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" I. OBJECTIVE

‘The objective of this contract is to-design, denelop and
fabricate a hardenedopower transistor tnat will meet or exceed
the performance requirements of'future,electronic systems that
'must operate'in severe nuclear space radiation ennironments.

Many space and mlssile programs are llmlted by the
susceptlbllltv of semlconductors to radlatlon damage, Of the’
.';semlconductor dev1ces, power tran51stors are-usually the ﬁOSti
dlfflcult to haroen and therefore linit the hardness of an
.electronlc system. There are now a number of design and proces51ng
" technidques that can be’ applied to 1mprove thelr post—radlatlon
gain, saturatlon voltage and second breakdown characterlstlcs for ‘
ij a range of currents and voltages.
| Today, 5111con planar trans;stors can be exﬁected to decrade
_but to retaln useful performance characterlstlcs in the range of
ﬁl x 1014 n/cm to 1x 1015 n/cm ; w1th 51gnal dev;ces remalnlng
capable -of operatlng in the top half of the decade, but w1th
power tran51stors falllng in the bottom half of the decade., Since
the galn of power devices after 1rrad1ation can now be. made :
comparable to. sxgnal devlces.for large applled voltages by shallow
base dlffuslon,.the proposed effort concentrates on the addltlonal
requirements for power tran51stors of galn fall—off at hlgh :

currents, saturation voltage and high'temperature performance.



:.c). the radlatlon damage . factor K,
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II. Device Hardness_and Diffusion Technique
- Past experience in the field of radiation hardened devices

indicates that current gain is'the key parameter to be considered

in hardening transistors. A model Whlch relates changes in galn

to neutron fluence levels is expressed by:

hl - hl L= KTB (e, - Q1)
_ FEp FEo SRR,
g which is an expre551on of the gain degredatlon 1 - _1
.hFEP . hFEo

.as a functlon of:

;a.a) ‘the radlatlon fluence level (Qz - Ql)

b) the base trans;t time. (I B )

. Of these factors the only one with which the des;gner has any

'real,freedom is the base trans;t time Ty, ..

"where W = base’width

= Diffusion Const,
for electrons in base.

J“fThe main obgectlve is to minimize the base tran51t time T g by
“\controlllng the base w1dth of the devn.ce° Thlb dlmen51on can

- only be optlmlzcd to the limit of the voltage requlrement of the

appllcatlon. Some effect_on IB can also be had by changlng the

diffusion constant DpB by various base doping modifications,

Lower base concentrations tend to dectease DuB but will also

" lower the maxinum operating voltage of the device,



_ From the expression

In order to obtain the intrinsic base transit time the gain
bandwidth product must;be_measured at,different current levels in'
the linear'region<and plotted, However, using f as the parameter

to obtain the base transit time is not completely accurate.

)

1 = 1. - KT (c"+.c )’+ B
o . : : - P Em—— TE TC’
2Tft ~I@ qu _ 43
it can be seen that ft 1s also a functlon of the emitter and

'collector Junctlon Capac;tances whlle l is a phys;cal property

of the base,
The direct ﬁeaSurementvof the base width Wb'islatbetter

indicator of T g than the above method. The Solitron device

'ha:dness is achieved by maximum base width control. Production
llots are llmlted in size and one wafer 1s used as a control, this

wafer is sectioned: after base and emitter d;ffu51on,, The base

width is measured.by interference technlque.. Using these techniquesA«
the base width can be centrolled éuiteveasily; The devices will o
be double diffused NPN Silicon types ﬁecause of the narxrow
highly doped base region requlred shallow dlffu51on technlquesj'
Wlll be necessary.A Solltrqn is u51ng its programmed emitter
diffusion tecbniques fo: these devices° This technique affords
maximum reproducibiliﬁyito theiprocess;i.it is estimated that a .
base width WB of'approximately .3u'aﬁd a base doping of.abOut

18

3'x 10 atoms/cc will be needed to meet the transistor desmgn

goals of . breakdown vol tage and gain.



III. scopn OF WORK
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100 Ampexe Trans1stor

" Three geonetrles vere 1nvcstlgated to determlne which . -one
would be best for the 100 ampere operation., The chips were
designated as the 7R, B8R and S8R-DA. The geometrical details
are shown in table 1, ' ' ' ' '

Chip Die Base - Emitter Emitter EP/pa
Type . Size - area o, area o periphery.
: (mils) "~ [mils) (mils) (mils)

7R 140 x 170 . 10,912 4,800 5,040 : 1.05
- B8R 266 x 276 - 57,584 . ..29,776 - . 5,674 0.19
~ 8R-DA 244 x 213 = 40,953 18,271 - 2,408 0.13

3R 80O x 120 - 6,370 . - 1,602 - 3,612 : - 0.45

6R 120 x 160 12,740 3,204 7.224 V 0.45

Table. 1 "

’ : RN LA ‘ ,
Geometrical Details of Hardened Pg§er Transistox Chips.
. The 8R chip geometry did not produce any devices suitable

- to the 100 amp application. It was found that the base area
was too large to support the shallow‘diffusion (1.5p~1.9u)
necessary for radiation resistance.v The problem was that any
type of microscopic contamination would mask the diffusion
causing low breakdown voltages.or-collector to emiﬁter shorts
. after the'emitter was diffuéed - This type of problem is not
as critical for normal power devices because the deep base
diffusions (~10u) in most cases will diffuse under mlcroscoplc
contamination and wipe out its effect, The same problem was
experienced with the 8R—DA chin.. The base area was just too
large to support the radlatlon type diffusion,

