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MILITARY SPECIFICATION

TYPES 2N3091, 2N3093, 2N3095, 2N3097,
2N3098, 2N3099, 2N3101, 2N3103,
2N3105, AND 2N3106

....... 5 £

SEMICONDUCTOR DEVICES, THYRTISTOR (CONTROLLED RECTIFTER), SILICON

This specification is approved for use by Naval Electronic Syst
Command, Department of the Navy, and is available for use by al
Departments and Agencies of the Department of Defense.

1.1 Scope. This specification covers the detall requirements for silicon thyris-
tors, types 2N3091, 2N3093, 2N3095, 2N3097, 2N3098, 2N3099, 2N3101, 2N3103, 2N3105,
and 2N3106 and is in accordance with MIL-S-19500, except as otherwise specified herein.

1.2 Physical dimensions. See figure 1.
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l.3 Characteristics. The following devices have characteristics at 25° #3°C, unless
otherwise specified herein.

Characteristic Conditions Symbol Min Max Units
On state voltage ITM = 220 A(pk) VTM - 1.7 V(pk)
Holding current I“ ——- 40 mAdc
= . . v
Trigger voltage VAA 6.0 vde VGT 0.25 3.0 dec
T, = -40° to +125°C.
Trigger current v,, = 6.0 Vdc IGT 5 70 mAdc
! =
\GT 3.0 Vdc max
Turn-off time —- tq - 47 us
1.4 Maximum ratings.
1/ 2/ ' Maximum
T0 ITSM ‘GM VDM PGM PG(AV) TSTG TJ Stud operating
torque
altitude
A A(1 cycle) | V v W W °c °c lb-in mmHg
50 1000 5 10 5 0.5 -40 to +125 [ -40 to +125 150 15

1/ This average on-state current is for a maximum allowable case temperature of 93°C
and 180 electrical degrees of half sine wave conduction. For other maximum oper-
ating conditions, see figure 2.

2/ Surge rating is nonrecurrent and applies only with device in conducting state.

Beneficial comments (recommendations, additions, deletions) and anyv pertinent data
which mav be of use in improving this document should be addressed to: Naval
Electrunic Svstems Command, ATTN: ELEX 5043, Department of the Navv, Washington
DC 20360, bv using the sclf-addressed Standardization Document Improvement Proposal
(DO Form 1426) appearing at the end of rhis document, or by letter.
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Type Vrerus) | Ve YRy Y (BRIR Y (BR)R Units
min nax

IN3091 420 600 600 700 — v
2N3093 560 800 800 900 - v
2N3095 700 1000 1000 1100 — v
2N3097 840 1200 1200 1300 —-- v
283098 910 1300 1300 1400 — v
2N3099 420 600 600 700 900 v
283101 560 800 800 900 1100 v
2§3103 700 1000 1000 1100 1300 v
2N3105 840 1200 1200 1300 1500 v
2N3106 910 1300 1300 1400 1600 v

1/ Values apply for zero or negative gate voltage (-V.).

2/ Reverse breakdown voltage.
2. APPLICABLE DOCUMENTS
2.1 lssues of documents. The following documents, of the issue in effect on the

date of invitation for bids or request for proposal, form a part of this specification
to the extent specified herein.

SPECIFICATIONS
MILITARY

MIL-S-19500 - Semiconductor Devices, General Specification For.

MIL-STD-750 - Test Methods for Semiconductor Devices.

(Copies of specifications, standards, drawings, and publications required by con-
tractors in connection with specific procurement functions should be obrained from the
procuring activity or as directed by the contracting officer.)

2.2 other publications. The following document forms a part of this specification
to the extent specified herein. Unless otherwise indicated, the issue in effect on
date of invitation for bids or request for proposal shall apply.

National Bureau of Standards

Handbook H28 -~ Screw-Thread Standards for Federal Services.

(Application for copies should be addressed to the Superintendent of Documents,
Govermment Printing Office, Washington, DC 20402.)

3. REQUIREMENTS

3.1 General. The devices shall be in accordance with MIL=-S-19500 and as specified
herein.

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

3.3 Svimbol. The svmbol for thvristors shall be as shown on figure 3.
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Complete threads to extend within 2.50 threads of seating plane.

