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‘This is the eleventh quarterly report on Contract DAAB07—72—O0~ l. -

During this period we have improved the  quality level of the 6” x ~~~~
‘ 30 i p i

TFT—EL disp lays. In addition we have rebuilt the jigs and tooling and
fabr icated 30 ipi d i sp lays using a new format. This format was designed
to be compatibli’ with the ECOM—ARTADS Digital Message Device. A few runs
w i t h  the new ( ( ( 0 1  Ing r e su l t ed  In reasonably good qua] i ty  d i s p l a y s  i n  the
new format.

DD • .~~~

‘ 1473 n i ru~~~i o~ NOv S~ 6 ol’S•~ L I 11 . / 
—--_-JJNcLASS,L.,F~~ D ~

— .
SE C U R I T Y  I A S S I F I C A T I O N  OF I ..r (‘AUF Ill. ~~ 1’~~,~ ~~~~~~~

- .- -
~~
-

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



_________________________ - -- - ,.•—. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ..

TABLE OF CONTENTS

PAGE

1. l n t r o d u c t i o  1

2. Improved deposi t ion methods fo r  enchanced t h i n — f i l m  2
c i rcu i t  f a b r i c a t i o n  

3. Development of a re l iable  second— level electroding 3
proces

4. Trans la t ion  of process  to a l t e r n a t e  f o r m a t  7

5. Resu l t s  achieved w i t h  new format  12

6. Considera t ions  regarding disp lay l i f e  15

7.  Conclusions 22

8. An t i c ipa ted  resu l t s  next  q u a r t e r  22

9. C o n t r i b u t i n g  pe r sonne l  22

10. Pub l i ca t ions , repor t s , conferences , l ec tu res , e t c .  23

i i  

_ _ _ _ _ _  _ _  __ _ _ _ _ _ _ _ _  __  -~~~ •~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~



Li ~~ ~~ 1 l. l . I, iSTRA TIUN ~
Page

4

1. M i cros cop ie d e t e c t  s i l o  Li t h i n  f i l m  ci r cu i t  4

2. 1i~p rovc d  level  I t  op e r a t i o n  i_ li ~~ ‘‘ x 6” , 30 ip i 5
2 l eve l  c l ec t r o d e l i  T F1’—E L ~il sp  t~ v

3. Dark  I I c  d n h o t o ~~! c rograp h of rca i d ua l  de l e c t  1
causiag  species

4. Second 1vvc~ ou t p ~1t pad ; o nt a : t  1 .1 l u r e  8

5. Format  o~ new display 10

N ew eel]  I a v c u t  I L s ed  Ui •\— ~ J i ; 0  
~~~~~ •~~ •~ L I ’  , II

0p cr a t~ onai pe~~~l~r 1lance 1~~’&i i •tehi ~ ven ~n DMD orm at  I

3. New eiemeuta .L cc l i  layout  as d c tu a l l y  L a br i c . i t 2d 14

9. Phospho r l i f e  r e l a t i o n s h ip lo

10. Per iod 01 TF~ m u l t i v i b r a t o r  c i rcu i t vs elapsed 20
t ime under cont inuous opera t ion

11. Device I / V  c h a r a c t e r i s t i c s  before and after 21
20 , 000 h r .  t e s t .

I j~:



_ _ _ _  .- .- ...- .

1. In t roduct ion

Up to this reporting period we have demonstrated the

fo l lowing :

• Excellen t , near defect free , thin film transistor addressed electro-

luminescent (TFT—EL) d isp lay s  at  20 l ines per  inch , 6” xb ” .

• Reasonable q u a l i t y  TFr— EL disp lays at 30 l ines per inch , 6” x 6” .

• ~\ process to increase the elemental lit area pcr cell to ‘70%.

• The achievement of drift—free stable high voltage , l ow leakage TFTs.

In this report we will discuss the continuation of the  6” x 6” , 30 l ines

pe r inch work ; the ach iev ing of good quality (low defect count) displays

that utilize a reliable second—leve l output electroding process is

detailed. In addition we report on the modific ation of the technique

that alters the format to a design that allows direct compatability

with an existing Army TACFIRE system component, the ARTADS—Magna vox

D i g i t a l  Message Device :Dt~~) . A . o i l v  I n c  in g  d e m o n s t r a t i o n  of  t he  wide

f o r m a t  u n i v e r s a l i ty  of the  c .a icept s  was •i c l i i evt ’d ; w i t h i n  a v e r y  few

f a b r i c a t i o n  runs  r easonable  q u a l i ty  DM1) c o n f i g u r e d  d Isp la y s were made

F u r t h e r , the de s ign  c t  t ho e l e m e n t a l  c e l l  t h i n  t I im la’,’out in

t h i s  D~W ~onf  I gu r e d  d Isp l i v  was f l i I l ~ • ‘oinp ,it  ib  I c  w i t  I~ a I t erna  t o  p r o d u c t  i ‘n—

t ype p rocess r ’f ; . T h i s  i u d ~~c . i ~ co t tat a l l  o t h e r  •ielt ’ r s ht i ng equa l  i t

shots Id be possib I c  to ab r i  c at e  such  di  up I •ivs  w i t h  met lI ds more  anienab l e

to m a s s — p r o d u c t  i on  m e t h o d s .  F’ I n .t I l v  t i i t  r esu  I t  s 0 .i (‘out inning rn

os t ~: rog rant i re  >~ 
i von.  The t c o t  now h as ; i ’  rumu I at ed ever  20 .000 Ii rs

