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ABST RACT

This is the Third Quarterly Report on Contract I)AABO7—76-.C—0027;

manufacturing methods and technology evaluation for the fabrication of

thin film t ransistor based solid state display.

The automatic pilot manufacturing unit is operating at overall

sot ~~t .i ctory levels and producing displays to the required formats etc.

-iili ty level of these displays Is as yet not sufficient to pass the

ed legibility specifications but good progress has been made at

c I L l f y ing the key problem areas. The fabrication of equivalent

d isplays at good quality levels on laboratory equipment has continued

and confirmation of the major performance attributes was achieved.

iii
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I. PURPOSE
rho overall ob je l - t i v e  of t h i s  program is to deve lop  mass

production methods and techni ques for thin film transistor display

technology. This novel technology is most amenable to computer control

and t 1 i e  methods in development are based on an existing,Westinghouse

developed , computer controlled thin film pilot line . Versions of the

display in development have been made , with considerable success , in

laboratory style equipment and this work continues under direct corporate

s u p p o r t .  The p rogram inc ludes  the development of methods , p rocedures

and optimal recipes followed by the rigorous examination of the displays

for performance and life.

4.

__

i

_ _ _
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2. GLOSSARY

Dedicated Masks - A set of metal aperature masks (usuall y 12)

each with a segment of the overall thin film

pattern. One mask is equ ivalent  to one

evaporation step.

X Y  Masks — A pa i r  of c o n t a c t i n g  masks tha t are moved over

each o the r  to gene ra t e  a comp le te  set of t h i n

film patterns. The one mask pair is used for

all of the evaporation steps.

Packaging Pro ess - This term is used to summarize all the steps

tha t are need ed to take the complete th in

film transistor circuit through to a complete

d i sp lay.  It incl udes laminar pho toresis t

(RISTON~~~ ), phosphor spray and seal of the

top plate.

RISTON (R) 
— This is a Dupont trade—name for their laminar

(sheet)  p h o t o r e s i s t .  We use the term to cover

the process of app lying the  ma te r i a l  th rough  a

laminator , expos ing and develop ing the pattern

of phosphor aperatures.

APPLICON
(R) 

- This is a trade—name (Applicon C o .)  that is

used to summarize the computer aided design

(CAD ) syst ~~n.  This interactive design tool is

used for pattern layou t and to generate magnetic

tape to control the MANN photorepeater.

MANN (R )
Photorepeater — A commercial unit tha t generates exposed ,

patterned , photographic plates of ultra high

- -~~~~~~~ -~~~~~ - 
- — - - -- 4~~



quality. These piates are used t o  generate

the metal masks.

Annea l — A long , high temperature bake , given t o  the

thin film circui ts as part of their fabricati on

process.

3
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4 .  -~l-~~I H ~ F S .• \ND D l  ~C l S ~; iON

~~. 1 h i t  c I I I i~ lo t S

The hulk ol th~ effort in this period has been concerned with

1 t s k  . r~-c i p t -  d e v e l o p m e n t  f o r  t i l e  1 F circuit ; the a -hit ’ ing It a f i x e d

r i - i - i ~O t h a t  t u t u  a l  l ow s  it s  to t e S t  yield and throughput assumptions.

rh i  a io  t i t i -  m aj o r  goa l  of t he  p r o g r a m .  As wi l l ,  be evident  f rom the

(I IS I l i S SIO f l  N e i I~ w , a m a j o r  c o n s t r a i n t  on p r o gr e s s  was found to be the

l o c k  ef t h r o u g h p u t  needed f o r  a d e q u a t e  pro cess and reci pe development .

A f t e r 1-i r e v i s e d  c r i t ic a l  p a t h  and process analy s i s  it  was decided to

~: a x i m i z i -  t - f f e r t  on t h e  p flot lin e and hence to discontinue direct

f l Irt at display f a b r i c a t i o n  on the  l a b o r a t o r y  6 — s t a t i o n  dedicated

r~t sk  u n i t .  D i - u s c e  f a b r i c a t i o n  of en g i n ee r i n g  samples (Task I I )  is now
d i e d t o  t h e  obl I l i t  ions  of  t h e  p i lo t  ope ra t ion .  It should be noted

ewev , - r t c i t  , unde r Vest  in ghouse  c o r p o r a t e  and divisional  suppor t , we

C O t  u r ic t o  f a b r i r i t e  d i s p l a y s  t h a t  meet t he  dimensions , formats and

