MIL-5-19500217B
17 January 1972
SUPERSEDING
MIL-S-19500217A
29 September 1965

MILITARY SPECIFICATION

SEMICONDUCTOR DEVICE, TRANSISTORS, PNP, GERMANIUM, HIGH-POWER
TYPES 2N456B, 2N457B, 2N458B, 2N1021A, 2N1022A

This specification is mandatory for use by all Depart-
ments and Agencles of the Department of Defense.

1. SCOPE

1.1 Scope. This specification covers the detail requirements for a high-power, PNP, germa-
nium transistor (see 6.2).

1.2 Physical dimensions. See figure 1 (TO-3).

1.3 Maximum ratings.

1/

P71 ~

Tyee | g Tosec | VeBo | VeBo | Vero | Ic Tstg Ty
w Vae | Vde | vae | Ade | | °C

2N456B 150 -40 | -30 | -30

2N457B 150 -60 | -35 | -40

IN458B 150 -80 | -40 | -45 7 | -55t0 4100 +100

2N1021A 150 100 | -50 | -50

2N1022A 150 ;120 | -60 | -55

1/ Derate linearly 2.0 W/°C for Tc>256°C.

1.4 Primary electrical characteristics.

hFE hFE | hte | VcE(sat) VBE

Ic = -1.0 Adc Ic= -8.0Adec |Ic=-1.0Ade |Ic=-5.0Ade|Ic = -5.0Adc |
VCE = -1.5 Vde {VQE = -1.5 Vde |Vog = -2.0 Vde{Ip = -0.5 Ade | Vog = -1.5 Vde| ©J-C
f=

100 kHz
Vde vde °‘c/w
Min, 40 30 2.0 -——— ——- -——
Max. -—- 120 8.0 -0.5 -1.5 0.5

2. APPLICABLE DOCUMENTS

2.1 The following documents, of the issue in effect on date of invitation for bids or request for
proposal, form a part of the specification to the extent specified herein.

SPECIFICATION

MILITARY
MIL-S-19500 - Semiconductor Devices, General Specification for

FSC 5961




MILITARY

MIL-STD-~750 - Test Methods for Semiconductor Devices,

vitlmoa s 2y AACLNIOCS 101 20INC0NARCI0T LEVILeS,

MIL-STD-202 -~ Test Methods for Electronic and Electrical Component Parts.

(Copies of specifications. standards, drawings, and publications required by suppliers in connec-
tion with specific procurement functions should be obtained from the procuring activity or as directed
by the contracting officer,)

[I5N]

REQUIREMENTS

5.1 General, Requirenments shall be in accordance with MIL~S-19500, and as specified herein.

3.2 Abbreviations. symbols, and definitions. The abbreviations, symbols, and definitions used
herein are defined in MIL-5-19500,

3.2 Design and construction.  Transistors shall be of the design, construction, and physica,
dimensions shown ag figure 1.

3.4 Performance characteristics. Performance characteristics shall be as specified in tables I

O, and Th.,

4, QUALITY ASSURANCE PROVISIONS

4.1 Samolmg and inspection. Sampling and inspection shall be in accordance with MIL-S-19500,
and as specified herein.

4.2 Qualification inspection, Qualification inspection shall consist of the examinations and tests
Inspe on inspection shall consist of the exar ations and tests

specmed in tables I, II, and III. Subgrou 1
group (‘ mspectlon snall be performed on a lo
and 6 of group B inspection and subgroups S and
sublot basis for the highest and lowest voltage types be g |
voltage tvpes hetween. Subgroup 1 of group C inspe
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4. 3 Quality conformance inspection. Quality conformance inspection shall consist of groups A, B,
and C inspections.

4,3.1 Group A inspection. Group A inspection shall consist of the examinations and tests specified
ir. table 1 and shall be conducted on a sublot basis.

