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of high quality displays. The process improvements previously identified
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into two engineering samples and tested . One sample incorporates a
deposition sequence change which improved drift characteristics.

A total of 38 substrates (starts) were made and evaluated on the basis
of quality and transistor characteristics prior to packaging . This data
has been summarized and tabulated . Abnormal transistor drift was an
important factor contributing to rejects together with marginal mask
alignment and mask to substrate contact.

Parallel effort to resolve the problems of transistor drift was begun
in the development activity.

~~~
0

IITVIC*T~t~~~~~ . 

V.. —

/fl$ILMILIIV CSOP 

S E C i~ NI c c ( 1.  ~~~~~~~~~~~ OF ‘ ,,is o A c ,~ I ~~~~ lIt.,r l

I 
~~~~~~~~~~~~~~~~~~~~~~~~~~ _______



_ _ _  V 
-

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

~~~~~ 
~~~~~~~~~~~~~~~~~~~ S V ~~~~~ V 

.~~~~~~~~ . ——.-—— —- V., ,.- —

TABLE OF CONTENTS

ABSTRACT i

1 . PURPOSE 1

2. RESULTS AND DISCUSSION 2

2 .1  INTRODUCTION 2

2 . 2  SU?-01ARY OF PROCESS fl~~ROV~ 1EN TS/CHANGES 2

2 . 3  OUTLINE OF PROD UCTION PROCESS 3

2 .-. VI SUAL CIRCUIT INSPECTION 5

2 . 5  ELECTRICAL TESTS 7

2 6  PACKAGING EVALUATION 7

2 . 2 CONCLUSIONS 16

3. RESULTS OF X— Y FABRICATION OF DISPLAY S 18

~~
. EXPECTED RESULTS NEX T QUARTER 19

5. PUBLICATIONS AND REPORT S 20

6. IDENTIFICATI ON OF PERSONNEL 21

7.  DISTRIBUTION LI ST 22

~~~~~~~~~~~~~~~ ~~—



V. 
~~~~~~~~~~~~~~~~~~~~ — ____—_~_~~~-.,‘~~ ~~~~~

LiST OF FIGURES AND TABLES

Page

TABLE 1 6

TABLE 2 8

TABLE 3 9

FIGURE 1 10

FIGURE 2 11

FIGURE 3 12

FIGURE 4 13

FIGURE S 14

FIGURE 6 15

FIGURE 7 17

V. ~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _ _ _ _ _



~~~~IUUIUUUUIUUUUUIP’UU1UP~ 
V.I_ S V 

~~~~~~~ V~~V~

ABSTRACT

During this period the major emphasis has been to f a b r i c a t e

a number of hig h q u a l i t y  disp lays. The process improvements previously

iden t i f i ed  as necessary fo r  success were imp lemented w i t h  the resul t

that the objective has been met. Four highly legible half panels were

packaged into two eng ineer ing samples and tested . One sample incor-

porates a deposition sequence change which improved drift characteristics.

A total of 38 substrates (starts) were made and evaluated on

the basis of quality and transistor characteristics prior to packaging.

This data has been summarized and tabulated . Abnormal transistor drift

was an important factor contributing to rejects together with marginal

mask alignment and mask to substrate contact.

Parallel effort to resolve the problems of transistot drift was

begun in the development activity.
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1.0 PURPOSE

The overall objec t ive  of th is  program is to develop mass

produc t ion methods and techniques for thin film transistor display

technology . This novel technology is most amenable to computer

control and the 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 con—

siderable success, in laboratory style equipment and this work
continues under direct corporate support. The program includes

the development of methods, procedures and optimal recipes followed

by the rigorous examination of the displays for performance and life.

1
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2 .0  RE SULTS AND DISCUSSION

2.1 I n t r o d u c t i o n

A number of process changes and improvements have been intro-

duced during the past several months and during this report period.

The changes have reduced shorts and opens , improved pattern geometry,

reduced transistor drift and, in general, improved the overall quality

of the circuits. During this report period the pilot line was

operated in a pseudo—production mode . The primary objective was to

produce a number of high quality displays. In the following sections

the process improvements that have been implemented will be discussed

together with the results of the production run.