r f  IIF~~~ - i n c I -  o t t  rihui tes r e q u i r e d  in this program.  These d i s p l a y s , made
-
~~~ i b  tin X — Y  l ah o r o t  I r v  t e ch n i que , could  serv e as e n g i ne e r i n g  samples ,

i f so req I l I~~~ t t-d b y  t l i e  .\rm y

bc e f t  r t  h a v i n g  been cen t e r ed  on Task V t h i s  r epor t  is

:OI ISt  l v  or cerned  with pr o g r e s s  on t h a t  Task . O t h e r  t asks r epor t ed  on

in n  l id ’ Task V I  i i-  l i l t -  d ev e l o p m e n t  f o r  t h e  p a c k a g i n g  process and Task

V I I  f in a l ot  method l e v I  l i l p u l i e f l t  .

3 . 2 .  l i - ,k V — k~ clpe Development — TF Cl ri - u t

h i t s  s e c t i o n  d e t a i l s  the s p e c i f i c  problems met w i t h , and in

mo st  h i - ~i ; imu es S i l l  v t - i l  d u r i n g  the  r e p o r t  ing pe r i od .

3 . 2 . 1 .  L i u s i t e d T h r I I u c l W I l t  and ‘t u rn A r o u n d  1 hue

I t bee  ~ ua - i I -ar I l i t  I we h o d  t o  I nip rove upon “ t u r n  a round ”

I ITS- i n  t h e  p r I  i-  i- is . Th I a I i-i the t i m e  t nkert  f o r  t h e  vacuum deposition

t)VT, t I-un o be rI- liar li d , cleaned and i i  used again between runs. Given a

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - . - a



2 Ip i ’ ra t  in g  ~ l i t  ) day s I or  act  int l c i rn u i  t ta l i r i c at  ion  4 I i l i n p i  i - t i -  hal I

d i r-c~lav c i r c u i t s ]  is a I i xed  tin s - f o r  t he  near  t e r m  p r e se n t  i t  was

III c i dod t h at  - u sequence I V  ci  e is l o t  lows was d t - s  i r u b l e

Run  — 1 days flour complete h a l f  clr ( t u i t s ]

Down t or recharge — 1 day

— 2 days

Down f o r  recharge — 2 days ( inc ludes  n o n — r o u t i n c -  change s

if needed)

Run — 2 days

e t c .  e t c .

At t h e  st a r t  of t h i s  per iod a t y p i c a l  cycle  was R u n—2 days , dow n — 3  d ay s ,

etc. etc. To achieve this imp rovement the entire down time pr (Icoss was

evaluated.

Chart I shows the individual tasks involved in the “down t ime”

with the observed t y p i ca l  times to  perform those tasks. Tasks marked

with an asterisk were identified as on the critical patt i (CI’) . It was

discovered t h a t  many tasks not on the critical path were being performed

w h i l e  CP t asks  were not yet  done . This , of course , resulted fro~o the

lack of s u f f i c i e n t  he lp .

A d d i t i o n a l  he lp  was provided  ( f r o m  d i s c o n t i n u i n g  the  lab

d e d i c a t e d  mask u n i t  and t h r o u g h  a d d it i o n a l  West inghouse  financial

sources) and the program restructured as shown in Fi g (1), the task

n u m b e r s  r e l a t e  t o  C h a r t  1. In this new operation the c r i t i c a l  p a t h  is

now ful l y attended with optimal assistance at all times. All the

non—C P tasks are done by othe r personnel “off—line ”. The sequence is

su c h that by the time the vacuum chamber is completely cleaned and its

I v. ipo l i t  i on  a i > u  r c es  r e c l i t i  r gcd t h e n  a new set of masks , c l e a n e d  glass

‘u b s t r a t i - s  and cleaned shields and baffles are r e a d y .

I _ l i . o v u - r a l  1 t t u s k  a ss i gnmen t s  in broad out  l i n e  are shown in

b ; i r t  II.
IIi ~ new p r o u u . s s  sequence was implemented and , a f t e r  a I ow

i i - c  l b  In g ” p r u b I l - i n T -  h i s  now sli pped into operat lonal  gear. Fig (2) shows

the improvement  in t h r o u g h p u t  s ince  the change . The average downt ime

f o r  c l e a n  and recharge is mow only “— 6— 7 h r s .

5



C h a r t  1

- - k  . i i m I : i r - ~ — Circuit Fabrication

Si’: c u t e g o r ic s  of  t a s k

I L i n e  op e ra t  i o n — c i  r c t u i  t f ; i br i  ca t  ion

I t  L i n e  s u p p o r t  t a s k s

I l l  C i r c u i t  c h e c k i n g

~ V ~-Pi sk p rt- p ;ir .i t u n

V b l a s s  s u b s t ra t e  p r e p a r a t i on

Task_ N o.  Desc r ip t i on   El apsed Time Hrs

I— C i r c u i t  fabr i ~~~~4on iin~~~~~t~.r at lon s  (best es t imate)

Open chamber 0.2

_2* Remove wheels 0.3

—3 Remove mt1s ks and substrates 0.4

Remove s h i e l d s  0.4
Scrape wells 1.0

I l o a n  h i e : i r t  h i s  0 . 2

—7 Clean chamber 0.2

Replenish sources 0.8
1
3 *  R e p la c e  shields 1.0

-11) Repl ace crystals 0.4

~11* H in ~st t i l l  t sh i t ls  0 . 3

~l2* R e i n s t a l l  masks and substrates 1.5

—13 D a ta  log f o r  upcoming run 1.0

— 14 ‘l i-s t for go 0.6

Rough n u t  s y s t em  0 .2
— 16 * P~~~p down and ~ r e — m e  I t  4 .  0

O p t - i  o t i o n  i i i  lin e—I abr i~ dl  ~~I ’U 16.0

* i n d l a t t - r ,  t in  I c i t ical path. Tot :t1 crit Ical path t line 2 5 . 9  h r s



Chart I — (Continued)

11- Line Support A c t i vit i e s  
____________-____

—18 Material and line supply chore s 2.6

—1 9 P r e v e n t a t i ve  ma in tenance  4 . 0

I I I —  C i r c u i t  Check

—20 Initial visual inspection 3.0

-21 Anneal prep (and anneal) 0.3 + (10.0)

—22 Electrical test of circuits 5—1 5

IV- Mask Prepara t ion

-23 Clean the masks 5.0

— 2 4  Inspec t the masks 8.0

—25 Realign mask set 3.5

-26 Check mask alignment 0.5

—27 Final mask quality (cleaning check and clamp) 0.25

Glass Substrate Preparatiom

Clean the substrates 5.0

—29 Inspect the substrates 2.0

V I -  Miscelianeous  
_____________

-30 Clean shields 4.0

— 31 Assemble automatic tester ——

j -32 Equi pment improvement  —-

7
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Chart II

‘y , - r - t l  I :issignn ients a u n t  t a s k s

Litio s lea ruiui g Mask clean ing

I
Ik- l~-n S h ’ u f f e r  Helen Shaffer

[Wey ]

Chamber  mask a l ignment
c lean  and

Youngk

o p e rat i on  and
rec ipe
deve lopment

‘I,
S. I,) . R u r k h o l d e r

f t u o }  ‘“ “  4
( W . L .  Riuge rs j

c i r c u i t s , in s p e c t i o n
v i s u a l

1~Wi - v , );iv ics , ~: 
~I) I e ton , Bu rkho Ide r

ci r i  l i t  Is , eli-c t n eal test

Vt -,>’ , R lli ’ , -r s , Davies ,
( U t  t- St ap Ic ton

*
h i  ~ ‘ i i  d l i  ~‘, tin - ‘ i i  I tb i I it y

OVER

8



Ch a r t  ( I  — ( C o n t in u e d )

p r o c e s s i n g  of  TF
ci rcui Is

1~0. Leksell
t Z .  Szepesi~
[W e y ]

1~Disp lay l e s t

D. Leksell
[W ey]
[I)avies]

fJohn  I)oe]
rh i s  i n d i cat e s
enginee ring
r e s p o n s i b i l i t y

I n  ( a-ui- o t  i iinf I l e t  t h e -  i in d er l  m e d  name Is
Lu-  k e y  re-spons ib 1 e pr~ r son

9 
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t,_~ 11 ,11*87’

Clean Inspect
Substrat es Substrates

28 29
Data Test f or

Clean Log “g~’
elds

13 14
Shi 

~~~~~~~~~~~~~~ Replenish Reinstall Reinst all Mask s RunOpen Remove Remove
Chamber Whee ls Shields Hearths sources W heels and Substrates Operation