Maximum pitch diameter of plated threads shall be basic pitch diareter
.4675 (11.874 mm) Ref. (Screw Thread Standards for Federal Services 1969)
Handbook H28, P1.

Angular orientation of these terminals is undefined. Square or radius on
end of terminal is optional.

A chamfer or undercut on one or both ends of hex portions is optional.
Dimensions are in inches.

Metric equivalents are given for general information only and are based

J S s T TR AL A o
upon 1.0y Incn - £5.4 mm,

FIGURF 1. Dimensions of tnvristors, types 2N3091, 2N3093, 283095, 253097,
e TRLE]

£3, 283105 _and 2N310€ - Continued.
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Symbol_for thyristors.

FIGURE 3.



3.4 Design, construction, and phvsical dimensions. Thyri
design, construction, and physical dimensions shown on figure

stors shall be of the
1

3.5 Performance characteristics. The performance characteristics of thyristors
11 be as specified in 4.3.1, 4.3.2, and 4.3.3,

3.6 Marking. The following marking specified in MIL-S-19500 may be omitted from
the devices:

a. Manufacturer's identification.
b. Country of origin.

3.6.1 Polarity marking on thyristors. The polarity shall be indicated by marking
the body with the graphical symbol for thyristors so oriented that the arrow poiats
in the direction of easy flow of the conventional current {on-state direction).

mpling and inspection. Sampling and inspection shall be in accordance with
0 and as specified herein.
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4.2 Qualification inspection. Qualification inspection shall consist of the

ations and tests specified in tables I, II, and III.

4.2.1 Qpalifi&ation testing. Qualification testing shall consist of the following:

a, All structurally identical device types that specify a maximum reverse )
breakdown voltage may be used to qualify device types that do not specify

a mavimum vavarge bhreakdowm voltraee
a4 mMaXimum Teverse oreéalkiown Ve.Tage.

b. Subgroups 1 and 4 of group B inspection and subgroup &4 of group C inspec-
tion may be performed on any type to qualify that tvpe and all lower

voltage tvnes or shall be nerformed on a "lot'" basis.

voltage types or shall be performed

c. Subgroup 2 of group B inspection shall be performed on a "sublot" basis.

d. Subgroup 3 of group B inspection and subgroups 1l and 2 of group C inspec-
tion may be performed on any type to qualify all types under this speci-
fication.

e. Subgroup 3 of group C inspection may be performed on any type to qualify
that type and all lower voltage types.

3 Quality conformance inspection. Quality conformance inspection shall consist
o and C inspections.
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4.3.1 Group A inspection. Group A inspection shall consist of the examinations
sts specified in table I.

L 12 Neunsown B donaman~ed
4.3.2 Group B inspecti

and tests specified in table II.
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4.3.3 Group C inspection. Group C inspection shall consist of the examinations
and tests specified in table III.
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est. Methods of examination and test shall be
o

4,4,1 Intermitten
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t thy g shall be operated in a single phase
circuit as shown on figure 4 with 165
0
t
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degree conduction angle. Device case

C as measured with a thermocouple rigidly
a

e

temperature shall be maintained at 8 ° 45°
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voltage power supply shall be equal to rated blocking voltage. Average forward
current shall be 50 amperes per device from the 60 Hz sinusoidal forward current

P LT The Blaockine volrage sunnly ghall be nhage delaved Q90 electrical d.cr.nn
Suppiy. Iné DLIOCKINng VOitage Supp.y snhall pnase delavyed eleclrical rees

with respect to the forward current supply in order to impose both off-state and
reverse blocking duty on the devices under test. The on-state current supply consists
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blocking voltage supply consists of a high voltage transformer with a synchronous

switch connected in series with one of the secondary transformer leads. The
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when terminal A is negative with respect to terminal C. A minimum of two and a
maximun of five electrical degrees off-time shall be allowed after on-state current
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trigger pulses shall be delivered from a trigger circuit bhaving an open circuit

voltage of 7.0 +3.0 volts and a short circuit current of 1.2 +0.8 amperes. The gate
v ghall

mi:lna avavrnon nocor dnnoat ohall ant aveaad ) § wateao Tha oata trico innl
Crigger suppay snhall
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be in phase with the device forward current supply.

