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A B S T R A C T

A m a n u f a c t u r i n g  methods  p ro jec t  has  been in i t i a ted  to e s t ab l i sh  a p ilot

p roduc t ion  line f o r  meta l  n i t r i de  oxide s e m i c o n d u c t o r s  (MNOS) b lock

or i en ted  random a c c e s s  m e m o ry  ( f l OR A  NI )  n iu l t i ch ip hy brid c i r cu i t s .  Dur ing

the pas t  q u a r t e r  the f i r s t  set of e n g i n e e r i n g  samp les w e r e  d e l i v e r e d , and

f a b r i c a t i o n  of the second set was  i n i t i a t e d .  F u r t h e r  e x p e r i e n c e  was ga ined

with a new low cos t  N IN O S  B O R A N 1  d ie . H yb r i d  c i r c u i t  and m e m o r y  ca rd

d e v e l o p m e n t  p r o g r e s s e d .  In a d d i t i o n , t r a n s i s t o r  e n d u r a n c e  t e s t i n g  concep t s

were  explored .
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PURPOSE

The purpose  of manufac tu r ing  methods  and technology  ( N I N I & T )  p r o j e c t

number  276 9758 is to e s t a b l i s h  a p r o d u c t i o n  cap ab i l i ty  for  m e t a l  n i t r i d e —

oxide semiconduc to r  (MNOS) in t eg ra t ed  c i r cui t s  fo r  b lock -o r i en ted  random

access  memory  (B O R A M ) .

N l i l i t a r y  o r g a n i z a t i o n s  a r e  faced  with a d if f i cu l t  h a r d w a r e  p rob l em in the

use of mo d e r n  day  compu te r s .  A sui table  m i l i t a r i z e d  s e c o n d a r y  s t o r a g e

t e c h n o l o g y  s imp l y doe s not exi st. Drum s and d i scs  cannot  s tand up under

the s t r e s s  of the groun d mobile env i ronment .  Mi l i ta ry  rea4t ime p r o g r a m s

a r e  f o r c e d  to be r e s i d e n t  in main m em o r y  because  e l e c t r o m e c h a n i c al

s tora i~e access  d e l ay s  canno t be t o l e r a t e d .

MN OS B O R A M  holds c o n s i d e r a b l e  p r o m i s e  of m e e t i n g  t h e  m il i t a r y ’ s

s e c o n d a r y  s to rage  needs .  An advanced  deve lopmen t  A r m y . N a v y  N I N O S

BORAM module has p r o v e n  tha t  s i g n i f i c a n t  volum e , w e i g h t , power  and use

f l e x i b i l i ty  a d v a n t a g e s  can be ach ieved.  When c o mp a r e d  to f i x e d- h e a d

e l e c t r o m e c h a n i c al  s t o r a g e  N I N O S  B O R V \ M  o f f e r s  MTBF ’ s 10 t imes  longe r ,

and access  t imes about 500 t imes f a s t e r.  
V

This  N I M ~ .T projec t  wil l  e s t a b l i s h  fo r  the  g o v e r n m e nt  a s o u r c e  of supp ly
f o r  NINOS B OR A M  s e c o n d a r y  s t o r a L ’e. .\ p i lo t  p roduc t i on  line wi th  a

d em o n s t r a t e d  cap ac i ty  of 1, 875 h y br id  c i r c u i t  per m o n t h  w i l l  be e s t a bl i s h e d .

Each hybrid c i r cu i t  wil l  con t a in  16 MNOS B OR AM  i n t e g r a t e d  c i r c u i t s .  Th is

p r o d u c t i o n  r a te  w i l l  p rov ide  su f f i c i e n t  h ybr id  civ c u it s  o a l low f a b r i c a t i o n  of

t h r e e  lb .  8 megab i t  B O R A M  m o d u l e s  per  m o n t h .  The h yb r i d  c i r c u i t s  w i l l

‘i o r i f o rm n  to E l e c t r o n i c s  Coni rnand T e c h n i c a l  R e q u i r e m e n t  SCS5O3 , and the

\U1/: T p r oj e c t  wi l l  be c o n d u c t e d  in a c c o r d  with E l e c t r o n i c s  Command

I n d u s t r i a l  P r ep a r i l rn ss P r e c t i r em e nt  R e q u i r e m e n t  N u m b er 15 .

x
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1. N A R R A T I V E  A N D  DATA

N1M~ T p r o j e ct  r e s u l t s  du r ing  t h e  r ep o r t i n g  per iod  w e r e  p a r t i c u l a r ly

e n c o u r agi n g .  S a t i s f a c t o r y  r e s u l t s  have  been ach i ev ed  u s i n g  the 6000C

chi p as a d ev e l o p men t  vehic le .  I n i t i a l  samp le d e l i v e r y  r eq u i r e m e n t s  have

been  met.  ~ hc el , ,n n t s  a s s o c i a t e d  with a cost  reduced  hybr id  have  also

i-natured.  M a r k e d  i m p r o v e m e n t s  in end p roduc t  cos t  po ten t i a l  a r e  expected

to be conf i rmed .

1. 1 E N G I N E E R I N G  S A N l I ~ LES

D u r i ng  J anua ry ,  the  f i r s t  se t  of e ng i n e e r i ni t  samp les w e r e  d e l i v e r e d  to

E C O N I . This  d i s c u s s i o n  r e v i e w s  the  p u r p o s e  and r e q u i r em e n t s  for  the

sam p le , and then exp l a i n s  and d o c u m e n t s  the e l e m e n t s  which compose the

s amp le.

1. 1. 1 Samp le R e q u i r e m e n t s  and D e s c r ip t ion

The NI NOS B O R A M  N I N I ’ .T r e q u i r e s  d e li v e ry  of two sets  of e ne i n e e r i n g

samp les to  d e m o n st r a t e  t e chn ica l  p ro g r e s s .  These  d e v i c e s  a r e  produced

t o  .~a i n  i n f o r m a t i o n  c o n c e r n i n g  p r o d u c t  and p r o c e s s  c ha r a c t e r i s t i c s .  Each

set  of samples  c o n s i s t s  of 17 h y b r i d  c i r c u i t s .  Tes t  data  and an

exp l a n a t i o n  of t e s t  me thods  a r e  to be p r o v i d e d  wi th  the  samp les.  The

d e t a i l e d  dev ice  s p e c i f i c a t i o n  is ~c~- -503.

In J a n u a r y ,  the f i r s t  se t  of s amp les w e r e  d e l i v e r e d  to F o r t  Monmouth .

Each of the  17 h y br id  c i r c u i t s  conta ined  16 of the B O R A M  6000C devices.

The to ta l  chi p d e l i v e r y  wa~ 2 72  d e v ic e s .  A l l  of the chi ps had been  qua l i f i ed

as b i n - U  die  at wafe r probe  ( The wafe r probe t e s t  was d e s c r i b e d  in the

second q u a r t e r l y r e p o r t ) .  A f t e r  h ybr id  a s s e m b l y, the  die were  r e s c r e e n e d

on the  s ame  tes t  equi pment  u s i n g  a s imp l i f i ed  v e r s i o n  of the  wafer  probe

p r ogr am .  l a t e r , t he h yb r i d s  w e r e  a l so  moun ted  on a m e m o ry  ca rd , and

were  op e r a t e d  in the  P ,OR 1 N I module  advanced  d e v e l op m e n t  model .

1 — 1
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1. 1. 2 BORAM 6000C

The 6000C chip p rov ides  2048 bits  of nonvo la t i l e  data  s t o r a g e . F i cu r e

1-1 shows the die and identif ies  the bonding pads. Pads a r e  g r e a t e r  than

5 mils 2 , and a r e  located on opposite s ides  of the die. The chi p m ea s u r e s

163 by 169 niils. A glass ove rcoat guards against scratches due to

handling. Protective devices on all inputs avoid damage by static charge.

As  shown in figure 1— 2 , the chip contains a fully decoded 64-wo rd by

3 2 - b i t  r andom access  m e m o ry  and two dynamic  2-phase  16-bi t  shif t r eg i s t e r s.

•\ l l  da ta  1 0  take s p lace s e r i a l l y th rough  the shif t  r e g i s t e r s .  The RA M  and

the sh i f t  r e g i s t e r s  may opera te  independent l y. Data is t r a n s f e r r e d  in

p a r a l l e l  between the R A M  and r e g i s t e r s  via a 3 2 — b i t  l a t ch . Da ta  ou tpu t

d r iv e r s  a r e  t h r e e - s t a t e  devices  capable of s inking  a low powe r Scho t tk y

load.  The 6000c has  been  op e r a t e d  ove r the — 5 5 ° C  to ~ 1Z 5 ° C  t e mp e r a t u r e

r a n e e .  The c i r c u i t  des i gn t o l e r a t e s  changes  due to t e mp e r a t u r e  and is

a l s o  i n s e n s i t i v e  to  v a r i a t i o n s  in powe r supp ly vo l tages .