4.3.2 Group B ins,;gectionr.r Group B inspection shall consist of the examinations and tests specified
ir. tuble I Subgroups b and 6 of group B shall be performed on a lot basis with the sample being

seieciid {voin the lubuc-t vuu.a;,c type repr esented in the lot, auubx oup 6 of group B is not rcquu ed
o1 those Jots whie) ure subjected to group C inspection.

4.5.3 Group { Cin S[)(.‘L! ion. (J!‘OUp C mspecuon shall consist of examinations and tests specmed in

i i, Thic ms.nach(m shall be conducted on the initial lot and thereafter every six months during

2 ';aactxr,r. Subgroup 1 of group C shall be performed on a lot basis with the sample being selected
f» nm the highest voltage type represented in the lot, Subsequent acceptance of higher voltage types

tee 1.3 elu enhiannrad ln aroun (‘ \n nnnf\nn url“n tho niimnant oy mih nanind wanvninan
H },; ~y ‘\Juﬂ‘( couL\..Ltu pi ups luu LT L uii Tl DU\ lllUlu,ll MPELiUU A CTYUILTO
risevting of group O inspection on a lot ;.:cludu.g the higher voltage types.
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DIMENSIONS g
INCHES | MILLIMETERS|.I
LTR - g
MIN MAX | MIN MAX
YD . 875 22,23
Al .250 ) . 450 7 6,35 711,43
Fl---—] .13 |-—-—] 3.43|
L[ .312] .500] 7.92[12.70[ 4
e1] .200 | .220] b.21] 5.72]2,3
e | .420 1 .4401710.67J11.18712 3
q [1.177 [1.197 {29,907 30.40
8 | .650 ] .675"]i6.64]17.10]2 3
b 1,038 | ,043 871 1,0814 1
[ R 495 525 | 12.57]13.34
Ri1] .131] .188 [ 3.337 4.78
17K X a1 Q04 A N0
iwp . A0 » 404 J, 0% 2. VT
L1 . 050 1.271 6
NOTES:
1. Metric equivalents (to the nearest . 01 mm) are given for general information

[ -]

4c»:_:ma-w

only and are based upon 1 inch = 25.4 mm.

This dimension should be measured at points . 050(1. 27 l'i‘ii“") 0 . 955(1. 40 mm)

below seating plane.

When gage is not used, measurement will be made at seating plane.

Two leads.

Collector shall be electrically connected to the case

Diameter of leads in th s zone is not controlled.

@b applies between Lj and L.

URE 1. Physical dimensions of transistor types 2N456B, 2N457B, 2N458B, 2N102
and 2N1022A (TO-3).




TABLE 1. Group A inspection.

WIL-STD-750 L Limits
Exominati T .
xamination or test -
Method Detoils D Symbol Min Mox Unit
Subgroup 1 10
—e
Visual and mechanical 2071 ——— —— - P
examination )
Subgroup 2 5
Breakdown voltage, collector | 3011 Bias condition D: ’ BVcEo
to emitter Ic = -500 mAdc:
nulsed (see 4.4.1)
ZN456B -30 ——— Vdce
2N457B A -40 1 o= | vde
2N458B -45 --- Vde
2N1021A -50 ——- Vdc
2N1022A : . -55 ——- Vde
Breakdown vollage, collector | 3011 Bias condition C BVCEs
to emitter Ic = -200 mAdec:
pulsed (sce 4.4.1)
2N456B -50 - Vde
2N457B -60 --- Vdc
2N458B -] -65 --- Vdc
2N1021A -70 ~-- Vde
2N1022A -15 ——— Vdec
Breakdown voltage, collector | 3001 Bias condition D: BV~nn
to base Ic = -2.0 mAdc it
2N456B -40 -—- Vdce
2N457B - -60 .- Vdc
2N458B -80 --- Vde
2N1021A -100 --- Vdc
ZN1022A -120 --- Vde
Breakdown voltage, emitter 3026 Bias condition D; BVERo
io base iE = -2.0 mAdc
2N456B -30 --- Vdc
2N4578 -35 -—- Vdc
2N458B ! -40 --- Vde
2N1021A -50 ——- Vdc
2N1022A -0 === Vde
Collector {o emitter cutoff 3041 Bias condition A; IcEx
current Vie = +0.2 Vde
ZN4568 VCE = -40 Vdc ~=~ |-2.0 | mAdc]
2N457TB Vo = -60 Vde g -2.0 | mAdc
2N4581 l Vcg - -80 vde --- |-2.0 | mAdc
2N1021A * Veog = -100 Vde --- 1 -2,0 | mAdc
2N1022A © Vcg = -120 Vde --- | -2.0 | mAddg
1
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TABLE 1. Group A mspection. - Continued