A P . ]
H4eadl ndlulCL‘LL Sedl

L [ A

ests. All devices shall be subjected to hermetic seal
fine-leak followed by gross—leak) with test conditions as specified in 4.4.2.1 and
4.4,2.2. TFailed devices from either test shall be removed from the lot.

cr

4.,4.2,1 Hermetic seal (fine-leak) test. All devices shall be fine leak tested in
accordance with MIL-STD-750, method 1071, test condition G or H. The leak-rate rejec-—
rinm ~vdrardinm ahall ha & & 10N=7 ~ihdn ~rontdmotrare of hoaldum ner ancamnd whon meacorod
tion criterion shall be S % 1077 cubic centimeters of helium per second when measured
at a differential pressure of one atmosphere.
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tic seal {gross-le te 11 ic
leaks in accordance with MIL- STD-750, method 1071, test
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king life. ied peak voltage shall applie @ ancde to
cathode with the gate te terminal open circuited. The voltage shall be a 60 Hz sine wave.
The device case temperaturc shall be maintained at the specified value throughout the
ana~Ai€iad ranr rdemo A cdmrne A€ - 12y - - hA‘—J,.n s &

specitied test time. A resistor of 50 ohms s ted in series with the vulti=
age power supplv to limit current in the event of device voltage brealidown. The basic

circuit shown on figure S5 mayv be used.

4.4.4 Breakover voltage. This test shall be performed by applying a full wave
rectified 60 Hz sine wave of voltage that exceeds the breakover voltage of the device
AnAd 4171 v A e Th ~ kb Aiisennt aAkall ehmen hn Adl.abad TNN 2T T mcen maen
andé Wiii TUuTYD 1T Ghn. 41T On=5LaLT CUurTCnt Sndia LiNEn OC aGjusced £o 10U WiiilidpeTres
(pk), minimum. The duration of this test shall be no less than 5 seconds. This test
shall be performed with the gate terminal open circuited. The circuit shown on figure 6
mayv be used for this test.

4.4.5 Reverse t shall be performed by applying a full

1Fid LN

wave rectified 60 Hz s e voltage t at =, Te breakdown voltage

of the device and will drive it into the reverse breakdown mode. The peak power
dissipation shall be 20 watts peak minimum This test shall be performed with the gate
Fnn e ] Amam Ad ey ead Mhn ntemist e oharre A Fdniiamn L s b sipmmd Fase sld o - am
Lhiinialial vpLll Clallul et THU valLuldu SHUWILL Vil Lipuic v Tay Ue uUovu 1wl LilLD LD L.
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TABLE 1. Group A faspection.
-STD-7§ imit
Exominotion or test MIL -STD-750 LTPD Limits
Method Detoils Symbol Min Mox Unit
Subgroup 1 5
Vigual and r 20N
examination
Subgroup 2 5
Breakover voltage 60 Hz full wave rectified Yiam
(See 4.4.4) 2c,100 mA peak, 5 s minimum A
duration
2N3091 600 --- 1 vipk)
2N3093 800 --- | v{pk)
ANAIANT 1ANN [TV PR
CNIVI Y WUy - Yipny
2N3097 1200 --- Vgpk?
ZN3098 1300 --- ] V{Dkj
2N3099 600 === | v{pk)
2N310° 800 --- V}pk)
2N3103 1000 --- vlpk)
2N3105 1200 --- | V{pk)
2N3106 1300 -—- | v{pk)
Forward blocking current 5206 | AC method, bias condition D YoM
f = 60 Hz
2N309) Vpgu = 600 V‘ok? --- 2 mnfnk?
2N3093 VorM * 800 v{pk) --- ¢ |mA{pk}
2u2N0E v = 1NN ulab) 2 mAf{nb)
&LiNIUITY 'DRM EEEN RVIV RN AN < WA PR
2N3087 Voaw = 1200 viok) --- 2 I mA{pk)
2N3098 Vigw = 1300 v{pk) --- 2 | mA(pk)
2N3099 Voru = 600 V(pk) --- 2 ) ma(pk)
2N3101 --- 2 | mA(pk)
o30S —— 2 ﬁ.ﬁfﬁ"'\'
23108 2 Imalnk)
2N3106 - 2 | mA{pk)
Reverse breakdown vcitage - 60 Hz full wave rectified V(BR)R
(See 4.4.5) ac,20 watt peak,5 s minimum
duration
2N3091 700 --- | v{pK)
2N3093 900 --- | V(oK)
2N3095 1100 --- | V(ok)
2N3pe7 1300 --- 1 Vink]
2N3088 1400 --- | V(pk)
283035 700 900 1 V{pk)
2N3101 900 | 1100 | V(pk)
2N3103 1100 1300 | v{pk)
2N3105 1300 | 1500 \(tny)
2N3106 1400 1600 | V{pk)
Reverse blocking current 4211 | AC method, bias condition D IRRM
f = 60 Hz
2N3091 Vegw = 600 V(pk) 2 ' mh{pk)
2N3093 VRRV 800 vink)} --- 2 mA{pk)
283085 v = 1000 vipk) --= 2 imRipk)
RRM 3
2N3067 Vopw = 1200 viok) --- 2 | ma(pk)
2N3098 Vopu = 1300 v{pk) - 2 [ ma(pk)
2K3099 Vegm = 600 V(ok) 2 |mi(pk)
2N310 Vegw = 800 V{pk} 2 | mA(pk)
2N3103 Vogm = 1000 v(pk) --- 2 | mA(pk)
28121 NE "] - 1900 ulaL) 2 mALAL Y
LeNdive VRRM = heuv vilRg = 4 TR
2N3106 Von.. = 1300 V(pk) .-- 2 Ima{pk)
KKM™