End of
2 4 5 6 —— 8 — 9 ——— II — — 12 — 15 16 17 Run

Scrape Replace Rough Pump Down
W alls hield s Out P remelt

I’ Clean 
10 Rep l ace

Crystals
Ch amber Recheck

27 Mask

Remove Ma sk s + 
Quality 18 19 Preventative

3 Substrates Cle an Inspect Realig n Material and 
Maintenance

Mask s Masks Masks Supply Chores
Mask s Check

23 24 26 Al ignment
Glass 

‘From Previous)
~ij 

1¼. Run
Visu al

Pattern Inspection
21 Anneal Prep and

Anneal
- 

Criti cal Path

22 Electrical Test 
— — — —

Fig (1) Circuit Fabrication and Test —

Critical Path Analysis

10
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i t  ‘h ~’ u i I  I l  he t I 1 ’h i t~ i / 1  i h at  t h e  achievement of improved

Li i ’ l l  1 ’ ‘ I  ‘~ n o t  i l l  I t  -
~~~

- I I  I I I I  ‘ ‘  v i  J u t  i t  w h i t  i s  h i ’  l i i i  p r educed l i-i

‘II I t  el  good qua  l i t  ~
- . rhi - imPort an t  point Is t h a t  we have to  go t h r i l u g l i

a devi l I - s o t  cv c  ft , iui d uflless Wi ’ c iii have m i  rly quick turn— around to

t , - - ~t i li ’ ; i~; w~ ’ v i  11 1~ - v r  hav e co ug h c o m p l e t e d  runs  to  make consistent

coin l i s ions - Wt- i i i ~~~ hI-I I i -v t - this cond lt  I on is ach i eved .

2 . 2 .  t d jai l i on _ M i s a 1 i~~ n men t

Examination of thin film pat  t e rn s  revealed t h a t  a marg inal

ali gnment condition prevai led in the double la~ier cell capacitor. As

shown in Fi g (3) in  certain specific regions of the circuits the plates

were- overlapp ing (verY slightly) ove r the  edge of the d i e l e c t r i c .  Two

t a c t o r s  were t h o u g ht  r e sp o n s i b l t - , lack of mask:mask pattern integrity

in t h i s  p a r t i c u l a r  mask set or movement of the  mask d u r i n g  deposi t ion

or opt-ration of the ji g . Examination of mask to mask pattern registra-

tion revealed that although It could be- improved it should be more than

sufficient for non—shorted capacitors. A wide tolerance guard band was

of course designed in to this pattern. Tests on jigs and masks revealed

that t h i -  p r i m e  cau seS was inconsistent clamp ing tension of the mask to

thu mask holder. A more rigorous procedure was instituted and , as of

th is report date the problem has not reoccurred.

3.2. 3. Metal Corrosion

One run of four -substrates was annealed under the usual

conditions and was found to have developed a metallic corrosion problem.

After checking anneal oven temperature , location in the oven etc. the

problem was clearly pinned down to the t ank N,, supp ly . A new supplier

of nitrogen had been recently introduced (on a site basis) and an

anal ysis of the nitrogen quality was performed. Table (1) shows the

r u - s u i t  of t h u  analysis compared to  the l i ne  (house)  n it r ogen  tha t  is

usually used in lab operation. The house N,, is not available to the
p iti )t line ; it was decided t o  anneal t he  subs t r a t e  in t h e  lab anneal

systems f rom now on. This itself caused some minor problem since the

12
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Table (1)

A n a l y s i s  of N 2 Used in Anneal Process

C y l i n d e r  # 1 — bad runs 0 .13 % 0
2

Cy l i n d e r  #2 — good runs 0 .0077% 0
2

House N 2 
— used fo r  most lab c i r cu i t  0 .004 1% 02anneal

A n a l y s i s  by CPC , 02 is major  i m p u r i t y

Analysis #77—274.

13
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use of  t he  f o u r  sub s t  r a t e -  st aek i ng j i g  r a i  se-d t h e  subs t  r a t  u - u  o u t  of t h e -

good cent re 1 zone ot the  oven . This i’ . t i s c d  some In te  m e t  a l l  i c o r r o s i o n .

~ i iii b e t t e r  oven posit f o o l  ng t. h i s  h is now bce - n sol vu- d

Fj g (4 )  shows t y p ica l ~ o x i d a t  L i i ’’ corr oslor and Fig (5) shi IW5

typical example  of i n t e ’r m e - t a l l i c  c o r r o s i o n .

3.2.4. Aluminum _Met~t 1 S ~p~~s

I t  is  wel l  e s t a b l i s h e d  t h a t  many  of th e - observed circuit shorts

a re  cause d by a luminum p a r t i c le s  w h i c h  “sp i t ” on to  the  s u b s t r a t e  d u r i n g

e le - c t r on  beam evaporation. Efforts to correlate this “spitting ” with

power surges  o r i g ina t ing  in the depos i t ion  con t ro l l e r  ind ica te  tha t

while these surges may cause p a r t  of the  problem , they a re no t  th e maj o r

. . uu s e - . ~t h e r  f a c i l i t i e s  at  t h e  Research and Development Cen te r  where-

electron beam evaporation of aluminum is p e r f o r m e d do not  appear to  have

this problem. Examination of evaporation procedures used in these other

t a c i l i t ie s  shows one p r i m a r y  difference : the use of a vitreous carbon

hea r th  l i n e r .  Hea r th  l iners had been abandoned in the p i l o t  f a c i l i t y

due to d i f f i c u l t i e s  exper ienced wi th  ind ium evapora t ion  f r o m  a hearth

liner. ‘Fl it ’ experience of these other ind iv idua l s , howeve r , in d i c at e d

t h a t  t h e s e -  p rob l ems  do not occur  w i t h  a l u m i n u m . As a r e s u l t , i v l t r l ous

,u rbo n hearth liner has been installed in the aluminum h e a r t h  in  t hi-

Pilot Facili ty. An Initial dry run showed no color changes during

aluminum evaporation , indicating that perhaps the process is niort -

stable.

This procedure appears to work quite well , except that the

hu - a r thi lin er c r a c k s  during the run . B r i t t l e  cracking is a fairl y dirt y

