -1 1 =
! =h-ghk
1
Yo 2 ] 4 t, >
g0
Lot n
Yec = 10
5.
in 3D t
_ . 20 AV
s 0
1.0
i 10 20 30 50 70 10 20 30 5D 70 10D
iny

‘The switching performance of this transistor is determined primarity
by the gain-bandwidth prociuct, f1*. and the behavior of the base-spreading
resistance. ny’

in the case of rise time, the base-spreading resistance plays a small
part, and the test circuit delivers a ccnstant current step of turn-on current
1o the transistor (ly;). Therefore, the curve of t, on Figure 5 follows theary
clesely. ie

~osle. 1
L e =+
From the curve, st can be seen that fy 1s roughly canstant with current: using
the equation. its large signal value can be caiculated to be approximately
120 kHz at the 20-Amp level. A lower supply voitage will increase rise ime
stighty.

Turn-off time is slow because of canductivity modulation which occurs
in the base region When the transistor s held “'on” in saturation. the base
resion becomes, filled with excess charge: i e, charge in excess of that

MRS LN

Ic. COLLECTOR CURRENT (AMP)

necessary to sustain the circuit limited value of (c. As a result. the base
resistwity and consequently ry’ become very low. During turn off. as the
excess charge is reduced, the accompanying mcrease in ressstivity causes
amarked reduction i the turn-off curcent. ipy. as can be seen from the wave
forms of Figure 4. Ouring fall time. the iy current is very fow causing an
‘extended fail time.

Only a slight improvement in turn-off performance is achieved with a

speed-up” capacitor placed across Ry. This unusual behavior occurs be-
cause rg’ hmits the amount of reverse current which can be achieved. Also.
it seems evident that ry’ increases with applied reverse current, 50 that
effarts to speed up the turn-off behavior are somewhat futile.

In most appications, switching time will be close 1o the values shown
on Figure 5. Qelay time is ngt shown as it is Regligible in comparison to the
other times.



Power Transistors

2N4276-2N4283 (continued)

TYPICAL DC CHARACTERISTICS

FIGURE 6 — DC CURRENT GAIN FIGURE 7 — CDLLECTDR SATURATION REGION
20 o 20
e [T 1
g " T = < 55c ttl] N EPR ic = 30A|[Tic =|10'A I =I50[A
3 I 1
§ —1 ] g Hfle =10 Ic = 30A T, = 25°C 4
07 — 8 (NOTE )
2 T ~IS g
Z P Vee=20V N = 12
3 05 (NOTE 1} ™ E
= NN z
& & 08
S \\ g
& NORMALIZED 10 T, = 25°C. Ic = 15 AMP 30 \
K
~N
" L L L SRS
07 10 20 30 50 720 10 EEEIERE 0005 001 002 005 01 02 05 10 20 50
Ic. COLLECTOR CURRENT (AMP) I, BASE CURRENT (AMP)
FIGURE 8 — EFFECTS OF DASE-EMITTER RESISTANCE FIGURE 9 — “ON” YOLTAGES
1000 — 12
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) 4\ = . = 04 T
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& 50 AN N — IV||E|,.~)@‘C/|U =10
15 1
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& 2.0 [ FOR VALUES OF Ices SEE FIGURE 10 S V::E(-t‘] @lc/ly =10 1
L0 1 T T 0 T 11110
0 20 ) 60 80 100 10 . 20 30 50 70 1o 0 30 50 70
Ty, JUNCTION TEMPERATURE (°C) ic, COLLECTOR CURRENT (AMP)
FIGURE 10 — COLLECTOR CUTOFF REGION FIGURE 11 — TEMPERATURE COEFFICIENTS
10 — 7 +20
—===Vce = 2.0 V T APPROXIMATE LOCUS—af —2 v [T T T 71T
== VCE 20V WHERE Ic = | REvaay i *APPLIES FOR Ic/la < hre/2
i vl ¢ L7 4 10 d
E 100 ] . / yi '/ 7 '/
= i A Z v4 y 4 5 O for
E T, = 100°C 1 V4 y 4 g c CE (10t} —
§ pesmoo—o \W A ¥ Eo 7
S T, = 100°C X vV =
2 i s 2 7 =] LA
g 17, = 60°C V7 7 E-10 L
= == 8 LA
8 T, = D"CT ,/Y // Ie = lcgs —| 8 L
9 g0 1 A\ | oy forve | | |11
= 7 ! -20 i
T=25 lb —— REVERSE BiAS ZAN E— —t1"1
L ) FORWARD BIAS _|
oo T, - 25° T ) | 0
+06 +04 +02 0 02 10 20 30 50 70 10 20 30 50 70
Vag, BASE-EMITTER VOLTAGE (VOLTS) ic, COLLECTOR CURRENT (AMP)

NCTE 1: Data is obtained from pulse tests and adjusted to nuliity the effect of lcpo.
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Power Transistors

24398 (siLicon) Vee 3=°?.6o v
e

2n4399 P, = 200 W

@ High-power PNP silicon transistors for use in pow-
X er amplifier and switching circuits; serves as direct

replacements for germanium high-power devices.
c#osga P g gn-p
-3)

MAXIMUM RATINGS

Rating Symbol 2N4398 | 2N4399 Unit
Collector-Emitter Voltage VCEO 40 60 Vde
Collector-Base Voltage Ve 40 60 Vde
Emitter-Base Voltage VEB 5 vde
Collector Current-Continuous IC 30 Adc
Peak 50

Base Current IB 7.5 Adc
Total Device Dissipation @ T = 25°C Pp 5.0 Watts
Total Device Dissipation @ T, = 25°C Py 200 Watts
Operating and Storage Junction Ty, Tstg 65 to +200 oc
Temperature Range ”

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit

Thermal Resistance, Junction to Case %3¢ 0.875 Oc/w
Thermal Resistance, Case to Ambient GCA 34 oc/w

> Ta Te FIGURE 1 —POWER-TEMPERATURE DERATING CURVE

= 8 200 - ]

= —

= 6 150 ~

= : i \4\ Te

= 4 .00 T | T ~]

g ) - I

2] ]

= 2 5 s

E—
§ 0 \:§.
N 0
o
o il 20 40 60 80 100 120 140 160 180 200

TEMPERATURE (°C)

Safe Area Curves are indicated by Figure 13. All limits are applicable and must be observed.
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Power Transistors

2N4398, 2N4399 (continued)

ELECTRICAL CHARACTERISTICS (1. = 25°C unless othermse soted)

l: Characteristic J Fig. No. J Symbol I Min I Max Unit ‘

OFF CHARACTERISTICS

Collector- Emitter Sustaining Voltage® 13 BV, * vde
(I = 200 mAce, Ig = O) 2N4394 CEO(sus)

2N4399 60 —

| Collector Cutolf Current Toro mAdc
(Vg = 40 Vde, Ig = 0) 2N4398 —
(Ve = 60 Ve, Ig = 0) 2N4399 —
Collector Cutoff Current 7.8 Teex mAdc
(Vog = 30 Vde, V(o = 1.5 Vde, Te = 150°C) —_
(Ve = 40 Vde, Vg = 1.5 Vee) 2N4398 - 5.0
(VCg = 68 Vs, Vppiogn = 1.5 Vde) 2N4399 -
Collector Cutoff Current 7.6 cso mAdc
(Vep = 40 Vde, Ig = 0) 2N4398 - !
Vgp = 60 Ve I - 0) 2N4399 - 1
Emitter Cutoff Current 1
EBO
- 5.0 ve - — !
Vg e, 1= 9 5.0

mAde

ON CHARACTERISTICS

DC Current Gain* 8 bheg . -

(I = 1.0 Ade, Vo = 2.8 Vdo) 40 —
(Ig = 15 Ade, Vg = 2.0 Vi) 15 60
(G = 30 Ade, Vg = 4.0 vde) 5.0 -

Collector-Emitter Saturation Voltage * 10, 11,12 VCE(EM)' vde
(I = 10 Ade, Iy = 1.0 Ade) —
(15 = I Ade, lp = 1.5 Ade) —_ 1.0
(Ic = 20 Ade, [p = 2.0 adc) -

Hase-Emitter Saturation Voltage * 11, 12 VBE@at)" vac

(I, = 10 Ade, Ig = 1.0 Ade)

=I5 Ade, Iy = 1.5 Ade) -

(¢ = 20 Ade, I = 2.0 Adc) -

Fase-Emitter On Voltage * 11, 12 v - vde
(g = 15 Ade, Vo = 2.0 Vde) BE(on) - 1.7

(g = 30Ade, Vg = 4.0Vde) _ 3.0

DYNAMIC CHARACTERISTICS

Current Gain — Bandwidth Product IT MHz
(g = 1.0 Ade, Veg = 10 Vde, f = 1.0 MHz) 4.0 —

[ Small Signat Curreat Gain n —

(g = 1.0 Ade, Vg - 10 Ve, = 1.0 kHz) %0 —

R

e Time 2,5 tr —_ 0.4 us
(Voo = 30 Vde, I = 10 Ade,
Storage Time ce tc 2,3,6 tg - 15 na

Ig; = lgg = 1.0 Ade)
- Bl ~ ‘B2
Fall Time 2,3,6 & - 08 us

* Pulse Test: PW -z 300 us.Duty Cycle = 2.0%

SWITCHING TIME EQUIVALENT TEST CIRCUITS

FIGURE 2 — TURN-ON TIME FIGURE 3 — TURN-OFF TIME

Vec § -30V Vec

Re

T0 SCOPE

T0 SCOPE : +9.0V

T e t, <20ns log to< 200
0~ ! 0 .
! | |
! - _ !
e 1 110V IIOVI — . b=
2003 i 1 | | | 20ns
L 1 | |
| +=——1010 100 ;is — r=—10t0100 s
DUTY CYCLE — 20% QUTY CYCLE ~ 20%

FOR CURVES DF FIGURES 5& 6, Ry, R, & Ve ARE VARIED.
INPUT LEVELS ARE APPROXIMATELY AS SHOWN
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Power Transistors

2N4398, 2N4399 (continued)

TYPICAL TRANSIENT CHARACTERISTICS | TYPICAL “OFF'' REGION CHARACTERISTICS
FIGURE 4 — CAPACITANCES FIGURE 7 — TRANSCONDUCTANCE
10 | — 10 F
70 i 70 l,’
50 T, =25 50 7 ; ;
30 30 T, T5C ] ]
z = 20
g 20 / / I
g T ~ p
E w0 Cov T3 < 10 =
2 o7 g w 1
2 = > 1
3 05 s 08 = g o 1
£ ] I
03 £ 03 ]
3
02 = 02 i
S
01 ERY P4 A5
05 10 W 30 S50 10 0 30 50 =3
0007
REVERSE BIAS (VOLTS! 0.05 £ =
[ REVERSE BIAS —|- FORWARU BIA
003 <~
0.02 le = logs Vee =30V +—
i rilt
oo 1 [
FIGURE 5 — TURN-ON TIME 02 0.1 0 0.1 0.2 03 0.4 05
Ve, BASE-EMITTER VOLTAGE (VOLTS)
10
70
50 FIGURE 8 — EFFECT OF BASE-EMITTER RESISTANCE
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L ¥ Ve =30V ———
S NN
o 10 NG
A
£ o7 IO N
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003005 01 0203 05 10 2030 50 10 20 30 z N AN
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Power Transistors

2N4398, 2N4399 (continued)

TYPICAL “"ON" REGION CHARACTERISTICS

FIGURE § — NORMALIZED DC CURRENT GAIN
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2N4398, 2N4399 (continued)

Power Transistors

RATINGS AND THERMAL DATA
FIGURE 13— ACTIVE-REGION SAFE OPERATING AREA
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10 I ondary breakdown.
30 40 50 60 80 10 15 20 30 10 50 60
Vcg. COLLECTOR-EMITTER VOLTAGE (VOLTS}
w FIGURE 14 — THERMAL RESPONSE
£ 10 == e
] 0 0=05
=
: = -
= —
& 03 D 02 —— = STEADY STATE VALUES t-
- | I =
C o f wee = Bl —07CWME L
= e ot
o .1 o oy
2 /"/’—/ 0.875°C/W (MAX)
g o I Buclt = it facie) £
o 007 =
S 005 D- 0.01 = T
= g B ; T
o 003 D 0 SINGLE PULSE}
g - =
5 00 fet -
% -
2 ol el
z 0.01 002 0.05 0.1 02 05 10 2.0 50 10 2 50 100 200 500 1000

£, TIME OR PULSE WIDTH (ms)

DESIGN NOTE: USE OF TRANSIENT THERMAL RESISTANCE DATA

FIGURE A
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DUTYCYCLE D 1ty f

PEAK PULSE POWER

A train of periodical power puises can be represented by the model
asshownin Figure A, Using the mode! and the device thermal reponse,
the normalized effective transient thermal resistance of Figure 14
was calculated for various duty cycles.

To find fic(t), multiply the value obtained from Figure 14 by the
steady state value Aic(«).
Example:
The 2N4398 is dissipating 100 watts under the following conditions:
th=10ms, te =50ms. (D =02
Using Figure 14, at a pulse width of 1.0 msand D = 0.2, the reading
of r(t)is 0.28.
The peak rise in junction temperature is therefore

AT =r{t) X Pe X fic(=) =0.28 X 100 X 0.875 = 24.5°C
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Power Transistors

2n4898 ihrv 284900 siLicon Vero = 4080V
=
PD =25W
)
> Medium-power PNP silicon transistors designed
CASE 80 for driver circuits, switching, and amplifier applica-
(T0-66) tions.

MAXIMUM RATINGS

Rating Symbol |2n4898| 2N4899) 2N4900 Unit
Collector-Emitter Voltage VCEO 40 60 80 Vdce
Collector-Base Voltage VCB 40 60 80 Vde
Emitter-Base Voltage VEB 5.0 Vdc
Collector Current — Continuous * IC* 1.0 Adc

4.0

Base Current IB 1.0 Adc
Total Device Dissipation TC =25°C PD 25 Watts
Derate above 25°C 0.143 w/°C

Og‘erating & Storage Junction TJ, Tstg [+—-65 to +200 ——— °c

emperature Range
THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit

Thermal Resistance, Junction to Case GJC 7.0 °C/W

* The 1.0 Amp maximum I, value is based upon JEDEC current gain requirements.

C
The 4.0 Amp maximum value is based upon actual current-handling capability of the device
(see Figure 5).

FIGURE 1 — POWER-TEMPERATURE DERATING CURVE
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Tc. CASE TEMPERATURE (°C)
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2N4898 thru 2N4900 (continued)

Power Transistors

ELECTRICAL CHARACTERISTICS (T = 25°C unless othermise noted)

Characteristic Fig. No. ‘ Symbol | Min 1 Max I Unit l
OFF CHARACTERISTICS
Collectr-Emitter Sustaining Voltage* - BV * Vde
(1 = .1 Ade, Ty =0) 2N4898 CEO(sus) 0 .
2N4899 60 -
2N4900 80 -
Collectar Cutoff Current Iogo mAdc
= = -
(Ve = 20 Vde, Iy =0) 2N4898 0.5
(Vo =30 Ve, 1, =0) 2N4899 - 0.5
(Vg = 40 Ve, 1y < 0) 2N4900 - 0.5
Collectar Cutoff Current 12 Toex mAdc
WVep = Rated Vg, Vg =15 vae) - 0.1
Veg = Rated Vego, Vg = 1.5 Vde, T =150°0) - 1.0
Collector Cutotf Current - Ieso mAde
(Ve = Rated Voo, 1, = 0) - 0.1
Emitter Cutoff Current R 1 mAdc
-5 N EBO .
(Vg =50 Ve, 1. = 0) 1.0
ON CHARACTERISTICS
DC Current Gain® 8 Meg® _
(i = 50 mAde, Vg = 1.0 Vo) 20 .
(1, = 500 mAde, Vi = 1.0 Vde) 20 100
(1, = 1.0 Ade, Vo = 1.0 Vde) 10 .
Collector-Emitter Saturation Voltage* 9 v * Vdc
(1. =1.0 Adc, T = 0.1 Adc) 11 CE(sat) - 0.6
c B
13
Base-Emitter Saturation Voltage* 11 v . vde
(1. =1.0Adc, T = 0. I Adc) 13 BE(sat) B 1.3
c B
Base-Emitter On Voltage* 11 v . Vdc
i . . BE(on)
(I = 1.0 Ade, Vg =1.0 Veke) 13 - 1.3
SMALL SIGNAL CHARACTERISTICS
Current -Gain— Bandwidth Product - [ MHz
(1. - 250 mAdc, V. = 10 Vde, { = 1.0 MHz) 3.0 -
c CE
Output Capacitance - ob pF
(Vg = 10 Ve, 1, =0, = 100 kHz) - 100
Smali-Signal Current Gain - h'.e -
(I = 250 mAdc, V. =10 Vdc, € = 1.0 KHz) 25 .
* Pulse Test: PW =300 us, Duty Cycle = 2.0%
FIGURE 2 — SWITCHING TIME EQUIVALENT CIRCUIT FIGURE 3 — TURN-ON TIME
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2N4898 thru 2N4900 (continued)

Power Transistors

FIGURE 4 — THERMAL RESPONSE
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Power Transistors

2N4898 thru 2N4900 (continued)

FIGURE 8 — CURRENT GAIN FIGURE 9 — COLLECTOR SATURATION REGION
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Power Transistors

aN4910 thru 284912 (siLicON) Veeo = 40-80 V

Ilc=4A
Pob=25W
=1
CASE 80 Medium-power NPN silicon transistors designed
(TO-66) for driver circuits, switching, and amplifier applica-
tions.
MAXIMUM RATINGS
Rating Symbol | 2N4910{ ZN4311 IN4912 | Unit
Collector-Emitter Voltage VCEO 40 60 80 Vdc
Collector-Base Voltage VCB 40 60 80 Vdc
Emitter-Base Voltage VEB - 50— Vde
Collector Current — Continuous* IC* -—1.0 — Ade
Base Current — Continuous IB - 1.0 — Adce
Total Device Dissipation TC =25°C PD - 25— = Watts
Derate above 25°C - 0,143 —» mwW/°C
Operating & Storage Junction T.,T --—-65 to +200 —= °C
J’ " stg
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case } 8. 7.0 °C/W

* The 1.0 Amp maximum IC value is based upon JEDEC current gain requirements.

The 4.0 Amp maximum value is based upon actual current-handling capability of the device
(see Figure 5).

FIGURE 1 — POWER-TEMPERATURE DERATING CURVE
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=
% 10] \\
0?50——#— [ ( ﬁ\
0 |
0 20 40 60 8 100 12 140 160 130 200

Tc, CASE TEMPERATURE (°C)

Safe Area Curves are indicated by Figure 5. Ali limits are applicable and must be observed.
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2N4910 thru 2N4912 (continued)

ELECTRICAL CHARACTERISTICS . ~ 25

Power Transistors

C unless otherwise noted)

[ Characteristic ' Fig. No. 1 Symbol | Min I Max J Unit J
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage* - BV, . vde
- (= CEO(sus)
(I =0.1 Ade, Tp =0) 2N4910 n -
2N4911 60 -
2N4912 80 -
Collector Cutoff Current - oo mAde
(Vg =20 Ve, 15=0) 2N4910 - 0.5
(Vop =30 Vde, 1 =0) 2N4911 - 0.5
(Vg =40 Vde, 1= 0) 2N4912 - 0.5
Collector Cutoff Current 12 lepx made
(Vep = Rated Vopo, Vo oo = 1.5 Vde) - 0.1
(Vep =Rated Vopo, Voo gy = 1.5 Vde, T = 150°€) - 1.0
Collector Cutoff Current - oo mAde
(Vop = Rated Voo, 1, = 0) - 0.1
Emitter Cutoff Current - 1 mAdc
A . EBO
(Vgg =5-0Vde, 1. =0) - 1.0
ON CHARACTERISTICS
DC Current Gain * 8 heg A
(I, =50 mAde, V(g = 1.0 Vde) 40 .
(1 = 500 mAde, Vip = 1.0 Vee) 20 100
(g = 1.0 Ade, Vp =1.0 Vde) 10 -
Collector-Emitter Saturation Voltage* 9 v * Vde
(1. =1.0Adc, 1_ =0.1 Ade) 1 CE(sat) - 0.6
c B
13
Base-Emitter Saturation Voltage* 1 v * vde
(I, = 1.0 Adc, 1, =0.1 Ade) 13 BE(sal) . 1.3
c B
Base-Emitter On Voltage* 1 v * vdc
(1. =1.0Ade, V.. =1.0 vdc) 13 BE(on} - 13
c CE
SMALL SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product - [ MHz
{1 = 250 mAdc, Vi = 10 Vdc, [ =1.0 MHz) 3.0 -
Output Capacitance - b pF
(Vo =10 Vdc, 1p =0, £ = 100 IkHz) o . 100
Small-Signal Current Gain - [ R
(1 =250 mAde, Vi = 10 Vdc, f = 1.0 kHz) 25 -
* Pulse Test: PW = 300 us, Duty Cycle =2.0%
FIGURE 2 -- SWITCHING TIME EQUIVALENT CIRCUIT FIGURE 3 — TURN-ON TIME
‘ 50 I B N
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02
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2N4910 thru 2N4912 (continued)

Power Transistors

FIGURE 4 — THERMAL RESPONSE
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Power Transistors

2N4910 thru 2N4912 (continued)

TYPICAL DC CHARACTERISTICS

FIGURE 8 — CURRENT GAIN FIGURE 9 — COLLECTOR SATURATION REGION
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Power Transistors

2N4918 hrv 284920 siLicon) :’cia y A4°-8° v
c =
Pob=30W
CASE 77 Medium-power plastic PNP silicon transistors de-
signed for driver circuits, switching, and amplifier
applications.

MAXIMUM RATINGS

Rating Symbol | 2N4918 | 2N4919] 2N4920{  Unit
Collector-Emitter Voltage VCEO 40 60 80 Vdc
Collector-Base Voltage VCB 40 60 80 Vde
Emitter-Base Valtage VEB - 50— Vde
Collector Current -- Continuous* IC* - 1.0——— Adc
Base Current IB - 10— Adc
Total Device Dissipation @ TC = 25°C PD - 33— Watts

Derate above 25°C - 0,24 — = w/°C
Operating & Storage Junction T, T - -65 to +150 — °C
J’ stg
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case 3¢ 4.16 °C/wW

* The 1.0 Amp maximum IC value is based upon JEDEC current gain requirements.

The 3.0 Amp maximum value is based upon actual current-handling capability of the device
(see Figure 5).

FIGURE 1 — POWER-TEMPERATURE DERATING CURVE
40

T T I T T T
Case-to-ambient thermal resistance, A.,, in
typical printed circuit board mounting is
7 32 90°C/W. -
= P
g u
&
S 3 N
5 T~
=
2
S 80 A
~
\
~
0
2% 50 75 100 125 150

Tc. CASE TEMPERATURE (°C)

Safe Area Curves are indicated by Figure 5. All limits are applicable and must be observed.
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2N4918 thru 2N4920 (continued)

Power Transistors

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

Charactaristic Fig. No. l Symbol I Min i Max l Unit J
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage* - {sv . Vdc
(I, = 0.1Adc, 1 =0) 2N4918 CEO(sus) 40 -
2N4919 60 -
2N4920 80 -
Coilector Cutoff Current - ‘L‘Eo mAdc
(Vop =20 Vde, 1, =0) - 0.5
(Vog =30 Vde, 1 =0} - 0.5
(Ve =40 Vde, 1= 0) - 0.5
Coliector Cutoff Current t2 Iepx mAdc
Vg =Rated Vopo Vap(om = 19 V49 - 0.1
(Veg = Rated Vg o, Vg = 1.5 Vde, T = 125°C) - 0.5
Collector Cutoff Current - oo mAde
(Vep = Rated Vo, 1 =0) - 0.1
Emitter Cutoff Current Tepo mAdc
(Vg =5.0 Vdc, 1, = 0) - 1.0
ON CHARACTERISTICS
DC Current Gain* 8 hpg® -
(I, = 50 mAde, Vg = 1.0 Vde) 40 -
(I, = 500 mAde, Vip = 1.0 Vdc) 20 100
(1o =1.0 Ade, Vip =1.0 Vec) 10 -
Coliector-Emitter Saturation Voltage* 9 v * Vdc
(1. =1.0Ade, I, =0.1Adc) n CE(sat) - 0.6
c B 13
Base-Emitter Saturation Voltage* 1 v . Vdc
(1. =1.0Adc, I =0.1Adc) 13 BE(sat) . 1.3
c B
Base-Emitter On Voitage* 1 v * Vde
- A . BE(on)
(I =1.0Adc, Vi = 1.0 Vdo) 13 - 1.3
SMALL SIGNAL CHARACTERISTICS
Current-Gain - Bandwidth Product - i MHz
(I = 250 mAde, Vip = 10 Vde, £ = 1.0 MHz) 3.0 -
Output Capacitance - b pF
(Vg =10 Vde, 1g =0, f = 100 kHz) . 100
Smali-Signai Current Gain - n, R
(1, = 250 mAde, Vo = 10 Vdc, £ = 1.0 kHz) € 25 -
* Pulse Test: PW = 300 us, Duty Cycle = 2.0%
FIGURE 2 — SWITCHING TIME EQUIVALENT CIRCUIT FIGURE 3 — TURN-ON TIME
50 7T
TURN-ON PULSE R % { % I i c/lg = 10, UNLESS NOTED
Vee O 30 x Ll — 195°¢
™ Vee =30V ——— T, 150
20 LIl = 20 .
! 11
N MR
Vi Ot _ 10 Vee =30V % - o
207 + t,
> Vee = 60 Y
Cacelan g 05 ! o —
APPROX 9.0 V RTINS Yee 60V Vaepa = 20¢ ] H
N L NJ¢
02 T
N
Vi, 4
ty < 15ns 0.1} Vee 7;‘V\ ™
100 < t < 500 pus 0,07 f Vsetom = 0
| HG<15ns o T
APPROX 3 0.05 L
-y oty be—  QUTY CYCLEZZ 20%
10 0 3 5 70 1 200 300 500 700 1000
TURN-OFF PULSE 0 0 > o
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Power Transistors

2N4918 thru 2N4920 (continued)

FIGURE 4 — THERMAL RESPONSE
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FIGURE 5 — ACTIVE-REGION SAFE OPERATING AREA
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£ 10 - \, 150°C: T is variable depending upon conditions.
S 07 N\ Pulse curves are valid for duty cycles to 10% pro-
g LIMITATIDN AN vided Typy) = 150°C. Tyip may be calculated
< 05 e TioN +4 AN from the data in Figure 4 . At high case tempera-
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Power Transistors

2N4918 thru 2N4920 (continued)

TYPICAL DC CHARACTERISTICS

FIGURE 8 — CURRENT GAIN

FIGURE 9 — COLLECTOR SATURATION REGION
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Power Transistors

aN4921 thr 284923 (siLicon) Veeo = 40-80 V

7

MAXIMUM RATINGS

Medium-power plastic NPN silicon transistors de-
signed for driver circuits, switching, and amplifier
applications.

Rating Symbol [2N4921 [2N492212N4823 |  Unit
Collector-Emitter Voltage VCEO 40 60 80 Vde
Collector-Base Voltage VCB 40 60 80 Vde
Emitter-Base Voltage VEB 50— Vde
Collector Current — Continuous* IC* - 1.0 ——» Adc

- 3 ) ———»
Base Current — Continuous IB - 1.0 ——» Adc
Total Device Dissipation TC =25°C PD - 30 ——= Watts
Derate above 25°C - .24 —e w/°C
Operating & Storage Junction TJ, TStg <« -65 to +150 —e= °c

Temperature Range

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit

Thermal Resistance, Junction to Case 9JC 4.16 °C/W

* The 1.0 Amp maximum I | value is based upon JEDEC current gain requirements.

C

The 3.0 Amp maximum value is based upon actual current-handling capability of the
device (see Figure 5).

FIGURE 1 — POWER-TEMPERATURE DERATING CURVE

a0 ] T T T T 1
Case-to-ambient thermal resistance, f.,, in
T typical printed circuit board mounting is
_ °
2 "R +
z
z u
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g N
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Y
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0 i
25 50 75 100 125 150

Te, CASE TEMPERATURE (°C)

Safe Area Curves are indicated by Figure 5. All limits are applicable and must be observed.
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2N4921 thru 2N4923 (continued)

ELECTRICAL CHARACTERISTICS

Power Transistors

25°C unless otherwise noted)

IV Characteristic

Jﬁgure No. I Symbol Min

Unit J

OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage*
(lC =0.1Ade, lB =0) 2N4921

2N4922

2N4923

BYcro(sus)” © .

Collector Cutoff Current
Veg = 20 Vdc, Ig# 0)

(VCE =30 Vde, IB =0)
(Vg =40 Vde, 1p = 0)

2N4921
2N4922
2N4923

Collector Cutoff Current

Vg - Rated Vepo VeR(oimn

(Veg = Rated Voo, Vegn

= 1.5 Vde)

1.5 Vde, T, = 125°C) -

CEX

mAdc

Collector Cutaff Current
(Vop = Rated Vop, I = 0)

CBO

mAdc

Emitter Cutoff Current
(Vg g =50 Vde, I, =0)

EBO

ON CHARACTERISTICS

DC Current Gain*
(I, = 50 mAde, Vip = 1.0 Vde)
(I = 500 mAde, Vip = 1.0 Vdo)

(lC =1.0 Ade, VCE =1,0 Vdc)

h
FE 40 .

20 100
10 -

Collector-Emitter Saturation Voltage*
(I, = 1.0 Adc, Iy = 0.1 Ade)

v -
n CE(sat) B

13

vde

Base-Emitter Saturation Vottage*
(I = 1.0 Ade, 1, = 0.1 Ade)

n v «
13 BE(sat) R

Vde

Base-Emitter On Voltage*
(g = 1.0 Ade, Vo = 1.0 Vae)

11
VBE(on)”

Vde

SMALL SIGNAL CHARACTERISTICS

Current-Gain ~ Bandwidth Product
(lC = 250 mAde, VCE =10 Vde, { = 1.0 MHz)

Output Capacitance
(Vo =10 Vde, Ip =0, § = 100 kHz)

Smatl-Signal Current Gain
(I, = 250 mAde, Vi, =10 Vde, f = 1.0 kHz)

25 -

* Pulse Test: PW =300 us, Duty Cycle = 2.0%.

FIGURE 2 - SWITCHING TIME EQUIVALENT CIRCUST

FIGURE 3 - TURN-ON TIME
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2N4921 thru 2N4923 (continued)

Power Transistors

FIGURE 4 — TRERMAL RESPONSE
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2N4921 thru 2N4923 (continued)

2

FIGURE 8 — CURRENT GAIN
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Power Transistors

FIGURE § — COLLECTOR SATURATION REGION
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Power Transistors

mr800 (cERMANIUM) :ICE =450V
c=150A

PNP germanium power transistor designed forultra-
high current applications requiring high gain and ex-
tremely low saturation voltage.

Geiee)
%‘

CASE 118

MAXIMUM RATINGS

Rating Symbol | mPsoo/mpso1 | Unit
Collector-Emitter Voltage VCEO 60 45 vdc
Collector-Emitter Voltage VCES 75 60 vde
Emitter-Base Voltage Vep 20 vde
Collector Current* IC* 150 Amp
Total Device Dissipation @ TC =25°C PD 250 Watts
Operating Junction Temperature Range TJ -65to +110 °C

THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case GJC 0.33 °C/W

ELECTRICAL CHARACTERISTICS ** For Epoxy Encapsulated unit, add "A" to device type, i.e. MP800A
(Te = 25°C unless otherwise noted)

r Characteristic i Symbol J Min rMax T UnH:‘

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage BvcEO Vde j
(IC = 1.0 Adc, IB =0) MP800 60 -
MP801 45 -
Collector Cutoff Current ICBO mAdc
(vCB = 75 vdc, I = 0) MP800 - 12
(VCB = 60 vde, IE =0) MP801 - 12

ON CHARACTERISTICS

DC Current Gain hFE -
(o = 150 Ade, Vi = 2.0 Vdc) 15 -
Collector-Emitter Saturation Voltage Ve, - Vdc
(I = 150 Ade, I = 15 Ade) CEfsat) 0.30
Base~-Emitter Saturation Voltage v Vdc
(L. = 150 Ade, I = 15 Ade) BE(sat) - 1.0
C B
Safe Operating Area (Figure 1) SOA Volts
1007% Test - Clamped VCE MP3800 - 45
MP801 - 40

* For currents above 150 Amp, contact your local Motorola representative.
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MP800, MP8O1

R, = 1.02, 200 W
R, =109, 2.0W

R, =0.10, 1%, 20 W
R, = 0.0010

Ry = 102, 2.0 W

Ry = 509, 1.OW

Q, - 2N2832

D, = 1N1183

** Adj P. W. to obtain IC

(continued)

Power Transistors

FIGURE 1 — SAFE OPERATING AREA TEST CURRENT
_LI— g::lseerator**

B1 = Adj for lB(on) =15 A
B2 =6.0V

BB = Adj for clamped VCE
B4 =20V

= 150 A




SWITCHING AND GENERAL PURPOSE
TRANSISTORS

THE FOLLOWING TRANSISTORS
ARE INCLUDED IN THIS SECTION

JAN2N559-1 2N2845 2N4890
JAN2N559-2 2N2846 2N4924
JAN2N559-3 2N2847 2N4925
2N699 2N2848 2N4926
2N702 ) 2N3009 2N4927
2N703 2N3010 2N4928
JAN2NT703 2N3011 2N4929
2N709 2N3013 2N4930
2N721 2N3014 2N4931
2N731 2N3015 2N5086
2N743 2N3053 2N5087
2N1708 2N3210 2N5088
2N1959 2N3211 2N5089
2N1990 2N3299 AF239
2N2224 2N3300 MM4000
2N2242 2N3301 MM4001
2N2410 2N3302 MM4002
2N2476 2N4123 MM4003
2N2477 2N4124 MM5000
JAN2N2709 2N4125 MM5001
2N2710 2N4126 MM5002
MPS2369



——— Switching and General Purpose Transistors

JAN 2N559-] VCE:: 15V
lc = 50mA
JAN 2n559-2 P, = 150 mW

JaN 2v559-3"

0

PNP germanium mesa transistors designed for mil-
itary and industrial high-reliability, high-speed switch-
ing applications.

CASE 22

(TO-18) Collector connected to case

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VeEs 15 Vdc
Collector-Base Voltage Ves 15 Vde
Emitter-Base Voltage VEB 5 Vde
Collector Current Ic 50 mAdec
Base Current Ig 50 mAdc
Emitter Current Ig 50 mAdc
Total Device Dissipation @ T4 = 25°C Pp 150 mwW

Derate above 250C 2.0 mw/°C
Total Device Dissipation @ T c = 250C Pp 300 mwW
Derate above 25°C 4.0 mw/°C
Operating Junction Temperature Range Ty -65 to +100 ocC
Storage Temperature Range Tgtg -85 to +150 ocC
* Level 3 reliability data shown for information only. Qualification tests will be initiated upon eslablished

customer requirements.
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—— Switching and General Purpose Transistors

JAN 2N559-1, -2, -3 (Continued)

RELIABILITY RATINGS?

Est. Max
QUALITY LEVELS (LTPD) RELIABILITY LEVELS Failure
Maximum failure rate (1) during first Rate in
: 1000 hours with 90% confidence. Conserva-
Relia- T p fively
bility Operation Life Storage Life Designed
Level Py =150 mW Equipment
Indi- Group A Group B le=50mA T. =100°C T1.=150°c | %/1000
cator Subgroups Subgroups T,=25°C A A Hrs
Major | Minor | Major | Minor | Major | Minor | Major | Minor | Major | Minor
Defect | Defect | Defect | Defect | Defect | Defect | Defect | Defect | Defect | Defect
1 3.0 5.0 10 20 10 20 10 20 20 - 0.1
-2 1.5 3.0 5 15 5 15 1.5 3 7 20 0.01
-3% 1.0 2.0 3 7 2 5 02 | 05 1 3 0.001

1 This table relates the statistical sampling requirements in the specification to the reliability levels for the

transistor.

customer requirements.

TABLE | - GROUP A INSPECTION* *

Level 3 reliability data shown for information only. Qualification tests will be initiated upon established

I LTPD for Limit
Respective Reliability Level :
Examination or Test MILSTD-750 pe Y Symbol < n Unit
inor jor inor ajor
0 Minot Maj Minos Maj
A 2|3|1[28 Min Max Min Max
SUBGROUP 1
Visual and Mechaniral Examination 2071 10|17 517 5 3 - - - - - .
i
SUBGROUP 2 53213 |ts5|10 —‘
Emittrr-Base Cutoff Current 3061 'EBO puAde
(Vgg = -1Vdr Condition D - 5 - 10
Collector-Buse Cutoff Current 3036 Ieso uAde
(Ve * -5 Ve) Condition D - 3 - 5.0
Emitter-Basc Breakdown Voltage 3026 EVEBD Vdr
(Ig, = -200 yAdc) Condition O 5 - 3.5 -
Collector-Emitter Breakdown Voltage 3011 BVips vde
(i, = -100 pAdc) Condition C § 15 - 12
SUBGROUP 3 s |3|2f3lus|to
Collector-Emitler Saturation Voltage 3071 Y eE(sal) vde
(I = =50 mAdc, Ty = -1.5 mAdc) - 1 - 1.2
(lc -10 mAdc, IB = -0.4 mAdc) - 0.3 - 0.35
Basc-Emitter Saturation Vollage 3066 VBE(sat) Vde
(I = -10 mAdc, Iy = -0.4 mAdc) Condition A 0.32 0.44 0.30 0.50
DC Current Gain 3076 [ -
(Ig =10 mAde, Vg = -0.5 Var) 25 150 20 200
SUBGROUP & 5 3 2|3 1.5 |10
Risc Time 3251 ‘r ns
(Vg = 35 Ve, Voo o - 0.5 Ve, Conditian A 95 115
Tgy = -0.55 mAdc, R, :j)oosohms,
Cog * 180 pF, Cpp -2 239 0F)
Storage Time 3251 ty ns
(Ve = =35 Vae, 1y, = -1 mAdr, Condition A 9 - 115
Tgp = 0-25 mAde, R, = 300 ohms)
Fall Time 3251 Y ns
(Ve =-3.5 Vde, Iy, = -1 mAdy, Condition A - 100 - 120
Tgp =0 2foms,\dc, Ry, =300 ohms,
Cep =270 PR

**These tests arc cansidered non-destructive.



——— Switching and General Purpose Transistors

JAN 2N559-1, -2, -3 (Continued)

TABLE Il - GROUP B INSPECTION

LTPD for Limit
MILSTD-750 Respective Reliability Level
Examination or Tes? el i i Symbol i n Unit
s Method Minor Major i Minor Major
Al2)3laf(2) 3 Min Max Min Max
SUBGROUP 1
Physical Dimensions 2066 20|15|7]-]- 1" - - - - - -
SUBGROUP 2
Tension 2036 20|15(7|10]5 |3 - - - - - -
Condition A
Solderability, Omit Aging 2036 - - - . - .
Temperature Crcling (5 cycles) 1051 - - - - - .
T, =100 3§ "C 2N559-1 Condition F
(high)
T =15 2N559-2
(high) 2N559-3
Thermal Shock (Glass Strain) 1056 - - - - - -
Condition A
Mnisture Resistance 1021 - - - - - B
(No initial conditioning; one cycle:
only steps 1 to 6)
End-Point Tests:
Emitter-Base Cutoff Current 3061 Teno pAde
Voo = -1 Ve Candition D - - 10 - 20
EB
Callector -Base Cutoff Current 3036 Tenp uAde
v, = -5 Vdr) Condition D B - 5 - 10
cB
DC Current Gain 3076 bk
U = -10 mde. Vp = -0.5 Vdc) . 20 200 15 250 -
C CE
SUBGROUP 3 20 [15[7]10[5 |3
Shock 2016 - - . - R .

(Non-operating; § blows: 1500 G, 0.5ms
Orientations Xy, Y1, Yo, and 21 (total =
20 blows)

Constant Accelrration 2006 - - - - . -
{20,000 G, Orientations X1, Y, Yo,
and Z)

Vibratinn, Variable Frequency 2056 - - - - - -
(1 eycle each in Orientations Xy, Yy,
and Zp)

End-Pnint Tests:

Same as Subgroup 2

SUSGROUI 2011517 -
Terminal Strength - Lead Fatigue (1) 2036 - . . . B .
Condition E
SusGROUS 5 20 15|35 10] 7|1
Nigh-Temperature Life (Non-operating) 1031 - B . R . .
2150 Vg
(Tyg =190 C
End-Point Tests: Same as Subgroup 2
SUBGROUP & 20[15(s5 |10 5 | 2
Steady -State Operation Life 1026 . . . . . .
500 - 150 0
(XE =50 5 mAdc, PD 150 115 mw,
T, £ 2543°C)

End-Poiot Tests: Same as Subgroup 2

NOTE: (1) Rejects from prior electrical-test samples {rom the same lot may be used for this test.
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~—— Switching and General Purpose Transistors

JAN 2N559-1,

TABLE Il - GROUP C INSPECTION*

-2, -3 (Continued)

A -
LTPD for Limit
Examinati 1 MILSTD-750 | Respective Reliability Level Symbol
xamination or Test - " mbol i i Unit
Method Minor Major ¥ Minor Major
2l-2(3[1]2]|3 Min | Max Min Max
SUBGROUP 1 RS ERENERE
Output Capacitance 3236 Cob pF
(Vep = -5 Vde, Ig = 0, - 100 kHz) - 6 - 10
Current-Gain — Bandwidth Product 3261 tr MHz
(g - 10 mAde, Vo= -1 vde, 300 1000 250 1000
£~ 100 MHz)
Delay Plus Rise Time az51 et ns
(Voo = =3.5 Vde, Ve = o 5 Vde, Condition A - 50 5
igy = -1 mAdc, Re = 58 onen
+05 e
Cep =279  PF, Cgg = 2 ,o,spr
SUBGROUP 2 077181532
Collector-Emitter Cutoff Current 3041 Iegs HAde
(Vop = 5 Vde, Ty = +55°C) Condition C - 0 - 50
DC Current Gain 3076 bpg .
“c = -10 mAde, Vop - -0.5 Vde, 10 8.0 -
- 559;
= -559C)
SUBGROUP 3 2 15 (7]~ |- |-
Salt Atmosphere (Corrosion) 1041 - - - - - R
End-Point Tests:
Same as Group B, Subgroup 2
SUBGROUP & - a0 jio |- o s
High-Temperature Life (Non-operating) 1031 - - - - - -
<0
(Tatg = 190 ¢ °C)
End-Point Tests:
Emitter-Base Breakdown Voltage 3026 BVEEO Vde
(Ig = -300 padc) Condition D 5 - 3.5 -
Collector -Emitter Breakdown Voltage 3011 EVCES Vde
(I~ -100 uAdc) Condition C 12 - 8.0
Cotlector-Emitter Saturation Voltage 3071 VeE(sat) vde
= -10 mAde, In = -0.5 mAdc) - 03 - 0.6
Base-Emitter Saturation Voltage 3066 Vpg@ay | 03 0.47 0.25 0.55 vde
(I = -10 mAde, Iy = -0.4 made) Condition A
Delay Time 3251 ty ns
(Ve = -3.5 Vdc, Vgg(ge = 0.5 vde, | Condition A
In = ~0.55 mAde, RE' 00 ohums,
+0.5
Ceg = 150 pF,Ccp = 2 4" PF 10 3 10 s
Cpg = 2%0.5 pF)
Rise Ttme 3251 ty ns
.5 Vde, Vag(om = u.s vde, | Condition A 15 105 15 125
Ipy - -0.55 mAde, R = 3 ,
Ceg = 150 pF, Cep = z_D' »F)
S!nrage Time 3251 t, ns
Ve, 3.5 Vde, Ig; = -1 mAde, Conditton & 15 105 15 125
15 < 0.25 made, Re = 300 ohms)

* Group C 1 to be performed on the first lot and every 6 months thereafter,
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—— Switching and General Purpose Transistors

Ve =120V
2N099 siLicon o
( ) f; = 50 MHz (min)
PD = 0.6 W
NPN silicon annular transistor designed for
medium-current switching and amplifier applications.
CASE79
(TO-39) Collector connected to case

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCER 80 Vdc
Collector-Base Voltage VCB 120 Vdce
Emitter-Base Voltage VEB 5.0 Vdc
Total Device Dissipation T, = 25°C PD 0.6 Waitt

Derate above 25°C 4.0 mWw/°C
Total Device Dissipation TC =25°C PD 2.0 Watts

Derate above 25°C 13.3 mWw/°C
Operating Junction Temperature Range TJ 175 °c
Storage Temperature Range Tstg -65 to +200 °C

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case 85¢ 75 °C/W
Thermal Resistance, Junction to 6 250 °c/wW
X JA
Ambient
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——— Switching and General Purpose Transistors

2N699 (continued)
ELECTRICAL CHARACTERISTICS (T, = 25°C unless atherwise noted)

Characteristic Symbol I Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage* BVCER* Vde
(IC =100 mAdec, RBE <10 ohms) 80 -
Collector Cutoff Current ICBO pAdce
(VCB=60 Vdc, IE =0) - 2.0
(VCB = 60 Vde, IE =0, TA =150°C) - 200
Emitter Cutoff Current IEBO pAde
(VEB:Z.OVdc, IC =0) - 100
ON CHARACTERISTICS
DC Current Gain* hFE* -
(IC =150 mAdec, VCE =10 Vde) 40 120
Collector-Emitter Saturation Voltage* VCE(S t)* Vdc
(I =150 mAdc, 1 = 15 mAdc) a - 5.0
Base-Emitter Saturation Voltage* VBE<Sat)* vdce
(I, =150 mAdc, I = 15 mAdc) - 1.3
SMALL SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fT MHz
(I, = 50 mAde, Vo =10 Vde,
f = 20 MHz) 50 -
Output Capacitance Cob pF
(VCB:IO Vde, IE =0, f = 100 kHz) - 20
Input Impedance hib ohms
(IC = 1.0 mAde, VCB =5.0 Vdc,
f = 1.0 kHz) 20 30
(IC = 5.0 mAdec, VCB =10 Vdc,
{ =1.0KkHz) - 10
Voltage Feedback Ratio Db x 107
(IC =1.0 mAdec, VCB = 5.0 Vde,
f = 1,0 kHz) - 2.5
(IC = 5.0 mAdc, VCB =10 Vdc,
f = 1.0 kHz) - 3.0
Small-Signal Current Gain fo -
(IC = 1.0 mAdc, VCE = 5.0 Vdc, )
f = 1.0 kHz) 35 100
(IC = 5.0 mAdc, VCE =10 Vdc,
f = 1.0 kHz) 45 -
Output Admittance hOb umhos
(IC = 1.0 mAdc, VCB =5.0 Vdc,
f = 1.0 kHz) 0.1 0.5
(IC = 5.0 mAdc, VCB =10 Vdc,
f=1.0 kHz) - 1.0

* Pulse Test: Pulse Width = 300 ps; Duty Cycle = 2%.
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——— Switching and General Purpose Transistors

aNn702 (sicon) Veeo = 25V
lc = 50 mA
an703 P, = 300 mW

(JAN 2N703 ALSO AVAILABLE)

NPN silicon annular transistor designed for low-
level, high-speed switching applications.

MAXIMUM RATINGS (7, = 25°C unless otherwise noted)

Rating Symbol | Value Unit
Collector-Emitter Voltage VCEO 25 Vde
Collector-Base Voltage \/CB 25 Vde
Emitter-Base Voltage VEB 5.0 Vde
Collector Current I 50 mAde
CASE 22 c
(T0-18) Total Device Dissipation @ T, = 25°C P 300 mw
A D
Derate above 25°C 2.0 mw/’C
Total Device Dissipation @ TC = 25°C PD 600 mw
Derate above 25°C 4.0 mw/"C
Operating and Storage Junction T -65 to +175 c
Temperature Range stg

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Characteristic l Symbol I Min I Typ I Max I Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage BVCEO Vdc
(IC + 2.0 mAdc, [E =0) 25 - -

Collector-Base Breakdown Voltage BV, vde
(IC =6.0 uAdc, KE =0) 25 - -

Emitter-Base Breakdown Vottage BV, Vde

(IE =10 pAde, IC = 0) 5.0 - -

Collector Cutoff Current 1Ade

r ¢ 0
(Ve = 20 Vde, 15 =0) - - 10

Collector Cutoff Current 1 pAde
(VCB =10 Vde, IE =0) - - 0.5

= - _ o
(VCB =10 vde, Ig = 0, Ty = +150°C) - - 50

ON CHARACTERISTICS

DC Current Gain* hFE -
(1C =10 mAdc, VCE = 5.0 Vdc) 2N702 20 - 60
2N703 40 - 100
E - 5.0 vdc, Ty = -55°C) 2N702 12 - -
2N703 20 - -

=10 mAde, V

(e c

Collector-Emitter Saturation Voltage* VCE( tl.
(I, =10 mAde, 15 =1.0 mAdc) sat) - . 0.5

Base-Emitter On Voltage*

v *
- - 5 BE(on)
(IC =10 mAdc, VCE = 5.0 Vdce)

SMALL-SIGNAL CHARACTERISTICS

Current-Gain - Bandwidth Product f MHz
(lE =10 mAde, V. =5.0Vde, [ =100 MHz) 70 150

Output Caparcitance c | pF
(Vog =8-0Vde, 1, =0, £ =1.0 MHz) ob - 3.0 6.0

*Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
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—— Switching and General Purpose Transistors

an709 siicon)

NPN silicon annular transistor designed for ultra-

high speed switching applications.

CASE 22
(10-18)

Collector connected to case

MAXIMUM RATINGS

cho=6v
lc =100 mA
Py = 300 mW

Rating Symbol Value Unit
Collector -Emitter Voltage v CEO 6 Vde
Collector -Base Voltage VCB 15 Vdc
Emitter-Base Voltage VEB 4 Vde
Collector Current IC 100 mAdec
Total Device Dissipation T , = 25°C Py 300 mWatts
Derate above 25°C 1.71 mw/°c
Total Device Dissipation T, = 100°C Py 500 mWatts
Derate above 100°C 2.0 mw/°C
Operating & Storage Junction TJ, Tst °c
Temperature Range g -65 to +200
Lead Temperature - oc
(Soldering, 10 second time limit) 300

FIGURE 1 — STORAGE TIME CONSTANT TEST CIRCUIT

+52

PW == 200 ns

BEN

~3.3V

0.1 uF 500 Q

A~ TO SCOPE




—— Switching and General Purpose Transistors

2N709 (continued)

ELECTRICAL CHARACTERISTICS (, = 25°C uninss otherwise noted)

E Characteristic L Symbol ] Min

Typ

[ e

’ Unit

OFF CHARACTERISTICS

Collector -Emitter Sustaining Voltage*

BV .
. . CEO(sus)
(¢ = t0 mAde, 15 = 0)

Vdc

Collector-Base Breakdown Voltage BV
(I, = 10 uAde, Iy, = 0)

Vdo

Emitter -Base Breakdown Voltage BV,
(g = 10 pAde, 1. = 0)

Collector Cutoft Current T
Vg < 5 Vde, I = 0) CBO

_ 1259,
(Vg =5 Vde, Ip =0, T, =125%)

0.002

0.5

0.05
5.0

uAde

ON CHARACTERISTICS

DC Current Gain* hFE.
¢ = 10 mAde, Vi = 0.5 Vdo)

. - . 559
(I = 10 mAde, Vi = 0.5 Vde, T, = -55°C)
(lC =30 mAde, Veg =1 Vde)

120

Collector-Emitter Saturation Voltage v
(lC =3 mAde, I =0.15 mAdc) CE(sat)

0.3

Vde

Base -Emitter Saturation Voltage

v
(1 = 3 mAdc, Iy = 0.15 mAdc) BE(sat)

DYNAMIC CHARACTERISTICS

Current-Gain—Bandwidth Product 1,
(lC =5 mAdc, VCE =4 Vdc, f = 100 MHz}

600

Output Capacitance Cob
(VCB =5 Vdc, IE =0)

pF

Input Capacitance Cib
(VEB =0.5 vdc, lC =0)

pF

Turn-On Time, Figure 2 ton
(Ve = 1 Vde, Vg (off) = 1 Vde,

I¢ = 10 mAde, Iy =2 mAde ,Io, =1.0 mA)

ns

Turn-Of( Time, Figure 2 t
(Voo =1Vde, 1= 10 mAde,

Ig, = lg, = 1 mAdc)

Storage Time, Figure 1 t
(IC =5 mAdc, IB! =lgy = § mAdc)

“Pulse Test: Pulse Wtdth = 300 us; Duty Cycle = 2%

ns

FIGURE 2 — TURN-ON & TURN-OFF TIME TEST CIRCUIT

00

Vi, RISETIME <t Dns

8-10

fr<osns
0.14F SO0 70 SCOPE- Z, - 50Q

0 L
~40vdc
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~—— Switching and General Purpose Transistors

an7 21 (siuicon) ;Via :oﬁ)u‘: min
=

@ PNP silicon annular transistor for high-frequency
L general-purpose amplifier applications.

CASE 22

(TO-18) Collector connected to case

MAXIMUM RATINGS

Rating Symbol Valve Unit
Collector-Emitter Voltage VCEO 35 Vdc
Collector-Emitter Voltage VCER 50 Vdc
Collector - Base Voltage VCB 50 Vde
Emitter - Base Voltage VEB 5.0 Vdc
Total Device Dissipation@ T =25°C Py 0.40 Watts

(Derate above 25°C) 2.67 mw/°C
Total Device Dissipation @ TC=25°C Py 1.5 Watts
TC:100°C 0.75
(Derate above 25°C) 10 mw/°C
Operating & Storage Junction TJ, Tst -65 to +200 °C
Temperature Range &
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———— Switching and General Purpose Transistors

2N721 (continued)

ELECTRICAL CHARACTERISTICS (1, = 25°C unless otherwise noted)

Characteristic Symbol Min | Max l Unit
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage* BvCEO(sus)‘ Vde
([C =100 mAdc, [B =0) 35 -
Collector-Emitter Sustaining Voltage* BVCER(sus)‘ Vde
(lC =100 mAdc, RBE £100 ohms) 50 -
Collector-Base Breakdown Voltage BVCBO Vde
(lC =100 pAde, I = 0) 50 -
Collector Cutoff Current ICBD wAde
(Vg = 30 Vde, 1 = 0) - 1.0
= = =150° - 00
(VCB 30 vde, I, =0, Ty 150°C) 1
Emitter Cutoff Current IEBO nAde
(VBE =2.0 vde, [C =0) - 100
ON CHARACTERISTICS
DC Current Gain* hpp*
([C = 15) mAde, VCE =10 Vdc} 20 45 -
([C = 5.1) mAde, VCE =10 Vdc) 15 -
Collector-Emitter Saturation Voltage VCE(sat) Vde
([C =150 mAdc, [B =15 mAdc) - 1.5
Base-Emitter Saturation Voltage vBE(sat) Vde
([C = 151) mAdc, [B =15 mAdc) - 1.3
SMALL SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product IT MHz
([C =50 mAdc, VCE =10 Vde, { = 20 MHz) 50 -
Qutput Capacitance Cob pF
(VCB =10 Vdc, [E =0, { = 100 kHz) - 45
Input Capacitance Cib pF
(Vgg = 0.5 Vde, I, =0) - 100
Input Impedance hib ohms
(I =1.0 mAdc, Vo =5.0 Vdc, f =1.0 kHz) 25 35
(Ig = 5.0 mAde, Vi =10 Vdc, { = 1.0 kHz) - 10
Voltage Feedback Ratio hp
(I = 1.0 mAde, Vg =5.0 Ve, {=1.0 kHz) - 8.0 x107*
(IC = 5.0 mAdc, VCB =10 Vdc, { = 1.0 kHz) - 8.0
Small Signal Current Gain hle
([C = 1.0 mAdc, VCE =5.0 vde, f = 1.0 kHz) 15 50
(Ig = 5.0 mAde, V. =10 Vdc, f =1.0 kHz) 20 -
Qutput Admittance hob #mhos
(IC=1.0 mAde, VCB=5.0Vdn,I=1.0kHz) - 1.0
(lc = 5,0 mAdc, VCB =10 Vdc, f = 1,0 kHz) - 5.0

* Pulse Test: Pulse Width = 300 us; Duty Cycle = 1.0%
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———— Switching and General Purpose Transistors

an7 31 siucon)

W)

VCER =40V
P,=05W

NPN silicon transistor designed primarily for large-
signal, medium power audio frequency applications in

industrial service.

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCER 40 Vdc
(RBF = 210 ohms)
CASE 22
(TO-18) Collector-Base Voltage CB 60 Vde
Collector electrically | Emitter-Base Voltage VEB 5.0 Vde
connected to case
Collector Current — Continuous IC 1.0 Adc
Total Device Dissipation @TA =25°C PD 0.5 Watt
Derate above 25°C 3.33 mW/°C
Total Device Dissipation @ TC =25°C PD 1.5 Watts
Derate above 25°C 10 mW/°C
Operating Junction Temperature Range TJ +175 °C
Storage Temperature Range Tstg -65 to +200 °c
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted)
Characteristic I Symbol I Min I Max Unit }
OFF CHARACTERISTICS

Collector -Emitter Breakdown Voltage* BVCER* Vde
(I, =100 mAde, Ry =10 ohms) 40 -

Collector-Base Breakdown Voltage BVCBO Vde
(I, =100 pAde, L =0) 60 -

C E

Emitter-Base Breakdown Voltage BVEBO Vde
(Ig = 100 pAde, I, =0) 5.0 -

Collector Cutoff Current I uAde
(Vo = 30 Ve, T = 0) cBo - 1.0
(Vg =30 Vde, I =0, T, =150°C) - 100

ON CHARACTERISTICS

DC Current Gain hFE -
(IC =150 mAdc, VCE =10 Vdc) 40 120

Collector -Emitter Saturation Voltage* VCE( at)* Vde
(I, = 150 mAde, I, =15 mAdc) s - 1.5

C B

Base-Emitter Saturation Voltage* v * Vde

(L. = 150 mAdc, I =15 mAdc) BE(sat) - 1.3
C B
DYNAMIC CHARACTERISTICS

Current-Gain— Bandwidth Product fT MHz

(I, = 50 mAdc, V. =10 Vdc, f = 20 MHz) 25 -
C CE

Output Capacitance Cob pF
(Vo =10 Vde, I =0, f = 1.0 MHz) - 35

Input Capacitance Cib pF
(Vg = 0-5 Vde, I, =0, f=1.0 MHz) - 80

* Pulse Test: Pulse Width = 300 ys, Duty Cycle = 2.0%.
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an743
@.

\

\

CASE 22
(TO-18)

—— Switching and General Purpose Transistors

NPN silicon annular transistor designed for high-

VCEO =12V
Ic = 200 mA

f; = 282 MHz min

speed, low-current, saturated switching operations.

Collector connected to case

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 12 Vdc
Collector-Base Voltage VCB 20 Vdc
Emitter-Base Voltage EB 5.0 Vdce
Collector Current - Continuous IC 200 mAde
Total Device Dissipation @TA =25°C PD 300 mW

Derate above 25°C 1.1 mw/°C
Operating and Storage Junction T, T -65 to +200 °C
J’ “stg
Temperature Range

FIGURE 1 — TURN-ON AND TURN-OFF

INPUT PULSES

TIME TEST C

SWITCHING

IRCUIT

300 ns

TEST CIRCUITS
FIGURE 2 — CHARGE-STORAGE TIME

TEST CIRCUIT

56

TURN-ON
Voo

1
TURN-OFFT 50

. Ry

'y

51 TOSCOPE
uF «
t i1.0ns tp e 1. 0ns
. ! 7, =509
Pulse Widtt. = 300 ns in ]
Duty Cycle = 2. 0% Vig =710V
By R titons 1
=< L Pulse Width =
= L
Vi Duty Cyrle = 2. 0%
CIRCUTT CONDITIONS
—_(VOLTS)
ton tort (OHMS)
t =
conditon| V1 | Ve |2 |[VBB |Yec |FitRa | Pa | Ra | B
1 15 | 3.0 15 |«12 | 3.0 | 3.3k 50 | 220
2 | 20| 45|20 |53 )60 | 330 56 - | 1ok

* VBB is pulsed for 1.5 s at less than 10% Duty Cycle to maintain TC < 30°C.
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—— Switching and General Purpose Transistors

2N743 (continued)

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Characteristic Symbol Min l Max Unit J
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage BVCEO Vde
(IC =10 mAdc, IB =0) 12 -
Collector-Cutoff Current ICES pAde
(VCE =20 Vdc, Vg =0) - 1.0
(VCE =20 Vde, VBE =0, TA =170°C) - 100
Collector Cutoff Current ICEX nAde
, _ - 100°
(Vg =10 Vde, Vip o =035 Vde, T, = 100°C) - 30
Collector Cutoff Current ICBO unAde
(VCB:20 vde, IE =0) - 1.0
Emitter Cutoff Current IEBO pAde
(VBE =5.0 Vde, IC =0) - 10
ON CHARACTERISTICS
DC Current Gain hFE -
(IC = 1.0 mAdc, VCE = 0.25 Vdc) 10 -
(IC =10 mAdc, vCE = 0. 35 Vdc) 20 80
(I =10 mAdc, Vo =0.35 Vde, T, = -55°C) 10 -
(Ic =100 mAdc, VCE = 1.0 Vdc) 10 -
Collector-Emitter Saturation Voltage vCE(sat) Vde
(IC =10 mAdc, IB = 1.0 mAdc, TA =170°C) - 0.35
(IC =100 mAde, IB = 10 mAdc, TA =170°C) - .0
(Ic =10 mAdc, IB=1.0 mAde, TA = -55°C) - 1.1
Base-Emitter Saturation Voltage vBE(sat) Vde
(I = 10 mAde, 1, = 1.0 mAdc) 0.65 0.85
(IC=10 mAdc, IB:I.OmAdC, TA:-55°C) - 1.1
(IC = 100 mAdc, IB =10 mAdc) - 1.5
(IC =100 mAdec, IB =10 mAde, TA = -55°C) - 1.8
DYNAMIC CHARACTERISTICS
Current-Gain—Bandwidth Product fT MHz
(Ic =10 mAdc, VCE =10 Vdc, f = 100 MHz) 282 -
Qutput Capacitance COb pF
(VCB=5.0Vdc, IE =0, { = 1.0 MHz) - 5.0
Turn-On Time ton ns
(VCC =3.0 Vdc, vBE(oﬂ') = 1.5 Vde, IC =10 mAde,
Iy = 3.0 mAdc, Condition 1) - 16
(VCC =6.0 Vdc, VBE(oﬂ) =2.4Vde, IC =100 mAdc,
IBl = 40 mAdc, Figure 1, Condition 2) - 12
Turn-Off Time toff ns
(VCC = 3.0 Vde, IC =10 mAdc, IB1 = 3.0 mAdc,
IBZ = 1.5 mAdc, Condition 1) - 24
(VCC =6.0Vde, IC =100 mAdc, IBl ~ 40 mAdc,
I, = 20 mAde, Figure 1, Condition 2) - 40
Storage Time ts ns
(IC =10 mAdc, IBl = IBZ =10 mAdc, \CC =10 Vdc,
Figure 2) - 14
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———— Switching and General Purpose Transistors

an1708 (siicon) :icz = (1) z:n ‘L
P, = 300 mW

CASE 26
(TO-48)

Collector efectrically
connected to case

MAXIMUM RATINGS

NPN silicon transistor designed for very-high-
speed, low-power saturated switching applications for
computers in military and industrial service.

