No. 31,158A

Supersedes No. 31,158

TYPE

2N2274
2N2275

TYPE 2N2274 AND 2N2275 SILICON
PRECISION-ALLOY TRANSISTORS

DESIGNED FOR low-level chopper applications, Type 2N2275 SPAT® identifies
Type 2N2274 Silicon Precision-Alloy Tran- matched pairs of Type 2N2274 -1
sistors feature extremely low leakage current, low transistors with an offset voltage ;
offset voltage, and uniquely low inverted dynamic match guaranteed over the temper- it
saturation resistance. ature range of +25C to +65C. Ac;u AL SizE
1

ABSOLUTE MAXIMUM RATINGS MECHANICAL SPECIFICATIONS
Storage Temperature. ... .. ... .. —65 Cto + 140 C
Collector Voltage, Veeo. ... ............. —25 volts 45° NOM
Collector Voltage, Veeo. .. ..ot L. —25 volts 1~ LOCATION OF RED -—ng;g—-i
Emitter Voltage, Veso ......... ... . .... —25 volts
Emitter Voltage, Veco. .. ............. .. —25 volts : 0230 N— -—{gtss
Collector Current, lc. .. ....... ... . ... ..... — 50 ma =ﬁ

A o JEDEC
Total Device Dissipation? at 25 C. ... .. ... .. 150 mw o8 &:h:;go..l e-0.030 Max
Lead Temperature at Yis” + V%" fromcase. . ... ... ... 0.100 NOM —+a—-
................... 230 C for 10sec ERNALS {t:g |- emTTen o016 To 019 o

! _The maximum ratings are limiting absolute values above which the serviceabilty .\ LEAD 37 COLLECTOR : _—

may be impaired from the viewpoint of life or satisfactory performance. The NOTE 7: THIS LEAD DIA APPLIES TO ZONE BETWEEN 0.050 AND
breakdown voltages may be far above the maximum voltage ratings. To GYOid g:gggﬁ:mfgﬁ%ﬁg;‘%l;ﬁ;a’;ﬁg?}éﬁ:‘e %g%&‘;’;g
per t d ge to the transistors, do not attempt to measure these characteristics ZONES, THE LEAD DIA IS NOT CONTROLL ED.

above the moximum ratings. OWG NO 4-3806

2 Due to the nature of these transistors, the dissipation in the base emitter circuit

moy be appreciable under high base drive conditions and must be included in the

total device dissipation. For temperatures above 25 C, derate by 1.3 mw/"C.

ELECTRICAL CHARACTERISTICS’ at T = 25 C

CHARACTERISTICS TEST CONDITIONS MIN, TYP. MAX. UNITS
D-C CHARACTERISTICS
Iceo Collector Cutoff Current Yce = —10V —_ — 3 nA
Iceo Collector Cutoff Current Ve = —10V T= +465C — — 45 nA
leso Emitter Cutoff Current VEB = —10V — — 3 nA
leso Emitter Cutoff Current VEs = —10V T= +465C — — 45 nA
leco Emitter Current Vec = —10V — — 3 nA
BVceo Coliector Breakdown Voltage Ic = —1uA 25 —_ —_ volts
BVceo Collector Breakdown Voltage Ic = —10pA 25 —_ —_ volts
BVeso Emitter Breakdown Voltage Ie = —1uA 25 —_ — volts
BVEco Emitter Breakdown Voltage Ie = —1uA 25 —_ —_ volts
VRt Reach Through Voltage Ves = —1V 25 —_ —_ volts
hre D-C Amplification Factor Vce = —0.5V Ic = —5mA 10 15 — —_
VOFF Offset Voltage Ig = —500uA —_ 1.8 3.0 mV
VOFF Offset Voltage Is = —1ImA - 2.1 3.25 mV
VoOFrF Offset Voltage Ig = —1.5mA — 2.4 3.5 mV
HIGH FREQUENCY CHARACTERISTICS
rs Inverted Dynamic Saturation:Re- .
sistance4 I} = —1.5mA le = 100uA 4 n 17 ohms
Cib Input Capacitance VEes = —6V Ic =0 f = 4mc — 4 [ pF
Cob Output Capacitance Ve = —6V Ig =0 f = 4mc — [ 9 pF
Ceb Emitter Diode Capacitance’ lg = 0.25 pA £ = 10mc —_ 12 16 pF
_ Emitter Diode Recovery Time® Is = -1.5mA nom. — é 15 usec
fr Gain Bandwidth Product Vce = —6V Ig =ImAf = 4mc 6 9 — mc
TYPE 2N2275 MATCHED PAIR DATA
AVoFf Differential Offset Voltage” Is = —1.5mA — — 100 nv
. Ta = +25Cto +65C

3Typical values are for engineering guidance only. 5To be measured in circuit of Figure 2. 7To be measured in circuit of Figure 4.
4To be measured in circuit of Figure 1. , 6To be measured in circuit of Figure 3.

“SPAT” is a registered trademark of the Philco Corp.
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SPRAGUE ENGINEERING BULLETIN No.31,158A

INPUT

60CPS - VB
ADJUSTED Vo Ig=-15ma —
FOR 100 MV CAL |5,

RMS WITH

S| onN AC
CALIBRATE tK VTVM o
Fsar =Vox 10
- = - DWG.NO.A-30/1
FIGURE 1

INVERTED DYNAMIC rs TEST CIRCUIT

The inverted dynamic saturation resistance, which is the slope of the
VOFF, Ie characteristic at a specified base current, is measured in the
circuit shown in Figure 1. The circuit reads rs directly as the ratio
of the a-c collector voltage, Vo to a calibrated a-c collector current.