' The 7R chip geometry proved more feasible due to the
smaller total area. and the design of the chlp. It 1ncorporates
two bases diffused 1nro the chip whlch made up the total area.,

This Lept the p0551b11ty of mlcroscoplc contaminatlon to a

minimum and a successful radiation type diffusion was accomplished.
This 7R geometry incorporates an interdigitated strueture

of sixty.emitter strlpec each forty mils in length and one mil

in uidth. Thlo-lS to naximize Lhe device emitter periphery in.



s

ordexr to mln¢mlze the phenomenon of emitter edge 1n3ectlon at
high current levels which would” cause excessive galn degradatlon
when subJected to a hlgh energy neutron environment,

~ The radiation type diffusion that was orlglnally proposed
was for a base w1dth of apprOhlmaLely 0.3U, This base w1dth,
however, was found to be too narrow for a large area device to
yield any transistors with a 901volt BVceo, In oxder to sustaln"
' this breakdown vcltage, the base width had to be increased to
a range of O.6p tp 0.8u. ThlS range should be adequate for a
neutron flux den51ty in the upper decade of the range from

1 x 10t? n/cm? to 1 x 1015 n/cmzo'

':Since the 7R chip is a 25 Amp chip, it was proposed that
this chip would be used as a unit cell and that the 100 amp
capebility would:be‘accomplished-by paralleling a nurber of.

" these Chips to‘reach the required capability. This is common
practice in'the power transistor field, however,’ care must be
exercised to match the chips for BVceo and gain. The chips for
this contract were matched for BVceo within five volts and the
-igaln was matched within 5% at 5 volts/SOO ma,

Devices were assembled to ascertaln the nurber of chlps

t needed in parallel to reach the 100 amp capac1ty. Six units
with two chips.were assembled and four'units.with three chips
.'were assembled, all in the TO-114 package, Electrical tests'
"indicated‘that the best that could be expected from these devices
was 70 amp operation (see data) at room temperature, Since the
TO-114 package will not hold more than three chips‘comfortably,‘
it was decided to try the HKCG motor control package which was

in development:for.a NASA project and would accept a greater
number of chipé. ‘A one month'delay<wasvexperienced in this

portion ofdthe prOjGCt waiting-for a package to become available;

An HKCG motor control pac}age was assembled with four chips
in parallel, This assembly did not meet the 100 Amp rcqulremtnt
" due to contamination of a source gas during fabrication., No other
"packages were available'dt this time and a three months delay in
this portion of the pr OJect was ex perienced before more packages
became available. It should be noted that Solitron was '

4
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‘fabrlcatlng these packages from raw ‘materials. for another NASA i

contract which had prlorlty on their availability.,.

_ When the package problem eased, assembly procedures were started
again, No prcblems: were encountered in mounting the chips in the

package but problems were experienced in hermetically sealing. the

- package, The method of sealing. that was used was to braze the cap

onto the packaoe utilizing a gold-germanium preform at 385°C in a hydrogen
atmosphere, It was: found that the hydrogen was absorbed in the oxxde
surface of the chip causing an inversion type surface electrical-:

_leakage. The unit recovered when the cap was. removed and then ‘vacuum
baked at 300°cC, '

‘The obvious method offcorrecting this. problem, that of coating
the transistor chips with a silicone resin, -is not feasible as the
resin will not withstand a high radiation fluence level. However;t

a package consisting of six chips in the HKCG motor control package
' . was assembled with varnish coating in order to secure electrical

data. ‘The device was tested for Hre, VCE (sat) and VBE (sat) in
Vincrements vp to 120 amps (see data). The device'wasldestroyed in
attemptlng to test above 120 amps. ' '

Since the HKCG package presented seallng problems, six low
voltage chlps were assembled in a TO-68 weldable package and. tested
~ for 100 amp capability. at room temperature. - The tests on this
unit was favorable so assembly was begun on the twenty devices to"

. satisfy the terms of the contract.

It was,found that this package configuration would support 90
Volt Vceo (sus) at 100.amps but would fail randomly at higher
temrperatures., The maximum temperature achieved before failure was
210°C and the minimum was 125°C, Ten .of these devices were sub-
',mitted to NASA-MSFC for critical analysis. The mechanism appears j
to be thermal stress causing the weakest chip to go into secondary
pbreakdown. This causes the .current load to avalanche to the other

'chlps causwng ccmplete destructlon.4

It was felt that a redes 1on of the package was nccessary The
proposed package would incorporate elght transistor-chips to further
reduce the;load~on each individual chip and a much heavier copper

base than the TO—68.to-help dissipate .the heat from the chips.
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This new péckage"wasudesiééed'aﬁd_fabricated,andntwenty-six

devices. were assempled for testing., When attempting to test these

units for BVceo (sus), it was found that they were prone.to severe
oscillation, In fact the oscillation was so severe that it was
impossible to test them, even at room temperature, without destroying
them. It is felt that the oscillation was caused by the additional
wiring made necessary by increasing the number of chips from six to
eight since it was not ébserved on any of the devices previously tested,
In addition, some of the chips used to fabricate these devices were from
the same diffusion runs that provided chips for the devices in the
TO-68 package. Twenty of these devices were submitted to NASA-MSEC

_ to satisfy the requirements of this contract,



‘ ] ITEYCYI COPY
- 305- 848-4311 - (08¢ (,'; COT

i % c DEVICES, INC. . .
y: E 5 TRANSISTOR DIVISION e
1177 BLUE HERON BLVD.. RIVIERA BEACH, FLORIDA 308 [T Ce

el I

| l_ : IR ._] ' SHIP TO
’ E’zﬁ&z : ) o EBE223
INVOICE @@@f?“ €., Harshall 5§&@@ Plight - Pecoumbable ?ﬁ@@@rﬁg @fficer