p rocess , t h a t i s , many s m a l l  j i i  t o e S  of I oost-  carbon  w i l l  o c c u r  in t h e

area of t h e  c r a c k .  I t  was p o s t u la t e d  t h a t  a l u m i n u m  c a r b i d e  (A 14 C 3) could

i t - formed during t h e  c r a c k in g  pro e-ess , and t h a t  s p u t t e r i n g  would the n

occur during t-v tp v rat ion. Inspection of aluminum films u s i n g  ii dark—

field microscope indicat e-s that small m d  t i s i ou s  ,ir e p r e - s t - n t  . One way

to p r even t  c r i l k i n g  is to r e-diR- c the number ol t hit - rmal cy c l e s  t h e -

r u c ib l e  is seib l u - c t  ed to .  The opt-  r a t  in L’ , so F twar - t i t - a t S e\’ t v  i c - l o s  i t iou

as a f r i - e — s t a n d i n g  sys t em , as i f  n o t h i n g  had o ’c I r r e h b e t o r t -  . or  i t  hing

15

a
—-——-~~- - - - - -‘~~~~~~~~~~~ ‘- .‘ . - - - _ _ _ _ __ _ _ _ __ _ _ _ __ _ _ _ __ _ _ _ _

_ _ _ __ _ _ _ __ _ _ _ __ _ _ _ __ _ _ _ _
_ _ _ _



El _

Fi g (4)  Ox id it 1 1 1 0  Corros ion

16 
-

7 1



N- j r

LiI!~
1’

Fig  (5) In te rn~ t a l l i e  I l I r u  5 100

17

71 ‘i~ I

________ 
4



wi I I i lc ’u r  ii I u ’  1’ . n e m ’ s  I ‘ i i  m in im l i t pd S it I ‘ i i !  o i-~~~~ r I I I  I S u t  ‘ r I

it I h i ii i ir t Ii i i i  I d  e i’
~’i h~ t h i t  w et - n  . i e j I O Sj  t ion ; (‘us t Lii’ WI1u’. 1 u i i

I w’) , t h ue’ n mi mh u - of  t h - rma I c c l i -  o i l d  ho - s i g n  i t  I can t  ly r i - i l l  ( ( - I l .

h i t s u-h un g , ’ w i o  imp ii ’;!~i -im t  ~~l .  ( I t  s huillu l d Ii’ noted t !i  this prob in

~‘ ‘ ‘ m l ’ h  i i i  u i - i l ’.- t o  a I , i r ~ e ’r  p r o d u c t i o n  sv~~t c-rn w i t h  ( t i - I N  i~~ ’ I  so u r c e ’ s .

‘f l i t - p i l o t  I : i c i  i i t v  sy s t e m  u s e ’s  i n c  , four—hearth gun  f o r  all m e t a l

i - i t  i~~n u .  ‘ l i i i  s ni i a u i s t h a t  the-  h e a r t h s  have- t o  be r o t a t e d  t o  h;inge’

me t dc , and  o n l y  c i i i , ’  u - a r t  h i s  add r e ssed by the  e l e c t r o n  be irn at one

1 1 ” , ) .

I I  i n v e S t  i g a t e ’ the  othe r p o t e n t i a l  source o sp i t s , t he’

1 i c s l o a n  ou t  roll e r , a f i e l d  e n g i n e e r  f r o m  Sloan Technology v i s i t e d

t h e P i l o t  }‘ - i c i l i ~ y to  w i t n e s s  the behavior  of the depos i t ion  c o n t r o l l e r .

Ii , . u n i t  t h a t  l ie had b r o u g h t  w i t h  h im was connected to  the sys tem

and e x u l t  i t t - d  s i m i la r  p r o b le m s .  lie was convinced the u n i t  has a des ign

p r ’ h l .,-m , an d ,  us p r oot , he sent  r ecordings  and notes  to his eng inee r ing

di - p i r l r n i - n I  L ’r  e v a l u a t i o n  and possible  so lu t ion . Sloan wil l  also send

us d l I ; l i ’ tl boards , a board  e x t e n d e r  and f u l l  schemat ics  and we wi l l

n t he  p r o b l em  ou r se lves .

1 - 2 .  ~i . Aluminum _Oxide~~~~~ts

A n o t h e r  w e l l  e s t ab l i shed  cause of shor t  c i r c u i t s  is sp i t s  in

Pc :ti um iri i mm l x f  di- . Much progress has been made i n  t h i s  area b u t

f u r t l i r imp r o~~, - m u ’ n t  is  n e e d e d .  Fig (6) i l l u s t r a t e s  a d ic l e c t  n c  ‘~ad 1v

I n t  urn i n  ;u t t i  w i t h  sp I -

i r l y  t h i s  p t - r i n d , t h e -  p r i m a r y  r e m a i n i n g  cause of Al ,O 3 
“sp i t t  l u g ’

~‘ is  t c r i i u t l v e l y  i d en t i f i e d : f l a k es  of A12 03 peel o f f  s u r f a c e s  above the

e l i - c  1 ron—beam gun d u r i n g  i - v ap o r a t i o n  , f a l l  i n t o  the  hot c r u c i b le , and

r i - - I v i j or a t  i -  exp l o s i v u - l y .  ‘Ib is  o b s e r v a t i o n  was r e i n f o r c e d  when the rmal

shiL l d i  wi thin the- e - l e - c t  r on— b e am gun w e l l  we re re loca ted  so t h a t  a l l

siir ~ i t ’s  v - r e  cl ear of the are- a above the c r u c i b l e .  ‘flit - o n ly  m a j o r

r e m a i n i n g  c u r  u - of  l i t - u i log w i s  the  mask wheel  . P a s t  e f f o r t s  to  p r even t

c - . I i  i m p  by  r o u gh  i up  t he st  ii b l i s s  u t  eel siu r f a c e  b y wi ru brush log or

san d in g  o u t  l v  i i i , -  t h e  p r o b l e m  worse , i n d i c a t  ing t h a t  t h i s  work was

ci - ; it log a smoother , r a t  her t han a roug her , s u r f  ac t - . S a n d b las t i n g  the

H 
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wh, ’ 1 v i - ;  I t  o f  the j i l t - s t  i n  l i t -  o u s t -  e u  its si y e - , d i i  ii i 1 i  i am ad st m t - n t  S

i n ch c r a i ’~ s m i d  c r  v l i e s  w h u i cli c u l l  I d  n o t  t a u t  i’’ l i e ’  i’ h i ’ . t U t u . 1 hu e so I u t i o n

w i’; r i  h u e ’ r l i i i \ -h th -num it I i i -  , i • -m e ’v ; u h  It- t o t  sandb l int I imp • j o a t  i ’d

u~~p r o x i m a t t ’ l V  1/5 ” be- ion the ~~h m e - e l , o i l  eo ”~u - r I n g  - i l l  s u r f ; u i  ~ i - - i s  i’S ce fui

tt ~ n ; i s k  i t ’ . i t .  S i n e i l l  ;i i dj t j o n  i t  t h i s  i t t  1 ’ - , t wo r i m s  t l  5 ; h s e t i I t - u )

‘C OIl p r ’  1 , 0 , 1 1  and in~ p ec t~~d , :111 1 ‘. 1  r t u m u l  l v  a l l  Al ,0 f i l m s  h e m - _a-

b e - e u - m ud t e  h ive nu i ch  r u - d i m  c d  Spec u l w i t c m . ( ‘ l e a n l y ,  c l - -o i l  Iii ’S- of

lit gun We I I s I S c r I t it ’ :il

Aum ’t bi ~~r m , h  i t i c i t  ion t o  imp  roy,’ gun Wi: I I  c i  c a n  1 m ess  W a s