RIL-$TD-750 L Lomirs
Exomination or test 4 1
Method ! Details [l) Symho! Min Mox Unrt
Subrroun 2 - Continued
fring hgiivbe iltil |
e . ” IR ! .
Todector to emitler cutoff 3041 [ Bias condition D: 'CF‘O
srremt ! ‘
JUN [ U P
2N456B | Ve ¢ -20 Vde --- |-200 made
2N4578B VOR + =25 Vde - 12200 | mAde
2N458B VeE - =30 vde == 12200 - mAdce
ZNi021A Ver =35 vde --= 1200 . mAde
2N1022A Vep =40 Vde --- =200 | mAde
y Calleetor o base cutoff 3036 Bins condition D: feno
current
2N458R ven o -20 vde --= 1-0.5 | mAdc
2N4578 Vop - =30 Vde -=- [-0.5 | mAdc
2N458B Ve =40 Vde --- |-0.5 | mAdc
2N1021A vep - =50 vde --= 1-0.5  mAde
2N1022A i Ven - =60 Vde S -0.5 ' mAde
cn |
1 .
Fmitter (o base eutoff 3061 ! Bius condition D 51.:“0 == -t mAwe
carrent Ven - -15 Vde i
Wibieremin 2 = Y
ahatad s 3albidhed L Y
— |
Forward-current transfer 3076 VCF = -1.5 vde: hpg 40 PR
ratio Ig <" -1.0 Ade:
pulsed (sec 4.4.1)
Forward-current transfer 3076 Veg = -1.5 vde: Spp 35 -—- ---
ratio Ic - -8.0 Adc: ’
pulsed (seec 4.4.1)
]
Forward-current transfer 3076 | Vg = -1.5 Vdc: hpg | 30 120 1 ---
ratio Ie = ~5.0 Adc: ! | i
pulsed (sce 4.4.1) | |
Forward-current transfer 3076 Veg = -1.5 Vdce: hrg b3S R
rutio Ic = -7.0 Adc: ; ;
pulsed (see 4.4.1) ! |
! )
Cullectar o emitter voltage 3071 Ic = 5.0 Adc: Veg(sat)| --- '-0.5 i Vde
Csuturated) Ip = -0.5 Adc: |
pulsed (sce 4.4.1) . '
: i
iiuse enmitier voliage 3066 Test condition B: Ve VgE - '-1.3 Ve
monsaturated) -1.5 Vde: Ic = -5.0 Adc: : :
pulsed (see 4.4 1) i '
. H ;
! i
Qe 4 }O ! !
Subgroup 4 ‘ , '
1 t ! '
Maznitude of common-emitter| 3306 | Vop = -2.0 Vdc: 'h;o' 2.0 i 8.0 | ---
~miall-simal short-cireuit Ic = -1.0 Ade ~ f :
! pirward-current transfer f - 100 wHy | |
Pobatin Tt e H .
. |
1 !
| .
| i |
' ; 1

(4]