~~~~- ~~~~~~~~- _- — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ‘ - -~~~~~- -.
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ot e:Oiit i flUOUS epe rat jolt W i  th oiii v a m i n o r  change in T V1’ t h r e s h o l d  t h a t

has  no signI 1 ic ui t 1 inp act  on disp .I ;iv otj e ration. 1’ ro~ oc t  ions

f rom the  da ta  ; ndi  c ut e  t h a t  we c o u l d  e x pec t  200 , 000 h r s .  of o p e r a t i o n

( 15 v r s)  and s t i l l  be W e l l  w i t h i n  t he  a l l o w a ble  t r a n s i s t o r  t h r e s h o l d

o per a t i o n a l r ange .

2 . Impr oved~~~~~osi tio n M e t I i u d s_ fo r  Enhanced Thin Fl in t  C i r c u i t  Fab r i ca t i on

M a j or  i m p r o v e m e n t s  were p r e v i o u s ly  ach ieved  in the  d i sp lay

d e f e c t  coun t  t h rough  imp roved s u b s t rat e  and mask cleanliness . Fur the r

r e f i n e m e n t s  in these processes f a i l e d  to si g n i f i c a n t l y  f u r t h e r improve

tile detect level. Yet detailed tracing of individual defects (elements

on or off uncontrolled by the bias levels , shorted busbar crossovers

and “opeos” in the thin film circuits) tndicated that particulate

contaminants were still evident in the 111mg at each defect spot.

Anal ysis  has ind ica ted  t h a t  a p a r t i a l  cause of these is “ i n — s y s t e m ”

particulates , i.e. met al flakes gene ra ted  in t h e  vacuum S stem i t s e l f

due to films peeling off the  walls and ji~ s u r f a c e s .  The particul atos

settle and are not  si g n i f i c an t  dur ing  o p e r at i o n  but are swir led  th rough

the chamber Juring roughing , (the initi al chamb er  e v a c u a t i o n  by tile

ro t a ry  p u m p ) .  To e l i m i n a t e  these  we have adopted a p rocedure  whereb y

the mask X— V Set iS c losed and the  su b s t r a L e  c lamped  to  i t  d u r i n g  t h i s

r o u g h i n g  p r o c e d u r e .  This  s o i l s  t h e  mask and s u b s t rat e  s u r f a c e s  and

preven t s  p a r t i c u l a t e  p i c k  up.  A t t ~ieug Ii t h i s  pr ocedure  has helped i t  was

found not to be a conip lete aI1SWV r. T h e  f i l m  q u a l i t y  S t i l l  needed

improvement, black irregular i n c l u s i o n s  still exi sted in both metal and

~1

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



d i e l e c t r i c  f i l m s . F i g  ( I )  i l l u s t r a t e s  some of these mic roscop ic

de f e c t s .  T u e  spec ies  shown , a l t h o u g h  sm a l l , an s t i l l  s u f f i c i en t

to cause sht o r t  i rig i n  t h e  c o m p o n e n t .  At  t o  r much  e x p e r i m e n t a t i o n  we h a ve

now a c h i e v e d  1 S i g n i t  l e a nt  r e c u  ‘L i e u  in t h i s  p rob l em t h r o u g h  m o r e

e f f e c t i v e  degass iug  ot  t h e  soilrcc ”iatc’ria 1 s , more  u n i  f o r m  sweep on t I i ~

e— b e a r ~ p u n  and t h e  USe’ of a mcdi led c— b e a n  g u n ;  tile- ,\ IRC O S T I l l — I A .