i n m t j a t ,  i i .  Ii. o r i g i n a l  i c - s i gn s p u - c i f  I i  ;i t ion  f o r  the  v ;R l o i n  s v S t u - ~ i

u ~‘ q um i r e d  t h a t  b o t h  e l e c t  non—beam gun s be movable , vertically. As a

r , ’ s u i  t , t hu w a t e r  l i n e s  to  the  guns were long and f l e xib l e  — c o r r ug at e - I

s t j j f l l e ’~~ S W a t e r  l ines , coVerPd w i t h  s t a in less  wi re b r a id , snaked around

t hi ~ w e l l s  ~hove the guns , acting as dirt co l l ec to r s , impeding c lean ing

e t t o r t s , and preventing installation of the planned water—cooled baffle.

These w a t e r  l i n e s  were rep laced w i t h  s h o r t e r , d i r e c t  r u n s  of smooth ,

r i g i d  t u b i n g .  U n f o r t u n a t e l y ,  moving the  l ines weakened a bra ised  j o i n t

wh i c h  c , m u s u ,-d a leak . By the  t ime the leak was repaired (several t imes),

and ! s !u l - ;t - qu c -n t  damage repa i red  (EB gun f i l a m e n t , ion gauge tube  f i l a m e n t ) ,

eig h t j i r o d e i c t  ion days had been l o s t .

3.2,6. Overall Clean Conditions

As has been ev iden t  fo r  q u it e  some t i m e  clean glass,cb ambe r ,

and -m a s k s  arc a key p r o b l e m .  We believe t h a t  w i t h  the new o p e r a t i o n a l

pr u u ce- d unu and t h e  I n s t i t u t i o n  of new clean, multiple filtened , wa ter

l i i i , au h ieved a h i g h  degree of cons i s t en t  q u a l i t y  he re . Examina t ion

01 t he  s ’u hs t  r a t e s  w i t h  h ig h intensity li ght is now done as a routine

I c - S I  - The area  r e q u i r i n g  f u r t h e r  input  is in the o v e r a l l  handl ing of

lean substrates , and masks , e . g .  in moving f r o m  tile c l e a n  assemb ly h e - ; m c h  t e l th~
v - o l i n sy s t e m  or w h i l e -  s i t t i n g  in the chambe r prior to closing. A method

I ;iu ry clean m a sk s  and g l a s s  was dev i sed .  I t  used a r a ck ho lde r

H Insid e’ a va cuum coot ;u i n e r .  Despi t i  our  hi gh degree o t ’ c-o n f  i dent’e -

r . - p ; t r d i  op this aspect we must be c a r e f u l l y  n o t  to lower standard ; us

‘‘ i - S O n.
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1 .2.,. 1~ ‘ . i u , ’ L i e u  t , i i i ~ ( bm ; i i ’ i~ t I ’ u j s t j c - 7

A m a j l r S o u rc e - .11 s i t . i s t ; i t l o i ’ t i n  t h i s  r i -po r t i n g  ; i . r i u l d  is

t hat  P u ’O l t  I~~~I I l l s  i u e t e n c v  h i s bt-en i ’lr! i’’ ; i ’ lI . ‘l i i . -  l e - a k a g u -  i n  t h e -  logic

I cy  I ‘ , (T ) ‘
~ i - ; u i  mo st  S I W i\’ ’ 10 t I i . ’  I OW 1 1  I c  I (,, ( j ~b i l i t  t l i t

i m r r t - n t  i s  more- t h a n  i d e p u i t e ’ . T im. ’ p l l w u - r  device- ( 1
l 

i s  ty p L ;i i  ly abl e-

t e l  —; t a o l  u t  I ‘ 2 ’ o \  Si) a nd - u l s o  had mor e - t h a n  ; i m l i ’ q m n i i  t ’  (N current. The

:j u u ’ u  it i i ’ d a t a  l i s t e d  i n  i’ !i’il e (~‘) w e - r e -  a d - h j e v e - c l  in  the vast r; t.j u n i t v  of

s u u l  ;t  ra t-

The ru V u n h i  gu i  L v  l i e - s  in t h e -  d . c .  p i L e  stab i Iitr of the-

Je ’ i c e s .  T h i s  p r o b l e m  is not so severe as to prevent o p e r a t i o n a l  d e v i c e - s

bu t  m i g h t  h a v e  some u t, c - u t j ,~~~~ i n s t a b i l i t y  c-I f e - c t  s on t h e  powe r dev ice .

i h m u ’  s v m p t u m  i s  t h a t  if  a constant positive bias is app l i ed  to the  gate ,

o, urc e’— dra in current whi i hi is j o l t  i a l ly  v e- rv  h i g h , decrease- s w i t h

t i m e - . The’ o p p o s i t e -  o ccu r s  w i t h  n e g a t i v e  b i a s .  A t i - s t  p r o c e d u r e  was

d e v i s e d  wh L-h yields repeatable readings of stability , and a number of

c - X ) l e  r im en t  S a t t e m p t e d .  The o u t p u t  of the  test  procedure-  is a f i gu r e

of m e r i t  (F~1 ) w h i c h  i s  a r a t i o  of i n i t i a l  s o u r c e — d r a i n  c u r r e n t  to

sour (-e-—d r i i n  current after 10 seconds , with constant , positive gate bias .

A negativ e- bias is applied to the device- before the test. This amplifi e s

the symptom , making it easier to measure and the refore more repeatable.

WI t li th is t v pe -  of nm e - ; i s u r e m e n t  , a “perfect ” fi gure ol ’ m e r i t  w o u l d  be

I (no drift).

‘ I i i . ’  II rst e~xp e ri imi nt involved re—annealing , since- It is

g e - n c r - i l  i v  t h e u i i g l i t  t h a t  h i g h e r a n n e a l i ng  temperatures y i e l d  more -  s t ab l ~-

t r a n s i s t o r s .  While this experiment has not yet  been comp let ed , initial

i n d i c a t i o n s  are t h a t  r e — a n n e a l i n g  at h ighe r t e m p e r a t u r e s  himis little

effect on this type oh stability, and what effect it has is negative .

Two substrates with initial figures of merit of 14.8 and 14.4 now have

I igures of 15.5 and 21 .6 respect ive l v , having been re—annealed three

t imes at hi ghe r t empe ra tu res .

The second experiment , involved the gate insulator to semi—

conductor inti-rf ace . Theory predict s that better film quality at

t h i s  inte  r f a c e -  re -su i ts  in few er “t raps ” and , hence , b e t t e r  s t a b i l i t y .

1’wo subs t ra te -s  were produced ( in the same run as the  two above) using a

2 1
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Table (2)

Device Propert ies — Typical

T2 logic TFT 1dsatt 
250ima

V c;s = +20V

I l—3nao f f
VGS 

= —20V

VSD 
= +25V

T
1 

powe r TFT ‘dsatt 
300ua