MIL-S-18500/217B

TABLE 1. Group A inspection, - Continusd
MIL-STD-~750 L Limits
Exomination or tes! I.’
Method Details D Symbol Min Mox Unit
Subgroup 4 - Continued
Pulse response:
Turn-on time 3251 Test condition A; Vee = ton - 20 <
-20 Vdc: I = -5.0 Adc:
Igy = 0.5 Adc (see
figure 2)
Turn-off time 3251 Test condition A; Voo = toff v~ | 65 [
-20 Vdc: Ig = -5.0 Adc;
IBI = -0.5 Adc; IBZ =
0.5 Adc (see figure 2)
Subgroup § 10
Safe area test - In= -4.0 Ade; t, = VAr
~ [4 L 92 )
100 us; f = 200 Hz; time =
10 ¢ycles minimum
lann $lmivma Q
\PccC Llsulc )
2N456B -25 ne Vdc
2N457B -35 .- Vde
2N458B -40 .- Vdc
2Ni021A -4H .- Vdc
2N1022A -50 ——— Vde:
Subgroup 6 10
High-temperature operation: TC = 70°C
Collector to base cutoff 3036 Bias condition D; I
current T
2N456B Vegp = -40 Vde c-e [=7.0 | mAdc
2N457B VéB = =60 Vdc -=- |=7.0 | mAdc
2N458R Vg = -80 Vde ce- 1270 | mAde
2N1021A VcB = ~100 vde == |«7.0 | mAde
ZN1022A Vep = -120 Vde --~ |=7,0 | mAdc
Forward-current transfer 3076 | Vo = -1.5 Vdce; hpg 30 150 | ~--
ratio i¢ = -5.0 Adc; puised
(see 4.4.1)
Low-~temperature operation: Teo= ~-65"C
Forward-current transfer 3076 Veg = -1.6 vde; hpp 20 - ——-
ratio Ic = -5.0 Adc; pulsed
{see 4.4.1)




TABLE 0. Group Il inspection,

MIL-<-10500 21710

1 b
MIL=§TD-750 e e
Examinotion or test : : i 'l’ : !
Hethod | Detaiis i Sea e [ [ RPN B T
} TR I 2 T"m - '. RO S
S, I) .
Subgroup 1 20 !
Physical dimenstons 2066 {See figure 1) R Sl ees
Subgroup 2 is ; '
t :
Soiderability 2026 | Dwell time 10 1 see. R
Thermal shock (lemperature | 1051 | Test condition A: ces o aee Dl Ll
cyeling) 10 eveles: exeept high ;
temporature 1007 -3 . .
o -0 ; !
time at temperature i : ;
extremes 15 minutes ! ! ;
(minimum) I : .
1
. i . '
Thermal shock (glass stratn) 1056 Test condition 13 see eee eme -
Terminal strength (tension) 2036 | Test condition A: weieht S T Ut
10 pounds: time :
15 : 8 see. each tead :
Hermetic seai 1071 Test condition G or H lor B T
fine leaky: tos! condition i . "o s
A, C. D, or Ffor gross ! i
leaks I ‘ ;
! ! ’
Moisture resistance 1021 Omil initial conditioning —.- i R ..-
]
End points: i
| )
Collector {6 base cutoff 3036 Bias condition D: leno l
current | |
2N4868 Vep = -20 Vdc Pees To005 0 madc
2N457B Ven = -30 vde R L L S HP WH
2N458B Vep = -40 Ve [ - 'e05 maae
2N1021A Vep = =508 vide : Pomee 2008 L e
2N1022A Vep = -60 Vde < Peee a5 nede
)
Forward-current transfer 3078 Ve = -1.5 Ve hpp ' 30 120 .
ratio I~ - =5.0 Adc: pulsed ! | i !
(see 4.4. 1) I : \
| ] :
Subgroup 8 15 i | !
; |
Shock 2018 Nounoperating: 500 G: for T . -
1.0 ms: 5 blows in cuch ' : . i ,
orientation: Xj. Y. Yy, ! i ;
and Zg : :
; .
Vibration, variable 2056 10 G: nonvperating SR --- .-
{frequency ' '
| I
Constant acceleratioi 2000 5,000 G: in »qeh orienta- B T R ce- -
tion: X,. Y.. Yo. and %. |
1 { < 1 . i
End points: ‘f !
(Same as subgroup 2) : ; .
¢ | :
| .




