
~
‘ AD AO6* 127 RCA CORP LANCASTER PA SSD—ELECTRO—OPTICS AND DEVICES 

— 

Ft’S 9/1
MAN(*ACTLMING METHOOS AND TECHNOLOSY (MM AND 1) MEASURE FOR FAB—ETC(U)

~ A. 76 B B ADAMS. S W KESSLER. R £ REED DAABO 7—76 C—6120
UNCLASSIFIED Pt

cia 
_ _ _ _

r=1

1

~~LI~~i
j i fH.: !~fl~~Wj

I



i . ~;; 
(ID~ ~~

______ 
~ ~~3 2  2.2

I I ~~~ 

~~~~

11111
1.8

Iflfl
1 .25 IIlfli•~ 11ffl~

6

I~~ ~~~~~~~~~~~ !F S1 (~~I.~f~ T

is.  I I



_ _

r” 
~~~~~~~~~~~~~~~~~~~~~~~ 

- 
-

~~

I :- / ~

I~~4

I Eighth Quarterly Progress Report

-~~ 
MANUFACTURING METHODS AND LECHNOLOGY (MM~ T)

I MEASURE FOR FABRICATION OF SILICON TRANSCALENT THYRISTOR

I Period Go1~r.~?
I ~~~~~~• /

1 ~~~~~~~~~~~~~~~~~~~~~~~~ ~- Contract No ABO77~~ -81T~~ 
“

H
C...) Placed by: -
ui U. S. Army Electronics Command 

~ j B. B. /Ad~~s, S. W /Ke I.... -.i Production Division f R . E. /Reed D. R. /Tro~~ 
er ,

I %. i.... Production Integration Branch
Fort Monmouth~ New Jersey 07703

Contractor:

I RCA Corporation
SSD-Electro-Optics & Devices

1 New Holland Avenue
1 Lancaster, Pennsylvania 17604

1 D O C

Approved for public release; distribution unlimited

~~~~~~~~~~~L ’ J U L ~

79

-- ~~~~~~~~~~~~~~~~~~ _ _ _ _



- -~

DISCLAIMER STATEMENT

T h e  f in d i n g s  in th i s  report arc not to be construed as an o f fi c i a l  
-I ) ep ar lment  of the  Army posit ion unless  so designated by other

au t h o r iz e d  docum ent s .  - -

__________________ 
:1

1

DISPOSITION INSTRUCTIONS

Destroy this report when it is no longer needed . Do not return it -• -to the originator .

ACKt4c WL 1~UGLMEuT STATEMENT

T h i r ;  p r o je c t  l i dS  been accomplished as part of the U.S. Army (Manu-
facturin g and Technology) Program , which has as its objective the -‘tim ely establishment of manufacturing processes, techniques or
equipment to insure the efficient production of current or futur—
defense programs .

- 
.-

~~~~~

,,- 
~~~~~~~——~~~~ -- --- 

_
~~i -~~~~~~



~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~

MANUFACTURING METHODS AND TECHNOLOGY (MM&T)
MEA SU R E  FOR FABRIC ATION OF SI LICON TRA NSCA LE NT THYR ISTOR

Eighth Quarterly Progress Report

Period Covered: 1 July 1978 to 30 September 1978

Object of Study: The objective of this manufacturing methods and
technology measure is to establish the technology and capability to fabricate
Silicon Transcalent Thyristors.

Contract No. DAABO7-76-C-8120

Approved for public release; distribution unlimited

Prepared by:
B. B. Adams
S. W. Kessler
R. E. Reed
D. R. Trout

-~~ 
-
~~~~~~~~~~~

. 
—~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



- - - - -:~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
. —-—-

~~~~~
.-

U n c l a s s i f i e d
S E C U R I T Y  C L A S S I F I C A T I O N  OF T H I S  P A G E  (Wh en D.ia Fn r e r o d )

nEP,” ~~~~~~~ £E ~~T A I ~ f~kI P41 E  READ INST RUCTIONS
,~ ui~ i L’v~~um i~ 

,~~ utj i” “ U BEFORE COMPLETING FORM

I .  REPORT N U M B E R  2. GOVT ACCESS ION NO. 3. R E C I P I E N T S  C A T A L O G  NUMBER

Eighth Quarterly Progress Report 
___________________________

TI T L E  (an d Sub t i t l e )  S. T Y P E  OF REPORT & PERIOD C O V E R E D

Manufacturing r~~thcds and Technology Quarterly Report
(MM&T) Maasure for Fabrication 1 July 1978 to 30 Sep. 1978
of Silicon Transcalent Thyristor 6. PE RFORMING ORG. REPORT NUMBER

7 AUTHOR (,) B. CONTRACT OR GRANT NUMBER(~ J

S. W. Kessler
R. E. Reed DAAB 07—76—C—8l2 O ’~
D. R. Trout 

______________________ ___________________________

9 P E R F O R M NG O R G A N I Z A T I O N  NA M E  A N D  A D D R E S S  10 P R O G R A M  E LE M E N r P R O J E C T . T A S K
A R E A  & W O R K  UN IT  N U M B E R S

ICA Corp., SSD-Electro Optics & E~vices’
• New Holland Avenue Project No. 2769732

Lancaster , PA 17604 ___________________________
I I. CON T R O L L I N G  O F F I C E  N A M E  AND A D D R E S S  12.  REPORT D A T E

U.S. Army Electronics Coniriand July , 1978
Production Div., Prod . Integration Branch 13. N U M B E R O F  PAGES
Ft. Ivbnmouth, NJ 07703 53

14 M O N I T O R I N G  A G E N C Y  N A M E  & AD DRESS(I I  d i f f e r e n t f rom Co nl r o i l , ng  O fhce)  IS. S E C U R I T Y  C L A S S .  (of  t h i s  repor t )

Unclassified
ISa . DECLASSIFICATION DOWNGRADING

SCHEDULE

I5. D I S T R I B U T I O N  S T A T E M E N T  (of fb i . ,  R e p o r t )

Approved for public release ; distribution unlimited , except that the informa—
~ion pr (:.st~nted is not to be construed as a license to manufacture or sell the
dc’v ice described without permission .

17 I I I  RI flU lOf t  STATEMEN T (of 1. .h .~r r a i - t e n t e r e d  lb Block 20 . If d i f f e r e n t  f rom Repor t )

8 S U P P L E M E N T A P  N O T E S  
-—

9 y EY WORDS (ContIn ~ — on r r~ ., ..id e  If nec.osarf- and i d e n t I f y  be block number)

Thyristor Pc~ier Switching Calp nent Transcalent Thyristor
Hiqh Current SCR Pc~ ier Conditioning Ccznponent Production Engineering
Hea t -Pipe Cooling Solid State E~ vice Electrical Testing of SCR

2 r A B S ’  RA C  I (Cont  ri., — on -ø  ø ,., • ,d e  If n ,cena ry  •r.d , c f r ~~ U I y  b y S t o r k  number)

~ This Eighth and F ina l Quarterly Report describes the conclusion of the MM&TE
prcx~ram for the Trm~~ alent (Heat-Pipe cooled) thyristors. Production en-
gineer ing ni I~~~ri ~~ for the device have been concluded . Test results on the 40
~)1 lot production samples are listed . ~~

DD ~~ 1473 ED I T I O N  OF t f t v  & s IS OB SOLETE
Unclassified

S E C U R I T Y  C L A S S I r I C  A T I O N  OF ~ k i S  P A U E  ‘Ith,en Ti r e I , U r r c , i

- —  - .  _
e
-

- li ._