7
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TABLE 1. Group A inspection - Continued
MIL-STD-750 Limits
Exominotion or tes! LTPD ™
Method Details Symbe! Min Max Unit
Subgroup 2 (cont'd)
High temperature forward 4206 |AC method, bias condition D IDRM
blocking current TC = 125°C, f = 60 Hz i
2N309) Vpaw = 600 v{pk) 15 | mA{ok)
2N3093 Vopw = 800 V{pk) 16 | mA(pk)
2N3095 VoRM * 1000 V(pk) --- 15 mA(pk)
2N3097 VDRM = 1200 V{pk) --- 15 mA(pk)
2N30%8 VDRM = 1300 v{pk) --- 15 mA(pk)
2N3099 VDRM = 600 V(pk) --- 15 mA(pk)
= (pk) —--
283101 Yppy = 800 Viek) 15 ImaAlpk)
2N3103 Vorw = 1000 V{pk} 15 {mA(pk)
2N3105 Vppe = 1200 V(pk) .- 15 | ma(pk)
2N3106 Vppw = 1300 V(pK) 15 | mA(pk)
High temperature reverse 4211 | AC method, bias condition D [RRM
blocking current TC = 125°C, f = 60 WUz
2N3091 VRRM = 600 V(pk) --- 15 mA(pk)
2N3093 Vope = 800 V(pk) .- 15 | mA(pk)
2N3095 Vogu = 1000 V{pk; 15 [ mA(pk)
- 3 Y PR
2N3097 Vopu T 1200 V(pk) 15 | mA(pk)
ZN3098 VoRM = 1300 Vipk) - 15 mA{ok)
2N3099 Vogu = 600 V(pk) 15 | mA{pk)
2N310) Vopw = 800 V(pk) 15 [ ma(nk)
2N3103 Varm = 1000 Viok) 1€ mafnk)
2N3105 VRRM = 1200 v{pk) -—- 15 mA(pk)
2N3106 Vegw © 1300 V{pk) --- 15 | mA(pk)
Exponential rate of voltage 423 TC = 125°C, bias condition D| VD
rise
dv _ )
& 200 V/us
2N3091 Vag © 600 vde 570 vdc
2N3093 Vap * BOC Vdc 760 --- vde
2N3095 Vap ~ 100C Vac 950 --- vdc
2N3097 VAA = 1200 vdc 1140 --- vdc
2N3098 VAA = 1300 vdc 1235 --- vdc
9”3999 " = &0ON VA K70 - vdr
2 Vap © 600 vac 570 vdc
2N310} Vap * 800 vdc 760 - vdc
2N3103 VAA = 1000 vdc 950 --- vdc
2N3105 VAA = 1200 vdc 1140 --- vdc
2N3106 VAA = 1300 vdc 1235 a-- vdc
C=1.r, PLr 50 ohms
Repetition rate = 60 pps
Test duration - 15 s
Subgroup 3 5
Gate trigger voltage and gate 222 Vy = 6.0 vdc Vo --- 3.0 vde
trigger current R - 10 onme: Ry = 2C ohms It s | 70 | nAde
On-state voltage 4226 | 1y = 220 Alpk), pulse VIm --- 1.7 | vink)
Pw = 8.5 ms (max)

duty cycle = 2¢ (max)
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2N3091
2N3093
2N3095
2N3097