2.2 Summary of Process Improvements/Changes

The following is a listing of important process changes and

improvements that have been incorporated in the basic recipe.

Changes introduced to reduce shorts and opens

— Rigorous mask cleaning , physical scrubbing

— Better mask inspection after cleaning

— Use of 2—3 substrates as “mops” to callect surface particulates on

masks

— Use of electron—beam gun hearth liners for aluminum , copper, indium

and gold

— Additional shielding and improved designs

— Modified masks to reduce thickness of crossover insulator

(reduced stress and cracks)

— Improved substrate bake—out procedures

— Sweep electron—beam over edges of A1203 charge for more uniformly

degassed melt

2
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— Opt 1I~;I zed  al l  source p r e — c o n d i t i o n i ng procedures  f o r  b e t t e r

outgassing

— Clean surface of indium sourc’c to remove oxides

— Changed edge contac t pad metal lizatio n t o  Al/Cu/Au to insure

continuit y with Al interconnects

— Sand b l a s t  Kovar b a c k — u p  s h ie l d s  to increase  f i l m  adherence

— C o r r e c t e d  p r o b l e m  w i t h  Sloan c o n t r o l l e r  to  e l i m i n a t e  power sp ikes

Changes Introduced to Improve Pattern Geometry (Alignment, Sharpness)

— S t a n d a r d i z e d  on thinner masks (.0037 inches thick)

— More frequent inspection and replacement of oversize teflon bushings

Changes Introduced to Reduce Transistor Drift

— Adapt direct indium dop ing method.  Depos i t  2—3 angstroms of ind ium

on CdSe.

— Modif y depos i t ion  sequence fo r  m u l t i — l a y e r  s torage capaci tor

2 . 3  Out l ine  of P roduc t ion  Process

A typ ical run consis ts  of a single pump—down event. Two

c i r cu i t s  are usual ly  produced per run.  Addi t iona l  subst ra tes  are loaded

into the vacuum chamber to act as “mops ”. These substrates are 
d

engaged with each mask to collect any surface contamination before the

two ‘ good” substrates (circuits) are processed. After completing all

layers on two good substrates, the vacuum chamber is unloaded. Each

substrate is visually inspected at SOX to b OX . Transistor geotnetrv

is studIed over the entire substrate and any abnormalities are recorded.

These may include gate misalignment , shifted top and bottom gates ,

double images and poor pattern sharpness. Often these defects occur

only on one side of a substrate or in a particular section . Other

defect catagories are also noted such as pin scratches , substrate

cracks , substrate debris usually caused by premature mask peeling

(insulator) , specks in insulator films , and “rabbit tracks ”. Rabbit

tracks are believed to be caused by sharp projections on the mask

surfaces. ~\fter visual inspecLion , the substratos are annealed at

3
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350 °C f o r  10 hours in f l o w i n g  dr  n i t r o g en .  A second v i sua l  i n s p e c t i o n

t o l l ow s  the annealing s t e p  t o  detect an~ meta llic c I r r o~’ion t~~~L . . t S ,

i n s u l a t o r  c r ac k s  or p e e l i n g .

The nex t  s t e p  is to e l e c t r i ca l ly  t e s t  a smal l  number  of

t r a n si s tor s  at  the c o r ner s  and m i d d l e  of each s u b s t r a te .  A power  and

log ic t r a n s i s t o r  in each of these  areas is m a n u a l ly  probed and

connected to a 5Th T e k t ron i x  curve t r a c e r .  Data  is taken on a number

of pa ramete r s  i n c l u d i n g :

— “on ” c u r r e n t  a t  Vg 20V , “ SD 1OV

— drain cu r r en t  ( leakage)  at Vg OV , 
~SD 

= 20V

— drain c u r r e n t  ( o f f  c ur r e n t )  at Vg — 20V , V SD 20V
— vol tage breakdown between ga te  and source/d ra in

— c a p a b i l i ty  of the power t r ans i s to r  to w i t h s t a n d  hig h drain voltages

(> 300 vol t s )

— transistor “on” and “off” stability

Shorts  are then recorded between the gate  and ground bus , source and

gate  bus . Busbar c o n t i n u i t y  is also checked at t h i s  po in t .  O f t e n

shor t s  can be “cleared” if onl y a few are de t ec t ed .  When a subs t r a t e

passes all e lectr ical  tests , EL phosp hor layer is app lied. A f t e r

appl ica t ion  of the p hosp hor , the s u b s t r a t e  can be connected to the

exerciser  to disp lay an array of a lphanumer ic  cha rac t e r s . At this

s tage  a v a r i e t y  of de fec t s  can be v i sua l ly  observed such as.