1/16" + 1/32" from case, 10 s

Rating Symbol Value Unit
Collector - Emitter Voltage VCEO 12 Vde
Collector-Base Voltage VCB 25 Vde
Emitter-Base Voltage VEB 3.0 Vde
Collector Current IC 200 mAdc
Total Device Dissipation @ Ty - 25°C Py 300 mw
Derate above 25°C 2.0 mw/°C
Total Device Dissipation @ TC = 25°C PD 1.0 Watt
Derate above 25°C 6.67 mW/°C
Operating Junction Temperature Range TJ +175 °C
Storage Temperature Range stg -65 to +300 °C
Lead Temperature TL +235 °C

FIGURE 1 — TURN-ON AND TURN-OFF TIME TEST CIRCUIT

K V. —10%
Vour v, V. |
— 10% 2N

|

INPUT WAVE FORMS ton

Vag (NOTE 1)

Vec - 3VINOTE 1)

(1.
I

Vi,
Ves =

NOTE 1:

NOTE 2:

NOTE 3:
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-2V |
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QUTPUT WAVE FORMS

Vo= 20V
V= +17V

With certain types of power supplies, it may be necessary to connect
25 1F decoupling capacitors across the power-supply terminals for Ve and Vyy.

Input voitage iV} obtained from a pulse generator having an output impedance
of %ghms. V.. rise time < 1.0 ns, pulse duration * * 300 ns, and duty factor
= 20%.

Input and output wavetorms, shown above, monitored by means of an oscilloscope
having a rise time = 0.5 ns, input capacitance of probe - 2.5 pF with shunt
resistance = 3000 ohms.



—— Switching and General Purpose Transistors

2N1708 (continued)

ELECTRICAL CHARACTERISTICS (T, - 25°C unless otherwise noted)

I Characteristic

Symbol r Min

| Max [ |

OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage* BV * Vde
(I =10 mAde, 1 = 0) CEO(sus) 12 -
Collector-Base Breakdown Voltage BVCBO Vde
(IC =100 pAde, IE =0) 25 -
Emitter-Base Breakdown Voltage BVEBO Vde
(IE =100 pAdc, ]C =0) 3.0 -
Collector-Cutoff Current ]CEX jtAde
(Vg = 10 Vde, Vo =0.25 Vde, T, =100°C) - 15
Collector Cutoff Current ICBO nAde
(VCB =15 vdc, IE =0) R 0.025
(VCB:IS Vde, LE=0, TA:150 <) - 15
ON CHARACTERISTICS
DC Current Gain* FE -
(I, = 10 mAde, Vp = 1.0 Vde) 20 -
Collector-Emittér Saturation Voltage v . Vdc
{1, =10 mAde, I = 1.0 mAde) CElsal) - 0.22
(IC =50 mAdc, IB = 5.0 mAdc) - 0.35
Base-Emitter Saturation Vottage v § Vdc
(T, = 10 mAde, 1 = 1.0 mAdd) BE(sat) 0.1 0.9
DYNAMIC CHARACTERISTICS
Current-Gain—Bandwidth Product [,1. MHz
(IC = 10 mAde, VCE =10 Vde, f = 100 MHz) 200 -
Output Capacitance Cob pF
(VCB=10 Vde, ]E =0, f =140 kHz) - 6.0
Turn-On Time (Figure 1) ton ns
(1c=10 mAde, IBI = 3,0 mAde, I 2 = 1.0 mAde) - 40
Turn-Off Time (Figure 1) toit ns
(VCC =3.0 Vde, IC =10 mAdec, 1Bl = 3.0 mAdc, IB2 =1.0 mAdec) - 75
Storage Time (Figure 2} ts ns
(IC =10 mAdc, ]B] = IB2 =10 mAdc) - 25
L

* Pulse Test: Pulse Length = 6.0 ms, Duty Cycle " 30%.

FIGURE 2 — STORAGE TIME TEST CIRCUIT

830
[ a— V...
Vo {NOTE 2)
(NOTE 2) ?

f

Ve = 11 VNOTE 1)

Vee =+ 10 VINOTE 1)
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VOLTAGE — 10%
Vour) |
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QUTPUT WAVE FORM

NOTE I: Input voltage (V..) obtained from pulse generator
having an output impedance of 50 chms. V,, rise
time < 1 ns, pulse duration "~ 300 ns, and duty
factor =% 2.0%.

|
|
|
| INPUT WAVE FORM
|
I
i

TIME

NOTE 2: Input and output wave forms monitored by means
of an oscilloscope having a rise tim 0.5 ns;
input capacitance of probe < 2.5 pF
resistance = 1000 ohms.




——— Switching and General Purpose Transistors

21959 (siLicon)

NPN silicon annular transistor designed for high-

VCER =40V
Ic =500 mA
Pp = 600 mW

speed, medium-power saturated switchingapplications.
CASE 31

(TO-5) \

Collector connected to case

MAXIMUM RATINGS

Rating Symbol Value Unit

Collector-Emitter Voltage VCER 40 Vdc

Rgg = 10 ohms
Collector-Base Voltage VcB 60 Vdc
Emitter-Base Voltage VEB 5 Vdce
Collector Current Ic 500 mAdc
Total Device Dissipation @ T5 = 25°C Pp 600 mwW

Derate above 25°C 4.0 mw/°C
Total Device Dissipation @ Tc = 25°C Pp 2.0 Watts

Derate above 250C 1.3 mw/°C
Operating Junction Temperature Range TJ -65to + 175 °c
Storage Temperature Range Tstg -65 to+ 300 oc
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—— Switching and General Purpose Transistors

2N 1959 (continued)

ELECTRICAL CHARACTERISTICS (T, = 25°C uniess otharwise specitisd)

[ Characteristic Symbol [ Min —[ Max l Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage BV pR vde
{Ic = 50 uAdc, Rgp = 10 ohms) 40 —_
Collector-Base Breakdown Voltage BVCBO vde
(Ic = 100 pAdc, Ig = 0) 60 -
Emitter-Base Breakdown Voltage BVEBO Vde
(g = 100 yAde, I = O) 5.0 —
Collector Cutoff Current IcBo uAde
(Ve = 30 Vde, Ip = 0 - 0.5
(Vep = 30 Vde, Ig = 0. Ty = 150°C) - 300
ON CHARACTERISTICS
DC Current Gain brE -
(IC = 150 mAdc, Veg =10 vdce) 40 120
Collector-Emitter Saturation Voltage vCE(sat) Vde
{Ic = 150 mAdc, Ig = 15 mAdc) — 0.45
Base-Emitter Saturation Voltage VB (sat) Vde
(I = 150 mAde, Iy = 15 mAdc) - 1.3
DYNAMIC CHARACTERISTICS
Current-Gain—Bandwidth Product fr MHz
(Ic = 26 mAdc, Vep = 10 Vde, f = 100 MHz) 100 —_
Output Capacitance Cop pF
(Vep = 10 Vde, Ig = 0, f = 1 MHz) —_ 18
Turn-On Time Figure 1 ton _ 65 na
Turn-Off Time | (VCC= 7Vde, Ig = 150 made, tr - s ns
Storage Time 1g, =1g; = 15 mAde, tg —_ 25 ns

*tons togf, and tg measured from 50% point of input pulse.

FIGURE 1 — SWITCHING TIME TEST CIRCUIT

14F 16

|

<
>
b3 51Q

SCOPE

t, <z 4ns

la=tat+t,
La=t+h

——-—— T ys —

+15
INPUT

t=dans 07
-15

OUTPUT




——— Switching and General Purpose Transistors

Ve =100V
2N1990 (siicon) ca
Ic=10A
Ph=06W
. . . NPN silicon transistor designed for driving neon
\ display tubes.
CASE 79
(TO-39) Collector connected to case
MAXIMUM RATINGS
Rating Symbol Value Unit
Collector-Base Voltage VCB 100 Vdc
Emitter-Base Voltage VEB 3.0 Vde
Collector Current-Continuous XC 1.0 Adc
Total Device Dissipation TA =25°C PD 0.6 w
Derate above 25°C 4.8 mWw/°C
Total Device Dissipation TC =2.5°C PD 2.0 w
@t = 100°C 1.0
Operating & Storage Junction T, T -65 to +150[ °C
J’ Tstg
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case BJC 62.5 °C/W
Thermal Resistance, Junction to Ambient 9JA 208 °C/W

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Characteristic I Symbol lMin Maxl Unit

OFF CHARACTERISTICS

Collector Cutoff Current ICEX
(Vo = 75 Vdc, 1 = 10 pAdc) - | 10 | puAde

(Vg =75 Vde, I =250 pAde, T, =150°C - | 250

CE
CE

ON CHARACTERISTICS
DC Current Gain h -

FE
(1. = 30 mAdc, V... =10 Vdc) 20 | -

C CE
Collector-Emitter Saturation Voltage
63

VeE(sat) Vde

= 2.0 mAde, I, = 0.2 mAdc) - |os

C B

Base-Emitter Saturation Voltage Vde

VBE(sat)
(XC=2.0mAdc, IB:0.2 mAdc) - 1.0

8-20



—— Switching and General Purpose Transistors

2N2224 siicon) Medyy
<= 0.
Pp = 800 mW

. NPN silicon annular transistor designed primarily
for high speed switching applications.

CASE 31 Collector connected to case
(TO-5)

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 40 Vdce
Collector-Base Voltage VCB 65 Vdc
Emitter-Base Voltage VEB 5.0 Vde
Collector Current-Continuous IC 0.5 Adc
Total Device Dissipation @ TA =25°C PD 0.8 '

Derate above 25°C 5.33 mw/°C
Total Device Dissipation @ T . = 25°C P 3.0 Watts

Derate above 25°C 20 mW/°C
Operating Junction Temperature Range TJ +175 °c
Storage Temperature Range Tstg -65 to +300 °C
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—— Switching and General Purpose Transistors

2N2224 (continued)

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)
Characteristic L Symbol T Min | Max T Unit I
OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage
(15 = 10 mAde, Iy = 0)

BV Vde
CEO 40

Collector-Base Breakdown Voltage BV Vde
CBO 65 ~

(Ig = 10 pAde, 1 = 0)

Emitter-Base Breakdown Voltage BVEBO Vde

(I =10 pAde, 15 = 0)

Collector-Cutoff Current lCBO pAde
(Vop =50 Vde, Ip = 0) 0.01

=50 Vde, I =0, T, =+150°C) - 10

Vep
Emitter Cutoff Current IEBO 1o pAde

(Vir= 4.0 Vde, 1 = 0) .
EB C
ON CHARACTERISTICS

DC Current Gain hFE
(IC = 0.1 mAdc, VCE =10 Vde)

(IC =1.0 mAde, V(”B =10 Vdc)
(Ic =10 mAdc, VCE =10 Vdc)
(IC =100 mAdec, VCE =1.0 Vdc)

20 -
25 -
35 115
40 120

stor- i i * *
Collector-Emitter Saturation Voltage vCE(sal) Vdc

(IC =150 mAde, IB =15 mAdc)

_Emitte i * *
Base-Emitter Saturation Voltage’ vBE(sal) La Vde

(IC =150 mAdc, IB = 15 mAdc)

DYNAMIC CHARACTERISTICS

Current -Gain~Bandwidth Product T
(1C = 20 mAdc, VC‘E =20 Vdc, { = 100 MHz) 250 -

(IC = 80 mAdc, VCE =10 Vdc, { = 100 MHz) 160 -

Output Capacitance b
8.0

(Vop =10 Vde, T =0)

Circuit Delay  (Figure 1) tdc ns

(T, =25°C)

Circuit Delay - Total Change (Figurc 1) Mdc ns

0’ oo
(T, =+10°Cto T, =+25°C)

*Pylse Test: PW ¢ 300 us, Duty Cycle =2.0%

FIGURE 1

+12Vde O
ouTPUT
750 CABLE

oy 0.02 DFr =
—\_. —6.0V —6.0 Vdc
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— Switching and General Purpose Transistors

2N2242 (siicon) 1 s O e

Co = 6.0 pF (max)
f; = 250 MHz (min)

il

designed for high-speed, low power saturated
switching applications.

CASE 22
(TO-18)

MAXIMUM RATINGS

Rating Symbol Value Unit

c -Emij

ollector-Emitter Voltage VCEO 15 Vde
Collector-Base Voltage VCB 40 vdc
Emitter-Base Voltage VEB 5.0 Vde
Collector Current — Continuous IC 225 mAdc
Total Device Dissipation @ TA =25°C PD 360 mWatts

Derate above 25°C 2.0 mw/°C
Junction Temperature — Operating T, -65 to +205 °cC
Storage Temperature Range TStg -65 to +200 °C

3.0V (V
FIGURE 1 — SWITCHING TIME i Vee

TEST CIRCUIT 30

0.1 uF

{—9——o SCOPE
7z > 100k
PULSE WIDTH 96 ns < 1.0k
PRR 120 Hz
t t L
“on “off -
Vpp =40V Vg =47V
V. =421V V. =-20V
n m
FIGURE 2 — STORAGE TIME 0.1
TEST CIRCUIT (—1}—-0 SCOPE
0.1 uF Z = 100 k
$1.0k
-10 Vl l 62 p3

PULSE WIDTH 96 ns
PRR 120 Hz
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——— Switching and General Purpose Transistors

2N2242 (continued)

ELECTRICAL CHARACTERISTICS (0, = 25°C unless therwise noted)

Characteristic I Symbol ‘ Min ] Max l UnitJ

OFF CHARACTERISTICS

Collertor -Emitter Breakdown Voltage* BVCEO* Vde
(IC =30 mAde, IE =0) 15

Collector-E mitter Breakdown Voltage* BV, * Vde

- = CER ~
(IC = 30 mAdec, RBE = < 10 ohms) 20

Collector-Base Breakdown Voltage BVCBO Vde
(I = 1.0 pAde, Iy = 0) 40

Emitter-Base Breakdown Voltage BVEBO Vde
(IE =10 pAde, IC =0) 5.0

Collector Cutoff Current I pAde
- =0.25 v = 125° R
Vg = 20 Vde, Vpp ooy =0.25 Vde, T, =125°C) 10

Collector Cutoff Current ICBO uAdc
(VCB =20 Vdc, IE =0) 0.1

= = = 140° -
=20 Vde, IE 0, TA 110°C) 15

Vep

Emitter Cutoff Current L pAde

~ EBO
Vo = 4 0 Ve Ip = 0) 0.1

ON CHARACTERISTICS

DC Current Gain* hFE‘
(IC = 10 mAdc, VCF‘ =1.0 Vde) 40 120

(I =10 mAde, Vo = 1.0 Vde, T, = -35°C) 20 -

Collector -Emitter Saturation Voltage VCE(sat) Vde
(IC = 100 mAdec, IB = 10 mAdc) - 0.7

(IC = 10 mAdc, IB =1.0 mAdc, ’IA = -55to +125°C) - 0.3

Base-Emittzr Saturation Voltage VBE( at) Vde
(I = 100 mAdc, Iy = 10 mAde) sa 1.5

(IC =10 mAdc, IB = 1.0 mAde, TA =125°C) - 0.8

DYNAMIC CHARACTERISTICS

Current-Gain--Bandwidth Product (T MHz
(I = 20 mAde, Vi =10 Vac, [ = 100 MHz) 250 -

Output Capacitance C pF
(Vo = 10 Vi, T, =0, = 1.0 MHz) ob - 6.0

Turn-On Time (Figure 1) t ns
(Vo =3:0Vde, Voo = +2:0Vde, I, = 3.0 made, L, = 10 mAde) on - 30

Turn-Off Time (Figure 1) t ns
(Voo = 30 Vde, T, = 10 mAde, 1y, = 5.0 mAde, I, = 1.0 mAde) off - 50

Storage Time (Figure 2) t ns
(I =10 mAde, Ty = I, = 10 mAde) s - 25

* Pulse Test: Pulse Wdith = 300 .S; Duty Cycle = ¢ 2%
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—— Switching and General Purpose Transistors

aN2410 siLicon) :Ic5> 8=Og(:n v
o
Py =800 mW

NPN silicon annular transistor designed for high-
speed, medium-power saturated switchingapplications.

CASE 31
(TO-5)

Collector connected to case

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VeEOo 30 Vde
Collector-Emitter Voltage VCER 40 Vde

Rgg = 10 ohms
Collector-Base Voltage VCB 60 Vde
Emitter-Base Voltage VEB 5 vde
Collector Current Ic 800 mAdc
Total Device Dissipation @ T = 25°C Pp 800 mw

Derate above 25°C 4.57 mW/oC
Total Device Dissipation @ T = 25°C Pp 2.5 Watts

Derate above 25°C 14.3 mw/°C
Operating Junction Temperature Range Ty 200 oc
Storage Temperature Range Tstg -65 to+ 300 oc
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—— Switching and General Purpose Transistors

2N2410 (continued)

ELECTRICAL CHARACTERISTICS (7. - 25°C uniass othwrwise specitied)

Characteristic

Symbol

Min Max Unit

OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage*
¢ - 30 made, Ig = 0)

BYcEo (sus)

vae

Collector-Emitter Breakdown Voltage*
(I = 30 mAde, Rpg - 10 ohma)

BVcEr®

Coliector-Base Breakdown Voltage
(I = 0.1 mAde, Ig = 0)

BVceo

Emitter-Base Breakdown Voltage
(g = 0.1 madc, I¢ - 0)

BVEBO

Collector-Cutaff Current
(Vg = 30 Vdc. Vgg = 0)
(VCE = 30 Vdc, vgg = 0, T, = 150°C)

Ices

uAde

Collector Cutoff Current
(vcp = 30 Vde.1g = 0)

uAde

Emitter Cutoft Current
(Vgg = 4 Vdc, Ic = 0)

wVde

ON CHARACTERISTICS

DC Current Gain*

(Ic - 10 mAdc, VCg = 10 Vde)
(IC = 150 mAdc, VCE = 1 Vde)
4¢ = 150 mAde, VG = 10 Vde)
(I¢ = 500 mAde, VGE = 10 Vde)

30 120

30 120
25 100

Collector-Emitter Saturation Voltage*
(I = 150 mAde, Ig = 15 mAdc)
{1¢ = 500 mAdc, Iy = 30 mAdc)

VeE(ay”®

Vde

i
e
La

]

Base-Emitter Saturation Voitage®
QC = 150 mAdc, Iy = 15 mAde)
(I = 500 mAdc, Ip = 50 mAdc)

VBE (sat)*

vde

[
ee

DYNAMIC CHARACTERISTICS

Current-Gain—Bandwidth Product

(¢ = 50 mAde, Vep = 10 Vdc, £ = 100 MHa)

Output Capacltance
(Vep = 10 Vdc, Ig = 0,1 = I MHz)

pF

Input Capacitance
(Vg = 0.5 Vde, Ic = 0.1 = 1 MHz)

pF

Turn-On Time (tg + ty)
(I = 150 madc, Figure 1)
(1 = 500 mAdc, Figure 2)

— 65
- 85

Turmn-Off Time (t5 + ty)
(¢ = 150 made, Figure 1)
(ic = 500 mAdc, Figure 2)

— 55
- 5

Storage Time
(Ic = 150 made, Flgure 1)

Fall Time
(Ic = 150 mAdc, Figure 1)

*Pulse Test: Pulse Width = 300 us; Duty Cycle = 2%
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—— Switching and General Purpose Transistors

22476 siicon) ch :5:%{4
= z
an2477 Pp = 600 mW

NPN silicon annular transistors designed for high-
speed, low-power saturated switching applications.

CASE 31 Collector connected to case
(TO-5)

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 20 Vdce
Collector-Base Voltage VCB 60 Vdce
Emitter-Base Voltage VEB 5.0 Vdc
Total Device Dissipation @ TA =25°C PD 0.6 Watt

Derate above 25°C 3.4 mW/°C
Total Device Dissipation @ TC =25°C PD 2.0 Watts
Derate above 25°C 11.4 mwW/°C
Operating & Storage Junction TJ, T -65 to +200 °C
stg
Temperature Range

FIGURE 1 — TURN-ON TIME TEST CIRCUIT

o qeemmes - 15.9V
Ve =6-4V v} 90%
4o y 0 PW >150 ns
out i D.C.< 2%
1{max)
Yy 1000 Q i
in 000 6.4V : _____.‘_
2=50 —I_\__(V .
509 A
bt —ed
on

*Input and output waveforms monitored by means of an oscilloscope
or other indicating device having a rise time<0.5 ns; input capaci-
tance of probe< 2.5 pF with shunt resistance 21 megohm.
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——— Switching and General Purpose Transistors

2N2476, 2N2477 (continued)
ELECTRICAL CHARACTERISTICS , - 25°C unless atherwise noted)

L Characteristic [ Symbol l Min l Max T Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage* BVCEO‘ Vde
(IC =50 mAdc, IB =0) 20 -
Collector -Base Breakdown Voltage BVCBO Vde
(Ic =10 pAde, [E =0) 60 -
Emitter-Base Breakdown Voltage BVEBO Vde
(IE =100 wAdc, IC =0) 5.0 -
Collector Cutofi Current ICBO uAdc
= X = - 0.2
Vep 30 Vdc, Ip 0)
(Vop =30 Vde, Ip =0, T, = 150°C) - 200
Emitter Cutolf Current RO pAde
(Vg = 5.0 Vde, 1 =0) - 100
ON CHARACTERISTICS
DC Current Gain hFE -
(IC =150 mAdc, VCF =0.4 Vdc) 2N2476 20 -
: 2N2477 40 -
Collector-Emitter Saturation Voltage VCE( at) Vdce
(Ig = 150 mAdc. Iy = 7.5 mAdc) 2N2476 s# - 0.4
(lC =150 mAdec. lB = 3.75 mAdc) 2N2477 - 0.4
(IC = 500 mAdc, IB = 50 mAdc) 2N2476 - 0.7
2N2477 - 0.65
Base-Emitter Saturation Voltage VBE( ) vde
(I - 150 mAdc. Iy - 7.5 mAdc) 2N2476 sa - 1.0
(IC 150 mAdc. lB - 3.75 mAdc) 2N2477 - 0.95
DYNAMIC CHARACTERISTICS
Current-Gain — Bandwidth Product fT MHz
(1C = 50 mAdc, Veg = 10 Vdc, f = 100 MHz) 250 -
OQutput Capacitance C b pF
(Vg =10 Vde, I =0, £ - 140 kHz) © - 10
Turn-On Time {Figure 1) 'on ns
= = - 5] -
(Vo = 6.4 Vde, 1o =150 mAde, I = 15 mAdc) 25
Turn-Off Time (Figure 2) 'off ns
(VCC =6.4 Vdc, IC =150 mAdc, IBl = IBZ =15 mAdc) - 45
Storage Time (Figure 2) ts ns
(IC = 150 made, IBI = 152 15 mAdc) - 25

* Pulse Test: pulse width = 400 us. duty cycle = 3%.
FIGURE 2 — TURN-OFF TIME TEST CIRCUIT

Vo= be 4V PW>150 ns
D.C.< 2%
409 v oo
out
v 0.1
in AP eo0q
2=500
50Q

*
VBB=15. v

*Input and output waveforms monitored by means of an oscilloscope
or other indicating device having a rise time<0.5 ns; input capaci-
tance of probe< 2.5 pF with shunt resistance 21 megohm.

8-28



—— Swifching and General Purpose Transistors

AN 2N2708 (siLicon) lci—f 520?1?Av
NF = 7.5 dB

(@

NPN silicon annular transistor designed for low
power IF and RF use in VHF /UHF amplifier, mixer
and oscillator applications, and qualified to meet the

CAgE722)0 requirements of MIL-S-19500/302 EL.
(TO-

Active Elements Isolated From Case

MAXIMUM RATINGS (T4 = 25° + 3°C — unless otherwise noted)

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 20 Vdc
Collector-Base Voltage VCB 35 Vdc
Emitter-Base Voltage VEB 3.0 Vdc
Collector Current IC 50 mAdc
Total Device Dissipation @ Ty = 25°C PD 0.2 Watt

Derate above 25°C 1.14 mW/°C
Total Device Dissipation @ Tc =25°C PD 0.3 Watt

Derate above 25°C 1.72 mW/°C
Operating & Storage Junction T, T -65 to +200 °C

\ J stg

Temperature Range
Lead Temperature (Not less than

1/16" from Seating Surface, Ty, +230 °C

No Time Limit)
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—— Switching and General Purpose Transistors

JAN 2N2708 (continued)

TABLE | — GROUP A INSPECTION (T, = 25°C = 3°C — unless otherwise noted)

The fourth lead (case) shall be floating except for the following tests: Gps. s C,.and NF.

o MIL-STD-750 Limits
Examinafion or Test Method Symbol | Min _Max|  Unit LTPD
SUBGROUP 1
Visual ani Mechanical Examination 2071 - - - - 10
SUBGROUP 2
Coliector-Base Cutoff Current 3036 ICBO nAde
(VCB = 15 Vdc, IE =0) Condition D - 10
Collector -Base Breakdown Voltage 3001 BVCBO Vde
(IC = 1.9 pAdec, ]E =0) Condition D 35 -
Emitter-13ase Breakdown Voltage 3026 BVEBO Vde
(I, = 10 uAde, 1 =0) Condition D 3.0 -
Collector-Emitter Breakdown Voltage 3011 BVCBO Vde 5
(lc = 3.9 mAdec, ]B =0, Pulsed, Note 1) Condition D 20 -
Forward-Current Transfer Ratio 3076 hpg -
(VCE = 2.0 Vde, IC = 2.0 mAdc) 30 200
Base-Emitter Saturation Voltage 3066 \Z Vde
(I = 10 mAdc, L = 1.0 mAdc) BE(a | g
[ B
Collector-Emitter Saturation Voitage 3071 vCE(sa() Vde
(I = 10 mAde, I = 1.0 mAdc) _ 0.4
(4 B
SuUBGROUP 3
Forward-Current Transfer Ratio 3206 h‘ -
{v =15 Vde, I, = 2.0 mAdc, f = 1.0 kHz) € 30 160
CE C 10
Output Capacitance 3236 Cnb pF
(VCB=15Vdc,IE:O,(EO.IMHZandél,OMHz) - L5
SUBGROUP 4
Forward Current Transfer Ratio 3306 s -
(V. =15 Vdc, I, = 2.0 mAde, { = 100 MHz) ¢ 7.0 12
CE c
Amplifier Power Gain (Neutralized) (See Figure 1) Gpe dB
(VCE =15 Vde, lc=2.0 mAdc, { = 200 MHz) 15 22 10
Collector-Base Time Constant rb'c ps
(Vg = 15 Vde, I, = 2.0 mAde, f = 31.9 MHz) ¢ 9.0 | 3
CB C
Noise Figure NF dB
(VCE =15 Vde, lc =2.0 mAde, IRG = 50 ohms, { = 200 MHz) - 7.5
SUBGROUP 5
High Temperature Operation: T, = +150°C min
Cotlector-Base Cutoff Current 3036 lCBO pAde
(Vg =15 Vde, I =0) (Notes 2 & 3) - |1o
Low-Temperature Operation: T, = -55° + 0
A l3c 10
Forward Current Transfer Ralio 3076 hFE -
(VCE = 2.0 Vdc, IC = 2.0 mAdc) (Notes 2 & 3) 10 -

Note 1. Pulse Test: Pulse Width 5 300 us: Duty Cycle £ 2.0%

Note 2. Units shall be aliowed to return to and be stabiiized at 25°C prior to Low - Temperature Operational Test.

Note 3. Test measurement shali be made after thermal equilibrium has been reached at the temperature specified.
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———- Switching and General Purpose Transistors

JAN 2N2708 (continued)

TABLE Il - GROUP B INSPECTION (7, = 25°C + 3°C — unless otherwise noted)

— MILSTD-750 “Limits .
Examination or Test Method Symbol | Min  Max Unit LTPD
SUBGROUP 1
Physical Dimensions 2066 - - - - 20
SUBGROUP 2
Soldering Heat, 1 cycle 2031 - - - - W
Temperature Cycling 1051
Condition C - - - -
Thermal Shock {giass strain) 1056
Condition A - - - -
Moisture Resistance, {No initial conditioning) 1021 - - - -
End Point Tests: (Note 4) } 10
Collector Cutoff Current 3038 ICBO nAde
(VCB =15 Vde, IE =0) Condition D - 20
Forward-Current Transfer Ratio 3076 hFE -
(Ve = 2.0 Vdc, 1, = 2.0 mAde) 30 - J
SUBGROUP 3
3
Shock 2016
(1500 G, 5 blows of approx. 0.5 ms each in non-operating
orientations X1, Y1, Y2, Z1,
totai = 20 blows) - - - -
Vibration, variabie frequency 2056 - - - -
Vibration Fatigue, 20 G 2046 - - - - 10
non-operating
Constant Acceleration (centrifuge) 2006
Orientations X1, Y1, Y2, Z1
20,000 G - - - -
End Point Tests: (Note 4)
Same as for Subgroup 2
SUBGROUP 4
Lead Fatigue 2036
Condition E
End Point Tests: (Note 4) " atm
Seal - - |sx10 cc/s 1
Per Method 112, MIL-STD-202, Condition C
Procedure Illa
Test Cond. A
for Gross Leaks
SUBGROUP S
Sait atmosphere 1041 - - - -
There shall be no evidence of fiaking, pitting, or other
visibie signs of corroston on sample units after test 20
subjection.
End Point Tests: (Note 4)
Same as for Subgroup 2
SUBGROUP &
High-Temperature Life 1031 - - - -
Tstg = +200°C min non-operating
End Point Tests: (Note 4)
Coilector Cutoff Current 3036 Teno nAde r=18
(Vop =15 Vde, 1 =0) Condition D - 50
Forward Current Transfer Ratio 3076 hFE -
(Vo = 2.0 Vde, 1, = 2.0 mAde) 22.5 -
[SUBGROUP 7
Steady -State Operation Life 1026 - -
(I =20 mAde, P =200 mW) - -
T r=1t5
End Point Tests: (Note 4)
Same as for Subgroup 6

Note 4. End-point test measurements shail be made within 4 hours.
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—— Switching and General Purpose Transistors

JAN 2N2708 (continued)

TABLE Il ~ GROUP C INSPECTION (1, = 25°C *

3° — unless otherwise noted)

L MIL-STD-750 Limits i
Examination or Test Method Symbol Min__ Max Unit LTPD
SUBGROUP 1

Barometric pressure, reduced 1001 - -

(altitude aperation) Condition D

Normal mounting 15

t=60s - -
Collector-Base Cutoff Current 3036 ICBO uAde

(vCB =35 Vdc, Ig - 0) Condition D - 1.0

(Note 5)

Note 5.
pressure specified.

This test 10 be performed and measurement made during subjection of the sample units to the reduced harometric

1000

1000

Vin

Capacitance values in pF

L1 - 24 turns zx 18 AWG wire, %" {0 by %" Ig.

L2~ 3 turns 422 AWG wire, %" 10 by %" ig
Neutralization Procedure:

(A) Connect 200-MHz signal generator (with Z,,, = 50 ohms) to input
term nals of amplifier.

~Vee

FIGURE 1 — TEST CIRCUIT FOR POWER GAIN AND NOISE FIGURE

+¥eo

(8)
©)

Connect 50-ohm RF voltmeter across output terminais of amplifier.

Apply Vee and Ve, and with signal generator adjusted for 1.0 mv
output from amplifier, tune Cy, C;, and Cy for maximum out put.

Interchange connections to signal generator and out put indicator.

With sufficient signal applied to output terminals of ampiifier, adjusl
Cyfor minimum indication at input

(F) Repeat steps (A), (B), and (C) to determine if retuning is necessary.

()
€)
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—~——— Switching and General Purpose Transistors

Vo =20V
aN2710 (siLicon czo
( ) Ic = 500 mA
Ts = 15 ns max
@ . . . NPN silicon transistor primarily designed
\ for high-speed, low-power saturated switching appli-
‘\ cations for industrial service.
CASE 22
{TO-18) Collector connected to case

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 20 Vde
Collector-Emitte:r Voltage VCES 30 Vdc
Collector-Base Voltage VCB 40 Vdc
Emitter-Base Voltage VEB 5.0 Vde
Collector Current-Contimious Ic 500 mAdc
Total Device Dissipation @ TA =25°C Py 0.36 w

Derate above 25°C 2.1 mw/°C

Total Device Dissipation @ T = 25°C Py 1.2 w
Operating Junction Temperature Range T J +200 °C
Storage Temperature Range Tstg -65 to +300 °C

FIGURE 1 — STORAGE TIME TEST CIRCUIT

v

980

+6.0V
0SCILLOSCOPE
INPUT == 10MQ
= 15pF
t="t=04ns
—40v

t.t=05ns
Z,, == 50 ohms
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——— Switching and General Purpose Transistors

2N2710 (continued)

ELECTRICAL CHARACTERISTICS «, = 25°C unless otherwise noted)

Characteristic

Symbol

Min

I Max

Unit

OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage

(g =10 mAde, 1, =0

BVero

20

Vdc

Collector-Emitter Breakdown Voltage
(1o =10 pAde, Voo =0)

CES

30

Vde

Collector-Base Breakdown Voltage
(I =10 pAde, 1 = 0)

BVCBO

40

Vdc

Emitter-Base Breakdown Voltage
(IE =10 pAdc, IC =0)

BV

Collector-Cutoff Current
(VCB =20 Vdc, IE =0)

(VCB =20 VDC,IE =0, TA = +150°C)

CBO

30
30

pAde

Emitter Cutoff Current
(Vg =3.0Vde, 1, =0)

EBO

nAdce

ON CHARACTERISTICS

DC Current Gain
(Ig =10 mAde, Vo = 1.0 Vdc)

(IC =50 roAdc, VCE =1,0 Vdc)

hFE

40
40

Collector-Emitter Saturation Voltage
(IC =10 rAdc, IB =1.0 mAdc)

(IC = 50 raAdc, IB =5.0 mAdc)

VCE(sat)

0.25
0.4

Vde

Base-Emitter Saturation Voltage
(IC =10 raAdc, ]B =1.0 mAdc)

(1, = 50 raAde, I = 5.0 mAdc)

VBE(sat)

0.9
1.3

Vdc

DYNAMIC CHARACTERISTICS

Current-Gain-Bandwidth Product
(1c =10 mAde, V.o = 20 Vde, f =100 MHz)

500

MHz

Output Capacitance
(VCB =10 Vde, IE =0, f =4.0 MHz)

Cob

pF

Turn-On Time (Figure 2)

(VCC =3.0 Vdc, vBE(off) = -2.0Vde, IC =10 mAdc, IB1 =3.0 mAdc)

on

20

ns

Turn-Off Time (Figure 2)

(VCC=3.0Vdc, IC =10 mAdc, gy = 3.0 mAdc, =1.0 mAdc)

Ip2

Yots

35

ns

Charge-Storage Time (Figure 1)
(VCC =10 Vde, !C = 1B1 = !BZ =10 mAdc)

ns

FIGURE 2 — TURN ON AND TURN OFF TIME TEST CIRCUIT

30V
270
+7.0V
20k OSCILLOSCOPE
—20V =
Wt =05ns
2,, = 50 ohms
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——— Switching and General Purpose Transistors

2N2845 thro 282848 siLicon)

VCEO = 20'30 \"
Pp = 360-800 mW

NPN silicon annular transistors designed for high-

c#csflaz)z \ speed, medium-power saturated switchingapplications.
2N2845
2N2847
CASE 31
(TO0-5)
2N2846
2N2848

MAXIMUM RATINGS

Lead Temperature —_
(Soldering, no time limit)

Rating Symbol |2N2845[2N2846 |2N2847 |2N2848|  Unit
Collector-Emitter Voltage* Vceo* 30 30 20 20 Vdce
Collector-Base Voltage VeB 60 60 60 60 Vde
Emitter-Base Voltage VEB 5 5 5 5 Vde
Total Device Dissipation @ Ty = 25°C Pp 360 800 360 800 mwW

Derate above 25°C 2.1 4.6 2.1 4.6 mw/°C
Total Device Dissipation @ T¢ = 25°C Pp 1.2 3.0 1.2 3.0 Watts
Derate above 25°C 6.9 17.2 6.9 17.2 mw/°C
Operating Junction Temperature Range Ty -65 to 200 oc
Storage Temperature Range Tstg -85 to +300 oc
300 oc

*Applicable from 1 mA to 30 mA (Pulsed)
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—— Switching and General Purpose Transistors

2N2845 thru 2N2848 (continued)

ELECTRICAL CHARACTERISTICS (7. = 25°C unless otherwise noted)
Characteristic Symbol [ Min Max I Unit
OFF CHARACTERISTICS

Cotlector-Emitter Sustaining Voltage®* BVc . Vde
(Ic = 30 mAde, I = 0) 2N2845, 2N2846 EO(sus) 0 -
(I = 30 mAdc, lg = 0) 2N2647, 2N2848 20 —_

Collector-Base Breakdown Voltage BVcpo Vdc
(¢ = 0.1 mAde, Ig = 0) 80 -

Emttter-Base Breakdown Voltage BVgpo vde
(I = 0.1 mAdc, Ic= 0) 5.0 -

Collector-Cutoff Current Icgs 1 Ade
(Vg = 30 Vde, Vgg = 0) - 0.2

Coltector Cutoff Curreal wAde
(Vcp - 30 Vde, I = 0, T, = 150°C) lcpo — 200

Base Leakage Current I rAde
(Veg =30 Vde, Vg = 0) -

ON CHARACTERISTICS
DC Current Gain® hre* -
(I = 150 mAde, Vg = 10 Vde) 2N2845, 2N2846 30 120
2N2847, 2N2846 %0 140

(Ic = 500 mAdc, Vg = 10 Vde) 2N2845, 2N2846 20 -
2N2847, 2N2646 30 -

(Ic = 500 mAde, VCg = 1 Vde) All Types 10 -

Coltector-Emitter Saturation Voltage® VeE(saty®* Vde

(Ic = 150 mAde, Ig = 15 mAdc) All Types
(I¢ = 500 mAdc, Ip = 50 mAdc) 2N2845, 2N2846
2N2847, 2N2848

|
o~o
o

Bage-Emitter Saturation Voltage* VBE(sat)* vde
(Ic = 150 mAdc, Ig = 15 mAdc) -
(Ic = 500 mAde, Ig = 50 mAdc) -
DYNAMIC CHARACTERISTICS

Current-Gain—Bandwidth Product tr MHz
(I = 50 mAde, Veg = 10 Vdc, { = 100 MHz) 250 -

£

Output Capacitance Cob pF
(Vcp = 10 Vde, 1 = 0, f = 140 kHz) - 8.0

Turn-On Time {Figure 1) ton ns
(VCC = 10 Vdc, Ic ~ 150 mAdc, Ig; ~ 15 mAdc) 2N2845, 2N2846 _ 40
{VCC = 8 Vdc, Ig ~ 150 mAdce, Iy = 15 maAde) 2N2847, 2N2848 —_ 25

Turn-Otf Tlme (Figure 2) togt ns
(Vo * 10 Vde, Ig ~ 150 mAdc, Ig; = Igg ~ 15 mAdc) 2N2845, 2N2846 -
(VGG = 8 Vde, Ig ~ 150 mAde, In) ~ Iz ~ 15 mAde) 2N2847, 2N2848 —

133

*Pulge Test: Pulse Width = 300 us; Duty Cycle = < 2%

FIGURE 1 — TURN-ON TIME TEST CIRCUIT FIGURE 2 — TURN-OFF TIME TEST CIRCUIT

200ns
SCOPE

+16V l
0 — Z,,~ 100kQ

0
t,<2ns t <2ns
v
200ns
= t<2ns
2N2845, 2N2846 2N2847, 2N2848 +16V
Vec 10V 6V
R 62Q nQ
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—— Switching and General Purpose Transistors

2n3009 (siicon)
2n3013
2n3014

BVcio — 40 V (min)
f; — 350 MHz (min)

NPN silicon epitaxial switching transistor designed

(¥

for high-speed, medium-power saturated switching

applications
Collector connected to case
MAXIMUM RATINGS
Rating Symbol Value Unit
CASE 27
(TO»52) Collector-Emitter Voltage* VCEO' Vdc
2N3009, 2N3013 15
2N3014 20
Collector-Emitter Voltage VCES 40 Vde
Cullector-Base Voltage VCB 40 Vde
Emitter-Base Voltage VEB Vde
2N3009 4.0
2N3013, 2N3014 5.0
Collector Current - Continuous IC 200 mAde
(10 48 pulse) Peak 500
Total Device Dissipation (rOTA =25°C PD 0.36 Watt
Derate above 25°C 2.06 mw/°C
Total Device Dissipation (rDTC =25°C PD 1. 20 Watts
@TC =100°(| 0. 68 Watt
Derate above 25°C 6.85 mw/°C
Operating and Storage Junction Th Tete -65 to +200 °c
Temperature Range g
Lead Temperature - 300 °C
(Soldering, 60 second time limit)
* Applicable from 0.01 mA to 10 mA (Pulsed)
FIGURE 1 — TURN-ON AND TURN-OFF TIME TEST CIRCUIT
\'s
VCC
o1 Ry TosampLING
in  WF SCOPE
Input Z = 100 k2
Zin =508 $Ra
SWITCHING TEST CIRCUIT VALUES INPUT PULSE
Type Test Vin ] VBB I VCC Rl I Rg [ R3 I R4 tr I t; lPulse Width
2N3009 [t et (volts) (ohms) (nanoseconds)
eNso13 | on off TR g 15 [ 300] 50 | 75 | 170 |<1,0]<1.0] >100
ton 7.0 GND 2.0
2N3014 62 00 [2.0k . >200
toff 15| 70 | 2o |1 ! <1.0
FIGURE 2 — CHARGE STORAGE TIME CONSTANT TEST CIRCUIT
VAT gop O-1uFpg
10 v 0.1uF 500 vout +6.0 V—oA _10% Pulse waveform
in -4.0 V—rq = at point "A"
Viu 5002 0. 0023 uF — 105
) . —
5“15;1(53:',1;;:;01: 1 ns 56 *{(' — To Oscilloscope  $ Vout
in - 11voti0 uF | 10uFT010V Input Impedance = 50 2
Source Impedance = 50 3 4 3 Rise Time =1 ns

vin Rise Time less than 1t ns PW = 300 ns

Duty Cycle = 2%
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—— Swifching and General Purpose Transistors

2N3009, 2N3013, 2N3014 (continued)

ELECTRICAL CHARACTERISTICS (T, =25"C wless otherwise noted)

Characteristic

I

Symbol , Min J Max L Unit .

OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage* BVCFO( _" Vde
(I = 10 made, 1y - 9) 2N3009, 2N3013 SOt 15 -
2N3014 20 -
Collector-Enitter Breakdown Voltage BV . Vde
il ces 40 -
C
Collector- Base Breakdown Voltuge BVCBO Vde
(IC =100 jrAde, IE =0 40 -
Emitter-Base Breakdown Voltage BVE‘BO Vde
- 100 pAdc, [C = 0) 2N3009 * 4.0 -
2N3013, 2N3014 5.0 -
Collector-Cutoff Current lCFS pAde
(VCF = 20 Vdce, VBE =0) 2N3009 - 0.5
= J - © -
(VCE 20 Vdc, VBE 0, TA +85°C) 2N3009 15
(VCE = 20 Vdc, VBE =0) 2N3013, 2N3014 - 0.3
- = = o -
(VCB =20 Vde, VBE =0, TA +125°C) 2N3013, 2N3014 40
Base Current lB pAde
(VCE =20 Vdc, VBE =0) 2N3009 - 0.5
2N3013, 2N3014 - 0.3
ON CHARACTERISTICS
DC Current Gain* hFE -
(o =30 mAde, V.o = 0.4 Vde) All Types 30 120
(IC = 10 mAdc, VCE = 0.4 Vde) 2N3014 25 -
(IC = 100 mAde, VCE: =0,5 Vde) 2N3009, 2N30I3 25 -
(IC = 100 madec, VCE = 1.0 Vdce) 2N3014 25 -
(IC =300 made, VCEI = 1.0 Vdc) 2N3009, 2N3013 15 -
(IC = 30 mAdc, VCEI = 0.4 Vdc, TA = -55°C) 2N3013, 2N3014 12 -
Collector-Emitter Saturation Voltage* VCE sal)t Vdc
(I =30 mAde, I =3.0 mAdc) All Types ( - 0.18
(IC = 100 mAde, IB =10 mAdc) 2N3009, 2N3013 - 0.28
(lc = 100 madc, lB = 10 mAdc) 2N3014 - 0.35
(IC = 300 made, 'B =30 mAdc) 2N3009, 2N3013 - 0.50
(IC = 10 mAde, IB = 1.0 mAdc) 2N3014 - 0.18
(IC = 30 mAdg, IB = 3.0 mAdc, TA = +85°C) 2N3009 - 0.30
(IC =30 mAdc,IBZS. 0 mAdc,TA =+125°C) 2N3013, 2N3014 - 0.25
Base -Emitter Saturation Voltage* VBE(sat)t Vdc
(IC = 30 mAdlc, IB = 3.0 mAdc) All Types 0.75 0.95
(IC =100 mAdc, lB = 10 mAdc) All Types - 1.20
(1C = 300 mAdc, ‘B = 30 mAdc) 2N3009, 2N3013 - .70
(1 = 10 mAdc, Iy =1.0 mAdc) 2N3014 0.70 0.80
DYNAMIC CHARACTERISTICS
Current-Gain — Bandwidth Product [ MHz
(1 = 30 mAde, Vo =10 Vae, f = 100 MHz) 350 -
OQutput Capacitance ob pF
(VCB =5.0 Vdc, IE =0, f = 140 kHz) - 5.0
Input Capacitince C1b oF
= = = - 8.0
(Vg = 0.5 Vde, I =0, f = 140 kHz)
Turn-On Time (Figure 1) ton ns
Vg =0 Vs Ve =18 V) 1 = 300 mAde, 1g, ~30 mAde)
2N3009, 2N3013 - 15
= =2, I, =30 mA ~3.0 mAd
V EB(otn) 0, Ve =2.0V, 1o mAde, 1y, mAdc)
2N3014 - 16
Turn-Off Time (Figure 1) toﬁ' ns
Vee =159, IC =300 mAdc, lBl = !BZ ~30 mAdc)
2N3009, 2N3013 - 25
(v, =2.0Y, 1. =30 mAde, L, ~I 3.0 mAdc)
cc T e Bl B2 2N3014 - 25
Charge-Storage Time (Figure 2) th ns
(I =g, =1y =10 mAdc) - 18

+ Pulse Test: Pulse Width = 300 us; Duty Cycle = 2%.
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——— Switching and General Purpose Transistors

an3010

f; = 600 MHz min
ton + torr = 24 ns max
Bchs =11V

NPN silicon low-power transistor primarily de-
signed for high-speed, saturated switching applications.

CASE 22
(TO-18)

Collector connected to case

MAXIMUM RATINGS

Rating Symbol Value Unit
—Emi * *
Collector-Emitter Voltage VCEO 6.0 Vdc
Collector-Emitter Voltage VCES 11 Vdc
Collector-Base Voltage VCB 15 Vdc
Emitter-Base Voltage VEB 4.0 Vdce
Collector Current — Continuous IC 50 mAdc
Total Device Dissipation @ TA =25°C PD 0.30 Watt
Derate above 25°C 1.7 mw/°C
Operating and Storage Junction TJ, TSt -65 to +200 °cC
Temperature Range &
Lead Temperature T, 300 °C
(Soldering, 60 second time limit)

* Applicable from 0.01 mAdec to 10 mAdc (

FIGURE 1 — TURN-ON AND TURN-OFF
TIME TEST CIRCUIT

VCC10LOV

TO OSCILLOSCOPE
RISE TIME = 0.4 ns
50 INPUT 2 - 500

out

Lots
Vpp = 5.0V
v --40V
in
10% V.

in

RISE TIME < 1.0 ns 0% Vo

OUTPUT Z = 509
PULSE WIDTH = 200 ns

t

off

8-39

Pulsed).

FIGURE 2 — CHARGE-STORAGE TIME
TEST CIRCUIT

+3.0V

REE TIME < 1.0 ns
OUTPUT 2Z = 509

PULSE WIDTH = 200 ns 50

+5.2V

0.1 uF

TO OSCILLOSCOPE
RIBE TIME = 0.4 ns
INPUT Z =500



~——— Switching and General Purpose Transistors

2N3010 (continued)

ELECTRICAL CHARACTERISTICS (1, = 25°C unless otverwise noted)

Characteristic

Symbol

Min

Max

ﬁjnit

OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage*
10 mAde, IB =0}

*
BVCEO(sus)

6.0

Vde

Collector-Emitter Breakdown Voltage
(IC =10 pAde, VBE =0}

BVCES

Vdc

Collector-Base Breakdown Voltage
(I, =10 pAde, 1 =0)

BVCBO

Vde

Emitter-Base 3reakdown Volttage
(1 =10 pade, 1,=0)

BVEBO

Collector Cutoff Current
(VCE =11 Vde, VBE =0}

=5.0 Vde, VBE =0)
=5.0Vdc, VBE =0, TA = +85°C)

Ve
Veg

Ices

10
0.1
5.0

uAde

Base Cutoff Current

(VCE =11 Vde, vEB(off) =0)

BL

10

uAde

ON CHARACTERISTICS

DC Current Gain*
(Ic =1.0 mAde, VCE = 0.4 Vde)

(IC =10 mAdc, VCE =0.4Vde)

(IC = 30 mAdc, VCE = 0.4 Vde)

hFE

15
25
15

125

Collector-Emitter Saturation Voltage*
(IC =1.0 mAde, IB =0.1 mAdc}

(IC =10 mAdc, IB =1.0 mAdc)
(Ic = 30 mAdc, IB = 3.0 mAdc)

= - - 85°
(IC =10 mAde, IB =1.0 mAde, TA 85°C)

Versat)

0.25
0.25
0.38
0.4

Vdc

Base-Emitter Saturation Voltage*
(IC =1.0 mAde, IB =0.1 mAdc)

(IC =10 mAdc, IB =1.0 mAdc)
(lc = 30 mAdec, IB = 3.0 mAdc}

VBE(sat)*

0.68
0.75

0.85
0.95
1.3

vde

DYNAMIC CHARACTERISTICS

Current-Gain—Bandwidth Product
(IC =10 mAde, Veg © 4.0 vde, f =100 MHz)

600

MH2z

Output Capacitance
(\/CB = 5,0 vdc, IE =0, f =140 kHz)

3.0

pF

Input Capacitance

(VBE = 0.5 vée, [C =0, f =140 kHz)

pF

Turn-On Time (Figure 1)
(Vee =1-0V6e, Vg
IBI = 2.0 mAdc)

=1.0 Vde, I, =10 mAde,

C

ns

Turn-Off Time | Figure 1}
(Vog =1-0 Vde, Iy =10 mAde, Tp, = Ip, ~1.0 mAdc)

ns

Charge Storage Time (Figure 2)
(Ic = IBl = IB?. =5.0 mAdc}

6.0

ns

* Pulse Test: Pulse Length = 300 is; Duty Cycle = 2. 0%.



— Switching and General Purpose Transistors

23011 (siLicon) :r = 400 _EA;I; nmsu:n _
on off —

©

NPN silicon low-power transistor primarily de-
signed for high-speed, saturated switching applications.

Collector connected to case

CASE 22
(10-18)

MAXIMUM RATINGS

Rating Symbol Value Unit
- i * *
Collector-Emitter Voltage VCEO 12 Vde
Collector-Emitter Voltage VCES 30 Vde
Collector-Base Voltage V'CB 30 Vdc
Emitter-Base Voltage VEB 5.0 Vdc
Collector-Current-Continuous IC 200 mAdc
Peak (10 us Pulse) 500
Total Device Dissipation @ TA:ZS“C PD 0.36 Watt
De rate above 25°C 2.086 mwW/°C
Total Device Dissipation @ TC:25°C PD 1.20 Watt
TC:IOO°C 0.68
Derate above 25°C 6.85 mW/°C
Operating and Storage Junction TJ, T ¢ -65 to °C
Temperature Range stg +200
Lead Temperature TL. 300 °C
(Soldering 60 second time limit)

* Applicable from 0.01 mA to 10 mA (Pulsed)

FIGURE 1 — CHARGE-STORAGE TIME TEST CIRCUIT
AT 890 0.1 uF 1.0k

-10- » 5005 -4.0V
v | 0.0023 uF | 0.0023 uF |
in < e
56 <
N 5 < +47- - +

Vin Rise Time <1.0 ns . h._.”_...___.) .

Source Impedance = 509 11V o 10 10 10V
V., Rise Time less than 1.0 ns - -
PW 2 300 ns =

Duty Cycle = 2.0%
8-41

o Vi 01 uFQ 500 r—p—] ¢ +6.0V
N ob——{ v
01 out 0 — at point "A"

——10% Pulse waveform

To Sampling Oscilioscope
Input Impedance = 509
Rlse Time <1.0 ns



—— Switching and General Purpose Transistors

2N3011 (continued)
ELECTRICAL CHARACTERISTICS (T, = 25-C unless otherwise noted)

Characteristic Symbol ] Min l Max Unit

OFF CHARACTERISTICS

Coljector-Emitter Sustaining Voltage* BV * Vdc
(I = 10 maAde, Iy =0) CEO(sus) 12

Collector-Emutter Breakdown Voltage BVCES Vdc
(1 =10 pAde, Vo =0) 30

Collector-Base Breakdown Voitage BVCBO Vdc
(IC =10 uAdc, IE =0) 30

Emitter-Base Breakdown Voltage BVEBO Vdc
(I =100 uAde, I, =0) 5.0

Coilector Cutaff Current ICES pAde
(VCE =20 Vdc, VBE =0) 0.4

(VCE =20 Vde, VBE =0, TA = +85°C) - 10

Base Cutoff Current IBL pAde
(VCE =20 Vdc, VBE =0) 0.4

ON CHARACTERISTICS

DC Current Gain* hFE‘ -
(IC =10 mAde, VCE =0.35 Vdc) 30 120

(IC = 30 mAdc, VCE = 0,4 Vdc) 25

(lC=100 mAdc, VCE =1.0 vde) 12

Coilector-Emitter Saturation Voitage* vCE(sat)* Vdc
(IC =10 mAde, IB=I.0 mAdc) 20

(lC =30 mAde, lB = 3.0 mAdc)
(I =100 mAdc, Iy =10 mAdc)

= = = ° -
(IC =10 mAde, IB = 1.0 mAdc, TA = +85°C)

‘

oo o 0
N
R

Base-Emitter Saturation Voltage* VBE( t)‘ Vdc
(1 =10 mAdc, Iy =1.0 mAdc) sal 0.72 87

0.

(IC = 30 mAdc, lB = 3.0 mAdc) - 1.15
(1o =100 mAde, Iy = 10 mAdc) - 1.60

DYNAMIC CHARACTERISTICS

Current-Gain--Bandwidth Product (T MHz
(IC = 20 mAdc, VCE =10 Vdc, f = 100 MHz) 400 -

Output Capacitance Cop pF
(VCB=5‘0Vdc, IE =0, f =140 kHz) - 4.0

Turn-On Time (Figure 2) ton ns
(VCC = 2.0 Vde, VEB(OH) =0, IC = 30 mAde, IB) = 3.0 mAdc) - 15

Turn-Off Time (Figure 2) toﬁ ns
(VCC =2.0 Vde, IC = 30 mAdec, IB?\ = ‘IBZ: 3.0 mAdc) - 20

Charge Storage Time (Figure 1) ts ns
(IC = IBl =-lgy = 10 mAdc) - 13

* Pulse Test: Puise Length = 300 us, Duty Cycie = 2.0%.

FIGURE 2 — TURN-ON AND TURN-OFF TIME TEST CIRCUIT

Ves Voo =20V
100 82
Yin 0.1 uF 2.0k To Oscilloscope
o . AL Rise Tlme < 1.0 ns
il v
Rlse Time <1.0 ns Input R = 100 k
Pulse Width >200 ns 3109
Z, =500
in
T, Vpp CGrounded T Vpp=T0V
Vi, =10V vV, o=-13V
\(] In
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——— Switching and General Purpose Transistors

23015 (siLicon)

CASE 31

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

VCEO =30 \"4
f = 250 MHz
PD = 800 mW

NPN silicon annular transistor designed for high-
speed, medium-power saturated switching applications.

(TO-5)

Collector connected to case

Rating Symbol Value Unit
Collector-Emitter Voltage* VcEO* 30 Vde
Collector-Base Voltage VCcB 60 vdc
Emitter-Base Voltage VEB 5 Vde
Total Device Dissipation @ T4 = 25°C Pp 800 mwW

Derate above 25°C 4.6 mw/°C
Total Device Dissipation @ T¢ = 25°C Pp 3.0 Watts
Derate above 25°C 17.2 mwW/0c
B
Operating and Storage Junction T Tstg -65 to+200 o¢
Temperature Range
Lead Temperature — 300 oc
(Soldering, 60 second time limit)

*Applicable from 1.0 mA to 30 mA (Pulsed)
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2N3015 (continued)

Switching and General Purpose Transistors

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

Characteristic

I Symbol

OFF CHARACTERISTICS
—

Collector-Emitter Sustaining Voltage*
(I = 30 raAde, Ig = 0)

BVCEO(sus)” vde
30 —

- -
Collector-Base Breakdown Voltage
(Ic - 100,:Ade, Ig = 0)

BVcpo Vdce

Emitter-Base Breakdown Voltage
(g = 100 .Adc, Ic = 0)

BVEBO Vde

Collector-Catoff Current
(VCg = 30 Vde, Vgg = 0)

Ices uhde

Collector-Cutoff Current
(Vep =30 Vde, Ig = 0, Ty = 125°0)

Base Leakage Current
(Veg = 30 Vde, Vgg = 0)

ICBO kAde

_ 200
|

IpL uAde

ON CHARACTERISTICS

DC Current Gain*
(¢ = 150 mAde, Vo = 10 Vde)
(I¢ =300 mAde. Veg = 0.7 Vde)

brg®
30 120
10 —

Collector-Einitter Saturation Voltage*
(ic = 150 mAdc, Iy = 15 mAdc)
(I = 500 mAdc, Ig = 50 mAdc)

VCE(sat)* Vde

Base-Emitter Saturation Voltage*
(1c = 150 mAdc, Ig = 15 mAdc)
(I¢ = 500 mAdc, I = 50 mAdc)

VBE(sat)® Vde

DYNAMIC CHARACTERISTICS _

Current-Gain—Bandwidth Product
(¢ = 50 mAdc, Vog = 10 Vde, f - 100 MHz)

250

Output Capacitance
(Vep = 10 Vde, Ig = 0, = 140 kHz)

Cob

Turn-On Time {Figure 1)
(Ve = 25 vde, I =~ 300 mAde, 1gy = 30 mAdc)
(VGE = 25 Vde, I = 500 made, Ig; =~ 50 mAde)

Turn-Off Time (Figure 2)

(Voe = 25 Vde, Ic ~ 300 mAde, Ipj ~ Igg
(Ve = 25 Vde, Ic ~ 500 mAde, Ip) ~ Iy

30 mAdc}
50 mAdc}

tots

*Pulse Test: Pulse Width = 300 us; Duty Cycle « 2%

FIGURE 1 — TURN-ON TIME TEST CIRCUIT

FIGURE 2 — TURN-OFF TIME TEST CIRCUIT

+25V 426V
Ry
200ns
Vi (‘ l 200Q Vin 05 uf
0 ——— 0SCILLOSCOPE 0 OSCILLOSCOPE
t,<2ns :{<>ll'(|)s0nn t, < Ins
S 5N
500 " 500 R;, == 100 kQ
200 ns
= = t<2ns L L
lc Via R, Ic V., Vau R
mA Volts mA Yoits Yolts ohms
300 7 80 300 —-13 10 80
500 I a4 500 -21 1% 4
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———- Switching and General Purpose Transistors

an3053 (siicon)

MAXIMUM RATINGS

VCEO =40V
Ic = 700 mA
Py=5W

NPN silicon annular transistor designed for medium-
current switching and amplifier applications.

