i NCH-POUKD |
MIL.S-19500/577
5 April 1989

MILITARY SPECIFICATION

SEMICONDUCTOR DEVICE, DIODE, SILICON, POWER RECTIFIER, FAST RECOVERY, HIGH VOLTAGE
TYPES 1N6528 THROUGH 1N6535
JANTX, JANTXV, AND JANS

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

1. SCOPE
1.} Scope. This specification covers the detail requirements for siiicon, high voitage, fast
recovery semiconductor diodes for use as power rectifiers. Three levels of product assurance are

provided for each device type as specified in MIL-$-19500.

1.2 Phvsical dimensions, See figure 1.

1.3 HMaximum ratings. .

7 T 1 7 ] T T i ] T
| Types | Yaumw | In I In | leew | tew | Terg | Ta I Reye |
l | l TA.- | 7‘ S | ' | ' ’ |
{ i i 55°C 1/ 1 100°C 2/ ity « 8.3 ms | i i ite.251
| | | | - | | | | }
T 7 -1 | T T 1 . T R . T
i i Yydc | mAdc | mAdc | Af{pk) | ns i £ i C i C/w

I ! ! ! | I ™ |.65%c +200 | -65 to +175 | !
|INes28 | 1500 | 250 | 128 1 10 | 70 | ! Loso |
14NDICY | WU | <N | ied | 10 | 70 | ] 50 ]
I1N6530 | 2500 | 100 | S0 | 8 | 7 | i | %0 |
{IN6S31 | 3000 | 100 | 50 ] 8 1 70 | | | 5 |
jIN6532 | 4000 | 50 | @5 i i i 70 i i i 5 |
fIN6533 | S000 | SO | 25 | ] I 70 | | I s |
IIN6534 | 7500 | 25 | 12.5 | 2 1 70 | | I s0 |
11N6535 110,000 | 25 I 12.5 | 2 | 720 | ] (- I
| ! { | | | | | | |
1/ Derate Minearly for 557C < Ta < 100°C. I @ Ta = *55°C ¢o 15 @ Ta s *100°C.

/ Derate 1inearly for 100°C ¢ Tp < 175°C. Ig @ Ty = +100°C to Ig= 0 A 8 Ty = +175°C.
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MIL.5-19500/577

1.4 Primary electrical characteristics.

R T
I Types | Ypwm Ip Ipy . c
| i | Tas | Tals | ! I¥g = SOV |
! I | € | 28°C I IFo = lkHz |
t | | | | | |
. T T 7 ] T T
| | ¥dc | mdc | uAde | V(pk) | pF !
| | | | | I |
IIN6528 | 1500 | 25 | 0.0 | 3.0 | 4.0 |
[IN6S29 | 2000 | 250 | ©0.10 | 3.0 | 4.0 |
[IN6S30 | 2500 | 100 { o010 | 1.0 | 2.0 {
IN6531 | 3000 | 100 | 0.10 | 7.0 | 2.0 [
IN6532 { 4000 | 5 | o000 | %0 | 1.0 |
|IN6533 | 5000 | S0 | 0.10 | 9.0 | 1.0 |
[IN6534 | 7500 | 25 | o0.10 | 140 | 0.5 !
: 10000 } 25 : 0.10 : 14.0 : 0.5 |l

| IN6535
I

2. APPLICABLE DOCUMENTS

2.1 Government documents.

2.1.1 Specifications, standards, and handbooks. The following specifications, standards, and
handbooks form a part of this document to the extent specified herein, Unless otherwise
specified, the {ssues of these documents are those 1isted in the issue of the Department of
Defense Index of Specifications and Standards (DODISS) and supplement thereto, cited in the
solicitation (see 6.2).

SPECIFICATION
MILITARY

MIL-S-18500 - Semiconductor Devices, General Specification for.
STANDARD
MILITARY

MIL-STD-750 - Test Methods for Semfconductor bevfces.
MIL-STD-1276 - Leads for Electronic Component Parts.

(Unless otherwise fndicated, copies of federal and military speciffcations, standards, and
handbooks are available from the Naval Publications and Forms Center, (ATTN: NPODS), 5801 Tabor
Avenue, Philadelphia, PA 19120-5099.)

2.2 Order of precedence, In the event of a conflict between the text of this document and the
references cited herein [except for related associated detail specifications, specification
sheets, or MS standards), the text of this document takes precedence. Nothing in this document,
however, supersedes applicable Yaws and regulations unless a specific exemption has been obtained.