1. 1. 3 T ype 1000 BOBAM M i c r o c i r c u i t

The type 1000 N INO S BORAivI  m i c r o c i r c u i t  is shown in f igu ~-e 1-3 .  Th i s

ea r l y d e s i g n  was deve loped  for  use in the A r my , / N a v y  f lO R A  NI m o d u l e

advanced  deve lopmen t  model .  The p l a t f o r m  p a c k a g e  is m anu i a c t u re d  by

T ek for n ~. The m ult i l a y e r a lumina  s u b s t r a t e  con ta ins  fou r  s c r e e n e d  meta l

l a y e r s  sep ara ted  by d i e l e c t r i c .  •V\ conip e~ e h ybr id  we ighs  37. 4 g r a m s .

F i g ur e  1— 4  i d e n t i f ie s  (N. . p i- i s , and labt  ls ind iv idua l  chi p m o u n t i ng  ~ i t e s .

Fi~~u r e s  1-5 and 1-6 p rov ide  the e l e c t r i c a l  c i r c u i t  f o r  he hybrid.  The

connec t ion  scheme  was e s t a b l i s h e d  to a l l o w  device  e x p e r i m e n t s .  E x t r a

p ads were  p rovided  fo r  c h a n g i n g  b lock  s e l e c t  si gna l s  and fo r  modif y ing

v i  r volt a c e s. These  f e a t u r e s  we re u s e f u l  with the  o l d e r  o n e - t r a n s i s t o r

c e l l  chi p d e s ig ns , but a r e  not used w i t h  t h e  6000C chi p.
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F icu r e  1 — 3  B O R A M  \ I e mo r y  M i c r o c i r c ui t  T ype 1000

PSi A 2 A3 . A4 . M OWO BS5 ~S6 BS7 . B SS
AC A l  BS2 8S3 BS4 NC L W C  V M~ ~PO T R

9
~~

f4 33
~~~~

.,4
~V Ol V 03 V 05 VO )  V 0 9 C L tJWP DMA ORB A t  0?

VO ? V 0 4 V OB VOB V O l O  OW A VCC . y
~~ 

V G G

1~ _ O 8 l 7 V ~~A

Fi~.ture 1-4 Pin Identification for type 1000 B O R A N I
M em o r y  M i c r o c i r c u i t
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F i g u r e  1-5 Bused C o nn e c t i o n s  in T ype 1000 B O R A \ I
M e m o r y  M i c r o c i r c u i t

1. 1. 4 Type 1000 BORAM Memory Card

the A rmy /Navy BORA\I module advanc ed development model was

designed to accommodate 32 of the type 1000 memory cards shown in

figure 1-7. A card p rov id es a physic al storage capacity of 622, 592 bits.

The board measu re s  9. 5 by 1! inches. Height is measured from the tip

of the connector shroud to the top of the board. The board occup ies

‘O. 3 cubic i n c h e s  and  weighs 2. ~~ pound s.

1. 2 BORANI 6002 S r A r u s

The 6002 integrated circuit resulted from studies of how to s imp lify and

shrink the older 6000G. The a p p e n d i x  A c o n t a i n s  a soon to be pub l i shed

p aper  which  d e s c r i b e s  the dev ice .  the  second q u a r t e r l y r e p o r t  s u m m a r i z e d

the r e s u l t s  achieved w i t h  t i l e  f i r s t  run s of the dev ice .  t h i s  r e p o rt  r e v i e w s

the  p r og r e s s  t h r o ug h  t h e  end of M a r c h .

1 — I
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A wafe r  probe p r o g r a m  f o r  the N l a c r o d a t a  154 t e s t  s y s t e m  has been

w r i t t e n  and debugged , and i n i t i a l  c h a r a c t e r i z a t i o n  of t h e  6002 is in p r og r e s s .

An error in the  m a s k  set  has  been c o r r e c t e d , and the  c o r r e c t i o n  has  been

ver i f i ed .  The f i e l d  r eg ion ion ~m p i - i nt t i a s  been ,t ~~~ust ed  to c i v . - a 4 M - v o l t

i n v e r s i o n  t h r e s h o l d .

1. 2. 1 W a f e r  Probe T e s t

F i g u r e  1— 8 is a s imp l i f i e d  b lock  dia~~r ,t n of t h e  w a t e r  p robe  t e s t , t he

f low is in tended  to m i n i m i z e  t e s t  t i n e b y d o i nc  f u n c t i o n a l  v. r i f i c a t i o n  f i r s t .

Die which  p ass  these  b l o c k s  a r e  c h a r ac  t & - r i z e d  and  t e s t e d  fo r  1 1 E V o p er a t i o n .

F i g u r e  1— 9 ,  the Tes t  P r o i t r a m  . i s t i n c .  is a N i t e r a d a t a  c om p u t e r  p r i n t o u t

of t he  p r o g r a m  f l o w . The colui-nn s  h a v e  t h e  f a l l o w i n g  n~e a n in c s .  SWN is

the t e s t  number .  F l .  or PR i n d i c a t e s  a f u n c t i o n a l or  p d r a r -V~et r ic  t e s t . The

n e x t  fou r  co lumns  a r e  the  f i l e  n u m b e r s  o: da ta  used  to s e t u p  the p r o cr ~im-

mable  c l o c k s ,  power  supp l ies  and p a t t e r n  L e n e r a t i o n  ha r d w a  t e . l O G , Bfl ’~
and BPN a r e  a c t i o n s  to be t a k e n  a f t e r  the  t e s t  and may  occur  A l w ay s ,

N e v e r , on Pass  or on i: i i I

As  an  examp le , t e s t  S\V N 1 is a p a r a m e t r i c  t e s t  u s i ng  po w e r  s e t up  1 and

p a t t e r n  1. LI t h e  t e s t  f a i l s , I . oL ’  21) is i n c r e m e n t e d, and the die  is r ej e c t e d

to Bin 1. No b r a n c h i n g  wi l l  occur .  A f t e r  b i n n i ng  the t e s t e r  r e t u r n s  to

SWN 0 and stops.  LI ~-~\V N 1 p a s s e s , SWN 2 is immed ia t e ly execu ted  with

s i m i l a r  d e c i s i o n s  oct the  r e s u l t s .  The c o m m e n t a r y  notes on the r i g h t

ind ica te  the  n a t u r e  of each t e s t .

Subs t r a t e  diode f o r w a r d  v o l t a g e  is c h e c k e d  p r i m a r il y to a s s u r e  a g a i n s t

m i s a l i g n m e n t  of p robes .  Th is  t e s t  u s ua l l y f a i l s  about 5 p e r c e n t  of the  die.

These  a r e  dev i ce s  a r o u n d  the edge  of the wafe r  which  w e r e  da m ag e d  in

p r oc e s s i n g  or a r e  p a r t i a l  die.

The sh i f t  i - e e i s t e r  is t e s t ed  to c o l l e c t  p r o c e s s  q u a l i t y  i n fo rma t ion .  The

r e ci s t e r  occupies  s m a l l  a rea  of the die. It shoul d have few photo d e f e c t s

and h igh  yie ld  if t h r e s h o l d ,  shee t  rho etc. , a r e  ~vit h in  s p e c i f i c a t i on s .

1-9
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A 1 diagonal
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(2) MEMORY OPERATION TESTS 1
816 memory fast response11j} Sy ster i  )5i’ W~ 11-

ii-~ k ,r 1,nard and ch~ cki~r~~o i r

0 D E V I C E  C H A R A C T E R I Z A T I O N  TESTS
1 . Su bstrate voltage for erase
2. Memory tra ns isto r pulse response 1200 .sec eras e -read;

10 c wr i t ’ -  ‘ r - i t  200 ,- sec erase 100 sec wr i te  read , 200 _ sec erase read )

+ 87 clear voltage high level

PA R A M E  T I-S IC T E S T S  -, B6 clear voltage low level

L’ iEV V ii lt  a il i t  b r , d ~ ~~~~~ I ~~ + 85 GG selected current

on input , -~~I 1 ’ ,i’1~ S ul l  • + B4 GG deselect leak age

+ 83 input term inal leakage

_____________________________________________________ 
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~~~ B2 Instate leakage or output drIve
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TEST FF11 ,F - i -II- I L I T: II Ni 1
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- N I I N LOO c - I N I— I, COMMENTS

0 C ~~‘ I t L I  N L~I
CV ~~ I I I t~i ) - I N 0 CONTACT
C ! I 1 .1 F t-’ F 1 N C SR

— 

~ t I I - 
‘~ Li ~, 1 1 , 

~~ CL — 2.5 ms.c
1 Ft~ 1 .1 N L i N C N L i  WRITE DIA I m,ic

C ) I i 1 1 t -6 ~ N a READ DIA
i~ F )  T 1 - N C N C ~i C CL — 2.b ms.c

i— I 1— 1 1, 1 1 I C WRITE DIA 1 m c
F[ 1 1 . - 

‘. F I . F I N a READ DIA
-
~~ C ~ ‘ ii I r 

~ ‘ ~, ~~ 
• 

~

1 a ~ I - . N a rj  0 1) a CL — 200 ~asc
T I - : N a a N a WRITE CK B 100 ~~ c

Ft  I ~ I 2~i N I I .~~~‘ READ CKS
~~~~