1’Iie new pun  i n co r p o r a u e ~ r o t t ~ _~~ h e a r t h  s u r r o u n d  r a t h er  L h o i a

s t a t i c  one and t h i s  has h e l p e d .  Fi g ~2)  i l l u s t r a t e s  a typ i c a l  6 ’ x 6”

30 Ipi l i s p  l i v  in o p e r a t i o n .  T u e  q u a l i ty  evol  has i m p r ov e d  s i nce

the las t p e r i o d  a l t h o u g h f u r t h e r  advances  a r c  r e qu i  red .  Pc

examined and t r a c e d  i n d i v i d u a l  defects in these 1ate~ L d s p  [a v s.  On

f i r s t  e x a m i n a t i o n  the  bu lk  of t ile d e fe c t  caus ing  p a r t i  ( - u i a te s , S L I P  as

sh own In Fi g ( 1 ) ,  have been removed.  I-however we have  examine d  sue

c i r c u i t s  in a h i p h  power  dark  I l e i d  n i c r o s c op e .  [‘r i d e r  t: cs c  c l Od t ien s

i t  is clLa r t h at  se still have ii p ar t i c u i a te  u e l cc t  p rob l em b u t  los’

we are  U c d i i I l O  W i t h 1 s r o l l  c I i i s ~, l~ ; ) l r t  i & - l ~~s. Fj c  (~~~l I I

t hese s u b — m i c r o n  l e v e l  0 ’ ~ ec1  ~-po  U s  in d a r k  I i d  ~I I  c r o s c C ’rv

3. Dc~~c L -j ~ :ie ’ : i  . 1  :~

1,15 C 1 a~’1 I I ’  I r ‘ ‘s s I  I i ’  1’ i n  ‘~ I I  0 1 ’ O  1 1’.~ 0 .11’ C; l -
~ 

n• - ‘V j i:e

i s o lat i o n  b e t ~ ’e1n  a t o p  _ c~~t r ose ’ 11 1 1 11 t h i n  ‘i lm : r a s -~i s t o r  c i i u~~t s .

I’h is m u l t i — I  , ‘: i a p p  no  I I  I 1~~I 5  P~’ I e e l  eel i n  p ‘ cv i t l s ’~1oi t It s , I~ ’5’~ ~~Y

test o p e n  t i  ‘n i n :  i C I  I t h a t  . r c  I I t o t  t ’ O 0 I ’ H h 1 d  l e V I  I C 0 r i t 0 C’ i  S w e e

no t  n e i l  a bl e .  I ’Iie a i  I n c  no de 1~ sc - s  It  e ’ r i c i n - i l  i! ‘ i t  pad s t i l l

l i t  the reby ind i c .it trip I L ’  C l e - l ~~~1t i i  c i r c u i t  i s  - I I l l  ‘ un t i o n a l  hu t  

~~‘,-‘ -—,-_ --- - - - - - - ,- ~~~~, -‘-~~~~~~ , - , ‘ - — - -----
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Fig. 1. Microscopic Defect Site in Thin Film Circuit