20v
et 1015 MIN
1 KC REP. RATE

LOMY

OUTPUT 1 <

WAVEFORM ——

- 1515 MAX
OWG.NO. A-30/3
FIGURE 3

EMITTER DIODE RECOVERY TIME TEST CIRCUIT

The emitter diode reverse recovery time, a measure of the transient
response of the chopper, is measured in the circuit of Figure 3. The
measurement is made as the time for the emitter current to recover
from a specified forward value to a specified reverse valve. The
IN3064 diode across the 10K emitter resistance serves to clamp the
emitter potential to reduce the output voltage change to a convenient
level.

0.05uF <+— [g=0.250A

NC 1 MEG

ADMIT TANCE
BRIDGE I0MC
TEST SIGNAL
40 MV RMS MAX. +

Vee
LoC & ?

OWG.NO. A-30/24

FIGURE 2
EMITTER DIODE CAPACITANCE TEST CIRCUIT
Figure 2 shows the test circuit for the measurement of the emitter diode
capacitance, Ceb. The measurement is made with the emitter diode

slightly forward biased (le = 0.25pA). The 10 MC test signal
from the admittance bridge should be less than 40 MV RMS.

I'B‘=—I.SMA
-—

A

B

DIGITAL D-C
MICROVOLTMETEFR

P

Ig,=~1.5Ma

ODWG.NO A-30/4

FIGURE 4
DIFFERENTIAL OFFSET VOLTAGE MATCH TEST CIRCUIT

The offset voltage match, AVOFF, is measured in the circuit of Figure 4,
The difference in the offset voltage at the specified base current is
measured with a digital voltmeter.

In the construction of the components described, the full intent of the specification will be met. The Sprague
Electric Company, however, reserves the right to make, from time to time, such departures from the detail specifica-
tions as may be required to permit improvements in the design of its products. Components made under military
approvals will be in accordance with the approval requirements,

The information included herein is believed to be accurate and reliable. However, the Sprague Electric Company assumes
no responsibility for its use; nor for any infringements of patents or other rights of third parties which may result from its use.

ISSUE OF JUNE, 1964

Copyright © 1962, by the Sprague Electric Company, North Adams, Mass.

E-9.66 LITHO IN U.S. AMER.



TYPE

2N2276
2N2277

TYPE 2N2276 AND 2N2277 SILICON
PRECISION-ALLOY TRANSISTORS

EXTREMELY LOW leakage current, low offset Type 2N2277 SPAT® identifies
voltage, and uniquely low inverted dynamic matched pairs of Type 2N2276
saturation resistance are the prime characteristics of Transistors with an offset voltage
Type 2N2276 Silicon Precision-Alloy Transistors, guaranteed over the * temperature
designed for use in low-level chopper applications. range of +25C to +65C. ACTUAL SIZE
ABSOLUTE MAXIMUM RATINGS' MECHANICAL SPECIFICATIONS
Storage Temperature. ... ....... —65Cto 4+ 140 C
Collector Voltage, Vego . . .. o oo oo —15 volts

45° NOM.

Co!lector Voltage, Veeo. . oo oo —10 volts LOCATION OF RED - 0210
Emitter Voltage, Vepo ... ............... —15 volts | LINE ORDOT 0.170
Emitter Voltage, Veco.................. —10 volts [
Collector Current, Ic...................... —50 ma ‘ oS E= -—q91ee
Total Device Dissipation? at 25 C. ... ... ... 150 mw 39 == 4
V2 YR JEDEC

Lead Temperature at is” + V5” fromcase. . ... ... ... To-18 r200-+] [+0030ua

BASE . 1 X

................... 230 C for 10sec MIN
0.100 NOM.— ]
_ 0.016 TO 0.019 DIA

! The maximum ratings are limiting absolute values above which the serviceability TERMINALS tgig la_ Srls:rER (SEE NOTE 1)
may be impaired from the viewpoint of life or satisfactory performance. The LEAD 3— COLLECTOR
breakdown voltgges rmy be far o‘bove the anuiimxﬁum vol!oge ratings. To cfw-d _NOTE 1: THIS LEAD DIA APPLIES TOZONE BETWEEN 0.050 AND
per t d ge 16 the transisfors, do not attempt To measure these eharacteristics "7 70.250 FROM BASE SEAT. IN ZONE BETWEEN 0.250 AND Tttt

. N 0.050, AMAX OF 0.02I DIA IS HELD. OUTSIDE OF THESE
above the maximum ratings, L . o ZONES, THE LEAD DIA IS NOT CONTROLLED.
2 Due to the nature of these transistors, the dissipation in the base emitter circuit

may be appreciable under high base drive conditions and must be included in the
total device dissipation. For temperatures above 25 C, derate by 0.8 mw/°C.