2nN3098
2N3099
2N3101
2N3103
2N3105

2N3106

f = 60 Hz

Vo... = 600 V(pk)
VRRM = 800 V(pk)
Vagw = 1000 V(pK)

Vg = 1200 V(pk)
Vopw = 1300 V{pk)
V.= 800 Vipk)
“RRM €00 Vipk)

VRRH = 80C V(pk)
v = 1000 V{pk)
v = 1200 V{ok)

)

Voo, = 1300 V(pk

TABLE 1. Group A inspection - Continued
MIL-STD-750 LTPD Limits
Exomination or test LIPY
Method Details Symbol | Min Max Unir
Subgroup 3 (cont'd)
Gate trigaer voltage 4221 T. = 125°C. R = 207 max v 0 27¢ Var
0a g ¢ s Ry 02 max Yot 0.2% Vde
V2 = VDRﬁ (see 1.4},
R2 =1 ok
Holding current 24201 v = 99 § Vder T s An A
g 2 Yan = 22.5 Ve I 40 mAdc
Gate trigger source
voltage = 6.0 Vdc
.. = 10 Adc
Ity 0 Adc
Ie, = 500 mAdc
RZ = 50 ohms
condition D
Turn-off time 4224 KTH = 50 Apk, tq 47 us
ton = 100 #50 us max,
‘v'RM = Vppu Tc = 125°C
dv
'JE- = 20 V/LS,
AY) - A lona 1 AN
VDM = VDRM L3€E 1,4
repetition rate = 60 DpDs
max, Qate source voltage =
0 volts, gate source
resistance = 1000
TABLE T1. Group B inspection
. MIL-STD-/3 LIPD Limits
Exomination or test
Method Detoils Symbol Min Max Unit
Subgroup 1 10
Reverse gate current 4219 VG = -5.0 Vdc -IG - 300 mAdc
Surge current 4066 ITSM = 1,000 Adc
10 surges total
1 surge per minute
1/120 s duration
T = 12cor A
Te = 125°C, rated Voo,
End points:
Reverse blocking current 4211 AC method, bias condition O iRRM

mA{pk})
mA(pk)
mA(pk)
mA(pk )
mA{ pk )
mA(pk)
mA{pk}
mA(pk)
mA(pk)
mA (pk )