- ) T — 
~~ CL — 200 ~s.c

i a r ’  T 1 t i~’ N a !~ ii ‘I •~‘ WRITE l5~ 8 100MMC
j ’ T V  C T I i  - I.~ I READ ~~~~~~

c- I lL  1 1 1 1  F1’~ N a N a FIX 
~ T

I Cl ‘ . 1 1, Li  I Li  ‘_‘ 200 ~~~ CL
TT’ CI. T I i i  N a N 1 N U MEM V T

~~ I TV 

~~ 
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. 1 T ”  r~ I - I 1 j  N i i  CL’ AT —25
c c .- I N N ‘~ 

~ ~GG SELECT ED
V l S I  ~~I- I V 1 1 N C 1GG DESE LECTED
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,j~~ 1 1 .  I I - I I I ~~ LEAK —36V
. 1  1 I. • i 
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.
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-

- i ri 
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SWN 3 th ru  8 act to c lear ,  wr i te  and read a diagona l and i n v e r s e  diagona l

p a t t e r n  into the memory  at  r e l a t i v e l y slow speed. P a s s i n g  th is  t e s t

a s s u r e s  tha t  each bit  is being uniquel y a d d r e s s e d,  and tha t it  w i l l  s t o r e

ei the r a one or zero.  The y ie ld  of these  fu l l y func t iona l p hoto  d e f e c t  f r e e

m e m o r i e s  is a good ind ica t ion  of p r o c e ss i n g  qua l i ty .

SWN 10 to 15 causes  a c l ea r , w r i t e  actd read  of a c h e c k e r b o a r d  and

i n v e r s e  c h e c k e r b o a r d  at nomina l speed. On pass  at SWN 15 a b r a n c h  to 30

occurs .  T e s t i n g  stops on fail .  This gap has been lef t  for  addit ional

f u n c t i o n a l c h a r a c t e r i z a t i o n  t e s t s  which  wil l  be added l a t e r .

~ \VN 30 to 39 use the on chi p t e s t  p a t t e r n s  to co l l ec t  data  on m e m o r y

t r a n s i s t o r  r e s p o n s e .  B e c a u se  t h e  t e s t  d e v i c e  i s  p h y s i c a l l y c lose  to t h e

m e m o r y  a r r a y ,  the m e a s u r e m e n t s  shou ld  c o r r e l a t e  to a r r a y  p r o pe r t i e s .

SI I V \  41 to 48 a r e  I C  m e a s u r e m e n t s  which  a s s u r e  tha t  the die has

s u f f i c i e n t  c l ea r  v o l t a g e  and is not leak y. F i n a l l y a r e t e s t  of the nomina l

speed checkerboard i n v e r s e  is p e r f o rm ed , and the die is b inned .

1, 2 . 2 I n i t i a l  C h a r a c t e r i z a t i o n  R e s u l t s

F i g u r e  1-10 show s the  input  s ign a l t i m i n g  f o r  1-cad mode  ope ra t i on  of the

device .  C h a ra c t e r i z a t i o n  t e s t s  a r e  be ing  p e r f o r m e d  to d e t e rm i n e  how wide

an op e r a t i n g  range  ex i s t s  fo r  a l l  i m p o r t a n t  t i m i n g  r e l a t i o n s h i ps. For

ex amp le , the s h i f t  r e g i s t e r  has been  op e r a t e d  f r o m  1. N I H ,  down to  5 l iz  at

room t e m p e r a t u re .  Fi gu re s  1 — 1 1  and 1-12  a re  schnsoo p lo t s  of i-cad t iming .

ihe f i r s t  schrrioo is VGC y e  r s a s  t r a n s f e r  pul s i - wi d t h . It i n ;h i c a t e s  t h a t  t h e

f a l l i n L ’  e dge  of t r a n s f e r  can be moved over  a wide r a n g e  wi thou t  d i s t u r b i n g

p rope r  reading .  The second p lot ho lds  TR wid th  1~~XtV d at  900 nsec and moves

the p u l s e  towa rd the A1  f a l l i n g  edge . This  is a m e a su r i -  of t h ~ read a c c e s s

t ime . .\ t  VGG-~— 3 0 V  the l a t c h  is p r op e r l y  set about 600 n sec  a f t e r  the

f a l l  of A lt. . Op e ra t i o n  of t h i s  p a r t i c u l a r  p a r t  ex tends  a l m o s t  to VGG~~_ 1 5

if the - I ~~wer  acces s  t i n ; t - is accep tab le .
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— ~~~ V_ ~~~~~~~~~ —-r~~ 
V V V - __ _ _ _  ——--V 

~•__ _ _ . _ _  _ 7  ~_5V ~~~~~~~~~~~~~~~~~~~~~~ —_ __— _-.—___ __ — ___luII!I
~

Powe Suppi~ CXV 

~~~~•~~

__ { I f—
CS Chp S.i.a 5 1— — I f —
A0 S Add s es s th ~4 _~~ ~U 

I 
I A

~~~~~~~0 Li

AF Acceas E -‘~ i I. 15 
— — 

-

SR I aolIe , t~, 
— ~~~~ I

U U t 1~

~ 2 Pt,~~e 2  t~s 
— — U~ ‘ U

OW DII.  ,51 IS 
~~~~ ~~ ~~~~~~~~~~~~~~ ~~ w4iiii4iiiii. ~~ WI// I l l, .

DR DII .  ~~~t V
OD 

______ ___________
I 

~~~~

— 
0 —~~~~~~~ I

MW Mioso y Wr - Ie  I S

CL Ci.., aSo V 00 ] 15 I
Do 001 Cl~~ -

~~~ P~~ 
I Se,

71  ~~ ?7 V A  2

F i g u r e  1-10 B O R A N I  1 :0 0 2  Read Mode S igna l  T i m i n g

N u m e r o u s  c h a r a c t e r i z a t i o n s  of th i s  n a t u r e  a r e  b e i n g  p e r f o r m e d .  V\

number  o~ p a r t s  w i l l  be t e s t e d  ov e r  the  t e m p e r a t u r e  r a n g e .  W h e n  the

fa i lu re  edges  a r e  d e f i n e d , t e s t  and sys t em t iming wil l  be set  to a l low wide

operatin i .I  m a rg i n s .

F ’ii . ture 1-13 i s  a h i s t o g r a m  of the  c l e a r i n g  v o l t a g e  r i - a c h i n g  t h e  a r r a y ,  A

v e r y  t i g h t  gr o u p i ng  b e t w - e n  -2 5  and -2 t  vo l t s  can be sec -n . This  p a r am e t e r

is imn p or ~a n t  s ince  i t  u l t i m a t e ly d e t e r m i n e s  the  h i gh  conduc tance  t h r e s h o l d

the a r r a y  wi l l  r e s e t  to. U n i f o r m i ty  \k - i l l  be n e c e s s a r y  f o r  e n d u r a n c e  and

r e t e n t i o n  a s s u r a n c e .

1. 2 . 3 C o r r e c t i o n  of I n i t i a l  l o t  l~ r ob l c~mns

A l ay o u t  m i s t a k e  on the o r i g i n a l m a s k  set  p r e v i m l i d  c l e a r i n g  w h i l e  TR

was held a t  
~~~~ 

- l h i s  meant  tha t  f o u r- r o w  c l e a r  could o p e r a t e  onl y on

rows w i t h  the same h i g h  and low o r d e r  a d d r e s s  s ince  T R is used to set

h i g h  o rde r  a d d r e s s e s .  The problem was t r ac e d  to  a d i f f u s e d  c ro s s  under