— open busbars

— additional shorts produced by the high ac voltages

— poor ground contacts

— transparent top electrode problems (continuity)

— phosphor problems (connection to the EL circuit electrode)

Techn iques  ar e  being developed to repa i r  most of these d e f e c t s .  R e p a i r s

are o f t e n  made if the  number  of d e f e c t s  !s smal l  and the loca t ion  is

access~ b 1e. A f t e r  c om p l e t i n g  a l l  r e p a i r  wo rk ( i f  needed)  the panel is

checked on the  exe rc i se r  and a photograph  is taken  of the d i sp l ayed

c h a r a c t e r s  fo r  f u t u r e  re f e r ence .  The i n ven t or y  of good h a l f  pane ls  is

4
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stored in a dry box . The best half panels are selected for  f inal

packaging and sealing. The basic steps in the sequence out l ined above

are as follows :

1. Vacuum deposit  c ircuit  matr ix

2. Visual inspection of c i rcui t

3. Anneal circuit

4. Visual inspection of circuit

5. Electr ical  test

6. Clear shorts

7. App ly EL phosp hor , test

8. Repair defects (if necessary and feasible)

9. Inventory panels , photograph display

10. Select best panels , final package

2.4  Visual Circui t Inspection

During the period covered by this report a total of 38

subst ra tes  were produced in the computer—controlled vacuum deposition

fac i l i t y. Table I l ists these substrates ~n chronological order

(top to bot tom of table) . Four defect  categories are tabulated

1. Alignment — good or bad(I)

2. Mask contact — good or b a d ( V’)

3. Scratches — none or yes (v ’)

4. Glass condition (cracks or breakage) — good or bad (v’)

Under “comments ” a check indicates the subs t ra te  should be rej ected

at this  stage . However , most of these subs t ra tes  were annealed and

elect rical measurements made on transistors . This was done to monitor

the depos i t ion  process to determine if the t r ans i s to r s  were wi th in

spec i f i ca t ion .  Twenty (20) out of t h i r t y — e i g h t  (38) substrates  are

considered re jec ts  as indicated in Table I becaus e of visual d e f e c t s .

5
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Tab l e I

Visual inspection

Mask Glass
Substrate Al igr~ ent Contact Scra tches Conditi on Comments

No. Bad (,‘) 
- 

Bad <~) Yes (~) - — 
(, ) ~__Rejected

215— 2
216— 6
222—2
223—6
2 2 7 — 2  V V

228—8 V ,
231—2 V
234—8
237—2
241— 8

24 3—2
244—6
250—2 V
251—6 V V
255—2

256—4 V V
258—1 V V
259—8
263—4
264—8 V V V

268—4
269—2 V V
269—8 V
27 2—4
273—8 V

277—6
278—8 V
283—6 V
284—8
286—6 V V

287—8
293—6 V
294—8 V V
300—6 V
301—8

306—4 V V V
307—8 V
311—6 V

()
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2 . 5  E l e c t r i c a l  Tests

Table 2 tabula tes  the 18 s u b s t r a t e s  that  passed the visual

tests with respect to key measured electrical parameters . These

include shor t s , power t r ans i s to r  “on ” cu r ren t , power t r ans i s to r  drain

cu r ren t  ( leakage @ Vg 0), logic transistor “on” current and logic

t r ans i s to r  drain cur rent  ( leakage @ Vg 0) .  Any parameter  tha t  is

abnormal (high number of shorts or excessive leakage currents) is

considered cause f o r  r e jec t ion  which is ind ica ted  by a check (V) mark

in the “commen ts” column . For example , substrate  216—6 is re jec ted

because of excessive shorts but the transistors are within specifications.