~

. - - “~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~ — ‘  --~~~ _____ -‘.-

~~~

-‘.- -



- 

I —

I — —

Fig. 2. I lPp l ’Ove ’d Level of Opera tion in 6” x 611 , 30 ipi
2 Leve l Elect roded lET-EL Disp lay
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t ha t  the contact to the top pad has opened , see Fig ( 4 ) .  De t a i l ed

examina t ion  revealed t h a t  tile p h o t o r e s i s t  was l i f t i n g  and b r e a k i n g  the

c o n t a c t .  A f t e r  s e v e r a l  a t t e m p t s  a process  t h a t  p o s t — n a r d e n s  the r e s i s t

at the  c o n t a c t  i n t e r f a c e  w i t h  the  glass was d e v e l o p e d .  Reverse exposure

with Imp wave leng th  u l t r a v i ol e t  is used ; the EL c ’u tp u ~ c o t i t a c t  pad

of LPe TFT elemental clrcu il s be inp used as the selt— atigning ‘kli ctottask.”

l i t  is p rocess  a p p e a r s  to work ‘-cr ” well , since in c or p o r a t i o n

o’e have i e t  seen o”i  den ; ’e s~ f i r st  to second levei fa i  iure.

4 .  T r an s l a t i o n  of Process to  A l t e r n a t e  rormat

so a r e su l t  of  a con t r ac t  m o d i f i c a t i o n  the  p rocess  was nos’

a d a p t e d  to  ch.in ’ :e the f o r m a t  of ti le disp lay t rem 6~
1 x n to 3.4” x 7.0”

(I .  9 ’’ x 6 .  o ’’ a c t i v e)  . This  l a t t e r  f o r m a t  is- ~~i’’ p at  i b l e  w i t h  Lh e

~1iIS:I I V O X  Co r p or a t i on ’ s—ARTADS D i g i t a l  ~1~ ssage Dc -vice  (D ’W) . it  was

, IC ’ l L ’ i I _ d iJ 0t no b a s t e  e l e m c n t - ’i i  . - H .s i t~’s ~~~ to  ‘ O C - j O C .  ~s I tnt ,

l u  ilio male r itI S o l o n  \ , o J ~~d (IL 1 1 5 1 . i I .  l i l t ,  ei1~~i ’ I i iV i_ s  ~ >: 32

c h . t r a ~~t~ i s  C 2 ~’6 )  ‘r 77 s ? 2 2  I i i ’ i ‘,~‘ i .’n :’s ! i ‘ pui t t ~~c .  l i e  e l e m e n t a L

r i S ’ i s t i o r -  15 I S e l -  30 h p l ,~~h.’S ’  i O  -,, - . ‘ o : l .-; t l n I p l I L ’ i i t  ted ‘ i t

6” x

I: s-as , 1 - t e ’ rm i u e ~ 1 ( h - I L  t i - s  o h  c , c l l l O  i e L : , f l S  s t i

t o  u’ I a ’s t t l 1 i ~ ch , i n s

( ) I j  r ,ie ’d h I  ‘ t OI l S

- i )  \ t ci t  - in in  t r i o  r P ‘ - i t t  5 I I I !  105 ii re -

(b )  Pt , s’ su bs i  t O t e -  lL ) l I i t r c i  ni-s I e n r oL
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Fig. 4. Second Level Output Pad ; Contact Failure
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Cc ) New mask holder

(d) New magnet holder

(2)  New X—Y masks for circuit fabrication needed. It was decided

t ha t  these would be exactly to the required fo rmat  but should have

e x t r a  l ines fo r  f l e x i b i l i t y  and be on the required  750 gm/950 t~m bas i s .

(3) New ed ge connector masks needed. Must pick up a l t e r n a t e  con tac t s

to pull out source and ground in appropriate direction.

(4)  Ris ton  process.  I t  was decided to generate a new photop la te  v ia

metal  master  and contact  p r i n t  as needed.

(5) New glass subs t r a t e s  needed. They can be provided by Corning Glass .

All these tasks have been achieved and the new jig is in use. No

sig n i f i c a n t  problems were met except for the edge contact. The

picking out of the contacts  wi th  each separate block in d i f f e r e n t

d i rec t ions  was d i f f i cu l t .  Several new methods are being tr ied .

Meanwhile initial displays were made with “single ed ge ” source and

gate  con t a c t s .

The overa l l  des ign  f o r  the new display is shown in Fig (5) .

The e l emen ta l  r e so lu t ions  are 750 pm in the h o r i z o n t a l  and 950 im in

3 the vertical. The active display area is 2 . 9 ”  x 6 .6 ” and the  d i sp l ay

has 225 x 80 l ines , all 17,920 elements are addressab le .  A ~0 .2 5 ”

edge contact border surrounds the ic-Live a r e a .

I

I

II

--
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5. Results Aciiieve~I wi th New F o r m a t

Alter cc rv t ow ru i t s  di ~p ~1vs we te  ~ , i d e  wi  t h r e a s o n a b l e

p er f o r m a n c e  love  is;  ii t ili lu ghi lI ’L l e t  l e t  t h e dis p lays  are a c o n v i n c i n g

demons t r a t i o n  of t h e  case t i w o , i d t ~~ai t o a new lurinal. Fi g .  ( 7 )

i l l u s t r at e s  t i l e  re s u lt s .  N o t e  t li i i  t I e  e l e m e n t a l  ej ec t r i c al  c i r cu i t

is i d o : i Lj ~~j l to tha t u s e d  pl’en’i ’uslv as is t h e  m aterial system . Some