~~~~~~~~~~~~~~~~~~~~~~~ ~~~

Unclassified
S E C U R I T Y  CLASSI F ICATION OF TH IS PAGE(W h~~ Data Ent.f.d)

20. (Continued) j
~~ —The present status inclodes the successful caipletion of the pilot pro— -

duction rate d~~~nstration in accordance with the Preliminary Pilot Thin 1
Report as ~e1l as the completion of the fabrication of all of the pilot
production devices and their shi~i1Ent to the goverorrent .

Plans for the next Period inclode tbe coirpletion of the doc~~~ntation re- -

quir~ rents which include the final nonthly reports , this final quarterly
report , the f inal technical report and the general report on Step II. -

Ii

/

Unclassified
S E C i . R c  CI. * S S ~~~ *~~~CM QE 0 . - l b P k ~~~f Wb.. -  0.,. - ‘ e r r - i

_ _ _ _ _ _ _ _ _ _ _ _ _ _ __~L__~~.~
- :~ ~



_ _  - .

ABSTRACT

This E igh th  Quar te r ly  Technical  Report on the MM&TE Contract
D A A B O 7 - 7 6 - C — 8 l2 0  for  Transca len t  (Hea t-P ipe  cooled) SCR Thyris-
tors describes the progress on device production for the 40 P i lo t
Run Samples. Also described are the problems encountered and the
resul ts achieved in the test ing of the numerous character istics ,
including the sampling of some design and environmental parameters
as required by the contract.

Actual test results for  the Pilot Run Samples are included to
v e r i f y  that  the device design can be successful ly  reproduced to
con form to the electrical, mechanical  and thermal specif ication
of SCS-477. Production rate data was prepared for the production
rate demonstration and included in the Preliminary Pilot Run Re-
port , issued separately.

The latest  revision to the PERT Chart , prepared and submit ted on
29 August 1977 , continued to be applicable as the balance of the
work program remained on schedule. All of the Pilot Run has been
completed and the devices delivered to the government.

Plans for the next period include the completion of the documen-
t a t ion requirements  for both Steps I and 

II .3
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PURPOSE

The purpose of th i s  production engineering contract was to estab-
l i s h  the technology  and c apab i l i t y  to f a b r i c a t e  hea t -p ipe  cooled
semiconductor power devices , silicon Transcalent Thyristors ,
Type J1537 l .  The subsequen t pi lot produc tion of those devices
was a part of the contract. This report covers the efforts per-
formed by the contractor in the eighth qua rterly period to p e r f o r m
the Pilot Run Sample Device production. Both the engineering and
conf irma tory samp les were adequately character ized prev io u s l y .
Plans for future work are also presented and other pertinent in—
formation is further discussed to help assure that the purpose of
the contract was accomplished.

rirhis contractual MM&TE program was used to establish the produc-
tion techni ques , to establish the quality control procedures and
t o  veril y a pilot production rate capability for the Jl537l thy—
r i s~~or , c o n f o r m i n g  to the d r a w i n g  attached to AMENDMENT 1 of
SCS-477 as well as to the modifications No. P00001 , P 0 0 0 0 2  and
P00003 to the contract. Electrical , mecha nical , thermal and en-
vironmental inspections were a part of the program as well as
extensive documentation requirements , per DD 1423 .

No high volume production facilities existed at the start of this
contract for the Transcalent type of solid-state power device.
However , flcilitation was accomplished for the pilot rate require-
ment and higher volume production planning constitutes Step II of
the contract. Thus , the time required to produce future large
quantities of the J l 537 1  w i l l  be reduced for either current mili-
tary requirements or for future emergency requirements. Reduc-
tion of the reproductive costs for production quantities was also
accomplished .

The J 1537 1 t h ’~’ r ist or  is a 400  amperes  RMS , 800 volts , forced air
co~~]ed 501 id— sLitt ;ew~ r control device , lighter weight and
sm~i11c ’ r size t h a n t h e  conventional devices with their externally
att icht ’d ht’,~t-sinks. Ruqqedness and improved reliability re-
s u it e d  f r o m  these  i n n o v a t i o n s .  A b lock ing  voltage c a p a b il i t y  of
800 vo l t s  m i n i m u m  at  1250 Cels ius  was s u c c e s sf u l  as a r e q u i r e m e n t .
O r i g i n a l  R&D e f f o r t s  were  conducted successfully by RCA under Con-
tract No. )ie\k02—69—C—0609 , for MERADCOM , Ft. Belvoir , VA . Po-
tential applications include power conditioning, power switching,
phase control , voltage variable power supply, motor speed con trol
and other high power military equipments.