1 - 1 3
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F ig u r e  1— 1 3  A r r ay  E r a s e  Vo l t age  I) i s t r ibu t ion

ou t s ide  the isolat ion a rea  and was  f i x e d  by c l o s i ng  a c o n t a c t  hole ( l eve l  3)

ari d r e r o u t i n g  the meta l l ine  ( l e v e l  ‘~~~I • The ‘~econd lot  had th i s  c o r r e c t i o n

and o p e r a t e d  p rope r l y.

rn addi t ion  to the mask  e r r o r , the f i r s t  lo t  a l so  had a f i e l d  i n v e r s i o n

imp lant that  y ielded onl y 27v t h r e sho ld .  since  ~~~~ t ’  supp l y and chi p s e l e c t

vo lt a g e s  a r e  30 and 35 vo l t s  r e sp e c t i c H v , r n a s~~ i v .  p ’r i s i ’ i c  l e akage  was

encoun te r ed .  Lower v o l t ag e s  w e r e  u sim ‘0 t e s t  he f i r s t  lo t .  The second

lot  r e c e i v e d  a c o r r e c t e d  imp l a n t  t ha t  p r o d u c e d  f i ’ l d  m v , - i- s ion t h r e s h o l d s  in

excess ~ 40 volts.

1. 3 H Y B R I D  C I R C U t T  S T A T U S

f h e  a d v e n t  of the 6002 i n t e g r a t e d  c i r c u i t  w i th  i t s  r e d u c e d  p in coun t h a s

allowed the development of a sirnplied cost i-educed hybrid circuit. The

¶n i n a r  f e a t u r e s  of the new h ybr id  w e r e  desc ri bed in the second q u a r t e r l y

r ep or t . [h e s e  c o m m e n t s  desc r ibe  the p r og r e s s  in p r e pa r a t i o n  of the h ybr id

d u r i ng  the  pas t  q u a r t e r .

1 — 1 (~

I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

j



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _~~~~~~~~~~~~~_ V 5 -~~~~~~~~~~~~ - _________.•

-‘

F i g u r e  1-14 shows the new m u l t i c h ip hybr id  m i c r o c i r c u i t .  P a r t  nu mb e r

64 7 R 52 7 G 0 1  has been ass igned  to this component .  At  the end of M a r c h  a l l

ma jo r  e l e m e n t s  had been def ined , and f ab r i ca t ion  and or p r o c u r e me n t  had

been in i t i a t ed,

F i g u r e  1-15 p r ov i d e s  a more  d e t a i l e d  view of the e t e m e n t s  wh ich  compose

the h ybr id .  The rr iu l t i laye r a lumina  s u b s t r a t e  s e rv e s  to i n t e r c o n n e c t  the

16 BORAM 6002 i n t egr a t e d  c i r cu i t s .

A stud y of economic opt ions  e s t a b l i s h e d  that  i n -house  m a n u f a c t u r e  of

the substrate was advantageous. The layers of metal and dielectric will

be def ined by s c r e e n i ng .  F in i shed  s u b s t r a t e s  a re  s c h e d u l e d  to be a v a i la b i e

~n May.

A u t o m a t i c  t e s t  equi pmen t  is b e i n g  p r o g ra m e d  to a l l o w  individua l t e s t i n g

of each s u b s t r a t e  f o r  s h o r t s  and or opens .  This  equi pm e n t  emp loys two

probes which a r e  moved  f r o m  p a d - t o -p a d  a t  h i g h speed unde r c o mp u t e r

c o n t r o l .  P rob ing  p a t h s  a r e  op t i m i z e d  by s o f t wa r e  d u r i ng  p r o g ra m m i n g .

The f ina l  c o n t r o l  p r o g r a m  is s to red  on a m a g n e t i c  tap e c a r t r i d g e .  P rog ram-

m i n g  was n e a r l y comp lete in M a r c h , and the  sy s te m  should be opera t iona l

wel l  b e f o r e  s u b s t r a t e s  a r e  ava i l ab l e  in May.

The m e t a l  1- by 2 - inch  p ackage  is being p u r ch a s e d  f r o m  Tekfo rm.

In i t ia l  p a c k ag e s  w e r e  d e l i v e r e d  in M a r c h , and a second shipment  is due in

Ap r i l .  Exper ime nts  to in s u r e  p r o c e s s  compat ib i l i ty  a r e  being pe rfo rmed .

Overall , the h yb r i d  package aspects of M N I & T  p ro~~ram a r e  moving

smoothly. It should b~ possible to use the new hybr id  c o n f i g u r a t i o n  fo r  a

po rt i on  of the e n g i n e e r i n g  samp le d e l i v e r i e s .

1. 4 M E M O R Y  C A R D  STATUS

MNOS 11() R : \N1 h yb r i d s  a r e  i n t e n d e d  fo r  use in s e c o n d a ry  s t o r a g e  s y s t e m s .

It is i m p o r t a n t  tha t  the s u i t a b i l i ty of the p roduc t  f o r  t h a t  app l i c a t i o n  be

conIirrned under  ac tua l  sys tem opera t ing  cond i t i ons  at  an ea r l y da t e .

1- 17
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Toward this end, memory card8 compatible with the Army N a v y  F , ( I P V- \M

module advanced development model are being p r e p a r k V d .

Each memory card will contain 19 of the 64 7 R 52 7 G 0 1 h yb r i d s  and

appropriate driver and buffer circuitry. By the end of March all circuit

design was comp lete. Drive r and b u f f e r  c i r c u i t s  wU re b r ea d b o a r ded  and

tes ted.

The detailed board layout will be initiated in A pril. Final a r t w o r k  is

expected in May. At that time a make or buy decision will be made.

Finished multilayer boards are expected to be available in July.

1. 5 E N D U R A N C E  TEST ING C O N C E P T S

During the  past  q u a r t e r  a s e r i e s  of exp l o r a t o r y  e f f o r t s  \v c-r , - u n d e rt a k e n  to

es tab l i sh  a means  of rou t ine ly d e t e r m i n i n g  and m o n i t o r i n g  t h e  -n d u r a n c c

c h a r a c t e r i s t i c s  of BORA M device  p roduc t ion . At p r e sen t  t h e  d e v e l o p men t

e f fo r t  is about 50 p e r c e n t  complete , and some of t h e  concept s i n v o lv e d

can be described.

1. 5. 1 Device E n d u r a nc e  Cons ide ra t i ons

The dynamic  and s ta t ic  c h a r a c t e r i s t i c s  of MNOS t r a n s i s t o r s  c h a n g e  as a

f u n c t i o n  of accumula ted  e r a s e - w r i t e  c y c l i n g .  The  n a t u r e  and m a g n i t u d e

of t hese  changes  m u s t  be k n o w n  q u a n ti t a t i v e l y, and m u s t  be t o l e r a t e d

b y memory  chi p c i r c u i t r y .  In o r d e r  to e s t a b l i s h  a viable M \O S

BORAM produc t ion  l in , - , t h e  M M & T  p r o j e c t  mus t  p rov ide  a p r a c t i c a l

m e a n s  of m e a s u r i n g  and r o ut i n e l y m o n i t o r i n g  e n d u r a n c e  s e n s i t i v e

p a r a m e t e r s .

F rom the stand point of readi ly o b s e r v a b l e  p a r a m e t e r s  the  e f f e c t s  of

erase-write cycling show up p r i m a r i ly in t r an s i s~~ r pu l se  r e s p o n s e

and in t h re sho ld  decay ra te .  W e st i n g hou~~ has c o n s t r u c te d  a spec ia l

u n i t  ca l led  t h e  I \ ~Vf T e s t e r ’ to automat ical ly measu re  these  c h a r a c t e r -

i s t i c s  on samples of one to eig ht t r a n s i s t o r s.  The  second q u a r t e r l y

r e p o r t  described it t  t h e  VT T e s t e r  itt some detail.

1-20
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The s tab i l i ty  of pu l se  r e s p o n s e  and t h r e s h o l d  decay with e n d u r a n c e

c y c l i n g  d epends  on m a l lv  f a c t o rs . E le c t r i c  f ie ld  s t re s se s  shou ld  be we-H

c o n t r o l l e d .  T r a n si s t o r  g e o m e t r y  and app lied vo l t age  w a v e f o r m s  m u s t

be d e f i n e d  wi th  e l ec t r i c  f ield  s t r e s s  l i m i t a t i o n s  in m ind .