DWG NO 4-3806

ELECTRICAL CHARACTERISTICS’ at T = 25 C

CHARACTERISTICS TEST CONDITIONS MIN, TYP. MAX. UNITS
D-C CHARACTERISTICS
Icso Collector Cutoff Current Ve = —10V —_ —_ 3 nA
Icso Collector Cutoff Current Ves = —10V T= 465C — —_ 45 nA
[[7Ye) Emitter Cutoff Current Ves = —10V — — 3 nA
IO Emitter Cutoff Current Ves = —10V T= +4+65C — — 45 nA
leco Emitter Current Vec = —6V —_ _— 3 nA
BVceo Collector Breakdown Voltage Ic = —1uA 15 — —_ volts
BVceo Collector Breakdown Voltage Ic = —10pA 10 — — volts
BVeso Emitter Breakdown Voltage Ie = —1uA 15 —_ —_ volts
BVeco Emitter Breakdown Voltage e = —1uA 10 —_ —_ volts
VRT Reach Through Voltage Ve = —1V 10 . — volts
hre D-C Amplification Factor Vce = —0.5v Ic = —5mA 10 15 — —_
VOFf Offset Yoltage Ig = —500uA —_ 0.8 2.0 mVY
VOFF Offset Voltage Ig = —1mA —_ 1.1 2.25 mV
VOFF Offset Voltage I = 1.5 mA —_— 1.4 2.5 mV
HIGH FREQUENCY CHARACTERISTICS
rs Inverted Dynamic Saturation Re-
sistance4 Ig = —1.5mA e = 100uA 4 10 17 ohms
Cib Input Capacitance Ves = —6V Ic =0 f=4mc — 4 ] pF
Cob Ovtput Capacitance Ve = —6Vv Ie =0 f = 4m¢c — 6 9 pF
Ceb Emitter Diode Capacitance’ 13 = 0.25 uA f = 10me — 12 16 pF
— Emitter Diode Recovery Timeé Ig = —1.5mA nom, . 6 15 usec
fr Gain Bandwidth Product Vce = —6V Ig =ImAf = 4mc 6 9 — me
TYPE 2N2277 MATCHED PAIR DATA
AVOFF Differential Offset Voltage? s = —1.5mA
Ta = 425Cto +65C — — — 100V
3Typical values are for engineering guidance only. 5To be measured in circuit of Figure 2. 7To be measured in circuit of Figure 4,
4To be measured in circuit of Figure 1. éTo be measured in circuit of Figure 3.

“SPAT" is a registered trademark of the Philco Corp.
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SPRAGUE ENGINEERING BULLETIN No.31,161A

INPUT
60CPS
ADJUSTED Vo
FOR 100MV CAL | 5,
RMS WITH
5| ON AC
CALIBRATE 1K VTVM

- 4
Fsar = Vo X 10

DWG.NO A-3011

FIGURE 1
INVERTED DYNAMIC rg TEST CIRCUIT

The inverted dynamic saturation resistance, wkich is the slope of the
VOoFfF, le characteristic at a specified base current, is measured in the
circuit shown in Figure 1. The circuit reads rs directly as the ratio
of the a-c collector voltage, Vo to a calibrated a-c collector current.

20v
le—t 10us Min
1 KC REP,RATE +iov
LOMY
QUTPUT PR B e
WAVEFORM

1545 MAX

DOWG.NO.A-30/3
FIGURE 3

EMITTER DIODE RECOVERY TIME TEST CIRCUIT

The emitter diode reverse recovery time, a measure of the transient
response of the chopper, is measured in the circuit of Figure 3. The
measurement is made as the time for the emitter current to recover
from a specified forward value to a specified reverse valve. The
IN3064 diode across the 10K emitter resistance serves to clamp the
emitter potential to reduce the output voltage change to a convenient
level.

0.05uF P IEIO"?‘S/’A
o o
H, o— [y
NG 1 MEG
ADMITTANCE
BRIDGE I10MC
TEST SIGNAL
40 MV RMS MAX. +
Vee
Loo : t

DWE NO. A-30/27

FIGURE 2
EMITTER DIODE CAPACITANCE TEST CIRCUIT

Figure 2 shows the test circuit for the measurement of the emitter diode
capacitance, Cep. The measurement is made with the emitter diode
slightly forward biased (le = 0.25uA). The 10 MC test signal from
the admittance bridge should be less than 40 MV RMS.

DIGITAL D-C
MICROVOLTMETER

Ig,=-1.5MA
DWG NO A-30/4

FIGURE 4
DIFFERENTIAL OFFSET VOLTAGE MATCH TEST CIRCUIT

The offset voltage match, AVOFF, is measured in the circuit of Figure 4.
The difference in the offset voltage at the specified base current is
measured with o digital voltmeter.

In the construction of the components described, the full intent of the specification will be met. The Sprague
Electric Company, however, reserves the right to make, from time to time, such departures from the detail specifica-
tions as may be required to permit improvements in the design of its products. Components made under military
approvals will be in accordance with the approval requirements.

The ir!fo.rmulion included herein is believed to be accurate and reliable. However, the Sprague Electric Company assumes
no responsibility for its use; nor for any infringements of patents or other rights of third parties which may result from its use.

ISSUE OF JUNE, 1964

Copyright © 1962 and 1964 by the Sprague Electric Company, North Adams, Mass.

E-3-67 LITHO IN U.S. AMER.
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No. 31,164A

TYPE

2N2278

2N2279

TYPE 2N2278 AND 2N2279 SILICON
PRECISION-ALLOY TRANSISTORS

ESIGNED FOR low-level chopper applications, Type 2N2279 SPAT® identifies
Type 2N2278 Silicon Precision-Alloy Tran- matched pairs of Type 2N2278 :
sistors feature extremely low leakage current, low Transistors with an offset voltage Eo
offset voltage, and uniquely low inverted dynamic match guaranteed over the temper- I ﬁ
saturation resistance. ature range of +25 C to +85 C. .
L ACTUAL SIZE
!