Rating Symbol Value Unit
-
Collector-Emitter Voltage Vero 40 Vde
Collector-Base Vollage Ven 60 Vde
CASE 3‘ Emitter-B: Volt. v, 5 v
(TO-5) mitter-Base Voltage EB e
Collector Current-Continuous Ic 700 mAde
Total Device Dissipation @ TC - 25°C Pp 5 Watts
Derate above 25°C 28.6 mW/°C
Operating Junction Temperature Range Ty 200 oc
Storage Temperature Range Tstg -65 to +200 oc
ELECTRICAL CHARACTERISTICS (1, = 25:C untess otherwise noted)
H
Characteristic Symbo! Min Max ] Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage BVCEO Vde
(Ic =100 yAdc, Ig = 0) 40 —
Collector-Emitter Breakdown Voltage BVegRr Vde
(g = 100 mAdc, Rgg = 10 ohms) 50 -
Collector-Base Breakdown Voltage BVepo Vde
(g = 10044de, Ig = 0) 80 —
Emitter-Base Breakdown Voltage BVgpo Vvdc
(1g = 100 uAde, Ig = 0) 5 —
Collector Cutoff Current IcEx uAdc
(Vg = 80 Vdc, Vgp(ogy = 1.5 Vdo) - 0.25
Base Cutoff Current Inp uAde
(Vg = 60 Vdc, Vgp(otn = 1.5 Vdc) - 0.25
ON CHARACTERISTICS
| DC Current Gain brE -
(Ic = 150 mAde, Vo = .5 vde) 25 _
(IC = 150 mAde, Vo = 10 Vde)* 50 250
Collector- Emitter Saturation Voltage vCE(sat) vde
(IC = 150 mAde, I = 15 mAde) _ 1.4
Base-Emitter Saturation Voltage vBE(nt) vde
{Ig = 150 mAdc, Iy = 15 mAdc) —_ 1.7
Base-Emitter On Voltage A Vde
(g = 150 mAde, Vog = 2.5 Vdc) BE{on) - L7
DYNAMIC CHARACTERISTICS
Current-Gain—Bandwidth Product i1 MHz
(IC = 50 mAdc, VCE = 10 vdc, { = 20 MHz) 100 —_
Qutput Capacitance Cob pF
(Vep = 10 Vde, I = 0, f = 140 kHz) - 15
Input Capacitance Cip pF
(Vpg = 0.5 vdc, Ic= 0, f = 140 kHz) - 80

*Pulse Teat: Pulse Width = 300 us, Duty Cycle= 2%
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———— Switching and General Purpose Transistors

283210 (siucon) |Y;CE=O = ; f“ \/I\
P, = 360 mW

NPN silicon high frequency switching transistor

m is designed for high speed, saturated switching appli-
\ cations for industrial service.

CASE 22
(T0-18)

MAXIMUM RATINGS

Rating Symbol Value Unit

Collector-Emlitter Voltage VCEO 15 Vdce

Applicable from 0 to 500 mAdc
Collector-Base Voltage VCB 40 Vdc
Emitter-Base Voltage VEB 5.0 Vdc
Collector Current IC 500 mAdc
Total Device Dissipation @ TA =25°C PD 0.36 Watt

Derate above 25°C 2.06 mW/°C
Total Device Dissipation @ TC =25°C PD 1.2 Watts

Derate above 25°C 6.9 mw/°C
Storage Temperature Range Tstg -65 to +300 °C

FIGURE 1 — STORAGE TIME TEST CIRCUIT

o | I +50V
-9.0Vv

INPUT PULSE
Rise Time ~= 1.0ns
50 2 Source Impedance 240 0148 |
018 915
( QUTPUT TO
SAMPLING OSCILLOSCOPE
Rise Time = 1.0 ns
200 100 50 © Input Impedance
= PW > 200ns

+7.0V
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—— Switching and General Purpose Transistors

2N3210 (continued)

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

L Characteristic ‘ Symbol ] Min [ Max Unit J
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage* BV * Vdc
(I = 30 mAde, 15 = 0) CEO(sus) 15 B
Collector-Base Breakdown Voltage BVCBO Vdc
(IC =2.0 pAde, IE =0) 40 -
Emitter-Base Breakdown Voltage BVEBO Vde
(Ig = 10 pAde, I, = 0) 5.0 -
Collector Cutoff Current Teex nAde
(VCE =20 Vde, VEB(off) = 3.0 Vdc) - 25
Collector Cutoff Current ICBO pnAdc
(Vo =20 Vde, 1 = 0) R 0.010
(Vo =20 Vde, 1 =0, T, = 150°C) - 15
Emitter Cutoff Current L nAdc
(Vg = 2.0 Vde, I = 0) EBO - 100
Base Cutoff Current IBL pAde
L (VCE = 20 Vdc, vEB(oﬂ) = 3.0 Vdc) - 0.025
ON CHARACTERISTICS
DC Current Gain* hFE* -
(IC = 10 mAdc, VCE =1.0 Vdc) 30 120
Collector-Emitter Saturation Voltage VCE b Vde
(L. - 20 mAde, I = 2.0 raAde, T, = +125°C) (sa . 0.25
C B A
(IC = 200 mAdc, IB =20 raAdc) - 0.75
Base-Emitter Saturation Voltage v Vdc
(I = 10 mAde, Ty = 1.0 mAdc) BE(sa) 0.7 0.8
(IC = 200 mAdc. IB = 20 mAdc) - L5
DYNAMIC CHARACTERISTICS
Current-Gain — Bandwidth Product fT MHz
(IC =20 mAdc, VCE =10 Vdc, f = 100 MHz) 300 -
Qutput Capacitance Cob pF
(VCB =10 Vdc, IE =0, f = 100 kHz) - 6.0
Turn-On Time ton ns
(VBE(DH) z 0.2 Vdc, lC == 200 mAde, IBl = 40 mAdc) (Figure 2) - 40
Turn-Off Time "oﬁ ns
(IC =200 mAdc, IBl = 40 mAdc, IBZ = 20 mAdc) (Figure 2) - 40
Storage Time [s ns
(lC ~1g; leZ =~ 20 mAdc) (Figure 1) - 20

*Pulse Test: Pulse Width £ 300 us, Duty Cycle < 2.0%.

FIGURE 2 — TURN-ON AND TURN-OFF TEST CIRCUIT

+12V
0 I I +50V

INPUT PULSE
Rise Time := 1.0 ns
50 0 Source Impedance 23

0.1pF

56

—40V
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—— Switching and General Purpose Transistors

‘ Voo =15V
aN3211 (siicon) Ic =500 mA

@ Pp =360 mW

NPN silicon high frequency switching transistor de-
signed for high speed, saturated switching applications
for industrial service.

MAXIMUM RATINGS

Rating Symbol Value Unit
CASE 22 Collector-Emitter Voltage VCEO 15 Vde
(TO-18)
Collector-Base Voltage VCB 40 vdc
Emitter-Base Voltage VEB 6.0 Vdce
Collector Current IC 500 mAde
Total Device Dissipation @ Ty = 25°C PD 0.36 Watt
Derate above 25°C 2.06 mw/C
Total Device Dissipation @ TC =25°C PD 1.2 Watts
Derate above 25°C 6.9 mw/°C
Operating & Storage Junction
Temperature Range TJ, Tstg 65 to +200 °c
Lead Temperature 1/16' + 1/32" from 300 °C
Case for 60 s

ELECTRICAL CHARACTERISTICS (T. = 25°C unless otherwise noted)

L Characteristic ‘ Symbol Min —[ Max l Unit 1
OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage BV T vac |
(I, =30 mAdc, Iy - 0) 15 -

Collector-Base Breakdown Voltage BV vde
(s =10 pde, I = 0) 40 -

Emitter-Base Breakdown Voltage BV Vde

€ Broakd EBO
(T, = 10 pade, I, =0)

Colleetor Cutoff Current I. nAdc
(Vg =20 Vde, Vpp o0 = 3.0 Vdo) : 25

Base Cutoff Current I 1Ade

Vg =20 Vde, Vi o = 3.0 Vde) - 0.025
(Ve - 20 Vdc, =3.0vde. T, =85°C) - 10

VEB(efr)

ON CHARACTERISTICS

DC Current Gain* I\FEx .
(IC = 100 pAde, Veg ® 1.0 Vdc) 20 -

(I - 1.0 mAde, Vi o = 1.0 Vde) 50 -
(IC = 10 mAdc, VCE = L0 Vdc) 50 150
(IC =10 mAdc, VCE =1,0 Vde, TA =-55"C) 20 -
(IC:SO mAde, VCE =1.0 vde) 40 -
(IC = 100 mAde, VCE = 1.0 Vde) 30 -
(Lo 500 mAdc, Vep =5 0 Vdc) 10 -

Collector-Emitter Saturation Voltage*
(I = 10 mAde, I = 1.0 mAdc) - 0.2

(I = 50 mAde, Iy = 5.0 mAdc) - 0.3
(1 =100 mAde, I =10 mAdc) - 0.4

Versat* vde

Base-Emitter Saturation Voltage* Veg(say® Vac
(I =10 mAde, 1 = 1.0 mAde) sa - 0.85

(I =50 mAdc, 1 = 5.0 mAdc) - 1.0

(I = 100 mAdc, Iy - 10 mAde) - L2

*Pulse Test: Pulse Width : 300 us, Duty Cycle = 2.0%.
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—— Switching and General Purpose Transistors

2N3211 (continued)

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

L Characteristic ] Symbol I Min T Maxj

DYNAMIC CHARACTERISTICS

Current-Gain — Bandwidth Product [ MHz
(I = 10 mAde, Vg =20 Vde, § = 100 MHz) 350 -

Output Capacitance C pPF
(Ve = 10 Vde, I =0, § = 100 kHz) ob - 4.0

Input Capacitance C. pF
(Vg = 0.5 Vde, Ig =0, £ = 100 kHz) ib - 7.0

Charge-Storage Time Constant T ns
(I =g, = Ig, ~ 10 mAde) (Figure 1) s - 15

Total Control Charge QT pC
(I = 10 mAdc, Iy = 1.0 mAd) (Figure 2) - 60

Active Region Time Constant s ns
(I, = 10 mAde, I = 1.0 mAdc) (Figure 3) - 2.5

FIGURE 1 — CHARGE STORAGE TIME CONSTANT TEST CIRCUIT

+10 Vde

Oscilloscope t, = 1ns
0 oh

+11v

FIGURE 2 — TOTAL CONTROL CHARGE TEST CIRCUIT

1D ns MAX ’—-

10%

+ 3.0Vde

+6.0v
100 A

“Vag

PULSE AT A S0k

100 f
*ADJUST Vgg FOR 0 TO+ 6.0 VOLT H, RELAY

PULSE AT A = = . 90%

FIGURE 3 — ACTIVE REGION TIME CONSTANT TEST CIRCUIT

INPUT
SIGNAL

Ta el Tee = Tee

The L tr
les
= e == GROUND PLANES

NOTES FOR FIGURES 2, 3

INPUT PULSE — TRANSITION TIME TD +6.D Vdc < 2.0 ns

INPUT PULSE — OPTIONAL GENERATOR OUTPUT IMPEDANCE: AOJUST FOR + 6.0 Vdc
SCOPE INPUT CAPACITANCE . _ 3.0 pF MAX

SCOPE NPUT IMPEDANCE = 10 MEGOHMS

SCOPE RISE TIME == 0.7 ns
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—— Switching and General Purpose Transistors

2N3299 ihru 283302 (siLicon) Vero =30V

lc = 500 mA
Po = 360 to 800 mW

(@

\ NPN silicon annular transistors for high-speed
switching circuits and DC to UHF amplifier applications.

Collector connected to case

CASE 22
CASE 31 m;::
(10-5) 2N3302
2N3299
2N3300

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 30 Vde
(Applicable 0 to 10 mAdc)
Collector-Base Voltage VCB 60 Vdc
Emitter-Base Voltage VEB 5.0 Vdc
Collector Current IC 500 mAdc
Operating Junction Temperature Range TJ -65 to +200 °C
Storage Temperature Range TStg -65 to +300 °cC
2N3299 | 2N3301
2N3300 | 2N3302
Total Device Dissipation @TA =25°C PD 0.8 0.36 Watt
Derate above 25°C 4.56] 2.06 mw/°C
Total Device Dissipation @TC =25°C PD 3.0 1.8 Watts
Derate above 25°C 17.2 |10.3 mW/°C
FIGURE 1 — SATURATED TURN-ON SWITCHING FIGURE 2 — SATURATED TURN-OFF SWITCHING
TIME TEST CIRCUIT TIME TEST CIRCUIT
- 300ns he— Voo ® 25V 08
16V r-_ W ’_3_“7‘ r‘i —15 vde Vee = 25 Vde

1

——O OUTPUT TO

0SCILLOSCOPE 0 OUTPUT TO

0SCILLOSCOPE
Z, =~ 100kQ
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——— Switching and General Purpose Transistors

2N3299 thru 2N3302 (continued)

ELECTRICAL CHARACTERISTICS (7, = 25°C unless otherwise noted)

l Characteristic T Symbol T Min

it |

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage* BV *
(lc =10 mAde, IB =0)

30

Vdc

Collector-Base Breakdown Voltage BV
(1 = 10 pAde, 15 =0)

60

Vdc

Emitter-Base Breakdown Voltage BV

N - EBO
(1 =10 uAde, 1, =0)

5.0

Vdc

Collector Cutoff Current 1
(Ve =50 Vde, Vg =0)

=50 Vdc, V. =0, T

CES

(VCE ac 150°C)

0.01

uAde

Emitter Cutoff Current 1

- C EBO
(Vgg =3.0vde, I, = 0)

10

nAdc

Base Current 1
(Ve =50 Vde, Vg =0)

10

nAdc

ON CHARACTERISTICS

DC Curreat Gain h
(Ic =0.1 mAdc, VCE =10 Vdc) 2N3299, 2N3301
2N3300, 2N3302

= 1.0 mAde, Vi, = 10 Vde) 2N3299, 2N3301
2N3300, 2N3302

=10 mAde, Vi =10 Vdo)* 2N3299, 2N3301
2N3300, 2N3302

=1,0 Vde)* 2N3299, 2N3301
2N3300, 2N3302

= 150 mAde, V= 10 Vdc)* 2N3299, 2N3301
2N3300, 2N3302

=500 mAde, Vi =10 Vde)* 2N3299, 2N3301
2N3300, 2N3302

FE

I

(1 =150 mAde, Vi

20
35
25
50
35
kb
20
50
40
100
20
50

Collector-Emitter Saturation Voltage
(Ic =150 mAdc, IB =15 mAdc)

(IC =300 mAdc, IB = 30 mAdc)
(lC = 500 mAdc, ].B = 50 mAdc)

VCE(sat)

0.22

Base-Emitter Saturation Voltage
(I = 150 mAde, I =15 mAdc)

(IC = 300 mAdc, IB = 30 mAdc)
(lc =500 mAdec, IB =50 mAdc)

VBE(sat)

Vde

Base-Emitter On Voltage

v
- = . BE(on)
(lc =150 mAdc, VCE =10 Vdc)

Vdc

DYNAMIC CHARACTERISTICS

Current-Gain—Bandwidth Product f
(1C =50 mAdc, VCE =10 Vdc, f = 100 MHz)

250

MHz

Output Capacitance
(VCB =10 Vdc, IE =0, f = 140 kHz)

pF

Input Capacitance C,
(VBE = 2.0 Vdc, lc =0, f = 140 KHz)

pF

Turn-On Time (Figure 1) t
(VCC =25 Vdc, lc =300 mAdc, IB1 =~ 30 mAdc)

60

ns

Turn-Off Time (Figure 2) t ot
(VCC =25 Vdce, IC =~ 300 mAdc, IBl = IBZ = 30 mAde)

150

ns

* Pulse Test: Pulse Width s 300 us; Duty Cycle < 2%,
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Switching and General Purpose Transistors

2n4123 (siuicon) Veeo to 30V
2n4124 lc = 200 mAdc

NPN silicon transistors designed for general purpose
switching and amplifier applications andfor comple-
mentary circuitry with PNP types 2N4125 and 2N4126.
Features one-piece, injection-molded plastic package
CASE 29 (1) for high reliability.
(TC-92)

MAXIMUM RATINGS

Characteristic Symbol  [2N4123{2N4124! Unit
Collector-Emitter Voltage VCEO 30 25 vde
Collector-Base Voltage VCB 40 30 vdce
Emitter-Base Voltage vEB 5 Vdce
Collector Current IC 200 mAdc
Total Device Dissipation @ T, = 60°C PD 210 mW
Total Device Dissipation @ T, = 25°C PD 310 mwW
Derate above 25°C 2.81 mw/°C
Operating and Storage Junction Temperature Range TJ'Tstg -55 to +135 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient OJA 0.357 °C/mwW
FIGURE 1 — CAPACITANCE FIGURE 2 — SWITCHING TIMES
10 [T T 200 T TTI
= o S — LT 11]]
4
= o S . S
£ nc 2 KXY i 7~
= 30 T g ® IR ] ”
§ 1 = | LK A
wo I e AT TSN [ AN
T
100 F e/l =10 e -
R m] l ] 70 F Ve =08ve T S
- = e
wl il so b~ FAH T
01 02 03 050710 20 3) $070 10 20 3040 10 20 30 50 10 0 30 56 100 200
REVERSE BIAS VOLTAGE (VOLTS) Ic, COLLECTOR CURRENT (mA)
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—— Switching and General Purpose Transistors

2N4123, 2N4124 (continued)

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwisg noted)
[ Characteristic [ Fig.No. [ Symbol | Min | Max | Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage® BV cpo’ Vdc
(Ig = 1 mAde, T, = 0) 2N4123 30 -
2N4124 25 -
Coliector-Base Breakdown Voltage BVepo Vdc
(Ic = 10 pade, 1 = 0 2N4123 10 -
2N4124 30 -
Emitter-Base Breakdown Voltage BVepo Vde
(I = 10 uAde, I = 0) 5 -
Collector Cutoff Current 1 nAdc
T € cBO
(VCB = 20 Vdc, Ig= 0) - 50
Emitter Cutoff Current I nAde
EBO
(Vgg = 3 Vde, I, = 0 - 50
ON CHARACTERISTICS
DC Current Gain* 9 [ =
(i = 2 made, Ve = 1 Vdc) 2N4123 50 150
2N4124 120 360
(I = 50 mAdc, Vg = 1 Vdc) 2N4123 25 _
c CE 2N4124 60 -
Collector-Emitter Saturation Voltage®* 10. 11 VeE(sat)” Vde
(1 = 50 mAdc, 1y = 5 mAde) - 0.3
B
Base-Emitter Saturation Voltage* It VBE(sat)" Vde
(I = 50 mAdc, Iy = 5 mAdc) (sat) - 0.95
SMALL SIGNAL CHARACTERISTICS
High- Frequency Current Gain | "re |
(i = 10 mAde, Ve = 20 Ve, { = 100 MHz)  2N4123 2.5 -
c 2N4124 3.0 -
—]
Current-Gain — Bandwidth Product [ MHz
(I = 10 mAde, Vg = 20 vdc, { = 100 MHz) 2N4123 250 -
c E 2N4124 300 -
Output Capacitance 1 Con . PF
(Vep = 5 Vde, Ip = 0, £ = 100 kHz)
Input Capacitance 1 Civ s pF
(Vg = 0.5 Vde, I = 0, [ = 100 kHz)
Small-Signai Current Gain 5 [ .
(I = 2 mAde, Vg = 1 Vde, [ = 1KHz) 2N4123 50 200
c CE 2N4124 120 480
Noise Figure 3.4 NF dB
(i = 100 nAdr, Vo = 5 Vde, Rg = 1 kohm,
Noise Bandwidth = 10 Hz to 15.7 kHz) 2N4123 - [
2N4124 - 5
SWITCHING CHARACTERISTICS
Characteristic Fig. No.| Symbol Typ Unit
Delay Time Vg =3 Ve, Vg = 0.5 Ve, 2 ty 24 ns
Rise Time Ig = 10 mAdc, 1, - 1 mAde 2 T 3 TS
Storage Time Vcc =3 vde, ]C = 10 mAdc, 2 ts 125 ns
Fait Time 1gp = lpg = | mAde 2 Y i ]

*Pulse Test: Pulse Wtdth = 300 us, Duty Cycle = 2%
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——— Switching and General Purpose Transistors ——

2N4123, 2N4124 (continued)
AUDIO SMALL SIGNAL CHARACTERISTICS

NOISE FIGURE
Ver = 5 Vdc, Ta = 25°C
FIGURE 3 — FREQUENCY YARIATIONS FIGURE 4 — SOURCE RESISTANCE
12 T u T T 77 7
o f=1hm
1
HAN | 2 Tl 7
N/ — SCURCE RESISTANCE = 2009 / 1o =05 /1/
= 1mA " A/ a
g g VA L
o 2 o Y/ JACSEY
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ez, NORMALIZED CURRENT GAIN

Vg, COLLECTOR EMITTER VOLTAGE (VOLTS}

“ON" VOLTAGE (VOLTS)

——— Switching and General Purpose Transistofs
2N4123, 2N4124 (continued)
STATIC CHARACTERISTICS
FIGURE 9 — NORMALIZED CURRENT GAIN
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——— Switching and General Purpose Transistors

2n4125 (siicon)
284126

VCEO to 30V
lc = 200 mAdc

PNP silicon transistors desighed for general purpose
switching and amplifier applications and for comple-
mentary circuitry with NPN types 2N4123 and 2N4124
Features one-piece, injection-molded plastic package
for high reliability.

CASE 29(1)
(10-92)

MAXIMUM RATINGS

CAPACITANCE {pFi

Characteristic Symbol | 2N4125 | 2N4126 |  Unit
Collector-Emitter Voltage VCEO 30 25 Vdce
Collector-Base Voltage vCB 30 25 Vde
Emitter-Base Voltage vEB 4 Vde
Collector Current Ic 200 mAdc
Total Device Dissipation @ Ty = 60°C Py 210 mW
Total Device Dissipation @ Tp= 25°C PD 310 mw
Derate above 25°C 2.81 mW/°C
Operating and Storage Junction Temperature Range TJ'Tstg 55 to +135 °c
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient 9 TA 0.357 C/mwW
FIGURE 1 — CAPACITANCE FIGURE 2 — SWITCHING TIMES
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——— Switching and General Purpose Transisfo’rs —_—

2N4125, 2N4126 (continued)

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

r Characteristic TFig.No;l:ymw l Min LMax TUnit I

OFF CHARACTERISTICS

Collector -Emitter Breakdown Voltage* BV, EO‘ Vdc
{Ie = 1 madc. T = 0) 2N4125 ¢ 30 -
2N4126 25 -
Collector-Base Breakdown Voltage BVCBO Vdc
{1 = 10 4Ade, I, = 0) 2N4125 30 -
2N4126 25 -
Emitter-Base Breakdown Voltage BV, BO Vdc
(Ig = 10 uAdc, 1 =0) E 4 -
Collector Cutoff Current Iepo nAdc
(Vop = 20 Vde, 1 = 0) - 50
Emitter Cutoff Current 1 nAdc
- - EBO
(VBE =3 Vdc, lC =0) - 50
ON CHARACTERISTICS
DC Current Gain* 9 hFE. -
(e = 2 mAde, Vg = T V) 2N4I125 50 150
2N4126 120 360
(1. = 50 mAdc, Vo, = 1 Vdc) 2N4125 25 -
c CE 2N4126 60 -
Collector-Emitter Saturation Voltage® 10. 11 v, . Vdc
(lc = 50 mAdc, 1B = 5 mAde) CE(sat) _ 0.4
Base-Emitter Saturation Voltage* 11 VBE(sa)® vdc
{1c = 50 mAdc. 15 = 5 mAdc) s - 0.95
SMALL SIGNAL CHARACTERISTICS
High- Frequency Current Gain Y] -
{1 = 10 made, V(.o = 20 Vdc, = 100 MHz) 2N4125 € 2.0 -
2N4126 2.5 -
Current-Gain — Bandwidth Product [ MHz
(1 = 10 mAdc, Vg = 20 Vdc, { = 100 MHz) 2N4125 200 -
2N4126 250 -
Output Capacitance 1 Coh pF
(Vep = 5 Vde, 1 = 0, f = 100 kHz) - 4.5
Input Capacitance 1 S bF
(Vpg = 0.5 Vde. 1c = 0. {= 100 kHz) - 10
Small-Signal Current Gain 5 n‘e p
(1 = 2mAde. Vg =1 Vde, {=1kHz) 2N4125 50 200
2N4126 120 480
Noise Figure 3, 4 NF dB
{1 = 100 uAde. Vi = 5 Vde, Rg = 1 kohm,
Noise Bandwidth = 10 Hz 1o 15. 7 kHz) 2N4125 - 5.0
2N4126 - 4.0
SWITCHING CHARACTERISTICS
Characteristic Fig. No. | Symbol Typ Unit
Delay Time Voo = 3 Ve, Vpp oy = 0.5 Vde, 2 tg 25 ns
Rise Time 1c = 10 mAde. Ig, = I mAde 2 t 18 ns
Storage Time Vee = 3 Vdc, 1 = 10 mAdc, 2 tg 140 ns
Fall Time lBl = le = 1 mAdc 2 “ 15 ns

*Pulsc Test: Pulse Width = 300 usec, Duty Cycle = 2%
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—— Switching and General Purpose Transistors

2N4125, 2N4126 (continued)
AUDIO S

MALL SIGNAL CHARACTERISTICS
NOISE FIGURE
Ve = 5 Vde, T = 25°C
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——— Switching and General Purpose Transistors

2N4125, 2N4126 (continued)

STATIC CHARACTERISTICS
FIGURE 3 — NORMALIZED CURRENT GAIN
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——— Switching and General Purpose Transistors

2n4890

cho =40V
Ic =700 mA
f; = 100 MH:z
PNP silicon annular transistor designed for medium-
current switching and amplifier applications.
MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 40 Vde
Collector-Base Voltage VCB 60 Vde
Emitter-Base Voltage VEB 5 Vde J
Collector Current-Continuous IC 700 mAde ‘
Total Device Dissipation TA 25°C P 1.0 Watts ‘
CASE 31 Derate alove 25°C D 5.7 | w
(TO-5) = ]
Total Device Dissipation ¢ TC = 25°C P 5 Watts
Derate above 25°C b 28.6 w,°c
Operating Junction Temperature Range T] 200 OC
S AL g -, e Ri rp -65 - 0
L Storage Temperature Range ste 65 to +200 C
ELECTRICAL CHARACTERISTICS (1, = 25°C uniess otherwse noted)
r Characteristic Symbol Min { Max [ Unit ]
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage BVCEO Vde
(1o =100 yAce, 1o =0) 40 -
Coliector-Emiiter Breakdown Voltage BVCER Vde
(lc = 10 mAdc, RBE =10 ohms) 50 —_
Coilector-Base Bteakdown Voltage BVepo vde
(.IC = 100 pAdc, Ig= 0 60 _—
Emitter-Base Breakdown Voltage BVEBO Vvdce
(Ig = 100 uAde, Ic = 0) 5 -
Collector Cutof! Current IcEx uAde
= . =1.5 Vdc, - 0.2
(VCE 60 vde, VBE off) 1.5 Vdc) 5
Base Cutoff Current IBL uAde
= g =1. 9 -— 0.25
(Ve =60 Vde, Vg (o =1.5 V)
ON CHARACTERISTICS
DC Current Gain * hp * —_
(g = 150 mAde, Vg = 2.5 Vde) E 25 -
(Ic = 150 mAdc, Ve = 10 Vdo)* 50 250
Collector~ Emitter Saturation Voltage vcE(sat) Vde
(Ic = 150 mAde, Iy = 15 mAdc) — 1.4
Base-Emitter Saturation Voltage \Z vde
(g = 150 mAde, I = 15 mAdc) BE(sat - 12
Base-Emitter On Voltage v, vde
(I = 150 mAce, Ve = 2.5 Vde) BE(on) - 1.7
DYNAMIC CHARACTERISTICS
Current-Gain—Eandwidth Product fr MHz
= = = 10¢ —_—
(LQ 50 mAdc, VCE 10 Vde, f = 20 MHz) 0
OQutput Capacitance Cab pF
(Vep = 10 Vde, 1 = 0, f = 140 kHz) - 15
Input Capacitance Cip pF
(VgE = 0.5 Vde, I = 0,1 = 140 kHz) = 80

*Pulse Test: Pulse Width = 300 us, Duty Cycle = 2%
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——— Switching and General Purpose Transistors

an4924 (siicon)

an4925

CASE 79
(TO-39)

VCEO = 100,

150 v

fr = 100 — 500 MHz

PD =50W

. . . NPN silicon annular transistors designed for
high-voltage, high-frequency amplifier applications.

Collector connected to case

MAXIMUM RATINGS

Rating Symbol IN2T24 | 2N2125 Unit
Collector-Emitter Voltage VCEO 100 150 Vde
Collector-Base Voltage cB 100 150 Vde
Emitter-Base Voltage EB 5.0 Vdc
Collector Current - Continuous IC 200 mAdc
Total Device Dissipation TA =25°C PD 1.0 w

Derate above 25°C 5.71 mW/°C
Total Device Dissipation TC =25°C PD 5.0 w

Derate above 25°C 28.6 mw/°C
Operating Junction Temperature Range '1"J -85 to +175 °C
Storage Temperature Range stg ~65 to + 200 °C

ELECTRICAL CHARACTERISTICS (T, = 25°C unless atherwise noted)

=

Characteristic

| symbol | Min| max |

vt |

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage* 2N4924
(IC = 10 mAdc, IB =0)

2N4925

100
150

Vde

Collector- Base Breakdown Voltage 2N4924
(Ig = 100 uAde, 1o = 0)

2N4925

100
150

Vde

(IE = 100 pAdc, IC -

Emitter-Base Breakdown Voltage

0)

5.0

Vdc

=50 Vdc, IE =
=15 Vde, IB =

Vep
Ve

Collector Cutoff Current

0)
0)

nAde

ON CHARACTERISTICS

DC Current Gain*
(IC = 1.0 mAdc, V,

(IC = 10 mAdc, V,

1.

CE

CE

=10 Vdc)
= 10 Vdc)

= 150 mAdec, VCE = 10 vde)

*
FE

25
35
40

200

(IC = 10 mAdc, lB =
(IC =50 mAde, Iy =

Collector-Emitter Saturation Voltage*

1.0 mAdc)
5.0 mAdc)

VeE(sat”

0.25
0.4

(lC =50 mAde, VCE

Base-Emitter On Voltage*

= 10 vdc)

.
VBE(on)

DYNAMIC CHARACTERISTICS

Current-Gain - Bandwidth Product
(IC =20 mAde, VCE

=20 vdc, f = 100 MHz)

100

500

MHz

Collector-Base Capacitance
(VCB =20 vdc, lE =0, f =100 kHz)

10

pF

(Vg = 1.0 Vde, 1o

Collector-Emitter Capacitance

=0, f =100 kHz)

80

pF

*Pulsed, PW = = 300 us, Duty Cycle = 5 2,0%
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——— Switching and General Purpose Transistors

2n4926 (siucon) Vero = 200 — 250 V
Ic = 50 mA
A2 5o

. . . NPN silicon annular transistors designed for
high-voltage, high-frequency amplifier applications.

Collector connected to case

CASE 79
(T0-39)

MAXIMUM RATINGS

Rating Symbol IN4S26 | 2N4927 Unit
Collector-Emitter Voltage VCEO 200 250 Vde
Collector-Base Voltage VCB 200 250 Vde
Emitter-Base Voltage VEB 7.0 Vde
Collector Current - Continuous IC 50 mAdc
Total Device Dissipation TA =25°C PD 1.0 w

Derate above 25°C 5.71 mw/°C
Total Device Dissipation TC =25°C PD 5.0 w

Derate above 25°C 28.6 mwW/°C
Operating Junction Temperature Range TJ -65 to +175 °C
Storage Temperature Range Tstg -65 to + 200 °C
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——— Switching and General Purpose Transistors

2N4926, 2N4927 (continued)

ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted)

L Characteristic Symbol Min Max T Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage* BVCEO‘ vde
(IC = 0. 01 mAdc, IE = 0) 2N4926 200 -
2N4927 250 -
Collector-Base Breakdown Voltage BVCBO Vde
(lC = 0.1 mAdc, IC =0) 2N4926 200 -
2N4927 250 -
Emitter-Base Breakdown Voltage BV,
@ = 0.1mAdc, I, =0 EBO 7.0 - vde
E C
Collector Cutoff Current ICBO wAdc
(Vep = 100 Vde, I = 0) 2N4926 - 0.1
(Vg = 100 Vde, Ig =0, T, = 100°C) - 10
(VCB = 150 vdc, IE =0) 2N4927 - 0.1
= = = °f - 10
(VCB 150 vdc, IE 0, TA 100°C)
Emilter Cutoff Current I uAdc
EBO -
= 0.1
(VBE 50V
+Pulse Widths 300 us, Duty Cycle 5 1.0%
ON CHARACTERISTICS
DC Current Gain** hFE" -
(I = 3.0 mAde, V(g =10 Vdc) 10 -
(IC = 10 mAdc, VCE = 10 Vdc) 15 -
(IC = 30 mAdc, VCE = 10 Vdc) 20 200
@i = 50 mAdc, Vg = 20 Vde) 20 -
Collector-Emitter Saturation Voltage** vCE(sat)" vde
(I = 10 mAde, Iy = 1.0 mAdc) - 1.0
(IC = 30 mAdc, IB = 3. 0 mAdc) - 2.0
Base-Emitter Saturation Voltage** v ** Vdc
(I, = 10 mAde, I = 1.0 mAdc) BE(sat) - 12
(¢ = 50 mAde, I =3. 0 mAdc) 1.5
Base-Emitter On Voltage V. vdc
_ _ BE(on) _
(IC = 30 mAdc, VCE“ 10 vdc) 1.5
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fT MHz
(I =10 mAdc, V.. =20 Vde, = 20 MHz) 30 300
C CE
Output Capacitance (o) b pF
(Vg =20 Vde, Iy =0, =100 kHz) € - 6.0
Input Impedance - k ohm
(I = 10 mAdc, V, =10 Vdc, f = 1.0kHz) 75 750
C CE
Voltage Feedback Ratio ie -4
(I~ = 10 mAdc, V, = 10 Vde, f = 1. 0 kHz) 0.1 1.0 X10
C CE
Small-~Signal Current Gain hie -
(I~ = 10 mAdc, V, =10 Vde, f = 1.0 kHz) 25 250
C CE
Output Admittance h
(1. = 10 mAde, V. = 10 Vdc, f = 1.0 kHz) oe 5.0 50 umhos
C CE
Real Part of Input Impedance Re(hie)
(lC = 10 mAdc, VCE =20 Vde, f =5 0 MHz) 4 40 ohms

** Pulse Width £ 300 ps, Duty Cycle s 2.0%
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—— Switching and General Purpose Transistors

284928 1hro 284931 Vceo = 100 t0 250 V

Pb=06to TOW

High-voltage PNP silicon annular transistors for
use in general purpose high voltage applications.

CASE 79

(TO-39) Collector connected to case

MAXIMUM RATINGS

Rating Symbol | 2N4928 | 2N4929 | 2N4930 | 2N4931 | Unit
Collector-Emitter Voltage VCEO 100 150 200 250 Vde
Collector-Base Voltage VCB 100 150 200 250 Vde
Emitter-Base Voltage VEB 4.0 4.0 4.0 4.0 Vde
Collector Current — Continuous IC 100 500 500 500 mAdc
Total Device Dissipation @ T, = 25°C PD 0.6 1.0 1.0 1.0 | Watt

Derate above 25°C 3.4 5.71 5.71] 5.71 [ mw/°C
Total Device Dissipation (a"][‘c =25°C PD 3.0 5.0 5.0 5.0 Watt
Derate above 25°C 17.2 |[28.86 28.6 |28.6 |mw/°C
Operating & Storage Junction T, T -85 to +200 °C
J stg
Temperature Range
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—— Switching and General Purpose Transistors

2N4928 thru 2N4931 (continued)

ELECTRICAL. CHARACTERISTICS . =25'0)

L Characteristic Symbol | Min l Max l Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage* BVCEO* Vdc
(IC =10 mAdc, IB =0) 2N4928 100 -
2N4929 150 -
2N4930 200 -
2N4931 250 -
Collector-Base Breakdown Voltage BVCBO Vdc
g =0, I, = 100 pAdc) 2N4928 100 -
2N4929 150 -
2N4930 200 -
| 2N4931 250 -
Emitter-Base Breakdown Voltage BvEBO Vdc
(IE =100 pAdc, IC = 0) 4.0 -
Collector Cutoff Current ICBO uAde
j (VCB =50 Vde. IE =0) 2N4928 - 0.5
(VCB =175 Vde, IE =0) 2N4929 - 0.5
(VCB = 150 Vde, IE =0) 2N4930, 2N4931 - 1.0
Emitter Cutoff Current IEBO uAdce
(VBE = 3.0 Vdc, IC =0) 2N4928, 2N4929 - 0.5
(VBE =3.0 Vdc, IC =0) 2N4930, 2N4931 - 1.0
ON CHARACTERISTICS
DC Current Gain hFE -
(IC = 1.0 mAdc, vCE =10 Vdc) All Types 20 -
(IC = 10 mAdc, VCE =10 Vde)* 2N4928, 2N4923 25 200
(IC =10 mAdc, VCE =10 Vdc)* 2N4930, 2N4931 20 200
(IC =50 mAdc, VCE =10 Vdc)* 2N4928, 2N4329 20 -
(I, =30 mAdc, V, =10 Vdc)* 2N4930, 2N4931 20 -
C CE
Collector-Emitter Saturation Voltage* vCE(sat)* Vdce
(IC =10 mAdc, IB = 1.0 mAdc) 2N4928, 2N4929 - 0.5
2N4930, 2N4931 - 5.0
Base-Emitter On Voltage Vv Vdc
N = BE(on) _
(IC = 10 mAdc, VCE =10 Vdc) 1.0
DYNAMIC CHARACTERISTICS
Current-Gain—Gandwidth Product {T MHz
(IC = 20 mAdc, VCE =20 Vde, { = 100 MHz)
2N4928, 2N4929 100 1,000
(IC = 20 mAde, VCE =20 Vde, f = 20 MHz)
2N4930, 2N4931 20 200
Collector-Base Capacitance ch pF
(VCB =20 Vde, lE =0, { = 140 kHz) 2N4928 - 6.0
(VCB =20 Vde, I =0, f=140 kHz) 2N4929 - 10
(VCB =20 Vdc, IEI =0, f = 140 kHz)
2N4930, 2N4931 - 20
Emitter-Base Capacitance Ceb pF
(VBE = 2.0 vde, IC =0, f =140 kHz) 2N4928 - 40
= = = - 0
(VBE 1.0 Vdc, IC 0, f = 140 kHz) 2N4929 8
(v E =0.5 Vde, IC =0, f = 140 kHz)
B 2N4930, 2N4931 - 400

Pulse Width = 300 us: Duty Cycle = 2.0%
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—— Switching and General Purpose Transistors

2n5086 (siicon)
an 5087

CASE 29 (1)
(TO-92)

MAXIMUM RATINGS

vch= 50V
le =50mA
Pp=310mW

PNP silicon annular transistors designed for
low-level, low-noise amplifier applications.

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 50 Vde
Collector-Base Voltage v CB 50 Vdc
Emitter-Base Voltage VEB 3.0 Vde
Collector Current — Continuous Ic 50 mAdc
Peak 100
Total Device Dissipation @TA =25°C PD 310 mW
Derate above 25°C 2.81 mW/°C
Operating and Storage Junction Temperature | T_, T -55 to +135 °C
R J stg
ange
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient 01 0. 357 °C/mW
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—— Switching and General Purpose Transistors

2N5086, 2N5087 (continued)

ELECTRICAL CHARACTERISTICS 7, = 25°C uniess otherwise noted
\

l
OFF CHARACTERISTICS

Characteristic

SymboliMin lTyp Max Unﬂ

Collector-Emitter Breakdown Voltage BVCEO Vde
(IC=1.0 mAdc, IB=D) 50 - -
Collector-Base Breakdown Voltage BVCBO Vdc
(IC =100 pAde, IE =0) 50 - -
Collector Cutoff Current ICBO nAdc
(Vep =10 Vde, I =0) - - 10
(Vg =35 Vde, I = 0) - - 50
Emitter Cutoff Current tno nAdc
(Vo =3.0Vde, I, =0) - - 50
BE e
ON CHARACTERISTICS
DC Current Gain hFE -
(I, =100 pAde, Vo =5.0 Vdc) 2N5086 150 - 500
2N5087 250 - 800
(I, =1.0 mAde, V.., = 5.0 Vdc) 2N5086 150 - -
C CE
2N5087 250 - -
(I = 10 mAde, Vo = 5.0 Vde) 2N5086 150 - -
2N5087 250 - -
Collector-Emitter Saturation Voltage v ’ Vdc
(I; = 10 mAde, I = 1.0 mAdc) CE(sat) | - 1o
Base-Emitter On Voltage v Vdc
(I = 1.0 mAde, Vi =5.0 Ve BE(om) | _ - oss
DYNAMIC CHARACTERISTICS
Current-Gain - Bandwidth Product fT MHz
(I =500 uAde, V.o = 5.0 Vde, f = 20 MHz) 2N5086 40 | 120 -
C C 2N5087 40 | 150 -
Output Capacitance Cob pF
(Vg = 5.0 Vde, I =0, f =100 kHz) - - 4.0
Small-Signal Current Gain hfe -
(1o =1.0 mAde, V. =5.0 Vdc, f = 1.0kHz) 2N5086 150 - 600
2N5087 250 - 900
Noise Figure NF dB
(I = 20 uAde, Vo =5.0 Vde, Rg =10k ohms, f =10 Hz to 15. 7 kHz) 2N5086 - - 3.0
2N5087 - - 2.0
(I =100 pAde, V. =5.0 Vde, Ry =3.0 k ohms, f = 1.0 kHz) 2N5086 - 1.2 | 3.0
L 2N5087 - 1.0 | 2.0
NOISE FIGURE
FIGURE 1 — FREQUENCY EFFECTS Vee = 5.0Vde, Ta = 25 FIGURE 2 — SOURCE RESISTANCE EFFECTS
10 magel 10,
MEANY R w0 ]
\) Rs = OPTIMUM SOURCE RESISTANCE N 7= 10KkH
80 relruh Han 0
N N le = 1.0 mA
= N [ ] = e
g 70 N ic=Tum R ~ 500 g ™ N
B 60 N lo = 05 mA, Ry = 900 Q & 60 \\
2 4o e = 0.1 m, Rs =30 kQ Z ., \ P U
2 N fe = 20 uh, Rs = 103 3 N P
2 40 4 2 40 NG S
£ 50 NN £ 50 RN N 1 ]
H - "
NN TR ’ N A
20 R TR 2 — le =01mATTT]
10 gy, 10 — L L4t
’ I - 20 oA
c =
0 0
001 002 005 01 02 05 10 20 50 10 100 200 300 500 700 10k 20k 30k 50k70k10k
f, FREQUENCY, (kkz) Rs, SOURCE RESISTANCE (OHMS)
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——— Switching and General Purpose Transistors

2N5086, 2N5087 (continued)

FIGURE 3 — INPUT IMPEOANCE

h PARAMETERS
Vee = 10 Vdc, f
(For Figures 3. 4, 5, 6, 8)
This group of graphs illustrates the relationship of the "'h’" parameters for this series of transistors. To obtain these curves, 4
units were selected and identified by number — the same units were used to develop curves on each graph.

- 1.0 kHz, To = 25°C

FIGURE 4 — VOLTAGE FEEDBACK RATIO
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—— Switching and General Purpose Transistors

2N5086, 2N5087 (continued)

FIGURE 9 — DC CURRENT GAIN

a8
30
T, = 125°C et ma
- - — -~
—dﬁ— T O g mpangt S .- X, N
2 t = 2
-"/-‘—_1‘_“d 25° o] e - 1T B \\\\
ot pueyy g <
e m—— 4 H
i .
=TI TR =t
b 1 =
=T = =
= Vet = 50
e ——-Vee = 10V
3 ¢ |
1
0.2 l I
00 007 003 005 007 01 703 05 07 10 P 56 78 1
Ic. COLLECTOR CURRENT (mA)
FIGURE 10 — COLLECTOR SATURATION REGIDN
10 \
@ \
g 0 A
2 = 0.1 mk 10 mA \[50m 10 mA
g \
g 06 N
&
E
2 0, \
g J N N\
20 ™ ™ ™
K Pt Tl N — r~——
0 A S W U S S
o1 82 03 05 10 20 30 58 10 2 50 I 00 W0 00 100
Iy, BASE CURRENT (18]
FIGURE 11 — GURRENT-GAIN — BANDWIDTH PROOUCT FIGURE 12 — CAPACITANCES
o 1
o m T
z Ve - 5 YA LA N —
& el
g PPl = 50 NIN G
z
z, Y s Nk
g 20 ¥ 2 N
H % = Cep
E 74 =
: / : J
] Vi N
2 20
z b
£ \\
2
2
T oal 4 10 \
of 0z 03 0507 10 20 30 50 10 10 or 0z 05 10 20 50 0 2 %0 1o
Ic. COLLECTOR CURRENT (mA) REVERSE VOLTAGE VOLTS)

8-69



—— Switching and General Purpose Transistors

2n5088 (siicon)
2n5089

CASE 29 (1)

MAXIMUM RATINGS

VCEO =25-30V
lc =50mA
Pob=310mW

NPN silicon annular transistors designed for

(10-92) low-level, low-noise amplifier applications.

Rating Symbol | 2N5088 | 2N5089 |  Unit
Collector-Emitter Voltage VCEO 30 25 Vdc
Collector-Base Voltage VCB 35 30 Vde
Emitter-Base Voltage VEB 4.5 Vde
Collector Current IC 50 mAdc
Total Device Dissipation @TA =25°C PD 310 mW

Derate above 25°C 2.81 mW/°C
Operating and Storage Junction T, T -55 to +135 °C

J’ “stg
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction &} 0. 357 °C/mW
. JA
to Ambient
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——— Switching and General Purpose Transistors

2N5088, 2N5089 (continued)

NF. NOISE FIGURE (dB)

ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted)

Characteristic

[ symbol T Min [ 7yp [ Max [ umt |

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage BV o vde
(I, 1.0 mAde, 1= 0) 2N5088 30 - -
B 2N5089 25 - -
Collector-Base Breakdown Voltage BVeno vde
(I = 100 pade, 1 = 0) 2N5088 35 - -
2N5089 30 - -
Collector Cutoff Current epo nAde
Vep = 20 Vée, Ip = 0) 2N5088 - - 50
(Vg = 15vde, 1 = 0) 2N5089 - - 50
Emitter Cutoff Current £so nAde
Vepem) = 3-0 Vie, 1o =0) - - 50
(VEB(ofr) = 4.5 Vdc, IC =0) - - 100
L
ON CHARACTERISTICS
DC Current Gain Neg R
(I = 100 pAde, V. = 5.0 Vdo) 2N5088 300 - 900
2N5089 400 - 1200
(g = 1.0 mAde, Vo = 5.0 Vdc) 2N5088 350 - -
2N5089 450 - -
(I =10 mAdc, V. = 5.0 Vde) 2N5088 300 - -
2N5089 400 - -
Collector-Emitter Saturation Voltage VCE(E ) Vde
(I. = 10 mAde, I = 1.0 mAdc) s - - 0.5
C B
Base-Emitter On Voitage v vdc
N £ BE(on) N ~
(I = 10 mAde, Vo = 5.0 Vde) 0.8
DYNAMIC CHARACTERISTICS
Current-Gain - Bandwidth Product fT MHz
(1 =500 pAde, Vep =5.0 Vde, f = 20 MHz 50 175 -
Collector- Base Capacitance ch P¥
(Vop =5.0Vde, 1 = 0, f = 100 kHz, emitter guarded) - 1.8 4.0
Emitter-Base Capacitance Cep pF
(VgE = 0-5 Vde. I = 0, f = 100 kHz, collector guarded) - 4.0 10
Small-Signal Current Gain e -
(lc = 1.0 mAde, Vo = 5.0 Vdc, f = 1.OKkHz)  2N5088 350 - 1400
2N5089 450 - 1800
Noise Figure NF dB
(I, = 100 pAdc, V. = 5.0 Vde, Ry = 10 k ohms, 2N5088 - - 3.0
¢ CE 3 2N5089 - - 2.0
f =10 Hz to 15.7 kHz )
NOISE FIGURE
Vee = 5.0 Vde, Ta == 25 °C
FIGURE 1 — FREQUENCY EFFECTS FIGURE 2 — SOURCE RESISTANCE EFFECTS
10 1 —TTT
A N f= 100K
N iy \ Lie = 10mA
80 N g \’/’ N Y
s N
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sol\ 2 60 N SUIAY
g NI \\ LA lc=05m Y
= ]
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N7 2 ~ N N
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——— Switching and General Purpose Transistors

2N5088, 2N5089 (continued)

h PARAMETERS
Vee = 10 Vde, f - 1.0 kHz, T, = 25°C
(For Figures 3, 4, 5, 6, 8)
This group of graphs illustrates the relationship of the “'h'" parameters for this series of transistors. To obtain these curves, 4
units were selected and identified by number — the same units were used to develop curves on each graph.

FIGURE 3 — INPUT IMPEOANCE FIGURE 4 — VOLTAGE FEEDBACK RATIO
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—— Switching and General Purpose Transistors

2N5088, 2N5089 (continued)

FIGURE 9 — DC CURRENT GAIN
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FIGURE 10 — COLLECTOR SATURATION REGION
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——— Switching and General Purpose Transistors

AF239 (GERMANIUM)

chs =20V
Ic =10mA
f; = 720 MHz Typ

@ Germanium high frequency transistor designed for
use in UHF/RF amplifier and autodyne converter appli-

cations.

CASE 20 \
(10-72)

Active Elements Isolated From Case

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCES 20 vdc
Collector-Base Voltage VCB 20 Vdce
Emitter-Base Voltage VEB 0.3 Vdc
Collector Current — Continuous IC 10 mAdc
Total Device Dissipation @ TA =25°C PD 60 mW

Derate above 25°C 0.8 mW/°C
Operating and Storage Junction TJ, Tstg -65 to +100 °C

Temperature Range
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—— Switching and General Purpose Transistors

AF239 (continued)

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

1l Characteristic | symbol Min Typ | Max | umt |
OFF CHARACTERISTICS
Coiiector-Emitter Breakdown Voltage BV CES Vdc
(I = 8.0uAde, Vo =0) 20 - -
Coliector-Base Breakdown Voltage BV ©BO Vde
(lc = 8.0 uAdc, IE =0) 20 - -
Emitter -Base Breakdown Voltage BVEm Vde
(I =100 uadc, 1, =0) 0.3 - -
ON CHARACTERISTICS
DC Current Gain hFE -
(Ic=l.5mAdc, VCE=12Vdc) 15 50 -
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product fr MHz
(I =1.5 mAde, Vo = 12 Vdc, { = 100 MHz) 600 720 -
Common-Emitter Reverse Transfer Capacitance Cl_e pF
(Vg =12 Vde, I = 0, { = 1.0 MHz) - 0.23 0.30
Collector-Base Time Constant rb'Cc ps
(I, =1.5 mAdc, V =12 Vdc, f = 31.8 MHz) - 2.0 5.0
E CB
Noise Figure (Figure 1) NF dB
(IC = 1.5 mAdc, VCE =12 Vdc, Rs = 50 ohms,
{ = 800 MHz) - 5.0 6.0
Noise Figure (Figure 1) NF daB
(i =1.5 mAde, V(o = 12 Vdc, Ry = 50 ohms,
f = 860 MHz) - - 8.7
FUNCTIONAL TEST
Common-Base Amplifier Power Gain pr dB
(Ic=l.5mAdc, VCE=12VdC,(=800MHz) 11.2 14 -
(Figure 1)
Common-Base Amplifier Power Gain pr dB
(Ic = 1.5 mAdc, vCE =12 Vdc, { = 860 MHz) - 13.2 -
(Figure 1)
FIGURE 1 — 800 MHz POWER GAIN AND NOISE FIGURE TEST CIRCUIT
[—smsw
r— - "\~ -~ - - - === ==
|
|
INPUT
S0

8-75

10 pF DUR-MICA

240 pF FEEDTHROUGH ERIE

0.4 - 6.0 pF JOHANSEN

2292025 W

1009 0.25 W

SILVER PLATED BRASS STRIP 0.08" WIDE.

0.025" THICK, APPROX. LENGTH i — TAP
@ 1/3 LENGTH



—— Switching and General Purpose Transistors

AF239 (continued)

COMMON-BASE y PARAMETERS

T, =26 C

A

FIGURE 2 — INPUT ADMITTANCE

(mmhos)

FIGURE 3 — REVERSE TRANSFER ADMITTANCE
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—— Switching and General Purpose Transistors

AF239 (continued)

FIGURE 6 — CURRENT-GAIN-BANDWIDTH PRODUCT FIGURE 7 — TYPICAL POWER GAIN AND NOISE FIGURE
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—— Swifching and General Purpose Transistors

mm4000 1o Mm4003 Vceo = 10010 250 V

Pb=06to 1.0 W

High-voltage PNP silicon annular transistors for
use in general purpose, high-voltage applications.

Collector connected to case

MAXIMUM RATINGS

CASE 79 Rating Symbol | MM4000 | MM4001 | MM4002 | MM4003 Unit
(T0-39) Collector-Emitter Voltage Vego 100 150 | 200 250 vde
Collector-Base Voltage Vep 100 150 200 250 vde
Emitter-Base Voltage VEB 4.0 4.0 4.0 4.0 Vdc
Collector Current — Continuous 1o 100 500 500 500 mAde
Total Device Dissipation @ T, =25°C Py 0.6 1.0 1.0 1.0 Watt
Derate above 25°C 3.4 5.7 3. 71 5,71 mw/ C
Total Device Dissipation @ TC =25°C PD 3.0 5.0 5.0 5.0 Watts
Derate ubove 23°C 17.2 28.6 | 28.6 28.6 mw/°C
Operating and Storage Junction Tp Toiw -65 to +200 °C
Temperature Range g

ELECTRICAL CHARACTERISTICS (. 25°C unless otherwise noted)
L Characteristic I Symbol | Min } Max ] Unit }
OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage* BVF‘EO* vde
(IC =10 mAdc, lB = 0) MM4000 7 100 -
MM4001 150 -
MM4002 200 -
MM4003 250 -
Collector-Base Breakdown Voltage Bv(‘BO Vdc
(lE =0, IC =10 pAde) MM4000 - 100 -
MM4001 150 -
MM4002 200 -
MM4003 250 -
Emitter-Base Breakdown Voltage BVF‘BO Vde
(IE =100 phde, lc =0) 4.0 -
Collector Cutoff Current ICBO iAde
(VCB =50 vdec, IF, =0) MM4000 - 1.0
(VCB =75 vde, IFJ =0) MM4001 - 1.0
(VCB =150 vde, IE =0) MM4002, MM4003 - 5.0
ON CHARACTERISTICS
DC Current Gain (. -
= . = )%
(IC 10 mAdc, VCE 10 Vde) 20 -
Collector-Emitter Saturation Voltage* VCF - t)t Vde
(I =10 mAde, Iy = 1.0 mAdc) MM4000, MM4001 sa - 0.6
MM4002, MM4003 - 5.0
SMALL SIGNAL CHARACTERISTICS
OQutput Capacitance C b pF
(VCB =20 Vdc, IE =0, { =100 kHz) MM4000 ° - 6.0
MM4001 - 10
MM4002, MM4003 - 20

* Pulse Width ~ 300 us, Duty Cycle © 2,0%
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~—— Switching and General Purpose Transistors

mm5000 Germanium

mm5001
mm5002

©

VCEO= 15V
|c= 10 mA
Pp=150 mW

Germanium high frequency transistors designed for
use in low-noise, high-gain VHF/ UHF amplifiers.

CASE 20 Active Elements Isolated From Case

(TO-72)

MAXIMUM RATINGS

Rating Symbol Value Unit.
Collector-Emitter Voltage VCEO 15 Vde
Collector-Base Voltage VCB 30 Vde
Emitter-Base Voltage VeB 0.3 Vdc
Collector Current IC 10 mAdc
Total Device Dissipation @ TA =25°C PD 150 mw

Derate above 25°C 2.0 mW/°C
Operating & Storage Junction TJ, Tst °C
Temperature € -65 to +100

T CN _ 0.7-9 pF*

2-8 pF

3.9 uH TO.OOR uF

*Ig

o0Vee

FIGURE 1 — TEST CIRCUIT FOR POWER GAIN AND NOISE FIGURE

NOTES:
center tapped.

1:1 ratio bi-filler wound.

* High Quality piston type capacitor.

L 1/4in. ID, 1/2 in. long, 4 turns #20 solid copper wire,

T 1/4 in. ID, close wound, 3 turns #26 solid copper wire,

Distance from emitter of transistor to ground side of bypass

capacitor should be kept minimal.
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—— Switching and General Purpose Transistors

MM5000, MM5001, MM5002 (continued)

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

L Characteristics [Symboll Min I Typ ] Max l Units

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage BVCEO Vdc
(I = 2.0 mAde, 15 =0) 15 - -

Collector-Base Breakdown Voltage BVCBO Vdc
(g = 100 uAde, I = 0) 30 - -

ON CHARACTERISTICS

DC Current Gain hFE -
(IC = 3.0 mAde, V.p =12 Vde) 30 - -

SMALL-SIGNAL CHARACTERISTICS

Current-Gain-Bandwidth Product f MHz
(lc = 3.0 mAdc, VCE =12 Vdc, f = 100 MHz)} 800 - -

Collector-Base Capacitance c pF
(VCB=12Vdc,IE=D, f = 100 kHz) - 0.4 0.6

Collector-Base Time Constant rb’C P8
(Ig = 3.0 mAdc, Vop © 12 Vde, f = 31.8 MHz)

MMS5000 - -
MM5001 - -
MM5002 - -

Ao
©@ O

Noise Figure (Figure 1) NF dB
(lc = 3.0 mAdc, VCE =12 Vdc, RS = 50 ohms,
f = 200 MHz) MMS$000 - -

MM5001 - -
MMS5002 - -

hidn
Moo

Nolse Figure NF daB
(lc = 3.0 mAdc, ch =12 Vdc, I!s = 50 ohms,

f = 450 MHz) - 3.5 -

FUNCTIONAL TEST

Common-Emitter Amplifier Power Gain G " dB
(Ig = 3.0 mAdc, Vg =12 Vde, = 200 MHz) P

(Figure 1) MM5000 24 . -
MM5001 22 - R
MM5002 20 R .

Common-Emitter Amplifier Power Gain G e dB
(I = 3.0 mAde, Vg =12 Vde, { = 450 MHz) P - 16 R
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——— Switching and General Purpose Transistors

mps 2369 siicon) Veeo = 15 V min

Veggsat) = 0.25 V max
t. = 13 ns max

NPN silicon annular transistors for high-speed low-
current switching applications.

CASE 29(1)
(TO-92)

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 15 Vde
Collector-Emitter Voltage VCES 40 Vde
Collector-Base Voltage VCB 40 Vde
Emitter- Base Voltage VEB 4.5 Vdc
Collector Current-Peak IC 500 mAdc
Total Device Dissipation @ Ty = 25°C PL 0.310 w
Derate above 25°C 2.81 mW/°C
Operating and Storage Junction Temperature
Range T, T -55 to + 135 °C
J’ “stg
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient [ JA 0.357 °C/mW

FIGURE 1 — t.. CIRCUIT

t
4106V _» e 3.0V
0===—f- .
—15V 7T~

4’1 < 1.0ns

PULSE WIDTH (t1) = 300 ns
DUTY CYCLE = 2.0 %

FIGURE 2 — t.«: CIRCUIT

>t |e

41075V —

—4.15V
< 1.0ns

PULSE WIDTH (t) = 300 ns
DUTY CYCLE =2.0 %
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——— Switching and General Purpose Transistors

MPS2369 (continued)

ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted)

(

Characteristic

Symbol ‘ Min ’ Max

Unit

OFF CHARACTERISTICS

Collector- Emitter Breakdown Veltage*

(g = 10 mAde, 1 = 0)

Vdc

Collector- Emitter Breakdown Voltage
(IC - 10 pAdc, VBE =0)

40 -

Vdc

Collector-Base Breakdown Voltage
(IC = 10 uAdc, IE =0)

40 -

Vdc

Emitter- Base Breakdown Voltage

(1 = 10 pAde, 1, = 0)

Collector Culoff Current

(v B:20Vdc, 1.=0)

[ E

(VCB =20 Vdc, IE =0, TA = 125°C)

uAde

ON CHARACTERISTICS

DC Currert Gain*

= 10 mAdc, VCE
(IC = 10 mAdc, VCE
(IC = 100 mAde, VeE

= 1.0 vde)
=1.0vde, TA =-55°C)
=2.0 Vdc)

(g

FE
40 120

20 -

Collector-Emitter Saturation Voltage*
(lC = 10 mAdc, IB - 1.0 mAdc)

VeE(san”

Vde

Base-Emilter Saturation Voltage*

(IC = 10 mAdc, IB - 1. 0 mAdc)

v N
BE(sat)
0.70 0.85

Vde

SMALL SIGNAL CHARACTERISTICS

Output Capacitance

(VCB -5.0Vde, I, =0,

- 140 kHz)

Cob

Pp

Small-Signal Current Gain

(I = 1C mAde, Vg = 10 Vdc. £ - 100 mHz)

SWITCHING CHARACTERISTICS

Turn-On Time
(VCC - 3.0 Vdc,
IBI - 3.0 mAdc)

VBE(off) = 1.5 Vde. IC

(Figure 1)

10 mAdc,

on

Turn-Off Time
( -3.0 Vde, 1
- 1.5 mAdc)

VCC = 10 mAde, I, - 3.0 mAdc,

'ng

C Bl

(Figure 2)

Lot

ns

Storage Time

( 1 1

Igy = Iy - o = 10 mAdc) (Figure 3)

ns

* Pulse Tesl: Pulse Width = 300 us. Duty Cycle = 2

FIGURE 3 — STORAGE TEST CIRCUIT

t
teoy LY e

0o ofm == =

—4.0V
< 1.0ns l-

PULSE WIDTH (ti) = 300 ns
DUTY CYCLE = 2.0 %

*Total shurt capacitance of test jig and connectors.

1ov

i
/T\
- Cs* < 3pF
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RF TRANSISTORS

THE FOLLOWING TRANSISTORS
ARE INCLUDED IN THIS SECTION

2N2857
2N3839
2N3127
JAN2N3127
2N4957
2N4958
2N4959
MPS3693
MPS3694
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~—— RF Transistors

2N2857 (siucon) Ves =30V
Pouf =30 mW

2n3839 NF = 3.7 dB typ @450 MHz

@ ) NPN silicon annular small-signal amplifier
\ transistors designed for high-gain, low-noise ampli-
\ fiers, oscillators, and mixers.
MAXIMUM RATINGS
CASE 20 o b i Uni
(10-72) Rating Symbol Value nit
Collector-Emitter Voltage VCEO 15 Vdc
Active elements Collector-Base Volt: v 30 vd
isolated o se Totake o r
from case Emitter-Base Voltage VEB 2.5 Vdc
Collector Current lC 40 mAdc
Total Device Dissipation, T, = 25°C PD 200 mw
Derate above 25°C 1.14 mw/ C
Operating and Storage Junction
Temperature Range TJ, TstEZ -65 to +200 °Cc

FIGURE 1 — TEST CIRCUIT FOR NOISE FIGURE AND POWER GAIN

0
L3 L2
L)
c2 4 c4
= 0.3-5

v, H o)

in \'

O 4 out
RS =50Q

£ C3

0.8-8

VEE = 7.5 Vde

Capacitance values in pF
L1. L2 — Silver-plated brass rod, 1-1/2" long and 1/4" dia. Install at least 12" from
nearest vertical chassis surface.
L3 — 1/2 turn #16 AWG wire, located 1/4" from and parallel to L2

* — External interlead shield to isolate collector lead from emitter and base leads.