L I I a n ~~e s w er e  i- o d e i i i  ( l i t ’ i l U l \ ’ L J U L I l (b i l l  f i n  l a y o u t s  however ,  r i te  , -

redson I~~~ r th e~~c h l , t I I g e s  w e ’re two — I old.

(a)  I i ~r e u g I i  me ’r c d o t  t i  l e d  exatr i oat  jOO t l ay o u t  t o l e r a n ce s , desi gn

r u l t ,’s e t c .  dove ’ I i ’i’i 1 e’’~ e - t  St  - c i a l  ‘ e O ” ~ em ex p e r i e n ce ,  i t  was f e l t

tha t a s i n c  i c — I ” , ci di sp iny could ‘c ~ l U e  Wi ‘J’ L~ t i s  t - m a t  w i t h o u t

signi I icant sacrit ic e  in t I e  p e i e ’eu t  l i t  a rea .  This  is b o t h  a is p let :  to

make and p o s s i b ly  c o u i d  Lan ’~’ l o t  L e t  l i le since it. exc ludes  t h e  p o ten t i al i v

sens it i ve  Rist on ~~~ I , o e- r be 1 ng t v e r i a i c ~ s i  th  a t op  el e c t r o d e .

(b) It was d e c i d e d  to  u t i l i z e  -i l ay ou t that was appropriate from a

f u t u r e  ‘b r o d u c t  lea  standpoi i~ L . \ p r  oduc t ion p ro c e s s  would most .  l i k e l y

r e q u i r e  a eh dj ~~ t t e d l I a ~ ’ie sy s t em  r~ m l i e ’ F t h a n  an N — i  r e t  nod .  This  i n

t u r n  r e q u i re s  a 1’ t ’ n m p u t e r  a i d e d  a - s i  ~y s t e , f l  ( t ’ . O  . \ p p l i t o n ( R ) ) , c o m p u t e r

c o n t r o l l e d  p h e t a p l s i t e p a tt e r n  ~- a s ~ t I e r s  .,‘id ~~‘c’-p l~’x h O t t l i O l e d m o c k s .

r hese c o n s t r a i n t s  r e s u l t  in a - ‘m I ’ i c x  s e t  of desi gn ru ’ os t h a t . l i m i t

l a y o u t  d e s i gn s . I n  asses  i I - i t  wi t Ii ( ‘oil L t i ct  !L\ \ l i  / —  , t —  d — 0 0 2  7 do t a i l  i- c

des i g n  base I o l l ow in g  those ’ I e s  u . n  l t e e ’ il ob t a i n eu i i i ~~, t h ~ X— V i , i t  c l O t

used in  t h i s  p r c i a m  w s h a o~ I I  c m  h i t - a c  i i i l  c ’ s .  Ftc 18) S i t S’S t u e  o p t i m um

i a v e ’u t  i ts  a~~t u a l lv  I i b i  I c  t e d .  As can i’ ‘ ‘ i i  I rein F i~~ (7) ~~i cee ’ ssf’ul

disp I a V S  hoc ,  b e e n  a , i~ t c  l i t  thi s 1 , 1  ,~~~ t i I I~~ i i i  ‘ t ’ I i I t ’ l l t S  l i e ’ ex i l e - i  ted

as no re’ i t  I t ’ m j ~ s a t  t ’ made I t  t hi -~ I ’ m  l i i ,  i t

- -
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6. ~~~~~~~~~~~~~~~~~~~~~~~~ Disp lay L i f e

‘rite factors raised by life requirements can be d i v i d e d  i n t o ’

three principal areas .

I.  B r i g h t n e s s  d e t e r i o r a t ion  t h a t  w i l l  o c c u r  w i t h  o p er a t i o n .

2 .  D et e c t s  t h a t  c o u l d  occu r , e l emen t s  or  l i n e s  t u r n i n g  on o r  o I l

and n u t  b e i n g  cent  rol lab le’. ‘these cou l d  a r i s e  b C C O U S C  t i  sb ‘N s t ’r

p e ns in the circuit

3. Changes ill  the IF’]’ properti e s w i t h  op e r at  i - s m  t h a  ct ’ t i 1 c ~ i s o

t h e  c i  er~en t  a to  d r i f t  c u t  ol speci I i c a t i o n .  T im i s  app l i e - s  to t h e  c i  r c u i

p 1st  e Sc)m& ’s’ t i , I t  b u t  i s  n or  sign i  f i  a n t  i t  s’ m l  en to  r u i ’ s m l c  a ’ p m ’

p e r i p h e r a l  s c a m t m i a ~ c i r c u i t s .

We ir e ’ c o n f i d e n t  t h a t  we can s a t i s:’, t h e ’ s t - c ln d  i I I I ’rlS t or  t h e

I t ) !  lowing reasons .

The e’hange in El brightness with tIle r a t  in  Ii ’ e i s  o I l - - w i t

tie’ I i noble under compa r ab le  d r ive  and p recess cond  i t  i o n s  to  t l o S e ’ Ft ;u I I U

h1e ’ l ’ e .  i t i l t ’ l i v e s  o t  5000 hr IIIIVC bc ’ e i i  e i t s e ’rv c t !  w i t h  t H e  !, ~l~ i I e i  o t t

me thod , the p I1OS I ’ h lo r  t i ’ l l  o w i n g  the  s I t ’ ~ O t t  ow ri l o t  i c ’ i m s h  i p , i - s n  i i :

Fig. (9). This t gu r c ’ is a r e v i s i on  ot  p r i o r d , l L , + 
id l e t i a ~~~- r I i \ s ’ l l  t

lun g er  ha i t  lit et 5’, in  I no  t c a t  i ’d .  Re c e - m i t  i e so I t s  11,1cc ’ h ’ ‘w u I P t Li

st r o n g !~ - d e p e n d e n t  on t h e  n e t h i i ’ d  t ’I ’ I ‘r m i n c -  I l ie ’ i i  I a ’ , , i .  i c i ng ,i P t

t y p e ’  ap p r o a c h  to pho sp h i e r  h ep n s i t  ion r c s u l  Is i n  a hl i : h i t r p h i t ’c’~~b o r ’  h h i m t ~1 ’

t a t  i~ . The i e ’sul  t is I t a t  (lie & ‘m b t ’ cl l e -d  p !i ’s~~lie r 1 , i V c !’ h i t s  ~O lt ic 5’i , i

h on g er  I~~f e ’ t h i n  i t  a h i g h  b i n d e r  C ( ’ i l t e ’i l t  i s  pr .~s~ - n t

I i t t  c z  V Ri,’po -~

1 1  
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-- ‘S 
— — S . ---- — 