G i v e n  tha t  e l e c t r i c  f ie ld  st r e s s t - s  hav e-  h~~ -n p r op - r l v  con ~~i d U -r e d ,

d i f f e r e n c e s  in e n d u r a n c e  can  he r e - I n t e l  to c l i f f e r e n c e - ~ in t u n n e l  l iv er

and n i t r i d e  p r o c e s s i n g .  In d i v i d u a l  p r o c e s s  c o m b i n a t i o n s  m l . ~ t be

c h a r a c t e r i z e d  for  e n d u r a n c e i i n d e  r kn o w n  -l e c t r  iz  f i e l d  c ,n ~t i o n s .

Selec ted  p r o ce si~es n 9u st  be m o n i t o r e d  I ( > i n s u r e  r e p e - : i C b i l i t v of e n d u r a n c e

p r o p er t i e - s.

i. 5 , 2 C y c l e  A c c u m - i l a t  ion l- g u a t i on

The end u s e  of t i : ,  l~O RA M  ! f ler f l Or v  ch i p det r nu r ,~~ t h e  n u r l h V r  of

e r a s e — w r i t e  c y c l e s  t h e  \ -INO S t r a n s i s t o r  wi l l  see . VV\ nv  g i v e n  s y  s 1 m

app l i c a t i > n can  I t -  e x a m i n e r i  t o  e s t a b l i s h  how m a ny  ( V Y ( V
V
~~~e5 a re  l i k e ly

to be a c c u m u l a t e d  in a f ixed  t im e-  per iod .

A c c u m u l a t e d  E lapsed  T ime  . M o d u l e  L)ut y . \V r i te  Duty Block Duty
Cy c l e s  = Block P r o c e s s  Time

T . D . 1 )  . D
— 

E \l  IV II  for  T
E 

and T
B 

e x p r e s s e d  in

B the  s ame  u n i t s

= ~~. i~ ~ i -
~~~ 

~~~IV : ’
~~~~I 

- 

~~i i  fo r  T
E 

in y e a r s  and
T

1~ T
B 

in m i l l i s e c o n d s

A c c u m u l a t e d  c y c l e s  ( n )  r e f e r s  to the n u m b e r  of e r a s e - w r i t e  cyc l e s

tha t  a mem o r y  t r a n s i s t o r  w i t h in  a B O RA M  chi p wi l l  be s u b j e c ted  to.

E lapsed  t ime  (T
E

) is c a l e n d a r  t i m e , a n d  is m o s t  c o n v e n i e n t l y ex p r e s se d

in y -a r ~~. Bl ock process time (T
B
) i l-i t h e  t ime ’  r e q u i r e d  by the  B ORA M

module  to s t o r e  a da ta  b lock .  G e n e r al l y, the  b lock  p r o ce s s  t ime  wi l l

be det - r m in e d  b y the  sp ’  -d l i m i t a t i o ns  of t he  c o m p u t e r  in te  r f a ce  protocol

spec i f i ed  b y the  u s er .
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As an example of a T
B 

time value , c o n s i d e r the N F D S  (:\ N l-IVU

interface and a block s i ze  of 2048 words. The f a — t ~~st  p r ; t c t i ~ a l  f low r t t t

for this interface is about 167, 000 words p e r  s e c o n d , or  ‘ - m~ c r0  ~~& (  ends

per word. T h e r e f o r e , the t ime to flow 2J J 4 S  w o r d s  is abe- : t  I .~ mli i i  ~t - r ’ :n ’h  s .

B e c a u s e  a B O R A M  s t o ra ge  s y s t e m  can  accept  ‘J a t a  at  t a s  r a t  , I t i t

v a l u e  would be 12 m i l l is e c o n d s .

In any g ive -n  opera t ing  e n v i r o n m e n t , a BORA M sy s t e m  would  a~~t : i . e l l y

be e n g a g e d  in w r i t i n g  data  for  onl y a p or t i o n  of t h e  e l apsed  c a l e n d a r  I i n : 1 .

The p roduc t  of two duty cycle’ f a c t o r s  c an  h -  u se -c l  t o  e s t i l l I a t e  t h -  w r i t e

tirri e f r a c t i o n.  The n~odule du ty  c y c l e -  
~

1
~ \t  

) i s  t he- r a t i o  of the-  r u n  t u n e -

mete r  r e a d i ng  to e lapsed t ime s i n c e  t h e  module  w a s  pu t  i n t o  s, - r ~ i c e . In

o t h e r  words , the modul e duty  is the  t i m e  f r a c t i o n  tha t  t h -  nL i o d u l  I

c o n n e c t e d  to an e x t e r n a l  power  s o u r c e-  - i. e. , r u n  t im~ - .

The second d u t y f a c t o r  i d e n t i f i e s  t he  p o r t i o n  of the  i- :n t i m e  t h a t  i s

devo ted  to w r i t i ng  data.  T h i s  is a more ’ complex f a c t o r  in t h i t  all

s y s t e m  op e r a t i n g  s ta tes  m u s t  be c o n s i der e d .  W r i t e  d u ty  cy c l e  (D
IV

is the  w r i t e  t ime  d iv ided  by the  r u n  ti m e. For c lar i ty , t h e  r ’m

should be b r o k e n  down in to  i t s  c o m p o n e n t  p a r t s .

1) — 
w r i t e  tini e

IV 
— 

run  t ime

— 
write time

Vi 
— 

write t ime  ~ read t ime  • w a i t  t i m e  -
~ othe r t i m e

‘‘Read t i m - - - is the- t ime  d e v o t e d  to r eading data  b lock s .  IV ait t ime  is

t h e  t i m e  when the  module  is wai t ing  fo r  t h e  c o m p u t e r  to p r o v i d e  a

c o m m a n d .  ‘Other  t ime ’ ’ is t ime  d ev ot e d  to e x t - c u t  ion of i n s t r uc t i o n s

o ther  than wr i t e or read .  An examp le of - othe r l ustru c tions ’ would i n clu d e

S T A r t i s , TEST , and I N T E R R U P T S .
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:\ n oth e  r d u ty  f a c t o r  is  r e q u i r e d to r e l a t e -  module -  w r i t e - tj m~- to  t he

a c t u a l  t i m e  spen t  w r i t i n g  one ’ t r an  si - t or wit b i n  one ch i p in t he  tIE clu le- .

A g i v ~’~ chi p is a s s oc i a t e( l  wi th  O n e -  of Y-’o da ta  l ) l O ( k S  s t o r e d  in

the  i~iodule . T h e -  f r e -que uc v of wr it i ng  one c h ip  (i . - . , o n e -  t r an  s i s te r  I

d epend s on nov of t  c -n a spec i f i c  d a t a  b l o ck  i s  w r i t t e - n .

The  lowe st s t r e ss s i t u a t i on  would o c c u r  if all a r e - a s  of — I  o r i g e -  w e r e

w r i t t e n  w i t h  equal  f r e q u e n - v .  S ince  t h e r e  a r e  ~~~~~ ‘ - h i o c  - , t h e -  l owes t  p o s s i b l e

v a l u e -  fo r  a ’ O l i l d l  I & V  l/2~n i or t ) . 003 . In p r a c t i c  e , i - ’ , n i t o r m  d i — t r i b u —

t ion  of w r i t i n g  over  t h e  n o ) d u l e - a d c l r e - ~ S -
~~p a e e - is  im p r o L o t o l e - . Some- b l o c k s

wil l  e x p e r i en c e - a p - a k  d u t y  l e ve l  wh i l - i t  h e r  a r e - r a r e ly  \ v r i t t e - n .  A r o u g h

a p p r o x i m a t i o n  of the  p c -ak  mi ght  i - C  to  a s s u m e  t h a t  o n ly  1 e - 4  of the

m o : l u l e -  i s  w r i t t e n  — i. e . , I)~~ is a : o - : t  0 . 0 1’ .

1. 5. 3 Cy c le  A c c c i i n : i , i t  i on  E~~p e ’c~ il  i o n s

It is  hel p f u l  to m e -  a f e w  t r i a l  c a l c u l a t i o n s  t i  e-xp lo r . - t h e  m a g n it u d e  of

cy c l e  a c c u rn u l i t  ion t h a t  c a n  be e x p e c t e d  in i p r a c t i c a l  case .