1o Canter , ‘Bldg. BATL
Biarshnll Speea mi@s Centor '

cAlobama 35812 ® '
L 3 ] ' o - TERMS - %% 10, NET 30 DAYS

. , F.O.B. RIVIERA BEACH, FLORIDA
OUR ORDER NUMBE? . CUSTOMER (OPDER IiLMALS SHIPMD ViA REFRESENTATIVE HIVOICE DATE - . DA‘E PROMISED

7-26-72 |N/AS8-2597| Eang Garry- “R. Hesard 7-27-72 | §- i-7;z
Rig: uANTITYY K20 ] ', ROt il ” :&i Y ’%iiq.l ,R_L T v l

HASA Combrmet  HASB-25017
1 | BCH 1-0-40-08692, & 81 o
20 : - 20 High Powar Transiators with resd
- : ' gﬁjﬂ,a’*@@@m data (Eshibit A, Para.

WE HERERY CERTIFY THAT THESE GOMDS WERE PRODUCED 114 COMPHIANCE WIT- A3 APPLICABLE RECUIREMINTS OF 80T £ 7 AND "2 08 THE FAIR 144005 STANDARDS ACY AS AMENDED AND DF R 0u ATIONS AND DRDERS
OF THE UrELTED STATES DEPARTMENT OF LABODR 155 6D UNDER SECTION 12, 11 FEOF, . . : .

ALL GGODS SHUPPET BY US AT CONSIGINES S FISK AFTER WE MAVE DELIVEFTD TO TRANSPORTATNYLAE COMPArY ANME Taki N FEIEIFT FOC Saraf . .
REJECTION OF AN SHIPAMENT uusv'ss REPDFIED Wilrutd TEN £10) DAYS ARTER RECEIRT OF MATERIAL THE ARGV LISTED MEQCHANDISE 10 RPEAARINE TrE PROPERT- F SOUTRON DEVICES, INC UNTIL THE INVOICE 1S PAID.

NoT
‘,J\ ',"L..-L"




CJOCA : . E C _ T ] - , p
TYPE S RADB T LOTNO. LOTSIZE ___ .~ SAMPLESIZE __ . REUIABILITY O - pAGE /_ oF
_ o . - "PRE-SHIPINSP. O : ‘
" CUSTCMER /Vﬁu/ . CUSTOMER P, O. TESTER . FINALINSP. O onte | 1-r3-77

‘EVem"a Blero | Voo lhee | hre  hee Wer sy [Mezeso | Vesess Ve o Nesesn |Vl

PARAMETER

” 0 unless
T...\’.%P. 25°C noted

2

TEST EQUIPMENT NO.

P Al S o , : _ , | o
N ‘ Lol el Testomi|LezEemt | Te: 80 [ Te: 754 Torseed Teobpd Tesgop Too- 768 ez 780 T 904\ T Ged

CONDITIONS - ' Vepesd [ Mee sy | Vero Sy s, sm | To: 64 (T 260 T 754 |72 900 702 9,04

. UNITS OF MEASURE T , :

 NO, | DATE CODE N v v AFE__| _hFE hife | VY v Vo v v v

N\Y
O

WO | G0 | 104 | oo | T3 | & | 0.3
/ /O (.0 7 g8 |1 &7 55 c. 37
/64 1 z0 1 96 (o5 74 | 54 o224
/70 | ¢ | 98 §& | 44 | 8o 0.3/
18 | te | oy | 98 | 70 | 82 lezs

0.83 | /.05 | £.62 /. /&
.53 | 1,02 | 5. 66N .08
0.3¢ | soz |\ o. g0, V. s 0F
| 0. 4¢ | 1.¢5 6. 87 /72

0,36 | J. 62 (O3 /70
.53 | /.08 |o.62 | 4 /2

O

NS

NY NN YN N
N BN L N b N 4TS

/ N L 58 et | 5 | sw | YL looae
VIR 170 | S8\ Me (T3 1 50, | 54 o442 05 (0.6t | 4./8 | 0.77 | 222
(L1 e | 6L L S | /4|66 | 63 | 45 0.4 £ 0.6C | /10 |0 76 | 1/S

0.30 | /.70 | 0. 3| 2
0. 45| Jos| o SH ] s.r2
/5| pys | 150 s
0.33 | /.62 | ¢, 28/ 05
c.3 | Lo L o090 | /.70
NG G| f ol e, ot L L Srn R0
0632 | Joeo | ©.38 | L0o2
P | Lz 1 ces | 20

/3 " (08 | _ o0 | GA | 102 1 TS5 | 5 e
Sl fob | 4,6 | oo | G2 | L4 | L8 | o.36
17 24 |\ 57 L8 | Ee 3| /8 |78
Y40 VWE | s S | 0f | Go | T | EE 623
JEi LN JRE | Lo | /74 | Lo | 48 | 3/ _|s3s
o zoi 27NN 70 W2 3 S A Ny I LA R X4 2
N VA S B/J R R vV A N7 S N Y-S RGN 2 B Y-S N
ozl HZ_| .0 | feo | [0S\ 5 | 5/ - |0
g5 sl | sef |53 2 |\ FL ez |93 o2z | foz |04 | LoF

o

[

o

i (!\, ™No-

AN

H

otk RPN NP ol Pl
(%Y

NN DN e kg
: (N{“

~D
N 10

St
3
>~
o
(8

.~

(v
Qo
I\
0
o~

/Ly s s Fel o4 52 les Lo gl 1e$ | 0.5F | 1/2
g Lzo | &9\ oo | Tl $3 | 44 551697 |0.70 | 208 o 78 | 112
72 10.9¢ 0.57] ro5 |0:eS | /0