MIL-S-19500/217B

TABLE II. Group B inspection. - Continued

HIL-STD-75 L Limits
Examinotion ot lest R T A - 1 ?‘\ T ""*
Method Detoils S Symbol Min Mox Unit
Subgroup 4 15
Salt atmosphere (corrosion) | -1041 Electrical rejects maybe used —-- —- - .--
¢ Subgroup 5 1
High-temperature life 1032 | Tge =+ 100°C; time = --- e | aem | ae-
(nonoperating) 340 hours (see 4.3.4)
End points:
Collector to base cutoff 3036 Bias condition D; IcBo
current
2N4568 Vep = -20 Vdc == 1-1.0 { mAdc
2N457DB Vep = =30 Vide === 1=1.0 ;| mAde
2N458B Von = -40 Vde == |-1,0 | mAdc
2N1021A Vep = -50 vde ~-= 1-1,0 | mAdc
2N1022A Vcp = -60 Vde ==~ 1-1,0 | mAdc
Forward-current transfer 3076 Vep = -1.6 Vde; h 24 150 -
ratic 'é:E -5.0 Ade: pulsed FE
(see 4.4.1)
Subgroup 6 10
Steady state operation life 1027 To=+75°C; Pp = . - --- .-
20 watts; Vog = =0 to
-15 Vdc; time = 340 hours
(see 4,3.4)
End points:
(Same as subgroup 5)
TABLE III. Groun C inspection.
MIL-STD-750 }r» Limita
Examination or test l.’ ———
Method Details D Symbol Min Mox Unit
Subgroup 1 15
Barometric pressure, 1001 Normal mounting; - .- - ~e-
reduced (altitude operation) Pressure = 8 mm Hg
for 60 sec min,
Measurement during tesi:
Collector to base cutoff 3036 Bias condition D; Icpo | - aee -m-
current .
2N456B Vep = -40 Vde == |=2,0 | mAdc
ZN45TB Vep = -60 Vde -we 12,0 | mAdc
2N458B Vop = -80 Vde ~== |-2,0 | mAdc
2N1021A Vep = =100 Vde wee  122,0 | mAdc
ZNidZzZA Vep = ~120 Vde == [-2.0 | mAdc
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MIL-S-19500 217B
TABLE Iii. Group C inspection. - Continued

MIL-STD-750 L Limits
Exomination or test T
Meihod Deiails ]l)) Symboi Min Max Unil
Subgroup 1 - Continued
Thermal resistance, junction| 3136 T2 = TJ = 90 :10°C; 1.0 .- 0.5 C W
to case Ty = Tg=45110°C;
I (measurement) =
+50 mAdc
Subgroup 2 10
Resistance to solvents --- Method 215 of MIL-STD-202 - —— —-- -——-
(see 4.4.2)
Qe 2 1 - 1N
OHUEI UUE v n = 4V
High-temperature life 1031 Tstg = 100°C - ——- —— ———
{noncperating) (see 4.3.4)
End points:
(Same as subgroup 5 of
group B)
Subgroup 4 A= 10
Qb mmcd fbdoda miamiiadio. VI18a 1nhe m an®A~A,. n _
teauy “dsldlt vperaiion iue 4VLV IC = $+I9V \, YT = hdaded - - ——
2N watter Vmem = 10 tn
&V wauns, vCB < av W
-15 Vdc (see 4.3.4)
End points
(Same as subgroup 5 of
group B)

4,3.4 Group B and group C life-test samples. Samples that have been subjected to group B,

3-‘13-3‘“’3&1‘5 llle lt.‘b‘. l“dy bt LUH\HIUU“ Oon lC:l IU l, 000 HNours lll U.l UCI [U b&llblv RrIOVUUY \.o ll{t' lCDL lLl[ull ¢~
ments, These samples shall be predesignated, and shall remain subjected to the group C 1, 000 hour
acceptance evaluation after they have passed the group B, 340-hour acceptance criteria, The cumulative

total of failures found durine 340-hour tegt and durine the suhseguent interval un to 1, 000 hours shall be
Oia: 8: aq ng anG Guring e suosSequent iniervaa up W a, vov

computed for 1, 000-hours acceptance criteria, see 4.3.3.