3. REQUIREMENTS

3.1 Detail specification. The individual item requirements shall be in accordance with
MIL-S-19500, and as specified herein,

3.2 Abbreviations, symbols, and definitions. Abbreviations, symbols, and definitions used
herein SRaTT De as specitied 1n WIL-S-19%0T.
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physical dimensions. The design, construction, ana physical
Mil-3-15300, and figure 1.

‘3.3 Design, construction, an
1
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~3.3.1 Lead materia) and finish. Lead material shall be type {, 59.9 percent silver or copper
in accordance witn MiL-37TD-1Z/6. Lead finish shall be gold, tin or solder dipped. Where a chofce
of lead material or finish is desired, it shall be specified in the contract or purchase orger

(see 6.2).

3.4 Marking. Marking shall be in accordance with MIL-S-19500. At the option of the

P ) K3 . .
manufacturer, the following marking may be omitted from the body of the device:

Manufacturer's fdentification.
Country of origin.
Lot identification code.

"I1N" of the tuno dacinna*tinn
& 07 Tne Type cesignation,

Qa0 o
« e s

4. QUALITY ASSURANCE PROVISIONS.

4.1 Sampling and inspection. Sampling and inspection shall be in accordance with MIL-5-19500,
and as specified herein,

4.2 Qualification inspection. Qualification inspection shall be in accordance with MIL-S-19500.

laVg) and sl see table V

s a a¥F] and slp) see table V
AT

V1, gy

4.3 Screening [JANS, JANTXY and JANTX levels only). Screening shal) be in accordance with
MIL-S-1T500 Ttabie 1], and as specitfied herein. 1he following shall be made in accordance with
table I herein. Devices that exceed the 1imits of table ! herein shall not be acceptable.

T T Measurement T
! Crmmnm [ moaa babhla 17 M ] T
{ JLiEeEll {(d€€ LaVIT€ 14 I ] i
| of MIL-STD-19500) ! GANS Tevel | JANTX and SANTXV levels i
1 1 | T
] 17 1€ i mmm ean A 2 2 1€ somm s ana A 72 9 i
i £ I[July:, 3TE m.o.¢C ;aurgc, 3 N.0.C i
T _
| Q TW... and 1_. xluno annlirahla T
i - i-rl e sy i"vb apypriIivavie i
i T I - 1
] 11 [Vme amed T_. . Voo amad 2T_. IVl mmmad T_. 1
1 - I'rl anu lRl, D'Fl and DIRI‘ |'r1 ardg lRl 1
; lsee table Y. | 1
! | !
i R i i
| 12 [See 4.3.1 |See 4.3.1. |
1 | | |
T 1B 1 i
| 13 ISubgroun 2 and 3 of table I herein; |Subgroup 2 of table I herein;!
| |
i i
I !

p—
-
r

erformed anytime after screen 3 and before screen 10.
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4.3.1 Power burn=in concitions. Ower burn-in congitions are as follows
1 T 1 T i
| L 1 1 i i
| Types | Vogum (¥ dc) | In (@A dc) : Ta € (ain) : f {Hz) |
| | ! {
i i i 1 q i
IIN6S28 | 1000 | 250 | 25 i >60 |
| INESZS | " | 250 I - | "
{IN6530 | " i 100 i * i * i
{IN6B3Y | " | 100 ] N ! N I
| 1N6532 | . i 50 P l . |
JINGS33 | * i 50 i ¥ i ¢ i
1IN6534 | " ! 25 i " | " |
!1N6535 | “ ! 25 | " ! . !
| | | | ! |

4.3.2 Surge screening. See MIL-STD-750, method 4066. Vyy = 0. Six surges, Tp 25°C.
fpply 20 x Tn 2t 55T, o= 8.3 ms.

4.4 (Quality conformance inspection. Quality conformance inspections shall be in accordance
with MITSSSTES00.

4.4.1 Group A inspection. Group A inspections shall be conducted in accordance with
MIL-S-19500, and tabre | herein. Endpoint electrica) measurements shall be in accordance with the
applicable steps of tab1e ¥ herein.