ABSOLUTE MAXIMUM RATINGS MECHANICAL SPECIFICATIONS
Storage Temperature. . ... ... ... —65Cto+ 140 C
Collector Voltage, Veso. ... ... .. —15 volts 5 Now
Collector Voltage, Veeo. ..o, —15 volts LOCATION OF RED 3i'27'3"|
Emitter Voltage, Veso ... . ... ... ... .. .. —15 volts
Emitter Voltage, Veco. ... . ... ... .. .. .. —15 volts g‘§§g== ) ks
Collector Current, Ic. ... ... .. .. .. .. .. . .. . —50 ma ) o178

. . . . 2 JED.EC
Total Device Dlsslpahlon” at 125"C ........... 150 mw To:is W‘i [+ 0030 s
Lead Temperature at Yi6” + Y%” fromcase. ... ....... 0100 NOw.
................... 230 C for 10sec LEAD | — EMITTER 0.016 TO 0.019 DIA
) T T 7 T The moximum ratings are limiting obsolite values above which the serviceability TERMINALS { Lg:g g: gOASEECTOR (se& wore 1)

may be impaired from the viewpoint of life or satisfactory performance. The - e

NOTE 1: THIS LEAD DIA APPLIES TO ZONE BETWEEN 0.050 AND

breakdown volt ay be fi the moxi volts atings. To avoid
voltages may be far above the maximum age roting 0.250 FROM BASE SEAT v BE TR, a0 AN

per d ge to the transistors, do not pt to measure these characteristics 0.050, AMAX OF 0.02| DIA IS HELD. OUTSIDE OF THESE
above the maximum ratings. ZONES, THE LEAD DIA IS NOT CONTROLLED.
2 Due to the nature of these tronsistors, the dissipation in the base emitter circuit OWG NO.4-3806

may be appreciable under high base drive conditions and must be included in the
total device dissipation. For temperatures above 25 C, derate by 1.3 mw/°C.

ELECTRICAL CHARACTERISTICS’ at T = 25 C

L " CHARACTERISTICS TEST CONDITIONS MIN. TYP. MAX, UNITS
D-C CHARACTERISTICS
Icso Collector Cutoff Current Ve = —10V —_ — 1 nA
Iceo Collector Cutoff Current Veg = —10V T = 465C —_ — 15 nA
leso Emitter Cutoff Current Ves = —10V — _ 1 nA
leso Emitter Cutoff Current Ves = —10vV T = +465C — — 15 nA
leco Emitter Current Vec = —10vV — — 1 nA
BVceo Collector Breakdown Voltage Ic = —10nA 15 — —_ volts
BVceo Collector Breakdown Voltage Ic = —1uA 15 _ _ volts
BVeso Emitter Breakdown Voltage 13 = —10nA 15 —_ — volis
BVeco Emitter Breakdown Voltage 13 = —10nA 15 —_— —_ volts
VorF Offset Voltage I} = —500uA —_ 0.9 1.3 mV
Vorr Offset Voltage I = —1mA — 1.0 175 mV
VoFF Offset Yoltage I = —1.5mA — 1.2 2.25 mv
HIGH FREQUENCY CHARACTERISTICS
rs Inverted Dynamic Saturation Resistance* Ig = —1ImA 13 = 100uA 7 13 18 ohms
Cib Input Capacitance VEes = —6V - Ic =0 f = 4mec — 4 7 pF
Cob Output Capacitance Vg = —6V Ie =0 f = 4mc — é 14 pF
Ceb Emitter Diode Capacitance’ g = 0.25uA f = 10mc —_ 12 16 pF
Emitter Diode Recovery Time$ Is = —1mA nom, _ [ 15 usec
fr Gain Bandwidth Product Vce = —é6V Ig = ImA f = 4mc 7.6 12 — mc
MATCHED PAIR DATA
AVOFF Differential Offset Voltage’ lg = —1mA
Ta = +25Cto +85C —_ —_ 50 uvy
3Typical values are for engineering guidance only. 5To be measured in circuit of Figure 2. TTo be measured in circuit of Figure 4
4To be measured in circuit of Figure 1. 4To be measured in circuit of Figure 3

“SPAT" is a registered trademark of the Philco Corp.

SPRAGUE ELECTRIC COMPANY —— SEMICONDUCTOR DIVISION

EXECUTIVE OFFICES: NORTH ADAMS, MASS. ——— CONCORD, N.H. - WORCESTER, MASS. -
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SPRAGUE ENGINEERING BULLETIN NO. 31,164A

Ig=1ma

- CAL Vo

INPUT
60CPS
ADJUSTED 6 Vas

Ol

FOR I00MV
RMS WITH

S, oN
CALIBRATE

Psar=Vox 104

DWG.NO. A-30/5

FIGURE 1
INVERTED DYNAMIC rs TEST CIRCUIT

The inverted dynamic saturation resistance, which is the slope of the
VOFF, I characteristic at a specified base current, is measured in the
circuit shown in Figure 1. The circuvit reads rs directly as the ratio
of the a-c collector voltage, Vo to a calibrated a-c collector current.