1
1
1
s s b

1
]
'
PN S T R N
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TABLE 1. Group B inspection - Continued
£ . et MIL~STD-750 LTPD Limits
Method Details Symbal Min Max Unit
Subgroup 1 (cont'd
End points: (cont'd)
Forward blocking current 4206 AC method, bias condition D XDRM
f = 60 Hz
2N3091 Vpgu = 600 V pK) -—- 4 mA{pk)
283083 Vo = 800 V(pk) - 4 1 mA(pK)
2N3095 Vo... = 1000 V(pk) -n- 4 mA(pk)
DRM
23097 Vpou = 1200 V(pk) —-- 4 | mA{pk)
2N3098 VDRM = 1300 V{pk) -—- 4 mA(pk)
2N3099 Vprw = 600 V(pk) .- 4 | mA(pk)
2N3107 Vory = 800 V{pk) -—- [ mA{pk )
2N21N7 \ = 1n00 Vink) ——— 4 mAfnbk)
2N2102 Vprw = 1000 V(pk) 4 mAlpk)
2N3105 VDRM = 1200 V(pk) -—- 4 mA(pk)
2N3106 VDRH = 1300 V(pk) - 4 mA(pk)
Subgroup 2 10
Low temperature reverse 4211 Too= <407 +3°C inpm
blocking current AC method, hias condition D
f = 60 Hz
2MINAY i - enn n/.'nk\ = 2 .’.'}!-‘."’L"
2N309) Vopm = 600 vipk) 2 {pk)
2N3093 VRRH = 800 V(pk) .- 2 mA{pk)
2N3095 Vopu = 1000 v(pk) --- 2 | mA(pk)
2N3097 Vogw = 1200 V{pk) --- 2 | mA(pk)
ZN3UYE VorM - 1300 &(pkz 2 mﬂ(ﬂ"j
ZN3059 prw = 600 Vipk) --- 2 mA{ bk )
2NN = ROD Vink) -- 2 mA{pk)
2NN RRM 00 v(nk} 2 {pk)
2N3103 Vopy = 1000 V{pk) - 2 | mA(pk)
2N3105 Vopm = 1200 V{pk) --- 2 | mA(pk)
2N3106 Vegpw = 1300 V(pk) --- 2 | ma(ok)
Low temperature forward 4206 | T = =407 23%C
blecking current AC method, bias condition D Lnou
f = 60 Hz “r
2N3091 VoRM © 600 v(pk} --- Z mA {pk
IN2NG7 v = ann vink) .- 2 ma (nk)
2N3083 Vorw 800 vipxi \pk)
2N3095 Vomy = 1000 V(pk) --- 2 | mA(pk)
2N3097 Vogu = 1200 V{ok) --- 2 | ma(pk)
2N3098 Vpra = 1300 V(pk) --- 2 | mA(pk)
2N3099 Vppw = 600 V{pk) --- 2 mA{pk)
sy Ay u = ann oulo _—— 2 mA(pk)
ZNI1U0I VDRM 800 V(pkj
2N3103 Voo = 1000 vipk) --- 2 I mAlpk}
DRM N ‘
2N3105 Vopw = 1200 V(pk) - 2 | mAlpk)
2N3106 Vpw = 1300 V(pK) 2 | mA(pk)
Low temperatyre gate trigger 4221 R, = 10 ohms max Vot --- 3.0 1 vde
voltage and gate trigger R, = 20 ohms Lo -—- 3o mAdc
current £ ¢
V2 = 6.0 vdc
T -An a3
Fad nainte [Came ac
fnd points [Same as
subgroup 1)
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TALLL 11, Groo; ® imspaction - Continved
[ g o e - ey - - Ay -
MIL-STD-750 Iten Limits
Exeminction or test R
Method Detoils Symbol Min Mox Unait
Subarcup 3 z3
Tnermel shock 5 Test cord-tion B, excest
{tarcaratrs cu-lynn' T =4n°r
terperaturs (ycling; Tmin 4nte
Tnermal snccr ‘niass stratn] 1n5¢ Test conditior &
5
Mermetic ses 1071 | Test condrtior G oor ¥ for sx1n’
tire Jears
Test condition &, C, O,
or © for gross ‘eaxs
(see 4,8.2;
Ird points {lame as
sutgrou.
Subnroup 4 ol
-llr()::nz li;? - \D‘?" = \im‘
e - 1237 41.57C
500 hours
faee seiomos Veroe ane Ao~ M £ or oy, . . 2 a b
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FIGURE 4. Basic test circuit for intermittent 1ife test.

l
1
VORM = VRRM /N Y test X

60 Hz -~

NOTC: A .25 amp fuse shall also be connected in series with each device tc serve
as an indicator of device voltage breakdown. Failure shall be indicated by
cither 3 blown fuse or failure to mect the specified end point test limits,
The equipment shal) be designed to 1imit peak transient voltage values to
the device voltage rating ‘VDRM = Vegm! -

FIGURE 5. Basic circuit for blocking 1ife test.
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MIL-5-19500/280A(EC)
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FIGURE 6. Breakover (a) and reverse breakdown (b) tester.

4,4.6 Ambient temperature. Where tests are specified at ambient temperature,
sufficient time shall be allowed for the device case temperature to stabilize at the
specified ambient temperature before measurements are taken.

5. PACKAGING

5.1 Packaging reaniremanra The requiremente for pac

with MIL-5-19500.

6. NOTES

[

[

Noteg. The notes g

6.2 Changes from previous issue. Asterisks are not used in this revision to
identify changes with respect to the previous issue, due to the extensiveness of the
changes.

Custodian: Preparing activity:
Navy - EC Navy - EC

User activities: Agent:
Navy - AS, 08, MC, CG, SE DLA = ES

(Project 5961-0649)
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