Neutralization Procedure:
(A) Connect 450-MHz signal generator (with Rg = 50 ohms) to input terminals of amplifier.
(B
(9

Connect 50-ohm RF voltmeter across output terminals of amplifier.

Apply VEg. and with signal generator adjusted for 5 mV output from amplifier.
tune C1, C3. and C4 for maximum output.

(b
(E

Interchange connections to signal generator and RF voltmeter,

With sufficient signal applied to output terminals of amplifier. adjust C2 for
minimum indication at input.

(F) Repeat steps (A), (B). and (C) to determine if retuning is necessary.
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———— RF Transistors

2N2857, 2N3839 (continued)
ELECTRICAL CHARACTERISTICS (T, =25° C and case grounded unless otherwise noted)

Characteristic [ Symbol [ Min Typ Max T Unit

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage BV Vde
(g = 3.0 mAde, 1, - 0) CEO 15 - -

Collector-Base Breakdown Voltage BV Vde
(I = 1.0 pAde, T = 0) ¢Bo 30 - -

Emitter-Basc Breakdown Voltage BV Vde
(g, = 10uAde. 1, = 0) EBO 2.5 - -

C?y;:o: lguézié)cl;rieg; lepo ] ) oo uAde
(Vg * 18 Vde, 15 =0, T, =150°C) - - 1.0

ON CHARACTERISTICS

DC Current Gain hFE -
(IC - 3.0 mAdc, VCE = 1.0 vde) 30 - 150

DYNAMIC CHARACTERISTICS

Current-Gain—Bandwidth Product r MHz
(IC = 5.0 mAdc, VCE = 6.0 vdc, f = 100 MHz) 1000 - -

Collector-Base Capacitance ch pF
(VCB =10 Vdc, lE =0, f=0.1to 1.0 MHz,

emitter and case guarded) - - 1.0

Smali-Signal Current Gain fe
(IC = 2.0 mAdc. VCE =6.0 Vde, f =1.0 kHz) 50 - 220

Collector-Base Time Constant rb'Cc ps
(IE = 2,0 mAdc, VCB=6,0 vdc, f = 31.9 MHz) - - 15

Notse Figure NF
= = =5
(lc =1.5 mAdc. VCE 10 Vdc, RS 50 ohms,

f - 450 MH2) 2N2857 - 3.71 4.5%
2N3839 - 3.11 3.4*

dB

FUNCTIONAL TEST

Common-Emitter Amplifier Power Gain G daB
(IC = 1.5 mAde, VCE = 6.0 Vdc, f = 450 MHz,

Figure 1)

Oscillator Power Output P mw

(IE =12 mAdc. VCE =10 vde, f = 500 MHz,

Figure 2, fourth lead not connected) 30 -

* Noise figure measurements include corrections for input -circuit losses and second-stage post-amplifier contributions per
EIA-NEMA Standard #RS-311.

1 Measured in rirruit of Figure 1 with no corrections.

FIGURE 2 — TEST CIRCUIT FOR OSCILLATOR POWER OUTPUT

DOUBLE-STUD TUNER

50 Q
WATT
METER

Capacitance values in pF

= cc L1 — 3 turns #16 AWG wire. 3/8" OD. 1-1/4" long



———- RF Transistors

JAN 2N 3127 (GErmaNIUM)
(MIL-5-19500,/346 EL)

VCEO =20V
Ic=50mA
P, = 100 mW

@ PNP germanium mesa transistors designed for in-

dustrial and commercial VHF /UHF amplifier applica-

tions, and qualified to meet the requirements of MIL-
\ - 46 EL.
CASE 20 $-19500/346 EL

(TO-72)

Active Elements Isolated From Case

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage Vero 20 Vdc
Collector-Emitter Voltage VCES 25 vde
Collector-Base Voltage VeB 25 Vdc
Emitter-Base Voltage VEB 0.75 Vde
Collector Current Ic 50 mAdc
Total Device Dissipation @ T5 = 25°C Pp 100 mwW

Derate above 25°C 1.33 mw/°cC
Operating & Storage Junction Temperature Ty, Tstg -65 to+ 100 oc
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— RF Transistors

JAN 2N3127 (continued)

TABLE | — GROUP A INSPECTION (1, = 25°C unless otherwise noted) (LTPD applies to JAN 2N3127 only)

I MIL-STD-750 Limits .
Examination or Test Symbol - Unit LTPD
natio Method ¥ Min Max
SUBGROUP 1
Visual and Mechanical Examination 2071 - —_ — —_ 10
SUBGROUP 2
Collector-Base Breakdown Voltage 3001 BVeno Vde
(ic = 100 gAde, Iy = 0) Condition D 25 —
Collector-Emitter Breakdown Voltage 3011 BVCEO Vde
(I = 2 mAdc,Ig = 0} Condition D 20 —_
Collector-Emitter Breakdown Voltage 3011 BVcgg Vde
(Ic = 100 pAdc, Vgp = 0) Condition C 25 _
Collector-Base Cutoff Current 3036 Icpo #Ade
(Veg = 10 Vde, Ig = 0) Condition D — 3
5
Emitter-Base Cutoff Current 3061 Iggo 1 Adc
(VBE = 0.75 Vdc, I = 0} Condition D —_ 100
DC Current Gain 3076 hre —_
(Ic = 3 mAde, Vg = 10 Vde) 20 100
Bage-Emitter Saturation Voltage 3066 vBE(sat) Vde
(Ic = 5 mAdc, IB = 1 mAde) Condition A —_ 0.6
Collector-Emitter Saturation Voltage 3071 v Vde
(¢ = 5 mAde, Ig = 1 mAde) CEGa) | _ 0.3
SUBGROUP 3
Small-Signal Current Gain 3206 hee —_
(Ic = 3 mAde, Vog = 10 Vde, { = 1 kHz) 20 125
Current-Gain — Bandwidth Product 3261 fr MHz 10
(Ic = 2mAde, Vg = 6 Vde, f = 100 MHz) 400 -
Collector - Base Capacitance* 3236 ch‘ pF
(VCB =10 Vde,Ig =0, 2 0.1 < 1.0 MHz) — 1.2
SUBGROUP 4
Collector-Base Cutoff Current 3036 Icpo uAde
(Vep = 10 Vde, Ig = 0, T, = 85°C) Condition D - 50
10
DC Current Gain ¥ +0 3076 hpp# -
(Ic = 3 mAde, Ve = 10 Vde, Ty = =55 4 oc) ki —
SUBGROUP 5
Power Gain (Figure 1) 3256 Gpe dB
(Ic = 3 mAde, Vo = 10 Vde, Rg = 50 ohms, 17 25
{ = 200 MHz)
15
Noise Figure (Figure 1) 3246 NF dB
(lC = 3 mAdc, VCE = 10 vde, RS = 50 ohms, —_ 5
f = 200 MHz)
STANDARD UNIT ONLY
Collector-Base Time Constant (Flgure 2) 'I‘)cc ps -
(ic = 3 mAdc, Vep = 10 Vde, f = 31,8 MHz) 1 12

* Measured in a guarded circuit, such that the can capacitance is not included,
¥ Applies to JAN unit only.



———— RF Transistors

JAN 2N3127 (continued)

TABLE H -- GROUP B INSPECTION — JAN 2N3127 only , - 25°C unless otherwise noted)

- MIL-STD-750 Limits ]
Examination or Test Symbol - Unit LTPD
Method Min Max
SUBGROUP |
Physicai Dimensions 2066 _ _ _ _— 20
SUSGROUP 2
Soiderability 2026 —_ — —_ —_—
(Omit aging}
Temperature Cycling 1051 - - — -
(Thign = 100 1§ °C) Condition B
Thermai Shock {Glass Strain) 1056 — —_ —_ —
Condition A
Seai (Leai: Rate)** . _ _ 10-7 atm is
Condition C, ce/s
Procedure
Condition B
for Gross
Leaks
Moisture Resistance 1021 — —_ _ —_
End-Point Tests: (Subgroups 2, 3)
Coiiector-Base Cutoff Current 3038 IeBo #Ade
(Vep = 10 Vde) Condition D - 3
DC Current Gain 3078 FE —
(IC = 3 made, Vo = 10 Vde) 20 100
SUBGROUP 3.
Shock 2016 _— _— _— _—
(Non-operating; 1500 G; § blows of 0.5 ms each in
Orientations Xy, Y1, Yz, and Z]
{totai = 20 biows)
Vibration Fatigue 2046 —_ —_ —_ —_
(Non-operating; 20G} 15
Vibration, Variabie Frequency 2056 - — - —
Constant Acceleration (Centrifugai} 2008 —_— _ _— —_
(20,000G, Orientations X1, Yy ¥y, and Z,)
End- Point Tests: Same as Subgroup 2
SUBGROUP 4
Lead Fatigue 2038 _ — _ — 15
Condition E
SUBGROUP 3
High-'rempergture Life (Non-operating} 1031 —_ —_ - -— A=15
(’I‘“g = 100°C}
End-Point Tests: (Subgroups 5, 6)
Coliector-Base Cutoff Current 3036 ICBO nAde
(Vep = 10 Vde, Ig = 0) Condition D - 8
DC Current Gain 3076 hpg -
(IC = 8 mAde, Ve = 10 vde) 17 125
SUBGROUP &
Steady State Operation Life 1026 _ _— —_— _ A=13
(i = 10 mAdc, Vop = 10 Vdc)
End-Polnt T2sts: Same as Subgroup 5

**Per Method 112 of MIL-STD-202
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~—— RF Transistors

JAN 2N3127 (continued)

TABLE lil - GROUP C INSPECTION! — JAN 2N3127 only (1, = 25°C unless othorwiso noted)

- MILSTD-750 Limits
Examination or Test Symbol Unit LTPD
Methed Min Max
SUBGROUP 1
Collector-Base Time Constant (Figure 2) ri’Cc ps
(Ic = 3 mAdc, Vep = 10 Vde, £ = 31.8 MHz)} — 12 20
Salt Atmosphere (Corrosion) 1041 —_ —_ —_ -
End-Point Tests:
Collector-Base Cutoff Current 3036 ICBO - 3 uAde
(Vep = 10Vde, Ig = 0) Condition D
DC Current Gain 3076 hFE -
(IC = 3 mAdc, VeE ¢ 10 vdc) 20 100
SUBGROUP 2
Qutput Conductance 3216 Re(hoe) mmbhos
(Ic = 2 mAde, Vop = 6 Vdc, £ = 30 MHz) 1.0 3.5
10
Input Conductance 3221 Re(y;) mmhos
([C = 2 mAdec, vCE = 6 Vde, f = 30 MHz) 1.25 5.0

1 Group C tests shall be performed on the initial ot and every six months thereafter,

FIGURE 1 — TEST CIRCUIT FDR POWER GAIN AND NDISE FIGURE

FIGURE 2 — TEST CIRCUIT FOR COLLECTDR-BASE TIME CONSTANT

SHIELD
|
|
T 4 o b
_L P}
1 (o079 ' 079 OUTPUT WUt
- | pF* 28pF | RL=509
= ‘L s f= 318MHz
INPUT - oF
— — =
Rs 500 C
f=200mf 40P
28 pF =
= 1 1..°
0.00t pF D.001 uF
L, 14 in.10, ¥2 in. long, 5 turns
#20 solid copper wire, center tapped.
Toosn % in. dia., close wound, 3 turns #26 = =
solid copper wire, 1.1 ratio bi-filar
wound,
* high quality piston type capacitor. i 394
NOTE: Distance from emitter of
transistor fo ground side
«of bypass capacitors to

be kept minimum

O 4

SET POINT *
©

0.1 F

01 F

T

047

39 4

AAAS

Eor

0, Ce =

0.5V measured at set point.

(inmV) < 10

ouTPyY

HIGH IMPEOANCE
VOLIMETER



——— RF Transistors

an4957 siicon) L oy
e

an4958 Po = 200 mW
84959

PNP silicon annular small-signal RF transistor de-
signed for high-gain, low-noise amplifier, oscillator,

CASE 20 and mixer applications.
(10-72)

Active Elements Isolated From Case

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 30 Vdc
Collector-Base Voliage Ven 30 Vde
Emitter-Base Voltage VEB 3.0 Vdc
Collector Current - Continuous Ic 30 mAdc
Total Device Dissipation @ TA =25°C PD 200 mWatt

Derate above 25°C 1.14 mw/°C
Operaling Junction & TJ’Tst -65 to +200 °C
Storage Temperature Range €

TYPICAL NOISE FIGURE vs. FREQUENCY (2N4957)

6
5
= V., = 10 Vdc 7
% ! | 2.0 mAd //
= . = 2.0 mAde
=
£ 3 ]
2 "
= 2
=
1
0
0.1 02 0.3 04 05 06 07 08 08 1

f, FREQUENCY (GH2)
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——— RF Transistors

2N4957, 2N4958, 2N4959 (continued)

ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise nated)

Characteristic [ Symbol J Min I Typ l Max I Unit }
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage BY, Vdc
(I - 1.0 mAdc, I = ) CEO 30 - -
c B
Collector-Base Breakdown Voltage BVepo Vde
(lC =100 pade, Ip = 0) 30 - -
Emilter-Base Breakdown Voltage BVEpo Vde
(T, = 100 uAdc, 1, = 0) 3.0 - -
C
Collector Cutoff Current 1,
CBO HAde
(Vo = 20 Vde, T = 0 - - 0.1
(Vop =20 Vde, 0, T, = 150°C) - - 100
ON CHARACTERISTICS
DC Current Gain hpg -
(s = 2.0 mAde, V(o = 10 Vdc) 20 0 -
DYRAMIC CHARACTERISTICS
Current-Gain — Bandwidth Product [
(i - 2.0 mAde, Vo= 10 Vdc, £ = 100 Miz) 2N4957 1200 1600 -
2N4958, 2N4959 1000 1500 - MHz
Output Capacitance b pF
(Vep= 10 Vde, Ip = 0, £ = 100 kHz) - 0.4 0.8
Collector-Base Time Constant Co ps
(Ig = 2.0 mAdc, V= 10 Vdc, f = 63.6 MHz) - - 8.0
B
Noise Figure
(L. = 2.0 mAde, V. = 10 Vdc, f = 450 MHz) 2N4957 NF - 2.6 3.0
¢ » VeE , . . dB
¢ Fig-1 2N4938 - 2.9 3.3
2N4959 - 3.2 3.8
(g =2.0 mAde, V.p = 10 Vde, R; =50 chms, {= 1.0 GHz) 2N4957 - 5.0 -
FUNCTIONAL TESTS
Commeon-Emitter Amplifier Power Gain
(Vop = 10 Vde, 1 = 2.0 mAdc, = 450 MHz) 2N4957 G 17 - - 4B
CE c 2N4958 pe 16 - -
2N4959 15 - -
(Vop = 10 Ve, L = 2.0 mAde, Ry = 50 ohms, { = 1.0 GHz) 2N4957 - 13 -

FIGURE 1 — NOISE FIGURE AND POWER GAIN TEST CIRCUIT

(]
=1
=1 .
. i e
04-
0.4 - 6.0 pF 3¢ | 60 pF
7 ]
.
500 oF
Vi, O +—t
1 110 oF go.zz,m = 1
* t
1k 00 5F |
= = 27k I 1
l 1000 F -
It i
4
500 oF
I 20k :]

11
(it

o+i12v

* Button type capacitors
** Variable air piston type capacitors

L. L1 ~ silver plated brass bar, 1.0
in. Ig by 0.25 in od
L2 — silver glated brass bar, 1.5
in. Ig by 0.25 in od. Tap is
0.25 in. from collector
. L3 — ¥ turn of AWG #16 wire 0.25
in. from and parailel to L2
The noise source is a hot-cold body
(AIL type 70 or equivalent) with a
test receiver (AlL type 136 or
equivaient).

N

> ow



———— RF Transistors

2N4957, 2N4958, 2N4959 (continued)

¥;,. FORWARD TRANSFER ADMITTANCE (mmhos) Y;o. INPUT ADMITTANCE {mmhos)

Yoo, 0UTPUT ADMITTANCE (mmhos}

Y,,. REVERSE TRANSFER ADMITTANCE (mmhos)

COMMON EMITTER Y PARAMETER VARIATIONS

Y PARAMETERS VS FREQUENCY
Ve = 10 Vde
le = 2.0 mAde

FIGURE 2 — INPUT ADMITTANCE
16

FIGURE 3 — FORWARD TRANSFER ADMITTANLE

Vi
A

0 FIGURE 4 — DUTPUT ADMITTANCE

30

FIGURE 5 — REVERSE TRANSFER ADMITTANGE

04 el

— e = <0.01

100 200 300 400
f, FREQUENCY (MH2)

500

9-10

Yo, FORWARD TRANSFER ADMITTANCE (mmhos) Y;a, INPUT ADMITTANCE (mmhos)

Yo, OUTPUT ADMITTANCE (mmhos)

¥,,. REVERSE TRANSFER ADMITTANCE (mmhos)

Vee = 10 Vde

Y PARAMETERS VS CURREN

f = 450 MHZ

T

Veg = 15 Vg — — —

FIGURE 6 — INPUT ADMITTANCE
16

bie
14
12 e
10 et T = 'y
//
&0 [ /A
60 ,"
40
20
0
" FIGURE 7 — FORWARD TRANSFER ADMITTANCE
| et - — ===
60
- —by,
0
| ﬁ‘\‘ ==
Bie
. |
a0 FIGURE 0 — QUTPUT ADMITTANCE
-eaam ] A —
30
bo,
29
10
[
. =
u FIGURE 9 — REVERSE TRANSFER ADMITTANCE
12
~by,
L
10 et e =
—fee = <0.01
08
06
0 20 40 60 80 10

I, COLLECTOR CURRENT (mAdc)



~——— RF Transistors

2N4957, 2N4958, 2N4959 (continued)

Yi, INPUT ADMITTANCE (mmhos)

Yoy, 0UTPUT ADMITTANCE (mmhos) Y, FORWARD TRANSFER ADMITTANCE {mmhos)

Y., REVERSE TRANSFER ADMITTANCE (mmhos)

COMMON BASE Y PARAMETER VARIATIONS
Y PARAMETERS versus FREQUENCY

Ves= 10 Vic
lc = 20 mAde

" FIGURE 1D — INPUT ADMITTANCE

" L[ ] |
INPUT ADMITTANCE
60
5 B \\
40
30
20 i ——
i)
0
o FIGURE 11 — FDRWARD TRANSFER ADMITTANCE
0
6 13
L
]
i
4 4
30 -
by
2 ib
N I
D
FIGURE 12 — QUTPUT ADMITTANCE
40 J
3D
bop,
j/
20 —
1D //
Eob
0
FIGURE 13 — REVERSE TRANSFER ADMITTANCE
0.8 T
D7
D6
—bw Pl
0.5 7
04 /
03
02
— g = <001
01 —— + 1
0 ] | T[T 1]

100 00
1. FREQUENCY (MHz)

300

40D

50D
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Y¢,, FORWARD TRANSFER ADMITTANCE (mmhos) Y, INPUT ADMITTANCE (mmhos)

Y, OUTPUT AOMITTANCE (mmhos)

Y, REVERSE TRANSFER ADMITTANCE (mmhos)

8

0

2

D4

D2

Y PARAMETERS versus CURRENT

Veg= 10 Vic

" FIGURE 14 — INPUT ADMITTANCE

Vep=15Vdc — — —
f = 450 MHZ

I &b
="~ =1
= _——
&z “ L~
///
/ —bip
FIGURE 15 — FDRWARD TRANSFER ADMITTANCE
et ot —
by /4 ol
O
e
P
g ~8
v
© FIGURE 16 — DUTPUT ADMITTANCE
= i
bab
g
FIGURE 17 — REVERSE TRANSFER ADMITTANCE
—ba
=T ] 1
+ —&b
0 2D 40 6D 8D 10

I;. CDLLECTOR CURRENT (mAdc)



——— RF Transistors

Vero =45V
MPS3693 (SILICON) Po E; 310 mW
mprs3694

NPN silicon annular amplifier transistors de-
signed for general purpose RF amplifier applications
CASE 29 (2)  in the frequency range of up to 50 MHz. These devices
(T0-52) are particularly well suited for use in AM/FM re-
| ceivers.

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 45 Vde
Collector-Base Voltage VCB 45 Vde
Emitter-Base Voltage VEB 4.0 Vde
Total Device Dissipation @ TA =25°C PD 310 mwW
Derate above 25°C 2.81 mw/°C
Operating and Storage Junction Temperature Range TJ, Tstg -55 to +135 °c
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient 9.m 0.357 °C/mwW

ELECTRICAL CHARACTERISTICS (7, = 25°C unless otherwise noted)
Characteristic [ Symbol I Min [ Typ I Maxl Um

OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage*
(I =10 mAde, Iy =0)

BY (b (sus)* o ) ] Vde

Collector-Base Breakdown Voltage BVCBO Vde
(1 = 100 pAde, 1, = 0) 45 - -

Emitter-Base Breakdown Voltage BV Vde
(IE =10 pAdc, IC =0) 4.0 - -

Collector Cutoff Current 1 nAde
(VCB:B) Vde, IE =0) - - 50

(VCB =33 Vdce, IE =0, TA =65°C) - - 5.0 iAde

ON CHARACTERISTICS

DC Current Gain hFE -
(IC =10 mAdc, VCE =10 Vdc) MPS3693 40 - 160

MPS3694 100 - 400

DYNAMIC CHARACTERISTICS

Current-Gain — Bandwidth Product f MHz
(IC =10 mAdc, V(‘E =15 Vdc, { = 100 MHz) 200 - -

Output Capacitance c b pF
(Veg =12 Ve, Ip =0, f =100 kHz) o - - 3.5

Collector-Base Time Constant ri)C ps
(I =10 mAde, V. =15 Vde, f =31.8 MHz) ¢ - . 55

Noise Figure NF dB
(IC = 3.0 mAdc, VCE =10 Vde, RS = 300 ohms, f = 1.0 MHz) - 4.0 -

*Pulse Test: Pulse Width = 300 us, Duty Cycle < 1.0%.

9-12



FIELD-EFFECT TRANSISTORS

THE FOLLOWING FIELD-EFFECT TRANSISTORS
ARE INCLUDED IN THIS SECTION

2N3796
2N3797
MPF 102
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Field-Effect Transistors

VDS = 20'25 v
3796 (scon) IY.= 900-1500 ;:mhos (min)

an3797 P, = 200 mW

@ Silicon n-channel MOS field-effect transistor de-
signed for low-power applicationsin the audio frequency
range.

CASE 22
(10-18)

MAXIMUM RATINGS (74 = 25°C unless otherwise noted)

Rating Symbol Value Unit
Drain-Source Voltage Vps Vde
2N3796 25
2N3797 20
Gate~Source Voltage Vas 10 vde
Drain Current ID 20 mAdc
Power Dissipation at T, = 25°C Pp 200 mw
Derate above 25°C 1.14 mw/°C
Operating Junction Temperature Ty +200 oc
Storage Temperature Tstg ~65 to +200 °c

HANDI.ING CONSIDERATIONS:

MOS field-effect transistors, due to their extremely high input resis-
tance, are subject to potential damage by the accumulation of excess static charge.
To avoid possible damage to the devices while handling, testing, or in actual opera-
tion. the following procedure should be followed:

1. The leads of the devices should remain wrapped in the shipping lead washer
or foil except when being tested or in actual operation to avoid the build-up
of static charge.

2. Avoid unnecessary handling; when handled, the devices should be picked
up by the can instead of the leads.

3. The devices should not be inserted or removed from circuits with the power
on as transient voltages may cause permanent damage to the devices.
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Field-Effect Transistors

2N3796, 2N3797 (continued)

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Characteristic Symbel Min ™ Max Unit
Drain-Source Breakdown Voltage BVpgx Vde
(Vgg = 4.0V, Ih= 5.0 uA) 2N3796 25 30 —_
(Vgg = =7.0V, Iy = 5.0 uA) 2N3797 20 25 —
Zero-Gate-Voltage Drain Current Ipsg mAde
(VDs =10V, Vg =0) 2N3796 0.5 L5 3.0
2N3797 2.0 2.9 6.0
Gate-Source Voltage Cutoff vGS(oI{) Vde
{Ip= 0.5 uA, Vpg = 10V) 2N3796 —_ -3.0 -4.0
(],D = 2.0 uA, Vpg = 10V) 2N3797 —_ -5.0 -1.0
““On’” Drain Current ID(on) mAde
(Vpg = 10V, Vgg =+3.5V) 2N3796 7.0 8.3 14
2N3797 9.0 14 18
Drain-Gate Reverse Current* Ipgo” pAdc
(Vpg= 10V,15 = 0) - - 1.0
Gate-Reverse Current * Igss® pAde
(Vgg = -10V, Vpg = 0) —_ —_ Lo
(Vgg= =10V, Vg =0, T, = 150°C) —- —_ 200
Small-Signal, Common-Source Forward Transfer Admittance |y1s | jamhos
(Vpg= 10V, Vgg = 0,1 = LOKHz) 2N3796 900 1200 1800
2N3T97 1500 2300 3000
(Vpg = 10V, Vgg = 0,f = 1.0 MHz) 2N3796 900 - -
2N3797 1500 - —_
Small-Signal, C: S , Output |yos | amhos
(Vpg= 10V, Vg = 0,f = 1.0 kHz) 2N3796 - 12 25
2N3797 -_ 27 80
Small-Signal, C: Source, Input C Ciss PF
(Vpg = 10V, Vgg =0, = 1.0 MHz) 2N3796 —_ 5.0 7.0
2N3797 —_ 6.0 8,0
Smail-Signal, Common-Source, Reverse Transfer Capacitance Crss pF
(Vpg = 10V, Vg =0,f= 1.0 MHz) — 0.5 0.8
Noise Figure NF dB
{(Vps= 10V, Vgg = 0,{ = LOKHz, Rg = 3 megohmas) — 3.8 -

* This value of current includes both the FET leakage current as well as the leakage current
associated with the test socket and fixture when measured under best attainable conditions.
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Field-Effect Transistors

2N3796, 2N3797 (continued)

TYPICAL DRAIN CHARACTERISTICS

FIGURE 1 — 2N3796 FIGURE 2 - 2N3797
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2N3796, 2N3797 (continued)
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Field-Effect Transistors

mpe102 Vos = 25 V
|Ysl= 1600 umhos
Po = 200 mW

Silicon n-channel junction field-effect transistor
designed for VHF amplifier and mixer applications.

Lt
< MAXIMUM RATINGS (. =25°0)
Rating Symbol Value Unit
Drain-Source Voltage Vps 25 Vde
Drain-Gate Voltage VDG 25 Vde
Gate-Source Voltage Vgs -25 Vde
t X 10 mAds
CASE 29 (5) Gate Current G c
(T0-92) Total Device Dissipation Pp 200 mw
Derate above 25°C 2 mw/°C
Drain and Source )
may be interchanged Operating Junction Temperature Ty 125 oc
Storage Temperature Range Tstg -85 to +150 °c

ELECTRICAL CHARACTERISTICS (@, - 25°C unless ctherwise noted)

L Characteristic Symbol J Min Max ] Unit —I

OFF CHARACTERISTICS

Gate-Source Breakdown Voltage BVgss Vde
(I =~ 10 wAce, Vo= 0) =25 —

Gate Reverse Current Igss
(Vgg = 715 Vde, Vo= 0) —_ -2.0 nAde
(Vgg = -15 Vde, V=0, T, = 100°C) - -2.0 uade

e _ .

Gate-Source Voltage Vas Vde
(Vpg = 15 Vde, I, = 0.2 mAdc) -0.5 -7.5

ON CHARACTERISTICS

Zero-Gate-Voltage Drain Current* Ipgs* mAdc

(VDS = 16 Ve, VGS = 0 vdc) r } 2 1 20 ‘ —I
DYNAMIC CHARACTERISTICS

Forward Transfer Admittance* ‘ Vig | * pmhos ]
(VDS =15 Vee, VGS =0, f=1kHz) 2000 7500

Input Capacitance Cigs pF
(VDS =15 Vee, VGS =0, f = 1 MHz) —_ 7

Reverse Transfer Capacitance Cras pF
(Vg = 15 Vee, Vos =0 =1 MHz) - 3

Forward Transfer Admittance | vis] #mhos
(VDS =15 Vdc, VGS =0, f = 100 MHz)} 1600 —_

Input Conductance Re(y;q) umhos
(Vpg = 15 Vde, Vg =0, £ =100 MHz) - 600

Output Conductance Re(yos) pmhos
(VDS = 15 Vdc, VGS = 0, f =100 MHz) _— 200

*Pulge Test: Pulse Width < 630 ms; Duty Cycle < 10%
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MULTIPLE AND SPECIAL DEVICES

Low-current
germanium rectifiers
1N91
1N92
1N93

THE FOLLOWING MULTIPLE DEVICES
ARE INCLUDED IN THIS SECTION

2N2652 2N3800
2N2652A thru
2N2720 2N3817
2N2721 JAN2N3810
IN2722 JAN2N3811
9IN2723 2N3838
2N2724 2N4937
2N2725 2N4938
2N2785 2N4939
2N3423 2N4940
2N3424 2N4941
2N3425 2N4942
2N3515 2N4974
2N3518 2N4975

Special Devices

MRD200 MPZ5-16

MRD300 MPZ5-32
MPZ5-180



——— Muliiple and Special Devices

lo=10A
1N9| thru IN93 Vy=100-300 V

Low-current germanium rectifiers for applications
requiring extremely low forward voltage drop, low
power dissipation,and high rectification efficiency, such
as biasing and battery charging circuits.

CASE 52
(D0-13)

MAXIMUM RATINGS *

Ratings and Conditions Symbol 1N91 | 1N92 | 1N93 Units
Peak Repetitive Reverse Voltage VRM(re ) Volts
(Rated I, T, £55°C, see Figure 2) P 100 | 200 | 300
DC Blocking Voltage TA =80°C VR 100 200 300 Volts
T, 280°C Derate Vp 6.7%/°C
above 80°C
Average Rectified Forward Current IO Amperes
(Single Phase, Resistive Load, 60 Hz)
- °
TA =55°C, 100%VRM -« 1.0 —»
- 75° - —
TA 75°C, 50% VRM 0.25
Non-Repetitive Peak Surge Current IFM(sur e) -t 30— Amperes
(Surge Applied at Rated Load &
Conditions, see Figure 4)
Operating Junction Temperature Range TJ -65 to +95 °C
Storage Temperature Range Tstg -65 to +125 °C
THERMAL CHARACTERISTICS (ALL TYPES)

Characteristic Symbo!l Max Limit Unit
Thermal Resistance, Junction to Ambient BJA °C/W
1 inch Leads 100

1/4 inch Leads . 70
ELECTRICAL CHARACTERISTICS (ALL TYPES)
Characteristic Symbol Max Limit Unit
Peak Forward Voltage Drop VF Volts
(IF = 150 mAdc, TA = 25°C, see Figure 1) 0.45
DC Reverse Current IR mA
(Rated VR‘ TA = 25°C, see Figure 3) 0.22

* These ratings and characteristics as specified may surpass those specified in the original
JEDEC registration for these device types.
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1N 91 thru 1N 93 (continued)
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—~—— Multiple and Special Devices

2n2652 (siucon) :’cso ;go \:\
= m
2N2652A I;; = 300 mW one side

600 mW both sides

Dual NPN silicon transistors for use as a differen-
tial amplifier.

Pin Connections, Bottom View
CASE 32A All Leads Electrically Isolated from Case

MAXIMUM RATINGS (each side)

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 60 Vde
Collector-Base Voltage VCB 100 Vde
Emitter-Base Voltage VEB 7.0 Vde
Collector Current Ic 500 mAdc
Operating Junction Temperature Range TJ -65 to +200 °cC
Storage Temperature Range TStg -65 to +300 °c

One | Both
Side | Sides
Total Device Dissipation @ TA = 25°C PD 0.3 0.6 Watt
Derate above 25°C 1.72 3.43 mw/°C
Total Device Dissipation @ ’Tc =25°C PD 1.0 2.0 Watts
Tc =100°C 0.57 1.14 Watt
Derate above 25°C 5.7 |11.4 mW/°C

11-4



2N2652, 2N2652A (continued)

Multiple and Special Devices

ELECTRICAL CHARACTERISTICS (each side) (T, — 25°C unless otherwise nated)

r Characteristic Symbol I Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage* BVCEO Vde
(I, =20 mAdc, I, =0) 60 -
C B
Collector-Base Breakdown Voltage BVCBO Vde
(IC =100 pAdc, IE =0) 100 -
Emitter-Base Breakdown Voltage BVEBO Vdc
(I, =100 pAdc, 1 =0) 7.0 -
E C
Collector Cutoff Current ICBO pAde
(VCB = 50 Vde, lE =0} 2N2652 - 0.010
2N2652A - 0.002
(v =50 Vde, L. =0, T, =150°C) 2N2652 - 15
B E A 2N26524 - 10
Emitter Cutoff Current IEBO uAdc
(VBE =5.0 Vdc, IC =0) 2N2652 - 0.010
2N2652A - 0.002
ON CHARACTERISTICS
DC Current Gain hFE -
(IC = 100 ;:Adc, VCE = 5.0 Vdc) 35 -
(IC:LO mAde, VCE = 5.0 Vdc) 50 200
(IC = 1. 0 mAde, VCE =5.0 Vdc, TA = -55°C) 15 -
Collector -Emitter Saturation Voltage VCE(S t) Vdce
(I,. = 50 mAde, I_ = 5.0 mAdc) A - 1.2
C B
Base-Emitter Saturation Voltage v Vde
(I. =50 mAdc, I = 5.0 mAdc) BE(sat) - 0.9
C B
SMALL-SIGNAL CHARACTERISTICS
Current-Gain—Bandwidth Product i1 MHz
(lC = 50 mAdec, VCE =10 Vdc, { =20 MHz) 60 -
Output Capacitance cob pF
(VCB=10 Vdc, lE =0, { =1.0 MHz) - 15
Input Capacitance ib pF
(Vgg =0, 0.5 Vde, I, = 0, f = 1.0 MHz) - 85
Input Impedance ie k ohms
(I, =1.0mAdc, V =5.0 Vdc, f = 1.0 kHz) 1.0 10.5
C CE
Input Impedance hib ohms
(IC=1.0mAdc, VCB=5.OVdc, { =1.0 kHz) 20 35
Small-Signal Current Gain 1'1Ie -
(I, =1.0 mAdc, V =5.0Vdc, { = 1.0 kHz) 50 300
C CE
Output Admittance hoe umhos
(Ic=l,0mAdc, VCE=5A0Vdc, { =1.0 kHz) 4.0 50
Noise Figure NF dB
(IC=0A3 mAdc, VCE =10 Vde, Rs=510 ohms, B. W. =1.0 Hz,
f = 1.0 kHz) - 8.0
MATCHING CHARACTERISTICS
DC Current Gain Ratio** h /h ** -
(I = 100 uAde, Ve =5.0 Vde) 2N2652 FEITFE2 0.85 1.0
2N2652A 0.9 1.0
(IC = 1.0 mAdc, VCE =5.0 Vdc) 2N2652 0.85 1.0
2N2652A 0.9 1.0
Base Voltage Differential v -V mVde
I, = 100 pAde, Vi =5.0 Vde) Ve Veea | 3.0
(1C=1.0 mAdc, VCE=5.0Vdc) - 3.0
Base Voltage Differential Gradient A VBEI_VBEZ pv/ec
(lC =100 yAdc, VCE =5.0 vde, TA = =55 to +125°C) —ATA—— - 10

* Ppulse Width < 300 us, Duty Cycle = 2%

** The lowest of the two hFE readings is taken as hFEl for the purpose of measurement.




——— Multiple and Special Devices

an2720 (SILICON}) Veeo = 60V
Ic = 40 mA
2N272] P, = 300 mW one side
600 mW both sides

Dual NPN silicon transistors for small-signal, low-
power differential amplifier applications.

CASE 32A

Pin Connections Bottom View
All Leads Electrically Isolated from Case

MAXIMUM RATINGS (each side) (T4 = 25°C unless otherwise noted)

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 60 Vde
Collector-Base Voltage VCB 80 Vde
Emitter-Base Voltage VEB 6.0 Vdc
Collector Current IC 40 mAdc
Operating and Storage Junction T, T -65 to +200 °C

J’ “stg
Temperature Range
One | Both
Side | Sides
Total Device Dissipation @ TA =25°C PD 0.3 0.6 Watt
Derate above 25°C 1.71] 3.4 mw/°C
Total Device Dissipation @ TC =25°C Py 0.6 | 1.2 Watts
Derate above 25°C 3.4 | 6.8 mw/°C




2N2720, 2N2721 (continued)

Multiple and Special Devices

ELECTRICAL CHARACTERISTICS (each side) (Tx = 25°C unless otherwise noted)

Characteristic Symbol Min Max Unit
Y!
OFF CHARACTERISTICS
[ Collector-Emitter Breakdown Voltage* BV pot Vde
(I, =10 mAde, I, =0) 60 -
C B
Collector Cutoff Current Icko nAdc
(VCE =5.0 Vde, IB=0) - 10
Collector Cutoff Current ICBO pAde
(V. =60Vdc, I =0) - 0.01
(VCB=60Vdc, 1E=0, TA=150 C) - 10
Emitter Cutoff Current Topo nAdc
(VEB=5.0Vdc, ICFO) - 10
ON CHARACTERISTICS
DC Current Gain hFE -
(IC =100 pAde, VCE =5.0 Vdc) 30 120
(IC = 1.0 mAde, VCE =5.0 Vdc) 35 -
(IC =10 mAde, VCE =5.0 Vdc) 42 -
Collector-Emitter Saturation Voltage v Vde
(IC =10 mAdc, IB =1.0 mAdc) CE(sat) " 1.0
Base-Emitter Saturation Voltage \'s Vdc
(I = 10 mAde, I = 1.0 mAde) BE(sat) 0.85 0.85
SMALL-SIGNAL CHARACTERISTICS
Current-Gain—Bandwidth Product fT MHz
(I, = 10 mAde, Vo =10 Vde, f = 20 MHz) 80 -
Output Capacitance Cob pF
(VCB:S.OVdc, IE=0, f =1.0 MHz) - 6.0
Input Impedance ib ohms
(i = 1.0 mAde, Vi, =5.0 Vde, £ = 1.0 kH2) 25 32
Voltage Feedback Ratio LW, x 1078
(I = 1.0 mAde, Vo =5.0 Vde, £ = 1.0 kHa) - 500
Small-Signal Current Gain hfe -
(1, =1.0 mAde, V, =5.0 Vde, f =1.0 kHz) 30 200
C CE
-
Output Admittance hob umhos
(IE:lAO mAdc, VCB:5.0VdC, f =1.0kHz) - 1.0
MATCHING CHARACTERISTICS
[ DC Current Gain Ratio** b /b ¥+ _
(I = 100 Ade, Ve = 5.0 Vdo) 2N2720 FE1 FE2 0.9 1.0
2N2721 0.8 1.0
Base Voltage Differential ‘V -v ‘ mVde
(I = 100 pAde, Vo = 5.0 Vde) 2N2720 BEL "BE - 5.0
2N2721 - 10
Base Voltage Differential Gradient AV -V mvV
BE1 "BE2
(IC =100 pAdc, VCE =5.0Vdc, TA = -55 to +25°C) 2N2720 - 0.8
2N2721 - 1.6
(lc =100 pAdc, VCE =15,0 Vde, TA =425 to +125°C)  2N2720 - 1.0
2N2721 - 2.0

* Pulse Width = 12 ms, Duty Cycle = 2. 0%.
** The lower of the two hF
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—— Multiple and Special Devices

aN2722 (siLicon) KCZ To4anv

Pp, = 300 mW one side
600 mW both sides

Dual NPN silicon transistor for small-signal, low-
power differential amplifier applications.

CASE 32A

Pin Connections Bottom View
All Leads Electrically Isolated from Case

MAXIMUM RATINGS (each side) (T, = 25°C unless otherwise noted)

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 45 Vde
Collector-Base Voltage VCB 45 Vdc
Emitter-Base Voltage VEB 5.0 Vdc
Collector Current IC 40 mAdc
Operating & Storage Junction T, T -65 to +200 °C

J stg
Temperature Range
One | Both
Side | Sides
Total Device Dissipation @TA =25°C PD 0.3 0.6 Watt
Derate above 25°C 1.7 3.4 mw/°C
Total Device Dissipation @TC =25°C PD 0.6 1.2 Watts
Derate above 25°C 3.4 6.8 mw/°C
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2N2722 (continued)

Multiple and Special Devices

ELECTRICAL CHARACTERISTICS (each side) (T, = 25°C unless otherwise noted)

[ Characteristic ] Symbol ] Min ‘ Max Unit
OFF CHARACTERISTICS
Collector -Emitter Breakdown Voltage* BVCED‘ Vde
(IC = 10 mAdc, ]B =0) 45 -
Collector-Base Breakdown Voltage BVCBO Vde
(lc =10 pAdec, [E =0) 45 -
Collector Cutoff Current ICBO nAde
(VCE = 5.0 Vde, IB =0) - 2.0
Collector Cutoff Current ICBO uAde
[\'s =30Vde, I, =0) - 0.001
(VCB=30Vdc, IE=O, TA:150 C) - 1.0
Emitter Cutoff Current I nAde
(Vg =5.0 Vde, 1, =0) EBO - 1.0
ON CHARACTERISTICS
DC Current Gain hFE -
(lC =1.0 pAde, vCE =5.0 Vde) 50 250
(IC =10 pAdc, VCE = 5,0 vdc) 100 -
(IC =0.1 mAde, VCE =5,0 Vdc) 125 -
Collector-Emitter Saturation Voltage VCE( Y Vde
(I = 10 mAde, 1y =0.5 mAdc) 54 - 1.0
Base-Emitter Saturation Voltage vBE(sat) Vde
(IC = 10 mAde, IB = 0.5 mAdc) 0.865 0.85
SMALL SIGNAL CHARACTERISTICS
Current-Gain—Bandwidth Product IT MHz
(IC =10 mAdc, VCE =10 Vdc, { = 20 MHz) 100 -
Output Capacitance C b pF
(Vg =5.0 Vde, I =0, £ =1.0 MK2) o - 6.0
Input Impedance ib ohms
(I = 1.0 mAde, Vg =5.0 Vde, £ = 1.0 kHz) ! 25 32
Voltage Feedback Ratio 5 X107
(IE:LO mAdc, VCB=5.0Vdc, { = 1.0 kHz) - 800
Small-Signal Current Gain hf -
(IE = 0. 1 mAdec, VCE =5.0 Vdc, f =1.0KkHz) € 100 700
Output Admittance h b umhos
(I = 1.0 mAde, Vi =5.0 Vde, f=1.0 kHz) ° - 10
Noise Figure NF dB
(IC =10 pAdc, VCE =5.0 Vdc, RG =10 k ohms,
{ =10 Hz to 15. 7 kHz) - 4.0
MATCHING CHARACTERISTICS
DC Current Gain Ratio** Doy /Mg o** -
(I, = 1.0 uAde, Vg =5.0 Vee) FEITFE2 0.9 1.0
Base Voltage Differential v, - v, mv
(1 =10 uAde, Vop = 5.0 Vde) BEl  "BE2 - 5.0
Base Voltage Differential Gradient Ay, -V, ) mvV
(I. =10 pAde, V =5.0Vde, T, =~55to +25°C) BE1™ "BE2 - 0.8
C CE A
(Ic =10 pAdc, VCE =5.0 Vde, TA = +25 to +125°C) - 1.0

* Pulse Width = 12 ms, Duty Cycle = 2.0%.

** The lower of the two hFE readings is taken as hFEl for the purpose of measurement.
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—~——— Multiple and Special Devices

2N2723 thru 282725 (siicon) P oo

hFE =to 50,000

X

CASE 20
(TO-72) Two NPN silicon annular transistors connected as a
darlington amplifier, and designed for applications re-
5 quiring very high gain.
1
2
1 3
E; c
4

E; B2

MAXIMUM RATINGS (T = 25°C unless otherwise noted)

. 2N2723 .
Rating Symbol | 9N724 | 2N2725 Unit
Collector Emitter Voltage VCEZO 60 45 Vde
Collector-Base Voltage v CBl 80 45 Vdce
Emitter-Base Voltage VE2B1 12 10 Vde
Collector Current IC 40 30 mAdc
Total Device Dissipation @ T, = 25°C Py 0.5 Watt
Derate above 25°C 2.9 mW/°C
Total Device Dissipation @T , = 25°C Py 1.8 Watts
Tc =100°C 1.0 Watt
Derate above 25°C 10.5 mW/°C
Operating and Storage Junction T, T -65 to +200 °C
. J’ Tstg
Temperature Range
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2N2723 thru 2N2725 (continued)

Multiple and Special Devices

ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted)

Characteristic T Symbol I Min T Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage* BVCEZO* T Vde
(lC =10 mAdc, IBI =0) 2N2723, 2N2724 60 -
2N2725 45 .
Collector-Base Breakdown Voltage BvCBlO Vde
(IC =10 pAde, IEz =0) 2N2723, 2N2724 80 -
2N2725 45 -
Emitter-Base Breakdown Voltage EVEZBIO Vde
(I, = 10 pAde, 1, =0) 2N2723, 2N2724 12 -
2N2725 10 -
Collector Cutoff Current ICB10 wAde
(VCBl =60 Vde, IE =0) 2N2723, 2N2724 - 0.01
- . - = o -
(VCBl =60 Vdc, IE =0, TA 150°C) 2N2723, 2N2724 10
(Vg =30 Ve, I = 0) 2N2725 - 0. 002
= = = > - 2.0
(VCBl 30 Vdc, IE 0, TA 150°C) 2N2725
Emitter Cutoff Current I nAde
- - E2B10
(VBIEZ =10 Vde, lC =0) 2N2723, 2N2724 - 10
(VBIEZ:GAOVdC, IC =0) 2N2725 - 1.0
ON CHARACTERISTICS
DC Current Gain FE -
(lC =10 mAdc, VCEZ =5.0 Vdc, IBZ =0) 2N2723 2000 10,000
2N2724 7000 50, 000
(IC =100 pAdc, VCEZ =5.0 Vde, IBZ =0) 2N2725 2000 10,000
Collector-Emitter Saturation Voltage VCEZ( ) vde
(1 =10 mAde, Iy, =1.0 mAde) All Types sa - 1.0
Base-Emitter Saturation Voltage v Vde
(I, =10 mAdc, Iy, = 1.0 mAde) AlL Types BE2(sat) - 1.7
SMALL-SIGNAL CHARACTERISTICS
Current-Gain—Bandwidth Product (Each Unit) iT MHz
(IC =10 mAdc, VCEl or VCEZ =10 vdc, f = 20 MHz) All Types 100 -
Output Capacitance obl pF
(VCBI =10 Vde, IEZ =0, f =140 kHz) 2N2723, 2N2724 - 10
Small-Signal Current Gain hi -
(IC =10 mAdc, VCEZ =5.0 Vde, f=1.0kHz) 2N2723 € 1500 15, 000
2N2724 5000 60,000
(IC =10 pAdc, VCEZ =5.0Vde, f =1.0 kHz) 2N2725 1500 15,000
Noise Figure  ({Input Stage Only) NF dB
(1 =50 pAde, Vi =5.0 Vde, Ry =3.0 k ohms,
f=1.0 kHz, BW = 100 kHz) 2N2723 - 10
(I; = 10 pAde, Vi = 5.0 Ve, Ry = 10 k ohms,
f = 1.0 kHz, BW =100 kHz) 2N2724 - 6.0
(IC =3.0 pAdr, VCE =5.0 Vde, RS =30 k ohms,
f = 1.0 kHz, BW =100 kHz) 2N2725 - 6.0

* Pulse Test: Pulse Width =12 ms, Duty Cycle = 2.0 %.
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Multiple and Special Devices

an2785 (siicon Vero= 40 V
P, = 500 mW
hFE - 7020,000

CASE 20
(10-72)
Two NPN silicon annular transistors connected as a
darlington amplifier, and designed for applications re-
quiring very high gain.

1By

MAXIMUM RATINGS (7. = 25°C unless otherwise noted)

Rating Symbol Value Unit
Collector-Emitter Voltage VCE20 40 Vde
Collector-Base Voltage VCBI 60 Vde
Emitter-Base Voltage VE2B1 15 Vde

(Pin 4 to Pin 2) 7.5 Vde
Total Device Dissipation @ TA =25°C PD 0.5 Watt

Derate above 25°C 3.33 mWw/°C
Total Device Dissipation @ TC =25°C PD 1.8 Watts

To =100°C 1.0 Watt

Derate above 25°C 10 mW/°C
Operating Junction Temperature Range TJ -65 to +175 °C
Storage Temperature Range Tstg -65 to +200 °C
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2N2785 (continued)

Multiple and Special Devices

ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted)

Characteristic
|

] Symbol T

Min Max

]

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage* BVCEZO‘ Vde
(IC = 20 mAdc, lBl =0) 40 -

Collector-Base Breakdown Voltage BVCBIO Vde
(lc =100 pAde, 1E2 =0) 60 -

Emitter-Base Breakdown Voltage BV Vde

N " E2B10 .

(IE2 =100 pAdc, IC =0) 15

Collector Cutoff Current ICEO nAde
(VCE = 20 Vdc, lB =0) - 500

Collector Cutoff Current I Ade

_ _ CB1O
(Vepy =30 Vde, 1 =0) - 0.05
= = = < -

(VCBI 30 Vdce, IE 0, TA 150°C) 10

Emitter Cutoff Current I nAde

- - E2B10
(Vpap = 5-0 Vde, I = 0) - 20
ON CHARACTERISTICS

DC Current Gain* hFE * -
(Ic = 1.0 mAdec, VCEZ:LO Vdc) 600 -
(IC =10 mAdc. VCEZ =5,0 Vde) 1200 -
(IC =100 mAdc, VCEZ = 5.0 Vdc) 2000 20, 000

Collector-Emitter Saturation Voltage \4 Vde

R N _ R CE2(sat)
(IC-IS mAdc, IBl = 3.0 mAdc) - 1.0
SMALL SIGNAL CHARACTERISTICS

Current-Gain—Bandwidth Product ‘T MHz
(ICZI.OmAdC, VCEE =5.0 Vde, { = 10 MHz) 10 -

Output Capacitance obl pF
(Vopy =10 Vde, Ipy =0, 1=1.0 MHz) - 30

Input Impedance hib Ohm
(IC:LOmAdc, VCBI =5.0 Vde, { =1.0 kHz) 30 80

Voltage Feedback Ratio LI, x107?
(I = 1.0 mAde, Vg = 5.0 Vde, | = 1.0 kHz) - 10

Small-Signal Current Gain fe -
(IC:LOmAdC, VCE2=5.0Vdc, f = 1.0 kHz) 600 -

Output Admittance hob umhos
(lc=l.DmAdc, VCB] =5.0 Vde, f =1.0 kHz) - 0.5

* Pulse Test: Pulse Width < 300 us, Duty Cycle % 2.0%.
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—— Multiple and Special Devices

Vo =15V
2N3423 (siicon) lc = 50 mA

an3424 P, = 300 mW one side
450 mW both sides

Dual NPN silicon transistors designed for use as
sense and high-frequency differential amplifiers.

CASE 32A Pin Connections Bottom View
All Leads Electrically Isolated from Case

MAXIMUM RATINGS (each side) (T, = 25°C unless otherwise noted)

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 15 Vdc
Collector-Base Voltage VCB 30 Vdc
Emitter-Base Voltage VEB 3.0 Vde
Collector Current Ic 50 mAdc
Operating & Storage Junction T, T -65 to +200 °C

J’ “stg
Temperature Range
One | Both
Side | Sides
Total Device Dissipation @TA =25°C PD 0.3 0.45 Watt
Derate above 25°C 1.72 | 2.57 mw/°C
Total Device Dissipation @TC =100°C PD 0.344] 0.685 Watt
TC =25°C 0.6 1.2 Watt
Derate above 25°C 3.44 | 6.85 mW/°C
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2N3423, 2N3424 (continued)

Multiple and Special Devices

ELECTRICAL CHARACTERISTICS (each side) (Tx < 25°C unless otherwise noted)

Characteristic Symbol | Min l Max Unit
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage* BV * Vde
(I = 3.0 mAde, 1 =0) CEO(sus) 15 -
Collector-Base Breakdown Voltage BVCBD Vde
(IC = 1.0 pAdc, IE =0) 30 -
Emitter-Base Breakdown Voltage BVEBO Vde
(I =10 pAdc, I = 0) 3.0 R
E C
Collector Cutoff Current IcBo pAde
(VCB =15 Vdc, IE =0) _ 0.01
(VCB:15 Vdce, IEZO, TA:ISO C) - 1.0
Emitter Cutoff Current I nAde
(v, = 3-0 Ve, I, =0) EBO - 10
ON CHARACTERISTICS
DC Current Gain hFE -
(IC = 3.0 mAdc, VCE =1.0 Vdc) 20 -
(IC = 3.0 mAde, VCE =3.0 Vde) 20 200
Collector-Emitter Saturation Voltage VCE t) Vdc
(I = 10 mAde, Iy = 1.0 mAdc) (sal - 0.4
Base-Emitter Saturation Voltage v vde
(I, = 10 mAde, I = 1.0 mAdc) BE(sat) . 1.0
SMALL SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product f’I‘ MHz
(IC = 4.0 mAdc, VCE =10 Vdc, f =100 MHz) 600 1200
Output Capacitance b pF
(Vog =0, Ig =0, [ =140 kiz) ° - 3.0
(Vg =10 Vde, I =0, [ =140 kHz) - 1.7
Input Capacitance CAb pF
(Vg =0-5 Vde, [, =0, f =140 kiz) ! - 2.0
Real Part of Input Impedance Re(h. ) Ohm
(IC =3.0 mAdc, VCE =3.0 Vde, f =350 MHz) e - 45
MATCHING CHARACTERISTICS
DC Current Gain Ratio** h /ho x* --
(1 = 3.0 mAde, Vg =3.0 Vdo) 2N3423 FE1' FE2 0.8 1.0
2N3424 0.9 1.0
Base Voltage Differential IV -V | mVde
(I = 3.0 mAdc, Ve, - 3.0 Vde) 2N3423 BEl "BEZ - 10
2N3424 - 5.0
Base Voltage Differential Gradient A(VBEFVBEZ) mVde
= - - - age
(I = 3.0 mAde, Vp =3.0 Vde, T, =25°C, T,, = -55°C)
2N3423 - 3.2
2N3424 - 1.6
. - - 950 = 1950
(I = 3.0 mAde, Vop =3.0Vde, T, =25°C, T, = 125°C)
2N3423 - 4.0
2N3424 - 2.0

* Pulse Width = 300 us; Duty Cycle = 1%

* i
Lowest of the two hFE readings is taken as hFEl
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——— Multiple and Special Devices

2n3425 siucon

CASE 32A

cho =15V

P, = 300 mW one side
400 mW both sides

Dual NPN silicon transistor designed for use as a
high-frequency sense amplifier.

Pin Connections Bottom View

MAXIMUM RATINGS (each side) (T4 = 25°C unless otherwise noted)

All Leads Electrically Isolated from Case

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 15 Vde
Collector-Emitter Voltage \% 20 Vde

(R = 10 ohms) CER
BE
Collector-Base Voltage VCB 40 Vdce
Emitter-Base Voltage VEB 5.0 Vde
Operating Junction Temperature Range TJ +200 °C
Storage Temperature Range Tstg -65 to +200 °C
One | Both
Side | Sides
Total Device Dissipation @ ’I‘A =25°C PD 0.3 0.4 Watt
Derate above 25°C 1.72 ] 2.28 mw/°C
Total Device Dissipation @ Tc =25°C PD 0.75 | 1.5 Watt
Tc =100°C 0.43 | 0.86 Watt
Derate above 25°C 4.3 8.55 mw/°C
FIGURE 1 — SWITCRING TIME TEST CIRCUIT
ke Voo == —40Vde Voo 41700
50k 210 Vo +20Y,, V= =20V,
001 0.0l
Je-+—¢ T0 0SCILLOSCOPE - T
50 Z,, 72 100 ka2 .
1‘}(1 ?{1 . < 50ns V. rise time < 50ns  +2LVde ﬂ/e v
Vo Veo = 30 Vde or values in o
3 § R et 0%
= —- -
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Multiple and Special Devices
2N3425 (continued)

ELECTRICAL CHARACTERISTICS (cach side) (T, = 25°C unless otherwise noted)

Characteristic ‘ Symbol l Min ' Max l Unit J
OFF CHARACTERISTICS
Collector-Emitter Sustaining Voltage* BV * Vde
(I = 10 mAdc, 1 =0) CEO(sus) 15 N
C B
Collector-Emitter Sustaining Voltage* BV, * Vde
(1o = 30 mAde, Ry < 10 ohms) CER(sus) 20 A
Collector-Base Breakdown Voltage BV B Vdc
(lC =10 wAdc, Ip = 0) CBO 40 R
Emitter-Base Breakdown Voltage BV Vde
(I = 10 uAde, 1, =0) EBO 5.0 }
Collector Cutoff Current . ]CEX nAdc
(Vg =20 Ve, Vg oo =0.25 Vde, T, =125°C) R 15
Collector Cutoff Current ICB uAdc
(Vg = 20 Vic, T =0) 0 . 0.025
(VCB:ZOVdC, IE:O, TA:ISO Q) - 15
Emitter Cutoff Current 1 uAde
B . EBO
(Vg = 4.0 Vdc, I, = 0) R 0.2
ON CHARACTERISTICS
DC Current Gain hFE -
(IC—D.SmAdC, VCE:I.OVdc) 12 -
(I =10 mAdc, Vg =1.0 Vde) 30 120
(IC - 10 mAdec, VCE:l.OVdc, TA:ASS <) 12 -
Collector-Emitter Saturation Voltage VCE( at) Vde
(Ig =10 mAdc, Iy =1.0 mAdc) s4 - 0.4
(Ig = 7.0 mAde, Ig =0.7mAdc, T, =-55°Cto +125°C) - 0.5
Base-Emitter Saturation Voltage VBE( at) Vde
(I = 10 mAdc, Ty = 1.0 mAdc) s 0.7 0.85
(I, =1.0mAdc, I, =0.7 mAdc, T, = -55°C) - 0.9
C B A 1
DYNAMIC CHARACTERISTICS
Current-Gain — Bandwidth Product 1, MHz
(I = 20 mAde, Vi - 10 Ve, £ =100 MHa) T 300 -
Output Capacitance Con pF
(Vo =10 Vde, I =0, f =140 kHz) - 6.0
Input Capacitance ib pF
(VBE = 0.5 Vdc, IC:O, f =140 kHz) - 9.0
Small-Signal Current Gain fg, N
(I =10 mAde, V(o =1.0 Vdc, f = 1.0 kHz) 20 -
Real Part of Input Impedance Reth ) Ohms
(I = 10 mAde, V(o =10 Vde, f = 300 MH2) e - 50
Turn-On Time (Figure 1) ton ns
(Vg =3-0Vde, Vg g = 2.0 Vde, 1o = 10 mAde, Iy, = 3.0 mAde) - 50
Turn-Off Time (Figure I) KU“ ns
(Ve 3.0 Vde, 1, =10 mAdc, Igy * 3.0 mAdc, Ig, = 1.0 mAdc) - 90
Storage Time (Figure 2) ts ns
(IC = 10 mAdc, lB! =10 mAdc, IB2 =10 mAdc) - 40

» Pulse conditions: Pulse width = 300 us; duty cycle = 1%

FIGURE 2 — STORAGE TIME TEST CIRCUIT

"y

Vo Qs S v
€ + . +6.0Vde 10%
01 2500 91 0 -~ PULSE AT POINT "A"
00025 | 0.0025
0 —4.0Vde ———1—
70 0SCILLOSCOPE
=500 L, = 100 ko —10Vde
s 68 5.0ns V. N Vo
—— 10%

. . V,,rise time < 5.0ns
Capacitor values in uF
Resistor values in ohms

Vi = 11Vde = Vcc = 10 Vie
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—— Multiple and Special Devices

2n3515 (siLicon)
2n3518

VCEO =40—-60V

Ic = 500 mA

Py = 250 mW one side
350 mW both sides

Dual NPN silicon transistor for use as a differential

amplifier.