PAL~E ~LANK~~0T F1L~~~
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GLOSSARY

Al l  abbrev ia t ions, symbols and terms used in th i s  report are
cons is ten t  w i th  the Electronics  Command Technical  Requi rements
SCS-477 , dated 5 December , 1974.  This  Technical  Requi rements
document , in tu rn , r e fe rences  M IL - S - l 9 500  for  the abbrevia-
t ions  and symbols used therein except , as fo l lows :

VGR = Reverse Gate Voltage

1GR = Reverse Gate Cur ren t

The fo rma t  used for  this  report  is that  spec i f ied  in the
DD 1423 , n a m e l y ,  ECIPPR N o. 15 , Appendix C , augmented by
MIL-STD-847A. Sub-section numbering is based on Appendix C
and the appl icable test methods are those re ferenced  in the
f o l l o w i n g  m i l i t a r y  s tandards :

MIL —S TD - 750 B
M I L — S t d - 2 0 2 E

F Deta i l , i n d i v i d u a l  item requi rements  sha l l  be in accordance
‘.~i th  M I L — S — l 9 5 0 0 .

11
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NAR RAT IVE AND DATA

1. Device

a. Descri p t ion of the S t ruc tu re  - Refer  to pages 9—13 of the
First Quar te r ly  Report for  a description of the Transcalent
thyristor device , the appl icable reports , and the appli-
cable patents as well as the advantages of this heat-pipe
cooled technical approach. Refer to Figure 1 in the Second
Quarterly Report for the cross-section drawing of the Jl537l
with the external dimensions added .

b ,c. De f i n i n g  the Problem Areas and Work Performed to Resolve
the Problem

( 1) Convers ion of Design for  Production

The Transcalent  Thyr i s tor  design achieved under R&D
Contract  No.  D A A K O 2 - 6 9 - C — 0 6 0 9  was described in the
FTR , October , 1972. Subsequent r e f i nemen t s  have been
incorporated under Contract  N 6 2 2 6 9 — 7 3 - C - 0 6 3 5  and by
RCA funded  engineer ing  p ro jec t s .  Adj i~~~onal engineer ing
has been applied under th i s  MM&TE p r og ia m  to convert  the
design to one more su i t ab le  fo r  produ-~t ion , as described
in prior  Quar te r ly  Reports  covering the period 27 Sep-
tember 1976 to 30 June 1978 and below for  the most recent
quar te r ly  period .

(a )  Item N o. 0001AC Pi lot  Run Phase

i. SCR Device Fabr ica t ion

The r e m a i n i n g  Pi lo t  Run samples were fabr i -
ca ted duri ng th is quar te r ly  report period .
A ll have passed the 100% basic e lec t r i ca l
tests of Table I , Group A in S C S— 4 7 7  as well
as the sampling required for  the Table II  and
I I I  therma l and envi ronmenta l  tests . R e f e r
to Section 5 of th is  report  for  a summary of
the tas t  resul t s .

This  group of P i lo t  Run devices was shipped
in late September , 1978 to complete the con-
t ract  requ i rement  of 40 de l ive rab le  de~~. es.
Some of these devices were used to demons t ra t e
the produc t ion  ra te , as requ i red  by Section

L 

F 4 9  of Pa r t  II of the c o n t r a c t .
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ii. Pilot Run Production Rate Demonstration

A P i lo t  Run p r o d u c t i o n  r a t e  d e m o n s t r a t i o n  was
p e r f o r m e d  on 10 and 11 J u l y  at the con t racto r ’ s
Lancaster , PA , location. The Preliminary
P i l o t  Run Report  f o r  Fabr ica t ion  of Silicon
Transcalent Thyristor (30 May 1978) was used
as a guide for the demonstration .

The a f o r e m e n t i o n e d  report  described hea t -p ipe
and t h y r i s t o r  device assembly in great  d e t a i l .
Dr .  R u s s e l l  Eaton , I I I  of F t .  Belvoir , VA ,
w i t n e s s e d  each of the ten steps indicated on
pag e 7 of the report , (Fig. 1 in this report)
which shows the flow diagram for device assembly,
and found the steps adequate for the production
ra te  goa l .

All  p roduc t ion  assembly steps except  one , were
per formed  at the required  ra te  or b e t t e r .  The
exception to the required  p roduc t ion  ra te  in-
volved the exhaust processing. The six port
exhaust faci1it~ used has been proven in pre-
vious processing of units. However , the six
port facility can only produce 4.6 units in an
eight hour shift. The capacity per port was
0 . 8 u n i t  per eight hour day .

Modif ying the facility to a 14 port manifold
would in crease the capac ity to eleven u n i t s  in
an eight hour day. The fourteen port system
was not available durinq the nilot run demon—
stration , how ever , i t  is part of t h e  contrac-
tor ’s future plans for high volume produ :tion .

A fl’~w diagram for the RCA H r o pr  e t a ry  J 1537l
thyristor wafer met allizincj, co n r o u r i n o  and
p r e t e s t i n g  was shown in t h e  Preliminary Pilot
Run R e p o r t .  The v a r i o u s  s t o~ls involved were
rev iewed in c o n l u l L o t i o n  w i t h  an industr iil
e n g i n e e r i n g  s t a t i o n  c-a~~~c i t :  s t J - p ;  s~~. t i on
o l p al . : i t  y d a t a  was obt  ained t h r .  -o ih an h C A
f u n d - - d t i m e  study and covered every aspect H f
the devi’:o fabrication . The t i m e  s t u d y  was
rev i OwOli w it h Dr . Ea t on , a n d r o ved  to be a
helpful reference during the demonstration.

Ti st p i o o t i i ir e s  w i - r e  a l s o  d ern on si  r a t e d . I t
w i s v cr  i f I C  d that he test s t a ti o n  d e s i g n  and
s j i e nce ~~re - i d ~~~:n i t e  t o  te st at a rate of
t e n  qo ‘d t hyi: i s t - :)r s  in an v iqht hour  day.

i- i
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Figure 1

FILM DIAGRAM FOR THE TRANSCALENT THYRISTOR ASSEMBLY

Anode Heat-Pipe Cathode Heat-Pipe

(1) Anode Body Sub-Ass ’y. (1) Cathode Body Sub-Ass’y.

Anode Body Cathode Body
(2) SuB~Kss’y. (Wicked) (2) Sub—Ass’y. (Wicked)

— (3) Anode Body (3) Cathode Body

(4) Ceramic Insulator J½ss’y.

(5) End Cap Ass ’ y.

(6) Anode Heat-Pipe Ass ’y. (6) Cathode Heat-Pipe Ass’y.

(7) Ccinplete Anode (7) Ccinplete Cathode
Heat-Pipe Ass ’y. Heat-Pipe Ass ’y.

(8) Thyristor Ass ’y. Brazed

(9) Thyristor Ass ’y. Welded

(10) Transcalent Thyristor Ass ’y.