}3_\
"\J
8Y

O
5N
A
L2\
\
<
2
-
S o




B, - Flve Ampere Trans;stor s

The’ proposed chlp to satlsfy thlS portion of" the contract _
was the BR10O. Chlp whlch is 62,5 mils x 90 mils in size, " Upon °
4re-appralsa1 ‘of the speclflcatlons of the contract, it was decided
to substitute the BR200 chip which is 80 mils x 120 mils . It was
felt that the larger chip would be better able to w1thstand ‘the
stringent environmental condltlons.,h ' |

Sample dev1ces-from the initial diffusion run were assembled :i'

. in the TO-111 package. ‘These‘units were tested for Vceo (sus) at

jfhlgh temperature using sxngle shot 1nd1ctive technlque. The units_
failed between 250°C to 260°C. It was felt that the package was.
too Small to adequately d1551pate the heat from the chlp._ )

. The next several dlfqulOn runs were made attemptlng to meet

| ;the proposed base w1dth of 0. 3p._ It ‘was found that this base w1dth

* . would not support the 90 volt Vceo. By 1ncrea51ng the base w1dth
to 0. 6p the redquired voltage was sustalned :

~ In order to determlne the s1ze package needed to d1551pate
the’ heat the next avallable Chlps were - mounted in the TO-62 package.
These ‘units were tested and the failure range was between 270°C and

’1:”290 C This 1nd1cated an improvement over the TO-111 package but
. the package appears to be 1nadequate for 300 Cc operatlon.

" imately 5°C over the TO-62 package.f It was also noted that the .~

Since golng to a larger package 1ncreased the temperature _
-’response of the chlp, addltlonal dev1ces were assembled in -the TO—61
package, Two types of dev1ces were fabrlcated One type being
s1ngle chlp constructlon and the other being dual Chlp construction, ;ﬂ-'
These devices were tested for high temperature response and the A'
TO-61 package 1ncreased the average temperature capability’ approx-
_expected leference between the 51ngle ‘die construction and the _

"~ dual die constructlon did not materialize, Since the dual constructlon
~ was, in general, sliChtly ‘lower voltage than the single constructlon,-
it was decided to repeat the experiment. ' '
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A new sample was fabricated and the devices were tested

4;with essentially the same resultsg This sample showed very T,

little difference in the voltages of the two types of construcfion.'

At this time it was decided that reducing the duty cycle might
increase the high temperature capability. Therefore, the devices
. were re-tested at a 10% duty-cycle instead of the 50% duty cycle
- which had been used previously. This resulted in transistor
operation at 300°C.  In addition samples from lot 3R-6 were
retested with the same result.7,The‘temperature'was not raised
above 300°C Gue to the limitation of the equipment. -

In view of the above results a lot of forty devices of dual
chip construction in the TO-Gl'nonéisolated‘package was fabricated.

'_The delrvery of twenty of these units was made on 6-3-71 to satlsfy

- the requlrements of eXhlblt A, para. B of the contract.
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17 ha

[POLITRON ¢ V CES, INC. i -
;:Z/ZE%LAU%&E&“ D a0 " ‘ TEST DATA @ ' E ET
PHONE: {305} 843-3 ' - .
TYPE éR M LOTNO. FINAL - - LOT SIZE SAMPLE SIZE__To-te! RELIABILITY O PAGE __ /. oF 2
' o ' o PRE-SHIP INSP. O :
CUSTCMER NMAS §-25917 CUSTOMER P. 0. TESTER __ FINALINSP. O DATE
| PARAMETER | BlYeso._ | BVEBo | BVeea | Zecpo \Teso | Tcteo HEE JiEf__..___HkE”;,-Hef — ( MHre 1 . ]
TEMP, 250C Uniess . S S : . : : ' 2
e noted o _ RS N
TEST EQUIPMENT NC. || . o _ - ~ :
. 1AMA _Jﬂﬂ_q__._ gomMa_ | 9oV | gv.___m,?a V__ 1054 1 148 *‘-—*r~—3"9-—’—‘ | SA L 7A e
CONDITIONS ,_M___f_ i 4 - ' N RCY "SR N v ___,5'.1’ ________ Y I T A N
; ' . i
PP 1T S SR B SR PR P S SO A T i
- oM T L — Y R - T L T
| UNITS OF MEASURE ] ' ’ r
T NO_ |DATECODE ¥ __ _V N A SSSSEUUSAFIN EORSSGS CXRVURUUS PSSR SO SSSRN USRI N
, : - s q
Mo | G2 ) Y0 loha_ | 6 hA | S4.uA| 125 | 190 __| /95 170 ]l //5 B R
| G| G4 __\/¥5nA_| 6_nA_|5r0uA 20 | 210 220__ | 200_.._195 *-_-.'__-__-,_
4! ¢ o ha  Hrna_ | 2544 | 20 2.5 225 1226 12w |
| 6.3 89. 54 4Ah | 33 KA L 130.4A | lGo 120___| /3o 175 : % -
6.2 93 SEnA |420nm | 2604A | 220 | 260 265 2.40 220 |
4l 712 g an lcsons | 13 un 125 L80 190 18a 155
. N MA .
6.) 83 234A [ GanAa 2] s | 260 270 250 260 240
6.4 | 95 | 74un llans_ |/STus | /25 | 490 | 195 | (g0 |-120
6.4 A Yo __\pLbh 59 nn_j 9o .uA | /80 190__ 240 {190 190
6.3 g5 25 hA 13208 |2 mA | 240 280 280 240 220
gt | 87 SiohA |4 hA 12544 | (75 180 /80 1252 | 170
4.3 100 L4 A l200nn | 79 A | 195 200 200 /90 170
62| 8 1196n8 | Sha |45 ud | 200 220 | 220 200 200
_.6d lo%. |23 na_|19hA | [8uA | 180 | /80 (90 L8O 160
6.2 gé. 92108 | j4na |53 uas | 220 260 240 | 240 24p
6.3 _ £9 2% MAR_| 25 UA 36 uAn | /95 _2oo 2/0 200 200
A&l 88, Yl mA_|BaopAa__|2.6.ua | /195 200 2.0 (951195
59 | 83 ISna lebrn | Jeus | 230 as0 | 265 |260 | 260
Lo beA £1 2744 | /2na |5l 4h | 20 220 | 240 | 230 |210_
6.2 87 194 na 2.344 | /%0 {90 /95 1180 | 180