~~~~ 
—“S ‘S 

~~~~~~~~ — ‘S5-’ 51 •’S’ ~~~~~~~~~~~~ ~~~~ - “ -~~
‘ ‘ ‘ ‘

‘ 
‘n =-~=- :~-‘-

‘ ,o- .p l~tJt’ t~~~

— 
‘ ;  r i — ~~ r

io 2 I I I I I  I i t 1  I i 1
1 10 io2

Time - Hours

Fin. 9. Phosphor Life Relationship

lb



—- -5---  
--- - ‘  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - - - — —- _----- - —

The method now used to fabricate displays (spray) results in

a h ighe r  binder ratio in the eventual layer. We have discovered , there-

f o re , that a more realistic figure for a half—life for phos~’hor layers

prepared in the same fashion as the display is “6,000 hr (see Fig. (9)).

Two factors alleviate this condition somewhat:

1. We are attempting to review our phosphor layer deposition

method to incorporate the better methods used in the earlier life tests.

This includes silk screening of the ~hosphcr jather than spraying it

and also includes the incorporation of a thin (800 ~~) dielectric film

over the phosphor. The latter prevents lateral leakage and can be

used to enhance contrast.

2. It is possible to still meet , wi th adequate leeway , good

operational life times. Using the relationship of Fig (9) and the

phosphor voltage/brightness relationship, it is possibl~ to convert a

1000 hr req uirement (say) into drive voltage. We have determined that

40 fE is more than sufficient to meet 2000 fc leg i b i l i t y .  To be able

to a c h i e v e  this after sax’ 1000 hr requires that the m a t r i x  c i r c u i t  be

capable 01 handlit ig a drive voltage equivalent to L
1
, where L1 is

derived from the value of (L
1
/L
0 

— 1). When t = 1000 hr in Fig (9)

this is ‘e0.40. Theref ore L
1
/L
0 1.40 and since L

0 
40 fL , then

L 56 fL  and the required voltage drive’ conditi on is ‘e90 V . This
1 rms

is only marginally above the initia l drive requirement of 80 V andrms

is well within t h e capability of the matrix and TFTs. This surprising ly

small increase in the maximum voltage rating comes about because of

the superlinear br l ghtn ess/voltagt- relationship inherent in EL phosp hor.

17
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l i t -  Nie’”l t i s i l  0 1 I F 1  m i t t  t : - . ~l i e t t  i s  i c ]1 c l c ’ c u n h e t m t e d  and

i’ u l c ’r c ’ I i cc - j S  ‘t a U t  t o  p i - ~~- ’,’ I -  us  p u b 1 t ~~~t . i i ’n 1 (i n this m o p i~~. Iwo m aj o r

I a c t o r s ir e , ’ Iii:pt rt I iTI  : t h e  app e ’ar ~in c c o l  J e l c ’c ’ i n i  ( F t ’ i - t t t ’ cl to m a t r i x

s h o r t i n g )  4iiid de’ v i c~ - d r i  I t . l w  C’ i l l~~ 5t ’S 0! ,lO~~e ’ i ’t  S c r c - p r e s e t in t i l e

d i s p l ay  — — i n i t i a l  d e t e c t s  and thoso th - t a p p e a r  d u r i n g  l i t  c.

f o r m e r a r e ’ c o u n t e d  as s c r ap  and are’ i t t , t h l e ’ j S - i  or e , under  c o n s i d o’r at  i~m .

The lat ter we h a v e  l o u n d  ~‘ t lT’~e ut ie l e r  Iwo  c a t e g o r i c ’s: those  w h i c h  appear

in the  f i r s t  few hours o t  operation due to  poor q u a l i ty  crossovers  or

devices and tho se w h i c h  appear  d u r i n g  r eg u l  or o p e r a t i o n .  Our  exper i ence

is that the vast m t j o r i t v  I
’ do’~ ects appear during the first fe’w hours

of l i f e .  After t h i s  i t  i i i  Ft i t I  ive’]y rare to  obse rve a d e t f c” c’t a p p e a r i n g

if the  v o l t a c e ’ U S e d  j f l  t h e  m i t  i a l  b u r n — i n  is not  ex cee ,ded .  This