Test
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Suf  f i n  II~ p a r t  s ar id su t — a s s o m b i  ics wi re not
av . i  l i a b le  w i t h i n  he s~~~r r -  of the contr act to
o;e r a t  e ver y  w rk s t  it i o n  ~t f u l l  c a p a c i t y
for  an c u t  I r a  s h i f t . Thus  the  r a te  v er i f i c a —
t i a n  was p e r f o r m ed  on a f~ w r e p r e s e n t a t i v e
au h -  a s e m b l i e s  P .  t h e  trained operators on
the n o r m a l  work  schedule of the first and
recond  sh 1. f t s .  The e lapsed  t ime  measured f o r
each i n d i v id - i l  p r oce ss  war then projected to
a f o i l  e i 7 h 1  hour  day to v er i f y the ra te .
Ti m i n g  of  t : 1 i a  d~~r o ns t r a ti o n  was accompl ished
i n  t I i ~~s m a n n e r  in  two day s  cover ing  both
s h i f t s .

B r a z i n g  f i x t u r e s , tools an d  tes t  equ ipment  of
proven design aid p r ov e n  r el i ab i l ity were used
throughout the pilot run to produce the units.
A ll pur chased and machi ned p ar ts were inspected
to the pertinent dr o-.inqs prior to utilization.
Each m a n u f a c t u r e d  sub -a s sembly  was vacuum- leak
checked on a 100% bas i s  prior to its incorpora-
tion into a final unit

The silicon Transcalent thyristor had been in-
corporated w ith in the con tractors ’ engineering
standard , (specification control) system . This
meant  that part and sub—assernoly configurations ,
as well as , man u f a c tur in g pro cesses coul d be
performed against the standards without devia-
tions during the pilot production rate demon-
stration.

The pilot run demonstration performed for Dr.
Eaton verified the contractor ’s ability through
subsequent data i resented , such as , enginee ring
specifications and time s t u d  in f o r m a t i o n , to
produce the J l 5 3 7 l  silicon Transcalent thyris—
tor a t  a p roduc t ion  l evel of ten net good u n i t s
in an e i g h t  hour  day .

iii .  Yie ld  Improvement

I n f o r m a t i o n  w i l l  h a  p r e p a r e d  and inc luded  in
the Final Technical Report on the yield im—
provement accomplished during this MM&TE pro-
gram .

lh

t
.1



( b )  I tem No. 00 04AE General  Report on Step II

This repor t for  the production pla nning of the
-
~ silicon Transcalent  thy ristor J15 371 is being

prepa red. Draf t  copies wi l l  be submit ted to
the U . S .  Army Mobi l i ty  Equipment R&D Center  fo r
approval .  This  report wi l l  conta in  a produc—
tiori plan for  80 devices per eight  hour day
and describe the manpower as well as the faci-
l it ies to be ut i l ized in the fu ture  production
of the silicon Transcalent thyristor . Dia-
grams , tables and time studied rates will be
included , per the DD 1423 and the appl icable
references.

d. Conclus ions

The hardware  por t ion of the P i lo t  Run phase of the
contract  has been success fu l ly  completed by the
sh ipment of the devices on schedule .

Prepara t ions  are underway for  the completion of the
data required , per DD 1423 , in the next period.

e. Drawings

Drawings  of the piece par t s  and sub-assemblies of the
device were included in the f i r s t  Quar t e r ly  Report
w i th  revis ions  to these eng ineer ing  drawings  subse-
q u e n t l y  inc luded  in the  Second Quar t e r ly  Report .  Sub-
sequent  rev is ions  to the hea t—pipe  s t r a i n  i so la t ion
were inc luded in the Seventh Quar te r ly  Repor t .

R e f e r  to Table 2 for  a c ross- re fe rence  to the prior
technica l achievements reported under th is  con t r ac t .

17
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2 .  Process , Equ ipmen t  azd  T o o l in e

a .  P urpose of F- rh  S t - ~

1) EX~ v I nI P r - . •es S 2 nj air  i Too I i  nq

F i g ure  4 , F n , ’ i n e e r i nq  D r aw i a g  Ne . 302 5~~77 , in t r i o
F i r s t  Q u a r t e r l y  R e p or ’ , showed t he  f l o w  of parts
t h r o u g h  t h e  v a r i o u s  assemb ly  steps an d  a descr~~p—
t iv e  t i t l e  w a s  l i st e d  f o r  each o n e r at i o n .  Also shown
were  t he  s uh— a s s o r c h ] . y d r aw i n q s  and  f i  xt ure drawi  n c -i
numbers for each o~ - - -r tioii . In both t : i i -  First and

~ I - r e i d b oj a  r t er ly  R e~ or • t -rrcedui e~ Id  r is i no
t h e  f i x t u re s  were  i n c l cn~d wi t i: a o c t a t  our o r  of each
fix t ure. This i i o f - -rma to on continued to i - c used for
the  device f ab r i c a t i ’c o  arid ;- r co ss liq .

( 2 )  E l ec t r i ca l  a n d  E n v i r o n m e n t a l  T e s t  L~~u i pm e n t

The f l o w  c h a r t  of Joe c l - -~ ri cal and environmental
t e s t i ri ci sequence w aa  given i i -  Fi gu r e  7 , D r a w i n g  N : - .
3 0 2 5 5 7 8 , of the F i r s t  R e p o r t .  The name of t h e  tes t
was g iven  -as we l l  as the special conditions and the
M I L — S T D — 7 5 0 B  m e t h o H  n u m b e r .  L o n g — t i m e  t es t s  had the
t i m e  i n t e r v a l  in d i c a te d  in the  I ar e . Th i s  c h a r t
remained v a l i d  f o r  t h e  prca:ram .

b , c. Problem Areas  and  W ork to R e s o lv e  Prob lems

( 1)  Device P roces s ing  and Tnolin-~

F ab r i c a t i o n  p ro r e s o ( - ;  h~~ c, ’r e de t c - ’rmi~ , , - i  t o l i m i t
the  p r o du c t  ion - I u r i l i t  i t  i s  w re improved f o r  t he P i l o t
Run b-; i re -  r e as i n g  th e  y i e l d s  , b :  in c re a sin q  t bc cj u a n —
t i t y  per o p e r a t i o n , by r e d u c i n i  t h e  labo r r equ i r ed ,
by im p r o v in q  t o  f i x t u r e s , -e el 1;: a more complete
d o c u m e n t a t i o n  of t h e  orocesses .