4.4.2 Group B inspection. Group B inspection shall be conducted in accordance with the
conditions specified for subgroup testing in table IVa (JANS) and table IVb (JANTX and JANTXV) of
MIL-5-15500, and tables lla and 1lb herein. Electrical measurements {end points) and delta
rnnuir.mnfg zhnl‘l he in accordance with the 39?!!53912 StEFS of ub‘!e ¥V herein,

.3 Group C 1n§gection Group Cin
\" l'- \I A& M1 € _YACAN

shall be conducted in accordance uith the
0 ) ;V:\.Ifl:{l‘ lr:l )UUSIUUV Ll.')» n e i Féde~d =4 T NI, GIIIU LGUIC }A‘ lltlclll

L d
- i
rical measurements (end-points) and delta requirements shall be in accorcance with the
icable steps of table V herein.

. 4.?.4 Group E inspection. Group E inspections shall be conducted in accordance with table IV
erein.

4.5 Methods of inspection. Methods of inspection shall be as specified in the appropriate
tables and as follows:

4.5.1 Pulse measurements. Conditions for pulse measurement shall be as specified in section &
of MIL-STT-730.

4.5.2 Reverse recovery time. The reverse-recovery time shal) be measured in the circuit of
figure 2 or an equivalent circuit. The recovery conditions shall be 12.5 mA forward current to 25
™A reverse current. The reversé-recovery time is defined as the time the rectifier begins to
conduct in the reverse direction (crosses I = 0) until the reverse current decays to -6.25 mA,

The point of contact on the leads shall be no less than .375 inch from the diode body.
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NOTES:

i. Osciiioscope-rise time < 7 ns; 1nput impedance « 1 megohm; 22 pF.
2. Pulge generator - rice Time ¢ 10 ne; source {mpedance 50q.

3. Recovery time shal) be measured on the above circuit and with

equipment as shown. The pulse generator shall have a pulse
repetition frequency of | MKz and a2 pulse wideh of 200 ns racovery
conditions 12.5 A forward current to 25 mA reverse current.
Recovery time measured when rectifier recovers to 6.3 mA.

FIGURE 2. Reverse-recovery-time test circuit and characteristic nomograph,



Group A inspection.

TABLE 1.
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Croup A inspection - Continued.

TABLE 1.

| Limits :
|
! T [ Unit !

HILST0-7T0 T LYPD 1/
]
T
Conditions }

1

IMethod |

T
!
T
!

nspection

T
.

3
ontinue

Subgrou

Low temperature
operation:

UUVLULOLOUUYU VL
OV UTVTOYVUVUOoOOWY

b= B - T

0D NN
L . - . . . . -
< < ettt P OO

-~ Ny

forwarg voltage
IN6528
1M6520
IN6530
1IN6531
IN6532
1IN6533
1IN6534
INES35

iN6528B
IN6529
iN6530
4NDIJ1
IN6532
IN6533
IN6534

Breakdown voltage
IN6535

-3

Subgrou

See figure ¢
and 4.5.2.

Reverse recovery time

1 kHz < f < 100 kHz

VR = 50 V dc

Capacitance

OO 0O oOoQwwn
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e e e e s e . — e — e — o e —— s T " iy T S T ettt e s il ) S e i D S i W St A s e it et e < e

e e e e e e e e e e e e e e ——_—— e — e . o e —— — ———— . —— —— e = e o — i —

1/ LTPD numbers used are taken from MIL-S-19500.

. e,msa asAams



TABLE i:a. Group B inspection for JANS devices.

Se 4.3.
= togf = 3 minutes
imum TOI’ ( 000 c,yues.

ee table V, steps 1, 2, 3,
&, 5, and 6.