~~~ 
= +20V

tof f
V~~ = -20V

VSD 
= +200V

V
B 

>2SOV SD
(V GS 

= +6V)

22
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procedure w h i t - r e  t h e -  la s t  00 i t  g a t e -  i n - ; u i l  i t  o r  b c - l ow t L i i -  S e - i f i l  i o n d u m i  t o n

i n t l  t t i e -  I I r o t  .~0O ~ abo v e- I t we-re  1e P05 i t e d  at  I ‘a u’ . (vs . t l ie- standard

5 \/  ‘ i - c ’) . T he u ; u -  suh st  r a t  e s  had f Igut r u - s  i t  m erit mi t 44 and h2 — clearly

worse .

1 h i e  t hi  ret t-xpe r i me n t showed considerably me re promise. A small

amount at me- t el dopant (3 ~) was lo t  r educed  d i r e c t l y  i n t o  the  s e m ic o n d u c t o r .

The st anelard ” proce dure is t o  app ly  do 1lant  und e r the- s o u r c e — d r a i n , and

the e ’ X u c-SS th i en  d i f f u s e s  i nto  the semiconductor during annealing. Four

u i i h s t  r a t e s  p r o - l u - i ’d in  t h a t  rein had f i gu res  of m e r i t  of 14 .2 , 7 . 6 ,  2 4 . 5

and 2 3 . 7 .  The s u b s t r a t e  a t  7 . 6  was th e  exper imenta l  s u b s t r a t e .  The nex t

sequence of  runs w i l l  inc lude  two “ s tandard ” s u b s t r a t e s , for conLrol ,

and twu~ with 5 of dopan t in the ( semiconduc tor )  gap , to determine  if ,

indeed , d ires t dop ing does improve stability, and if the process is

r e p e a t a b l e- . For comparison , the substrate which was half—leg ible had a

tigure of merit of 42 , but it was onl y legible at fast refresh rate

(250 frames/sec).

3.2.~~. M ask ! nt E ~~ni t1

A troublesome but minor problem has been “lifting ” off the

nickel underside “bridge ” in one of the dielectric masks. Fig (7) illus—

t r a t e - s a good and bad “br idge .” The lifting was found to be a probU-n ;

;iSSOC I a t e - d  w i t h  mask c l e an ing  and was o n l y  s igni  f i c a n t  w i t h  t he  t h i n n e r

(i.7 n i l )  m a s k s .  The ’ u sua l  ( 5 . 5  n i l )  masks wen- not t roublesome in

t h i s  r e - s l u t - I  . W e- h ave now s t a n d a r d i z e d  on the thicker mask.

1.2 . 9 .  Summary of R e s u l t s  — TF Circuit, Recipe Development

Ove r the last period the following problems appear t o  be

e;o n s l s t e n t ly  “ solved ” , at least to the point where they will not inhibit

t h e  s l i m  i:ess of the program;

( a )  P a t t e r n  d e f i n i t i o n

(b) Overall ali gnment

(c) Heat related mask buckling

(d )  Through p u t ,  a l though fu r the r imp rovements w i l l  be ne -eded

to meet the actual pilot run rates
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(u’ ) Device uI l u e ’ r a t, ion al c h a r a c te r i s t i c s , alt boug h some improved

d .c . s t a b i l i t y  is desirabl e-

(I) Glass cleaning

S vu . - ca l  di  sp I ;ev s  mad e- i n  t h i s  pe r iod  were p recessed anu ! the b,:- ’- t, had

7 .uf its cha racters legible. Howeve r t h e -  short  s t a b i  I itv was no t  good

and u u fl the  i n i t i a l “b u r n — i n ’ mo re defects appeared. Detai led anal ~‘s is

01 t h e  s b i u u  r t s was done and t he- arise’ f ri nm small part li-u I at c -  not I a rgu ’

t - n o u i g i m  t o  c au s e - i n i tial , es f t  r a t  t i - s t e - i l , b r e ak d own s but  enough  to  induc e -

hre,-akdown in the I irst few hours of operation. This is no t  the  case in

t h e ,- go od X — Y  displays which survive many hundreds of hours without

turth e ’r breakdown when stabilized..

We concluded t h a t  desp i t e -  t he  f i r s t  orde r improvement  we s t i l l

have - i p a r t i c u l a t e/ s h o r t  p r o b l em .  M i c r o s c o p i c  e x a m i n a t i o n  of f i l m s ,

e s p e c i a l ly  unde r “da rk  f i e l d ” i l l u m i n a t i o n  cond i t ions  re vealed the

m i c r o — p a r t i c l e s  in some quantities. Two approaches are being used to

reduce this problem , one , the better control of t i l e -  d e p o s i t i o n  t h r o u g h

c o r re ct i o n  of the- inherent fluctuations in the Sloan unit , and secondly

modification of the dielectric gun surround to reduce “drop—in ” ot ~

material collected on the hearth lip. Both approaches should lead to

improved results in the next quarter. We believe- this is the l ast

obstacle t o  successful production of high qual ity, stable , d isp l ays in

the computer con t ro l led pilot line.

3.3 .  Resu l t s  of X—Y Fabrication of Displays

As is well known to the Army we continue to fabricate displays

in the exact format , cell layout , devic e re’ i - .lpe  and overa l l  dimensions

required by this program using the laboratory X—Y method . This work

wh ile not formally part of the MM and TE program nevertheless is thought

to be impor tan t  as it bears h e a v i l y  on the program . i’he e f f o r t  is at

o u r — m u -  supported by West inghouse with corporate funds but it is possible

tha t  the d i sp l ays  could be regarded as engineering samp les in t h e  above

program .
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l~u ) r k  - o u t  i f l ue - s  w i t h  significant success in  t h i s  are - a  and

d i s p l t ’-’ s w i t h  improved  q u a l i t y  have r e s u l t e d .  See Fig (8). rn addition

We hi iv i . t a h n ic. ite-d the same display w it h  a 2—leve l electrode , i.e. wherc

t h e  l i t  area is much increased over the elemental pad size. This

i n m p r o y u - c l  leg i b i l i t y  p e r f m u r m a n c e  s i g n i f i ca n t l y ,  see Fig (9), althou gh

mit  some cost  in powe r mis detailed below .