4,4 Methods of examination and test. Methods of examination and test shall be as specified in tables I,

& Melea

I, and TIT, and as follows:

4.4.1 Pulse measurements, Conditions for pulse measurement shall be as specified in section 4 of

MIL-STD-750.

.4.2 Resgistance solvents. T

to rg
MlL STD-302. The e following details

(a) All areas of the transistor body where marking has been applied shall be brushed.
(b) Aner bubjection to the tests there shall be no evidence of mechanical damage to the

device and I“IH'KIH[,,S shail have remained le[..xme.

4.4.3 lxwpectlon condltiunb Unless otherwise specified herein. all inspections shall be conducted at
ciise ien

. s8é S no~
a case lpcr.uurc (lc) of *GD td L,




MIL-S-18500/217B

TO INPUT PROBE |40
s 6N8w 0w

—— TO OUTPUT

ViN ~—t PROBE
20pF 200 b 4n
35‘: 3: S 40 w
¢ ¢
‘ 100pF 1
Vgg I8¢ Yece-20v

VOL'MOE WAVEFORMS

fore
INPUT

’ 90%

|

|

OUTPUT ooqu" OUTAUT |
< b _::-\.'a/_
ably it

CIRCUIT CONDITIONS

Test VBB Vin
Turn-On  (t4, tr) +9v -11v
Turn-Off (tg, tf) -21v +9v

NOTES:

1. Relay 81 has mecury wetted contacts and provides rise times less than 1/10 of the
switching times measured,

2. Duty cycle of S1 i8 such that the transistor is ON 4 ms and OFF 12 ms in both
turn-on and turn-off tests.

3. Waveforms monitored on scope with following characteristics: (a) Rise time 14 ns
max, (b) input capacitance 11,5 pF max, (c) input resistance 10 megohms min,

4, All resistors 5% tolerance, noninductive type.

FIGURE 2. Pulse response test circuit.




o o
o—o0
0.1
| .V
VA -
e Tioo b =
1ca = Vec
‘?‘ - é;zw \] +
P - .. s sa
‘ - LoV { ow
¥ T =
+ o : -

Type Vee [Vep | Ie
Vde | Vde | Adc

2N456B B3| 7% | 40
2N457B 55.4 | 35 | 4.0
2N458B 80.4 | 40 | 4.0
2N1021A | 65.4 | 45 | 4.0
2N1022A | 70.4 | 50 | 4.0

NOTE: Ve and Vap are regulated power supplies (: 1% both line and load).
Adjustment will be necessary to set the exact current and voltage
poinis specified.

FIGURE 3. Safe area test circuit.
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5.1 See MIL-5-19500, section 5.
6. NOTES
6.1 Notes. The notes specified in MIL-S-19500 are applicable to this specification.

6.2 Transistor types 2N456B, 2N457B, 2N458B, 2N1021A, and 2N1022A are recommended ax
electrical and mechaincal replacements for the following transistor types, respectively:

2N456A . 2N1021
2N457A 2N1022
ZN458A
Custodians:. Preparing activity:
Army - EL ' Army - EL
Navy - EC
Air Force -~ i7 Agent:

DSA - ES
Review activities:
Army - EL. MU, MI (Project 5961-0271)
Navy - 08
Air Force - 11, 80
DSA - ES

User activities:
Army - EL, SM
Navy - CG, MC, AS. SH
Air Force -
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