INPUT

20V

1045 MIN
1 KC REP.RATE +10V

0.5MV
OUTPUT N B
WAV EFORM
L 154 MAX

DWG.NO.A-3017

FIGURE 3
RECOVERY TIME TEST CIRCUIT

The emitter diode reverse recovery time, a measure of the transient
response of the chopper, is measured in the circuit of Figure 3. The
measurement is made as the time for the emitter current to recover
from a specified forward value to a specified reverse value. The
IN3064 diode across the 10K emitter resistance serves to clamp the
emitter potential to reduce the output voltage change to a convenient
level.

C.O5uF

| 4—IE=OA25uA
L
‘ 1§

1 MEG

ADMITTANGE
BRIDGE IOMC
TEST SIGNAL
40MV RMS MAX. +

Vee
N t

DWG.NO. A-30/6A

FIGURE 2
EMITTER DIODE CAPACITANCE TEST CIRCUIT

Figure 2 shows the test circuit for the measurement of the emitter diode
capacitance, Ceb. The measurement is made with the emitter diode
slightly forward biased (I = 0.25uA). The 10 MC test signal
from the admittance bridge should be less than 40 MV RMS.

Ig =1.0MA 8

DIGITAL D-C
MICROVOLTMETER

?

DWG.NO. A-30/8

FIGURE 4
MATCHED OFFSET VOLTAGE TEST CIRCUIT

The offset vcltage match, AVOFF, is measured in the circuit of Figure 4,
The difference in the offset voltage at the specified base current is
measured with a digital voltmeter.

In the construction of the components described, the full intent of the specification will be met. The Sprague
Electric Company, however, reserves the right to make, from time to time, such departures from the detail specifica-
tions as may be required to permit improvements in the design of its products. Components made under military
approvals will be in accordance with the approval requirements.

The information included herein is believed to be accurate and reliable. However, the Sprague Electric Company assumes
no responsibility for its use; nor for any infringements of patents or other rights of third parties which may result from its use.

ISSUE OF APRIL 1964

E-3-67 LITHO IN U.S. AMER.

Copyright © 1963 and 1964, by the Sprague Electric Company, North Adams, Mass.



No. 31,167A
Supersedes No. 31167

TYPE

s 2N2280
' 2N2281

TYPE 2N2280 AND 2N2281 SILICON
PRECISION-ALLOY TRANSISTORS

.. Type 2N 2280 transistor in matched
ESIGNED FOR low-level chopper applications, pairs with an offset voltage match

Type 2N2280 Silicon Precision-Alloy Tran- guaranteed over the temperature
sistors feature extremely low leakage current, low range of +25C to -+ 65 C are

offset voltage, and a very low inverted dynamic identified as Type 2N2281 SPAT® |

i

Lo

é

|
|

saturation resistance. Transistors ACTUAL SIZE
1
ABSOLUTE MAXIMUM RATINGS MECHANICAL SPECIFICATIONS
Storage Temperature . ......... —-65C to + 140C 45° NOM.
Collector Voltage, Vego - o oo v oovo oo — 10 volts 1~ LOCATION OF RED ‘—8‘,.27'8—”
Collector Voltage, Veeo + o o ooooo o —6 volts
Emitter Voltage, Veso. . .............. ... —10 volts oo =H| |k
Emitter Voltage, Veco. ... ...... .. ... .. ... —6 volts 0.209 0.178
Collector Current, Ic. . ............. ... .. ... —50 ma JEDEC _
Total Device Dissipation? at 25 C ... ........ 150 mw e 1.500-s] +-0.030 Max
Lead Temperature at Yis” + V" fromcase............ 0.100 NOM.
.............. f 0 - 0.016 TO 0.0i9 DIA
230 C for 10 sec _TERMINALS LEAD I2— S:‘;TER (se€ wore 1)
' The maximum ratings are limiting absolvte values above which the serviceability LEAD 3— COLLECTOR

- - may be—tmpaired from the viewpoint-of life-or satisfactory performonce. The NOTE 1: THIS LEAD DIA APPLIES TOZONE BETWEEN 0.050 AND

breakdown voltages may be far above the maximum voltage ratings. To avoid gggg FR%:: 5325055476 "“sz(::E BETWEE;‘E 0.250 AND
. - . P . A X .021 DIA | LD. OUTSI OF THESE

per d getothe fr s, do not pt to measure these characteristics ZONES, THE LEAD DIA IS NOT CONTROLL ED.

above the maximum ratings. OWG. NO.A-3806

2 Due to the nature of these transistors, the dissipation in the base emitter circuit

may be appreciable under high base drive conditions and must be included in the
total device dissipation. For temperatures above 25 C, derate by 1.3 mw/°C.