CASE 33
(TO-89)

1

|

2 4 5

|
Nig l;x

9

NPN

Pin Connections,

Bottom View
MAXIMUM RATINGS (each side) (T, = 25°C)

Rating Symbol | 2N3515 | 2N3518 Unit
Collector-Emitter Voltage VCEO 40 60 Vdc
Collector-Base Voltage VCB 80 100 Vdc
Emitter-Base Voltage VEB 5.0 7.0 Vdc
Collector Current IC 500 mAdc
Operating Junction Temperature Range TJ -65 to +175 °C
Storage Temperature Range stg -65 to +200 °C

One | Both
Side | Sides
Total Device Dissipation @TA =25°C PD 250 350 mwW
Derate above 25°C 1. 67 2.33 mW/°C
Total Device Dissipation @TC =25°C PD 700 1,400 mW
Derate above 25°C 4,67 9.33 mw/°C
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Multiple and Special Devices

2N3515, 2N3518 (continued)

ELECTRICAL CHARACTERISTICS (each side) (T4 = 25°C unless otherwise noted)

Characteristics ] Symbol ] Min I Max ] Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage* BV * Vde
& CEO
(I =20 mAdc, 15=0) 2N3515 40 -
2N3518 60 -
Collector-Base Breakdown Voltage BVCBO Vde
(IC = 50 nAdec, ]E =0) 2N3515 80 -
(I =100 pAde, 1y =0) 2N3518 100 -
Emitter-Base Breakdown Voltage BVEBO Vde
(1, =50 nAdc, 1, = 0) 2N3615 5.0 -
(1 =100 pAdc, 1. = 0) 2N3518 7.0 -
Collector Cutoff Current Ieno pAde
(Vg =60 Vde, 1 =0) 2N3515 - 0.02
(Vep =30 vde, Iy =0, T, =150°C) 2N3515 - 15
(Vg =50 Vee, Ip =0) 2N3518 0.002
(Vep =50 Ve, I =0, T, = 156°C) 2N3518 - 10
Emitter-Cutoff Current IEBO nAde
(Vg = 5.0 vac, 1 = 0) 2N3515 - 20
2N3518 - 2.0
ON CHARACTERISTICS
DC Current Gain [ -
(Ig =100 piAde, Vi = 5.0 Vdc) 35 -
(Iy = 1.0 made, Vo =5.0 Vdo) 50 200
= g = = -55°C 5 -
(e = 1.0 mAde, V.o =5.0 Vde, T, =-55°C) 2N3518 15
Collector-Emitter Saturatinn Voltage % Vde
(1. = 50 mAde, I = 5.0 mAdc) CE(sat) - 1.2
c B
Base-Emitter Saturation Voitage Vor(sat Vde
(I, = 50 mAde, ;= 5.0 mAdc) (sat) - 0.9
SMALL-SIGNAL CHARACTERISTICS
Current-Gain—Bandwidth Product iy Miz
(I = 50 mAde, V(o = 10 Vde, f = 20 MHz) 2N3515 50 -
2N3518 60 -
Output Capacitance Cob pF
(VCB-'lo Vde. IE =0, f = 1.0 MHz) aN3515 - 18
2N3518 - 15
Input Capacitance " pF
(Vg =0, 0.5 Vde, I, =0, £ =1.0 MHz) - 85
Input Tmpedance Ny ohms
(I, -1.0 mAde, V., =5.0 Vdc, f = 1.0 kHz) 20 35
¢ cB
Input Impedance h k ohms
(I = 1.0 mAdc, Vg =5.0 Vde, £ 1.0 kHz) 2N3515 1.0 5.0
2N3518 1.0 10.5
Small-Signal Current Gain B -
(I, = 1.0 mAde, Vo =5.0 Vde, {=1.0kH) 50 300
Output Admittance b, wmhos
(I - 1.0 mAde, Vo= 5.0 Vdc, £ =1.0 kHz) 2N3515 ° 4.0 16
. 2N3518 4.0 50
Noise Figure NF aB
(I = 0.3 mAdc, V(. =10 Vde, R, =510 ohms,
B. W. =1.0Hz, {=1.0KkHz) B 8.0
MATCHING CHARACTERISTICS
DC Current Gain Ratio** ho ok -
(1 =100 pade, V., =5.0 Vdc) 2N3515 FELTFER 0.8 10
2N3518 0.9 1.0
(I = 1.0 mAdc, V. =5.0Vdc) 2N3515 0.8 1.0
’ i 2N3516 0.9 1.0
Base Voltage Differential Vo,V mvde
(Ig = 100 uAde, Ve, = 5.0 Vde) 2N3515 [Vae: 2| - 5.0
2N3518 - 3.0
(g = 1.0 mAde, Vg =5.0 Vde) 2N3515 - 5.0
” 2N3518 - 3.0
Base Voltage Differential Gradient -V, pv/oc
(I = 100 pAde, V(o =5.0 Vde, T, = -55t0 +125°C)  2N3515 A{VB%BE_Z‘ - 15
: : 2N3518 A - 10

* Pulse Width © 300 us, Duty Cycle = 2.0%.

** The lowest of the two hFF readings is taken as hFEl for the purpose of measurement.
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2N3800 thru 283817 (siLicon)

(JAN 2N3810 AND 2N3811 Available)

Multiple and Special Devices

VCEO =60V

Ilc =50 mA

Pp to 500 mW one side
600 mW both sides

Dual PNP silicon annular transistors specifically

CASE 35
(To-71)

designed for differential amplifier applications.

CASE 33
(T0-89) CASE 32
2N3812 2N3806
ru
2N3817 2N3s11
MAXIMUM RATINGS (each side)
Rating Symbol Value Unit
- i 7 <
Collector-Emitter Voltage VCEO 60 Vde
Collector-Base Voltage VCB 60 Vde
Ernitter-Base Voltage VEB 5.0 Vdc
Ccllector Current IC 50 mAdc
Operating and Storage Junction TJ, it -65 to +200 °C
Temperature Range se
One | Both
Side | Sides
Total Device Dissipation @ TA =25°C PD
Metal Can (2N3800 thru 2N3805) 250 360 mW
Derate above 25°C 1.5 2.06 mW/°C
Metal Can (2N3806 thru 2N3811) 500 600 mW
Derate above 25°C 2.9 3.4 mW/°C
Flat Package (2N3812 thru 2N3817) 250 350 mW
Derate above 25°C 1.5 2.0 mW/°C
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2N3800 thru 2N3817 (continued)

ELECTRICAL CHARACTERISTICS (sach s4) (T, = 25°C uniess otherwise noted)
Characteristics apply also to corresponding flat package type numbers

Multiple and Special Devices

Characteristic Symbal Min Typ | Mex | umt
OFF CHARACTERISTICS
Collector -Emitter Breakdown Voluge‘ BV . Vdc
0 = 18 mAde, 1 = CEO 60 90 -
Collector -Base Breakdown Voltage BY, Vac
(I = 10 uAde, I = cBO 6 _ _
Emiltes -Base Breakdown Voltuge BY Vac
(g = 18 wAdc, 1o = 0) EBO 5.0 - -
Colleclor Cutoff Current leno yAde
(Vo =50 Vdc, 1y = 8) - - 0.81
- N = 150° —_ — 18
(VCB 50 Vdc, ]E 8, TA 150°C)
Emm.er Cutoff Current 1 nAdc
EBO
p - - 20
BE(O“) 4.8 Vdc, I 8)
ON CHARACTERISTICS
DC Current Gain* hF’E. -
I = 1.0 kAdc, Vi = 5.8 Vo) 2N3881,3,5.7,9,11,13,15,17 %5 - -
(g = 10 kAde, Vo = 5.8 Vac) 2N3800,2,4,6,6,19, 12,14, 16 160 - -
¢ 2N3B01,3,5,7,9,11,13,15, 17 225 —
(g = 109 kAde, Vg = 5.8 Vdc) 2N3806,2,4,6,5,19,12,14,16 150 — 450
2N3801,3,5,7.8, 11, 13,15, 17 300 — 906
I~ = 1B0 xAdc, VCE =5.8 Vdc, TA = -55OCD 2N3600,2,4,6,8,18,12,14,18 75 —_ —_
2N3801,3,5,7,9,11,13, 15, 17 158 - -
I~ = 500 uAdc, vCE = 5.0 vde) 2N36B0,2,4,6,6,18,12,14,16 158 -_— 450
2N3801,3,5,7.8.11,13,15,17 309 - 900
1.8 mAdc, vCE =5.9 vdc) 2N38B0,2,4,6,8,18,12, 14,18 150 —_ 458
2N3801,3,5,7.9,11,13, 15,17 300 - 000
(IC = 10 mAdc, vCE = 5.8 Vdc) 2N3990,2,4,6,6,18,12,14,18 125 —_ —_
2N3881,3,5,7,9,11,13,15,17 250 — —
Cotlector -Emitter Saturation Voitage * v, * Vdc
g = 100 wde, Iy = 18 4 CE(sat) — — 9.2
(¢ = 1.0 mAde, I = 100 yAdc) - - 8.25
Base-Emitter Saturation Voitage * v . Vde
(1. = 190 pAdc, I = 18 uAdc) BE(sat) _ — 8.1
c 5
(¢ < 1.0 mAde, 1y = 100 uAdc) - — 8.8
Base-Emitter On Voltags v Vdc
! BE(on) _ _
(lc = 100 yAdc, V, CE” 5 9 Vdc) 9.7
SMALL SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product ‘T MHz
(1 = 508 uAde, Ve = 5.0 Vde, £ = 38 MHz) 30 - -
(g = 1.B mAdc, Vep - 5.0 Vdc, 1 « 188 MHz) 100 - 500
Ourpul Capacitance Co pF
5 5.8 Vdc, Ig <0, 1 = 180 kHz) - - .8
Input Capacilance Clb pF
(VBE(oﬂ') = 8.5 Vde, IC =8, { =109 kHz) -_— -— 6.0
Input Impedance hy xa
= 1.0 mAdc, VCE =10 vdc, [ = 1.9 kHz) 2N3908,2 4,6,9,10,12 14,16 3.0 -— 15
2N3861,3,5,7,9,11,13,15,17 19 — 40
Voltage Feedback Ratio [ X 1974
= 1.8 mAdc, V, =10 Vde, f = 1.0 kHz} —_ —_ 25
cE
Small-Signal Current Gain hk -_—
(I = 1.0 mAde, Vg = 19 Vdc, = 1.0 kHz) 2N3808,2,4,6,8,10, 12, 14, 16 150 — 800
2N3801,3,5,7,9,11,13, 15,17 306 — 900
Output Admittance h wumhos
(1. =1.0mAdc, V =19 Vdc, { = 1.9 kHz) oe 5.0 —-— 80
C 3 * "CE ~ rET 3
Noise Figure NF dB
(1g = 190 uAde, Vo = 19 Vdc, Rg = 3.0ka,
- 109 Hz) 2N3B08,2,4,6,5,10,12, 14,16 — .0 7.0
2N3801,3,5,7,9,11,13, 15,17 — 2.5 40
f-1.0kHD) 2N3909.2,4,6,8,10,12, 14, 16 - 1.5 3.9
2N3801,3,5,7,8,11,13,15,17 —_ 0.8 1.5
1= 10 kHz) 2N3800,2,4,6,6,10,12, 14, 18 — 1.0 2.5
2N3801,3,5,7,9, 11, 13, 15, 17 8.8 1.5
Noise Bandwidth = 10 Hz t0 15. 7 kHz) 2N3B00,2,4,8,8,10, 12, 14,18 —_ 2.5 3.5
2N3601,3,5,7,9,11,13,15,17 - 1.5 2.5
MATCHING CHARACTERISTICS
DC Current Gain Ratio** hppy/Meps®t -
(G - 108 wAdr, Ve = 5.9 Vc) 2N3802,3,8,9, 14,15 FEI'TFE2 0.8 - 19
2N3804,5,18,11,186, 17 0.9 — 1.8
Base Vnltage Differential v -V mvdc
I = 10 wAde, to 18 mAdc, Vg = 5.0 Vdo) 2N3802,3,8,9, 14,15 [¥perYie2l - - 8.0
2N3884,5, 10, 11,16, 17 - - 5.0
(IC =100 pAdc, VCE =5.0 vde) 2N3002, 3,9, 8,14, 15 b - 5.9
2N3604,5, 10, 11,16, 17 — — 3.9
Base Voliage Dilferential Gradient av mVdc
(1 = 109 wAde, Vg = 5.0 Vde, T, = -55 to +25°C) I"+“’|
2N3802,3,8,9, 14,15 A - - 1.8
2N3804,5, 10, 11,18, 17 - - 8.8
. _ R o
=100 pAde, Vg = 5.0 Vée, T, = +25 to +125°C)
2N3802,3,8,9, 14,15 - - 2.8
2N3804,5,10,11,18,17 — -_— 1.8

“Pulse Test: Pulse width $309 us, duty cycle $2% **The lowest hp reading is taken as h
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—— Multiple and Special Devices
2N3800 thru 2N3817 (continued)

SMALL-SIGNAL CHARACTERISTICS

NDISE FIGURE
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Multiple and Special Devices
2N3838 (continued)

ELECTRICAL CHARACTERISTICS (each side) (Tx = 25°C unless otherwise noted)

Characteristic ‘ Symbol Min Max Unit

OFF CHARACTERISTICS

Collector -Emitter Breakdown Voltage* BVCEO* Vde
(I =10 mAde, Iy = 0) 40 .

Colleclor:Em:tter Nonlalchin§ Voltage (Figure 3} VCEO(NL)T Vdc
Ug(ony = 600 mAde, Ty 1 =120 mAde, Ty /= 0) 40 -

Collector-Base Breakdown Voltage BV Vde
(IC =10 pAdc, IE =0) CBO 60 _

Emitter-Base Breakdown Voltage BVEBO Vdce
(I =10 pAde, 1, = 0) 5.0 R

Collector Cutoff Current ICEV uAde
(VCE =50 Vde, VBE(Off) =0.5 Vde) - 0.01
(VCE =50 Vde, VBE(U“) = 0.5 Vdc, TA =150°C) - 10

Emitter Cutoff Current IEBO nAdc
(VBE = 3.0 Vdc, Ic =0) - 10

Base Cutoff Current IBEV nAde
(VCE =50 Vde, VBE(O“) =0.5 Vdc) - 10

ON CHARACTERISTICS

DC Current Gain hFE -
(IC =0.1 mAde, VCE =10 Vdc) 35 -
(lC:LOmAdc, VCE =10 Vdc) 50 -
(lc =10 mAdc, VCE =10 Vde)* 5 -
(IC = 150 mAdec, VCE =10 Vde)* 100 300
(IC =150 mAde, VCE =1.0 Vdc)* 50 -

Collectar-Emitter Saturation Valtage* VCE(sat)* Vde
(IC = 150 mAde, Ig =15 mAdc) - 0.4

Base-Emitter Saturation Valtage* VBE(sat)* Vde
(lC=150 mAdc, lB:15 mAdc) 0.85 1.3

DYNAMIC CHARACTERISTICS

Current -Gain—Bandwidth Product 1, MHz

(lc =20 mAde, VCE =10 Vde, f = 100 MHz) 200 -

Dutput Capacitance Cop pF
(VCB =10 vde, lE =0, f = 140 kHz) - 8.0

Input Impedance b k ohm
(I =1.0 mAde, Vo =10 Vde, [ =1.0 kHz) 1.5 9.0

Small-Signal Current Gain hfe -
(lC:LO mAde, VCEZIOVdc, f =1.0 kHz) 60 300

Dutput Admittance hOe umho
(lCZI.OmAdc, VCEZIOVdc, f = 1.0 kHz) - 50

Noise Figure NF dB
(lC=100 uAde, VCE=10Vdc, RS:LOkohm, f =1.0 kHz) - 8.0

Delay Time (VCC =10 Vde, VBE(off) =0 Vde, td - 10 ns

Rise Time I =150 mAde, Iy, =15 mAdc, Figure 1) . N 20 s

Storage Time (VCC =10 Vde, IC =150 mAdc, "s - 250 ns

Fall Time Igy = Tpy = 19 mAde, Figure 2) t - 90 ns

* Pulse Test: Pulse Width = 300 us, Duty Cycle = 2, 0%.

¥ The highest value of collector supply valtage that may be safely used with a resistive load switching circuit in which
the callector current is 600 mAdc.
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—— Multiple and Special Devices

2N4937 thru 2N4942 Veeo =40V

Ic =50mA
Pp = 500 mW one side
600 mW both sides

Dual PNP silicon annular transistors especially de-
signed for low-level, differential amplifier applications.

CASE 32 CASE 33
(TO-89)

N U
N

Pin Connections, Bottom View
All Leads Electrically 1solated from Case

MAXIMUM RATINGS (T. = 25°C unless otherwise noted)

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 40 Vdc
Collector-Base Voltage VCB 50 Vdc
Emitter-Base Voltage VEB 5.0 Vdc
Collector Current -Continuous IC 50 mAdc
Base Current IB 10 mAdc
Operating and Storage Junction T, T -65 to +200 °C

J' Tstg
Temperature Range
One | Both
Side | Sides
Total Device Dissipation
@rT \ T 25°C
Metal Can PD 500 600 mWw
Derate above 25°C 2.9 3.4 mWw/°C
Flat Pack 250 350 mw
Derate above 25°C 1.5 2.0 mw/°C
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Multiple and Special Devices

2N3800 thru 2N3817 (continued)

FIGURE 7 — TYPICAL CURRENT-GAIN CHARACTERISTICS
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—— Multiple and Special Devices

VCEO =40V
2n3838 (siicon) o Lo 00 mA
1 2 45 L P, == 250 mW one side
l l 350 mW both sides
) CASE 33
NPN lf: PNP (10-89)
NPN-PNP complementary-pair silicon annular

transistor designed for switching and general purpose

v 7 amplifier applications.

Pin Connections, Bottom View

MAXIMUM RATINGS (each side) (Ta = 25°C unless otherwise noted)

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 40 Vde
(Applicable from 0 to 10 mAdc)
Collectaor-Base Voltage VCB 60 Vde
Emitter-Base Voltage VEB 5.0 Vde
Collector Current — Continuous IC 600 mAdc
Operating Junction Temperature Range TJ -65 to +175 °C
Storage Temperature Range Tstg -65 to +200 °C
One | Both
Side | Sides
Total Device Dissipation @ TA =25°C PD 0.25 ] 0.35 Watt
Derate above 25°C 1.67 | 2.34 mw/°C
Total Device Dissipation @ TC =25°C PD 0.7 1.4 Watt
Derate above 25°C 4.67 | 9.34 mw/°C

FIGURE 1 — TURN-ON TIME TEST CIRCUIT

. (Reverse voltage
-t polarities when
! testing the PNP

]
D% N 0UTPUT i
:0_;\_ unit.}

FIGURE 3 — COLLECTOR-EMITTER NONLATCHING
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2,=500
t.z2 1Dns
P

00 ns

W = 4
Duty Cycle = 2D0% =

FIGURE 2 — TURN-OFF TIME TEST CIRCUIT VOLTAGE TEST CIRCUIT
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shown for point "A". 1 g2V L nar INPUT
£ ) D ]
’ t Monitor t
INPUT - -5 _"__‘f'h'}._ . ) hOaTVZ ie\?:gw

T, =50 "= 1 <t after pulse is
v Dns w% PW D s completed
PW < 10 s 0% Duty Cycle < 20% L L
Outy Cycle < 2.0% — =
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Multiple and Special Devices
2N4937 thru 2N4942 (continued)

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

Characteristic T symbol [ Min | Typ | Max | Unit |

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage BVC Vdc
(I, = 10 mAdc, I = 0) EO 10 45 -

Collector-Base Breakdown Voltage BVCBO Vdc
(I =10 pAde, Iy = 0) 50 70 -

Emitter-Base Breakdown Voltage BVEBO Vdc

=10 pA =

(IE uAde, T 0) 5.0 5.6 -

Collector Cutoff Current ICBO nAdc
(Vg =90 Vde, I =0) - 2.0 20

Emitter Cutoff Current 1
(Vg = 3-0 Ve, 1., = 0) EBO - 30| 2 nAde J

ON CHARACTERISTICS

DC Current Gain h -

I, = 100 uAde, Ve = 10 Vac) FE 20 - | 200

(IC = 1.0 mAdc, 10 vdc) 50 - 250

50 - 250

Veg =
(IC = 10 mAdc, VCE =10 Vde)
SMALL-SIGNAL CHARACTERISTICS

Current-Gain-Bandwidth Product f MHz

([C = 10 mAdc, VCE =10 Vdc, f =100 MHz) 300 400 900
Output Capacitance ch pF
(VCB=10 Vdc, IE =0, f =140 kHz) - 3.0 5.0
Emitter Guarded
Input Capacitance Ceb pF
(VBE = 0.5 vdc, lC =0, f = 140 kHz) - 7.0 10
Collector Guarded
Input Impedance hle kQ
Iy = 1.0 mAde, V=10 Vdc, f = 1 kHz) 1.0 4.0 10
Voltage Feedback Ratio h X 10~
(. = 1.0mAdc, Vop =10 Vde, f = 1kHz) re - 3.0 10
T
Small-Signal Current Gain hfe -
(IC = 1.0 mAdc, VCE =10 Vac, f = 1 kHz) 50 - -
Qutput Admittance h o umhos
(I = 1.0 mAde, Vo = 10 Vde, 1= 1kHz) o 5.0 15 50
Naise Figure NF dB
(IC =100 4 Adc, VCE =10 vdc, - - 4.0
RS =3.0kQ, f=10 Hz to 15. 7 kHz)
MATCHING CHARACTERISTICS
DC Current Gain Ratio hep/Mpge”
(IC = 100 yAdc to 1. 0 mAdc, VCE =10 Vdc) 2N4937, 2N4940 0.9 - 1.0 -
2N4938, 2N4941 0.8 - 1.0
2N4939, 2N4942 - 0.7 -
(IC = 100 pAdc to 1. 0 mAdc, VCE =10 Vdc, 2N4937, 2N4940 0.85 - 1o
= 559, o 2N4938, 2N4941 0.7 - Lo
T, = ~55°C to +125°C) 2N4939, 2N4942 - 0.6 "
Base Voltage Differential Vpe1-VeE2 mvde
(lc = 100 1A to 1.0 mAde, VCE = 10 vdc) 2N4937, 2N4940 - - 3.0
2N4938, 2N4941 - - 5.0
2N4939, 2N4942 - 5.0 -
Base Voltage Differential Gradient SVer1-VeE2 uv/°C
(I~ = 100 uAdc to 1.0 mAde, V, = 10 Vdc, 2N4937, 2N4940 ———— - - 10
C CE AT
T, = -65°C to +125°C) 2N4938, 2N4941 A - - 20
A 2N4939, 2N4942 - 20 -

* The lowest hFE reading is taken as hFEl for this ratio
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—~— Multiple and Special Devices

284974 (siicon) :Zce=z = :(; v

2n4975 Po=0.8W

PNP silicon annular darlington amplifiers contain
two PNP silicon annular transistors connected as a
darlington amplifier.

CASE 34A 2
(TO-12) 0O

The input unit is identified as Unit 1 regard-
less of terminal numbering.

MAXIMUM RATINGS (T, = 25°C unless otherwise noted)

Nurierical subscripts refer to unit number

Rating Symbol Value Unit
Collector-Emitter Voltage VCEZ 30 Vdc
(Base 1 and Base 2 open)
Collector-Base Voltage VCBI 40 vdc
Emitter-Base Voltage VEZBI 10 Vdc
Collector Current — Continuous IC 1.0 Adc
Total Device Dissipation @TA =25°C PD 0.8 Watt
Derate above 25°C 4,57 mw/°C
Total Device Dissipation @TC =25°C P, 2.5 Watts
Derate above 25°C 14.3 mWw/°C
Operating and Storage Junction TJ, TSt -65 to +200 °C
Temperature Range £
THERMAL CHARACTERISTICS
Characteristic Symbol Typ Unit
Thermal Resistance, Junction to Case| f1¢ °C/W
Output Device 60
Driver Device 85
Thermal Resistance, Junction to - 30 °C/wW
Junction
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Multiple and Special Devices

2N4974, 2N4975 (continued)

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise nated)

Numerical subscripts refer to unit number, lead 4 open unless otherwise noted.

L Characteristic Symbol I Min r Tpr Max L Uni14|

OFF CHARACTERISTICS

Collector-Emitter Breakdown Voltage * BVCEZ * Vde
([C =10 mAdc, EZBI termination open) 30 40 -
Collector-Base Breakdown Voltage BVipio Vdc
(I =10 uAde) 40 50 -
Emitter-Base Breakdown Voltage BVEZBIO Vde
(I, =10 pAdc) 10 12.5 -
Bl
Collector Cutoff Current Iepio nAde
(VCBl = 30 Vdc) - 0.5 10
Emitter Cutoff Current I nAdc
- E2B10
(VEZBl = 5.0 Vdc) - 0.15 10
ON CHARACTERISTICS
DC Current Gain hFE -
([C = 1.0 pAdc, VCEZ =5.,0 vdc) 2N4974 5,000 9,000 -
2N4975 1,000 4,000 -
(I, =1.0uAde, V =5.0Vdc, T, =-55°C)
c CE2 2N4974 . 2,000 -
2N4975 - 1,000 -
(IC =10 yAdc, VCEZ =5.0 Vdc) 2N4974 10, 000 15,000 -
2N4975 5,000 9,000
(1. =10 pAde, V =5.0 Vde, T, = -55°C)
¢ CE2 A aNe9T4 - 3,500 -
2N4975 . 2,000 -
(IC =100 pAdc, VCEZ =5.0 Vdc) 2N4974 20,000 30,000 -
2N4975 10,000 20,000 -
(IC =1.0 mAdc, VCEZ =5.0 Vvdc) 2N4874 25,000 50, 000 -
2N4975 15,000 30,000
(IC =10 mAdc, VCEZ =5.0 Vdc)*  2N4974 30, 000 60,000 150,000
2N4975 15,000 30,000 75, 000
(I, =10 mAde, V =5.0 Vdc, T, = -55°C)*
¢ CE2 AjNagTa - 15,000 -
2N4975 - 10,000 -
(IC =100 mAde, VCEZ =5.0 Vdc)* 2N4974 25,000 50,000 -
2N4975 15,000 30,000 -
(IC =500 mAdc, VCEZ =5,0 Vde)* 2N4974 15,000 25,000 -
2N4975 5,000 10,000 -
(IC =1.0 Adc, VCEZ =5.0 Vdc)* 2N4974 2, 000 4,000 -
2N4975 1, 000 2, 000 -
Collector-Emitter Saturation Voltage * VCEZ(sat)' Vde
(I, = 500 mAdc, I, = 1.0 mAdc) - 1.4 2.0
C Bl
Base-Emitter Voltage * VBIEZ. Vde
(IC =500 mAdc, IBl = 1.0 mAdc) - 2.0 2.7
DYNAMIC CHARACTERISTICS
Current-Gain — Bandwidth Product i’l‘ MHz
(IC = 20 mAdc, VCEZ =5.0 Vdc, f = 100 MHz) 175 275 -
Output Capacitance [ obl pF
(VcBl =10 vde, IE2=0, f = 140 kHz) - 4.0 8.0
Small-Signal Current Gain hfe -
(lC = 1.0 mAdc, VCE =5.0 Vde, f = 1.0 kHz)
2N4974 25,000 - -
2N4975 15,000 - -
Noise Figure NF dB
(IC =1.0 mAdc, vCBl =10 Vde, RS =10 k ohms,
BW =15, 7 kHz) - 3.0 6.0

* Pulse Test: Pulse width £ 300 us, duty cycle £ 2%
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—— Multiple and Special Devices

mro200 (siticon) XDC o oW

NPN silicon high sensitivity photo detector designed
for use in circuits requiring high radiation sensitivity,
stable characteristics, and high-density mounting.
CASE 81

MAXIMUM RATINGS (T. = 25°C unless otherwise noted)

Rating (NOTE 1) Symbol Value Unit
Collector -Emitter Voltage VCEO 50 Volts
Emitter-Collector Voltage VECO 7.0 Volts
Total Device Dissipation PD

@ TA =25°C 50 mwW
Derate above 25°C 0.5 mw/°C
Operating Junction TJ -65 to +125 °C
Temperature Range
Storage Temperature Range Tstg -65 to +150 °C

FIGURE 1 — COLLECTOR-EMITTER SENSITIVITY
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Multiple and Special Devices
MRD200 (continued)

STATIC ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

Characteristics (NOTE 1) Fig. No. Symbol Min Typ Max Units
Collector Dark Current - ICEO HA
(VCC =20V, RL = 100 ohms) (Note 3)
‘I‘A =25°C - - 0.025
TA = 100°C - 10 -
Collector-Emitter Breakdown Voltage BV ko Volts
(lC = 100 pA) -— 50 . —
Emitter -Collector Breakdown Voltage - BVECO Volts
(IE = 100 uA) 7.0 -_ -

OPTICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

Characteristics (NOTE 1) Fig. No. Symbol Min Typ Max Units
Collector -Emitter Radiation Sensitivity 1 SRCE mA/mW/cm2
v =20V; R, = 100 ohms)(Note 2) 0.25 0.5 —
cc L
Collector-Emitter Illumination Sensitivity - SICE HA/ Ium/(l2
v =20 V; R, =100 ohms)(Note 4) 2.0 5.0
cc L
Photo Current Saturated Rise Time 4 tr(sat) us
(Note 5) - 1.0 -
Photo Current Saturated Fall Time 4 tl(sat) us
(Note 5) - 10 -
Photo Current Rise Time (Note 6) 4 tr - - 2.5 us
Photo Current Fall Time (Note 6) 4 t‘ — — 4.0 ps
Wavelength of Maximum Sensitivity — AS(typ) - 0.8 - Microns
1. No base terminal available.
2. Radiation flux density (H) equal to 5.0 mW/cm emitted from a tungsten source at a color temperature of 2870°K
3. Measured under dark conditions. (H 2~ 0)
4. Luminous flux density (E) equal to 100 lumens/ﬂ (100 ft. -candles)
5. For saturated rise time measurements, radiation is provided by a pulsed xenon arc lamp with a pulse width of

approximately 1.0 microsecond (see Figure 4).
6. For unsaturated rise time measurements, radiation is provided by a pulsed GaAs (gallium-arsenide) light-emitting
diode (A = 0.9 microns) with a pulse width equal or greater than 10 microseconds (see Figure 4).
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—— Multiple and Special Devices

MRD200 (continued)
TYPICAL ELECTRICAL CHARACTERISTICS
FIGURE 2 — COLLECTOR-EMITTER FIGURE 3 — PHOTO CURRENT
CHARACTERISTICS « vs TEMPERATURE
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Multiple and Special Devices

VCEO =50V

mrp300 (siLicon) P, =0.25 W
D — .

NPN silicon high sensitivity photo transistor de-
signed for use in circuits requiring high radiation sen-
sitivity and stable characteristics.

CASE 82

MAXIMUM RATINGS (T. = 25°C unless otherwise noted)

RATING (NOTE 2) Symbol Valuve Unit
Collector-Emitter Voltage VCEO 50 Volts
Emitter-Collector Voltage VE co 7.0 Volts
Collector-Base Voltage VCBO 80 Volts
Total Device Dissipation

@ TA =25°C PD 0.25 Watt

Derate above 25 °C 1.43 mW/ °C
Operating Junction and Storage

Temperature Range TJ, Tstg -65 to +200 °C

FIGURE 1 — COLLECTOR-EMITTER SENSITIVITY
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——— Multiple and Special Devices

MRD300 (continued)

STATIC ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

Characteristics Fig. No. | Symbol | Min Typ Max Units
Collector Dark Current
(VCC =20V, RL = 100 ohms; Base Open) - ICE() A
(Note 2) TA = 25°C — - 0.025
= . - 10 -
T, = 100°C
Collector-Base Breakdown Voltage - BVCBO Volts
(]C = 100 zA; Emitter Open) 80 - —
Collector -Emitter Breakdown Voltage - BVCEO Volts
(IC = 100uA; Base Open) 50 - —
Emitter-Collector Breakdown Voltage —_ BVECO Volts
(IE = 100 zA; Base Open) 7.0 — —
OPTICAI. CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Characteristics Fig. No. | Symbol | Min | Typ Max Units
Collector-Emitter Radiation Sensitivity - SRCEO mA/mW fem?
(VCC = 20V; RL = 100 ohms; Base Open)
(Note 1) 0.8 1.6 —_
Collector -Base Radiation Sensitivity — S A/mW sz
4% = 20V; R, = 100 ohms; Emitter RCBO * /
cc L
Open) (Note 1) 1.4 - —_
Collector-Emitter Hlumination Sensitivity - SICEO ,‘A/mm/“z
(VCC =20V, RL = 100 ohms; Base Open)
(Note 3) 4.0 10 -
Collector -Base Hlumination Sensitivity — SICBO uA/lum/(tz
v = 20V; R, = 100 ohms; Emitter
cc L
Open) (Note 3) 0.01 — _
Photo Current Saturated Rise Time 4 tr(sat) Hus
(Note 4) - 1.0 -
Photo Current Saturated Fall Time 4 t((sat) HS
{Note 4) - 10 —
Photo Current Rise Time (Note 5) 4 tr - — 2.5 us
Photo Current Fall Time (Note 5) 4 'I — —_ 4.0 us
Angular Alignment (Note 6) 6 ] - - 10 Degrees
Wavelength of Maximum Sensitivity - AS(typ) b 0.8 - Microns

NOTES:

1.

2. Measured under dark conditions. (H =~ 0) 2

3. Luminous flux density (E) equal to 100 lumens/ft°. (100 ft. -candles)
4.

approximately 1.0 microsecond (see Figure 4).
5. For unsaturated rise time measurements, radiation is provided by a pulsed GaAs (gallium-arsenide) light-emitting
diode (% = 0.9 microns) with a pulse width equal or greater than 10 microseconds (see Figure 4).
6. Angular deviation from central axis of device within which the photo current will reach a maximum value.
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Radiation Flux Density (H) equal to 5.0 mW/cm2 emitted from a tungsten source at a color temperature of 2870°K.

For saturated rise time measurements, radiation is provided by a pulsed xenon arc lamp with a pulse width of




Multiple and Special Devices

MRD300 (continued)
TYPICAL ELECTRICAL CHARACTERISTICS
FIGURE 2 — COLLECTOR-EMITTER FIGURE 3 — PHOTO CURRENT
CHARACTERISTICS vs TEMPERATURE
2.0 FOURCE TEMP. = %0 NORMALIZED TO T
2870° K 25° C AMBIENT
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FIGURE 4 — PULSE RESPONSE TEST CIRCUIT
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——— Multiple and Special Devices

mpz5-16 (siLicon)

mrz5-32
mrz5-180

CASE 119

Silicon power transient suppressor designed for ap-
plications requiring protection of voltage sensitive elec-
tronic devices in danger of destruction by high energy
voltage transients. Individual cells are matched to in-
sure current-sharing under high current pulse condi-

tions.

MAXIMUM RATINGS

Transient Power Dissipation: 5.0 kW
Pulse Width: 1.0 ms

DC Power Dissipation: 350 Watts @T , = 25°C
(Derate 2.33 W/OC above 250C)

Operating Junction & Storage Temperature
Range: -65°C to +175°C

Polarity:

Anode-~to~Case is Standard
Cathode-to-Case Available Upon Request
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MPZ5- SERIES (continued)

ELECTRICAL CHARACTERISTICS (Tc=25'C)

Multiple and Special Devices

Nominal* “C“::‘“l‘;’" Minimum Zener Voltage | Maximum Zener Voltage |, M“”‘C“”“ Typical
Operating Voltage Fzrmf Puloe Width < 1.0 me eversel (l:..r.:m Capacitance
v R C (typ)
Vorpk) [ Yopmmsile, g2 | Vamin @ 'zt | Vamaw @ 'z [®VR™Vorrex) | @ Ve~ Voriek)

Type Vde Vdc Z(min) Vde Adc Vde Adc uA uF
MPZ5-16A 14 i0 1.5 16 0.4 24 200 50 .025
-16B 14 10 1.25 16 0.4 20 200 025
-32A 28 20 1.56 32 0.2 50 100 on
-32B 28 20 1.4 32 0.2 45 100 .01
-32C 28 20 1.25 32 0.2 40 100 L0

-180A 165 17 1.39 180 0.03 250 20 0012

-180B 165 n7 1.25 180 0.03 225 20 0012

-180C 165 117 1.14 180 0.03 205 20 50 . 0012

* Nominal operating voltage defined as normal input voltage to device.
) should be used to select type.

lVOP(PK)

FIGURE 1 — PEAK SURGE POWER

RN

TC—25C

DUTY CYCLE < 1.05 41}

p(PK)’ PEAK POWFER (kW)

0.2

0.3 0507 1.0

t, TIME (ms)

2.0 3.0 507010

-
=)

AV, , CHANGE IN ZENER VOLTAGE (VOLTS)

If non-sinusoidal wave or dc input is present, peak voltage input values

FIGURE 2 — TYPICAL DYNAMIC ZENER
VOLTAGE CHARACTERISTICS™

'PULSE WIDTH - 1.0 ms

il

To=25°C
1]

* Figure 2 is intended to demonst rate the sharpness of the voltage breakdown
characteristic of individual devices, and indicates the voltage overshoot.

av, =Vz@l
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VARACTORS

THE FOLLOWING VARACTORS
ARE CHARACTERIZED IN THIS SECTION

IN5150A MV1720
IN5152A thru
1N5153A MV1750
1IN5155A MV1812A
1N5156 MV1812B
1N5157
MV1620

thru

MV1650
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Varactors

INST150A siicon) Xk:zigﬁ%:o A
1n5152A Po = 8.75-29.2 W
inST153A

INnST55A

Silicon high-frequency step-recovery power
varactor devices optimized for critical multiplier ap-
plications requiring tight control of junction capaci-
tance and power dissipation.

X

CASE 46 CASE 47
1IN5152A 1N5150A
MV1808B1 MV1807C1
1N5155A 1N5153A
MV181081 MV1808C1

MAXIMUM RATINGS

Rating Symbol INST50A [1IN5152A [1N5153A [ IN51554 Unit
Reverse Voltage VR 80 75 75 35 Vdc
Forward Current IF 1000 250 250 200 mAdc
RF Power Input Pin 40 15 15 7.0 Watts
Total Cevice Dissipation @ TC =25°C PD 29.2 11.7 11.7 8.75 Watts
Derate above 25°C 167 66.7 66, 7 50 mw/°C
Operating and Storage Junction TJ, T ¢ ——— -65 to +200 ——» °C
Temperature Range stg

12-2



——Varactors

IN5150A, 52A, 53A, 55A (continued)

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

Characteristics Symbol Min Typ Max Unit
Reverse Breakdown Voltage BVR Vde
(IR =10 pAdc) 1N5150A 80 - -
1N5152A, 1N5153A 75 - -
1N5155A 35 - -
Reverse Current IR uAde
(VR =170 Vdc) 1N5150A - - 2.0
(VR =70 Vde, TA = 150°C) 1N5150A - - 100
(VR =60 Vde) 1IN5152A, IN5153A - - 1.0
(VR =60 vdc, TA =150°C) 1N5152A, 1N5153A - - 100
(VR =26 Vdc) 1N5155A - - 1.0
(VR =26 Vdc, TA =150°C) 1N5155A - - 100
Series Resistance RS Ohms
(VR = 6.0 Vde, f = self-resonant frequency)
1N5150A - 0.25 -
1N5152A, 1N5153A - 0.5 -
1N5155A - 0.9 -
Series Inductance LS nH
1N5150A - 1.5 -
1N5152A - 0.8 -
1N5153A - 1.7 -
IN5155A - 0.9 -
Diode Capacitance (CJ + CC) CT pF
(VR=6.0Vdc, f=1.0MHz) 1N5150A 10.8 - 13.2
1N5152A 5.4 - 6.6
1N5153A 5.8 - 1.0
1N5155A 1.71 - 2.09
Figure of Merit Q -
(VR =6.0 Vde, f = 50 MHz) 1N5150A - 800 -
1N5152A, INS153A - 1100 -
1N5155A - 1700 -
Thermal Resistance o °C/W
1N5150A - - 6.0
1N5152A, 1N5153A - - 15
IN5155A - - 20
FUNCTIONAL TEST
1N5150A
RF Power Output Pin =3TwW, fin = 500 MHz, Pout 25,1 - - Watts
Doubling Efficiency fout = 1.0 GHz 7 68 - - %
1N5152A, 1NS5153A
RF Power QOutput P.m =12 W, fin = 1,0 GHz, out 7.2 - - Watts
Doubling Efficiency {out =2.0GHz 7 60 - - %
1N5155A
RF Power Output Pin =5.0W, {m =2,0 GHz, Pout 2.0 - - Watts
Tripling Efficiency f g = 8- 0CHz 7 40 - - %

For typical curves and test circuits, see the following data sheets: 1N5149.1N5150 ,
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Varactors

IN3156siicon) ::R:lz;% \:1 .
(MV1812A) b= 160ma
n5157
(MV1812B)

cathode

Siliconhigh-frequency step-recovery power varactors;
epitaxial passivated devices designed for multiplier
cafhoK@ applications from 1 to 13 GHz with 1 watt minimum

CASE 46

power output guaranteed at 10 GHz.
CASE 48

AVAILABLE IN
PILL PACKAGE
ON SPECIAL REQUEST

MAXIMUM RATINGS (tc = 25°C unless otherwise noted)

Rating Symbol Value Unit

Reversz Voltage VR 20 Vde
Forward Current IF 160 mAdc
RF Power Input Pin 5.0 Watts
Total Device Dissipation @ TC =75°C PD 3.25 Watts

Derzte above 75°C 26 mW/'C
Operating and Storage Junction T, T -65 to +200 °C

J’ “stg
Temperature Range

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

Characteristic Conditions Symbol Min Typ Max Unit
Reverse Breakdown Voltage Ip = 10 pAdr BV, 20 - - Vde
Revrrse Current VR =16 Vde IR - - 0.1 1Adr

Vp - 16 Vi, T, - 150"C - - 100
Series Resistance Vg = 6.0 Vdc, f =50 MHz Rg - L1 -~ Ohms
Diode Capzcitanre Vg = 6.0 Vdc, f= 1.0 MHz Cp 0.6 - 1.0 oF
Figure of Merit Vp = 6.0 Vde, f .50 MHz Q - 3600 - -
Thermal Resistance flc - - 38.5 cw
RF Power Output P -2.6watts, { - 5.0GHz P 1.0 - - Watt
in in out
Doubling ETiciency (¢~ 10 GHz 1 38.5 - - o
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Varactors——

mv1620 o mv1650 Vp=20V
I = 250 mA
Q = 15010 300

Silicon Epicap diodes, epitaxial passivated tuning
diodes designed for AFC applications in radio, TV,

and general electronic-tuning,.

CASE 51
(DO-7)

MAX'MUM RAT'NGS (Tc = 25°C unless otherwise noted)

Rating Symbol Value Unit
Reverse Voltage VR 20 Volts
Forward Current IF 250 mA
Device Dissipation @ TA =25°C PD 400 mw
Derate above 25°C 2.67 mW/°C
Device Dissipation @ TC =25°C Py 2 Watts
Derate above 25°C 13.3 mw/’C
Junction Temperature TJ +175 ’C
LStorage Temperature Range Tstg -65 to +200 e

ELECTRICAL CHARACTERISTICS (1, = 25°C uniess otherwise noted)

Characteristic — All Types Test Conditions Symbol Min Typ Max Unit
Reverse Breakdown Voltage Ip =10 pade BV, 20 - - vdc
Reverse Voltage Leakage Current Vg = 15 vde I - - 0.1 Ade
Series Inductance f = 250 MHz, lead length=~1/186" Ls - 5.0 10 nH
Case Capacitance f -1 MHz, lead length ~ 1/16" e - 0.25 0.3 oF

F C,, Diode Capacitance Q, Figure of Merit TR, Tuning Ratio
Vy = 4Vde, f =1MHz vV, = 4Vde, Co/ Cp
Device f = 50 MHz f=1MHz

Min Nom Max Min Min Max
MV1620 6.1 6.8 7.5 300 2.0 3.2
MV1622 7.4 8.2 9.0 300 2.0 3.2
MV1624 9.0 10.0 11.0 300 2.0 3.2
MV1626 10.8 12,0 13.2 300 2.0 3.2
MV1628 18.5 15.0 16.5 250 2.0 3.2
MV1630 16.2 18.0 19.8 250 2.0 3.2
MV1632 18.0 20.0 22.0 250 2.0 3.2
MV1634 19.8 22.0 24.2 250 2.0 3.2
MV1636 24.3 27.0 29.7 200 2.0 3.2
MV1638 29.7 33.0 36.3 200 2.0 3.2
MV1640 5.1 39.0 42.9 200 2.0 3.2
MV1642 42.3 47.0 517 200 2.0 3.2
MV1644 50.4 56.0 61.6 150 2.0 3.2
MV1646 61.2 68.0 74.8 150 2.0 3.2
MV1648 3.8 82.0 90.2 150 2.0 3.2
MV1650 90.0 100.0 110.0 150 2.0 3.2

L. 1 -

FR. Tuning Ratio, is the ratio of C,r measured at 2 Vde divided by CT measured at 20 Vdc.
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Varactors

mv1720 thro mv1750 Ve =30V

I=250mA
Q = 250-500

Silicon Epicap diodes, epitaxial passivated tuning
diodes designed for VHF and UHF electronic tuning,
FM, AFC and harmonic-generation applications, pro-
viding solid-state reliability to replace mechanical
CASE 51 tuning methods.
(DO-7)

MAXIMUM RATINGS (T¢ = 25°C unless otherwise noted)

Rating Symbol Value Unit
Reverse Voltage VR 30 Volts
Forward Current IF 250 mA
RF Power Inputt P 5.0 Watts
Device Dissipation @ Ty = 25°C Py 400 mwW
Derate above 25°C 2.67 mw/°C
Device Dissipation @ To = 25°C P. 2.0 Watts
Derate above 25°C 13.3 mW/°C
Junction Temperature TJ +175 °C
Storage Temperature Range Tstg -65 to +200 °C

T Acequate heat sinking must be provided.
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MV1720 thru MV 1750 (continued)

ELECTRICAL CHARACTERISTICS (. = 25°C uniess otherw:

Varactors

1se noted)

Characteristic - All Types Test Conditions Symbol Min Typ Max Unit
Reverse Breakdown Voltage IR = 10 pAde Byr 30 _— —_ Vde
Reverse Voltage Leakage Current Vg = 25 Vde, Tp = 25°C Ix — —_ 0.02 nAde

VR = 25 Vdc, TA = 150°C — — 20
Series Inductance f = 250 MHz, lead length = 1/16" Lg —_ 5.0 —_ nH
(Case Capacitance f = | MHz, lead length = 1/16” Ce —_ 0.25 —_— pF
Diode Capacltance Temperature
Coefflcient VR = 4Vdce,f= I MHz TC¢ _— 200 300 ppmy/ °C
C;. Diode Capacitance TR, Tuning Ratio Q, Figure of Merit
Device Vg = 4Vde, £ =1 MHz (/G Vg = 4 Vde
pF £=1 MHz f'= 50 MHz
Min Nom Max Min Max Min
MV1720 6.1 6.8 7.5 2.80 3.80 500
MV1722 7.4 8.2 9.0 2.80 3.80 500
MV1724 9.0 10.0 11.0 2.80 3.80 500
MV1726 10.8 12.0 13.2 3.00 4.00 450
MV1728 13, 15.0 16.5 3.00 4.00 450
MV1730 16.2 18.0 19.8 3.00 4.00 450
MV 1732 18.0 20.0 22.0 3.20 4.20 400
MV1734 19.8 22.0 24,2 3.20 4.20 400
MV1736 24.3 27.0 29.7 3.20 4.20 400
MV1738 29.7 33.0 36.3 3.20 4.20 350
MV 1740 35.1 39.0 42.9 3.20 4.20 350
MV 1742 42.3 47.0 51.7 3.20 4.20 300

MV1744 50.4 56.0 61.6 3.20 4.20 300

MV1746 61.2 68.0 4.8 3.20 4.20 250

MV1748 73.8 82.0 90,2 3.20 4.20 250

MV1750 90.0 100.0 110.0 3.20 4.20 250

PARAMETER TEST METHODS

1. 1, SERIES INDUCTANCE
Ls is measured on a shorted package at 250 MHz using
an impedance bridge (Boonton Radio Model 250A RX
Meter or equivalent).

¢, CASE CAPACITANCE

Cc is measured on an open package at 1 MHz using a
capacitance bridge (Boonton Electronics Model 75A or
equivalent).

{:;, DIODE CAPACITANCE

(Cy = Cc + C)). C. is measured at 1 MHz using a capaci-
tance bridge (Boonton Electronics Model 75A or
equivalent).

TR, TUNING RATIO

TR is the ratio of C; measured at 2 Vdc divided by Cr
measured at 30 vdc.

~

w

-
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5. Q, FIGURE OF MERIT
Q is calculated by taking the G and C readings of an
admittance bridge at the specified frequency and substi-
tuting in the following equations:
2.C
Q==

(Boonton Electronics Model 33AS8 or equivalent).

6. TC, DIODE CAPACITANCE TEMPERATURE COEFFICIENT
TCc is guaranteed by comparing Cr at Va = 4 Vdc, f =
1 MHz, Ta = —65°C with Cr at Va = 4 Vdc, f = 1 MHz,
Ta= +85°C in the following equation, which defines TCc:
e _ |C(+85°C) — Ci(-65C)) 10
¢ 85 + 65 | C.(25°C)




MV1720 thru MV1750 (continued)

Varactors

FIGURE 1 — DIODE CAPACITANCE versus REVERSE YOLTAGE

FIGURE 2 — FIGURE OF MERIT versus REVERSE VOLTAGE
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MV1720 thru MV1750 (continued)

Varactors

EPICAP VOLTAGE-VARIABLE CAPACITANCE DIODE DEVICE CONSIDERATIONS

A. EPICAP NETWORK PRESENTATION

The equivalent circuit in Figure 7 shows the voltage capaci-
tance and parasitic elements of an EPICAP diode. For design
purposes at all but very high and very low frequencies, Ls, R,,
and Ce can be neglected. The simplified equivalent circuit of
Figure 8 represents the diode under these conditions.

FIGURE 7
A

T

Definitions:

C, — VoltageVariable Junction Capacitance

Rs — Series Resistance (semiconductor bulk, contact,
and lead resistance)

Cc — Case Capacitance

Ls — Series inductance

R, — Voltage-Variabie Junction Resistance (negligible
above 100 kHz)

Y’ 4
71

R, Ry
o d k.

FIGURE 8

Ry

'A'A%

B. EPICAP CAPACITANCE vs REVERSE BIAS VOLTAGE

The most important design characteristic of an EPICAP
diode is the C, versus V. variation as shown in equations 1 and
2. Since the designer is primarily interested in the slope of C;
versus Vi, the Cc, Co, ¢, and 7 characteristics have been en-
compassed by the simplified equation 3. Min/max limits on
a can be guaranteed over a specified Va range.

Ci=Cc+Cs

Com Cot —Co

a4+ Yy
Co=C,at =0
¢ = Contact Potential, ¢ ~ 0.6 VoIt

=X

(oY)
)

Vi = Reverse Bias

7 = C, slope, % == 0.5
3

C. EPICAP CAPACITANCE vs FREQUENCY

Variations in EPICAP effective capacitance, as a function of
operating frequency, can be derived from a simplified equiv-
alent circuit similar to that of Figure 7, but neglecting R; and
R,. The admittance expression for such a circuit is given in
equation 4. Examination of equation 4 yields the following
information:

At low frequencies, C,, = C,; at very high frequencies
(f = o0} Cuq = Cc.

As frequency is increased from 1 MHz, C,, increases until
it is maximum at «? = 1/LsC;; and as «? is increased from
1/LsC, toward infinity, C,, increases from a very negative ca-
pacitance (inductance) toward C., = Cc, a positive capacitance.

Very simple calculations for C.q at higher frequencies indi-
cate the problems encountered when capacity measurements
are made above 1 MHz. As w approaches w, = 1 /\/L:C,, small
variations in Ls cause extreme variations in measured diode
capacitance.

) juC
¥ = juCuq = juCe o128
jCaq = juC LG,

[CY)

D. EPICAP FIGURE OF MERIT (0) AND CUTOFF FREQUENCY (f..)

The efficiency of EPICAP response to an input frequency is
related to the Figure of Merit of the device as defined in equa-
tion 5. For very low frequencies, equation & applies wheieas
at high frequencies, where R, can be neglected, equation 5
rnay be rewritten into the familiar form of equation 7.

Another useful parameter for EPICAP devices is the cutoff
frequency (f..), and is the frequency point where Q is equal
to 1. Equation 8 gives this relationship.

— Xsea
Q= Rsea
~C.R?
R, + Ri(1 + w2C2R.)
.
wRiCeq

fo = Qfuuu =

Q=
Qu =

J
27RCen

(5)
(€)
(¥}

(8

E. HARMDNIC GENERATION USING EPICAPS

Efficient harmonic generation is possible with Motorola
EPICAPS because of their high cutoff frequency and break-
down voltage. Since EPICAP junction capacitance varies in-
versely with the square root of the breakdown voltage,
harmonic generator performance can be accurately predicted
from various idealized models. Equation 9 gives the level of
maximum input power for the EPICAP and equation 10 gives
the relationships governing EPICAP circuit efficiency. In these
equations, adequate heat sinking has been assumed.

i,
[ M(B_V;“*A =

9)

M(x2) = 0.0285;M(x3) = 0.0241;M(x4) = 0.196

Eff=1- N ‘;i
N(x2) = 20.8; N(x3) = 34.8; N(x4)

M and N are Constants
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Varactors



MC312A

MC316

MC317

MC318

MC660P
MC661P
MC663P
MC664P
MCT00P Series
MC934F /834F, P
MC936F /836F, P
MC937F /837F, P
MC946G /846G
MC949F /849F, P
MC949G /849G

MC950F, G/850F, G, P
MC951F, G/851F, G, P

MC952/852
MC953,/853
MC955/855
MC956/856
MC961F /861F, P
MC961G/861G
MC962G /862G
MC963F /863F, P
MC963G/863G
MC1124P
MC1302P
MC1433
MC1529G/1429G
MC1552G,/1553G
MC1554G
MC1709
MC1709C
MC1710

INTEGRATED CIRCUITS

THE FOLLOWING INTEGRATED CIRCUITS
ARE INCLUDED IN THIS SECTION

Dual 3-Input Gate

Lamp Driver

MECL-to-Saturated Logic Translator

Saturated Logic-to-MECL Dual Translator

MHTL Dual 4-Input Gates

MHTL Dual 4-Input Gates

MHTL Flip-Flops

MHTL Flip-Flops

MRTL

MDTL Hex Inverter

MDTL Hex Inverter

MDTL Hex Inverter

MDTL Quad Inverter

MDTL Quad 2-Input

MDTL Quad Inverter

MDTL Pulse Triggered Binary

MDTL Monostable Multivibrator

MDTL Dual J-K Flip-Flops

MDTL Dual J-K Flip-Flops

MDTL Dual J-K Flip-Flops

MDTL Dual J-K Flip-Flops

MDTL Expandable Dual 4-Input ""NAND/NOR" Gates
MDTL Expandable Dual 2-3 Input "NAND/NOR'' Gates
MDTL Dual 2-Input "NAND/NOR" Gate plus Inverter
MDTL Triple 3-Input "NAND/NOR'"' Gates

MDTL Dual 2-Input "NAND/NOR'" Gate plus Inverter
MOS Frequency Divider

Dual Preamplifier

Operational Amplifier

Differential Amplifiers

Video Amplifier

1-Watt Power Amplifier

Operational Amplifier

Operational Amplifier

Differential Voltage Comparator

13-1

13-
13-

-
w
1
-] Ww

13-

13- 8
13- 8
13-10
13-10
13-16
13-24
13-26
13-28
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Integrated Circuits

MECL MC300 SERIES INTEGRATED CIRCUITS

The following five pages contain specifications for the most recent addi-
tions to the MECL MC300 series integrated circuits.

These are:

MC312A Dual 3-Input Gate

MC316 Lamp Driver

MC317 MECL-to-Saturated Logic Translator
MC318 Saturated Logic-to-MECL Dual Translator

The entire line is completely characterized in the latest MECL MC300

Series (DS 9044 R2) brochure or can be found in the Integrated Circuits Section
or the Late Addition Section of the 2nd Edition Data Book.
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mc312A

DUAL 3-INPUT GATE

Integrated Circuits

{TO-91)
CASE 71 CASE 72
SUFFIX G SUFFIX F
Vee
3
l S0 <,
2290 S50
S5 4
jz k I\\'_o
O-
: r '
: Y K‘( N
o -
6 10
9
g K 5
A
%uu S 2tk S 1ok 22k Q2K
p:
2
Vee

1., (0.D1 mA/DIV)

TYPICAL INPUT CHARACTERISTICS

ST T
L1, 2soc
Y37 ket
|1/ conoucrion
REGION
TRANSISTION
T Recion
i
CUTCFF [1/” .
g REGIO
oLt |
16

12 10
e, {0.1V/01V)

Dual 3-input gate that provides the positive logic
"NOR" function, and features an internal bias
driver.

SWITCHING TIME TEST CIRCUIT

,
1
t
7
4
& o
SR

1o exrronx | 13
567 2 °
INPUT PULSE L, ANO t, 6 =215 OR EQUWVALENT | \‘_'_'_’
S Teo
Stray capacitance introduced by the test jig: 3 )
Cs = (n = 12) pF where n = number of fan-outs. 7"
PROPAGATION OELAY RISE AND FALL TIME
8in € Cout
50% 80%
NOR' o L 10%
t b=t,

TYPICAL DUTPUT CHARACTERISTICS

1 2 l { T‘A I25lC4
=] i 172482
5 T
% = T
|
=
3x
* o
2 Y2 kT
20 16 04

17 08
o (0.2V/ 0]
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Integrated Circuits

MC312A (Continued)

ELECTRICAL CHARACTERISTICS

Test Conditions
Ve =1%
; —8sec|  — | —0945]—1450] 520
@Test § o oc [ —oess] 07951350 520
+125% | — | 0655 ~1300] —-5.20
Test Limits 1
Symbol [~ ¢5e¢ 5°C 125°c | unit |
» Vo | Vicw v Vee &, | L Ground | pigNo - + +129°C |
Characteristic PinNo| PinNo | PinNa | PinNo | PinNo | PinNo | PinNo | in{ ) [ Min| Max| Min | Max| Min [ Max |
Power Suppty Drain Current - — - 1,2.6,78.9,10 e - 3 e (2} —_ 17.7 -— 170 —_ 16.4 mAdc
Input Current 1 - - 2,6,789.18 - - 3 Lagl) — — — 100 _— — uAdc
6 - — 1278910 - - 3 La (6) - — - - -
7 - - 1.2,689,10 - - 3 Lai®) - -— - - —
8 - — 1267810 — - 3 Lo (8) it - — - s
9 — — 1,267,810 —- — 3 L (9) e _— - bt —
10 - - 126,789 e — 3 1. (10) —_ s — = —
““NOR" Log;i e bl — 6 1278918 - - 3 Vi (5) ~—0.825 | —0.945 |.-0.690 | ~-0.795 | —0.525 | —0.655 Vdc
Output Veoltage —_ - 7 1.26,89.10 - - 3 Yi5)
bl — 8 12,6,79.18 - — 3 Vi (8)
s _— 1 2678910 End — 3 V(@)
— — 9 1.2,6,78.10 s -— 3 Vi)
—~ — 10 126789 | — — 3 v |
“NOR" Logical 0" — 6 - 1278910 | — - 3 Ve(s) | —1.560 |~1.850 |—1465 |-1.750 |—1.340 [—1.675 vdc
Output Veltage — 7 — 1.26,89,10 b - 3 Ve (5)
1 - 8 — - - 3 veis)
- 1 -~ - - 3 Veid)
— 9 - - - 3 V()
- 10 - 226789 | — - 3 Ve @)
“'NOR"* Output Voltage Change — — 6 1,2,7.89.10 - 50 3 AV (5) — |-0085| — (-0055| — |-0.060 valts,
— _ 1 — 4@ 3 av @ — l-ooss| — |-ooss| — {-oos0 | vats
“NOR™ Saturatian - — — | 1278008 | 6m - 3 Vi (5) — -0t0 | — o5 | — |oeo o
Broakpoint Veltage — —_ - 1.2,689.10 o) — 3 Vi (5} — el -
- bl b 1.2,6.7,9.10 80) -— 3 Vi (5) — — -—
=— - - 2,6,7.88.10 16G) -— 3 Vi (&) — - bt
- - — | 1267810 | 9% - 3 vi &) - - -
- - — 128789 |09 | — 3 Y - — -
Pulse | Puise
Switching Timos In Out Typ| Max| Typ| Max; Typ| Max
Propagation Delay Time 6 5 - —_ - 3 tar (5) 6.5 10.5 65 105 7.5 ns ns
1 a4 — - —_ 3 ta (4) 65 10.5 6.5 105 75 1.5
6 5 - — _ 3 a2 (S) 05 1.5 0 115 10.0 15.0
1 4 _ —_ — 3 ta: (4) 85 115 8.5 ns 18.0 150
Riso Time 6 5 —_ 1.2,7.89.10 - - 3 (5 9.0 12,8 9.5 125 ns 155
1 4 — 2.6.7,2,9,10 — — 3 1 (4) 9.0 1.5 9.5 125 115 15.5
Fall Tima 6 5 —_ 1,2.7,89.10 - - 3 t(5) 85| 148 9.0 140] ws| 170
1 4 —_ 267X810 — —_ 3 (4 05 140 9.0 14.0 1.5 178
-
Pins not listed are left open.
0, Input voltage is adjusted to obtain dv “NOR"/dV., = 0. ®Current test conditions : no load = 0; full lopad = —2.5 mAde =5%.
SWITCHING CHARACTERISTICS (10% to 90% distribution)
= 30 5 B0
g £
> =
3 g
& 2 & 40 —
=
g 5 A"
& P e -
il e o e = by - a— e
£ = £ =
= —
g - - — = —
I N
30 90
Z 2 50 ‘!
= — — =
£ — z —
= e —p— e - .
2] Pt " S -
= 10 pg—— -
e - = /
0 0
3 10 5 S i 5
. FAN-OUT “NOR" n, FAN-OUT

e —550C and +25°C
—— +125°C
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——~ Integrated Circuits

mc316

LAMP DRIVER

Lamp driver that provides “'OR" or "NOR"’ logic
depending on the bias arrangement used and is
capable of driving 6V lamps.

(TO-91)
CASE 71 CASE 72
SUFFIX G SUFFIX F
OUTPUT © 9 Vec O 10
400
‘b
3 3k
-
Lal
100 &
750
4 5 6 03 2 7 8
GO Ve
ELECTRICAL CHARACTERISTICS
Test Conditions
Vde = 1% mAde
. -55°C | — | —0.945] -1450] 520 | —125 | +6.0 | 100
@ Test { +285% [0670] 0,795 | ~1350| ~520 | —115 | <60 | 100
+125°c [ — | 0655 | -1.300] -5.20 | —1.00 | +6.0 50
Symbol . T!:.l Limits . '
Vi [ Vi | W Ve | Va Vec | h® |[Bround | einno —55°C +25°C +125°C Unit
Characteristic PinNo | PinNo [PinNo [PinNo |PinNo |PinNo |PiaNo { PinNo in( ) Min | Max | Min | Max | Min | Max
Power Suppiy Drain Coreant —_ 456 — 27 8 10 —_ 3 Ic (10) - 210 — 21.0 —_ 205
-_— 456 — 2.7 L] 18 — 3 1e(2) — a0 —_ 8.8 — 77 mAde
Input Current 4 — — 2567 L] 10 - 3 In (4) - - —_ 200 - - whdc
5 -_— - 2457 1) 18 - 3 1w {8) -_— - —_ —_ —
6 - —  |24587 [] 10 - 3 ha (6) - — - — —
7 - —_— 2456 3 10 - 3 e () — —_— —_ — —
L] — - 2457 13 18 - 3 1 (8) — — = — —
output Veitage, Law - - 13 2,457 L] 12 9 3 You (9) — 0.9 - 10 - 0.8
— — 6 2458 7 18 9 3 You (9) - 09 —_ 10 - 08
Output valtags, High — 4 - 2,567 L) 18,90 — 3 Vo (4) - — —_ 58 — 5.8 vdc
—_ s - 2,467 [] 18,90 - 3 Vo (5) - — —_ -
- 6 — 12457 [] 1830 — k] Yon (6) — — - -
—_ [ — 2450 7 1090 - 3 You (6) — - - -

Pins not listed are left open. <DPin 9 is connected to Voc through a 18 k-ohm resistor.
@, specified for ambient temperature conditions. 1. = 100 mAdc at Tc = +125°C is acceptable, requiring 3 heat sink.
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Integrated Circuits

mc317

MECL-TO-SATURATED LOGIC TRANSLATOR

—

Level translator intended for converting non-
saturated MECL signal levels to saturated logic
levels; provides 'OR'" or “NOR’’ logic depend-
ing on the bias arrangement used.