~ 3 f o r  a ~ - s h i f t  op e r a t i o n

D
IV . ~~ ~‘ p e r  c o n l m -n t s  in e x t

Q l h  n e - c  c o ’r : : :  - ‘ n t s  I n  t e x t

T~ , l .~ n i i l l i s e - c o n c l s f o r  “. T l ) S  (.-\N Ih I V

T - . I) . I) . 1)
10 1- . \ l  IV Bn = ~, ic x 1 0

T 1~

i~
) T 1, ~~~~~ -~ 

) (:, ~~ (: Ole ,

n =  ~. i e - x l O  -

1 -~

n = 7 x i 0~ T
1

For  t h e - s e - a s s u mp t i o n s  t r a n s i s t o r s  in i m O d u l e  in u se  for  a ~ O v t - a r

p e r i o d  would a c c u n i r l - i t d -ou t 1. -i x 10 ’ cy c l e ’ s .  l” or  a 1 0 0— y e - a r  p e r i o d
7 x 10~ cy c l e - s  vi V i d  be a c c u r o  da te d .  T h i s  is  p r o b a b l y  a r e a s o n a b l e  uppe r
bou nd for  ac t u a l  in s e - r ’~ice N T D S  ( A N I - I~ ) o p e r a t i o n.

1 — 2 3
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C o n s i d e r  the most a d v e r s e  case  al lowed b y the  N I D S  ( A N 1 h W )  sp e c i f ica -