3. -~. Task V I I  — Final lest Procedures

We- h ave  begun , u s i n g  d i s p l a y s  made on the lab unit , the p i l o t

line- and t h e -  X—Y f a b r i c a t i o n  machines  to  examine the envi ronmenta l

p e r f o r m a n c e  t e s t s .  The shock tes t  did reveal  an unexpec ted problem;
a l t h o u g h  the package remains intact the top gold sometimes breaks at

t u e  m o d u l e  crack location. Luckily the top gold is contacted separately

on both modules so that provided we take care to use both module contacts

there is no performance degradation.

Tests of phospho r brightness versus temperature have been con—

ducted prep aratory to the full display tests. The results , shown in

l i b l e -  (3) indicate ’ that in the relevan t parameters (brigh tness vs

voltage ’ , power t’t fic len cy ) no significant temperature associated degrada-

ion u s  cu rs and that a few extra drive volts more than compensate for

the slight change .

b u r t b u - n  t e s t s  are  c o n t i n u i n g  ~ L t h  f u l l  d i s p l ay  t e s t i n g  to

b e .gi  n i n  d un  r i g  the- uic xt report ing period .

t i r e  ‘l e st  I’ ri )e-t- d u ire

The test panel was produced by our standard phospho r screening

a n t  pa c k a g i n g  t e c h n i q u e s .  The panel was f i r s t  measured at room

temperature ’ ( 1)  then p laced  in a chamber containing solid carbon dioxide

b r  a p p r o x i m a t e l y  one’ and one—hal f  hours .  To prevent  rapid tempe r a t u r e

ch a nges the  panel was s i t u a t e d  on a so l id  square plate  of h a l f — i n c h

t h i c k  a l u m i n u m . Both the panel and p l a t e  were removed from the chamber

( c c  m ike- t b ~ It- st measurements (2). A period of three hours passed
be - t o r e -  L b s  s i - c  m d  room temperature  measurement (3 )  was per fo rme d to

i n s u r e  an e q u a l  temperature existed throughout the thickness of the
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p i um ’ 1 . The,’ p I ate- mmcl P~’’~~ 1 we - re the- n p 1 - m u - c - u I  i ni t o mu I c i  r i  u ‘ - i t  72 0

we m i mi  s . Aga in  bet be t lie- pane- i and plate ’ we re I ’ d -mo ve’d t m u  ~u i- r t i  - rm t he-

:‘lc-asure -me -nt s ( -
~ ) . A It e’ r a t w o  h o u r  cooling pc-n od t ice I I n t l  m easurement

( 5 )  w - s rn t i l e  . liii’ aluminum plat e stabilized t Iii - t empe rat nrc f u r  mc I i i -  -

l u n g e - r t m e  t h an  was n e c e s s a r y  to  make the  m e a s u r e m e n t s .  The tempera-

t u r e  s i c  iie’ - i c ur e d  by a t  t a c h i n g  an i ron  cons tan t in t h e r m o c o u p l e  to  the

sm m r i  c c c ’  ot the  top  cove r  p late- at the panel  and all m e a s u r e m e n t s  f o r  a

s l u e c i t i C  temperature were made s i m u l t a n e o u s l y .

Eq m i i pment : S p e c t r a  Spo tmete r  Mode l B—I °

F luke  8000A D i g i t a l  M u l t i m e - t e r

P r e c i s i o n  lh e l c o  Model 16 Furnace

E l e c t r o n i c  w a t t r n e t e r  descr ibed  in a paper  presented

a t  E l e ct r o c h e m i c a l  Society  Mee t ing  in Las Vegas ,

October 21 , 1976.

Table (3)

Panel  No.  + Volt age Current Brightness Dies D1s7 Eff,
2 3 3 . 2  r emp 5 kl1~ ~~ 2 lm/

_______ 
mA f l  i:g cm _J~~

(1) 2 S °( 81) 91 .1 44 222 1.1 (-5.7 .72
—52°C 1(10 65.0 44 2151 .8 63.7 .74

(3) 25 ~ 80 8 7 . 5  45 2 1 0 7 . 6  f,2. 4 .78
(-Yj 12 °c 77 114.3 45 2919.1 16.4 .56

25 °C 80 9 ;.0 43 2! 14.5 66.1 .70

Si nec severa l  d l  spi ay s  have been f a b r i c a t e d  to t b n l e - ee s sa rv

o r r . i t  i c i n g  t h e  X — Y m e t h i ’ ad we- a l so  decided to  examine t h e -  v a l i d i ty

n - I t t  i ’,-~- to t h e  powe r and l e g i b i l i t y  sp e c i f i c a t i o n s .  A s i n g l e  and

u h i - u u h m  I.- lev e l li s p I m i S  we- r e u t  i i i  zed , the forme r has — 30 % l i t  a r m - ’i per

. 1 1  m m c l  th.- l i t  u - r  7 57 ~ l i t  a r e - m i  per c e l l .

I t  was  apparent  I rem the  observer  t e s t s  conduc t ed  al normal
jo u r -imb ient that every charac te r  point in the panel ( s l i g h t l y  l e s s  than

.15fu  j i m  the test due to edge losses) was correctl y discernable. All the

p rintable ASCiI characters were correctly identified . At 2000 Ic I t  was

*Act ual , measured simultaneousl y to the measurement of othe r listed paramet ers .
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I m u d  t h i t  i i - - g r e - e l e- n h i m i i i u  c - m e - n t  was needed to m u h u t  m i l e  t h e -  - ins -  re- cult s .

T b -  best t l l t t - r  w as  a green louver~~~ filter from the’ 3M Company.

I t  i h i i i n g  t h i s  t i l t t - r  we’ r epea ted  the te-Sts above with similar acceptable

r e - s u i l  t s. llim ’ ‘ Ico i b Ii I e ve- I ’ panel  was b e t t o r  but  bo th  we ’re- l e g i b l e .

U t L u t  t i m e ’  l c u m i v e ’ r  t i l ter does restrict viewing angle ~,omewhat

a l t  I m , ’ m i c l u  this i s  n ot  so onerous  as would  be expec ted  s ince i t  only

ru - s t  n e t s  t he - an g l e  i n  one p lane . This  p l ane  can be chosen to be the

l i - c - m t i n  c cc i m eri t t o  t he  obse rve r .

i h e  p c m w e - r  d i ss i p a t i o n  in  t h e  pa ne ls was measured unde r

c o n d it ~~~ns~~~~e-r e  t h e  d t s~~1~~y was_ legible at 2000 fc (with filter).