ELECTRICAL CHARACTERISTICS at T

Il
N
U
o]

CHARACTERISTICS TEST CONDITIONS MIN, TYP. MAX. UNITS
D-C CHARACTERISTICS
Iceo Collector Cutoff Current Vcs = — 6V - —_ 3 nA
Icso Collector Cutoff Current Veg = — 6V T = +465C — — 50 nA
leso Emitter Cutoff Current VEes = — 6V bl — 3 nA
Y} Emitter Cutoff Current Ves = — ¢V T = +465C — - 50 nA
BVcBo Collector Breakdown Voltage Ic = —10uA 10 —_ —_ volts
BVceo Coliector Breakdown Voltage Ic = —25uA ) —_ —_ volts
BVEsO Emitter Breakdown Voltage Ie = —10uA 10 — — volts
BVeco Emitter Breakdown Voltage Ig = —10uA ) —_ — volts
VcEe(sat)  Collector Saturation Voltage Ic = —5mA Is = —0.8mA —_ 0.05 0.1 volt
VBE Base Voltage Ic = —5mA Ig = —0.8mA —_ 0.9 1.35 volt
VorF Offset Voitage Ig = —250uA — 0.6 1.0 mvV
VoFF Offset Voltage Ig = —1ImA —_ 0.7 1.5 mV
VOFF Offset Voltage I = —15mA — 1.0 2.0 mV
HIGH FREQUENCY CHARACTERISTICS
s Inverted Dynamic Saturation Resistance* g = —1mA I = 100pA 5 10 18 chms
Cib Input Capacitance VEs = —3V Ic =0 f = 4me —_— 5 8 pF
Cob Output Capacitance Ves = —3V I = ImA f = 4mc —_ 7 10 pF
Emitter Diode Recovery Time’ Is = —1mA nom. — 6 15 usec
fr Gain Bandwidth Product \Ze3 = —3V le = ImA f = 4mc 16 24 — me
MATCHED PAIR DATA
AVorr Differential Offset Yoltage® Is = —1ImA

TA = 425Cto 465C — — 100 uv

3Typical values are for engineering guidance only. 5To be measured in circuit of Figure 2.

4To be measured in circuit of Figure 1. ; 6To be measured in circuit of Figure 3.

“SPAT" is a registered trademark of the Philco Corp.

VLIULE ozmiona  INIYYAS



SPRAGUE ENGINEERING BULLETIN No.31,167A

La= 1a ou;gw
-— 10K SCOPE
CAL Vo ( ) 20v
INPUT —o + _L
60CPS
ADJUSTED N) Ves fe—sf 100 wn
° =
;o$s|% _rF1H - 1 KC REP.RATE +iov
S,onN
CALIBRATE

El.o MV
OUTPUT —_—
WAVEFORM - __F—; —

1548 MAX

P5=V0XI0‘

OWG.NO. A-30/5A

DWG.NO. A-3125
FIGURE 1 FIGURE 2
INVERTED DYNAMIC rs TEST CIRCUIT EMITTER DIODE RECOVERY TIME TEST CIRCUIT

The inverted dynamic saturation resistance, which is the slope of the The emitter diode reverse recovery time, a measure of the transient
Ve, le characteristic at a specifled base current, is measuvred in the response of the chopper, is measured in the circuit of Figure 2. The
circuit shown in Figure 1. The circuit reads I's directly as the ratio measurement is made as the time for the emitter current to recover
of the a-c¢ collector voltage, Vo to a calibrated a-c collector current. from a specified forward valve to a specified reverse valve. The

' IN3064 diode across the 10K emitter resistance serves to clamp the

emitter potential to reduce the output voltage change to a convenient
level.

Ig «—
:
Ig =1.omA o)
DIGITAL D-C
\ IR ||| MICROVOLTMETER

o

DWG.NO. A-30/84

FIGURE 3
MATCHED OFFSET VOLTAGE TEST CIRCUIT

The offset voltage match, AVOFF, is measured in the circuit of Figure 3.
The difference in the offset voltage at the specifled base current is
measured with a digital voltmeter.

In the construction of the components described, the full intent of the specification will be met. The Sprague
Electric Company, however, reserves the right to make, from time to time, such departures from the detail specifica-
tions as may be required to permit improvements in the design of its products. Components made under military
approvals will be in accordance with the approval requirements.

The information included herein is believed to be accurate and reliable. However, the Sprague Electric Company assumes
no responsibility for its use; nor for any infringements of patents or other rights of third parties which may result from it use.

1SSUE OF APRIL 1064
E-6-67 LITHDO IN U.S. AMER,
Copyright © 1963 and 1964, by the Sprague Electric Company, North Adams, Mass.
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TYPE 2N2377 P-N-P SILICON
PRECISION-ALLOY TRANSISTORS

DESIGNED for amplifier and oscillator applica- Particularly well-suited for high-
tions at frequencies through 15 megacycles, temperature applications, such as

Type 2N2377 Silicon Precision-Alloy Transistors in airborne equipment, Type

may be operated at junction temperatures up to . :

140 C with excellent performance. The Type 2N2377 transistors are designed to

2N2377 is electrically identical to Types 2N495 meet the environmental require-
and 2N1118 but is housed in the JEDEC TO-18 case. ments of Military Specification .
MIL-§-19500. ACTUAL SIZE

Rated at 150 mw total dissipation with a collector
voltage rating of 25 volts, Type 2N2377 SCE’AT‘@
transistors feature low leakage currents and low
saturation voltage. The amplifier stage gain at 140 C MECHANICAL SPECIFICATIONS
is within a few db of the gain at room temperature,

0028 DETERMINED BY SUBTRACTING DIA A FROM B

0.041£0.005
)\67‘45°-TA8 FOR VISUAL ORIENTATION ONLY

ABSOLUTE MAXIMUM RATINGS'