(a) IV- it—Pipe Lapp in g ?-~echaiiiz ot ion

The s u c c e s s f u l  co nc l u si i-i of t h e  in v e st i q at ~~on
into the  machin e- lapping of the d i s c s  t h at  f o r m
the  e v a p o r at  i ends of t h e  h e a t — p i n e s  w a s  re—
por t - i  p rev~ eusl y . E° u~ - n o r  f l a t n e s s  a nt  sur-
f ace  f i n i s h e s  we - r e  obt a i n c e  el.  s m 1- l e s  l a : - p c d
at the  m a c h i ne  v e n d o r ’ s p l a n t .  The ~. r o cu r e —
m e n t  of P s q u l o m — a t  has  I -  i -n  m i t  la t ee  to
eliminate a la l or— iuoten ai v oj  - r a t i o n .  D e l i v e r y
is expec ted  in  t h e  next 1 iod .

..
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( 2 )  E lect r i ca l  Thermal  and Env i ronmen ta l  Test Equi pment

(a )  Test Equipment  Cal ibra t ion  Schedules

Elec tr ical test  eq uipmen t cal ibra t ion  da tes
were l is ted in Table 4 of the Four th  Q u a r t e r l y
Report. The schedule established for the re—
cal ibra t ion of these equi pments on a regula r
bas is was used to recal ibrate each equ ipmen t
in this report period . This call-out continues
to occur a u t o m a t i c a l l y  at f o u r  to six months
i n t e r v a l s .  The c a l i b ra t i ons  arc carr ied  out by
the RCA Meter Labora to ry  C a l i b r a t i o n  and Stan-
da rds  D e p a r t m e n t .

E n v i r o n m e n t a l  test  equipment  ca l ib ra t ions  in
the  RCA-Lancas te r  Env i ronmen ta l  Laberatory are
a lso  per formed at fou r  to six months  i n t e r v a l s .
The cal ibrat ion schedule  was l isted in Table 5
of the Fourth Quarterly Report.

d.  Conclus ion

The process , equ ipmen t  and tool ing  des igned , f a b r i c a t e d
and used to f a b r i c a t e  and eva lua te  the e n g i n e e r i n g  and
c o n f i r m a t o r y  sample  devices has also been used f o r  f a b r i -
c a t i ng  the  P i l o t  Run p r o d u c t i o n .  No process , equipment or
t o o l i n g  l i m i t a t i o n s  were apparen t  d u r i ng  the  p i lo t  produc-
t ion  phase .

e. Drawinqs and Photographs of Tooling and Equipment

Copies of the  d r a w i n g s  of the  special  tools and f i x t u r e s
were i n c l u d ed  in the F i r s t  Q u a r t e r l y  Report  a long wi th Block
D i a g r a m s  of the tes t  equ ipmen t .  Tools and f i x t u r e s  th a t
were revised were included in the Second Q u a r t e r l y  Repor t .
Photographs  of these i tems were inc luded  in both r epo r t s .
These tools and f i x t u r e s  were used for  the P i lo t  R u n .

Pho tographs of the e l e c t r i c a l  test equipment  were inc luded
in  the  T h i r d  Qu a r t e r l y  Repor t  w i t h  tex t  r e f e r e n c e s  t h a t  de-
s c r i bed  each e q u i p m e n t  i tem . T e s t i n g  procedures  f o r  t he
e l e c t r i c a l  t e s t  equi pment  were i n c l u d e d  in  A p p e n d i x  C of
the  Second Qu a r t e r l y  Repor t  and in the Ap p e n d i x  of the
T h i r d  Q u a r t e r l y  Repor t .  These were  used f o r  the P i l o t  R u n .

R e f e r  to Table  2 fo r  a c r o ss - r e f e r e n c e  to the  p r i o r  t ech—
nica l  ach i evemen t s  repor ted under  t h i s  co n t r a c t .

-
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3. Flow Chart  of Ma n u f a c t u r i n g  Process Yield

Manufacturing process yields were determined during the Pilot
Run and will be reported in the Final Technical Report.

4. Equ ipment and Tooling Cos ts

This information will not be included since such a data re-
quirement  is genera l ly  not appl icable to a Firm Fixed Price
Contract on equipment and tooling that is purchased and fur-
n ished by the contr actor for  un restr icted use in fabr ica tin g
the devices required by the contract or for other government
end use. RCA has f u r n i s h e d  the equipment  and tool ing used
for this  contrac t w i t h  th e exception of some of the tools and
fixtures. A list of the latter items will be included in the
Final Techn ical Report .

20
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5. Data and Analysis

a. Inspections

(1) Pilot Run Devices

The Pilot Run devices included in this report were
inspected in accordance with paragraph 4.5, using the
sampling plan included in this paragraph of the speci-
fication SCS-477. The requirements of paragraphs F.49
of the contract as well as 3.1.6 and 3.1.10 of ECIPPR
No. 15 are also being observed . Specification modif i-
cations No. P00001, P00002 and P00003 have been in-
cluded .

The evaluation testing of the initial candidates for
the Pilot Run requirement began in April in accordance
with the Test Plan submitted previously (SLIN No.
000 5AA )

Testing of these devices was finalized in September.
Detailed comments , analyses and discussions of those
results will be listed in the final technical report
(SU N No. 0004AC )

The test results  of f o r ty  devices tested for the Pi lot
Run are summarized in the attached Tables 1. The
following codes are utilized in the tables.

Code : P - Passed , including all of the final measure-
ments required after each major test.

IP - Test is in progress.

F - Failed this test.

A - Acceptance judged from another Pilot Run
sample submitted to this test ; per SCS-477,
para . No. 4.5.

Ii~ECEDI~G ~~~~ L~LA1~~ N0T 71jJv~~~
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b. Discussion of Inspection Results

( 1)  V i s u a l  and Mechan ica l  Inspect ions

Inspec t  ion of device No. F35 disclosed a h a i r - l i n e
c rack  i n  the h igh-vo l t age  ceramic and the device ,
a l t h o u g h  operable , was considered to be rejected.
However , th i s  device passed a l l  of Group A and a
por t ion  of the Group B inspect ions, i n c l u d i n g  the
surge t e s t .  This  dev ice  f a i l u r e  a long w i th  the dv/d t
f a i l u r e  of device No.  F43  comprised the two al lowed
failures at Group A , Sub-Groups 1-4 inspection.
Both are operable  devices tha t f a i l e d  only to mee t
one l i m i t  s p e c i f i e d  in S C S - 4 7 7 .  Both passed severa l
other tests required for the Pilot Run devices , as
summarized in Table la , below . Both we re shipped
in fulfillment of the Pilot Run device requirements.