T T WIL31D-7%0 [Quatification I[Small lot [
| irsgpecticn ! T land large lot  Iquality confor- |
i jMethod | Conditions iquaiity confor- imance inspec-
! ! ! {mance inspec-  Ition n/c 1/ |
! | ! Ition LTPD 1/ ! !
| | i | i
T ! ] T I
f Subgroup 1 | [ | !
! ! | i {
| Diseirmal dimamesmn 2n&e  I¢ Finmuma 1 { i
lrll,)il.ﬂ‘ UI’“E")IUIID ) avvwv ] FIYuw's o l' l
| | l ] '
! Subgroup 2 ! | : !
1 1 ¢ [
i 1 i ] H
ISolderability | 20626 | ; i
th..- rhoamma b smYiimnd s ! TANN l| 1
IREd I aeva@neeE LU DV I YTIILD 1 AVCC i lI
| ] | |
| Subgroup 3 | | }
] ] ]
1 { i 1
| Thermal shock | 1081 | |
{temperature cycling) ! ! l
1 t i
Surge current | 4066 |lg = lg at T of 55°C 3 |
| ! “F = see 1 3, VRum = O V |
i ioﬁe surge 8.3 ms ]
Hermetic seal 1 1071 | |
! | !
fine leak i i i
Gross leak | | |
| | | !
itiectrical measurements | iSee tabie ¥, steps i, ¢, 3, {
| | 4, 5, and 6. |
| | { |
Decap internal visual i 2075 | 3
i i
Subgroup 4 I | !
i i i
|Intermittent | 1037 | 1 |
| It |
N 3 1
i im i
| | |
l ISe |
N 1
i | i
S 5 | 1 |
I | !
Accelerated steady-statei 1027 {7y = 150°C min,, i
operation 1{fe | Iln = (see 1.3) min, or |
| |aﬂjust s or Xo as |
i irequired by the corresponding !
| Ichosen value of Ta or In | |
| |to achieve a lot ?Q = 275%C !
i ifor a minimum of 3o hours at i
1 1Voune =« 1,000 V. !
| | ’ |
Electrical measurements | [See table Vv, steps 1, 2, 3, i
! 4, 5, 6, and 7, |
Subgroup 6 | | !
! | |
Thormeal mocictanca | AnR1  ITa - 28°C: Davw - eam 1.3 |
LA ST - e 21 AIVE i RAYIvEY LR Y v Wy n L - P - o w II

e e ———— e i o T . o T e e S . s o S T T e i e o G et e i o o T e, S S e e T o, i . e e 4 o




ion for JANTX and JANTXV,
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|See table ¥, steps 1, 2, and 3.
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TABLE ITI. Group C inspection (all guality levels).
i i MIL-STD-750 I |
1 Tomemamndsanm T T i 1
i J3peCTion 1 i 1 I
| IMe thod| Conditions | LTPD i/
| [ I ] T
H H ) n
| Subgroup ! ! | | !
! | | 1 i
;Ph\sica! dimensions ; 2066 ;Séé figure i. i !
| I
| Subgroup 2 I ! ] i
! 1 1 1 0
1 I I i i
IThermal shock (cless strain) | 1056 | | .
| ] | | f
iTermine1 strength i 2036 |Test condition A; weight = 5 1bs; t = 30 s | i
| | !
|Kermetic seal | 1071 | ] |
! ! ! ! i
| Fine leak | | ] I
| Gross leak ] | | ]
! | i i i
:Moisture resistance } 1021 | | |
| | J
[Electrica) measurements | |See table V, steps 1, 2, 3, 4, 5, 6, and 7 | i
_l | I(JANS), and steps 2 anc'3 (JANTX and JANTXV).I |
| | | : | |
I Subgroup 3 ! ! ] i
| | | I I
| Shock | 2016 | ] '
I ! ! ! i
Ivibration, variable frequency | 2056 !Nonoperating | i
i | | I |
|Constant acceleration | 2006 | ] |
! | | | |
;Electrical measurements [ !See table V, steps 1, 2 and 3 (all levels). | |
| 1 '
i 1 i
I Subgroup 4 | [ | |
i j i I I
|Salt atmosphere {corrosion) I 1041 | ! !
| | | ] !
| Subgroup 5 | ] | I
I I ! ! !
IBarometric pressure (reduced) | 1001 |Pressure = €.0 mm Hg, t = | minute (min), | |
i i i | [
| Subgroup 6 ] | | |
[ I ! | |
|Steady-state dc operation life | 1026 |See 4.3.1. | |
I ! ! ' |
!E1ectr1ca1 measurements | [See table V, steps 1, 2, 3, 4, 5, !
] ] land 7 (JANS), and steps 2, 3, 4, and § | |
| ! VIJANTX and JANTXY). ] i
| | ! | |
1/ For LTPD numbers, see MIL.S-19500,

—
—
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TABLE IV. Group E inspection (all quality levels) for qualification only.

|report. Vendors shall retain
|duplicate photos
|

1 T 0 | i
| I MIL-STD-750 | [Small lot quality |
! Inspection T T 1 | conformance |
; | Method { Conditions | LTPD linspection n/c !
I | | !