Storage Temperature ... ... ... ... —65C to +140C
. Collector Voltage?, Vceor Vs .. ........... —25 volts f )
Collector Cutrent, Ic .~~~ .~ -~ . T —50 mA JEDEC To-18
Total Device Dissipation® at 25C .. .. . ... 150 mW 0.100
. o (NOTE2) 0.016 TO 0.019 DIA
Derating Factor above 25 C. . .. . 1.3 mW °C LEAD | ~ EMITTER (SEENOTE 1)
Ut 1 TERMINALS { LEAD 2 — BASE
Lead Temperature at Yis” + V4" fromcase. .. .. ... .. . LEAD 3 - COLLECTOR
. r 10 sec NOTE 1 : THIS LEAD DIA APPLIES TO ZONE BETWEEN 0.050 AND
230C for 10 s 0.250 FROM BASE SEAT, IN ZONE BETWEEN 0ba0 AND
Sy M OO L O o T
1 . . ich the NOT CONTROLLED.
The. mo;lltnum ra'l:gs. are .lm:;nfng o:)hs olu!e vcl.ue's :t:f:ve Wh";. " NOTE 2: MAX DIA LEADS AT GAGING PLANE 0.054 *3-99! BELOW
servicea ll'y may be impaire rom e viewpomt of lite or satisfac- BASE SEAT TO BE WITHIN 0.007 OF TRUE LOCATION
tory performance. RELATIVE TO MAX WIDTH TAB AND TO 0.230 MAX DIA
21 . . e MEASURED WITH SUITABLE GAGE. WHEN GAGE IS NOT
In this class of transistors, the maximum collector voltage is limited by USED, MEASUREMENT MADE AT BASE SEAT,
the punchthrough phenomenon. OWG.NO. 434504

3Due to the nature of this transistor, the dissipation in the base emitter
circuit may be appreciable under high base drive conditions and must be included in the total device dissipation. (See Input Characteristic Curves.)

ELECTRICAL CHARACTERISTICS at T = 25 C

CHARACTERISTICS TEST CONDITIONS MIN. TYPICAL MAX. UNITS
D-C CHARACTERISTICS
Iceo Collector Cutoff Current’ Vg = —25V — .002 1.0 A
lesO Emitter Cutoff Current Ves = —10V —_ .001 0.1 uA
BVceo Collector Voltage IcEo = —25 pA 25 — — volts
hre Collector Voltage Vce = 05V I = —5mA 10 25 100 —_
SMALL SIGNAL PARAMETERS
hfe Current Amplification Factor Vce = —6V lE = 1mA 15 30 120 -
fr Gain Bandwidth Product Vce = —6V lE = 1mA 8 20 —_ mc
P Extrinsic Base Resistance f = 4 me _
rb'Ce Collector Capacitance Product Vee = —6V e = 1mA - 1450 5000 psec
Cob Output Capacitance Ve = — 6V Ie = 1 mA _ 6 12 pF
f = 4 mC

hib Input Resistance Vee = —6V lE = 1mA — 40 90 ohms
hob Output Admittance Ve = —6V lE = 1mA — 1.5 2.5 umhos

‘Typical values are for engineering guidance only.

The saturation current will approximately double with every 10 C of temperature. With rotings at any collector voltage then, the IcB0 may be
calculated for any temperature by doubling the low voltage IcBo for every 10 C and adding the difference between the room temperature Icgo at the
desired voltage and the room temperature Icgo at low voltage. “SAT" is a registered trademark of the Philco Corp.

SPRAGUE ELECTRIC COMPANY =— SEMICONDUCTOR DIVISION

EXECUTIVE OFFICES: NORTH ADAMS, MASS, —— CONCORD, N.H. * WORCESTER, MASS, ——
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CHARACTERISTIC CURVES OF TYPE 2N2377 TRANSISTORS
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CHARACTERISTIC CURVES OF TYPE 2N2377 TRANSISTORS - - cont.
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~ Inthe éonsirucﬁcn of the components described, the full intent of the specification will be met. The Sprague Eiectric Company, how-
;vev, reserves the right to make, from time to lime, such departures from the detail specifications as may be required to permit improve-

ments in the design of its products,

OF OCTOBER

E-3.67

Componenis made under military approvals will be in accordance with the approval requirements.
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TYPE 2N2378 P-N-P SILICON
PRECISION-ALLOY TRANSISTORS

HIGH-SPEED switching at high temperatures is
the major application for the Type 2N2378
Silicon Precision - Alloy Transistors. The fre-
quency at which 8 equals unity (ff) is typically
about 20 megacycles. The Type 2N2378 is electric-
ally identical with Types 2N496 and 2N 1119 but is
housed in the JEDEC TO-18 case.

Since the saturation resistance is typically less
than 10 ohms, the voltage drop at saturation is in

Because the input voltage is usu-
ally four or five times the satura-
tion voltage even at elevated temp-
eratures, Type 2N2378 SPAT®
transistors are particularly suited
for direct coupled switching cir-
cuits. They feature very low leak-
age currents and a 150 mw rated
dissipation at 25 C ambient temp-
erature.

No. 31,107

ACTUAL SIZE

the order of a tenth of a volt. "Consequently, there
is very low power dissipation in the “on” condition.
This permits the designer to gain the advantages of
low voltage operation and minimum load imped-
ance.