SOLITRON DEYDAES, INC. 7 . -
I e e = ['EST DAIA SgEET
'TYPEKR_SM LOTNO. _FINAL LOT SIZE - SAMPLESIZE_J0 =6 ! . RELIABILITY O paGE _2, OF_2-
" CUSTOMER _A/AS 8§ — 25"‘)/7 cusTOMéR Po_ - . TESTER ' : zﬁfﬁ::sl?.sp'g oATE.
| msaeres | eocon) Vapsnr)| Como | Gimo | VesoGun| Tae_ | T oc_ R .
tewascnm | N ) N
TEST EQUIPMENT NC. - ! : ,
o Vsa | sa__ oy | 3v__| 5A__| 54 _ 1 54 SR S AR A A
CONDITIONS _OS5A__| O5A | Japa | ymen |29V 159V | _ 5 SRR [P NSO
'.....;fi L ! SRS SRR SRS (SO S’Woae. io% oe | ,
L“’\“T:OL «':Asfai I S ,_‘.“:_. e b o | R [ DO S - N
(o, toatecoes . M 1 V. | _PF P 00 LR ) SN Y S
- ./ ) l o024 0896 | 420 | j300 | Gov | 280 | 305 ]
_2 .19 0.92 | /80 Iteo | Goy | 280 | 3p0
3L l 0.1& 0.8 | (80 [4ep , ‘7_0}" 246 3ee
,,,,, 4_ 0.8 1090 | 185 | mep | Gov 275 | 3eo
5 | 0.18 0.9 185 [ 400 1 Fov 266 | 300 l
6" 0.7 | 0S5 | 1éa | 450 | yov 290 | 30 !
VA ' 016 | 0.8% | sgo | J4e0 | 204 2g0 | 300
g | et | 0.8 | y70 | t4ze | Gov | 285 | 300
9 % 0% | 090 | /80 | 4400 | Gev | 290 | 300 ;
o 0.19 | 082 | /%o L350 sV 290 300 _‘
A ‘f : 0./9 0.9) /85 1400 | foov | 295 | 300 '
12 6,17 088 | /68 | /40 | Fov. 26§ | 300
/3 ' 0.8 0.9 | /85 | ¢400 Gov 290 | 390
-4 ' l0/8 | 096 | 165 | 1500 | 95V 290 | 300
45| et 0.91 | /80 igop | Gov | 290 | 3eo
Mo b ouf | 088 | 485 | 0 | Gov. | 280 | 300
AV Nl | O8E 480 | s4s0_| Gov__ | 290 | 300
gL ¥ 047 1 089 | 185 |s350 ldoov | 280 | 300
/9. g2 | 095 | /85 | y350 | Q¥ | 295 | zoo
20 | loug logq | /85 | 1900 | iev | 250 | 300

B o O
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. ‘ 'C, 10 Ampere Rectifier.
A plahar rectifier'was desighed fcr thisAproject to prcvide
a device capable of assembly with a hard eutectic mounc and
aluminum wire bonding, This device was designed for a 30 amp
capability under normal operating conditions to insure the’device-
 operation at hich temperature, -~ e |

. The first two diffusioh runs Yielded devices which would
meet the xeverse vcltage characteristics but were too high in
forward voltage chéracteristics. This problem was solved by
diffus 1ng an N+ layer lnto the back of the slice,

.Twenty—five devices were assembled“in DO-5 packages and .
 £ested at 300°C, The reverse leakage at 200V Vr and 300°C
‘ranged between 11 MA and 25 MA, Twenty of these devices were
" delivered to ﬂAQA-MSFC on 7-12-71 to satisfy the requlrcments"
”of eXhlblt A, para. B. 2C of the contract. ’

A
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TEST DATA SgEET

TvFE

_RECTIFIZIR

LOT NO.