23
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c. Corrective Action

Prev ious ly  reported corrective actions have proven succes s f u l
in secur ing a reproducible thy ri stor dev ice wi th  consis tent ly
good e l ec t r i ca l, therma l , mechan ica l  and env i ronmen ta l  charac-
te rist ics. The results listed above for the pilot run are
believed to v e r i fy  this conclusion .
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6. S p e c i f i c a t i o n

There are no f u r t h e r  m o d i f i ca t i o n s  proposed f o r  the specifica-
tion No. SCS-477. RCA has verified in the Pilot Run that the
Transcalent thyristors fabricated during this phase of the con-
tract meet all of the requirements of the specification.

7. Requirement for Pilot Run

The space , manpower , f a c i l i t i e s, tool ing , e t c . ,  r equ i r ed  f o r
t h e  P i lo t  Run were l i s ted  in the P r e l i m i n a r y  P i l o t  Run Repor t ,
dated 30 May 1978 , and submitted separately as Contract Data
Item No. 0004AE .

8. Total  Cost fo r  P i lo t  Run

Cost d a t a  will become available when the Pilot Run is completed .
The t e t a l  cost of the  P i l o t  run  phase t h r o u g h  t h i s  q u a r t e r l y
period i s  a lmos t  $55 , 0 0 0 . 0 0  f o r  the  m a t e r i a l s, labor and over-
head cost s , but  pr ior  to the  addition of any general and adminis-
t r a t i v e  expenses  or f ees .  Over s ix  percent  of the  t o t a l  re-
pr ’~~en L s  the  m at er i a l  cos t s .

‘N ’ - ; ’- (‘xp )-nditures , although not q u i t e  comple te , a re  less t h a n
t~~~~

- ‘- s t i ma t e d  cent s  f o r  the P i l o t  Run  phase because of the addi-
t i o n - i l  p r e par a t o r y  work p e r f o r m e d  in the prior phases as well as
Ln u t i l i z a t i o n  of some p a r t s  and m a t er i a l s  purchased  previously
tor the total contract scope.

9.  Program Review

The PERT Chart rnvision submitted 29 August 1977 r ema ins  in e f —
14-Ct  w i t h  t h -  P i l o t  Run d e l i v e r y  made on schedule  in la te  Sep-
t - r T i~~ nr , 1978 .  The f i n a l  p rogram d a t a  i s  expected to be sub—
m i t  Led also on schedule.

4 35
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CONCLUS IONS

I : f f t t  expended in  the eighth contract quarter was successful
in finishing the Pilot Run Samples.  V e r i f i c a t i o n  on the Con—
f i r m a t o r y  Samples t h a t  the des ign  had met al l  of the spec i f i -
c a t i o n s  added assurance that the Pilot Run phase would also be
successtul. Time studies have been used to verify the required
production rate capability exists on the work stations. Where
required , increases in capac ity were made at the few l im iting
work stations , to bri ng them up to the required pilot produc-
tion r a t e .  RCA is thus conf ident in havi ng met the f u l l  MM&TE
s p e c i f i c a t i o n  r equ i r emen t s  fo r  the Pilot  Run devices.  Both
improved w a f e r s  and improved pack ages were f abr icated for  these
devices

The p r o g r a m  has proceeded in accordance w i t h  the latest  revised
PERT Chart , dated 29 August 1977. All of the P i lo t  Run devices
have been completed and shipped , to da te .

PR~CED1NG PAGE ELA~~(.NOT F1U’~~~
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PROGRAM FOR THE NEXT PERIOD

1. issue the final monthly reports , 
I

2. Submit the draft copies of this Eighth Quarterly Report -

for government approva l, I
3. Prepare  and submi t  the d r a f t  copies of the General  Repor t  

-

on Step II  fo r  government  approval , and L
4 .  Prepare and submi t  the d r a f t  copies of the F ina l  Technical

Report  fo r gover nment approval .  -

‘1

J

I

I
I
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IDENTIFICATION OF PERSONNEL

The p r o f e s s i o n a l  and  s k il l e d  t e c h n i c a l pe r sonne l  who are
a c t ua l l y  w o r k l l q  on t he  MM&TE project during the first eight
( 1u , 1r t~~rs  of the contract hav - varied backgrounds , as listed in
I he b ioqr~i~~h ica 1 resumes i n c l u d e d  in  t h- - p r e v i o u n  Q u a r t e r l y
I~ e } L o I t 5.  h o w e v e r , a d d i t i o n a l  resumes ar e  i n c l u d e d  in t h i s
r e p o r t  s i n c e  added personnel  were a s s igned  to the  p ro jec t  in
the eighth quarter.

In a d d i t i o n  to the  m a j o r  r e s p o n s i b i l i t i e s, above , numerous
s u p p o r t i n g  personnel  i n c l u d i n g  manage r s , s ec r e t a r i e s, purchas-
ing agen t s , e n v i r o n m e n t a l  t e c h n i c i a n s, m a c h i n i s t s , e lectr i-
cians , exper imen tal tube bui lders , etc., have contributed to
the progress made in the first twenty-four months of t h e  con-
t r a c t .
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Patrick M. Bransby — Electron ics Technician~ Electrical  and
Mechanical

Mr . Bransby graduated f rom Columbia High School and Willow Street
Vocational Technical School in 1978 where he majored in Electron-
ics. l e  joined the Transcalent Development group in August of
the same year.

The subj ects taken at Willow Street during his two years of study
included Basic Electr ic  Theory , Vacuum Tube Theory , Solid State
Ci rcu i t s, Prac t ica l  Ampl i f i e r  Circui ts  and courses on the opera-
tion of osc illoscopes, power suppl ies , meters and other latoratory
equi pment.

Since he joined the Transcalent  group in August , Mr. Bransby has
acquired additional skills, such as the evaluation of solid state
MM&T device ; through DV/DT , thermal impedance , on-state voltage
and many other tests.