Substrate 263—6 has only a few shorts but the power transistors show

a wide spread in leakage currents across the substrate (160 to 5000

nano—amperes).

2 . 6  Packaging Evaluation

Twelve of the eighteen substrates listed in Table 2 passed

the e lectr ical  tes ts .  A Riston insulator , EL powder phosphor and a

t ransparent  top e lectrode was app lied to these circuits .  At this stage

the circui t is connected to an exerciser to display a set of alphanumeric

characters . Table 3 shows the results of an estimate of legibility

achieved fo r  each of the substrates. The estimate ranges from 60% to

100% . The best c i r cu i t s  were selected fo r  f ina l  sealing and these are

designated Engineering Samples #1 and #2. Figures 1 and 2 are

pho tographs of the display quali ty level achieved for each of these

samples.  I t  is evident tha t  the qua l i ty  is approaching that  of a

commercial or m i l i t a r y  s t andard .  However , a number of elemental defec t s

can be seen . Figures 3 and 4 show the same samp les wi th  all dots  on.

In Sample #1 (Figure 3) ~“68 elements are off on side A and ‘vh S elements

are off on side B. In Sample ~2 (F igure 4) the count is approximately

29 and 48 off elements (side A and B). Figures 5 and 6 shos. th’ same

sam p les in the  erase mode. The on elements can be counted for ‘-~ch

side of both samples. These residual defects include :

7
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Table 2

E l e c t r i c a l  Test Data

Power TFT ~~~~~~~~~~~~~~~ TFT
i Leakage i~~ Leaka ge

Substrate °~‘ (n~) ____ — —  
(jiA) Commen ts

No. Shorts Mm Max Mm Max Mm Max Reject (/)

215—2 Dead V

216—6 Yes 300 100 500 120 160 100 500

222—2 Yes 300 400 4000 100 125 100 2000 V

223—6 300—400 100 150 120 150 100 200

237 — 2 Yes 250 20 4000 2 60 20 80

243—2

244—6 Yes 100—300 250 2000 100 150 50 1000

250—2 120—500 200 1000 150 400 250 6000

255—2 300 25 500 80 100 200 500

259 — 8 60—300 100 300 100 150 100 250

263—4 300—400 160 5000 1 0

268—4 300—400 200 500 100 150 60 1000

269—8 400 350 2000 50 150 200 300

272—4 300—400 400 2000 1 0 200 4000

277—6 400 40 1000 80 150 50 700

284—8 2 300 200 1000 5 50 1 200

287—8 1 300—400 100 1000 100 150 40 800

293—6 Yes 300—400 100 500 100 150 300 2500

8
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Table 3

Packaging Evaluation

Substrate
No. Defects Legibility Comments

5 223 — 6 Scratched 60%

243—2 80%

244—6 Scratched 80%

250—2 Marked 70% Rabbi t  t racks

255—2 95% Engineering Sample 1/2

259— 8 95% Eng ineering Sample #2

268—4 90%

269—8 Al203 
Specks 80%

272—4 95~:

277—6 Marked 100% Rabbit tracks

4 284—8 95% + Eng ineering Samp le ~/].

287 8 95% + Engineering Sample #1

9 
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FIGURE 1-A
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FIGURE 2-A
SAMPLE #2, SIDE A , CHARACTERS ON
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FIGURE 3-A
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FIGURE 3-B
SAMPLE #1, SIDE B, ALL DOTS ON
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SAMPLE #2, SIDE A , ALL DOTS ON
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FIGURE 4-B
SAMPLE #2, SIDE B , ALL DOTS ON
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FIGURE 5-A
SAMPLE #1 , SIDE A , ERASED MODE
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FIGURE 5-B
SAMPLE #1 , SIDE B, ERASED MODE
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FIGURE 6-A
SAMPLE #2, SIDE A , ERASED MODE

FIGURE 6—B
SAMPLE #2 , SIDE B , ERASED MODE
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— elements that are permanently on

— e lements  that  are permanently o f f

— unconnected  or broken lines that  are either grounded ( o f f )  or

tl oat (on or off)

— ctossover shorts that cause crosstalk

ru e on elements are caused by a variety of sources, for example:

(a) a short between the power device gate to drain causes a series

capacitance condition that lights the elements.