phenomenon , cal led “ i n f a n t m o rt a lit y , i s  coiiunon to i ll i n t e g r a t e d

circuitry . Based on t h i s , we c o n d u c t  a 2 — h r  b u r n — i n  at the  maximum

vol tage  r a t i n g  a f t e r  o a t h d i s p l a y  i s  ab r i c ’a te d .  A f a i l u r e  here

is cons ide red  p a r t  of I ,ib rie ’,tt io:’i v i~-ld , not j ib . (The qu e ’ i-I t ion  of

i n i t i a l  ‘‘ as I a b r l c a t ~ -~i Jet ’ i - e t c  is d i s c u s s e d  i n  Sc - c t  ion ( 2 1  above~

T r a n s i s to r  t h i r ~’c!i ’ 1d - I n  I t  i s  a phen ommi en en t h a t  doe ’s 1l c c i l r .

as indeed it occurs wi thi all si Ii, on ~1, ’: i’ll t r a n s i  Stc -rs . W I Iii regard

to the matrix tr in sisto r s , i t  is  01 N l,t t jVe ’i\ ’ l i t t l e ’ sj ciil j jic ’ ,ifl c e’ ,

as has been discussed ~ t’ t’ ’ ’lc ’it 5lV. j u t ’  c i  t e c t  i l l  c l i i  I t  ~~m i a lp h . t nu m e ’t ’ic

or other non—gra\’ l e v e l  Jisp h ’ - ;  i s  ‘ i i i i i m ~i I  5 1 1 1 c c ’ the’ ~l ,v icc , I re ’

operating i n  a s at u r a t  ion mode ’ . i t ’S’ e ’ \ ’ c i , thi s i S  i t - - I  t I l e ’ c , l S t ’ i c r  tht ~’

pheripheral scanning circuits. To test stah l Ii N , i n  m1 -de ’ ii ~~ t

signif icantly differ ent from the operati c ti of 11w- sc ,uml n in c c i  I c u i t s ,

the following test was conducted.

—
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The t e s t  c i r c u i t  b r  t h i s  s t u dy  was a f r e e — r u n n i n g  a s t a bl e

m u l t  i v i b r i t o r  t h a t  was d i sc i t ssed  in  de t a i l  in t h e  N i n t h  Q u a r t e r l y

R e p o r t .

i’ ri c r to the’ start of t h e  t e ’st  , curve tracer 1—V characteris-

t i c s  cc r et ob t  a i  ned on Jew ice’ T
1
. I” o 1 r c u i  t was t hen s t a r t e d  and l e f t

to run cen t in u ou s l v  . ‘ l ie  l E D  m l a sh es ,i t  r o u g h ly  a 1 l iz r i t e ’ , and

I ’ or i o d l ic  do La was oh L a i  tied simp lv  by nodsu i’ ing  (ml t i m  , i  s t  e p w o t  C l i )  t i l e

t ime  r e q u i r e d  to Pest r o m e  100 pulses . l l e t  iii L , i t i c ’ S~~s ’ w i i  in  Fig (10)

Af ter 20.000 lii’ ~. ‘t  oper llt ion . ~~~~ c ’~i , I 1 ’.lc t c r j 5 t j e 5  ,~e, N ’ -5 , t l f l  t , I P C f l  Ofl

1’ , i~i~j~ l~ \cc ’re ’ t c -r” :ie i m’l ,’ i J~ ’~t t  I cii i t o  t t i e  c ’n i e  i s o  I s et  e’’icc’pt i o r  U

s l i g h t,  ci ,  r i  fli~ j  no ~1U ~’ to  a s ma l l  s h i m  t I I t i  i c ’SII t ’ ic ,  \ - It , - c  ( a p p r o xi  mit  t o  iv

0. IV ) cS a re -so  I t of s i  cti~ c i  c c i  r e t m i c  t ~~ PP 1 fl~~ . T h e r e  i s  mo c v i  deu ce of

f a s t  t r a p p  ing  as m d i  ca t ed  by the  e q u i v a l e n t  of  p u l s e c i — t t t o d c ’ c l i a r a c t o r i s —

t i e s  and dc c l i a r a c t e r i s t  i c -s .

Th e ’ c’h i i f l gt _’ i II I t i c ’ no  I Sc ’ p er i o d  . t f  t e r  .20 .000 h i r o f  cc ’ t l t  I nu ou s

oper~~t l o m ’i ‘~~a~ .15; I f l t l  c i t  b e ’ l i t , ’  ~L ’ i i t c ’d t o  t i e ’ sh i  i t  t t i  V ., . 1 P m  c h i , i n - ’~-

in V
f 

wi th  t ime ’  5 C 5 S d ! l L i ~ I l  I v  l ’ t - . i n ~~ t t i i t 1 t c , cc’ we ’ w o u l d  c ’i p e c m  , i:lc ’ t l i c - r

15; , c l i  i f  - - I ‘ or  . 2 d 1)  000 hi- ( \‘c’O r n  ‘i . lw I—V c • l i  a r i i c c r  i .st i c ’S Pc 0 i s ’

tad , i t  t e  1 ’ t O e ’ I c ’51 ore ,’ ‘0101 ,11  t f l  ~~~~~~ 1) .

I m~ t s~~ m l  r c l i  , ‘ , ‘ t ~ i i  V
1 