At the present time , he is continuing his theoretical education
through RCA’ s Engineering Technology P rogram. He will be assigned
to the inspection phase of the proposed Transcalent contract. 



____  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .-:-::;~.

Wendy L. Krown - Publications ’ Technician

Miss Krown graduated from Manheim Twp . H.S. and Susquehanna
U n i v e r s i t y  in 1974 and 1978 , respect ively .  She earned a B . A .
degree in E n g l i s h  and a B . A .  degree in Theater. She has re-
cently joined the Transcalent Engineering group as the Publi-
cations ’ Techn ici an w i t h  responsib i l ities fo r ed i t ing and
writinq the numerous reports required by this and other
government contracts.

Applicable subjects taken in the schools , above , included
Organic and Inorganic Chemis t ry , General  Physics , Advanced
Biology, and Advanced English courses. Her studies also in—
‘uded courses in Expository Writing, Creative Writing, many

and  v a r i e d  literature courses , and Interpersonal Commiinica-
Lions , as well as B r o a d c a s t i n g ,  where  she qu al i f ied fo r the
FCC Third Class Operator ’s License. She fu rthered her science
background by electing additional courses in Biology and
Geology as well as technical mathematics courses.
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DISTRIBUTION L IST

The f o l l o w i n g  pages include the d i s t r i b u t i o n  l ist  supplied by
the c o n t r a c t i n g  o f f i c e r  wi th  the approval let ter  for  the Firs t
Qu a r t e r l y  Repor t  as well  as the add i t ions  au thor ized  subse—
(1 U C f l t  ly.

Th at l ist was ut i l i z e d  also for the dis tribution of the Second ,
Third , Fourth and Fifth Quarterly Reports. One deletion was
made for the Sixth and Seventh Quarterly Reports. Additional
revisions were made for  the Eighth  Quar te r ly  Report , however ,
no new corrections were made for this Final Technical Report.
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DISTRIBUTION OUTSIDE OF RCA-SSD

Dr. Paul E. Greene Cc~ TIanding Officer
Dir. Solid State Lab. U. S. Army Research Office
Hewlett Packard Co. P.O. Box 12211
1501 Page Mill Road ATTN: Dr. Chas. Boghosian
Palo Alto, CA 94304 Research Triangle Park, NC 27709

Mr. Gerald B. 1-lerzog Naval Research Lalx)ratory
Staff Vice President A’I’TN: Dr. David F. Barbe,
Technology Centers Ccxle 5260

4555 Overlook Avenue , SW
David Sarnoff Res . Ctr . Washington , DC 20375
Princeton , NJ 08540

Nav il Electronics Lab Center
Dr. (~~~eje E. SIiIith A’rTN: Mr. Charles E. Holland, Jr.
Bell TelepL ne Labs, Inc. C xle 4300
~vOS Device Dept . 271 Catalina Blvd .
600 L”bu’ 4 - in Ave. San Diego , CA 92152
Rocu1 2A323
Murray Hill , NJ 07974 The Johns Hopkins Univ.

Applied Physics Laberatory
— 

Cam-iander ATrN: Dr. Charles Feldman
U.S. Army Electronics CcmTland 11100 Johns Hopkins Road
ATFN : DRSEL—TL-l Laurel, MD 20810
Mr. Robert A. Gerhold
For t r~~niiouth , NJ 07703 Ccuinarider

Naval Surface Weapons Center
Ccxrrrander A’I’PN: Mr. Albert D. Kral 1,
Harry Diar~~nd LabS . Code WR—43
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IVI’PN: DRXEX}1cC, Silver Spring, MD 20910
~1r. An thony J. Babe
Adelphi, MD 20783 Comander

RADC
Ccirrianding Officer A’rrN : Mr. Joseph B. Brauer , RBRM
Picatinny Arsenal Griffiss AFB, NY 13441
M~PN: SAPPA-ND-D-A-4
Mr. Arthur U. Hendr ickson
Bldg . 95 Geo. C. Marshall Space Flight Center
DDver , NJ 07801 ATI’N: Dr. Alvis M . Holladay , Code EX -41

Marshall Space Flight Center , AL 35812
Corrn~anding General
U.S. Army Missile Cciirnand
M~rN : Mr. Victor Ruwe, Langley Research Center

Langley Station
Redstone Arsenal , AL 35809 ACT~ : Mr.  Charles Husson , M/S 470

Hampton , VA 23665
Ccrrvmder
U.S. AnTrI Electronics Ccnrnand Dir. Ni t:ional Security Agency
AT[~~: DRSFCL TL BS A’J’[’N: Mr . John C. Davis, R55
Mr. (k’ )rqe W. Taylor Fort ( ‘,c-orc~e C. Meade , MD 20755
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Ccxrinander Mr. Daniel Becker
U .S. Army Production Reliability & Qual . Test Center
Equi~~~nt Agency Mannes Spacecraft Center
ATI~ : AMXPE-Mr Houston , TX 77058

(Mr . C. E. MeBurney)
Rock Island, IL 61201 Texas Instruments, Inc.

Library M. S. 20
Mr. Jack S. Kilby P .O. Box 5012
5924 Royal Lane Dallas , TX 75222
Suite 150
Dallas , TX 75230 Dr. S. Bakalar

Transitron Electronic Corp .
Dr. Barry Dunbridge 168 Albion Street
T~~J Syst~~ns Group Wakefield , MA 01880
One Space Park
Redondo Beach , CA 90278 Mr. R. Riel

Westinghouse Electric Corp .
Mr. Harold D. Tociribs R&D Center
Texas Tnstrun~ nts , Inc. Pittsburgh, PA 15235
P.O. Box 5474; N/S 72
Dalla. , TX 75222

Ccninandcr , AFAL
A’iF ~ ~ : AFAIV’DEH
Mr. Stanley E. Wagner Solitron Devices
Wright Patterson AFB , 256 Oak Tree Road
OH 45433 Tappan , NY 10983

LincoLi Ialx ratory , MIT Dr. L. Suelzle
ATffl : Dr. Donald J. Eckl Delta Electronics Corp.
P .O. Box 73 2801 S. E. Main Street
t~~- : - : ;n qton , MA 02173 Irvine , CA 92714