(TO-91)
CASE 71 CASE 72
SUFFIX G SUFFIX F
SWIT ST CIRCUI AVEFORMS
QUTPUT © 9 Vee T B 1 - CHING TE! (] TAN: W o mli —
TO TEKTRONIX 567 OR EQUIVALEN
Sk | 20402 1% O
{ 3k : 5 9
MC306 NIt
% b UNDER
— 9 3 TEST
¢ 1N914
S 0g g2k ST 0IDDES
3 2k
= Vee Vae Vec© = T
Lal
>
<
03
INPUT PULSE TO L&Y 6x2ms
UNIT UNOER TEST 150 ns*wjl Ve = ~0.745 0055V
—— V= =1575=0.110V
—a oy —= ot
QUTPUT PULSE -
(SWITCH POSITION b) et 18Y@ ~55°C
1L5V@25°C
tow ot 125V@125°C
2 750
) QUTPUT PULSE _]E_ £ 15V
(SWITCH POSITION a)
4 5 6 03 92 7 8
GND Vee
ELECTRICAL CHARACTERISTICS
Test Conditions
Ve 1% mAde
—ss°c | — T-09d5 [~1450 | “520 | —125]+60 | 10
@ Test { +25° (20690 —0.795 [ -1.350 | ~520 | ~1.15 | +60 | 1lo
CAsmsee [ — 10655 [~1.300 | 520 | —100 [ +60 | 10
Symbol Test Limits
Y| Vo | W Ve Vo | Vec| W | Ground | pinne |_—95°C +25°C | +125°C unit
PinNo| PinNo | PinMo | PinNo | PinNo | PinNo| PinNo | PinNo in( ) Min | Max | Min | Max | Min |Max
Peower Supply Drain Curient -_— 6 - 2,457 8 10 — 3 le (10) - 10 —_ 7.0 - 6.8 mAdc
- s - 2,456,7 8 i0 — 3 te(2) - 70 — 7.0 b 68 mAde.
(nput Current 4 el - 2567 8 i0 — 3 Iin (4) —_ — _— 200 — el uAde
s - - 2467 8 10 - 3 L (8) —_ - - — _
6 ! -— — 2457 8 10 - 3 Ln (8) = - - - -
7 — — 2,05% 6 10 - 3 tn () — — - — -
L - —_ 2457 6 10 - 3 b (8) - - — —_ —
Butput Veitage, High - — - 245867 8 10 —_ 3 Vou (9) -— - 5X - —_ - vde
- - - 2456X 7 i0 - Vo (9) - - 58 — - - vde
Butput Valtags, Low - 4 — 2,567 8 10 9 3 Vou (9) — 0.45 — 0.45 - 0.50 vdc
bl s - 2,467 8 10 9 3 Vo (9) bl — hat
- 6 _ 2,457 8 10 9 3 Vo (9) - - -
End 6 - 2,45X% 7 10 9 3 Vo (9) - - -
P
Switching Times ul’n“ "3’:.' Typ | Max | Typ | Max | Typ | Max
Turn-8n Time 6 9 - 2,457 8 i0 — 3 toa 27.5 400 275 350 295 35.8 ns
8 9 - 2457 6 10 s 3 ton 27.5 400 275 350 235 350
Turn-81f Time 6 9 -— 2,457 8 10 — 3 tare 25.0 0.0 26.0 350 270 40.0
L] 9 - 2457 6 10 - 3 torr 250 40.0 26.0 35.0 270 40.0
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mc318

Integrated Circuits

SATURATED LOGIC-TO-MECL DUAL TRANSLATOR
(Additions to MC300 Series)

Level translator intended for converting satu-
rated logic levels to non-saturated MECL signal

levels.
(TO-91)
CASE 71 CASE 72
SUFFIX G SUFFIX F
750 1 Vcc?7 4 750
o WA- : WA— ] ]
L
9 $300 853 303 _[:::5
>
29k ¢ }——* 29k
1 25k 1
N, P —
L
36k 128k 32 2k y :Ezu 1.24% 36k
Vas O3 vﬁgz o3

SWITCHING CHARACTERISTICS AND WAVEFDRMS

+18V@ 55°C
J +15v@25°C
+1L25V@125°C

Cout
90%
50%
10%
— o] t
567 OR EQUIVALENT P" | =
ElLLECTRICAL CHARACTERISTICS
Test Conditions
Vde =1%
~53°C +045 | +50 | -520 | +60
@Test { 289 | +045 | 450 | 520 | +60
L1250 045 | 50 | ~520 | +60
Test Limits
$ymbal X g i25°C | Unit
¥ ¥ Vee Vee Ground Pin No f55 (] -'+25 (] + ni
Characteristic PinNo | PinNo | PinNo | PinNo Pin No in{ ) Min | Max | Min | Max | Min | Max
Puwer Suppiy Brain Current — 2 7 3 e —~ | a0 40 | — 39 | made
2 7 3 Ik () T eas | — | 240 | — | 233 | madc
input Load Current — — 1 7 35 Iu(5) - - - 8.0 - - mAdc
= - 2 7 36 1L ®) - =] - e
- — 2 7 39 ) (9} - -] - -~ -
— — 2 7 3,10 1 (10) —| -1 = — —
Input Reverss Currant — — 2 57 35 I (5) T =] =] 8s | = 20 uhde
- — 2 &7 35 In (6) - -1 = -
— - 2 7,9 318 e (9) e e -
— — 2 710 3.9 n (18) — | - = —
R Laglcal 1" — 5 2 7 3 Vs @) —8.825|—0.945 |0.698| —0.795 | 8525 0.655 |  vdc
Output Veltage — 6 2 7 3 Vs (4)
- 9 2 7 3 Vs (1) l ‘ ‘
- 18 2 ? 3 Vs (1)
“BR" Logical "0 5 - H 7 3 Vi (4) —1.560 [ —1.850 [~ 1465 —1.750 (—1.340 | - 1.675 Vdo
Output Valtage 6 - 2 7 3 Vi 4)
] - 2 7 3 Vi (1) 1
18 - 2 7 E) Vi (1)
Bias Voltage - 2 7 3 Vi () 119 |-132 |-109 [-122 [~095 [~1.08 e
output Current ¥ *
Putse Pulse T T M:
Switching Times In Out Typ | Max yp| Max 7] ax
Propagation Oalay Time 5 I 2 7 3 tar (4) 165| 270 158( 230 190] 208 ns
9 1 2 7 3 tar (1) 85| 278| 150f 230| 198| 280
5 4 2 7 3 ta (&) 13.0f 200 155{ 230 200 318
9 1 2 7 3 |:, @ 13.0] 2008| 155 230 20| 310
Rise Time s 4 2 7 3 t @ sol 150 78| 10| 95| 160
9 1 H 7 3 1) 8ol 15.0f 70| 130| 95| 160
vall Time 5 4 2 7 3 () sol wo| 75| 1ol 100] 1.0
9 1 2 7 3 u(l) so| Wo| 75| 130 10| 170

Pins not lisled are lefl open,

13-7




mcb60P
mcb61P

MHTL DUAL 4-INPUT GATES

UNIBLOC
PLASTIC PACKAGE
CASE 93

Integrated Circuits

level of electrical noise.
output pull-up transistor.

1
2 — T
4 6 =1-2+4:5+03)
5

E
3

MAXIMUM RATINGS

9

10—

12— ¢

s Input Loading Factar 1, Qutput Loading Factor ~ 10
1 Loading factors are valid from —30 to +75°C

1 with Vee = 15+ 1 Ve

NOISE IMMUNITY =5V
TYPICAL LOGIC SWING = 13V
POWER DISSIPATION — 60 mW TYP

Expandable dual 4-input "NAND/NOR' gates - high-
noise-immunity industrial logic circuits for medium-
speed digital applications in environments with a high
Type MC660P has an active

Rating Value Unit
Supply Voltage - Continuous 18 Vde
Pulsed, < 1 second 20
Input Voltage -1.0/+18.0 Vde
Output Current (into Qutputs) 30 mAdc
Input Reverse Current @ 20 V 0.5 mAdc
Operating Temperature Range -30 to +75 °C
Storage Temperature Range -55 to +125 °C
CIRCUIT SCHEMATICS
MC660P MC661P Tl"
33k 3k 15k 15k 23k
E: 12k 12k3 Sizk
o013 10— +—Pptol3
—Ptonz 20-44—¢ +—Ppionz
S 5k +—Pi-oun 10-iq—¢ 5k 5k +—Pton
+—Pto9 50— —Ptog
—01 3jo——— 60 8 ——a0ll
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MC660P, MC661P (continued)

ELECTRICAL CHARACTERISTICS

Integrated Circuits

TEST CURRENT / VOLTAGE VALUES (AN Temperatures)
Unlesa otherwise noted, tests are shown for only one gate of
each device. The other gate s testod in 2 similar manner. mA Volts
to [ low | Vo | W | ¥ ] ¥a | x| Vem] Vec ] Vou] Voo
12.0[-0.0§ 6.50[ 0.50 | ©0 | 10.0]7.20[10.0[ 15.0] i4.0{ 16.0 Ground
Pin TEST UMITS
m TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Characteristic| Symbol | Under [ —30 +3°C| +25 +3°C +75 +3°C Unit
Test | Min | Max| Min[ Max| Min] Max to [ ton [ Wi [ W | W | Wa | ¥ | Ven| Veo| Vea] Veon
Output Voo | 8 - s 15 1sivac| 6 | - - Juzes - [ - [ -] -] -]-]mn 7
Voltage Vo | 8 |- |z - a2 - S| e 1 - o I I R N IR TN I 7
s - - - s 2 - [ I I N N T 7
5 -1 - - - BEIR - B B I T 7
8 - - - - s s - B e T 7
8 -0 N S I - P I I T B (e BT 7
Short-Circuit
Current
MC860P | Isc 6 - | - [-85|15.9 -6.5-15.qmAed - | - | - - F S I N e e 1,6,7
MCO61P | 1SC s - | - f-06|-1s] 0.6 -1.5|mAad - [ - | - - A 1,6,7
Reverse Iy 1 - - 2ol - |20fuae - | - - - BN 2,3,4,5,7
Current 2 -] - - - -] - - B T N AT S 1.3,4,5,7
‘ I D - N I . T I R i B TR 1,2,3,5,7
5 I R - N I - s e -] -] 14 - 1,2,3,4,7
Qutput
Leakage teex | 8 100 - | 100 |uAde] - Sl - e - 1,7
Current
Forvard I 1 - - Fred - |-n2qmadg - | - | - - 1(249 -] - - -] 1 7
Current 2 -] - - - - - Sl ned -] -] -0 -] 7
‘ N - [ I - afuzd - -] -] - 7
5 R - [ I - s nzd - -] -] -] 7
Power Dran | Ioey | 1 | - [ - | - 13.0) - [ - |madq - | - | - - - - - -] -] wnaes 01208
Current
(Both Gates, lCCH 14 - - - 10| - - |mAdd - - - - - - - - - 14 7
i Puieq Pulsi
Switching
Times in | O]
MCe8OP | t, o | 6 - o] - - e[ 1] 8] - - [ R B (R I TN B 7
MCE61P 6 R N ) I 1] 8| - - N I I I VY R 7
Both Types | t; o 6 - |wo| - - 1 L] - - - - - - 14 - - 7
Pina not liated are left open.
SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
", WPour
""" ]
N% I
50%- 85V O——1 MCE60P [ {1114 P 50%
10% |
oNO U 3 [}
- t_
-—I I——t, 205 - L—r. 208 1-6+ Hgp-
100 pF 77
= 500KHz Poa 0%
DUTY CYCLE = 50% _/
MCesoP GND
NOTE: V. AND! GROUNO CONNECTIONS ARE NOT SHOWN. =

leen

DEFINITIONS
V¢c current drain when all gate inputs are high Vee
Vee current drain when all gate inputs are low Ve
Collector-to-emitter leakage of the output transistor Year
Forward current of input diodes which are equal to Vesx
standard load A

Current flowing out of the output pin (negative current) at Vo
Output current at Vo, for rated fan-out

Reverse current of input diodes with V, applied

Short-circuit current obtained from device output when one or
more inputs are in the low condition

Propagation delay time for a positive-going output pulse
Propagation delay time for a negative-going output pulse

Vi
Vi
Vou
Vo
Va
Vx

13-9

Device power supply voltage

High power supply voitage

Low power supply voltage

Coliector-to-emitter voitage of the output transistor
Forward voltage of input diodes

Threshold voitage for high input voitage state
Threshold voitage for low input voltage state
Qutput high voltage state with Jo flowing out of pin
Output low voitage state with |, flowing into pin
Reverse voitage for input diode leakage test
Threshoid voltage for low input voltage state on expander unit




mcb63P
mcb64P

MHTL FLIP-FLOPS

LUNIBLOC
PLASTIC PACKAGE

Integrated Circuits

MHTL flip-flops — high-noise-immunity industrial
logic circuits for medium-speed digital applications in
environments with a high level of electrical noise.

NOISE IMMUNITY =5V
TYPICAL LOGIC SWING 13 Vv
POWER DISSIPATION = 225 mW TYP — MC663P

CASE 93 =160 mW TYP — MC664P
MC653P MC664P
DUAL J-K FLIP-FLOP MASTER-SLAVE R-S FLIP-FLOP
J—— 5 1
§ i Ro  Qp 6 3 s, Ro
4—cC S ap—:5
2 ——K at 1 4—S;
— 2 ¢
9———) R af} 8 11——&r, N
10 —————C R —9
12—k af 13 12 R’—/ So
10 ]
Input Loading Factor: Input Loading Factar:
CInput =2 C Input == 4
Other Inputs = 1 Other Inputs = 1
Output Loading Factor = 9 Output Loading Factor == 8
Loading factors are valid from —30°C to +75°C with Vee = 15 =1 Vdc.
MAXIMUM RATINGS
Rating Value Unit
Supply Voltage - Continuous 18 Vdc
Pulsed, <1 second 20
Input Voltage -1.0/+18.0 Vde
Output Current (into Outputs) MC663P 28 mAdc
MC664P 26
Input Reverse Current @ 20 V 0.5 mAdc
Operating Temperature Range -30 to +75 °C
Storage Temperature Range -55 to +125 °C
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MC663P, MC664P (continued)

—|

5 J RooQ 6
4 ——T

2 K a 1
1 ———

9 J Rooa 8
10 3

12 K [ 13

Integrated Circuits ——

MC663P

TRUTH TABLE Direct input (R) must be high.
t [ 0 = low state
7 X 2 3 1 = high state
O L o
)3 0 1 0 t, 41 = time period subsequent to negative
0 1 0 1 transition of clock pulse
1 1 [ Q, Q, = state of Q output in lime period t,

NOTE: Clock () input must be low when
using direct reset input.

ELECTRICAL CHARACTERISTICS

TEST CURRENT / VOLTAGE VALUES (At Temperatures)
Unless otherwise noted, tests are shown for one flip-flop
only. The other flip-flop i8 tested in a similar manner. mA Voits
to | tou | Va [ Ww | W | Va] Veet | Veon
10.8 |-0.018 [6.50]8.50] 0 | 16.0] 14.0 | 16.0 | cP Ground
Pin TEST LMITS
- S 5 o TEST CURRENT / YOLTAGE APPLIED TO PINS LISTED BELOW:
Characteristic | Symbol | Under | —30°C | +25°C +I5°C | it
Test ['Min [ Max] Min | Max| Min| Max Too | ton | Ve [ Ve | W | Ve | Vea | Veom
Output VoL 1 s oo tus| - LS| vde 1 - 2 |35 - | - - 4 |4 7
Voltage VoL 6 s - |us| - |ws 6 - 5 12,3 - | - - 4 | o4 7
Vor 1 e - hizs| - 1o fass | - - 14 - 4 7
Vo 1 - -z 12,5 - - 1 5 12,3 - | - 14 - 4 7
" 6 - | - |2 - |12s] - - 6 2 135 - | - 14 - ‘ 7
Short-Circuit| Ige 1 - | - |-6.5] -15 [-6.5] -15 | mAdc - R e - 14 - L7
Current
Reverse Iy 2 - - - |20} uade - - B I A 14 - - 3,4,5,7
Current L 3 - - - - |20 - - - - - 3 [2,4,5,14 - - 7
21p 4 - - - - |40 - - B A Y 14 - - 2,3,5,7
In 5 - - - - |20 - - - - - 5 14 - - 2,3,4,7
Forward e 2 S| - - 2ol - 120 made - - -l -tz - - a1 | - 7
Current . 3 -1 - 120 - |-1.20 - - S -] s - 1 - 2,4,5,7
21 4 |- - a0 - [2.40) - - Sl - e - - 2,514 - 7
1 5 - - -1.20] - [-1.20] - - - - 5 - - 4,14 - 7
Power Drain .
o leeL | M |- - et - - | made - - R - 14 - [2,3,4,5,7,9,10,11,12
(Both "
Flip-Flops) | 'ccn | 1 |- 187 - | - | mAd - N I - i - 7
Pins not listed are left open. 20008
850V
Clock Pulse:
6.50¥
t, < 1045 (10% t090%)
1 < 1045 {90% t010%)
TOGGLE MODE TEST CIRCUIT -BOTH TYPES
TPy Vee =15V
———————— —
20MHz |
65V — : q R
o—4—{9 == -
| 1 E !
0v | [ J |
L——L 25008 e E ee !
_______ p s |
3 < 20n5(10% 0.90%) NIt Vee =15V I
t < 2005 (90% 10 10%) MCs63P % : |
* of 39k
QUTY CYCLE = 50% MCse4P 800F 1362 ok R : MC550P |
. 11 !
NOTE: Dotted line connections {Q to Rand Qto S} 9+ |
on unit under test apply to MCBB4P only. 10+ |
Ve and ground connections to the devices are not shown. 1 12+ |
Frequency at TP, must be Y% frequency at TP;,. = BH— }
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MC663P, MC664P (continued)

Integrated Circuits

MCé664P

5 — DIRECT INPUT OPERATION CLDCKED OPERATIDN NOTES FOR CLOCKEQ-OPERATION TRUTH TABLE:
3 SN Fo B 1S [ a | @ t Yor | Direct inputs (Ro, So) must be high.
S Q 3 1 1 NC NC S, S, R R, Q 0 = low state
4 S ) 1 0 1 0 0 X 0 X [N high state
2 1z 0 1 0 1 ) X X ) Q = state of input does not affect state of
= the circuit
n R\ 0 [ o [ n [ m x oo x | a U= inate state
R G———9 Clock ({) input must be low X 0 X 0 Q, t, = time period prior to negative transition
12 Re / NC = No change 0 | x | 1 1 0 of clack pulse
5 NA = Not allowed X ) 1 1 0 t. 41 = time period subsequent to negative
10 e —— | 1ransition of clock pulse
! 1 0 X 1 Q, = state of Q output in time period t,
1 1 X 0 1
1 1 1 1 u

ELECTRICAL CHARACTERISTICS

TEST CURRENT / VOLTAGE VALUES (All Temperatures)
mA Volts
o[t [ Vo [ W] W | Vea|Veer
9.6] -0.016[6:50] 8.50 | 0 | 6.0 |14.0]16.0| CP. | CP. Ground
. Pin TEST LIMITS TEST CURRENT / VOLTAGE APPLIED TO PINS LISTED BELOW:
Characteristic | Syribol | Under | —30°C | +25°C | +75°C Unit
Test [Min[Max| Min] Max | Min] Max loo | don | Vu [ Ve Vi [ Vio | Veon
Output VoL 6 st - |nsi - |Ls| vde] 6 - 2 [3,41,12) - - BT B 7
Valtage 6+ - - - 6 - 4|5 ana2f - - S o2 - 7
6* - - - 6 - 3 | 4,511,122 - - - 14| 2 - 7
9t - - - 9 - 2 | 341012 - - BT R ) 7
9% - - - 9 - 31| 3,4,10,12( - - - 14 2 - 7
ot - - - 9 - 1234 0011) - - - 1] o2 - 7
Vo 6 S oszsl - ) - - 6 - 5 - - Wl - -0 - 23,4,710,11,12
Vou 9 - - | r2s) - uzs| - 9 - 1 - - 1| - - 2348712
Short-Circuit| lsc 6 - | - | 65| -15 [ 6.5 -15 [mAad - - .5 10 - BT N 67,9
Current IsC 9 - | - |65 <15 | -6.5| -15 [mAdd - - 2,10 - - B 6,7.9
Reverse dlg 25 - - - | 8.0 - 1§ 8.0 |uAdc] - - 5 - 2 14 - - - 3,4,7,10, 11,12
Current 4R 2t | - | -| -|80of - |80 - - - 1 - 2 wl - - - 3,4,5,7,11,12
IR 3 -t - -zo] -]zo0 - - - - - 3 2 I R 2,4,7
4 - - - - - - N - - 4 14 - - - 2,3,7
5 - - - - RS TIRIN R 5 wl - - - 7
10 - -] - - - - S| ozaa - 10 U I I 7
11 -] - - - - - K - 11 U I N 2,7,12
12 B N - - - - - - 12 “i - - - 2,7, 11
Forward 41 2 S| - - |asd - -4 80mAdg - - B 2 (3,410,102 - | | | - 7,10
Current a1 2 B IR R R - R PPt - - - 10 2 3,402 - | | -] - 5.7
g 3 B IR BN ST N ! - - - - 3 2,4 B T I 7
4 I I - - - - 4 2,3 E T I d
5 - - - - - - - 5 - B U I 2,7,10,11, 12
10 - - - - - - - - 10 - - "] - - ,3,4,5,
11 - - - - - - - - 11 2,12 B RS -
12 [ S - - - - - 12 2,1 B EETH B 1
Power Drain [ Iccp| 14 - - lest -] - |madd - - - - - S| - -] 23,487,00,1012
Current Iccu| 1 o= - fes| - - |mAdd - - - - - R AN I 7
Pins not listed are left open.
*Apply momentary ground to pins 9 and 10 prior to clock pulse cp, Py
$Apply momentary ground to pins 5 and 6 pricr to clock pulse
§Apply momentary ground to pin 9 20005 200ns
tApply momentary ground to pin 6 850V 50
650V 650V
t < 1015 (10% to 90%) t, < 10#s(10% to90%)
t < 1.015(90% to 10%) < 1.0 15(90% to 10%)
DEFIN:TIONS
CP  Clock Pulve lsc  Short-circuit current obtained from device output. Flip-flop is set and
leew  Vec current drain when all flip-flop inputs are high heid 10 keep output sinking transistor off during the test.
lee, Ve current drain when all flip-flop inputs are tow Vee  Device power supply voltage
1 Forward current of input diodes which are equal to standard Joad Vecw Migh power supply voltage
21, Forward carrent of input diodes which are equal to twice standard load Ve, Low power supply voltage
Tow  Current flowing out of the output pin (negative current) at Vo, Y. Forward voltage of input diodes
lo.  Output cu'rent at Vo, for rated fan-out Vi Threshold voitage for high input volitage state
I Reverse current of input diodes with V, applied Vi Threshold voltage for tow input voltage state
21y Reverse current of input diodes which are equal to twice standard Vow Output high voltage state with o, flowing out of pin
10ad, with V, applied Voo  Output low voltage state with |q, flowing into pin
Vo Reverse voltage for input diode leakage test
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MC663P, MC664P (continued)

Integrated Circuits

CIRCUIT SCHEMATICS

NC683P g Veo a0
sT Tl 4 59 91
15K 15k 15k 15k
16k bk 1502 15% 154 15k 11} 15k Bk 5h 15x 15k 15k 113 B
— e L —~ -
(—Kﬂ B —H-4 -
I« i; 10k 1k si 1 é 10k 10k — >
10k 10k 10k W
y \{![![ ![J/J \’![![
Ih ’<>/1 1k 1% ’<»/1 1k
5k sk 5k 5k 5k H 5k H
5 L 3 2878 &9 ml u 12
) ¢ o KGN0 ) ¢ o K
Veg
MCEE4P T“
I 15k Ik 3k 15k 3k
15k 15k
6 9
1] >t S ¢ e
124 12 12% 12k
-
Py
- " el
i bt
sk 5
2
€
6k 6k 1) 6k
§h 9 9k L 13
- |: :l »
¢
3 1
s o—{¢—+¢ t—»——onr
Sk Sk 12
————o0R
&10
S
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Integrated Circuits

MRTL g E -
WD cROUs L m

NI
PLASTIC PACKAGE
PACKAGE CROSS REFERENCE CHART 10-86
T0-99
Introduction of the MRTL line of integrated circuits in flat packages makes thls device line available in three basic
housings - metal can, plastic, and flat packages. The following charts permit conversion of information published
on devices in metal can or plastic packages to the pin configuration of the flat packages.

Refer to ﬂ
Flat Package Type Number Description Conversion Chart

MCT00F MCBOOF MC900F Medjum Power Buffer A
MCT03F MCBO3F MC903F Medium Power 3-Input Gate A
MCT04F MCB04F MC904F Medium Power Half Adder A
MC105F MCB805F MCO05F Medium Power Half Shift Register, w/ Inverter A
MCT06F MCBO6F MC906F Medjum Power Half Shift Register, w/o Inverter A
MCT0TF MC80TF MCY0TF Medium Power 4-Input Gate A
MCT08F MCB08F MC908F Milliwatt Half Adder c
MCT09F MC809F MC909F Milljwatt Buffer C
MCT10F MC810F MCO10F Milliwatt Dual 2-Input Gate (o}
MCT11F MC811F MCO11F Miiliwatt 4-Input Gate, w/ Inverter c
MCT12F MCB12F MC912F Milliwatt Half Adder C
MCT13F MCB13F MC913F Milliwatt Type D Flip Flop c
MCT14F MC814F MC914F Medium Power Dual 2-Input Gate A
MCT15F MCB815F MC915F Medjum Power Duat 3-Input Gate B
- MCB16F MC916F Medium Power J-K Fiip Flop A
MCT17F MC817F MCO17F Miljjwatt Quad 2-Input Gate E
MCT716F MCB18F MC918F Milliwatt Dual 3-Input Gate D
MCT19F MC619F MC919F Milliwatt Dual 4-Input Gate E
MCT720F MC820F MC920F Milliwatt J3-K Flip Flop [
MCT721F MCB821F MC921F Milliwatt Gate Expander c
MCT22F MC622F MC922F Milliwatt J-K Flip Fiop B
MCT23F - - Medium Power J-K Flip Flop A
MCT24F MCB824F MC924F Medium Power Quad 2-Input Gate E
MC725F MC825F MCI25F Medium Power Dual 4-lnput Gate E
MCT726F MC826F MC926F Medium Power J-K Flip Fiop B
MCT27F MC827F MC927F Medium Power Quad Inverter B
MCT726F MC628F MC928F Milliwatt 5-Input Gate C
MCT729F MC829F  MC929F Medium Power 5-Input Gate A
MC776F MCE76F MCOT6F Milliwatt Dual J-K Flip Flop E
MC776F MCBT8F MC978F Milliwatt Duai Type D Flip Flop E
MC765F MCB85F MC985F Medium Power Quad 2-Input Expander E
MC786F MC886F MC986F Medium Power Duai 4-Input Expander E
MC788F MCB888F MC968F Medium Power Duai 3-Input Buffer E
MC769F MCB889F  MC989F Medium Power Hex Inverter E
MC1790F MCB90F MC990F Medium Power Dual J-K Flip Flop E
MCT92F  MC892F  MC992F Medium Power Triple 3-Input Gate E
MCT93F MCB893F MC993F Miiliwatt Tripie 3-Input Gate E
MC1T98F MCB98F MC998F Milliwatt Dual Buffer E
MCT799F  MCB99F  MC999F Medium Power Duai ‘Buffer B

CONVERSION CHARTS C o FmMe i 4 4 5 4 7 s ow

A TO-9% PinNo. 1 z J 4 5 ) 1 9 p TO-100PmNo. 1 2 3 4 5 6 7 8 9 10

TO-91 PinNo. 2 3 4 5 1 [} 9 18 TO-91 PinNo. 1 2 3 9 5 4 6 7 6 10

p TO-100PmNo. 1 2 & 4 5 8 7 8 9 18 g UnblocPinNo. 1 2 3 4 5 8 7 8 91811 1213 14

TO-91 PinNo. 1 2 3 4 5 € 7 8 9 18 TO-88 PinNo. 4 5 6 7 8 91811121314 1 2 3
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mc700P series

Integrated Circuits

MRTL (milliwatt and medium power)

Y

UNIBLOC
PLASTIC PACKAGE
CASE 93

Both milliwatt MRTL (low power) and MRTL (medium
power) devices designed for usein commercial-industrial
applications. Circuit loading is guaranteed over a temp-
erature range of +15°C to +55°C. Features dual in-line
pin arrangement for automatic insertion and one-piece,
injection-molded plastic Unibloc package.

MAXIMUM RATINGS (Ta=25°C)

Rating Symbol Value Unit |
Logic Input Voltage +4 Vdc
Pcwer Supply Voltage (Pulsed < 1 second) +12 Vdc
Operating Temperature Range Ta +15 to +55 °C
Storage Temperature Range Tstg -55 to +125 °C

ELECTRICAL CHARACTERISTICS

. Milliwatt MRTL MRTL R
Characteristic 157 | +25°C | #55°C | +15°C | +25°C | +55%C Unit
I, 0.420 | 0.420 | 0.420 | — — - mAdc min
L, 0.570 | 0.570 | 0.570 | — - - mAdc min
L - - — 1.65 | 1.65 | 1.56 | mAdc min
Lis — — — 2.15 | 2.15 | 2.03 | mAdc min
Ls — — — 2.65 | 2.65 | 2.5 | mAdc min
L 5.0 5.0 5.0 13.5 | 13.75 | 12.5 | mAdc min
Iopx 50 50 100 225 225 250 uAdc max
" 0.150 | 0.150 | 0.150 | 0,500 | 0.500 | 0.470 | mAdc max
2L, 0.500 | 0.300 | 0.300 | 1.0 L0 | 0.94 | mAdc max
out 0.400 | 0.300 | 0.320 | 0.400 | 0.300 | 0.320 Vdc max
Vep 0.220 | 0.230 | 0.320 { 0.300 | 0.290 | 0.320 Vdc max
TEST CONDITIONS
Veor 1.8 1.8 1.8 1.8 1.8 1.8 Vdc
Vee 3.6 3.6 3.6 3.6 3.6 3.6 Vdc
i 0.865 | 0.850 | 0.800 | 0.865 | 0.850 | 0.800 vde
Vs 0.475 | 0.460 | 0.430 | 0.475 | 0.460 | 0.430 vdc
v, 0.865 | 0.850 | 0.800 | 0.865 | 0.850 | 0.800 Vde
Ver 4600 | 4800 | 5000 | 640 640 640 Ohms

*Resistor value to VCC
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MC700P SERIES (continued)

Integrated Circuits

MEDIUM POWER MRTL

LOGIC DESCRIPTION

The logic diagrams shown describe the MC700P
Series of medium-power resistor-transistor logic inte-
grated circuits and permit quick selection of those cir-
cuits required for the implementation of a system
design. Pertinent information such as logic equations,
truth tables, typical propagation delay time (t,4). typical
package power dissipation (Pp), pin numbers, input
loading, and fan-out is shown for each device. The pack-
age pin number is shown adjacent to the terminal end.
The number in parenthesis indicates the input loading
factor (if on the circuit input terminal) or load driving
ability — fan-out — (if on the circuit output terminal).

Using the indicated loading factors, these medium-
power MRTL circuits are compatibie with the low-power
mW MRTL circuits shown on page 19 The number of ioad
circuits that may be driven from an output is determined
by the output loading factor and the sum of all input
loading factors for the circuits connected to that output.
The summation of the input loading factors should not
exceed the stated drive capability of the output. The
loading data is valid over the temperature range of +15
to +55°C with Vee = 3.6 V +10%.

All elements in the MC700P Series operate with
Vece applied to pin 11 and ground connected to pin 4.

MC715P — DUAL 3-NPUT GATE

3 (15) 3
3
{3) 3 10:

= 55 mW (Inputs High)
15 mi¥ {inputs Low)

MC724P — QUAD 2INPUT GATE

] P pe—

=T%2
® 2 @) 2
® 18) (6)
9 @0— =7Fu+n| @ GIDO_M] ((33,) 13%}0- 12 =7F3FB+ 14
3)
@ ® 7 ® 1

) >

® 12 as)
= L2 14 te = 1205
3) 13;
Po = 100 mW (Inputs High)
30 mW {inpots Low)

MC725P DUAL 4-INPUT BATE

(18) @) 5
s 5 w

@ 7

@3 9

P, = 60 mW (Inputs High)
15 mW (inputs Low)

MC732P — TRIPLE 3NPUT GATE

3) 1 {16)
a) 2330—3 -TF77H
@1 o
6.
7

1
3 {16) 3 2
6] 5 83
o e 3) 5
® 1 (16) B 6
3 12 9 B 7
@ 13
toa = 1218 Yy = 2415
= 145 mW (Inputs High)
Pp == 82 mW (Inputs High) 56 mW (inputs Low)

24 mW {Inputs Low)

MC788P — DUAL 3-INPUT DUFFER
(NON-INVERTING)

Qutputs 12, 13, or 14 may not be used simultaneously.
Outputs 8.9, or 10 may not be used simultaneously.

MCT93P - DUAL SUFFER
(16)

0 =
M =T¥2+3 12 ? =B
(16) a0

(;(3)) [REEE] P ; -
12 =1+2+3 (80)

(80) © 6 5

10

(16) (16)

9 9 10

{10 tos = 15ns

8 Py = 50 mW (inputs High

90 mW ({nputs Low)
Qutputs 2 and 3 may not be used simuitaneously.
Outputs 5 and 10 may not be used simultaneousy.

MC785P — QUAD 2-INPUT EXPANDER

(3.75)

@75 12
(375 13

Pp = 20 MW (Inputs High)
Negligibie (inputs Low)

MC786P — DUAL 4-INPUT EXPANDER
a7 1 \Aa .
- 7
6 2 a5 2 \
87 3  WUR—
6% 6 \A (378 13 312 =TFIF BTN
; -8 (375 18

—An e =l2ns
Po = 20 mW (inpots High)
= 1208 Negligibie (inputs Low)

375 5
@9 \A @37%) 6 —\410
B 10 -8 675 7 ® 12
9
\ 3.7

MC789P — HEX INVERTER
()
@) 8

1e)

0 4=

Pp = 130 mW (Inputs High)
15 mW {Inputs Low)

(3) 10

vy

(16)
3

(16)
3 13

YY

(16)
3 14

Y
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Integrated Circuits

MC700P SERIES (continued)

MEDIUM POWER MRTL (continued)

NC723P — )K FLIP-FLOP MC726P — )K FUP-FLOP MC790P — DUAL J-K FLIP-FLOP
6]
10}
@ —as q 10 & @
B J— 5
(5 2 o 5
1w ®
&) 3—ac o Ap—s o
3
ERr—
@)
rop == 1 MHz - @
Py = 91 mW (Only Clock Input High} frag == 4 Mhz
75 m# itnputs Low) Py _ 100 i (Only Clock iput Higt) ©
86 m# (Iputs Low)
(3;
MC779P — MULTIFUNCTION MC787P — MULTIFUNCTION
{1 1K FLIPFLOP, | EXPANDER, 2 BUFFERS) (13K FLIPFLOP, 1 INVERTER, 2 BUFFERS) @

tog = & MHz

P 0 ; !
R 5 P = 182 mW (Only Clock Input High}
‘ =1 o
5 14__f;>0——{>——— 13 =0|® 14——-] >O-—I >—13 158 (Inputs Low)

fl

=

J-K FLIP-FLOP TRUTH TABLES

|
Y

N DIRECT INPUT DPERATION:  CLOCKED INPUT DPERATION -
375 MC726P anty alltypes
[s.7¢!al'a
_— 110) 114 & j

. ' Tﬁt
8 s——cls of——e @S s s B ﬁ”]
Jx‘hﬁo
{10} (10]
o— —4

%

. Clock T} to remain uecharged
! 2. The output state wil 1ot change when the
nput stale g0es fom Sg = Ty th Sy =
o Cy —= 0. The output state cannot be pre
. 7 determined in the case where tre nput
‘ froo | b i woestromSy = Cp = 1105, == Cy =
[ (s Lo 3. Duect 1nputs G and Sp: must te iow,
§ T 4. The time pericd prior 1o the negatie tran
FUCPH 091 . FLIP-FLOP. ;T—Tﬁ‘v—lg sition of the clack pulse 15 denoted ¢, and
EAl TER ] — EACH BUFFER 15 5 45 the t:me percod subsequent to this transi
{eFanoeR [T~ T2 | 25 | Negwie INVERTER | — |12 |22 § oy 15 deroted t, |
e s et 3017 a8 2001y Cloi Input e 5.0,15 the state of the 0 autput in the tme
period t,

0Py £k Inpat MY
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MC700P SERIES (continued)

Integrated Circuits

MILLIWATT MRTL

LOGIC DESCRIPTION

The logic diagrams shown describe the MC700P
Series of low-power resistor-transistor logic inte-
grated circuits and permit quick selection of those cir-
cuits required for the implementation of a system
design. Pertinent information such as logic equations,
truth tables, typical propagation delay time (t,q4), typical
package power dissipation (Pp), pin numbers, input
loading, and fan-out is shown for each device. The pack-
age pin number is shown adjacent to the terminal end.
The number in parenthesis indicates the input loading
factor (if on the circuit input terminal) or load driving
ability — fan-out — (if on the circuit output terminai).

Using the indicated loading factors, these low-
power mW MRTL circuits are compatible with the
medium-power MRTL circuits shown on pages 17 and 18,
The number of load circuits that may be driven from an
output is determined by the output loading factor and
the sum of all input loading factors for the circuits con-
nected to that output. The summation of the input load-
ing factors should not exceed the stated drive capability
of the output. The loading data is valid over the tempera-
ture range of +15 to +55°C with V¢c = 3.6 V *10%.

All elements in the MC700P Series operate with
Ve applied to pin 11 and ground connected to pin 4.

MCT17P — QUAD 2-INPUT GATE

w ! 9 T+2
3 =
%] ¢ 5
@ 1
m 6 s W 12
W 7 m o1
w 9 @ m s
W ’ I
m 12 @
o i 1 b= 2715

tea = 27108

Pp = 20 mW {inputs High)
12mW (Inputs Low)

MC718P — DUAL 3-INPUT GATE

@ R
3)0—3 —rrzvn|® 3
{13
@ 4

ws 10
s

Po = 12 mW {Inputs High)
6 mW (Inputs Low)

MCT19P — DUAL 4-INPUT GATE

(@
| 12=2+3+13+ 14
1

ta = 27ns
Po = 13 mW (Inputs High)
6 m (Inputs Low)

MCT93P — TRIPLE 3-INPUT BATE

MC722p — J-K FLIP-FLOP

MCT78P — DUAL TYPE D" FLIP-FLOP

[¢3] 12
m 1 @ _ ] ) @ : 1 ®
((:‘) ‘3 3o=TH2+1 |y o os % go—m o] j—afs % qo—1
6 @ (1.8) 12 = T (3)
m 7 5 @ 2—aqr ¢, Qp—1
a8 @ T
m o1 @ m 3 ¢ ilo—s w3
o 123 9 b o 6 ®
o oB W s ] m 5 s % qjo——38
ty = 27ns trag = 1MHZ 3
18 10—a[T £}
Py = 18 mW (1nputs High) o = 35 mi (Only Clock input High) {18 o @ 7
9 mW {Inputs Low) 18 mW {lnputs Low) 2 f0 = 1 MHZ
—_ T
omecT wpur  CLOCKEO NPUT OPERATIONS V] 9 -
MC798P — DUAL 2-INPUT BUFFER OPERATION' 1) Lo Py = 40 mW (Oirect Set, S, and Duecticlear‘ Co.
SlGlala 5 T 3 T Low; all other inputs highj
12 el e - 35 mi (All inputs Law)
- 00 |@[® 1 1 a2 G, i
s TToT 10 (,) T 170 OIRECT INPUT OPERATION™ ¢\ ooy (npyT
< 0l1]0]1 1] 0] 1 SiC|al @ QPERATION:
2 134 1]1jo0]o 0 [RESE on on ®|® %3
@ -~ 1jof1]e S
(30) 1, Ciock (T} to remain unchanged 0[1]0]1 T
3=2+13 2. The output state will not change when the mpm 1[T]o[T 0
state gaes trom S, = =G = 1. Clack {T input) must be high.

o Sp
output state cannot be predetermined in the | case

2. The output state wi not change when the input
state goes fram S, = Cp ta Sy = Cy = O. The
output state cannot be predetermined in the case

@
@

tq =57ns
P, = 14 mW (Inputs High}
46 mW (Inputs Law)

= w

(30)
s where the input goes from Sp = Cp = 1 to 5 =
Co = 0.
. Direct inputs (S, and Cg) must be low.
10— . The time period prior to the negative transition of
5 —4 the clock pulse is denoted t, and the time period
subsequent to this transition is denoted t,. .

5. Q, is the state of the Q output in the time period t,.

where the input goes from S, = G, = 110 §p =
Cp=0.

3. Direct inputs (S, and Co) must be 1ow.

4. The time period prior to the negative transition of
the clock pulse is denoted t, and the time period
subsequent to this transition is denoted t,.,.
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MC700P SERIES (continued)

Integrated Circuits

CIRCUIT SCHEMATICS

MC715P — DUAL 3-IHPUT GATE MCT17P — QUAD 2-INPUT GATE
Rl — 450 R1 -z 15 kir
R2 =648 ¢ R2 - 3.6 k<!

Al =15 ke
R2 = 3.6 k2

RI = 1.5k
A2 =36 k2

MCY22P — )-K FLIP-FLOP
a

3 Q
6 3 0
R3 "
Al

MC723P — K FLIP-FLDP

Voo

—— 1)
w N i
. »
8 I2RE
R1 R4
L3 ) 20 Ta Li2 15
5 [ TGND s, <
R1=13k0
K2 = 20K
R3 = 3.6 k0
R4=7500

R1 = 45D €

R2 =640 0
RI=SID G
RAZ= 22561

"

RI
12

R
13

RI = 45D ¢t
R2 = 64D 4

R = 4509
R2=64D

MC725P DUAL 4-INPUT GATE

Veo

T

RESISTOR VALUES ARE TYPICAL.
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Integrated Circuifs

MC700P SERIES (continued)

CIRCUIT SCHEMATICS

MC726P — }-K FLIP-FLOP

MC778P — DUAL TYPE “D” FLIP-FLOP

RI= 150
R2 = 36 kit
R = 180¢
R4 — 260 L

MC7739P — MULTIFUNCTIDN (1 J-K FLIP-FLOP, 1 EXPANDER, 2 BUFFERS) MC785P — QUAD 2-INPUT EXPANDER
v g
I“ 8
R? R
R2 R2
/1 3] 5 ’ja rgu
T
; % : i ﬁ
™
Re® AL as0L
3
A 2! Vee connection ta pen 11 nat shown
MC786P — DUAL 4-INPUT EXPANDER MC787P — MULTIFUNCTION (1 J-K FLIP-FLOP, 1 INVERTER, 2 BUFFERS)
12: ? 13 < H v“n 65
» 0 it 91 1 $ by b
? RZ RZ
R1 Rl R1 R1 L3 Rl R1 R
13 14 2 3 G':D 6 9 _ al
R1 - 450 7
€
Vec connection to pin 11 not shown RS = 100 0

RESISTOR VALUES ARE TYPICAL.
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Integrated Circuits

MC700P SERIES (continued)

CIRCUIT SCHEMATICS

MC78SP — HEX INVERTER

MC788P — DUAL 3.INPUT BUFFER
(NON-INVERTING)

14 13 12?10 9 11gVeo 8
EE o

Vee

Jlgaa

1
R2 R2
L

MC793P — TRIPLE 3-INPUT GATE

Qgé g@(

wl m R

© Ai 3 7 l 10 12

MC799P — QUAL BUFFER

Vee

) 3,%3,{,‘%; g

oNo

RESISTOR VALUES ARE TYPICAL .
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Integrated Circuits

DEFINITIONS

Las,

Lae, lais,

{ars

| Minimum available output current from a
o device with an output loading factor of 3,
4, 10, 13, and 16 respectively. Output
voltage not to fall below the value of V..

las  Minimum available output current from a
buffer. Output voltage not to fall below the
value of V...

lcex  Collector current of gate expander when
Vi is applied to the output pin and Ve« is
applied to the input pins.

I»  Maximum input current drawn by one in-
put of a gate with V., applied. Ail other gate
inputs are returned to Vior.

2lin Maximum input current drawn by one in-
put of the MC798P or MC799P buffers with
V.. applied. The other input is returned to
Vior.

Vior A high-vaiue voltage appiied to an input of
a device to insure saturation of the driven
transistor.

Vee  Supply voltage.

Ve Maximum saturation voltage with Vior ap-
plied to the input.

Vin  Minimum high-level voltage applied to the
input of a device.

Ve The maximum voltage which may be ap-
plied to an input terminal without turning
the transistor on.

Voo The minimum voltage which may be ap-
plied to an input terminal that will turn the
transistor on.

Vot The maximum output voltage with V.. ap-
plied to the input.

Ve Value of external resistor connected to Vec

for test purposes.

GENERAL RULES

—

wn

. The number of load circuits that may be driven from an out-

put is determined by the input loading factor. The summation
of input loading should not exceed the drive capability of the
output.
All unused inputs should be returned to ground.
Expander Rules:
(1) The MC785P and MC786P MRTL expanders can be used
to expand medium-power MRTL output nodes only.
{2) Subtract 2 from the output loading factor of the MRTL
expanded gate for each expander node that is connected.
(3) The input loading factor of the MRTL expanded gate
must be increased to 3.75.
Clock pulse (T) inputs to flip-flops must have a fall time within
the range of 10 ns to 100 ns. Fall time is a straight-line function
from 1 V to ground. (Not applicable to MC778P.)
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Integrated Circuits

mc934F oo 1
mc834F, P W 2—>o—3 -3
T0-86 PLASTIC PACKAGE i ! =g
St CASE 93 9 —>o—10 7

MDTL HEX INVERTER
(Additions to MC930/ 12—>o—11 -T2
MCB830 Series) 13 D 8 -1

FIGURI' 1 — CIRCUIT SCHEMATIC

SN SRR A

o

=
5
=

1.75k Q6k & 1.75k 1. 1.75k 96k 2| 1.75k 26k 2| 1. 75k S 6k
t ., =30 ns Typ.
PD =66 mW Typ.
Input Loading Factor =
5k 5k 5k Fan-QOut = 8
) bs bs S12 bis 16

GND
ELECTRICAL CHARACTERISTICS
Test procedures are shown for one inverter only,
Other inverters are tested in the same manner.
SYMBOL MC934F TEST LIMITS MC834F, P TEST LIMITS
PIN -55°C +25°C +125° Q2 +25°C +75°C
CHARACTERISTIC | IN( ) |MIN| MAX | MIN | MAX | MIN [MAX | UNIT [MIN |MAX [ MIN | MAX | MIN | MAX |UNIT
Output Voltage VoLw) - 040 | - |040 | — |045) Vdc | — |045)| —~ | 045] - | 050 | Vdc
VDH(M 250 ~ |260| ~ |250] - Vdc | 260f — |260| -~ |250} -~ | Vdc
Short-Circuit ISC(4) - | -1.34| — |-1.34| — |-1.30]| mAdc| - |-1.30} -~ | -1.30| -~ | -1.25| mAdc
Current
Reverse Current IR(5) - | 20 -~ |20 ~ | 50 | pAdc| -} 50 | — 50 | — 10.0] uAde
Output Leakage lCEX(4) - | 50 - — | pAde| ~} — -~ 1100 | - - | uAdc
Current
Ferward Currant IE(5) -~ |-1.60 - |-1.603 — |-1.50fmAdc| - [-1.40| — | -1.40] - | -1.33] mAdc
Power Drain loHO#) | — | - | — {195 - | [ made| ~| = | = | 28] ~ | — | mAde
Current
lMAX( 19| - - et 16.5 d - | mAdc it et - 24 - - mAdc
Switching
Time
(Pin3 tad+ - 25 | 80 - - | ns -] - | 25} 8| -~ ~ | ns
connecied to
Pin &) e -4 -1 w030 | -} | | -]~} 30~ ~]n

Pins not listed are left open,
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MC934/MC834 (continued)

Integrated Circuits

FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

Ve = 5.0 Vde
A o
Vi, =40V
pulse width 3R A 1,50 Volts
=200 ns 1 14
oy o r ™ e P GND
o- ? B pd
pulse input 3 :_2_
I’ € 1 1.50 Voits
{4 |10 GND
6 9
4. — TEST | R c
RC 7 2
— ta* 3.90k ohms | 30 pf
. tog” 400 ohms 50 pf
- NOTE: All diodes are MC833 or equivalent
@ Test TEST CONDITIDNS
Temperature mA Volts
-55°C 1141012140210 0 400) - — | 4501 550 -
MCS34F +25°C 120]-012 11101200 | 0 4,00 ] 4.50 | 5.00 | 4.50 | 5.50 | 5.00] 8.00
+125°C 10.8 | -0.12 U.@___Z._UO 0 4.00 4.50 | 5.50 =
0°C 12.0 | -0.12]1.20 | 2.00 | 0.45 [ 400] -- -~ | 5.00]5.00 | --
MC834F P +25°C 12.0 | -0.t2{ 1.10 | 1.90 | 0.45 | 4.00 ] 5.00 | 5.00 ] 5.00 | 5.00 | 5.00} 8.00
+75°C 11.4]-012]095 {1.80 | 0.50 | 4.00| -- - | 5.00] 5.00 -
SYMBDL
pin |'ou {oH | Ve [ Vin | Ve | VR [Veex | Vee [Veer Voo | Veo[Vmax| GRDUNDED
CHARACTERISTIC [ IN( ) |PIN | PN [ein [pin [N PN | PN [ PN | PIN [ PIN | PN | PN PIN
Output Yoltage Vo L(4) 4 5 14 7
VoH@) 4 |5 14 7
Short-Circuit | 14 457
Current SC@
Reverse Current IR(5) 5 14 7
Output Leakage ICEX(a) 4,14 5,1
Current
Forward Current Ig(5) § 14 7
Power Drain | 7
Current PDH(14) 14
|MAX(I4) t4 {1,2,5,7,9,12,13
Switching Pulse| Pulse
Time In | Out |
(Pin3 tpd+ § 4 14 7
connected to
Pin 5
in 5) tod- 5 4 14 7

Pins not listed are left open.
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Integrated Circuits

mc936F 1—>e—2 -1
<<z & -
MC836F, P e 3—>o— 4 =3
5 ——{ >o— 6 =5
UNIBLOC
c;f;-;% 3 PLASTIC PACKAGE
SUFFIX F %ﬁ‘?ﬁx?,? 9 —{ >o— 8 =9
MDTL HEX INVERTER t . =30 ns Typ. —
ege ’ pd 11 10 =11
(Additions to MC930;, Py - 66 mW Typ. —|>°—
MC830 Series) Input Loading Factor =1 13 ——Do— 12=13
Fan-Out = 8
FIGURE 1 — CIRCUIT SCHEMATIC
14 y 2 4 6 8 10 12
e b SR S |
1.75k <2k 1. 75k &2k 1. 75k & 2k 1.75k €2k 1. 75k &2k 1. 75k & 2k
2k 'k 2Kk 2k 2k 2k
Sk 5k 5k 5k Sk Sk
; bs bs by du bis 7b
GND
ELECTRICAL CHARACTERISTICS
Test procedures are shown for one inverter only.
Other inverters are tested in the same manner.
SYMBOL MCO36F TEST LIMITS MC836F, P TEST LIMITS
PIN -55°C +25°C +125°C +25°C +15°C
CHARACTERISTIC | IN ( } | MIN | MAX | MIN | MAX | MIN | MAX | UNIT[MIN | MAX | MIN | MAX [MIN | MAX | UNIT
Output Voltage VoL(s) 0.40 0.40 0.45 | vdc 0.45 0.45 0.50 [Vdc
VoHe) | 250 2.60 2.50 Vdc [2.60 2.60 2.50 Vde
Short-Circuit Isc(s) -1.34 -1.34 -1.30 | mAdc 1.30 1.30 -1.25 | mAdc
Current
Reverse Current IR(S) 2.0 2.0 5.0 | pAdc 5.0 5.0 10.0 | xAde
Output Leakage Icex(s) 50 uAde| ~ 100 uAdc
Current:
Forward Current Ig(s) -1.60 -1.60 -1.50 | mAdc -1.40 1.40 -1.33 | mAdc
Power Drain IPDH(14) 19.5 mAdc 24 mAdc
Current
IMAX(14) 16.5 mAdc 24 mAdc
Switching
Time
(Pin4 tod+ 25 |80 ns - 25 80 ns
connected to
Pin 5} tod- 10 |30 ns - 10 30 ns

Pins not listed are left open.
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MC936F/MC836F, P (continued)

Integrated Circuits

FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

Vee=5.0 vde.
oA [
Vi, =40V
pulse width §R A 1.50 Volts
=200 ns 1 14
ooy 2 r —. . GND
= R 'pd
pulse input 3 —lj; g 12 B
4 11 1.50 Volts j
5 Y 10 GND
5 9
S Y ?_l“"': TEST | R c
J‘_T 2 ot 3.90k ohms 30 pf
o 400 ohms 50 pf
NOTE: All diodes are MC833 or equivalent
@ Test TEST CONDITIONS
Temperature mA VOLTS
-55°C 11.4 1 -0.12 | 1.40 | 2.10 0 400 | - -- | 450 15.50 | -- -
MCY36F +25°C 12.0 | -0.12 J1.10 J2.00 | © 4.00 ; 4.50 }5.00 | 4.50 §5.50 |5.00 | 8.00
+125°C 10.8 | -0.12 {0.80 {2.00 { O 4.00 | — -~ ]450 {650 | —
o°c 12.0 § -0.12 §1.20 12.00 | 0.45 {4.00 | -- -- | 5.00 |5.00 | --
MC836F,P  +25°C 12.0 }-0.12 | 1.10 |1.90 } 0.45 | 4.00 | 5.00 |5.00 | 5.00 |5.00 ]5.00 § 8.00
+75°C 11.4 | -0.12 0.95 | 1.80 | 0.50 | 4.00 5.00 |5.00 |
SYMBOL
PN |'or |fon [Vie |Vin [ VP [VR [ Veex|Vee | Vecr|VeeH {Vep | Ymax | GROUNDED
JHARACTERISTIC | IN ( ) PN |PIN [PIN [PIN |PIN JPIN | PIN |PIN | PINJ PIN | PIN | PIN PIN
Jutput Voltage VoLe) 6 5 14 7
VOH(6) 6 5 14 7
Short-Circuit 'SC(B) 14 5,6,7
Current
leverse Current IR(5) 5 14 7
Jutput Leakage ICEX(6) 6,14 5.7
Current
Forward Current Ie(5) 5 4 7
ower Drain IpDH(18) 14 7
Current
IMAX(14) 14 |13579113
witching Pulse | Pulse
Time In_| Out
Pin4 tgs 5 |6 0 7
connected to
Pin 5) ‘pd» 5 6 14 7

Pins not listed are left open.
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Integrated Circuits

MC937 F 1 —Do— 2=1
g § _
mc837F, P \ 3—>o— 4 =3
10-86 UNIBLOC S —D*" 6=5
CASE 83 PLASTIC PACKAGE _
SUFFIX F CASE 93 9 —-| >o— 8 =9
SUFFIX P
t =25 .
MDTL HEX INVERTER pd 7 20 1 TP 11 —>e—10-T1
(Additions to MC930/ Pp, =90 mW Typ. _
MC830 Series) Input Loading Factor = 1 13 _‘D"_ 12=1
Fan-Out = 7
FIGURE 1 — CIRCUIT SCHEMATIC
14 o 2 4 6 8 10 12
vee T I 7 { f
cc »> s v ’
1.75k 6k 2| 1.75k 36k | 1.75k L 6k |1, 75k g6k S| 1. 75k 6k | 1.75k & 6k
2k 2k 2k 2k 2k 2k
5k 5k 5k 5k 5k 5k
1 é 3 J) 5 J)e &11 &13 7$
GND
ELECTRICAL CHARACTERISTICS
Test procedures are shown for one inverter only.
Other inverters are tested in the same manner.
SYMBOL MC937F TEST LIMITS MC837F P TEST LIMITS
PIN 55°C +25°C ¥125C 0T +25°C +75°C
CHARACTERISTIC | IN { ) [ MINT MAX | MINT MAX|MIN| MAX } UNIT{MIN | MAX|MIN | MAX]MIN | MAX] UNIT
Output Voltage VoLie) - |04 ] -~ 040 | —~ | 045 (vdc [ -~ | 045 | — | 045 - | 050 | Vde
Voueey |250( -~ [260{ ~ {2580 -~ |vdc |260f -~ |260{ -- }250( -~ |Vdc
Short-Circuit 1SC(6) - |40 | - |-40 - -39 |mAdef ~ | -39 | — }-3.9 | — | -3.75]| mAdc
Current
Reverse Current IR(5) - 120 - |20 ~ | 8.0 |pAde] — [ 5.0 - | 5.0 10.0 | uAdc
Output Leakage lcexes) | — -~ | 50 - — |y Ade]| — — | 100 | - - | zAdc
Current
Forward Current lg(5) -~ [-t60]| - |-160} -~ | -1.50 | mAdc| -~ | -1.40} - { -1.40| - ] -1.33| mAdc
Pewer Drein lpoH(18)| — - | 320 - ~ | mAdc| -~ - 139 - | mAdc
Current
max(iay ~ | = |~ 1®5] ~ | ~ |made{ - | — |~ {24 || — ImAde
Switching
Time
{Pin 4 thg+ ~ | ~ |15 |s66 wd = oms |~ — [15 |60 S e it
connected to
Pin 5} tpd- - 10 30 - ns - - 10 30 ns

Pins not listed are left open.
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MC937F/MCB837F, P (continued)

Integrated Circuits

FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFDRMS

Vee=5.0 Vde

A
Vln -4.0V
puise width A 1.50 Volts
=200 ns 1 14 GND
Moy ) W .
2 ; 13 5 ~*{tpa
pulse input 3 12
4 y 1 1.50 Volts
5 i 10 GND
- 67 J % TEST R [
J - 'pd’ 3.90k ohms 30 pf
o 100 ohms EX]
NOTE: All diodes are MC833 or equivalent
@ Test TEST CONDITIONS
Temperature mA VOLTS
-55°C 104}f-012)140)210f 0 |400] -~ | -~ |450|550 | - -
MC937F  +25°C 11.0(-0.1211.10]2.00 | 0 |[4.00 450 [5.00 §4.50 |5.50 |5.00 [8.00
+125°C 98]-0.12[080]200] 0 [400 ]| - | - }450 [550 - -
0 11.0]-0.12f120[2.00 [0457400 ] ~ | - ]500}500 [ — | -
MC837F,P  +25°C 11.0]-012]1.10]1.90 [ 0.45] 4.00 | 5.00 [5.00 | 5.00 |5.00 |5.00 |8.00
+75°C 10.4]-0.12]0.95] 1.80 | 0.50 | 4.00 | -- - | 5.00 | 5.00 -
SYMBOL
e |'oL ['on |Vie [Vin | Ve [ VR | Veex|Vee | Vood| Veoh |Vep | Vmax | GROUNDED
CHARACTERISTIC | IN { ) [Pin | PN JpiN [eiN [PIN |PIN | PIN[PIN | PIN| PIN |PIN | PIN PIN
Output Voltage Vo L(6) 6 5 14 7
VUH(G) 6 5 14 7
Short-Circuit | 14 5,6,7
Current scie)
Reverse Current IR(5) 5 14 7
Output Leakage CEX(6) 6,14 57
Current
Forward Lurrent IE(5) 5 14 7
Power Drain PoH(14) 14 7
Current
MAX(14) 14 135790113
sw“_chi"ﬂ Pulse| Pulse
Time in Out
(Pin4 tod+ 5 | 6 14 7
connected to
Pin 5) tod- 5 | 6 14 7

Pins not listed are left open.
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Integrated Circuits

mc9466G
mc8466

X
1l
=

D
i
-3

CASE 96A
MDTL QUAD INVERTER TO-100 9

(Additions to MC930/ tpd = 30 ns typ
MC830 Series) PD - 44 mW typ

Input Loading Factor =1
Fan-Out = 8

®
1l
©|

i

FIGURE 1 — CIRCUIT SCHEMATIC
2108
2

% 1.6k 16k 1.6k

2. 15k .15k

I 6k 2.15k 2. 15k ok 2.1

1 7
%Sk

ELECTRICAL CHARACTERISTICS

Test procedures are shown for one inverter only .

s

Other inverters are tested in the same manner.