a i c -  n o t  s i  ~tu1  i~ on I in t h e  ope n a t  I~~’ti

of t i l e  J i s p i  iv or  I i i c l e ’e’j t h e ’ S c , t l t l t i i c ’ e l i  a l t .  I t  I I  c ’ l e , i r . l i i i  i ; f o i ’ e .

t h a t  t o e  L c C l t l i , ’ l t ’ ’\  c at s t u d y , so’ , ,i 11)01) h i m  j I c ’ t e q U i l c ’ii i i t  . F t

be sure’ , is’~’ - s i t s  t ,tt th is ct t O t ’ ~~ ‘ I F i  10 c ’x t c ’ m m — L ’ , c  I~ i t ’ , a t . i  ‘ ‘a

c x l  ~ 1 i ng d i  sp I acs  . Su c h  cx “ en  ‘td ’ t i  tn ~r n~’ P’ i t i e  - ct  i i i .  n c -v ,i nc ”’i  i e l  t h e

p rcci ’ u m t  MM~~l ’ 11 p rog r , lnm . + 
h u t  ~, i i  data ‘i i  ~ s 0 m i t . d i c p l . tv s  i n d i c a t e ’s

i- Cu~I Coot  n , i c  t l \ , \ P I t t ’ -  i~ - -i  Oi),’

I 

“C
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Original After 20, 000 hr operation -

Fig. 11. Device I/V Characteristics Before and 
-

After 20,000 hr. Test -
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good p o t e n t i a l . Over  100 hr of n onco r et inuous  opera t ion  on a 6 i n . ,

20 l i n e s/ i n c .  disp lay has been ob ta inod  wi thou t  a s i g n i f i c a n t  m a t r i x

de fec t  o c c u r r i n g .

7. Conclusions

1. The ex tens ion  of the p rev ious l y p r e - v e n  6” x 6” 20 ipi t echno logy  to

30 Ip i is now well  es t ab l i shed  and good q u a l i t y  d i sp lays  were made

in th i s  per iod .

2. The second level e lect roding  process  to  increase the percent lit

area is now reliable.

3. The methods have also been r e c o n f i gured under  a con t rac t  modi f ica-

t ion and displays compatible with an Army field terminal (the

ARTADS—DMD) fabricated.

8. Ant ic ipa ted  Resul ts  Next  Q u a r t e r

1. Several  good q u a l i t y  DMD f o rm at t ~~J disp lays t a b r i c a t e d  us ing

X—Y me thod .

2. Disp lays  r igo rous i ’~ t e s t e d  f o r  p e r f o r m a n c e , l t f e , and

e n v i r o n m e n t a l  p r o p e r t i e s .

3. F i r s t  a t t e m p t  at it i t e g r a t  ion of 01W d i s p l a y  w i t h  t h e  c o m p a t i b l e ’

th i n  f i l m  s can n i n g  c i r c u i t  r ec~~t i t I v  d t ’v e lu p e d  u n d er  W e s t i n ~ I iou se

su p p o r t .

9. C o n t r i b u t i u i l’ e ’r c i i a L ’I

Dr . T. P . B r o i l ’ ,’ D r .  Z .  P .  S~ic ’ p e s I  D. W . u an d a *

D r .  D . II. Davies * D r .  F .  W. C t e e - n e ’ I cli D . I c ’ k s t ’ l  1*

Dr .  I- ’ . C. Luu * t~. A.  b l e s t  , n *

*‘jhose pe ’ r_ oi m i c  h i t !  I c , i t  ~‘ I w c - rke’d css, ’ t m t  l i l l y  t t I  1 t inc on t b t t ’  Con I i - i  - t

~~~ N 400 h u r s ) .
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Q . P u b l i c  itiiM’i s~J~~p o r u s  , Con ic ’  ct - ac e s  ar id L e c t u r e s

The t’ei 11 ow t ug  p ap e r  was p r e s e n t e d

Real  I a t e  V i d e o  h en !  o rmaml c e  on iF 1—E l ,  1) isp 1- in ’s ’’ 1’’.- T . P.  Br t en-

F. C. Luc’ , I,. P. Szep€ —’ i , 0. H. D,i vie,t s , P. -;c n ’,~- ’~’,- , ACi iJ / ~L I C an d

Ot tO . Ut l : t t o .  D i sp l ay . J t - : n t 13 iet i i i i a l  Pon t - r e  n o , - , C~ , J9~ o .

A l t h o u g h  th e  work  r e p o r u c - d  was pr iii r i p i l l n  s u p p o r t e d  by

s t ’ st i :i ~~ i i , t t i s c  t i n s p r o g r v  r ’t t ’o r i c - . 2 ’,u ere m i s  a lso a c o n t r i t o t o r ’ - ’

I a c ts  r iifld was so d c k i i c c l  , ‘ i c
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