t ion .  Suppose - tha t  some means  w e re  p r o v i d e d  to al low d a t a  t r a n s f e r at

~~~~ 000 words  per second.  A block could t h e n  lie processed in  S . 102 .

mi l l i seconds.  Also  a r b i t ra r i l y a s s u me-  hi g h du ty  cyc les .

D
\1 

1 for  a 3 - s h i f t  ope ra t ion

0. 5

D 0. 032

T B ~~ 192 ! l iu l l iSeCOndls

T . D . I) . D
N = i. lo x 10

10 E M W B
T B

10 
T

E 
( l ) ( 0 . 5 ) ( 0 . 0 3 2 )

n = 3. I n  10 
S . 192

fl = Ci . 17 x 10 T
E

For t h i s  e x t r e m e  case , 20 y e a r s  of opera t ion  would r e s u l t  in a t r a n s i s t o r

cyc le  a c c u m u l a t i o n of 1. .~ x 1O 9 cy c les .  A f t e r  100 y e a r s  t h e -  to ta l

cyc le  a c c u m u l a t i o n  would  be (- • 17 x 10 c y c l e s .

F r om t h e - s e  e x e r c is e  s , one- can  c o n c l u d e  t h a t  a u s e f u l  FtO J~ A \~ sy s t e m

can h e-  h u :  It if t he  m e m o ry  componen t  can t o l e r a t e  2 x l ( )  c y c l e s .  A
S

c o m f o r t a b l e  o p e r a t i n g  m a r g i n  would e x i s t  if m o r e -  t h a n  1( ~ cy c l e s  can  bc
(I

a C i : 1 V V
V e -d .  If as m a ny  as  10 cyc l e s  could h ,  a c h i e v e d , p : a c t i c a l  i -v s t  e m s

would  ne - ’~er be a f f e c t e d  by t r a n s i s t o r  e n d u r a n c e  c 1 u r i r i ~- t h e -  s y s t  -rn  l i f e - t i m e - .

1. .4  E n d u r a n c e -  M o n i t o r i ng

E x p e -r i m - n t s  wi th  d r a i n - s o u r c e  p r o t e c t e d  m e m o ry  t r a u s i - t o r s  h a v e

sh o w n  ace - e~~table  d e v i c e  s~ ab i l i t y  out to l O ~~ cy c l e s .  It i s  c l e a r  t h a t  th -

J I O R A M  app l i c a t i o n  does not r e q u i r e  t ha t  l e v e - l  of e n d u r a n e  c . For pu r p o~~e - s

of ~i o nj t o r i n ~ p r o i l i c t i a n  d u r i n g  t h e  \ i \ 1 -~-T proje-ct , i t  ,V, V V C I I 5  a p p r o p r i a t e -
10

to i n~~~e - - ~ t i 1 ’ , i t e -  e n d u r a n c e ’  e l f  t s  up  t i  IM i - y e - I c- s.

1-2.4
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The veh ic le  for o b s e r v a t i on  of e n d u r a n c e  will be t es t  s t r u c t u r e s  on the

BORA M die . A tes t  capac i to r  will  be used to check  n i t r i d e  t h i c k n e s s .  A

m e m o ry  t r a n s i s t o r  will  be used  to d e t e r mi n e  pulse  r e sponse  and t h r e s h o l d

v o l t a g e  dc -cay  c h a r a c t e r i s t ic s  as a f u n c t i o n  of cycle  s t r e s s .  The t r a n s i s t o r

is s imilar  to the  t r a n s i st o r s  in the  BORAM a r ra y ,  and can be expected

to a c c u r a t e l y  r ep r e s e n t  ac tua l  a r r a y  behavior .

The  p r i m a r y  tool fo r  g a t h e r i n g  data is the  VT T e s t e r .  Th i s  sys t em was

d e s c r ih e -d in d ie ta i l  in the  second q u a r t e r l y r epo r t . In f o r m a t i o n  f ro m  t h e

\ F Te s t e r  is  collec ted and s tored in a c o m p u t e r  f i l e . V a r i o us  da ta

r e d u c t i o n  p r o g r a m s h a v e  been  p r ep a r e d  to p roces s  t h -  data f i le s  and

p r e pa re  su rnmal- y r ep o r t s .

i—~n a l v si s  of a samp le r e q u i r e s  s e v e r a l  s e q u e n t i a l  s teps.  In i t i al l y ,

the  dev ice  is c h a ra c t e  r i ;~eci as to n i t r i d e  t h i c k n e s s  and p r o c e s s i ng  h i s t o r y .

T h e - n  it  i s  e x a m i n e d t h o r o u g h l y in an exp l o r a t o r y  m a n n e r  u s i n g  t h e

V .1 T e - s t e - r .  T h i s  te~~t d a t a  is  u sed  to e st a b l i s h  the  prope r o p e r a t i ng

c o n d i t i o n s  f o r  c y c l e  ~t r e - s s . The  d e v i c e - i s  t h e n  cy c l ed  10
n 

t inies , and

VT T e s t e r  r e a d i n g s  i r e - o b t a i n e d  aga in.  Thi s sequence  is t hen  repea ted

for  e - \ - e rv  r i e - c a d e  f r o m  10 ’ t o  10
10 

c y c l e - -- . The r e - s u i t i n g  data  is t h e n

p r e p a r e d  to show t h e  ~t - i b i l i t v  of d e v i c e  c h a ra c t e r i s t i c s  as a f u nc t i o n

of a c c u m u l a t e d  cy c l e s .

1. ~ . S E ndu r a n c e  Te - st I ) e ve lop m en t  St : e t : i ~~

C o n s i d e r a b l e  p r o g r c - s s  has  b e e n  m ad e - t e w i r l e st a i) l i s h me nt  of an

en d u r a n c e  m o n i t or i n g  c ap ab i l i t y .  I ) u r i n g  t h e  l a s t  q u a r t e r  t h e  m a j o r

c - l e -m e n t s  of th e - m o n it o r i n g  schem ~- - w e r e - e x e r c i s e d  on a t r i a l  b a s i s .

I V h e s e  l e a r n i n g  e xp e r i  I c e s  h ave  led to  an i mp r o v e d d e f i n i t i o n  of

h a r d w a r e  and s o f t w a r e -  r e qu i r en l  - n t  , and f u r t h e r  i mp r o v e me n t s in bo th

a r e a s  a r e  c u r r e n t ly b e i ng  i n t ro d u c ed .

I n i t i a l  expe r h- i - i ce - s  w i t h  th e- VT Te — t  e r  ha e r e s u l t e d  in d e f i n i t i o n

of s o i l - H - d e s i r e d  mod i f i c - i t  i o n s . The  v o l t  - t e - e  amp i it  t ide of the clear a nd

w r i t e  pu l s e s  w e - r e  on ci n a 1l~- s e - I  i n t e r n a l l y by  t h e -  s y s tem .  It is  no~~-

V , ~~~~~~~~~~~~~~~~~~~ - - ~~~~~~~~~~~~~~~~~~~~~~ 
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des i red  that the operator  be able to set t h o se  amp l i tudes  to allow exp lora-

t ion of dev ice  c h a r a c t e r i s t i c s  for  d i f f e r e n t  e l ec t r ic  f i e lds . The  labor

of manual ly r ead ing  and r e c o r d i n g  data f r o m  the VT T e s t e r  n i em o r v

is object ionable .  A d i r ec t  t r a n s f e - r  f ro m m e m o r y  to some m a c h i n e -

compat ible  f o r m a t  for  c o mp u t e r  da ta  r e d u c t i o n  is d e s i r e d .

The cycle  s t r e s s  equi pment  is also b e i ng  e x a m i ned  fo r  pos s ib l e  improve-

m e n t s .  At p r e s e n t , all d e v i c e s  be ing  cyc led  m u s t  op er a t e  at the  same -

vol tage leve ls  with the  sam e t i m i ng  sequence .  Cycle  a c c u m u l a t i o n  is

jud ged by r eco rd ing  s ta r t  and stop t ime.  It appears  de s i r ab le  to i n c r e a se -

the f l ex ib i l i ty  of t h e  cycle s t r e s s  equipment .  Improved con t ro l  c i r c u i t ry

is b e i n g  cons ide red  to allow ind iv idua l  a d j u s t m e n t  of w a ve f o r m

ampl i t u d e s , r i s e  and fall  t i m e s , and p u l s e w i d t h s  f o r  small  g r o u p s  of

tes t  samples. Cycle c o u n t e r s  with au tomat ic  s t a r t  and stop c o n t r o l  a r e -  to

be p r ov i d e d  for  each t e s t  g r o u p .  The -  e r a s e - w r i t e  cycle  t im e is also b e i n g

s tud ied  for  poss ib le  fa s t e - r  ope ra t i o n to r educe  the  e lapsed  t i m e  r e q u i re d
10

to reach  10 cycles .

i ) u r i r e g F e b r u a ry ,  p o r t i o n s  of t h ~- s o f t wa r e  used  in c o n j u n c t i o n  w i t h

endurance  t e s t s  was  demons t  r a t e d  to E C O M  p e r s o n n e l .  In p a r t i c u l a r

the au toma t i c  plo t t ing  of t h r e s h o l d  decay  data  and p u l s e  re spouse  d a ta

w e r e -  d i sp layed. A v a r i e t y of p r o g r a m s  have  been p n i .’p ar( -(l to  t r e a t  r e - s t i l t s

ob ta ined  f r o m  s i n g l e - d e v i c e s , and to comp ile m e - a n i ng f u l  s t a t i s t i c s  f r o m

g roups of h o m oge n o u s d e v i c e - s .  Th i s  w o r k  was e x p l o r a t o r y , and  s e \  e -r a l

opt ional  app roaches  w e - r e -  e x a m i n e - I .

One.- p r o m i s i n g  l ine  of app roach  d e a l s  w i t h  p r e d i c t i o n  dfl ( 1 m on i t o r i n g

of r e t e n t i o n  c h a r a c t e r i s t i c s .  Th i s  m a t t e r  will be d i s c u s se d  in f ’ :  r t i i e -  r

deta i l  in f u t u re  r ep o r t s .  T i e  concep t  i n v o l v e - e l  is  to  U s e ’ r e g r e s s i o n

a n a ly s i s  on decay  s l o p e -  d a ta  to o~ e t un r o ugh  pre d i c t ions  of r et e n t ion

t i m e  f o r  a d c .  icc -  a f t e r  e i c i i  de c a d e -  of a c c ut n u l at -d cy c l e -  s t r e ss f r o nt

1 0 to 1 (1 1 ~~ C o l i c - e t c  I C C  of s u c h  ‘ 1 at  a f o r  r e p r e s en t a t i v e  ai ip le - s wi l l

al low c e u : : p t a t i o n  of sI t t i s t  ic s for r e - t e - r i t i o n  on prod dR t derived from

spe cific process c o m b i n a t i o n s .
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1. 6 PR O D U c T I ON  A C T I V I T Y

S i g n i f i c a n t  p r o g r e s s  was made d u r i ng  the  t h i r d  q u a r t e r  of the  M M ~ . I V project

produc t ion  e f fo r t .  A t h re e - i n c h  wafe r b O P A M  pr o c e s s  l ine  i n s t a l l a t i o n  w a s

comp leted , and a number  of 6000C lo ts  w er e  s t a r t e d .  P ro to type  r u n s  of t he

6002.  die w e r e  e v a l u at e d .  --\ d j u s t r nen t s  to the  6 0 0 2 .  m a s k  se t  anc:  p r o ce s s

c o n d i t i o n s  w e r -~ made , and a d d i t i o n a l  runs were  s t a r t ed .  A dd i t i o n a l c h i p s

w e r e  t i  b r i e -i t ed fo r  use in the second set of e n g i n e e r i ng  samp les.

1. 6. 1 ~:ng ix~eerinc Samp le F a b r i c a t i o n

P r o d u c t i o n  f l o w  as s um m a r i z e d  in t a b l e  1- i has  i mp r o v e d  cons ide r ab ly
s ince  th ~ f i r s t  q u a r t e r  of N t M &  F e f f o r ’ . -\ t  tha t t im e , equi p m e n t  p r o b l em s

f o r c e d  an  i n — l i n e  hold  of m a t e r i a l  be fo re  n i t  r i d e -  d ep o s i t  ion .  A t  the c - n d  of

S e ip t e n W c r  107, onl y ~9 w a f e r s  had  r e a c h e d  t e s t  a g a i n s t  a plan of 7- — . By

D e c e m b e r  of 197 t h a t  64 p e r c e n t  d e f i c i t  of w a f e r s  t e s t e d  was  r e d u c e d  to

an 8 p e r c e n t  d e f i c i t . At  t h e  end of M a r c h  l~~77 , t h e  d e f i c i t  was r e d u c e d  tu

o p e r c e n t .

.-\s shown in t a b l e  i - i , the chi ps comp l e t e d  a t  the end of M a r c h  w e r e

610 a c a i n s t  a goal  of 1276 . Those  die were  sc re-~ned u s i n g  a 200 m i c r o s e c o n d

c l e a r  and  a 100 m i c ro s e c o n d  wr i t e.  An addi t iona l 452 p e r f e c t  chi ps w e r e

produced  which have  s lower  c le a r  and w r i t e  r e sponse. T h e r e f o r e ,  the

l i ne  y ield of p e r f e c t  dev i ce s  was 1090 a g a i ns t  the goal  of 1276. The pu l se

r e sponse  d i s t r i b u t i o n  was s h i f t ed  to the  slow s ide  because  of n i t r i d e  th ickness

v a r i a t i o n  and tunne l  laye r p r o c e s s i n g  e xp e r i m e n t s .

D u r i n g  the f i r s t  9 months  of e f fo r t  the p r i m a r y  e x p e r i m e n t a l  vehic le

was the  6000C die p r o d u c e d  on two- inch  w a f e r s .  Two-inc h w a f e r  product ion

has been  t e r m i n at e d  in f a v o r  of the new t h r e e— i n c h f a c i l i t y ,  and the l a s t

6000C die c l e ar e d  t h e  line in F eb r u a r y .  Table  1-2 s u m m a r i z e s  yield

e xp e r i e n c e  f o r  t he  two- inch  product .
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T A B L E  1 — 1

ENG~~~EERING SAMPLE F A B R I C A T I O N  S T A T U S

Stat cc to 31 M d r c h 1977
Even t  P l a n  A c t u a l  Dev i a t ion

t~~j t e r  S ta r t s  6 10 /27 117
W afe r  Complet ions 355 339 ( 16 )
W a f e rs Tested 355 333 (22 i
Cli ps Complt-te-d 1276 (~ 10 (666)

77 0422 TA 9

T A B L E  l - .~

Y I E L D  S U M M A R Y  FOR 6000c E X P E R I M E N T A L  LOT S

Yiel d Values

Ta r9et Actual is ,  Ac tu a l 2nd Actua l 3~~t Actua l All

Ye~ lcl Cocoponent Yield Ouae tee Quar ter Quar te r Production

Pro~esc Ye e iel 065 0 35 063 0 71 0 f~2

Probe Y e l l 006 No A cte ~~ty 0 Ot 005 003

Saw en q Y i el d 098 N-  A c t a n c  1 00 098 099
Ys

V e s u a l  Ye pl d 0 75 No A e t - v - t y  092 096 095
Y v

Ov erall  Y ield 0 029 Inco mplet e 0006 0 033 0 015

L 
~

77-0422 TA 10
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Proces s  y ield is the rat io  of w a f e r s  into probe tes t  to wa fe r  s t a r t s . Pr io r

to p roduc t ion  a t a r g e t  p rocess  y ield of 0. 65 was es tab l i shed.  Dur ing  the

f i r s t  qua i -te r  of e f f o r t  a v e ry  poor yield of 0. 35 was  ach ieved  because  of

i m p r o p e r  s t a r t i n g  m a t e r i a l  c h a r a c t e r i s t i cs  which caused low b reakdown

vol tages .  Ln- line  s c r e e n i n g  was in s t i t u t ed  to remove the w o r s t  ma t e r i a l,

but this problem also depressed probe y ields  d u r i n g  the second q ua r t e r.

As  material purchased to revised specifications filled the line during the

second and t h i r d  q u a r t e r s , the y ie ld  rose  s h a rp l y.

Sawing y ield and v i s u a l y ield exceeded exceeded e xp e c ta t i o n s.  In f a c t ,

the v isua l  y ie lds  w e r e  so hi gh as to r a i s e  some q u e s t i o n s  as to wh y. An

i n v e s t i g a t i o n  c o n f i r m e d  that  no r e l a x a t i o n  of r e q u i r e m e n t s  was involved .

The p roduc t  was sc reened  per  MIL .-STI)-883 Method Z O 1 OB .  The hi gh y ield

appears  to be due to care  in p r o c e s s i n g .  For examp le , the i nc idence  of

s c r a t c h e s  was v e ry  low c o mp a r e d  to o t h e r  p r o d u c t s  in the same f a c i l i ty .

A second p o s s i b i l i t y  is tha t  v i sua l  d e f e c t s  f o r  this p roduc t  tend to cause

e l e c t r i c a l  p rob l ems , and t h e r e by,  a r e  be ing  el imina ted  to a l a rge  ex ten t

at w a f e r  probe .

The dominan t  y ield component  is t h a t  a s soc i a t ed  wi th  e l e c t r i c a l  probe

tes t .  M a t h e m a t i c a l  y ield mode l s  p r e d i c t  tha t  a die of th is  size in s t ab le

and mature volume production should have an average probe yield of

1~~. 7 p e r c e n t  or about  12 die per  two- inch  wafe r.  I -o r  e n g i n e e r i n g  samp le

p r o d u c t i o n , wh ich  invo lve s e x p e r i m e n t a l v a r i a t i o ns  of s m a l l  run q ua n t i t i e s ,

an o bj e c t i v e  of o p e r c e n t  probe y ield was  e s t a b l i s h e d.

D u r i ng  the f i r s t  quar te r , equipment p rob lems  and tes t  p r o g r a m  develop-

m e n t  d e l a y s  p r e v e n t e d  t e s t i n g  any product .  D u r i n g  the second q u a r t e r

n-a e r i a l  b e ga n  t o  f low , and a low 1 p e r c e n t  y ie ld  was  e xp e r i e n c e d .  .- \ t

t h a t  t i m e  the  low b r e a k do w n  m a t e r i a l  and v a r i a b il i t y  in n i t r i d e  c h a r a c t e r i s t i c s

d e p r e s s e d  the y i e l d .  By the  t h i r d  q u a r t e r  a pos i t i ve  y i e l d  g r o w t h  t r e n d  was

established. The yield of perfect devices during this period was about I?

I — 2. ~l
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percent, but many of those chips had slow pulse response. Only 5 percent

yield was exper ienced to the 200 microsecond clear and 100 microsecond

write screen.

When examined in deta i l , the 6000 C y ield exper ience  ve r i f i ed  m a t h e m a t i c a l

model pr edict ions.  High yield lots reached  predic ted  leve ls .  For th i s

product  as many as 30 die per  wa fe r  have been y ielded to f a s t  w r i t e  c r i t e r i a .

ft  was not uncommon to see 10 to 20 die per wafe r to f a s t  c r i t e r ia , and

15 to 25 die to slower c r i t e r i a. Overa l l  y ield s t a t i s t i c s  w e r e  b r o ugh t  down

by zero yield lots where  a specif ic m a t e r i a l  or p r o c e s s i ni .i p rob l em ex i s t ed ,

or an exper imenta l  v a r i a t i o n  of p rocess  c o n d i t i o n s  was u n s u c c e s s f u l .

It should be commented t h a t  the p roduc t i on  p la nnir i r c o n t r o l  f u n c t i o n s  for

the  pa s t  q u a r t e r  have  been complex because  s eve ra l  v e r s i o n s  of the  BORA~v1

produc t  were  rt.mning s imu l t aneous ly. The 6000C chi p was p roduced  on both

two-  and t h r e e - i n c h  w a f e r s .  The 6002 chi p was p roduced  on two- inch w a f e r s .

T h r e e - i n c h  p roduc t ion  of the 600 2 wil l  be l imi t ed  until  y ield l e v e l s  f o r  the

6000C a re  verif ied.  T w o - i n c h  produc t ion  of the 6000c has  been t e r m i n a t e d .

1. eii~ 2 Production Plan f o r  N e x t  Per iod

Production objectives for the next per iod  i n c l u d e  rep lacement  of the

6000 C by the 6002 as the p r i ma ry  p r o d u c ti o n  veh ic le , and comp leti n~ the

c o n v e r s i o n  to the t h r e e - i n c h  l ine .  The 6000C wil l  be used as the vehic le

fo r  i n i t i a l  tuning of the t h r e e - i n c h  line. The line c o n f i g u ra t i o n  f o r  c o n f i r m a t o r y

sample production will be f i na l i z e d , and the equi p m e n t  and too l ing  i den t i f i ed

to ECOM. BORA M 6002 chips from two-inch w a f e r s  w i l l  be p rov ided  for  the

second set of engineering samp le s.

1. 6. 3 BORAM Three-Inch Wafer Processing F a c i l i t y

W e s t i n g h o u s e  has e s t a b l i s h e d  a t h r e e - i n c h  w a f e r  p r o c e s s i n g  fa c i l i t y  f o r

B O R A M  p r o d u c t s .  C on v e r s i o n  f r o m  two to t h r e e - i n c h es d i a m e t e r  s i l icon

w a f e r s  i s  expec ted  to provide  a 58 p e r c e n t  cos t  r educ t ion  fo r  labor and

m a c e n -is  per yie lded  die. The new l i n e  is be ing  ma de a v a i l a b l e  f o r  use by

the  M M ~ -- I p ro j ect .

1— ~~ l~ )
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The line deve lopment  t a s k  was performed indepenoently of the MM & T
t w o - i n c h  p roduc t ion  ac t iv i ty .  Equi pment  p r o c u r e m e n t, ins ta l la t ion  and

process  debugging  was  accompl i shed  without major  probleni~ The f a c i l i ty

is in opera t ion  u s ing  6000 C chi ps to provide  yield imp ac t  f e ed b a c k  data .

The first 6002 lots  wi ll  be p roces sed  dur ing  the coming period.

1-31/1-32

L - 

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