The results obtaine d were mi s follows :

~ingle leve l panel Double level panel

No. o
1 

Miliiwatts No. of Milliwatts
( h a r a c - t e r s * t o t a l  whole _pane l characters * to ta l  whole pane l

0 50 0 135
56 145 56 390

128 235 128 520
25ei 425 256 980

*
~ character on the display.

h u t l i  sing im- mui d u b o e i h l~ - l u - y e - I p ine- I are w i t h i n  t h e - SCS ‘i f l i

Spec i t 1 c - i t  ions

‘3.5. l u c k  Vl Recipe Development — Packag ing Proc e ss

One si gnificant problem was encountered: this problem did

-cisc : the- loss of some potential displays. A tendency was observed for

Lut e- t op  gold/PbO electrode to electrically open at the joint where it

- il t - i che s t u  the fingers. This is a troublesome problem s~~flc ’ e- i f  i t

occurs t i t t e r panel seal it is v i r t u a l l y  unrecl cimable . Siu u ’t th i s  p a r t i —

c e i l a r  p r o b l e m  was rarely e ’n count er ed before  a s i g n i f i c a n t  search was ma de

t i ‘ Ii si:mu ver the cause- . Anal ysis of t h e  con tro l “chi ps” that always

pro u - u - c l  w i t h  the pane l through each stage rev ealed t h a t  the PbO (the,- top

‘JO
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- Id  adhic  - m i e n  1 aye’ r )  was significantl y iii 1 lum e- r t han slut 1 I f l e d .

The’ re - - mu on I or  I i i  is c hange was p inned down t t u  a r e p lacemen t of

-in e’v a p im rm t i on boat in the  r e s i s t a n ce -  h e - i t i d  ( l e - l u m u s j  ( i o n  of  the- ( ‘b O.

A m u - I  vh d c n um  ho mt had been r e p l m c  ed w i t h  Al  2 0 3 
u (u a t e - d  t u n g s t e n .  This  was

c o r r e c t e d  and to date  t h i s  p r o b l e m  has not  n - o c c u r r e d .

S i n c e - the “packaging proce ss” a c t u a l ly c o n s i s t i n g  of l aminar r e s i s t ,
p hmos p l m - u r  spray , top e l e - c t r o d e  e v a p o r a t i o n , on l y app lies to TF c i r c u i t s

that pass the t es t s  there  have been no p rob l ems  of t h r o u g h put  at t h i s

St~ i)~e’ .

31

a



4 . 0  C o n c l u s i o n s

‘i t this stage we can , with a high degree of reliability, state-

I l m i -  tol l m w i  cig :

(a )  We ’ h ave -  p roven  we- can f a b r i c a t e  the required TFT—patterns with

good --m l i _ I  rpne- sm

tb ) Wi-  have- solve - ui t h- heat related mask buckling problems .

(c) We- have’ achieve d pattern registration and alignment sufficient to

the ’ n e e d s  of t h e  d i sp l a y .

(d) S i g n i f i m m i m t  improve ments in glass,mask and chamber cleanliness have

bei ’n a ch i eved .

(c- ) The rate o f  ‘ throughput ” , i.e. the number of completed display

c i r i u l t s , has r i sen  d r a m a t i c a l l y .

( 1)  1 )e-Ii nit e improvements in film quality have resulted from improved

s h i e l d i n g  in  t h e  d e p o s i t i o n  w e l l .

(g) That we have achieved a good , r ep roduc ib l e , TF~ device rec ipe .

(h)  Tliat t h e  p r ime  residual probl em is microparticulate induced shorts

primaril y in the- dielectric films .

(I) W Im ivi .- su :m e- s sful ] y made ’ se-vi ral disp lays in the r e q u i r e d  d imens ions

and I o ninmat s u s i ng  I b i e -  X — Y  m e t h o d  m ind t h a t  those d i s p l a y s  meet a l l

ot tim e- required performance specifications of SCS 501 that have been

measured to date- .
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5.0 P r o~~ram I or  Ne~~Ij~y~trter

(1) ( ‘ u m i ’ m t i n i m e  to imp rove’ die ] ect ri c film quality, and hence-

d i s p lay qualit y . Through changes in the e—beam gun well and hearth

.c r r  - i c - m e - m t

(2) C ,mn tin ue to improve metal film quality through optimiza—

l u - n  ot  i m e , m r t l m  l i n i t - r s , d e p o s i t i o n  pa rame te r s , anneal c o n t r o l , etc.

(3) Modif y Sloan controller to stabilize output.

(4) As a resu l t  of above imp rovemen ts fabrica te good

h u mul it v disp lays.

(5) Comp lete’ the set up of the gamut of environmental and

p e r f o r m a n c e  tests and perform the t e-s ts  on both X—Y and pilot disp lays.

(6)  Comp l e t e —  the c o n s t r u c t i o n  of the  automated t e s t i n g  s t a t i o n .

(7) Delive r engineering samp les to Army .

6.0 Publications and R~yort’~

None
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7.0 Identification of Personnel

1) v, - n ’ -- i l l  s u p e r v i si o n  — Dr. H. Creen and Dr. D. H. Davies

P i lct  ‘ge r a t i on  — W. L. Rogers , R. E. Stap leton , R. C. Abraham ,

S. Burkholder , J. Cessner , Dr. h-I. Y. Wt-y , S. Youngk ,

II . Sh it i fer

1 ,ilo ~~m tc rv ES f a b r i c a t i o n  (X—Y) — Dr. F. C. Luo and D. W. Yanda

} ickmt - t ng and performance test — Dr. Z. Szepesi and D. Leksell

~~~ mask ul e- si gn and fabrication — L. Sienkiewicz and M .  Cresswell

Circuit test - P. R. Malmberg and others listed above .

m ’ n s u l t m i p t  — Dr . T . P. Brod y

1)uring the three months reported here the following personnel

~c-re - ‘ba r ge -ui to the contrac t  or worked direct ly  on the project. The

following hou rs were ch a r g e d :

hours — approximate
H. Gr een 120

*j) IL Davies 40

W .  L. Rogers 3(O

*R E. Staph-ton 20

R. ( . Abr aham 20

S. I). Burkholder 340

J. Cessner 350

H .  Y.  W~ y 360

j *F. S. Youngk 280
*Z. P. Szepesi  40

1. Csakvary 90

H. Shaffer 40
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hours  — approx ima te

*D. Leksell 24

*l. J . SIe’nklewicz — —

~M. W. Cresswell — —

*P. R. Malmberg --

*T. P. Brody ——
Shop/ Service s 115

Note F .  C .  Luo and I). Yanda (X—Y f a b r ic a t i o n  of displays )
are not directl y part of the MMT and E program.

As is well know to the Army , a large part of the effort

on th is program is funded directly by Westinghouse . Those persons

marked (*) are largely charged to Westinghouse programs.
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