LOT SIZE-

 SAMPLE SIZE
— CUSTOMER P.0. @38—25917

TESTER

RECIABILITY O
" OPRE.SSHIPINSP. O

S FINAL INSP,

oi

PAGE

oA

TE

Cssesien oyl | ve | 1R | - ! L
o st j | 300 oo g FER B
1£5T £0URLEST NO f; : P : i . ! . ! 4 } ‘
-  iIR=10pa] IR=10A [VR=200V I R S I i
| CONDITIONS b S , R | S i | =
; it : 9 L I : N |
Leats ;.i"_fl:"k.‘_.é; . . | i‘ o } - _I - b
Lot dsser losrov] wn | _ ]
2 1 Pasv jo.eesv|iswa | L
3 ___*__j’[f_lOSV ’o 865\71 17MA | | B ]
| 375V} 0.8807| 18 -i |
5. | b 3sov_ io.ee5v | 18 | ! B I T
L6 ! ____ﬁ____go:v 3 g‘_q_-.';w_z_' 1um | |
- t7__~_ sy j0.870 | 121h | “ | |
8 v j3asy ..‘0 87ov\ 14 |
9|3 1o.atov tem |
10 | i 3407 10.87ov! 25MA
.11 0 lzeov lo.875v] 1ema ’
o120 355V jo.e7oviaamn | :
i3 j} 420V ’o 870v | 170 | i
14 | a10v  io0.85v | 1sMm | | B
15 35w 0.870v) i I
16 1415V Ho, 865VT 14 S
17 1405V 10,870V 15MA E
18 ._,..__H_?’:._‘*2°V _@o‘ 70VL11’?A N
18 : . _[35CV 10.865V; 12\
20 | b aosv lo.e7cv i 16
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e EPON BLYD., RIVIERA REACH. FLORIDA 33204 1177 BLUE HERON BAVD., RIVIERA BEACH, FLORIDA 33404
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TOMER'S | CUSTOMER'S
MR NO. : ; ORDER NO.
e et s . - R e e e e e . S
FGRULE NurmRiR CUSTORAIR ORDER NUMELY SIGFTtD VIA ~ PIPRESENTATIVE [iNvOICE DATE TOATE PrOMISED
uPs . | J 7713171 l |
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it <. .. -IV._DISCUSSION

Sof'a semieonducton device, whether it be a rectifier or a

B transistor, it is usual practice to base the maximum power rating
... on the theeoretical allowable temperature the junction can attain.
For silicon this is about 250°C, Beyond this temperature, the

conduction becomes predominantly 1ntr1n51c, and the junction loses

1ts rectlflcatlon propertles.

ThlSvlS lllustrated on.a graph of resistivify versus temperature,

- for N-type silicon. This graph was reproduced in part from current
;" literature. "The»lels-doping-durve~is the-nearest -illustrated one

to the doping level required to fabricate the six to elght ohm~cm
material needed to sustaln a 90 volt BVceo., . The curves for the

;Vrequlred materlal would fall between the 1014 and the 1015 curves
fbut closer to the 1015 curve, ' '

It can be seen that ‘the 1015 curve peaks in resistivity’at

j;'about 210 C. It becomes more conductive- from this point until

it meets the intrinsic curve at about 295°C, It is at the peak

Q of the curve that the mobile carriers created by -thermal
‘ jonization of the intrinsic semiconductor begin to outnumber the

impurity—donated carriers and'this_centinues until the semiconductor

,{ becomes completely intrinsic. The curves for the required material .
. meet the intrinsic curve at lower temperatures than the'1015 curve,

This is the main prdblem encountered in attempting to fabrlcate

;”.a 300 C operatlng silicon devmce. Marglnally successful operatlon
‘'was attained with the five ampere transistor and the power rectlfler
- because these devices were made" much Jarger than necessary for

.. normal operatlon to allow for the increased power dlSSlpatlon.f The

-f  five ampexe devmce would be normally rated as a twenty ampere device

‘and the 10 ampere device would normally be a thirty ampere device, ~

The problem was greatly'increased in attempting'to fabricate

.a 100 ampere device to operate~ét 300°C, Experiments indicated
- that paralleling the devices was a reasonable approach up to a

certain point for temperature up to 200°C, When attempting to in-
crease the power dissipation, it was found that problems in oscillations
occurred. The oscillation was probably due to the increase in wiring

e .. P o Te e e L : . - Cm kg g a2
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o«

necessary to connect the chips and possibly . a mis-match of gain

at high currents, Since gain can only be measured at low current
(SOO'ma) in chip form, it is difficult to predict the match at

high current (100 amp) within ten percent, A mis-match could cause

"one chip to pass more current than another chip leading to
destruction.' This coupled with thermal stress on the breakdown
characterlstlcs of the device leadlng to secondary breakdown virtually
makes it impossible to fabrlcate the device,

_ ,The;problem_is funther complicatedwbydthe;rediation hardness
-specifications of tke device., This limits the starting resistivity,
the epltaxlal thickness, diffusion depths, base width, and the

o physxcal size of the device that will support the shallow dlfquthS.

In view of the compllcatlons encountered, it is felt that
functional reliable devices fabricated from silicon can not be
expected to operate atA300§C and fhat‘radiation resistance may be-
*enhanced if the voltage requiremenﬁ could be lowered so¢ that -lower

" resistivity material be utilized., |

o
L3
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| ENGINEERING DEVICE SPECIFICATIONS