0028 DETERMINED BY SUBTRACTING DIA A FROM B

0.041£0.005
45°-TAB FOR VISUAL ORIENTATION ONLY
0.210
)\ : ~oirof*
¥

¥ |
1 0.230 Vv 0.195

ABSOLUTE MAXIMUM RATINGS e E———— | I
Storage Temperature. ... . .. ... —65C to +140C JEDEC TO- —1,590—+]}-0.000
Collector Voltage?, VegorVee. . ... ... .. ... .. 10 volts R 001670 0019 DI
Collector Current, Ic. . ........... .. ... ... . —50 mA Termmacs | LEAS L T EMITTER (SEE Noig?)b
Derating Factor above 25 C...... ... 1.3 mW/°C Bl | LEAD 3 - coLLecToR - —

. I :

Total Device Dissipation® at 25 C.. . ... . ... 150 mW NOTE 1: THIS LEAD DI APPLIES 7O ZONE BETWEEN 0050 AND

’
Lead Temperature at A" + V4" fromcase. . ... ... .. .. 0.500, A MAX OF 0.02! DIA IS HELD. OUTSIDE OF THESE
20NES, THE LEAD DIA IS NOT CONTROLL ED.
...230 Cfor 10 sec NOTE 2: MAX DIA LEADS AT GAGING PLANE 0.054 *3:98 BE{ oW
BASE SEAT TO BE WITHIN 0.007 OF TRUE LOCATION
RELATIVE TO MAX WIDTH TAB AND TO 0.230 MAX DIA
MEASURED WITH SUITABLE GAGE. WHEN GAGE IS NOT
USED, MEASUREMENT MADE AT BASE SEAT.
DWG.NO. A-34504

'The maximum ratings are limiting absolute values above which the
serviceability may be impaired from the viewpoint of life or satisfac-
tory performance. The diode breakdown and punchthrough voitages
may be far obove the maximum collector voltage rating. For this
reason it is important that the 2N2378 not be tested above the maxi-
mum voltage rating to avoid permanent damage to the transistor.

%In this class of transistor, the maximum collector voltage is limited by the punchthrough phenomenon.

*Due to the nature of this transistor, the dissipation in the base emitter circuit may be appreciable under high base drive conditions and must be in-
cluded in the total device dissipation. (See Input Characteristic Curves.)

ELECTRICAL CHARACTERISTIC' at T = 25 C

CHARACTERISTICS TEST CONDITIONS MIN, TYPICAL MAX, UNITS
D-C CHARACTERISTICS
Iceo Collector Cutoff Current? Vep = —10V — .001 0.1 RA
leso Emitter Cutoff Current Veg = — 10V —_ .001 0.1 uA
ICEX Collector Cutoff Current Vce = —4.5V Ve = —0.45V — S 25 uA
BVceo Collector Breakdown Voltage Ic = —25uA —_ —_ 10 volts
hrg Current Amplification Factor Ve = —0.5v Ic = —15mA 15 25 — —
Vce (saT) Collector Voltage Ic = —5mA I = —08mA — 0.08 0.15 volts
Vae Input Voltage Ic = —5mA g = —0.8mA 075 0.9 1.0 volts
SMALL SIGNAL PARAMETERS
fr Gain Bandwidth Product }’CE - ;:‘cv = 1mA 7.2 20 — me
ro'C Extrinsic Base Resistance Vee = —6V lE = 1mA — 1500 5000 psec
< Collector Capacitance Product _

= —6V | = 1 mA —_ 6 12 F

Cob Output Capacitance Ve 6 E m P
K's Hole Storaget I3 —1 mA —_ 90 175 nsec

Typical values are for engineering guidance only.

*The saturation current will approximately double with every 10 C of temperature. At any collector voltage, then, the Icgo may be calculated for
any temperature by doubling the low voltage Icgo for every 10 C and adding the difference between the room temperature ICgO at the desired
voltage and the room temperature Icso at low voltage.

To be tested in hole storage circuit. See page 4.
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CHARACTERISTIC CURVES OF TYPE 2N2378 TRANSISTORS
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CHARACTERISTIC CURVES OF TYPE 2N2378 TRANSISTORS - - cont.
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CHARACTERISTIC CURVES OF TYPE 2N2378 TRANSISTORS - - cont.
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HOLE STORAGE MEASUREMENT OF TYPE 2N2378 TRANSISTORS

The hole storage factor K,' is a device constant
defined as the excess stored charge (in saturation)
per unit excess base current, where excess base
current is the amount of current supplied to the
base in excess of that required to just keep the tran-
sistor in saturation. While the hole storage factor
may be expressed in units of time, this is not a time
measurement and does not imply that the storage
time in any particular circuit is that specified.

The storage time in an actual circuit is a function
of the ratio of both the “turn-on” base current and

the “turn-off” base current to the “on” collector
current. The storage. time will be approximately

Iy + I,
;=K ' In

Ics

— + Iy

hee

where Ig, is the “turn-on” base current, Ig, is the
“turn-off” base current (assumed to be reverse
current) and Ics is the “on” collector current.

HOLE STORAGE TEST CIRCUIT

Ie=lg=IMA @873
e=87 270

25K

“1

C), rated at 500 pF, includes probe or scope capacitance.

st
H 0.2uS

Vout

100 TO SCOPE

owe. A-2113

This valve

should be measured with the differentiating network disconnected.

Ci Vour 500
——— = ——Vour
Ie |

K’S

In the construction of the components described, the full intent of the specification will be met.

mA

uucoulombs  (These units are the equivalent

of nsec.)

The Spraguc Electric Comp any, how-

ever, reserves the right to make, from time to time, such departures from the detail specifications as may be required to permit improve-

ments in the design of its products.
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Components made under military approvals will be in accordance with the approval requirements.
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