SYMBOL MC9466G TEST LIMITS MC846G TEST LIMITS
PIN -55°C +25°C +125°C 0 +25°C +75T
CHARACTERISTIC| IN { )} [MINTMAX]| MIN] MAX| MIN | MAX | UNIT[MIN | MAX |MIN | MAX|MIN | MAX] UNI
Output Voltage VoL) -~ |04 | - |040 | -~ | 045 |Vdec | - [0.45] -~ | 045 — | 050 Vde
Vo [250 -~ |260| ~ 280 - |vdc {260 -~ [260] ~ {250 [ ~ |V
Short-Circuit ISC(4) - |-1.34 | - [-1.34 { - [-1.30 | mAdc| -~ [-1.30 | — |-1.30| - |-1.25 | mAd"
Current
Reverse IR(3) -~ 120 -~ 120 ~ 160 | pAdc| ~ | 6.0 - 150 | -~ |10 | pAd
Current
Output Leakage Icexa) | - | 60 « | pAdc| - - | 100 | - ~ | pAd
Current
Forward IF(S) ~ |-1.60| - |-160| - |[-1.50 | mAdc| - |-1.40| — |-1.40| -~ |-1.33 | mAdi
Current
Pawer Drain 'PD Hior| - |13 - mAdc] --- 16 - - | mAd
Current
Imaxqio) - n - | mAdc| — - ~ |16 — | mAd
Switching
Time (Fig. 2)
{Pin 4 tod+ ~ | - |25 {80 w | - |ns - |25 |80 ~ | ns
connected to
Pin7) tod- — |10 |30 — | ns - |10 |30 - |ns

Pins not listed are left open.
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MC946G/MC846G (continued)

PULSE WIDTH = 200ns

Integrated Circuits

FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

10—

—J._L]—u: 40V R Voo =80Vde
: ovdc 15V
H— A T0
PULSE 4 71— +——o
INPUT [__5 5 1 { o OSCILLOSCOPE GND
B ft
- MC833 or
¢ equivalent
J T Lk
= = odes. B 15V
TEST R ] = / \
tod + 3.9 kohms 30 pF GND
e [ oo so | gtgemsistine e o
@ Test TEST CONDITIDNS
Temperature mA VOLTS
-55°C 11.4 [-0.12 [1.40 | 2.10 0 4001 - - 1450 |5.50 --
MC946G +25°C 120-0.12]110f200 | O 4.00 | 450 [5.00 [4.50 [5.50 [5.00 |8.00
+125°C 10.8]-012]080]200 ] 0 J400]| -- 450 [5.50
0°c 12.0 |-0.12 [ 1.20 [ 2.00 | 045 {400 - [-- |5.00 [5.00 | -
MC846C +25°C 12.0] 0.12 [ 1.10 [ 1.90 J0.45 [4.00 | 5.00 [5.00 [ 5.00 |5.00 [5.00 |8.00
+75°C 11.4 1-0.12]0.95 | 1.80 | 0.50 |4.00 5.00 [5.00 | --
SYMBOL
aN  {'on | tow | Vie [Vin | Ve | VR | Veex[Vec | Veci|Veen|Ven [ Vmax [GRDUND
CHARACTERISTIC| IN ( ) [PIN | PIN | PIN| PIN | PIN |[PIN | PIN [PIN PIN| PIN [ PIN| PIN PIN
Output Voltage VoLia) 4 3 10 5
Vou(4) 4 |3 10 5
Short-Circuit | 10 345
Current sc
Reverse | 3 10 5
Current R
Output Leakage | 410 35
Current CEXt4)
Forward | 3 10 5
Current @
Power Drain | 10 5
Current POH(10)
IMAX{10) 10 | 13579
Switching Pulse| Pulse
Time (Fig. 2) in | Out
{Pin4 tod+ T | 6 10 8
connected to
Pin 7) thg. 7|8 10 5

Pins not listed are left open.
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Integrated Circuits

mc949F ’:l bo—
mc849F, P ‘ W .

3 “—1}
TO-86 9
I—
CASE 83 PLASTIC PACKAGE 10 3—
SUFFIX F CASE 93
MDTL QUAD 2-INPUT SUFFIX P 12
“NAND/NOR"” GATES tpa = 20 s P 18—
(Additions to MC930/MC830 Series) Pp " 86 mwtyp Positive Logic:
Input Louding Factor = 1 3:1T2 8=910
Fan-Out = 7 6§45 11:=1213
FIGURE 1 — CIRCUIT SCHEMATIC
3140
_1ex 7% — 1.6k
2. 15k ] 2% PR 2,15k 2,15k 1.6k 5 2K 2,15k
1 < L N8
N
2 12 5
5k 5k 5k 5k
6 7 &
ELECTRICAL CHARACTERISTICS
Test procedures are shown for one gate only.
Qther gates are tested in the same manner.
Symhbol MC949 Test Limits MC849 Test Limits
Characteristic Pin No 55°C +26°C | +1257C| 0T +25C | +I15C
in( ) Min |Max [Min [Max |Min | Max | Unit |Min | Max [Min | Max [Min | Max | Unit
Output Volage Vo(6) - 1040} -~ 1040} -~ 1045} Vdc | -~ 1045] - 045} - }0.50 |Vdc
Vgyl6) [250| -~ [2.60] - ]2.50f - | Vdc [260] - |2.60{ - 2.50] - |Vdc
Voy(6) t2.50% - (2.601 - 1250{ -~ | vdc }260} - 2.60} -~ 12.50{ -- 1Vdc
Short-Circuit Current Ig¢(6) - |-40 ] - [-40] ~ |-3.9 | mAdc| ~ |39 | -~ [-3.9 | - |-3.75 | mAdc
Reverse Current 1p(4) < J20 | - |2.0 | - |5.0 | pAdc| - [5.0 | - [8.0 | - |10 | pAdc
1p(5) - (20 | -~ {20 | -~ |50 [ pAdc| - [5.0 | — [5.0 | - |10 | pAdc
Output Leakage Current [lopy(6) | - | -~ f - 50 | -~ | - [pAde] — | — f 1100 ) ~ | — |pAde
Forward Current te(4) ~ |-1.60] - |-1.60] -~ |-1.50| mAde| -- |-1.40] -- | -1.40| -- |-1.33 [mAdc
IF(S) - {-1.60| - |-1.60] - |-1.50] mAdc| - [-1.40 -~ |-1.40] — [-1.33 [ mAdc
Power Drain Current lppu(14) | = | | ~ [21.4] -~ ] - | mAdc| - | ~ | -~ 1262} | - |mAdc
IMAX(M) et | - (10| - | - { mAde| - | - | -~ [16.0] | - |mAdc]
Switching Time
{Pin 6 cornected
to Pin 9)
Godt - | - {15 |60 | - [ - ns -~ - |15 |60 | [ — ns
g — {10 |30 | ~ JL ns | |~ |10 |30 ||~ | ns

Pins not listed are left open.
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MC949F/MCB849F, P (continued)

PULSE

FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

Integrated Circuits

WIOTH = 200ns —— 4= T v
Vin= 4.0V cc = S.0Vde Lsv
Mo vde * :
[o S I Q—L A 10
PULSE 6 ~ =9~
INPUT I___ 7 T 8 DY 0SCILLOSCOPE GND
l B tpa + 1 —] tpa—
_l_ [ MC833 or
= I\ equwfalent
used for
TEST R ¢ = diodes. 8 15V
tod+ 3.9 kohms | 30 pF L
Only connec-ted pins are shown oo
| tea— 400 ohms | 50 pF Alt Dthers are ppen ’
@Test TEST CONDITIONS
Temperature mA Volts
-55°C | 10.4 |-0.12 |1.40 |2.10 | 0 |4.00 | -- 450 |5.50
Mcs43  +25°¢ | 11.0 [-0.12 [1.10 200 | 0 {4.00 [4.50 [5.00 [4.50 |5.50 |5.00 ]8.00
+125°c | 9.8 |-0.12 |0.80 |2.00 | 0 [4.00 450 |5.50
o’c | 11.0 [-0.12 [1.20 {2.00 ]o45 |a00 | - - |5.00 |5.00 | -
MC849  +25°¢ | 11.0 {-0.12 [1.10 |1.90 |0.45 [4.00 |5.00 |5.00 {5.00 }[5.00 }5.00 |8.00
+75°C | 10.4 |-0.12 095 |1.80 [0.50 }4.00 5.00 |5.00
Characteristic Symbol | lgy lgn (Vi |Vin | Ve |Va [Veex[Vee [Vect [VecH[Veo |Viax|Grounded
in () PinNo|PinNo | PinNo| Pin No| PinNo|PinNo| Pin Na |Pin No| Pin No|PinNo| PinNo[PinNo { Pin No
Output Voltage Vg6 6 4,5 14 7
Van(6) 6 5 - 14 7
Von(6 6 4 14 7
Short-Circuit Current [t (6) 14 487
Reverse Current Ig(4) - 4 14 5.7
i g(5) 5 14 47
Output Leakage Current Icex(6) - 6,14 4,7
[ Forward Current IE(4) 4 5 14 7
I((5) 5 4 14 7
Power Drain Current  [Ipy,(14) 14 7
imax(14} - 14 14,7912
Switching Time
(Pin 6 connected Pulse |Pulse
to fin 9) In | Out
’pd+ 8 14 7
tod- 9 8 - - 14 7

Pins not listed are left open.
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mc 949G

Integrated Circuits

1
=

MC8496 3 —{>o—1 -3
10-100 71— o—6 -7
CASE 96A 9 —>o—38 =3
MDTL QUAD INVERTER C ma
(Additions to MC930/MC830 Series) pd
PD = 60 mW typ
Input Loading Factor = 1
Fan-Out =7
FIGURE 1 — CIRCUIT SCHEMATIC
2108
T 2
{
1.6k 1.6k 1.6k . 6k
2.15k J % 2k 2,15k 2.15k 2k 2k 2. 15k
1 7 = 9 3 7
% S5k 5k 5k 5k
456
ELECTRICAL CHARACTERISTICS
Test procedures are shown for one inverter only.
Other inverters are tested in the same manner.
SYMBOL MC949G TEST LIMITS 1T MC849G TEST LIMITS
PIN -55°C +257C +125°C L oc +25°C +75°C .
CHARACTERISTIC | IN { ) [MIN| MAX { MIN | MAX [ MIN |MAX | UNIT [MIN [ MAX IMIN | MAX |MIN [ MAX UNIT|‘
1
Output Voltage VoL@ 0.40 0.40 0.45 |Vde 045 0.45 050 {Vde !
VOH(4) 2,50 260} - 250 Vde 1260 260 250 Vde
Short-Circuit Isc(a) 4.0 4.0 38 [mAde 3.9 -3.9 -3.75 | mAdc
Current
Reverse Current 'R(3) 20 20 5.0 pAde 5.0 5.0 10 uAde
Qutput Leakage ICEX(4) 50 pAde 100 pAde
Current |
1
Forward Current 'F(3) -1.60 -1.60 -1.50 | mAdc -1.40 -1.40 -1.33 [ mAdc
Power Drain IpDH(10) 214 mAdc 26.2 mAdc
Current
IMAX(10) 11.0 mAde - 16.0 mAdc
Switching
Time (Fiy.2)
{Pin 4 tad+ 15 |60 ns 15 160 ns
connected to
Pin7) tod- - 10 30 - ns 10 30 ns

Pins not listed are left open.
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MC949G/MC849G (continued)

PULSE WIDTH == 200

ns

Integrated Circuits

FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

10~

_T—LI_L_'Z: 40V r Voo =50V
0vde 15V
o——3 A
7
r,:l;ﬁ:' I_. ‘5 6 I OSCHLLOSCOPE GND
l J B
tod + = -1 tod—
¢ __L Mcmlorl
n
T e
= = diodes. 8 15V
TEST R ¢ = / | W
tod + 3.9 kohms 30 pf GND
tod — 400 ohms | 50 pf Only connected pins are shown
All others are open
@ Test TEST CONDITIONS
Temperature mA VOLTS
-55°C 10.4 }-0.12 }1.40 12,10 | O 400 } -~ - ]450 [5.50 - -
MC949G  +25°C 71.0 [012 |1.10 | 200 | 0 | 400 |450 [5.00 |450 [5.50 |5.00 {8.00
+125°C 9.8 1-0.12 |0.80 |2.00 | O 400 | - . |4.50 [5.50 -
[1x¥ 11.0 [-0.12 ]1.20 [2.00 [0.45 |4 5. . -
MC843G +25°C 11.0 [-0.12 {1.170 [ 1.90 [0.45 [ 4.00 [5.00 [5.00 {5.00 [5.0 .
+75°C  [10.4 [0.12 [0.95 [ 1.80 [050 [ 4. N Y — =
SYMBOL
pin v ['on [Vie [Vin |VE |VR |Veex[Vec |Veci|Vecu|Veo |Vmax|GROUND
CHARACTERISTIC [IN ¢ ) [PIN [PIN [PIN | PIN [PIN [PIN | PIN [PIN | PIN | PIN | PIN | PIN PIN
Dutput Voltage Vo L(4) 4 3 10 5
VoH(a 4 |3 10 5
Short-Circuit \ 10 345
Current SC(4)
Reverse Current 'R(S) 3 10 5
Output Leakage ICEX(4) 4,10 35
Current
Forward Current Ie(3) 3 10 5
Power Drain i 10 5
Current POH(10)
IMAX(10) 10 13578
Switching Pulse | Pulse
Time(Fig.2) In | Out
(Pin 4 g+ 7 6 10 5
connected to
Pin 7) tha. 1| 8 10 5

Pins not listed are left open.
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Integrated Circuits

mc950F, G
MC 850F’ G' P The MC350 - MC850 is a high-speed gated flip-fiop which utilizes capaci-

tive coupling of the pulse-triggered set and clear inputs. Directly coupled set
MDTL PULSE TRIGGERED BINARY and clear inputs are a\éauabledastwell askdiljrect set S:md clear ’ln;;uls lhTt
. . respond to dc levels and override the clocked inputs. Separate clock signals
(Add"ions to MC930/MC830 Serles) may be applied to the capacitively coupted inputs or they may be tied to-
gether to obtain single-channel triggering operation. Maximum toggle fre-
guency is typicaily 40 MHz at 25°C with power dissipation on the order of

0 mW.

. Typical applications include binary ripple counters, shift registers, and
similar applications. !t may be used to advantage in high-speed portions of
= digital systems that are presently using MOTL circuitry.
N tea=15ns
Po = 50 mW

TO-100 TO-86 UNIBLOC
CASE 96A CASE 83 PLASTIC PACKAGE
SUFFIX G SUFFIX F CASE 93
SUFFIX P
The numbers in parentheses
indicate loading at each terminal. SYNCHRONOUS ASYNCHRONOUS SINGLE TRIGGER
TRUTH TABLE TRUTH TABLE TRUTH TABLE
T v ST a] 3 (Pins Sz and G,
(1.5) So p ——— ) ) T T ) T T NG T NC tied together)
o[ oo @ 1 of 1| 1]60 in bt
1 X 1 X Qy 1 0 0 1 S [ Q
e @ x| 1| x| 1] @ oo 1|1 0 0o | U
I ol 1 t1] o] a 1 0 0
(100pRS: ¢ — ol o x| 1|1 o | 1 1
0 o 1 X 1 1 1 Q.
(100 pFY €, 1 —( 1| x|o|of o
b @) x| 1ol of o
(1.5) ¢, % —(
0 = low state (more negative) 1 = high state (more positive)
(1.5)Co @ 10 for MOS0
X =don'tcare U = indeterminate state NC = no change
CIRCUIT SCHEMATIC
b* a r g Yec p "

O—AM\- 4 MN—O
1kQ 2kQ % IKQ 1{

520Q
¢ 2009
o 6.5kQ

g
7609 109 % 39 l 3KQ 10 o
d 1 l i‘ 4 k
L T -2 T ~
e 70pF 1kQ 1kQ = 70 f

O— {’ﬁ AAA AAA 1t

*Available with Flat and Plastic-Packaged devices only.
SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
+500 vde

20k
(= i )
‘ ] ¥

P. s
ry Pout
i iE 4
<
m ’ " ! !!
" 1 y 1 4
~. T MC333:MC833
P ] w 20F & o equivatent
. R
- used for drodes
fer W05 3%k Copacitnce mciides g o
toa 58 pF #0 = test gig and prabe.
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mc951F, G
mc851F, G, P

MDTL MONOSTABLE MULTIVIBRATOR

(Additions to MC930/MC830 Series)

Integrated Circuits

The MC951/MCB51 is a monolithic monoStable multivibrator circuit
which gives compiementary output puises upon the dynamic zero transition of
the input waveform. The output puise width is determined by an R-C timing
circuit and, due to differentiation of the input, is essentially independent of
the input pulse width. With internal components, nominal puise width is
120 ns.

Provisions are available to increase the pulse width by adding external
capacitance and to increase puise width stability by utilizing a precision ex-
terna!l resistor in place of the internal charging resistor.

Typical applications inciude analog comparators, elimination of lransients
on pulse waveforms, and provision for defays to insure the proper sequence
of digital operations in computer apphications.

b

2 ¢

gemmmmmmms

0 p———a (10

UNIBLOC
TO-100 10-86 PLASTIC PACKAGE
CASE 96A CASE 83 CASE 93
SUFFIX G SUFFIX F SUFFIX P ) o0
4= 40ns
Fo = 30mW
CIRCUIT SCHEMATIC
_{(:.n Qk Ret
r C mQe= ———— - —AMA—--0
7Y i Vee
2.4 10 2.4
kO é 3% g kQ dher é 2k 20 pF %l B NOTE: When the internal
¢ A timing resistor {9 k§2)
W { 1s to be used, connict
'~ Pin j to Pin r. DO NDT
MAKE THIS CONNECTION
IF USING THE EXTERNAL
a0- CAPACITOR AND RESISTOR.
“Available with Flat and
25 Plastic-Packaged devices
of only.
b o—-—-«L—((—c N
¢ O—id-¢
"¢ O
*e O

& = GND
APPLICATIONS INFORMATION
Output Pulse Width Maximum input
Faii Time te Trigger
Externai internai Puise Width -
Cempenents Uxed Resistor Connection ns (approx) t Vulhvu Swing
nx olts
None Pin j to Vec 100

gl 4

Cort (between Pins k& m) | Pinf to Vec 45 (Ca + 20) 100 22

Rext (between Pin k & Vcc) Pin j open 0.5 Raxt (Cont - 20)

(9 kQ min, 15 kQ max)

Output duty cycle = 40%.

Capacitance values in pf

Higher duty cycles obtain.
abie at a possible decrease
of performance.

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

MC333/MCE33 of equivale t

Ve i -50C vde
used for diodes

Capacitance incudes
g and probe

% 3002

IPIPIPY
g

IPIPIPY
14idid¢
¢

i

L 2005:10% to90%:
L 2005190% to 10%)
Vuo 200V, Vo0V

[

P, (Pina only)
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Integrated Circuits

mc952, mc852
mc953, mc853
mc955, mc855

MC956, MC 856 C%Acf.%g 3 umm.of::ASE %3

SUFFIX F (all types) PLAS;ICF:&C;(AGE
(MC852 thru MC856 only)

MDTL DUAL J-K FLIP-FLOPS
(Additions to MC930/MC830 Series)

tpd = 40 ns typ (all types) Total PD =120 mW typ - MC952/MC852, MC953,/MC853
140 mW typ - MC955/MC855, MC956/MC856

MC952/MC852 MC953/MC853
06 (10%) ©6 (10%)
05 (10%) 5 (10%)
(2) 100- .
Sp . Sp
@/3) 110 J S Q 8 (10%) @/3) 11 ¥ s Q 0 8 (10%)
e @) 13 P _gr
@/9) 2o e alddo9 107 @/ “ Yo o5 a0y
o
(4) 1304

Number in parenthesis
* 12 for MC852 indicates loading. * 12 for MC853

Each section of the MC952/M(C852 and MC953/MC853 dual J-K clocked flip-flops consists of two di-
rectly-coupled flip-flops operating on the familiar "master-slave" principle. Operation depends only on
voltage levels, so the rise and fall times of the input clock are unimportant in determining the state of the
flip-flop. Irput information is stored in the "master" flip-flop when the clock voltage is high and is trans-
ferred to the "'slave' when the clock voltage goes low.

The MC352/MC852 has a common clock input which makes this device suitable for clocked counters
and shift register applications, A common direct clear (Cp) and separate direct sets (Sp) are available.
The direct inputs override all synchronous inputs,

The MC353/MC853 has separate clock inputs to each flip-flop, which makes the device suitable for
ripple counter applications. Separate direct set inputs which override the synchronous inputs are also
provided.

The outputs of the flip-flops are buffered, thereby reducing the possibility of circuit disturbance from
external line noise.
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Integrated Circuits

MC952/852, MC953/853, MC955/855, MC956/856 (continued)

ASYNCHRONOUS TRUTH TABLE ASYNCHRONOUS TRUTH TABLE
MC952/M0852 and MC955/M0855 MC953/MC853 and MC956/MC856

Sp Q Sp Q Q
Pin 4 (10) : Pm 13 l D1 ( Pin 5 (9) Pin 4 (10) Pin 6 (8) Pin 5 (9)
1 ‘ 1 e NC | 1 NC NC
0 1 ( 1 0 0 1 0
1 0 0 1
0 0 1 1
J-K TRUTH TABLE — All Types
ty
J K
Pin 3 Pin 2 (12)
0 0 Qn
1 0 1 r
0 1 0
1 1 Q, |
Asynchronous inputs, direct set (Sp) and direct
ched (CD), override the synchronous inputs:
they are independent of all other inputs. Nuni-
berin parenthesis indicates pin number of other
side.
MC955/MC855 MC956/MC856
@ 4 2 4
So * Sp
@/3) 3 b P oot e @/3) 3 s P oot en
4) 10—e—L qr @ 1 € _gr
2/3) 20—k c & 5 (9%) 2/3) 2 K c & 05 (9%)
<o
)10 (2) 10
Sp
—O 8 (9*
@/3) 110 W ) @/3 11 A e a8 (9*)
() 13 e _gr
2/3) 120— 2
@/ 9 (9%) @/3) 12 “ Y s 09 (9%)
(4) 130—4 Number in parenthesis
* 11 for MC855 indicates loading. * 11 for MC856

Each section of the MC955/MC855 and MC956/MC856 dual J-K clocked f{lip-flops consists of two di-
rectly-coupled flip-flops operating on the familiar '"master-siave' principle. Input information is stored
in the "master” flip-flop when the clock voltage is high and is transferred to the ''slave" when the clock
voltage goes low.

The MC955/MC855 has a common clock input which makes this device suitable for clocked counters
and shift register applications. A common direct clear (Cp) and separate direct sets (Sp) are available.
The direct inputs override all synchronous inputs,

The MC956 /MC856 has separate clock inputs to each flip-flop, which makes the device suitable for
ripple counter applications. Separate direct set inputs which override the synchronous inputs are also
provided.

The outputs of the flip-fiops are buffered, thereby reducing the possibility of circuit disturbance from
external line noise. The output pull-up resistor has been changed from that utilized in the MC952/MC852
and MC953/MC853 in order to improve the propagation delay versus capacitance characteristics.
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Integrated Circuits

MC952/852, MC953/853, MC955/855, MC956/856 (continued)

CIRCUIT SCHEMATIC (V% of circuit shown)

Q 14 Voo ©)50Q
6 (8)
R1 2.2k :: 2.2k R1
< <
3.5k3 $3.5k
{ ) i
+
3k 3k
S5k 15k
—— $
7 GND rCD 1 D GND 7
ll 13 '| (10) 4
-9
’ 3 x
(o4 -0 14
vee 14 L v
$ak $4.7k 473 2ky €
o !
Sk 4k3
< <
J »—1 y 4 _»g
3 (11) N > ' N vl (12) 2
9k$ ] l/{ 39k
4 T 4
@deer Lraw

@ Used only on MC952/MC852 and MC9855/MC855
@ Used only on MC952/MC852 and MC953/MC853
@ Used only on MC955/MC855 and MC956 and MC856
@P'm 13 used for other side of MC953/MC853 and MC956/MC856
R1 - 6 k ohms for MC952/MC852 and MC953/MC853
2 k ohms for MC955/MC855 and MC956/MC856

NOTE: Number in parenthesis indicates pin number for other
half of the schematic. Ground and Ve pins are com-
mon to both sides.
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Integrated Circuits

MC952/852, MC953/853, MC955/855, MC956/856 (continued)

PROPAGATION DELAY TIME TEST

CIRCUIT AND WAVEFORMS
14? Vee = 5.0 Vde
PULSE WIDTH = 200 ns R
PULSE INPUT 0 vae s ¢ © ] *j:-
w T 2k & 20 pF

OSCILLOSCOPE

8 % 3(} pF
i

t.= t[ = 10 ns cP 9 . O ? (_1 <
|
I
|
|

13
L
o4 2k %20 pF
o |
0 H1
INPUT WAVEFORM [ 1.5V
GND
lpd— tpd‘ —

QUTPUT WAVEFORM —': 1.5V
GND

Test circuit shown for MC952/MC852 and MC955/MC855.
Use dotted-line connection for MC953/MC853 and MC956, MC856,
which have separate toggle inputs.

. 3 ‘) Kohms
) . 1- 400 ohis
MC833 or equivalent used far dindes. e

i
Ground pin 7. Only connected inputs arc shown. All others are open, M

CLDCK PULSE WAVEFDRMS
START
OF TEST A B
TEST
TIME
PULSE a TEST CONDITIONS
Cp >2.5V v -
CPT}{
0
PULSE b
CP, >2.5V
b
VF
PULSE ¢
cP > 2.5V
VepTu
lf < 1us APPLY IOL or IOH

MOMENTARY GROUNDS RELEASED

13-43



Integrated Circuits

MC952/852, MC953/853, MC955/855, MC956/856 (continued)

ELECTRICAL CHARACTERISTICS

MC952/852, MC955/855

SYMBOL MC952/MC955 TEST LIMITS MCB52/MC855 TEST LIMITS
PIN 55°C +25°C +125%C +; +75°C
CHARACTERISTIC | IN () {WIN [ MAX | MIN | MAX | MIN MAX | UNIT [MIN | MAX [MIN | MAX [MIN | MAX] UNIT
Qutput Voltage VoLis) 040 | - 1040 0.45 } Vdc .45 045 0.50 | Vde
VoL(s) 040 [ -~ [040 0.85 | vdc 0.45 0.45 0.50 | vde
VoLis) 040 | ~ |040 045 | vde 045 0.45 0.50 | vde
Voum [ — |o040 | ~ [o080| — 045 |vdc [ - |045 [ — | 045} ~ | 050 |vdc
Vou(s) | 2.50 2.60 250 vde {260 | — (260 250 | - |vde
VgH(5) | 250 2.60 250 vde [260 260 2.50 Vde
VoH(s) | 250 260 2.50 vic |2.60 2.60 2.50 Vde
VoH(s) | 250 2.60 250 vde [2.60 2.60 2.50 Vdc
Vou(s) | 250 2.60 250 vdc |2.60 2.60 2.50 Vde
Vong) | 250 2.60 2.50 vde |2.60 2.60 2.50 Vde
Vou(g) | 250 2.60 250 vds [2.60 2.60 2.50 Vde
VgH(9) | 250 2.60 2.50 Vde |2.60 2.60 2.50 Vde
Short:Circuit (| Iscs) | -1.45(-245 [ -1.30] -2.25] -1.15 | -2.00 | mAdc|-1.25 | -2.50 | -1.15] -2.30] -1.05[ -2.15| mAdc
Current ‘] Isc(6) | -1.45] -2.45| -1.30| -2.26 | -1.15 -2.00 | mAdc|-1.25 | -2.50 | -1.15| -2.30| -1.05| -2.15| mAdc
MCISUMCBS2Y | 150ig) | 1.05| 2.05 | -1.30( 225 -1.15 | -2.00 | mAdc|-1.25 | 250 [-1.15] 230{-1.08] -2.15 | mAde
" Isc(9) | -1.45( -2.45 | -1.30} -2.25| -1.15] -2.00 | mAdc|-1.25 | -250 [ -1.15] -2.30] -1.05] -2.15| mAdc
(| Iscs) | -3.00{ 5.10 | -2.70] -4.60( -2.40|-4.10 | mAdc|-2.60 | -6.20 | -2.35| -4.75| -2.20| -4.40{ mAdc
] isc(s) | 3.00] 5.10 | 2.70) -4.60| 2.40 | -4.10 | mAdc|-2.60 | -5.20 | -2.35] -4.75 | -2.20] -4.40 | mAdc
MC355/MC835Y | 150(g) | -3.00( 5.10 | -2.70| -4.60 | -2.40{-4.10 | mAdc|-2.60 | .20 | 2.35| 4.75 -2.20] -4.40{ mAde
ISctg) | -3.00) 5.10) 2.70] -4.60| 2.40) -4.10 | mAdc|-2.60 | 5.20 | -2.35] 4.75 )| -2.20) 4.40| mAdc
Reverse Current 'R{2) 20 20 5.0 | «Adc 5.0 5.0 10 | «Adc
1R(3) 20 2.0 50 | «Adc 5.0 5.0 10| «Ade
IR{a 20 2.0 5.0 | uAde 5.0 5.0 10 | JAde
AllTypes IR:H)J) 20 20 50 | .Ade 50 50 10| «Adc
IR(IY) 20 20 50 | eAdc 5.0 50 | - |10 | uAde
18(12) 20 20 50 | uAds 5.0 5.0 10 | uAde
2g(13) 40 4.0 10| W Ade 10 10 0 | uAdg
MC952/MC852 | 2IpgP(1) 20 20 40 | .Ad 40 40 60 | uAdc
MC955/MC855 | 21RcP(1) 20 20 40 | .Ade 40 40 60 | »Adc
Forward Current U31IE() 207 - | -1.00 | mAdc 095 0395 -0.90{ mAde
231 (3) .07 | 107 1.00 | mAde -0.95 -0.95 -0.90( mAdc
ey ~ (107 ~ | 107 -1.00 | mAdc| -0.95 -0.95 -0.90| mAde
Mgy - | 107 ~ |07 -1.00 | mAdc -0.95 -0.95 -0.90| mAdc
2ecp() 640 -~ | -640 -6.00 | mAdc, -6.60 -5.60 -5.34| mAdc
2FgR(1) 640 - | -6.40 -6.00 | mAdc -5.60 5.60 -5.38| mAdc
IFS(4) 320 - | 320 -3.00 | mAdc| -2.80 -2.80 -2.67| mAde
IFS(10) 320 — | 320 -3.00 | mAde -280 -280] ~ | -267| mAde
20F5(13) 640 ~ | 6.40 -6.00 | mAdc| -6.60 -6.60 -6.34] mAdc
Pewer Drain
Current
MC952/MC852 IMAX(14) 32 mAdc - |36 - mAde
MC955/MC855 IMAX(14) 38 mAdc 45 mAdc
MC952/MC852 | ippH(14) 22 mAde| ~ 28 mAdc
MC955/MC855 IPDH(14) 27 mAdc 34 mAdc
Switching Tima
MC352/MC852 | tg+ 25 | 100 ns 25 | 100 ns
MC355/MCBE5 | 1+ %5 |75 ns 25 {75 - ns
All Types tpd- 15 55 ns -~ 115 55 ns
MCI52/MC852 | toge 25 | 100 ns % | 100 ns
MCI55/MCBE5 | tygs 2% |75 ns ~ 25 |78 ns
All Types tpd- 15 |55 ns - 15 55 ns

Pins not listed are left open

* Applied after Clook Puise
1CP, = Clock Pulse a
CP, = Clock Pulse ¢

Momentary Ground

See Clock Pulse Waveforms
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Integrated Circuits
MC952/852, MC953/853, MC955/855, MC956/856 (continued)

@Test TEST CONDITIDNS
Temperature | __mA VOLTS
-65°C D 1-012]140 |210} 0 400 | —~ }450| 550 | —
MC952/MCI55  +25°C ® J-012] 190 J2.00} 0 400 }5.0c]450] 650 [5.00) 8.00
+126°C ® |-012]080 J2.00| o 400 [ —~ 1450550 |
e -0.12]1.20 [2.00] 045] 400 | ~ |500]500 ) - | ~
MC852/MC855 +25°C -0.12{ 1.10 [1.90] 0.45] 4.00 {5.00 [ 5.00 | 5.00 {5.00 | 8.00
+75°C @ [-0.12] 095 {1.80( 050 400 [ - [500[ 500 | — -
svmm tor |on [ Vi |Viu| Ve | VR |Vee|Veer| Veon|Veo | Vmax|CPa| CPEl Grounded
CHARACTERISTIC | iN ¢ ) [eN] PN [ PIN [PIN[ PN [PIN [PIN|PIN| PIN|PIN| PIN |Pin | Pin Pin
Output Voltage VoL(s) 5* 2 14 1 713"
voue) | 8 3 14 1| ¥
Voug | 8 il 1 AT
voug | 9 12 " 11
VOH(s} 5 |3 2 i 1 Fus
VOH(5) 5 213§ 4 14 1 7
VOH(s 6 (2 3 1 1 713"
VOH{6) 6 34 13 14 1 7
VOH(8) g j1z [ 1 14 1 713"
VOH(8) 8 J1omn) 13 14 1 ?
VOH(9) 9 (n | 14 1 7,100
VOH{9) 9 12,13 10 14 1 ?
Short-Cireuit 15¢(5) 14 1 5,7
Current 1S¢(6) 14 1 6,7
MC352IMEB52 { | 150 14 1|18
1SC(9) 14 1 79
ISC(s) 14 1 5,7
1SC(8) 4 1 8,7
MC355/MC865 1SC(8) 14 1 78
1$€(9) 4 1 79
Reverse Current IR(2) 2 14 1.7
IR(3) 3 " W
IR 4 14 1 26,7
All Types In((’::» 10 " 1 71812
IR(11) n 14 17
18(12) 12 14 17
21R(13) 13 1* 1 35291
MC952/MC852 | 2Tmcp(1) 114 23,56,2,89.11,12
MC955/MC855 | 2IRcp(1) 1 1% 2,3,56.7,89,11,12
Forward Current 231F(7) 2 14 1 ?
23 F(3) 3 " 117
2/3iF(11) 1 14 1 ?
23IF(12) 12 " 147
2IFcp(1) 410 1 14 ?
2AFcp(1) 13 1 2] 7
IFs(4) 4 14 23713
IFs(10} 10 14 71,1213
ZiFs(13) 13 14 2347101112
Power Drein
Current
MC952/MC852 | 1MAX(14) 14 1,2,34,2,30,11,12
MC955/MC855 | IMAX(14) 1 1,2,34,2,1011,12
MC952/MC852 IPQH(14) 14 ?
MC355/MC855 | 1PDH(14) 14 7
Switching Time Pulse| Pulse
In Out
MCI52/MC852 | tpge+ v |8 14 7
MC955/MC855 tpd+ 1 6 14 17
All Types tpd- 1 6 1 7
MCI52/MC852 | tpg+ 1 8 14 7
MC955/MC855 | thg+ 1 8 14 7
All Types tpd- 1 8 14 7
Digy Values (mA): MC852 MCE55 MC852 MCB55
-65°C 14.6 13.0 oc 16.8 15.4
+25°C 15.2 136 +26°C 16.8 15.4
+125°C 138 123 +75°C 16.0 14.6
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Integrated Circuits
MC952/852, MC953/853, MC955/855, MC956/856 (continued)

ELECTRICAL CHARACTERISTICS MC953/853, MC956/856

SYMBOL MC953/MCI56 TEST LIMITS MCB53/MC856 TEST LIMITS
PIN NO 5 +25°C +175°C [ +25°C +15°C
CHARACTERISTIC | 1N ( ) [MIN] Max] min ] max] Min [ MAX] UNIT[MIN] MAX [MIN | MaX[MIN | MAX] UNIT
Output Voltage vois) | — |040] — [040| < [oas| vde | - [oas | - [04a5 ] - [050][Vde
voue) | — {040] — [0a0]| - foas| vdc [ - | 045 — | 045 -~ | 0.50 ] vdc
VoL | ~ |o40| -~ |o40| -~ [045] vdc | | 045 | — | 045 | - | 0.50 | vdc
VoL | — {040 -~ |040] — |045| vde | -~ | 045 | — (045 | ~ | 0.50|Vdc
voHs) |250| — | 260 250 | -~ | vdc |260| - |260| -~ |250| -~ |vde
VOH(g) (250 ~ | 260) — | 250 ~ | vde |260| - [260| ~ [280] - {Vic
voH(g) |250| — | 260{ — |250]| -~ | vde [260] -~ [260] ~ |250| - |vde
VoHg |250| - | 260) - |240) — [ wvac |260f -~ [260| - J2s0| -~ |vde
Short-Circuit Isc(s) | -1.45] -2.45( -1.30[ -2.25[ -1.15| -2.00[ mAdc|-1.25] -2.50[-1.18| -2.30[ -1.05] -2.15] mAdc
Current Iscg) | -1.95] -2.45] -1.30] -2.25] -1.15] -2.00| mAdc|-1.28] -2.50]-1.15] -2.301-1.05] -2.15} mAce
MC53/MC833Y | \oog) | -1.45] -245| -1.30] -2.25) -1.15] -200{ madc|-1.28 2.50(.1.15| -2.30{ -1.08| -2.15 | magc
iscig) |[-1.45] -2.45] -1.30| -2.26( -1.15] -2.00{ mAde{-1.25{ -250|-1.15{ -2.30] -1.05 -2.15] mAdc
Isc(s) |-3.00) -5.10{ -2.70] -4.60{ -2.40 -4.10] mAde|-2.600 5.20(-2.35) -475]-2.20] -4.40[ mAdc
Iscg)  |-3.00] 5.10| -2.70{ -4.60| -2.40{ -4.10{ mAdc|-2.60 -5.20{-2.35| -4.75{-2.20] -4.40{ mAdc
MC96/MCESE Y [ 1cogy | -3.00| 5.10] -2.70| 4.60] -2.40| -4.10] mAde|-2600 5.20]-2.35| 475 -2.20| -4.40] made
tscqg) |-3.00] -5.10{ -2.70] -a.60 -2.40{ -4.10| madc|-260( 5.20{-235| -4.75| -2.20{ -4.40| mAdc
Reverse Current 1R(2) ~ 20| ~ 20 | ~ |50 | «Ade ~ | 50 | —~ |50 [ — | 10 [uAde
1R(3) = 120} = )20 ) — |50 | 4Adc) - | 5.8 | —~ |50 | — |10 | .Ade
IR(4) <20 | - |20 | — (50 | uAd ~ | 50 | — |50 [ ~ | 10 | .Ade
Al Types 18(10) - 120 ) ~ 120 ) = }50 | 4Ade] ~ {50 |~ J50 | ~ |10 |.Ade
g |~ |20 ] —~ |20} - {50 | «Ade] ~ )50 | - |50 | ~ |10 |.Ad
1R(12) ~ 120 ) —~ |20 ) ~ |50 | uAde| - | 50 |~ 150 | ~ } 10 |.Ade
lgepy [ - |10 | =~ |10 | ~ J20 | uAde| | 20 | ~ {20 | ~ |30 [uAde
MC953/MC853 ) IRCP(13) | — | 10 -~ 110 - 120 ) LAde 20 20 30 | «Ade
MCI56/MC856 | 1pcpqygy | -~ 10 | ~ {10 | ~ [20 | .kl |20 [~ [20 | - ]300 [.Adk
Forward Current 281R(9) | ~ | -107) ~ |07 — |-t00f mAde| - | 095 ~ | -095| - | -0.90] mAde
203153y | - |17 — ]-107| — |-100] mAde| — [ 0.95| ~ | -095| - | -0.90] mAdc
23try| ~ [-107| ~ |-107| ~ |-1.00) mAde] — | 095] — | -095| ~ | -0.90| made
23| - 107 ~ |-to7| — |-100] mAde| — | 0.95| ~ | -095| ~ | -0.90| mAdc
IECP(1) - 1-3.20) - |-3.20} - {-3.00| mAdc{ - | -280) -~ | -2.80( -- | -2.67{ mAdc
Igcp(13) { ~ | -3.20f -~ |[-3.20] - |-3.00] mAdcf -~ | -2.80] -~ | -2.80[ - | -2.67 | mAdc
1FS(4) w1320 — |-320f ~ {-3.00| mAde ~ | -2.80| — | -2.80] - | -267|mAde
sy | - | -320] -~ [-320| -~ |-3.00] mAdc| — | -2.80| - | -2.80| - [ -2.67{mAdc
Power Drain
Current
MC953/MC853 | IMAX(14)] — | - - |32 = | mAdc| - R - | mAdc
MC356/MC856 | ImAXx(14)| — | - -~ |38 - | mAdg| - - | 45 ~ | mAdc
MC953/MC853 | IppH(14) | - |2 - | mAdc| - - -~ |28 - | mAdc
MC856/MC856 IPOH(14) | — - |27 == | mAdc{ - - | 34 = | mAdc
Switching Time
MC353/MC853 | tpy+ - 25 |100 ns | - - |25 100 | -~ ns
MCI56/MCB56 | tog s |15 | | s b o~ 25 {75 -] | ons
All Types tad- ~ |15 155 ns - - |15 55 ns
MC353/MC853 | tog+ | -1 p ] - - | s | - 25 0|~ | o fos
MC356/MC856 | tpge e = )25 | -~ s |- - 2B )75 ) - -~ | s
All Types tpd- — |15 |55 - ns | - - |15 55 ns

Pins not listed are left open
* * Apptied after Clock Pulse

YCPa - Clock Pulse a
See Clock Puise Waveforms
“'CPC - Clock Pulse ¢

Momentary Ground
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Integrated Circuits

MC952/852, MC953/853, MC955/855, MC956/856 (continued)

TEST CONDITIONS
mA VOLTS
-65°C @O [-012[ 140]210) o 400 ] - | 450 580 | -
MC353/MC956 +25°C @ |-012] 110]200[ 0 [400 |[500] 450] 5.50] 5.00{ 8.00
+125°C 0.12]1 080 ]200] 0 |400 450 550 - =
0 -0.12] 1.20 [ 2.00 | 0.45[4.00 | - | 500] 500] — | -
MC853/MC856 +25°C -0.12( 1.10 {1.90 | 0.45] 4.00 [5.00| $.00] 5.00] 5.00] 8.00
+75°C -0.12( 0.95 | 1.80{ 0.50] 4.00 | ~ | 5.00] 5.00
pne 'ou [ tom | Vi [Vin | Ve | Va | Vee| Veor| Veou| Veo | Vinax| | % 5"’;‘_"""
CHARACTERISTIC |IN({ ) [PN| pin| PIN[PIN| PINfPIN |PIN|] PIN| PINFPIN | PIN | Pinf Pin "
Output Voltage voL(s) 5 4 14 7
voue | 6 3 14 1 47
Vors) | 8 1 1 13 ] 7,107
VoL(g) 9 10 14 7
VoH(S) 5 |3 2 14 1 4Ty
VOH(6) 6 34 14 1 7
VOH(8) 8 10N 14 13 7
VOH(9) 9 n 12 14 13 7, 10"
Short-Circuit Isc(5) 14 1 5,7
Current 156(6) 14 1 67
MeasamMessas | o 14 I
Isc(9) 14 13 7.9
Iscis) 14 1 57
iscts) 14 1 6,7
MC856/MC856 1(8) 14 13 18
Isc(9) 14 13 79
Reverse Current R(2) 2 14 17
IR(3) 3 1 17
(R(4) 4 14 2,67
All Types IR(10) 10 14 18,12
R(11) n 14 713
IR(12) 12 14 713
IRCP(1) 1,14 23587
MC953/MC853 | IRCP(13) 13,14 7,89,11,12
MCI56/MCB56 | Iqcp(y3) 13 14 7,89,11,12
Forward Current 2/31F(2) 2 14 1 7
2/31F(3) 3 14 1 7
2/31F(11) " 14 137
2/31¢(12) 12 14 137
IFCP(1) 4 1 14 7
IFCP(13) 10 13 14 7
IFs(4) 4 14 37
IFs(10) 10 14 711
Power Drain
Current
MC953/MC853 | ImAX(14) 14 1,2,3,4,7,10,11,12,13
MCIS6/MC856 | ImAX(14) 14 1,2,3,42,10,11,12,13
MCI53/MC8S3 | IppH(14) 14 7
MC956/MC856 | IppH(14) 14 7
Switching Time Puise| Pulse
In Out
MC953/MC853 tpd+ 1 6 14 7
MC956/MC856 tpd+ 1 6 13 7
All Types tpd- 1 [3 14 7
MC953/MC853 tpd+ 13 8 14 7
MC956/MC856 tpd+ 13 8 14 7
All Types tpd- 13 8 14 7
D1 Values (mA}: MC953 MC956 MC8s3 MC856
-55°C 14.6 13.0 o 16.8 15.4
+25°C 15.2 13.6 +25°C 16.8 15.4
+125°C 13.8 12.3 +75°C 16.0 14.6
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Integrated Circuits

mc961F ;
§ 72— [
mc861F, P ) Y fR—
| JRSE—
i— a
T10-86 UNIBLOC 13
CASE 83 PLASTIC PACKAGE 11
SUFFIX F CASE 93
. SUFFIX P
MDTL EXPANDABLE DUAL 4-INPUT
"NAN D/NOR" GATES tpa = 2515 9D Positive Logic:
.o . P - 33 wmWiy 6=T2450)
(Additions to MC930/MC830 Series) ot Lot :ﬂ_m » 8 -9 T0 T 130T
Fun-Out = 7
FIGURE 1 — CIRCUIT SCHEMATIC
{’ ' 14
1.6k 3; 2k g 2k 1.6k
<
—
P4 o
2.15k ] $2.15k
and Do o
4 0—* |>—4 S P—{ *—O 12
5k S 2 5k
5 oK} o 13
30— i) l | L on
6 7 8
ELECTRICAL CHARACTERISTICS
Test procedures are shown for one gate only. The
other gate is tested in the same manner.
Symbol Mcg61 Test Limits MCB61 _Test Limits
Characteristic PinNo —55°C +25°C +125°C 0°C +25°C +75°C
inC ) [ Min [ Max [ Min | Max | Min | Max | Unit | Min | Max | Min | Max [ Min Max |
Dufput Voltage Vo) | — | 040 | — | 040 ] — | 045 | vac — | 045 — | 045 | — | 050
Vou®) [ 2501 — | 260| — f250] — |[vac |280] — | 280 | — | 250 | —
Vou(8) | 250 | — | 2680 | — | 25| — |vic | 260| — | 260 | — | 280 | —
Vou(6) [ 250 | — | 260 — | 250 | — |[wvec | 260 — | 260 — | 250 | —
Vou(B) | 250 — | 260 — | 250 — |vdc |260] — | 260] — | 250 | —
Voul6) | 2501 — | 260| — ] 250 ] — |vic | 260] — | 260 | — |20 | —
Short-Circuit Current isc(6) | — |—4.0 — | —4.0 - | ~3.9 |mAdc — |33 — | —3.9 — [—3.75
Reverse Current (AT 20 | — 20 [ — 50 |uAde | — 50 | — 50 | — 10
ix(2) — 2.0 — 20 | — 50 |uAdc | — 5.0 — 50 | — 10
L@ | — 20 | — 20 | — 50 [uAde | — 50 | — 50 | — 10
W5 | — 20 | — 20 | — 50 |uAde | — 50 | — 50 | — 10
Output Leakage Current leex(6) | — — — 50 — phde | — — — 100 — —
Forward Current 1) | — |-160] — |—160] — |—150 |[mAdc | — |~-140] — |-140] — |—-133
L2 3§ — |-160) — |—160] — |—1.50 {mAdc | — |[-140] — |-140| — [-1.33
i@ | — |-160| — 160 — |-—150 ImAdc | — [-140| — |-140| — [-133
L) | — [-160] — |[-160} — |-150 mAdc [ — [-140| — |-140] — |-133
Power Drain Current Ippuf{14) | -— — - 10.7 — | made — 13.1 — —
imes{14) | — — — 550 | — — | mAdc — 8.0 — —
§'Ihﬁln. l me
(Pin 6 connected
to Pin 9) tat | — | — 15 60 — | ns — — 15 60 -
tam | — | — 10 30 — | = |ns - | = 10 30 | — | —

Pins not listed are left open



Integrated Circuits

MC961F/MCB861F, P (continued)

FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

PULSE WIDTH = 200ns I 14 O V.. = 5.0vdce

I I
0 vde
Aoal
: [ 70 0SCILLDSCOPE

PULSE INPUT
s —
p —T 1 8
Only connected pins are shown. |_ B

AA
VWA~
E-

All others are open
L MC833 or
¢ equivalent
TEST R c used for
diodes.
tod+ 3.9 kohms 30 pF
tpd — 400 ohms 50 pF = = =
@ Test Test Conditions
Temperature mA _Yalfs
—5§8°C{ 10.4|-0.12 1.40 2.10 — 0 4.00 — | — 1450580, —} —
MC961 { +25°C{ 11.0/-012 1.10 2.00 1.86] 0 4.00 4.50(5.00|450)550] 5.00] 8.00
+125°c| 9.81-0.12 0.00 2.00 - 0 4.00 — i — (450,550 — 1 —
o°c| 110|-0121.20| 200 — Joa4s | s00 | — | — [sp0)so0 |
MCO61 {+2s°c 11.9]-012{1.10| 190 [1.80]0.45 | 400 |500 ;500500500500 800
+75°C| 10.41-0.12 0.95 1.30 —~ |0.50 4.00 — | — |%500|S5060] — |
Characteristic Sl!:: ::l lou | You | Yo A/ Y | Ve \ Veex | Yee {Veou [Veom| Yoo | Yma | Grounded
in{ ) | PinNojPinNo[PitNo | PinNo PinNo|PinNo | PinNo [ PinNo|PinNo|PinNo|PinNo|PinNo[PinNo |  PinNo
OuTput Vortage Vo, (6) 6§ | —| — | L245 | — | — p— 1 =11l -] —1 — 7
Vould) | — [ 6 | 1 - -] - - — | —-j -1 =] = 7
Voul®) [ — | 6 2 - - - - -8 -] -] - 7
Vou®) | — | 6 | & — —| - - - -l - -] = 7
Vou(6) | — ] 6 | S - — | - - —| =] u| -] =] = 7
Vou6) | — | 6 | — — 3 | — — — | =] 4] - -] = 7
Short-Circuit Current (6 | — | — | — — — | = - — | = =[] - 1,6,7
Reverse Current 1, (1) — ] -] = — — | = 1 — | = -1 1] =1 — 2,4,5,7
W | — | — |- — — | = 2 — | = =118 = =] nas7
le (4) | —1- - - | — 4 d Bl el R el 1,2,5,7
W) | — | = | = - e 5 —| —| =] 1] =]~ ]1247
Butput Leakage Current leex®) | — | — | — o — | — — 6,14 — | — | — | — | — 1,7
Ferward Current 1¢(1) —_— = = —_ — 1 2,4,5 —_— =] - ‘| — — 7
1:(2) - =] — — | 2 1,4,5 -t —| = 18| —| — 7
1(4) - == - — | 4 12,5 - = -] 4 = - 7
we) | — ] — | — — — |5 (124 | —| —| —|w@|—|— 7
Power Drain Current low(ld) ] — | — | — — | — — — 14 — 7
R o (14) | — | — = — — | —] 14 1,7,9
Switching Time Pulse( Pulse
{Pir v6 connected In Qut
to Pin 9) toot 9 8 | — — [ —_ —f 1l - -1 = 7
tpa— 9| 8 | — - — | = — — | - =~ = 7

Pins not listed are left open
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Integrated Circuits

mc9616G
mc861G

[N

[&m
Y

CASE 96A
TO-100

MDTL EXPANDABLE DUAL 2-3 INPUT
“NAND/NOR” GATES -
(Additions to MC930/MC830 Series) v ) Positive Logics

p = 3 y
Py s 33 mW typ

4-T273
Input Loading Factor - 1 6:=89(1N
Fan-Out - 7
FIGURE 1 — CIRCUIT SCHEMATIC
E —0 10
1.6k Zké s 2k %l.ﬁk
3
2.15k b r 32.15k
1 o g
2 o 8
3 —_0 7
5k 5k
L
4 56
ELECTRICAL CHARACTERISTICS
Test procedures are shown for one gate only, The
other gate s tested in the same manner.
Characteristic Symbol Mc961_ Test Limits mce61 Test Limits
PinNo —55°C +25°C +125°C 0°C +25°C +75°C
in{ ) Min | Max | Min | Max | Min | Max | Unit Min | Max | Min | Max | Min | Max
Output Voltage Voo (6) — | os0 | — o040 | — [ 045/ vae — (o045 | — | o045 | — | os0
Vou (6) 250 | — | 260 | — | 250 — | wvic 260 | — [260 | — 250 | —
Vou(6) 250 — | 260 | — | 250 | — | vde 260 | — |260 | — 250 | —
Vou (6) — | — 260 | — | — | — | vde — | — 260 — | — | —
Short-Circuit Current l5¢ (6) — | —4.0 — =40 — -39 | mAdc — | -39 —_— -39 — | —3.75
Reverse Current 1(8) — [ 20] — ] 20 — | 50 [ sAde — | 50| — |50 [ — 1] 10
1,(9) — | 20 — | 20| — | 50| .k — | 50| — | 50 | — | 10
Output Leakage Current lcex(6) - - - 50 — — | uAde - — — | 100 — -
Forward Current 1£(8) — [ -160| — |-1.60{ — |—150| mAdc ~— | -140| — |-la0| — |[-133
1:(9) — | -160| — }-180! — |—1.50| madc — | -140| — |-140] — |-133
Power Drain Current lpon (10) — — — 107 - ~— | mAdc - - — 131 - -
luan (10} — — — 5.5 — — | mAde — - — 8.0 — —
$witching Time
(Pin 4 connected
to Pin 8) tyat —| — ] 15| 6 | — | — | ns — | — | 15|60 | —| —
toa— - - 10 3 | — | — | as — | — |10 |3 || =

Pins not listed are left open
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Integrated Circuits

MC961G/MC861G (continued)

FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

PULSE WIDTH . 2D0 ns

R
I O ey
0 vdc A A 15V
0
PULSE tNPUT O 3 TO OSCILLOSCOPE
Only connected pins are shown -0
All others are open 8
MC833 or
equivalent
L TEST R c used for
c diodes.
tpd + 3.9 kohms 30 pF T
tpa — 4D0 ohms 50 pf = =
@ Test Test Conditions
Temperature mA Volts
} —55°C 10.4 —0.12/1.40 (210 | — 0 |400| — | — ]450(550]| — | —
MC961 3 +25°¢ | 11.0 | 0.12[1.18 {208 |1.88 | 0 | 4.00]4.50 | 5.00] 4.50 [ 5.50 | 5.08 | 8.00
+125°C 9.8 |-0.12}0B0 | 2.08 | — 0 | 400 — — |450)558 | — | —
J aoc 110 8121128 1200 | — (045 | — — | 580|588 — | —
['1¢.1]] +25°C 110 +8.12)1.18 [ 1.98 | 1.80 {8.45 5.00 [5.80 | 5.08) 5.88 [ 5.88 | 8.88
l +175°C 104 -0.12]/8.95 |1.88 | — |8.58 | — 580 | — | 5.00/ 5.88) — | —
Characteristic Symbol | o |low | Vi [ Vi | ¥ | Ye | Yo | Veex|Vec Veet [Vecu| Yoo | Vo | Grounded
:r;No) PinNo{Pin No|Pin No|PinNo|Pin No[Pin No[Pin No | Pin No|Pin No|Pin No|Pin No|Pin No|Pin No PinNo
1
Output Voltage Vou (6) 6l —] =188} —| —|—|—}—| 0| —|—|— 5
Vo (6) -1 € 8| === —|—|—-twW]—=|—|— 5
Voul® [ — 1 8| S — | = —|—={—={—| W —{—{=— 5
Vou(6) -6 | |1 7| —l—-[|—]| (W —=]—=]= 5
Short-Circuit Current ls¢ (6) - —| = 10| —[ — 5,6,8
Reverse Current h(8) e e e Bl Bl el B el 5.9
1 (9) — | =} = = = =] 8| =] =] =] 10| =] — 5,8
Output Leakage Current leex (6) -1 =1-1T=71=]-]—=]600] —} =} —| =} — 5.8
Forward Current 1:(8) I P i e s - - - 0 —1 — 5
1) — =t =]1=1—= 9| 8| =] =] =} 10] = — 5
Power Orain Current bpon (10} - = = — - — - — - — —_ 10 —_— 5
e (10) =1 —-1—i—1 - ={—-]-} - -] =] 10 1,5,8
Switching Time Pulse | Pulse
(Pin 4 connected In ot
to Pin 8) toot 8| 6| | = =] =] =} = 10| —] —| =] — 5
tpa— sl e —1 —] =] =1 =1 —] 10} -] =] =] — 5

Pins not listed are left open
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mc9626G
mc8626G

Integrated Circuits

MDTL DUAL 2-INPUT “NAND/NOR” GATE PLUS INVERTER
(Additions to MC930/MC830 Series)

W
W

CASE 96A
T0-100

77— 6 Fan-Out - 8
8 ——.

=30 ns ty
thy < 30 ns typ

Py - 30 mWiyp

Positive Logic:

Input Loading Factor = 1

4.2
67"
1

3
8

FIGURE 1 — CIRCUIT SCHEMATIC

215k § 1 16k 36
ST
3 oK SIS PN

2}25}(%{’? ek %,‘T |
7 oK P
g o—fi- ’gsk*\ [

2. 15k§ { T ews
1o s -

S é;‘f\ !
gy

b4

0 s

ELECTRICAL CHARACTERISTICS

Test procedures are shown for inverter and one gate only.

The other gate is tested in the same manner.

SYMBOL MC962G TEST LIMITS MC862G TEST LIMITS
PIN - +25 +125 +25°C +15°C
CHARACTERISTIC| IN ( } ['MIN] MAX| MIN [ MAX| MIN| MAX{ UNIT[MIN | MAX | MIN | MAX | MIN | MAX| UNIT
Output Voltage Vo 0.40 0.40 0.45 | Vdc 0.45 0.45 050 [ vdc
VoL@ 0.40 0.40 0.45 { v 0.45 045 050 vde
VaH(a) 2.50 260 250 Vdc | 2.60 2,60 2.50 Vdc
Vohia | 250 260 2.50 vde [2.60 2.60 250 Vde
Vom(g) | 250 260 250 Vde | 2.60 260 250 vde
Short-Circuit Isc(a) -1.34 -1.34 -1.30 | mAdc -1.30 -1.30 -1.25| mAde
Current
Isc(9) 134 134 130 | mAd 130 1.30 1.25| mAde
Reverse Current ) 20 20 5.0 | pAdc 5.0 5.0 10 phAdc
IR 20 20 50 | pAde 50 50 10| wAde
(3 - |20 2.0 5.0 | phde 5.0 5.0 10 | pAde
Output Leakage Icex(a) 50 pAde 100 uAde
Current
'EEX(B) - 50 pAdg 100 pAdc
Ferward IF(\) -1.60 -1.60 -1.50 | mAde; -1.40 -1.40 -1.33] mAdc
Current
Ik -1.60 -1.60 -1.50 | mAdg -1.40 -1.40 -1.33| mAdc
@ 160 -1.60 150 | mAde| -1.40 -1.40 -1.33] mAde
Power Drain lppH0) 9.75 mAdg, 12 mAdc
Current
Imax(10 8.2 mAdc 12 mAdc
Switching
Time (Fig.2)
(Pind t 25 |80 ns %5 |80
connected to pd* "
Pin 7) g 0 |30 ns 10 kD] ns

Pins not listed are ett open.
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Integrated Circuits

MC962G/MC862G (continued)
FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

PULSE WIDTH — 200ns

=40V 10 V., = 5.0vde ——\

o—-32 A
PULSE 4 7 L o
INPUT [_ 5 6 J B: TO 0SCILLOSCOPE ND
i MC833 or
4 equiva'ent
used for
diodes.
TEST R c Only connected pins are shown.