ENGINEERING DEVICE SPECIFICATION
DOUBLE_DIEFUSED EPITAXIAL !
o ! RADIATION HARDENED DEVICE
S — PROCESS FLOW, S.0.D.
1. Receive Slices ' 602111 -1
., 2." Run Make Up and Clean Slices 669
3. "Oxidizé Slice - * 301
o, - 4. - Base Photo Resist : -
N _a) Coat & Bake . 356 -
b)) Mask & Expose - . ) 633
>3 “- i . : - ) o ° . -
- c) Develop : o - 63k -
"d) Inspect & Bake 350
£ e) Etch : 358
, . 5. . Boron Deposition ) 660
6. . Boron Deposition . « ' - 670
. ~°. 7. Remove -B;);".pn Glass ' L - 30k
- -] © 8. Boron Diffusion=(Base) - Co 671
" 9. Emitter Photo Resist " "
BN a) Coat & Bake - B R o ¥ 356
e ST MR o S : ,
N 'b) Mask & Expose . ‘ 633
) ol c¢) Develop , : N ’ ,-:" \ ( 634
d) . Inspect & Bake - | 350
-, e) Bten .- . 7. . 358
©10. - Phosphordu.s Deposition :Clean 660
- 11, ‘Phosphorous Deposition & Diffusion (Emitter) ‘672
) 'SOLITRON
- RIVIERA BEACH, FLORIDA
FOR ) et
, , DOUBLE DIFFUSED EPTTAXIAL
. ‘ RADIATION HARDENED DEVICE
- DATE 8.7-72 DRWN.xy -
. CHKD. g
: APPD._ ~Z g NO. -
) o Tape 1 of b
REVISION DATE .. E.O. )




PROCESS FLOW.

5.0.D

I B -2 'pr Ter;pefature Oxide . T 673
‘ ) 13. 'Contact'P};oto R!eéist
‘ ' ” a) Coat & Bake ) 2 o | 356
.'b) Mask & Expose | 6‘33
‘ c) | Develop B . .634
@) Inspect & Bake - 350
) o) Bten _ ' | 358
1k, ‘.'Ev:apora'tion Clean ., . - e ® . 66O
15. A‘lﬁminum.Evaporatioh ) " 355
e 16, Aluminum Rgmovél Ph.otqv‘Re'sist’ P T .
.a) Coat & Bake B  3~56 :
b)) Mask & Exﬁoge B . 633
c')' Develop .. . ' »l ; y 634
b ' '.de_) ‘Inspeit & Bake - ; 1 350
1 ‘ : e)' tch gnd Photo Resist Remox'/al ; - 653 E
_ 1?. Sinter Aluminum. Contact‘s' | R . ‘31-1.
2 18.  300°C Vacuum Bake (Wafer) - ' 662
""\g;'19.~ Wafer Scribe - 333
' 2'(5-. Dice Separatilon' - ‘ B '3l3A
21, Clean .Dic;; - . 331
: 2.2 Tes;o Dice Electrical ) . 67k
23. .‘.Visual‘ Die Inspect ’ ‘ f . o .31k
2L, Clean Header | ’ 222
" SOLITRON
RIVIERA BEACH, FLORIDA
FOR

DOUBLE DIFFUSED EPTITAXTAL
RADIATION HARDENED DEVICE

- REVISION

. -a %
e, @

DATE  E.O.

DATES-7.72  DRWN. xy
- |CHKD. e« }
NapPp. i NO.




PROCESS FLOW . * . % S 5.0.D
‘ '25. Mount Die . 260
'26. Ultrasonic Lead Attach (die) A% : 257
27. Lead Attach (Post) Le T 28
' 28. Clean Assembly . . : . 259
29. Visual Inspection 276
30. Clean Cap ‘222
31. “Vacuum Bake ‘Assembly & Caps “ o . 4 -2ho
32, iEﬁbépsulgpe : . 262
«33. Fine Leak e 261 or 561
34, THeat Age 330
35. Thermo Shock N 555
.36. Bubble Test . . 559
: . 37 'Electrica__l\Test - ; P { '
- : L ® e N
&~ ; o
SOLITRON
RIVIERA BEACH, FLORIDA
FOR  DIFFUSED ] :
) , | " DOUBLE DIFFUSED EPITAXIAL
'RADIATION HARDENED DEVICE
DATE 8-7-72_ DRWN. Ku
CHKD. e ~
VAPPD. T 227 - NO.
3o

REVISION DATE ~, E.O.




, .

- TABLE OFF PACKAGE TYPES

-

| . TYPE _ BASE_PART NO. .. CAP_PART NO.
. T (T0-61) 600941 600561
100 AMP . IT-A-525 101 A IT-A-523
DIODE - rp-bs87 o - TD-4591
Q‘ ’ ; 4
3. ' ’__ ",
A : ~ A .
. A =
N - A © v’, : w
t . :
SOLITRON
- EIVIERA BEACH, FLORIDA
, FOR
e . DOUBLE DIFFUSED EPTTAXTAL
PN ' RADIATION HARDENED DEVICE

DATES.7.72
CHKD. g

- DRWN. s

APPD. 7oy . NO

- hiof b

~ REVISION

DATE ., E.O. .




OPTIMUM FABRICATION

., DOUBLE DIFFUSED EPITAXTAL RADIATION HARDENED DEVICE

PARAMETERS

PROCESS PARAMETER

Material Imawiﬁg Number

Starting Resistivity

Epitaxial Thickness

Béron Deposition Temperature

Boron Deposition V/I

Flow Rates No
. . o

BoHg

Boron Diffusion Time. DRY

Boron Diffusion Temperature DRY

Flow Rate O, |

" Boron Diffusion Time WET

Boron Diffuéion Temperature WET

Water Temperatﬁre

AnnealvTime to Temperature

' Base Depth XJ ”

Emitter Deposition Temperatufe

Emitter Depostién Time

Emitter Diffusion Time

Flow R tes N2
0

(s}
PO CLg
Emitter V/I
Base Width

Aluminum Thickness

EPITAXIAL
602111-1

7¥1ncnm

25+ 4y

9l+qi” 20¢
131 1 JQ
2.5 L/MIN
85 cc/MIN
475 CC/MIN
25 MIN: |
1125%
1L/MIN

35 MIN

- 1125°C

(o]
95¢Cc ,
60 MIN to 800°C

7¥f1r

1050°¢

3 MIN
13 MIN

900 CC/MIN

900 CC/MIN
620 CC/MIN

1.3t.2.n

3.5F

.20t 5 xa°



MO INVERSION.