1 | ] T ] |
' Subgroup 1 | | { 5 | 12/0 i
| | | | | |
iThermal shock } 1051 1500 cycles : : ;

|

[Electrical measurement | jSee table V, steps 1 and 2 | | |
| | | | | I
| Subgroup 2 | | i 5 : 12/0 j
! | ! | {
|Steady-state dc blocking | 1038 |1,000 hours, condition A. ] - |
I Tife | | | | |
| | | | ] |
{EIectricaI measurement % :See table V steps 1, 2 | % |
| ]

‘ Subgroup 3 | | I 370 | 1/0 |
| | | - |

|IDestructive physical | |Photos of cross sections shall | | |
| analysis | |be submitted in the qualification| I |
| | ] | ]
| | | ] |
| } | | ]

12
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Groups A, B, and C end-point electrical measurements.

TABLE V.

Unit

n
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|
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« e e s e o .
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v
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o 0
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s (see 1.3)

R

4016

Reverse current

|See 4.5.2
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S. PACKAGING

§.1 Packaging requirements.

MIL -S-1T5C0.
6. NOTES
£ Qe el A
1This section contai
is not mandatory.)
6.1 Notes

Notes. The notes specified in MIL-S-

The requirements for packaging shall be in accordarce with

6.2 Acquisition requirements. Acquisition

b.

c.

6.2.1

the manufacturer s and user's Part or ldentifying Numbers (PIN's).

implies that manufacturer's PIN'c are suyitable ag a substitute for the military PIN,

Title, number, and date of the specification,

fneividual documents referenced (see

LR 211

doc

2.1

are appiicabie to this specification.

uments must specify the following:

).

Lead material and finish may be specified (see 3.3.1).

Substitution information.

T Military i Manuracturer's | ManuTactyrer's and user's T
| PIN | CAGE code I PIN |
; z 4 —~
I IN6528 I 53711 | 8502234-215 !
| | 60211 I RM115 !
! i ] M15FG |
| ! [ M1SUFG !
i | i i
T T T 1
| ING52S ! 53711 | 8502234-220 !
I | 49956 | 6339806 I
I ! 94117 ! 194087 '
| | 60211 | RM116 |
I | I RM135 |
{ ! i RM140 i
I I I M20FG I
I | | M20UF G I
i i I j
T T ! T
! INE530 I 53711 | 8502234-225 |
i i 60211 i RM117 |
| | | M2SFG |
I I I M25UF G |
i i i i
T 1 1 T
| IR6531 ] 53711 | 4027428-103 |
i [ i - 4027428-113 i
| ! | 8502234-230

! I | 4056502 |
i i 60211 i RA35Z i
! ! ! RA643 !
| I ! RM118 !
[ i i RM1Z3 i
| | ! M30FG l
| ! | M30UFG !
i i i i

Devices covered by this specification are substitutatie for
This information in no way



MIL-S-16500/577

Manufacturer's and user's
PIN

Manufacturer's
CAGE code

Military
PIN

53711
23426

60211

8502234-240
28005-12
RM115
RM130
MAOF G
MAQUFG

INES32

IN6533 53711 4027428-105
4027428-115
8502234-250
304-1-58A2
RA641
RA644
RM120
RM137
MS0FG

MSOUF G

60211

4027428-106

4027428-116

8502234-260
28005-7
RAG42
RAG4S
RM121
RM131
MEOF G
M6OUFG

IN6S34 53711

23426
60211

—— e e e o e o e e ] e e e e e e ] e o e e e e e e e ] e o e o e e e e e ——]

IN6535 58260

53711

23426
60211

13084424
8502234-280
8502234-300

28005-8
M100FG
RM122
RM109
RM132
M100UFG
MBOF G
MBOUFG

23426
60211

— ——— ey et . . e, e i ] S e, W e, N e s e - el —— s, T e, —— e —— e, ] S e, s e s ] — e S—
—_——————————— e A e e e — -
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Custogians:
Army - ER
Navy - EC
Air Force - 17
NASA - NA

Review activities:
Army - AR, AY, Ml
Air Force - 11, 19, 85
DLA - ES
NASA - MSFC-EGOD2

User activities:
Army - SM
Navy - AS, CG
Air Force - 1

NASA - NA

, MC, 05
3

16

Preparing activity

Amy - ER
Agent:
DLA - ES
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