All others are open

toa+ | 3.9 kohms| 30 pF

tod — 400 ohms 50 pF
@ Test TEST CONDITIONS
Temperature mA VOLTS
-55°C 11410121 140]210] 0 T4007 - | 4507T5.
MC862G  +25°C 12070121110 200 ] 0 [4.00 | 4.50 [5.00 ] 4.50 [ 5,50 [5.00 [8.00
+125°C 10.8-0.12{080({ 200 0 {400 - -~ | 450 { 6,50 | -
C 12.0 | -0.121 1.20 | 2.00 | 0.45 | 4.00 | -- ~ [ 5.00 [ 5.00
MC862G +25°C 72.0 | 0.12] 1.10 | 1.90 | 0.45 | 4.00 | 500 |5.00 | 5.00
+75°C 11.41-0.12]| 0.95] 1.80 | 0.50 [ 4.00 [ - X
SYMBDL v
PN ['o |Ton | Vie | Vin | V| VR | YeEx|Vec [Veed| Veon|Veo | YMax | GROUNDED
CHARACTERISTIC| IN ( ) {PN | Pin | PN PN | PN [pin | PIN|PINT PINE PN [PIN | PIN PIN
Dutput Voltage Vore | 4 23 10 5
Vor | 8 1 10 5
Vo) 4 |2 10 5
VoHw a |3 10 5
VoH(g) 9 |1 10 5
Shart.Circuit Isc(4) 10 245
Current
sc(9) 10 159
Reverse Current R 1 10 5
1R(2) 2 0 35
183 3 0 25
Dutput Leskage ICEx(4) 4,10 25
Current
1CEX(9) 9,10 15
Forward ) 1 10 5
Current
IF2) 2| 3 10 5
'F3) 3 )2 10 5
Power Drain lPI]H(IU) 10 5
Current
Imax(io 10 1257
Switching Pulse| Pulse
® T;me(Flg.Z) n | Out
in t 7 10
connected to pd+ ! 5
Pin7 od. 2 7 10 5
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Integrated Circuits

1
13
R
mc863F, P fl :
4 6
5
10-86 UNIBLOCK ;
CASE 83 PLASTIC PACKAGE 2 s
SUFFIX F CASE 93
SUFFIX P
MDTL TRIPLE 3-INPUT “NAND/NOR” GATES 1, -2
(Additions to MC930/MC830 Series) Pp - 50 mW typ 6305
Input Loading Factor = 1 8791011
Fan-Out = 7 1213102
FIGURE 1 — CIRCUIT SCHEMATIC
2.15k , 2k
14 7
ELECTRICAL CHARACTERISTICS
Test procedures-are shown for one gate only. Other
gates are tested in the same manner.
Symbol MC963  Test Limits MC863 Test Limits
Characteristic pinNo —85°C +25°C +125°C 0°C +25°C +175°C
in{ ) Min_[Max [ Min [ max | Min TMax {Unit | Min [ Max | Min [ Max [ Min | Max
Output Yoltage Vo (6) — Jo040 | — 040 [ — 045 [ Vdc — 045 | — | 045 | — | 050
Vou (6) 250 | — [260 | — | 250 | — | vde 260 | — 260 | — ]250 | —
Vou(6) 250 | — | 260 | — | 250 | — | vde 260 | — 260 | — |250 | —
Vou(6) 250 | — (260 | — | 250 | — |vdac 260 | — (260} — |250 | —
Short-Circuit Current I¢c (6) — (40 [ — [—40 — [=39 [mAdc — |39 — [—39 — [-37%
Reverse Current 1, (3) —_ 20 2.0 — 5.0 [ uAdc 5.0 5.0 — 10
In (@) - 20 | — 20 | — 50 | 4Ade - 50 | — 50 | — 10
1(5) _ 20 | — 2.0 5.0 | 4Ade = 50 | — 50 | — 10
Output Leakag? Current lcex (6) — —_ — 50 — — [ uAdc —_ —_ — 100 —
Forward Current 1:(3) —-160| — |-1.60 —1.50 | mAdc ~1.40 —-140 | — [-133
1:(8) — |-160| — |-160] — |—150|mAde — |-140| — |~140 | — [-133
11 (5) — |-160| — |-160] — |—150|mAde — |-140| — [-140| — [-133
Power Orain Current Trowe (14 — | = | — w6 — —[mhdc | — | — | = [ 1968 | — | =
ower Orain Curren I:,:((M)) - - - % = I e - - . 28 - .
Switching Tima
(Pin 6 connected to
Pin 9) — —~ | - 15 60 | — — 1 ns — | = 15 60 — —
— — — 10 30 — — | ms — | = 10 30 — -~

Pins not listed are left open




Integrated Circuits ——

MC963F/MC863F, P (continued)

PULSE

Vin=4.0V
L0 vdc

WIDTH = 200ns — 14
g Voo =Sovde
A 15V
A
T0
PULSE 6 _:_[p L g o
INPUT [} ] —T T3 Y OSCILLOSCOPE o
_L B ted +

o—— 5

FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

oot
I equivalent

MC833 or

used for
TEST R c diodes. 8 1sv
tod+ 3.9 kohms 30 pF 1
Only connected pins are shown. GND
tpd — 400 ohms | 50 pF All others are open
@ Test Test Conditions
Temperature mA Volts
/‘ —55°C 104 |-8.12|1.40 | 2.18 0 408 !— | — 14506558 | — —
M(963 +25°C 11.0 +8.1211.18 | 2.80 0 /480 ]4.50 )5.00 | 4.50 | 5.58 } 5.00) 8.00
. +125°C 98 0.12(8.80 | 2.08 8 480 [ — | — [458 (550 | — —
¢ 0°C 11.0 +0.121.28 | 200 [045 | — {500 — |500]5.00 —] —
MC863 ) +25°¢ 11.0 +0.12 {1.18 | 1.90 [0.45 (500 |5.88 | 5.00] 5.80 | 5.08 ) 5.00) 8.80
l +75°C 104 18.12 (095 [ 180 [0S0 [— (500 | — [500]|500| —| —
Characteristic SP{T Nboal lou [low Y | Yiu | Ye [ Vo Veex [Vec |VeorVeon | Yoo |Vma | Grounded
int ) PinNoPin No [PinNo | PinNo | PinNo {PinNo [Pin No [PinNoPin No[Pin No [Pin No PinNo PinNo
Output Voltage Vo, (6) Pl = = 1345 — =] =1 =116l —]=7]= 7
Vo, (6) — 6 3 — | = =1=]—=| 14| = — 7
Vou (6) — 6 4 — el el el el N e e 7
Vou(6) —lels | —|=]=l=-|=lmn|=|=-|= 7
Shart-Circuit Current l4¢ (6) — — — — — — — — 14 _ — 3,6,7
Reverse Current 1x (3) - — —_ —_— 3 —_ — 14 — 4,57
1y (4} — — === j1a| == 3,5,7
1 (5) et B —|s{—|- wi—1 - 34,7
Output Leakage Current Iex (6) — = 1= — =168 =] =] =1 =1 = 3.7
Forward Current 1¢(3) - — 3 (45 — 14 ] — [ — 7
1,(4) - — - - 4 3,5 - - - 14 - - 7
I, (5) — — — s 34| —|—|—{WB]|—]~— 7
Power Orain Current loon(14) — = |— — — — T =T =111 = 7
ig) — =] = | = — =~ =]=114 3,7,9,13
Switching Tims Pulse [Pulse
(Pin 6 connected to In_| Out
Pin 9) — 9 8 | — — — | = m|l -t =] = 7
— 9 8 — —_ —_ | - _ 14 | — | — —_ 7

Pins not listed are left open
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mc9636G
mc8636

CASE 96A
SUFFIX G

MDTL DUAL 2-INPUT “NAND/NOR”

GATE PLUS INVERTER

Integrated Circuits

1 9

_{>o_
—
—1 >

W N W N

(pd = 25 us typ Positive Logic:
4=2-3
Py = 45 mW typ 2
6=7-8
Input Loading Factor =1 ¢ _ 7

Fun-Out = 7

FIGURE 1 — CIRCUIT SCHEMATIC

2
3 o

(Additions to MC930/MC830 Series)

ELECTRICAL CHARACTERISTICS

Test procedures are shown for the inverter and one gate only,

The other gate is tested in the same manner.

2ask T

2.15k§

SYMBOL
PIN
CHARACTERISTIC | IN( ) UNIT
Output Voltage VoL 0.40 0.40 0.45 | vde 0.45 0.45 0.50 | Vdc
VOL(S) 0.40 0.40 045 | Vde 0.45 0.45 0.50 | Vde
Voua |250 260 250 v .60 | — {260 250 Vde
Voniey |250 260 | - |2.50 Vde R.60 2.60 2.50 Vde
Vo |29 2560 280 | - | vde 6o | - |260 250 vde
Short-Circuit t - |40 ~ |40 |- [-39 |mAdc[- |-39 | -~ -39 - | -3.75|mAdc
SC(4)
Current
Isc(9) 4.0 40 39 |mAde -39 39 -3.76| mAde
Reverse Tty 20 20 |~ |50 [uAde 50 50 10 [uAde
Current
IR - |20 [~ |20 |- |50 |uAde 50 50 10 [uAde
TR(3) - 120 20 |~ |50 JuAde 50 50 10 juAde
Output Leakage Icexta) 50 |~ } -~ [uAde ~ | = 1w - | ~ |uAde
Current
ICEX(9) S S - T I I 7YY ~ | oe| ~ | - [uAde
Forward 'F(l) —~ |-1.60 -1.60 | — |-1.50 jmAdc| -~ [|»-140| — 1-1.407 — | -1.33| mAdc
Current
IE(2) -1.60 | -~ |[-1.80 | — |-1.50 |mAdc -1.40 -1.40 — | -1.33imAdc
IF(3) - 1-160 -1.60 -1.50 ImAdc{ — {1400 —~ {-140) - {-1.33{mAdc
Power Drain tpoR(10) | - - J16e mAde | — - | - 186 | - - [ mAdc
Current
maxoo| — - — |8.25 | - - |mAdef - . 20| - — | mAde
Switching
Time(Fig. 2)
(Pin 4 tpd+ - - 15 | 60 - ns - 15 60 - ns
connected to
Pin7
i) tod- 0| 3 ns wl - [ -{n

Pins not listed are left open.
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Integrated Circuits

MC963G/MC863G (continued)

FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

PULSE WDTH - 20005
10 Ve = 5.0Vee

N I Ay
ovde R A

o—— A f
PuLSE 4 1
’ ]

INPUT TO OSCILLOSCOPE
B

A MC82 or
c = equivatent
used for
diodes.
TEST * ¢ L apen: 21 1o
tod + 3.9 hohms 30 pf
toa — 400 ohms 50 pf
@ Test TEST CONDITIONS
T mA VOLTS
s5°c 1041002140210 [0 [400] ~ | -~ |asofss0 f - | -
mc9636  +25°C [ 11.0 [-0.12 [1.10] 2.00 | o | 4.00 [4.50 [5.00 [ 450 |5.50 |5.00] 8.00
+125°c [ 98]-012 080200 0 Jaoo| -~ 1 - [a50][5.00
o°c [11.0]-002 [1.20] 2.00 {045] 400 | — | — | 600[5.00 | — | =
mce636  +26°C | 11.0 [-0.12 [1.10] 1.90 [o.45] 4.00 | 5.00 | 5.00 | 5.00 | 5.00 [5.00] 8.00
+15°c [10.4]-0.1209s] .80 Josof 400 [ — | -~ [s500]500] ~ | ~
SYMBOL
PN [ lou Yo |Vie| Vin | Ve | VR |Veex|Vee |Veet |Veen {Veo |Vmax | GROUNDED
CHARACTERISTIC | IN{ ) [pin [pin [Pn | ein [ v [ pin [ piv [en | e fpin [ oin [ v PIN
Output Voltage VoL 4 23 10 5
Vou | ° ! 10 5
Vo 4 |2 10 5
VoH 4 |3 10 5
Vom(e) g |1 10 5
Short-Circuit I 10
Current Scl) 245
Isc(9) 10 159
Reverse IR(1) 1 10 5
Current
TR(2) 2 10 35
TR(3) 3 10 25
Output Leakage ICEX(4) 410 25
Current
Icex(9) 910 18
Forward e(ny 1 10 5
Current
IFQ) 2 |3 10 5
IE) 3|2 10 5
Power Drein 1POH(10) 10 5
Current
Imax(1o} 01287
. I
Switchin | o
Time{Fig. 2)
(Pin 4 tpgs 2 | 7 10 5
connectad to
Pin 7)
o 2§ 7 10 5

Pins not listed are left open.
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Integrated Circuits

mc1124P

MOS FREQUENCY DIVIDER

MOS integrated circuit frequency divider, a mono-
lithic circuit consisting of four flip-flops with single
rail inputs and Q and Q outputs.

UNIBLOC
PLASTIC PACKAGE
CASE 93

3
(5) {7}
2 Qz
(5)
3
(5) =39
4 |T
(1) =
5
(5) =—C
6
(5) =—]
7
GND  ~]

Number in parenthesis = loading factor
NOTE: To cascade flip-flop stages, connect
(trigger out) to T, (trigger in) of the
in
next stage.

CIRCUIT SCHEMATIC

9

Tin‘l@ ?Q:)ﬁ) Tmf}ﬁ)
N

A ¢ J ;

N S




MC1124P (continued)

MAXIMUM RATINGS

Integrated Circuits

Rating Symbol Valuve Unit
Y
Drain Voltage VDD -40 to +0.3 Vdc
Trigger Input Voltage in -30to +0.3 Vdc
Operating Temperature Range TA 0 to +75 °C
Storage Temperature Range st -55 to +125 °c
ELECTRICAL CHARACTERISTICS
Pin Test Voltage @ TA = 25°C
< e Under . . V.
Characteristics Symbol Test Min | Max | Unit DD
* 1 -30+1Vde | -10£0.5 Vdc | Ground
Applied to pins listed below:
Drain Supply Drain Current IDD 11 - 2.5 mAde . 11 12 1,4,7,8,13
Source Supply Drain Current 'ps 12 - 17 | mAdc - | 125911 12 4,7,8,13
Source Supply Leakage Current ISS 12 - 5.0 nAde - - 12 1,2,3,4,5
6,7,8,9,10
11,13, 14
"Q" Logical 0" Qutput Voltage VOH 3 9.01 - vde 1 1 12 7
6 -9.01 - 4 11 12 1
10 -9.0 ] - 8 11 12 7
14 -9.0 [ - 13 11 12 7
"Q" Logical 1" Qutput Voltage VOL 3 -2.5 Vdc 1 11 12 1
6 - -2.5 4 11 12 7
10 - -2.5 8 11 12 1
14 - -2.5 13 11 12 7
Q" Logical "0" Output Voltage Vo 1 -10 | - Vdc 13 11 12 1
2 -10 - 1 1n 12 7
5 -10 - 4 1n 12 7
9 -10 - 8 11 12 7
Q" Logical "1" Output Voltage VOL 1 - -2.5 Vde 13 11 12 1
2 - -2.5 1 11 12 T
5 - -2.5 4 11 12 7
9 - -2.5 8 11 12 7
Toggle Frequency 1Tog 100 - kHz See Test Diagram
'VTin — Preset to deslred output level by applying -20 Vdc to input then open.

TOGGLE FREQUENCY TEST DIAGRAM AND WAVE FORMS

-10 Vde

1
—
2
3
fa® = VAL a3

4
—{]

5
—]

6

-—y
fout® = 121 (4)

-20 vde

-
1,19 = L2 6, (19)

e @f =100kHz
in" in

ov (c
10V 50 Q.
1.0 s |-

+

lo‘“(l()) =1,2 (m(a)
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Integrated Circuits

LINEAR INTEGRATED CIRCUITS
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Integrated Circuits

mc1302P

DUAL PREAMPLIFIER
Monolithic dual preamplifier designed for amplify-
ing low level signals in audio applications.

CASE 93

MAXIMUM RATINGS

Rating Symbol Value Unit
Power Supply Voltage Vf +8 Vdc
v -8 Vde
Differential Input Signal Vin 2.0 Volts
Qutput Short Circuit Duration Is continuous
Power Dissipation (Package Limitation) PD 400 mw
Derate above TA =25°C 3.3 mw/°C
Operating Temperature Range Ty 0 to +75 °C
Storage Temperature Range Tstg -55 to +125 °C

CIRCUIT SCHEMATIC

11 120 COMPENSATION 140yt
R6
Rl }sR2 3.8k
6.7kS 96.7k N RT
10— )j > 400
fg 5
R
INPUTS 9.1k e
8 ro " UT A
T15k outT
R3 R4 R8
o7 3.3k 5.5k 2k .
v R3 RS \4
3.3 k M 2k
] 7 R ouT
_6 15k 1 INPUT B
R5
INPUTS o1k
5
¢ :1 R7
Rl }bR2 " 3 400
6.7k 6.7k R6
23.8 k
38 20 COMPENSA TION 140 v*




MC1302P (continued)

Integrated Circuits

ELECTRICAL CHARACTERISTICS -FOR EACH AMPLIFIER

(V' =+6 vde, V™

= -6 Vdc, Ty = 25°C unless otherwise noted)

EQUALIZATION

CHARACTERISTIC RIAA NAB PREAMP
10 pF
Ifi
a 100 pF
“I‘;F 7.5M PPk
—0
" BIASING
| _CIRCUIT |
|51k 150k 200 x
. 17 L oo !
in | - uF
I | I av i
TEST 1uF | L——me
DIAGRAM T
stk Cout
0.1 P f
10 70
s P S A R l
£l 3 Y HE r <
% g 0T E !
3 s : 3
a I\ w N - @ +
. 2 N 3 \ 8 1
EQUALIZATION <, 2 50 g
CURVE 5 ! 5 9 5
g s g g 2 i
> 10 10 > 10 L |
—— Theoreical Curve < I < J < l l l
= =~ Actual Curve o 0 0
10 (00 1k 10k 100k 10 100 1k 10k 100k 10 100 1k 10k 100k
{, FREQUENCY (Hz) f, FREQUENCY (Hz) 1, FREQUENCY (Hz)
Characteristic Min Typ Max Min [ Typ l Max Min Typ Max Unit.
T
Voltage Gain § B
e 39 40 a1 20 30 31 56 59 5t
Output Swing* Vrms
f=10kHz 1.0 15 - Lo 11 - 1.0 1.7 -
Signal to Noise Ratio )
e =1.0vrs 16 48 - 16 52 - a8 52 -
out
Total Harmonic Distortion @
f<1.0KHz, e = 1.0 Vrms - 0.6 0.8 - 0.25 0.3 - 0.6 0.8
Channel Separation
£= 50 6 - 50 72 - 50 64 - aB
0 kHz 5 54 - 50 65 - as 54 - B

§Voltage gain depends upon percent tolerance of feedback impedance ratio {components used were + 5%),

* For linear operation the Outpul Voltage Swing should be less than 1.1 Vrms.
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Integrated Circuits

mc1433

OPERATIONAL AMPLIFIER

CASE 71 Monolithic operational amplifier designed for use as
SUFFIX G a summing amplifier, integrator, or amplifier with
operating characteristics as a function of the external
feedback components.

Pin 4-connected to case

PIN CONNECTIONS
CASE 72 Schematic A B CDETFGH! K
SUFFIX "¢ “G"Package 1 2 3 4 5 6 7 8 910
(T0-91)

“F"Package 10 1 2 3 4 5 6 7 8 9

MAXIMUM RATINGS (T4 = 25°C unless otherwise noted)

Rating Symbol Value Uit
Power Supply Voltage v+ +18 Vdc
V- -18 vde
Differential Input Signal Vi 10 Volts
Commen Mode Input Swing oMV, Vs Voits
Load Current IL 10 mA
Output Short Circuit Duration ig 1.0 s
Power Dissipation (Package Limitation) Py
Metal Can o 630 mwW
Derate above T, = 25°C 4.6 mw/°C
Flat Package N 500 mW
Derate above T, = 25°C 3.3 mw/°C
Operating Temperature Range* T, 0to +75 °c
Storage Temperature Range Totg -85 to +150 °c

*For full temperature range (-55°C to +125°C) and characteristic curves, see
MC1533 data sheet.

OFFSET ADIUST Q H v rIa GAIN ADJUST
S SR RiuQ167kQ
3 3 A 4 16.
) ik S LY o ot | sk ™ Re L 3 Re
"ﬂ’] ue A CiL 17k
SRy, Q

B <167k
NON-INY. S 4 bumér
INPUT an 0 Y
INVERTING

Ria l/a_ Qu

2
ke {
Ry 38542

V- QD CO DUTPUT LAG
CIRCUIT SCHEMATIC EQUIVALENT CIRCUIT
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MC1433 (continued)

Infegrated Circuits

ELECTRICAL CHARACTERISTICS (v- = 415 Vdc, V-= —15 Vdc, Ta = 25°C uniess otherwise noted)

Characteristic Definitions ® Characteristic Symbol Min Typ |Max | Unit
Open Loop Voltage Gain Avor B
(V @ Pin G =+15 Vdc) 30,000 [60,000 | -
(Pin G open) o o 10,000 130,000 | -
(V @ Pin G=+15 Vdc, TA=D T, +75°C) 20,000 |50, 000 -
(Pin G open, T, =0°C, +75°C) 5,000 {25,000 | -
Output Impedance zouz Q
(Pin G open, f = 20 Hz) - 100 | 150
Input 1mpedance in ke
(Pin G open, f = 20 Hz) 300 800 -
Output Voltage Swing v v
Ry = 10kA) out 12 13 .| peak
(R, = 2kp) £10 £12 -
L
Input Common Mode Voltage S oMy, v
6 B put Common Mode Voltage Swing n “ » i
O [
+8Y E e Common Mode Rejection Ratio o™ 4B
halivem gy 0 Aeu =g, (V@ Pin G= +15 Vdc} el 80 100 -
8V My = Avcm — Ao (Pin G open) 70 94 .
B~ .
- " input Bias Current uA
o= e ‘1*'2) (T, = +25°C) b - 05 |20
= o = °, - -
b= ity - 0%0) 4.0
Input Offset Current ‘io A
U, =1y -1y . - 0.1 |o,50
Ui =1y =1y Ty = 07C) - - fo.as
U, =1 -1, T, = 475°C) - - los
Input Offset Voitage @ Vi mv
(T, = 25°C) - Lo |75
(1, = 0%, +15°C) - - {100
Step Response
Gain = 100, 15% overshoot, t, - 0.15 - us
Rl =1kn, Rz =100 k@, tpd - 0.06 - us
Ry=1008, C; = 0.02 uF av /e @ - 11.0 - V/us
Gain = 10, no overshoot, t( - 0.3 - us
€ Rl-lkn, Rz=10kn, tpd - 0.1 - us
Ry =100, C, =0.05 uF av ,/at @ - 15 - | Vus
Gain = 1, 20% overshoot, t - 0.2 - us
sof Ry =10ka, Ry = 10 ke, t - 0.3 - us
Ry=50, C; =0.1uF det/dl© - 0.8 - V/us
Average Temperature Coefficient of
Input Offset Voltage TCyyo uv/%c
(T, = 0° to +25°C) - 10 -
(T, = +25°C 10 +75°C) - 8 :
Average Temperature Coefficient of
Input Offset Current TCo nA/°c
(1, = 0°C to.+25°C) - 0.1 -
(T, = +25°C to +75°C) - 0.05 | -
DC Power Dissipation PD mw
(Power Suppty = £15 V, V= 0) - 125 | 240
Positive Supply Sensittvity §° uv/v
(V" constant) - 50 200
Vew
- Negative Supply Sensitivity s uvv
(V* constant) - 50 | 200

(D Al definitions imply linear operation

() Input offset voltage (V) ) may be adjusted to zero by varying the potential on pin H
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Integrated Circuits

mc15296G
mc14296

DIFFERENTIAL AMPLIFIERS

. B -y

NPN MONOLITHIC
ALL DIFFUSED

Darlington input differential amplifiers designed for
high-gain applications. Features built-in temperature
CASE 71 compensated current source for excellent temperature
stability.

Pin 7 electrically connected to can

MAXIMUM RATINGS (To = 25°C unless otherwise noted)

Rating Symbol | Value Unit

Power Supply Voltage A\ +14 Vdc
Power Supply Voltage v -14 Vdc
Differential Input Signal Vin ts Vde
Operating Temperature Range Ty °c

MC1529G -55 to 125

MC1429G 0to7
Storage Temperature Range Tstg -65 to 150 ocC
Power Dissipation (Package Limitation) Pp 680 mW

Derate above T = 25°C) 4.8 mw/°C

CIRCUIT SCHEMATICS

— 10 v+ “
r~ y 5 1 ]
1 84k g $ 84k |
2ot —+o 10
! i
s 9
' ! P— Z
|
L : meur outeuT
3 ob—AAr—g
' l ye o 1
! b b3 |
RETES < $ 1k X a8
! 4 bou g g
| 4 S a2k | 4
T ————
l' j s Y s
7 2k & 56k | RESISTORS
.Yl AA \
e = EQUIVALENT CIRCUIT
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Integrated Circuits

MC1529G /MC1429G (continued)

ELECTRICAL CHARACTERISTICS (v = = +12Vde; V= = —12Vdc; V, = 0 Vdc; To = 25°C unless otherwise noted)
Connect pir 4 to pin 6 and pin 5 to pin 7 for all tests.

Characteristic Definitions” Characteristic Symbol Min Typ Max Unit
3 2 Differential Voltage Gain Agd
e, out MC1520G 50 L] 110 v/v
in ouf 34 - 4 B
9 10 .
Agg = 22 MC1429G 45 75 - v/v
4= o 33 - - dB
e 3 2 Single Ended Voltage Gain Ay
Cout MC1529G 25 - 55 v/v
28 - 35 dB
9 n +,
= Ay = 2 MC1420G 22 - - v/v
&, 27 - - dB
3 2 100k Vo Output Voltage, Common Mode Voior Vde
‘[iztz:m_. MC1525G o 65 7.0 8.5
< 9 10 100k MC1429G 5.5 7.0 8.5
eing S 2
" z Maximum Qutput Swing \A Vi-n)
Vo Both Types 5.8 - -
4 9 10
Input Offset Voltage Vio mvde
Vio E § NULL MC1520G — - 8.0
METER MC1420G - - 12,0
I3 —3 Input Offset Current Lo pAde
MC1529G - — 2.0
ly —>g o=t~ lg MC1429G - - 3.0
i3 —»3 Input Bias Current Un uAde
Z MC1520G - -— 4.0
lg—>9 _lstl MC1429G - - 4.0
2
eau' Common Mode Rejection CMpe dB
Add Bin Both Types L - -
[% Mn.. - + 20 iog ——
+—+ -3 dB Bandwidth BW iz
A MC1529G 200 300 -
-L:—Bw—— MC1429G 150 280 _
Differential Input Impedance Zin k0
3 2 MC1529G 40 - -
Z.m_,::l Z: MC1429G 30 - -
9 10 Single Ended Output Impedance Z 9
~—Lu MC1529G o - _ 12
= MC1429G - - 15

*All definitions imply linear operalion.

BIASING ARRANGEMENT

in the emitter of the current source
transistor of each of the differential
ampilifiers, there are four resistors of
different values which may be con-
nected in seven ways. The resultant
effective resistance in conjunction

. : L *Pin 7 is connected to the substraic and must be connecicd 10 the Ve supply
with a given Vi makes provision for for proper circuit operation.

different current tevels. For conven-

ience, the seven methods together
with their effective resistances are METHOD 1 2 3 4 5 6 7

tabulated beiow. PIN CONNECTIONS 4-7 146,57 | 45,67 4-6 4.5 56 4,5,6 OPEN

EFFECTIVE RESISTANCE | 1.4k | 3.37k 10k 126k j 182k | 16.8k 224k
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MC1529G/MC1429G (continued)

Agq, OIFFERENTIAL MOOE GAIN (dB)

OFFSET VOLTAGE tmvde)

INPUT O

CMz,;. COMMON MOGE REIECTION (dB)

Integrated Circuits

EFFECT OF TEMPERATURE ON CHARACTERISTICS

FIGURE 1 — DIFFERENTIAL MODE GAIN

FIGURE 2 — OUTPUT VOLTAGE-COMMDN MODE

100 L 90 {
5 1
i S ]
80 + B
| 2 80 r— I
—~ N g I
8 r— ! z |
V | T T o ]|
[ g 10 !
“0 f = T
L [ !
2 | T e 11
1 3
UT . H '
1 |
0 did 50
55 -2 0 3 55 85 125 -5 25 0 » 55 8 125
Ta, TEMPERATURE (°C) Ta, TEMPERATURE (°C)
FIGURE 3 — INPUT OFFSET YDLTAGE FIGURE 4 — INPUT OFFSET CURRENT
10 T 10 T T I
T | T
T | ] 1
50 L 3 + l
1] ! - 2 ;
. 3 o0s
0 I Z | 1
¥ [ g T
i 3 LT L
20 ' g 03 i
'. = | N
l I g 02 ; N
10 ! 2
——— T -
07 4 i
05 | 1 01 !
55 25 0 2 55 8 125 .55 —25 0 25 55 8 125
T, TEMPERATURE (°C) T. TEMPERATURE (°C)
FIGURE 5 — COMMON MDDE REJECTION FIGURE 6 — INPUT CURRENT
120 T T 10 T
|
4
Munnnnt - :
L :
I ‘
|T : |
9 5 LT E I J
- ] = !
80 H_‘q_ l £ !
il = . r
1 H = —
0 1
NI ] ! =auuuENE
t i
£0 r—r ] l L 0 4 1 I
-5 25 0 25 55 8 125 -55 ) 0 % 55 85 125

Ta. TEMPERATURE (°C)
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Integrated Circuits

mc15526G
mc15536G

VIDEO AMPLIFIER

Monolithic video amplifier, a three-stage, direct-

W coupled, common-emitter cascade incorporating
W series-series feedback to achieve stable voltage gain,
CASE 71 low distortion, and wide bandwidth. Employs a tem-

perature-compensated dc feedback loop to stabilize the
operating point and a current-biased emitter follower

Pin 6 connected to case output. Intended for use as either a wide-band linear
amplifier or as a fast rise pulse amplifier.

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

Rating Symbol Value Unit
Power Supply Voltage, Pin 9 vt 9 Vde
Input Voltage, Pin 1 to Pin 2 Vm 1.0 V(RMS)
(Rs = 500 ohms)
Power Dissipation (Package Limitation) PD 680 mw
Derate above 25°C 4.6 mWw/°C
Operating Temperature Range TA -55 to +125 °C
Storage Temperature Range Tstg -65 to +150 °C

CIRCUIT SCHEMATICS

. —ov ¢ T3 oV
9403 5K 5008 K 9k SKQS 5000 i
) ) 4 y
3pF 2pF
— $=0 Ve — yov.
— {
1 2pF 1
Vi O — Vo OT
1k 1AKY 16k2 L
, 15m_z:> 023 303 sk 3 , | 09 1 003 39S 62
GND O— GND
12kQ PNy
me3 3 3
30 & sd s 4 4 5 Q6
Galt oprioy EXT-C - GND G oprion BXT- €GN0
FIGURE 1 — MC1552 (LOW GAIN) FIGURE 2 — MC1553 (HIGH GAIN)
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Integrated Circuits

MC1552G, MC1553G (continued)

ELECTRICAL CHARACTERISTICS v+ = +6Vdc. T, = 25°C unless otherwise noted)

. Fig. Gain , i .
T Max Unit
Characteristic No. Option Symbol Min o
Voltage Gain MC1552 3 50 v, . /V 44 50 56 -
oltage 100 out/Vin 87 100 113
MC1553 200 175 200 225
400 350 400 450
Voltage Gain Variation 3 — dB
(T, = -55°C to +125°C) AlL - 0.2 -
Bandwidth MC1552 3,6 50 BW 21 40 - MHz
100 17 35 -
MC1553 200 7 35 -
400 7.5 15 -
Input Impedance —_ lzml xQ
(=100 kiz, Ry = 1xQ) All 7 10 -
Output Impedance -_ |zm“| Q
{t = 100 kHz, Rg = 5022) All - 16 50
DC Output Voltage 3 All Viout (9€) 2.5 2.8 3.2 vde
DC Output Voltage Variation 3 Avwl (de) Vdc
(T, = -55°C to +12°C) AlL - £0.05 -
Output Voltage Swing 3 Vout Vp-p
(22 1%q, V) =100 mV rms) AlL 3.6 4.2 -
Power Disslpation _— All PD — ki3 120 W
Delay Time MC1552 3,4 50 ty - 6 - ns
100 - 1] -
MC1553 200 - 10 -
400 — 25 —
Rise Time MC1552 3,4 50 t -— 9 16 ns
100 — 12 20
MC1553 200 - 11 20
400 - 30 45
Overshoot 3,4 All (V5 V100 - 5 - %
Noise Figure - NF
(Rg = 400 0, {, = 30 MHz, BW = 3 MHz) Al - 5 -
Total Harmonic Distortion - - %
(Voye =3 Vp-ps 1= 300kHz, R) = 1x@) Al - 0.2 —
NOTES
*70 obtain the voltage- gain characlensll: de- 1. Ground Pin 6 as close to can as possible to minimize Figure 8. Under these conditions, the following equations
sired, use the following pin con overshoot Best results by directly grounding can, must be used to delermine C, and C, rather than the circuits
Voltage 2. If farge input and output coupling capacitors are used, shown in Figure 5.
Type Gain Pin Connections place shield between them to avoid input-output coupling. . 1
X ! fig. 5bC, = TATA 109 Farads; C; =
50 |Pin30pen 3. A highfrequency capacitor must always be used to by- 7rff1.7 % 104) 8 €, Voun! V) Farads
MC1552 100 {Ground Pin 3 pass lhe power supply. This capacitor should be as close to Voul Vs ! o)
ol P in
Wolses |_200_{Comest o 3toPin 4 the circut 2s possidl. g, 56 €, = 77 i 09 P08
200 [Pins 3 and 4 Open 4. Voltage gain can be adjusted to any value between 50 and
3000 by connecting an exlernal resistor from Pin 4 to ground Fig. §4 G, = ot/ Vin Farads
on MC1552, or from Pin 3 to ground on MC1553, as shown in L 2,,« (3 x 103)
FIGURE 3 — TEST CIRCUIT FIGURE 4 — PULSE RESPONSE DEFINITIONS
+6 Ve 0.1 yF
! g o
G 9
0gtuf e L B osv,
ks ;\I}; Vet
(de) 0.1
093 % LA !
2 b ~ '
5 e s 9% -7 I
It + % 05V, Vo Y
30 5 ,4¢ olv,
= = = t, —=d - ¥
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MC1552G, MC1553G (continued)

Integrated Circuits

TYPICAL CHARAECTERISTICS
T.= 25

FIGURE 52 — FREQUENCY RESPONSE

é

FIGURE 6 —VOLTAGE GAIN versus FREQUENCY

- HH 1 D i e 60— :
S R 3 r’— - L ,
R ?Vv"' - a0 VoV 400 l R s
[— Curye ,l.i 2A-1 I_:'C’Ar LI, = 50 I % [ ~—-
5 t i T : g 0
g Uy I B X ey A1 200 X = 100
g A28 = F X R N
§ —+— e 50 \\
o4 v = C 34 3C A(, 100 = " Froe]
2 f f 2 g
g H L 20T 30-LAE 60 50 Z
£ % \ N
e = 7
H 10
0 0f
a5 100 k4K 10k 100K T 01 10 20 40 16 100 500
1, FREQUENCY (Ha) 1, FREQUENCY (M)
TEST CIRCUITS FOR FREQUENCY RESPONSE FIGURE 7— MAXIMUM NEg:TIVEI?AVIING SLEW RATE
versus L NCE
FIGURE 5b— CAPACITIVE CDUPLED INPUT (R, < 5k9) ers ﬂ" PAC
=
. V; (1 cur;:um c,ojnn 03,0( P Z? Vo - 46 Vde
R Vn 1 L 28 001 18 2 200 I S
Vout 2 001 80 i
s 2 7("’ b 001 4 5
= 546 [ s
[ i 1060 30 ; ! N
L * 38 1000 18 2
- i i 1000 08 g
CurveMe. | C, (uF) X i 1000 04 <10
103 [ " 100 03 =
18 01 150 ] 100 0.18 ]
ic ol ™ a 100 008 )
10 01 40 4D 100 004 E
E
)
10 15 2 25
LOAD CAPACITANGE (pF)
FIGURE 8 — VOLTAGE GAIN ADJUSTMENT BY
USE DF EXTERNAL RESISTOR
3000, -
| i
2500
=
FIGURE 5d — TRANSFDRMER CDUPLED INPUT 32000H—+—
g
V4o [curve Ne. 21500 \ | \
'E-| 1A > T T +1
i A MCI553
3 }g S | {Ext R from pin 3 to grd)
oot T }
B" ? A = MC1552
= 15 6 ;Q . N_ (Ext R from pin 4 to gnd) |
G 2 F
2 b 0
10 20 40 10 100 K Dk
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Integrated Circuits

MC1552G, MC1553G (continued)

INPUT ADMITTANCE
V- BVde, R 1k, Ta=25C
FIGURE 9 — GAIN =50 FIGURE 10— GAIN =100

05 ZTTTO 07 1
p7 1 |

04 & 5.0 o

05 /g 10

a1 Hso

AHEREL AN

N+

5

G, PARALLEL INPUT CONDUCTANCE (mmhos)
=
Y
T
)
-
|
I
1
>
=
C,, PARALLEL INPUT CAPACITANCE (pF)

C,,. PARALLEL INPUT CAPACITANCE (pF)

J—"‘ﬂ

01— -1 [— 20

: L Ll i

10 20 50 70 10 20 50 70 100 10 20 50 70 10 20 50 70 100
f, FREQUENCY (MH2) {. FREQUENCY (MHz)

G,, PARALLEL INPUT CONDUCTANCE {mmhos)

FIGURE 11— GAIN = 200 FIGURE 12 — GAIN = 400
21 21 15 - 15
~ TR T
18 N \ 18 —‘ c,

N / sy \[
q

>

NDUCTANCE (mmhos)

C,. PARALLEL iNPUT CAPACITANCE (pF)
C,. PARALLEL INPUT CAPACITANCE (pF)

Gy. PARALLEL INPUT CONDUCTANCE tmmhos)

g
%
’i 09 HFM 9.0 06 S 5.0
‘E 06 (3 5.0 /
% 03— L L1 A 3.0
£, | %grﬂ L, EER R P
et
0 o o )
b 56076 10 2 5070 100 ) 5070 10 20 5070 100
f, FREQUENCY (MH2) 1, FREQUENCY (M)
FIGURE 13— OUTPUT IMPEOANCE versus FREQUENCY FIGURE 14— BANOWIDTH versus SOURCE RESISTANCE
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P S 173

z 40[, Ta 25°C (!0 .
£
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Integrated Circuits

mc1554G

1-WATT POWER AMPLIFIER

Monolithic 1-watt power amplifier designed to am-
) AN plify signals to 300 kHz with one watt delivered to a
CASE 71 \ direct or capacitively coupled load.

Pin 7 Electrically Connected to Can

MAXIMUM RATINGS (Tc = 25°C unless otherwise noted)

Rating Symbol Value Unit
Total Power Supply Voltage v+ vl 18 Vde
Peak Load Current Iout 0.5 Amp
Audio Output Power Pout 1.8 Watt
Power Dissipation (package limitation) PD
’I‘A =25°C 600 mw
Derate above 25°C 4.8 mWw/°C
TC = 25°C 1.8 Watts
Derate above 25°C 14.4 mw/°C
Operating Temperature Range TC -55to +125 °C
Storage Temperature Range Tstg -55 to +150 °C
CIRCUIT SCHEMATIC
. —ov*
10
10k 218 S
< < <
) 42k EE 82k 5% lk
INPUT O———4 WA -0 0UTPUT
; ”‘L A o ;
oo
EE 10k 5;515 }k #
ofrAl:)NNs 21 eomma
. $ 5 o | compemsaTon
o> 6
BIAS REF. O— }—K_‘
61k
4 N
. 2
270 if 200 200 ik ;
> > —O V"~
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MC1554G (continued)

ELECTRICAL CHARACTERISTICS (Tc = 25°C unfess otherwise noted]

Frequency compensation shown i Figures 2 and 3.

Integrated Circuits

o - i “Gain . N
Characteristic Definitions Characteristic (olslns) Option Symbol | Min | Typ { Max | Unit
Output Power 16 - Poat 1o [ L | - Watt
+16V
Power Dissipation (@ Pout = 1.0W) 18 - Pp - 0.9 | 1.2 Watt
1o 9 Voltage Gain 16 10 Ay 8.0 10 12 v
.—<1>- 18 18 - 16 .
Ll LN
€i 18 38 - 3 { -
"N Zn 7 L 3R Com
Input Impedance - 10 n 7.0 | 10 - (1]
Output Impedance - 10 Zmﬂ - 0.2 - 2
+16V
Power Bandwidth 16 10 - 270 | - iz
10 fout (00) = — [ (for e, <5% THD) 18 16 . |28 | -
ol ) 18 36 - 210 | -
&;
" 7 RL ut
L L Totai Harmonic Distortion THD %
= = = (for ey, <0.05% THD, { = 20 Hz to 20 kiz)
——T Py = 10 Watt (sinewave) 16 10 B T
Bout™ 1V, 0 vdc Py = 0.1 Watt (sinewave) 16 10 - Jes | -
+16V
10 Zero Signal Curreni Drain o - lD - n 15 mAde
1 9
open A/
Ry
7 Output Noise Voltage 16 10 v - 0.3 - mV RMS
N
= -
1 _
open o——— Vot (d0) %ﬂ:?:;?;g‘;‘::ﬁg 18 Voide) | - |30 <100 | mvde
Positive Supply Sensitivity w - st - -40 - my/v
10 (V" constant)
1 9
open 6—— VYoot
7 Negative Supply Sensitivity w - s” - -40 - mv/V
/( gt OVou (V*constant)
INES
v_
* To obtain the voitage gain characteristic desired, use the following pin connections:
Voitage Gain Pin Connection
10 Pins 2 and 4 open, Pin 5 to ac ground
18 Pins 2 and 5 open, Pin 4 to ac ground
38 Pin 2 connecied to Pin 5, Pin 4 to ac ground

TYPICAL CONNECTIONS

FIGURE 2 — SPLIT SUPPLY DPEIAIIDII
VOLTAGE GAIN Ay = 10, fiow ==

v+ 39pF

FIGURE 3 — SINGLE SUPPLY OPERATION
VOLTAGE GAIN (Ay)=10, fow == 100 #2
vt 399F

109
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MC1554G (continued)

Integrated Circuits

RECOMMENDED OPERATING CONDITIONS

In order to avoid >cal VHF instability, the following set of rules must be
adhered to:

1.

N

JV* [+ (V™1 SUPPLY VOLTAGE (VOLTS}

THO, TOTAL HARMONIC OISTORTION (%)

An R-C stabitizing network (0.1 uF in series with 10 ochms) should be
placed directly irom pin 9 to ground, as shown in Figures 2 and 3, using
short leads, to eliminate local VHF instability caused by lead inductance
to the load.

Excessive lead inductance from the V+ supply to pin 10 can cause high
frequency instability. To prevent this, the V4 by-pass capacitor should
be connected with short leads from the V+ pin to ground. If this capaci-
tor is remotely located a series R-C network (0.1 F and 10 ohms) should
be used directly from pin 10 to ground as shown in Figures 2 and 3.

3. Lead lengths from the external components to pins 7. 9, and 10 of the
package should be as short 3s possible to insure good VHF grounding
for these points.

Due to the large bandwidth of the amplifier. coupling must be avoided be
tween the output and input leads. This can be assured by either (a) use of
short leads which are well isolated, (b) narrow-banding the overali amplifier
by placing a capacitor from pin 1 to ground to form a low-pass filter in com-
bination with the source impedance, or (¢) use of a shielded input cable. In
applications which require upper band-edge control the input low-pass filter
is recommended.

TYPICAL CHARACTERISTICS

FIGURE 4 — MAXIMUM AVAILABLE OUTPUT POWER
(SINE WAVE)
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Integrated Circuits

MC1554G (continued)

TYPICAL CHARACTERISTICS

FIGURE 8 — VOLTAGE GAIN versus TEMPERATURE

FIGURE 9— OUTPUT VOLTAGE CHANGE

32
50 T T
] s A= 16 0HMS
25 ] vt=8Vde
s | Av=36VIV E v o= SV
B Q v 5. (See Figure 2 —|
E 39 (g
< [
o 3
(=) >
£ 2 5 0 ——
5
2 Ay=18VIV £ 1
3 1 o
< g 1 =
Ay= 10V .
10 2
2
p E
3 o
0 3 -4
-55 -25 25 50 % 100 125 5 55 =25 0 25 50 1% 108 125
H
Ta, AMBIENT TEMPERATURE (0C) < Ta, AMBIENT TEMPERATURE (°C)
FIGURE 10— VOLTAGE GAIN versus FREQUENCY (R, = 16 OHMS)
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& A Ay=18 VIV N
2 2 =
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S
F R = 16 OHMS
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5 VE= 16V
J ) J ] (See Figure 3)
0 [ 1
10 100 K x 5 10k 100k ™
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FIGURE 11 — VOLTAGE GAIN versus FREQUENCY (R, = =}
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mc 1709

OPERATIONAL AMPLIFIER

CASE 96
SUFFIX G

T0-99

Lead 4 connected to case

CASE 72
SUFFIX F
(T0-91)

Integrated Circuits

Monolithic operational amplifier designed for use as
a summing amplifier, integrator, or amplifier with
operating characteristics as a function of the external
feedback components.

PIN CONNECTIONS
Schematic A B CDETFSGH

“G"Package 1 2 3 4 5 6 7 8

“F""Package 2 3 4 5 6 7 8 9

MAXIMUM RATINGS (T4 = 25°C unless otherwise noted)

Rating Symbol Value Unit
Power Supply Voltage vt +18 Vde
v -18 Vde
Differential Input Signal Vo 5.0 Volts
Common Mode Input Swing oMy v Volts
Load Current IL 10 mA
Output Short Circuit Duration ls s.0 8
Power Dissipation (Package Limitation) PD
Metai Can o 680 mw
Derate above T, = 25°C 4.8 mw/°C
Flat Package o 500 mw
Derate above T, = 25°C 3.3 mW/°C
Operating Temperature Range T, -55 to +125 °c
Storage Temperature Range -rstg -85 t0 +150 °c
CIRCUIT SCHEMATICS
L] W

L R s #
o 102 10k 21€
5 J
S ) 3 (N
503 $5w
A A 7’!9 ouTPuT
NON-NVERTING < (N o (Y 3: o '
¢ Ut . 4 Ry €
0
3 _ I 3k ouTPUT
ERTNG 5, Uz UG
o ® 16 *—{
yul R 1800 V¥
0Ky,
1)
. 1%
e CIRCUIT SCHEMATIC oo EQUIVALENT CIRCUIT
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MC1709 (continued)

Integrated Circuits

ELECTRICAL CHARACTERISTICS (v = 415 Vdc, V - = —15 Vdc, Ta = 25°C unless olherwise nated)

Characteristic Definitions® Characteristic Symbol Min | Typ | Max Unit
"1 Open Loop Voltage Gain AvoL -
(Vgup =1 10V, Ty = -55°C to +125°C) 25,000] 45, 000 | 70, 000
Output Impedance Zot o
(f = 20 Hz) - 150 -
Input Impedance Z, kn
{1 = 20 He) 150 400 -
Output Voltage Swing v v
® - 10ka) out az | e |- peak
(R = 2ka) £10 +13 -
Input Common Mode Voltage Swing oMV B 110 - Vpeak
Common Mode Rejection Ratio M., o o dB
1 R
Input Bias Current L, “A
Hoely (T, = +25°C) - 0.2 0.5
b7 T, =550 - 05 | 15
Input Offset Current 1 WA
- io -
(lm-l1 -lz) 0.05 | 0.2
(o =1y =1y, T, =-55°C) - - 0.5
(lm!ll-lz, TA='125 C) - - 0.2
Input Offset Voltage mV
= 25°C) fo . 1o | 5.0
(TA--55C0125 C) - - 6.0
Step Response
‘ Gain = 100, 5% overshoot, t - 0.8 - us
Ry = 1kp, Ry = 100 ke, tod - 0.38 - us
l Ry = 1.5k,C, = 100 pF,Cy = 3 pF av /it @ - 12.0 - V/us
‘ Gain = 10, 10% overshoot, Y - 0.8 - us
R| = 1kq, Rz =10k, (pd - 0.34 - S
l Ry = 1.5k1,C = 500 pF,C, = 20 pF ) |aV /dt @ - 1.7 - V/us
Gain = 1, 5% overshoot, [ - 2.2 - us
R, = 10ke, R, = 10 k8, toa - 13 - us
Ry = 1.5Kk0,C, <5000 pF, C,=200 pF ) |av  /at @ - 0.25 - V/us
Average Temperature Coefficient of
Input Offset Voltage TCyio uv/®c
(Rg = 50%, T, = -55°C to 4125°C) - L0 -
(Rg<10kn, T, = -55°C to +125°C) B 6.0 -
DC Power Dissipation Py mw
(Power Supply = £15V, V /= 0) - 80 165
Positive Supply Sensitivity s uv/v
(V™ constant} - 25 150
Negative Supply Sensitivity s uv/v
(V* constant} - 25 150

(@ Al definitions imply linear operation

@ av_ dt = Slew Rate
out
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Integrated Circuits
MC1709 (continued)

TYPICAL OUTPUT CHARACTERISTICS

FIGURE 1 — TEST CIRCUIT
V* = +15 Ve, V- = —15 Vo, Ta == 25°C

R ”
A Fig. Test Conditions
¢, [ No Curve No.
. R, (2) | Ry(2) [Ry(2) [C,(pR) ] C,(pP)

2 1 10k | 10k | L5k 5k | 200
N 8 2 10k | 100k | L5k | 500 20
: 3 10k | 1M | L5k | 100 3
Eatiden 4 1k | 1M o | 10 3
3 1 Tk | IM 0o | 10 3
—° 2 10k | IM | Lsk| 100 3
4 3 10k | 100k | L5k | 500 20
4 10k | 10k | L5k | 5k | 200
4 1 0 ® [ L5k | 5k | 200
c 2 0 © |15k 500 20
? 3 0 © | L5k | 100 3
= 4 0 ® 0 10 3

FIGURE 2 — LARGE SIGNAL SWING versus FREQUENCY

PEAK-TO-PEAK VOLTAGE (VOLTS)

-
) I
"
]
) 1
N IN
URVE 1 2 3\ |4
16
12 N
N \ N
2 ™~
N
o i [
1 2k 3k 5k 0% 100 k M oM
f, FREQUENCY (H2)
FIGURE 3 — VOLTAGE GAIN versus FREQUENCY FIGURE 4 — OPEN LOOP VOLTAGE GAIN versus FREQUENCY
: . H LI Wﬂ
<0 | 0 q; ™~ o
: L g ™ TS
B o H 60 N ™
3 J ’ l | o CURVE 2} 3 IS
§ 3o W g \\ 1 h
g L - / | ‘ L
Z° 3 N 2 | ki N
L H ’ ( N
N o
100 1k 2k 5k 10% 100k ] 100 Tk 2k 5k 10k 100 % ]
1. FREQUENCY (Ha) 1. FREQUENCY (Hp
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MC1709 (continued)

Integrated Circuits

FIGURE 5 — POWER DISSIPATION

FIGURE 6 — VOLTAGE GAIN versus POWER SUPPLY VOLTAGE

versus POWER SUPPLY VOLTAGE

700
600
500
400

300 r
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Ta =25°

// / / ////////// /// b
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.

F PACKAGE
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=

g

FIGURE 7 —

i

COMMON SWING v

15 20

V+ and V—, POWER SUPPLY VOLTAGE (VOLTS)

rsus POWER SUPPLY YOLTAGE

o

e

3

pd
/

0 12 14 1 18 2

V+ and V-, POWER SUPPLY VOLTAGE (Vdc)

CMV., COMMON MOOE VOLTAGE SWING (VOLTS)

FIGURE 8 — INPUT QFFSET VOLTAGE versus TEMPERATURE

15 20

V+ and V—, POWER SUPPLY VOLTAGE (VOLTS)

50 FIGURE 3 — INPUT NOISE VOLTAGE versus SOURCE RESISTANCE
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Integrated Circuits

mc1709C

(TO-99)

CASE 71

SUFFIX 6™ Monolithic operational amplifier designed for use

as a summing amplifier, integrator, or amplifier with
Lead 4 connected to case operating characteristics as a function of the external
feedback components.

“Z (TO-91)
CASE 72
SUFFIX "F"

MAXIMUM RATINGS (T = 25°C unless otherwise noted)

Rating Symbol Value Unit
Power Supply Voltage vt +18 vde
v -18 Vdc
Differential Input Signal Vin 5.0 Volts
Common Mode Input Swing CMVin v Volts
Load Current IL 10 mA
Output Short Circuit Duration ls 5.0 s
Power Dissipation (Package Limitation) PD
Metal Can 680 mW
Derate above T, = 25°C 4.6 mw/°C
Flat Package 500 mW
Derate above T, = 25°C 3.3 mW/°C
Operating Temperature Range” Tp 0to +75 °C
Storage Temperature Range TStg -65 to +150 °C

For full temperature range (-55°C to +125°C) and characteristic curves, see
MC1709 ddta sheet.

CIRCUIT SCHEMATICS

vig H
L Re & Rs Rig
oy 10k23  $10kQ 20 K2
ol
R, - R Qs Q3
25403 $254Q R, 8
A 1k
% P w OU:PUI
Q O R O 30 I:Q
4 9
] 20k § ¢
360 [ ¥, 3k QUTPUT
Q“LAG
Ry J6HT ———é..
Rip 18 4Q 8
10 kQ Riy
Ry ¥o, 7%Q
2440 N Doy-
CIRCUIT SCHEMATIC EQUIVALENT CIRCUIT

13-80



MC1709C (continued)

Integrated Circuits

ELECTRICAL CHARACTERISTICS (v+ = +15 Vdc, V- = —15 Vdc, Ta = 25°C unless otherwise noted)

Characteristic Definitions (linear operation) Characteristic Symbol Min | Typ | Max Unit
e Open Loop Voltage Gain A -
AvoL = e""' (R =2k8,Vo, =+10Y, VOL | 45,000 | 45,000 | -
" T, =0°Cto +75°C)
A
Output Impedance Zout a
{t = 20 Hz) - 150 -
Input Impedance Z xq
(f = 20 Hz) 50 250 -
Output Voltage Swing Vout v
®, = 10kn) o 2 | sl4 - peak
Ry = 2ka) 10 | 413 -
Input Common Mode Voltage Swing oMy, +8.0 | :10 : Y peak
Common Mode Rejection Ratio CM, 4B
re) 65 90 .
inpul Bias Current ‘b HA
1, 41, \ (T, =+25°C) - 0.3 L5
R
b* T2 f(T,= 0°C) - - 2.0
Input Offset Current L, A
=1, -1, - 0.1 | 0.5
0™l l2
U=l -1, Ty = 0 f) - - 0.75
Qo =1y -1 Ty = +75°C) - - 0.75
Input Offset Voltage v, mv
(T, =25°C) b - 2.0 | 75
(T, = 0°C.+75°C) R R 10
Step Response
R, Gain = 100, 5% overshoot, [ - 0.8 - us
R] Rl =1kq, R2 =100 kg, 'pd - 0.38 - us
Ry= 1.5 %Q,C, = 100 pF,C, = 3 pF av | - 12 - V/us
C
R AH Gain = 10, 10% overshoot, t - 0.6 - ns
O—AAA—d R =1ka, R, =10kgp, t - 0.34 - s
B F 1 2 pd
c— Ry = 1.5kR,C, = 500 pF, C, = 20 pF v, /dt [©] - 1.7 - V/us
OVERSHoOT © TG
\/SLEW RATE Gain = 1, 5% overshoot, tl - 2.2 - us
\ R, = 108, R, = 10 kg, ta - L3 - us
" Ry = 1.5 kQ.C =5000 pF, C,=200 pF ) [dV_ /at @D | - 0.25 - V/us
Average Temperature Coefficient of
Input Offset Voltage TCyy, uv/°c
Rg=500, T, =0°C to +75°C) - 3.0 -
(Rg<10kR, T, =0°C to+75°C) - 6.0 -
DC Power Dissipation pD mw
(Power Supply = ¢15V, Vw‘ =0) - 80 200
aev+ SENSITVITY = § Positive Supply Sensitivity st uv/v
v (V" consiant) - 25 200
out
f AV, Negative Suppty Sensitivily 5 uv/v
L S$= out (V* constant) - 25 200
V- AVslAvol)

@ av,, /dt = Slew Rate
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Integrated Circuits

mcl1710

DIFFERENTIAL VOLTAGE COMPARATOR

N\«

\\ Monolithic differential voltage comparator designed
for use in level detection, low-level sensing, and

cg‘}g?,;’," memory applications.

SUFFIX G

Lead 4 connected to case

PIN CONNECTIONS

= Schematic A B C D E F
%\;ﬁ% C;ﬁT\g_EJ)z " Package 1 2 3 a4 7 8
=

SUFFIX F ''F’ Package 1 2 3 5 6 8

MAXIMUM RATINGS (T, = 25°C unless otherwise noted)

Rating Symbol Value Unit
Power Supply Voltage Vf + 14 Vde
v -7.0 Vdce
Differential Input Signal Vin +5.0 Volts
Common Mode Input Swing CMVin + 7.0 Volts
Peak Load Current IL 10 mA
Power Dissipation (package limitation) PD
Metal Can 680 mwW
Derate above TA =25°C 4.6 mWw/°C
Flat Package 500 mwW
Derate above TA =25°C 3.3 mw/°C
Operating Temperature Range TJ -55 to +125 °C
Storage Temperature Range TStL -65 to +150 C

CIRCUIT SCHEMATICS
F

A
le Ry Rq v
5 \ N
|

VW
Ry 11k 28k

Ris 500260
'
<
INVERTING I/Qz Q,

\Ng% %I LN
8 o———-’: b, (B}
wowvwvimrﬁa K{ 4 wTPUT
;":fl}(;u " FD‘ l 7k
v*D GNDA
CIRCUIT SCHEMATIC EQUIVALENT CIRCUIT
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MC1710 (continued)

ELECTRICAL CHARACTERISTICS (v+ = +12Vde. V™ = -6 Vde, Ta = 25°C unless otherwise noted)

Integrated Circuits

Characteristic Cha Symbol Min Typ Max Unit
Input Offset Voltage Vi mVdc
B vV . =l.4vde, T, =25°C - 2.0 5.0
out A
v. Rs E Vour Vot = 1:8 Vde, T, = -55°C - - 6.0
* Rs V_=1.0Vde, T, = +125°C . - 6.0
0 out A
C A
= Rs < 2009 Temperature Coefficient of TCyio - 5.0 - uv/C
Input Offset Voltage
Input Offset Current L zAde
=1.4Vde, T, =25°C h - 1.0 0
I out A
—~ B Vo =18 Vde, T, =-55°C - - 20
vV =1.0Vde, T, = +125°C - - 20
out A
Input Bias Current L uAde
: T Ve = 1-4Vde, T, =25°C - i2 %
2 Vour = 1:6 Vde, T, = -55°C - - 150
Viu = 1:0 Ve, T, = e125°C - - 150
8 AvoL Voltage Gain AvoL v/V
To— ; T, =25°C 750 1700 -
e Cout T, = -55t04125°C 500 -
L Rour
-E_ C A
= Output Resistance Rout - 200 - ohms
Differential Voltage Range Vin £5.0 - - vde
Positive Output Voltage VOH 2.5 3.2 4.0 Vdc
B V. z15mVdc, 051 <0.5 mA|
Is in o
3 £ Negative Output Voltage 1" -1.0 -0.5 0 Vde
Vin oL
Ja—, v, % 15 mVde
—— 1 lo
C Output Sink Current 1 1.6 2.5 - mAde
= V. z-15mV,V_ 20 s
in out
B
E
Input Common Mode Range oMy, 5.0 - - Volts
v’ = -7 Vde
A
) Via o -
Response Time [ - 1 - 18
For Positive and Negative
Going Input Pulse
Power Supply Current 5 - 6.4 - mAdc
V. £0Vde
out . ~ 55 }
Power Consumption
TO-99 Metal Can - 115 175 mw
TO-81 Flat Package - 115 150
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Integrated Circuits

MC1710 (continued)

TYPICAL CHARACTERISTICS

Vout, OUTPUT VOLTAGE (VOLTS}

FIGURE 71— VOLTAGE TRANSFER CHARACTERISTICS FIGURE 2 —INPUT OFFSET VOLTAGE versus TEMPERATURE
40 4.0
L .55 0C 1 L
= 1 T |
3.0
1 s
X Ny £
+1250C —[ 2 30 1
20 —J# 2 |
>
A\ : |
T 4 T
&
10 2
£
— = =
\ 4125° 1 > //
0 \ +25°C '\
—
-10 il 10
80 60 -40 -20 0 20 40 60 80 55 35 25 50 75 0 126
Vin, INPUT VOLTAGE (mV) T, AMBIENT TEMPERATURE (0C)
FIGURE 3 - INPUT QFFSET CURRENT versus TEMPERATURE FIGURE 4 — INPUT BIAS CURRENT versus TEMPERATURE
50 %
N [
g s |
= 2 -
g . T
H 3
3 N\ T 2 5 S E N
I N o N
2 5
< 28 N\ % \
5] A N
S
8 0
1.0
[ — —
\
5 =3 25 5 75 o 1% % 25 0 25 50 75 W 125
Ta. AMBIENT TEMPERATURE (0C) Ta, AMBIENT TEMPERATURE (0C)
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Integrated Circuits

MC1710 (continued)

TYPICAL CHARACTERISTICS

FIGURE 5— GAIN VARIATION WITH POWER SUPPLY VOLTAGE FIGURE 6 — VOLTAGE GAIN versus TEWPERATURE
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HARDWARE

MK30
MK35
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mk-30
mk-35

~—— Hardware

POWER TRANSISTOR MOUNTING KITS

Mounting kits, types MK-30 and MK-35,
provide the necessary hardware to properly mount the
TO-36 case (standard industry-type power transistors)
to the chassis. With these kits, power transistors can
be electrically insulated from the heat sink chassis,
while maintaining complete heat transfer characteristics

MK-30 Designed for use in applications requiring
30 Amps or less with solder connection to the transis-
tor leads.

MK-35 Designed for use in applications requiring
greater than 30 Amps with solderless connection to the
transistor leads.

To obtain maximum contact area between case and
heat sink for better heat transfer, it is recommended
that the transistor first be mounted on the heat sink or
chassis. Then, for maximum wire-to transistor lead
strengthand high-current capacity, the solderless con-
nectors provided are crimped to the transistor leads
and heavy wire. The wires may be soldered directly
to the leads if strengthand high currents (approximately
50 Amps) are not the primary considerations. (Solder-
less connector tools are available from the Thomas and
Betts Co., Elizabeth, N. J. Possible wire types:
AWG #12 regular strand (65 x 30) or #10 solid-tinned
copper wire.)

These new mounting kits are individually packaged
in a convenient polyethylene container.
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——— Hardware

MK-30, MK-35 (continued)

MK-30 MK-35
15 AND 30 60 AMP UNITS
AMP UNITS

“LOW SILHOUETTE":
~” POWER TRANSISTOR

| INSULATING BUSHING

5 \Ea
o= HEAT SINK OR CHASSIS ==

<L L (Not Supplied) CJD

—— WASHER ; ‘/h
e METAL WASHER
@ SOLDERLESS ____| @ a
ke CONNECTOR
o,
—— [ Se—
@ \ (Not Supplied)
"=~ SOLDER TERMINAL
Tt T —— ﬂ @

NOTE: The surface to which the transistor is mounted must
be smooth, flat and free of burrs or irregularities which may
damage insulation or prevent intimate contact with the
transistor mounting base.

Typical thermal characteristics for mica insulators are
given in the table below.(Figures may vary with mount-
ing torque applied. Do not over stress.)

KIT TYPE |INSULATING WASHER |{ MAXIMUM THERMAL RESISTANCE (°C/Watt)
Dry With DC4*
- No Insulator .20 .10
MK-30 Mica .80 .40
MK-35 Mica .80 40

“DC4 is Dow Corning No. 4 Silicone Lubricant.
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Hardware

DUTLINE DIMENSIONS

MK-30 / MK-35

0.156 DIA.
T 01345 NOM. RAD
0.140 OIA.

0.156 OIA 0.130 OIA

MICA INSULATOR

14B52600F06
0241 OIA
0002
0.198 0.191 OIA

%:' & v
*A‘ 0.565

F 0.115

1

MICA WASHER NYLON INSULATING
14B52600F01 BUSHING
43B51547F01

NO. 1032 N F 2B
0.187

- r
=

Ipgh

0.198

F

HEX NUT METAL WASHER
(Cadmium Plated) (Cadmium Plated)
02B51568F13 04B51567F17

NOTE: All Dimensions Nominal

MK-30 ONLY

SOLDER TERMINAL
(Tin Dipped)
29B52595F13

MK-35 ONLY

‘| ’-—- 0.137 10

T SOLDERLESS
0715 CONNECTOR
J_ 10M52014A

—-l |‘7 0.225 0.0.

0.132 01A

0355

SOLDER TERMINAL
(Cadmium Plated)
29B52595F09
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