NOTE: VISUAL DEFECT AND STACKING FAULT COUNTS ARE NOT TO BE

CHECKED WITHIN 1/8'" OF OUTER EDGE, EXCEPT FOR EDGE CROWN.

REV REVISION RECORD DATE E.C. ’ o . - DRAWING NUMBER REV
B|REDRAWN & REVISED |4-972|F-16 03 ' 602 /11 B
_ ) RESISTIVITY VOLT. BRK/DN PART NO.
SUBSTRATE - SEE DRAWING 602298-1 REV. A - 8CM + 20% 170 - 200 -1
: e < . e 2 . T '
EXCEPT NOTE 5 DISLOCATION DEKSITY LESS THAN 500 PER CM 5ACM + 20% 150 ~ 170 -2
EPTTAXJAL LAYER:.
. . . . ] ks
1. EPITAXTIAL LAYER - TYPE N (PHOSPHORUS DOPED) SEE TABLE, !
2, LAYER THICXNESS - 25 + & u,” MEASURED BY IR METHOD IN 4
MICRQM GROUPS OR IN'DIVIDUALLY_ MARKED,
3. STACKING FAULTS - 100 M™% Hax UM,
4. SURFACE - FREE FROM VISUAL DEFECTS IF POLISHED, !
5., LESS THAN STA (6) SURFACE DEFECTS IF NOT SURFACE POLISHED.
6. NO SURFACE SPIKES HIGHER THAN TWO (2) MICRONS.
7. BACK LAPPED TO 12 MICRONS FINISH IF EPITAXIAL BUILD UP ON'
BACK EDGE OF SLICE IS GREATER THAN 12 MICRONS,
8.

TWO PLACKE (.CO} .010

NEXT ASSY TOLERANCE ) DRAWING TITLE ) DRAWN LME 4"7-’7{1 -
ONE PLACE (.0} t.020 N/N"‘ 1 1/24; DRAFT'ING LM5 4_.%7(" SOL!TRON DEVICES

INC.

]

vareRiaL SILICOH

HREE CE L. . « At 5
TRASESLSSELAN LA EPITAZIAL WAFER TRANSISTOR DIVISION
FRACTIONAL & ENGINEER . ERA BEACH FLORIDA
_ e RIVI .
AMGUL AR = . APPROVED /”(’/Zﬁ’ 1_7«,‘,1".: :
. DRAWING NUMBER REV

SPE SPEC. SCALE FULL SIZE

BEVICE NPN

602111
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. 'i "
ENGINEERING DEVICE ,SPECIFICATION

© ZE, 30 AMPERE POWER DIODE'.(SILICON PLANAR)
' ‘ fRocEss FLOW ' STANDARD OPERATTON DETATL
1. -Recieve'suceg :600938-1 7
~2.. Cleen 300 or 546 -
3.-:6.).>_;idize Slice 286 - -
| L,  Base Photo Resist o B 5 ~
“'a) Coat & Bake D21k, 413, a_'ngi 290"
v b) Mask & Expose ' ~;3LL3- s -
> c) . Develop . 634
" a) Inspeét & Bake i | 5356
P e) Refove Oxide 358" ‘
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25,7 Resistance Weld -~ - 258

- N © SOLITRON

A S ) RIVIERA BEACH, FLORIDA

. . ' | FOR ‘ - :
. .ZE, 30'AMPERE POWER DIODE (SILICON PLAWARG

DATEB-0-72 DRWN. KW i
CHED. _zrer
APPD.” 7 sw NO

2 of L

REA/ICICOIN - DARTE - E. 7.



if
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- 261 or 561
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- 552 L
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’ 262 B _
412 K
555 |

- 32. Heat Age r 330 . .. .
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1 34 cilassify . S RS .
s Yo . ' ". . N ‘: -
‘I’ ' ! - : . g : C
- , <3 : u»- 4 o - ’ - ".' .
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VPTIFAUN WAFLER FABRICALIUN FARAMBLEL, 1Ife . DTODE

SUBSTRATE ° 4 ; o
A o 602298-1

EPITAXIAL LAYER THICKNESS

21-29 u
Le6 em
4 [BASE DEPOSITON TEMP. 86o°C
‘ ‘ TIME ©© 5' Dwell; 5' Source; 20' Soak
v/1 _ - 60-80

B.H. - 0.3 L/MIN; O, - 0.3 L/MIN; N, - 2.5 L/MI]
z J Z ] Yt

|BASE DIFFUSION TEMP., =~ - : o 1200°C
| CTDE 0.5 Hr. Wet O; L.5 Hr. Dry 0p N
V/1 o L00-600. -
Flovs N2 0, 1 L/MIN
. X3 : 25-35 f
[EMITTER DEPOSITION TEMP, o 1060°C
o TIME 5! Dwell; 5' Source:; 30 Min Soak in
v/1 . '
_ PCl3 - 0.05 L/MIN; N, - 0.4 L/MIN; '02 - 0.225 L/MIN

S W+ DEPOSITION TEMP.
"l". . . TIME

V/I .

[FINAL DIFFUSION * TEMP.

TIME

SLOW COOL

BASE WIDTH (W)

N

* SPECIAL PROCESSING CONSIDERATIONS: See Past histbry for actual
: Final Diffusion Time. g

3

SLICE PART NO.  £00038.1 . L
DIE'CHARACTORISTICS: BVcbo BVceo " GAIN
PRIME TYPE '
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