RADC (E~rSD) 
Bell  Labora tor ies

~-:‘:N ; Mi- . Sven I~~— n; l d ATTN : Mr. B. H. Hamilton

Hansccrn AFB , ~-~~~- 01731 Whippany Road
Wh ippan y , NJ 07 981

~ ; - - ;d E ] i~- t r ~c Campany Cciiinander

~~ ; —Conc1uot r 1’ r~~ u - t n Dept. Naval Ships Res. & Dev . Center
H u ; l d i n i  7 , Box 4 .~ A’N’N : W. Kohl (Bldg . 100—3)
Syracuse , NY l3. -’Ol Annapolis , MD 21402

MAcro—Elec t i - n i - ;  Laberatory Power Systc~ms Division
I Iu~ 

- 
i ’ s  7 - t i  - r i f t  Cunpany A’N’N : Mr. Kenneth Li~~ an

500 ~~11~ - :1 I f l i -  A’~-’ei so Box 109
~~~~~~~ Bi -ach , CA 92663 South Windsor , cr 06074

Silicon Transistor Corp . Martin Marietta
-~i’:~ :: Mr. P. P~ tzqerald ATrN : Mr. F. E. Buchanan
;-~ t t i  1 1 1 . 1  Road P .O. Box 179
C h cl m sf r i d , M~ 01324 Denver, CO 80201
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TABLE 2

SCHELULE OF PRIOR TEUINICAL
ACHIEVEMFNI’S REPORTED UNDER CC~JTRPL’T

Quarterly Report Reference

Description ________________________________ Issue Page No.

I . En~ineerin~~Sair~ lci Phase :

Drawings and Diacirams

Assembly Flew—Chart First 25

Cross—Section of Transmlont  Thyristor Chip Fourth 20

Dirr~ nsional Crosr- --~ ’ - : t ; Si Pra;’.ino  of J15371 Second 14

Functional Block Ls-iirans for Electrical First Cl
Test Equi~xront

Inspection Flew Chart First 29

Par t~ and Assembly Drawings First Al

Parts and Assembly Drawings - Revised Second Al

Tooling and Photcmask Drawings First Bl

Tooling and Photcinask Drawings - Revised Second Bk

PERT — Inj tial First 67

PERT - Revisions (Issued separately)

— Graphs

Case Tciuiperature vs. Average Current Second 60

L Correlation of Holding Current and Third 47
Turn-Off Tiii~

Correlation of Holding Current and Third 48
On-State Voltage

Exponential Rate Voltage Rise Test Circuit Second 42
Diagram

One-Shot Surge Current Circuit Second 47

Peak (~~ — St;i t r- Volt ~qc vs. Average Current Second 58

Therrru l Posistancc vs. Dissipation Second 61
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TABLE 2 (Cont.)

Quarterl y Report Reference

Description Issue Page No.

Narrative

Conversion of Design for Production First 13

Conversion of Design for Production Second 13

Conversion of Design for Production Third 13

Conversion of Design for Production Fourth 13

Data and Analysis Second 53

Data and Analysis Third 41

Data and Analysis Four th 43

Description of the Structure First 9

Exponential Rate of Voltage Rise Discussion Fourth 15

Process , Equip~~nt and Tooling First 23

Process , Equi~iT~nt and Tooling Second 19

Process, Equi~xi~ nt and Tooling Third 17

Process , Equi~ii~nt and Tooling Fourth 29

Test Procedures Second Cl

Test Procedures Third Al

Photographs

Assembly and Brazing Fixture First Fig . 9-13

Assembly and Brazing Fixture Second Fig. 3-10

Electrical Test EquiçzT~nt Third Fig . 3-12
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TABLE 2 (Cant.)

Quarterly Report Reference

Descr gitu - ~n Issue Page No.

Tables

Electrica l Test I i i t ~~r i t  Calibration Sched . Fourth 36

(‘C t - c i l  Test Equ~ r~~ nt Inspection Sched. Second 40

Elc ’ctl lca i Test Equ~~ri nt Survey Second 30

Envirunu~siital Test Equi~~~ nt Cal i hration Sched . Fourth 38

Selection of Five Samples for ~~ I ivery Fourth 50

S~rni~cir: of Eng ine -r iri cT Samples Perforinance Fourth 56

st Dn tii Record Forms — En g i i e e r i n q  Sample Fourth 44
Devices

Othe r References

( ‘ 
~nc 1 US ions — Enq i i-er i sq Phase Fourth 61

t est  Report - Silicon Transcalent Thyristor (Issued Separately)
Fyp~

ri . Conf t r r ’uL c ~~xiij~~ - Pn~ise:

Diagram

Technical Orqanization Chart Fifth 54

Graphs

~It vs. - i t  ~u~~~-nt  Sixtki 17

- Iv j 1  vs. Shunt ( ‘l l r r  n t  Si xth 16

131 - ~ i i  (‘s ro t t vs. ease T~ iperature Sixth 34

~ite Current vs. Shun t Current Sixth 15

( I t  e ‘J r  i q— ~ -r ‘i l t i • nt vs. Case T~ i~ ratttre Sixth 36

- i t  - i i  -
~ Volt  ~i- ~t - vs. Case Temperature Sixth 37

. ‘ m u -  -- Dimensions SiXth 42 , 43
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TABLE 2 (Cont.)

Quarterly Report Reference

Description Issue Page. No.

Histograms - ‘H’ dv/dt , t0ff and V~~ Sixth 38

Histograms — 6JC Sixth 41

Instantaneous Forward Voltage and Current Fifth 44
Characteristics

Isothermal Characteristics Fifth 44

Reverse Blocking Current vs. Case Temperature Sixth 35

Thermal Impedance Fifth 47

Transcalent Package Tensile & Bending Mx~~nt Fifth Fig. 1-4
Tests

Narrative

Conversion of Design for Production Fifth 13

Conversion of Design for Production Sixth 13

Data and Analysis Fifth 35

Data and Analysis Sixth 29

Process , Equi~inent and Tooling Fifth 27

Process , Equipr~nt and Tooling Sixth 25

Table

Test Data - Confirmatory Samples Sixth 30

Other References

Conclusions - Confirmatory Phase Sixth 49

Preliminary Pilot Run Report (Issued Separately)

Test Report — Silicon Transcalent Thyristor (Issued Separately)
Type Jl5371
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TABLE 2 (Cont.)

Quarterly Report Reference

Description Issue Page No.

III. Pilot Ren Phase:

(Refer to Seventh Quarterly and Subsequent Reports)
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