(b) a short across the cell capacitor causes the power device gate

to be pinned close to ground ; the result is that the TFT is on and

hence the EL cell is lit.

(c) a power device channel short permanently lights the EL element.

(d) in addition , if opens occur at the power TFT gate or drain or

the logic TFT drain then the result is a lit element

(e) elements are off if , for example , the logic TFT gate is shorted

to the drain so that the VbIas gate (average 
— 40V) pulls down the

power TFT gate

( f )  line opens or line crossover shorts are much more s ign i f ican t  wi th

respect to display legibility than are elemental defects.

The exact condition depends on the electrical state of the line at

that instant , a logic TFT crossover short (or gate to source) causes

arbitrary on or off unmodula~ab1e lines. An open busline will float

on, picking up the ac—EL voltage , alternately if it is grounded it will

be off .

2.7 Conclusions

From the production run of 38 c i rcui t  s tar ts  12 c i rcu i t s

reached the EL phosp hor stage and were evaluated for  l eg ib i l i ty .  Opens

and shorts explain virtually all display defects. Figure 7 is a

bargraph presentation of the status of each of the 38 circuits . It is

apparent tha t  the m a j o r i t y  of c i r c u i t s  were re jec ted  fo r  obvious

visual defects at an early stage in the overall process. These defects

can be t raced to a l i gnmen t  and mask to subs t r a t e  con tac t  problems .
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3. RESULTS OF X—Y PANEL .ABR1CATION

Work has started on the fabrication of X—Y panels using

gold/indium transistor source/drain instead of the present

copper/indium . The objective is to produce and evaluate displays

that incorporate the gold transistors . These transistors have

been shown in other applications to have good resistance to drift

(off transistors turn—on under static negative gate bias conditions).

Engineering Sample ?‘~2 discussed in a previous section of this report

showed considerable drift (off elements turn—on) ; an improvement

was achieved in Eng ineering Sample #1 by re—arrang ing the order of

depositions so that the ground electrode was located at the top and

bottom of the elemental storage capac i to r .  A longer range solut ion ,

however , is to replace gold for copper in the source/drain of the power

ar~I log ic transistor in each elemental cell. This is not a simple

substitution process because the interactive effects of indium and

cadmium selenide with gold are different than for copper . The

transistor recipe must be adjusted to achieve the desired device

characteristics. Gold transistors have historically been more

difficult to reproduce which is a major reason for not incorporating

them in a panel to date. Unless the devices are properly formulated

and the deposition process carefully controlled , the characteristics

can vary significantly.

It is planned to fabricate several panels with gold transistors

and subject at least one of them to a life test. The initial test will

be run at room temperature.
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u- ; x u 5 Ecru- :u  R E S Ul t’S NEX t QU ARTER

— ~~ I I I I ) 1 C  ~tabli pan~-l s l’v the X— Y process

and on t he  pt lot machine .

— Desi gn and install an improved substrateS hold -r

d isen~ agvment system and demonstra t t opc~rat Ion.

— Start lnstall.ut ion of a class 100 clean room

area for the p ilot machin e and assoc iated

support operat ions .

‘
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5. PUBLICATIONS AND REPORTS

None
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b . IDENTIFICATION OF PERSONNEL

A l isting of peop le and hours charged to this contract in

this quarter would only constitute a small amount of the total program

since , as is well known to the Army , a major company funded program

parallels this effort. All personnel are now carried on the Westinghouse

program. They include:

Engineers TechnIcians

Dr. David H. Davies F. S. Youngk

Dr. F. C. Luo H. B. Shaffer

Mr. R. E. Stapleton D. Leksell

Mr. S. D. Burkholder 3. 3. Gesner

Dr. H. Y. Wey

Mr. W. L. Rogers

Mr. T. Csakvary

All the above are substantially 100% on the program .

Directly charged to the program in this quarter are:

Hours Charged

Management : Dr. H. Green ‘~~ 80

Additional minor efforts were put in by various personnel .
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