~~~~~
- - -

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



--- - - - V - — V -F - - — --- -- ----- V - —- V

2. CONCLUSION S

W o r k  with the 6000C chip m a t u r e d  cons ide rab ly d u r i n g  the pas t  qua r t e r .

Cons i s t en t  y ie lds  wi th  a r i s i ng  t r end  w e r e  d e m o n s t r a t e d .  The f i r s t  set

of e n g i n e e r i n g  samp les con ta in ing  2. 72 of the 6000 C d e v i c e s  w e r e  de l i ve r ed .

The f i r s t  3-inch w a f e r  p roduc t i on  of 6000C dev i ce s  was i n i t i a t e d .  A d d i t i o n a l

e xp e r i e n c e  was ga ined  with t e s t i n g  the  devices  in the h ybr id  c i r cu i t f o r m .

A t  p r e s e n t , the p r o j e c t  is o r i e n t e d  toward  use of the 6002  i n t e g r a t e d

c i r c u i t  m a n ul a c t u red  on 3 - inch  w a f e r s  in an i mp r o ve d  h yb r i d  c i r c u i t

c o n f igu r a t i o n .  The pas t  quar te r showed stead y p r o g r e s s  toward  demon-

s t r a t i o n  of each of t hose  e l e m e n t s  in t ime fo r  c o n f i rm a t o r y  s a mp le p r o d u c t i o n .

The major problem areas for the project a r e  t e s t  d e v e l o p m e n t  and the

time required for proper evaluation of process and product alternatives.

It is expected tha t  s chedu le  d e l ay s  w i l l  i n c r e a s e  to about  b w e e k s  d u r i n g

the next  q u a r t e r  to r e s o l v e  those  i s s u e s .

2— 1/2— 2
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3. PROGRA M FOR NEXT INTERVA L

Prepa ra t i on  of the second set  of e n g in e e r i n g  samp les is the m a j o r  t a sk

for  the next  q u a r t e r .  The samp les wi l l  cons i s t  of 5 h yb r i d s  based  on the

6002 chi p, and 12 h yb r i d s  based  on the 6002 chi p. Tes t data and a

description of test methods are requi r ed.

In addi t ion  to the above , t h r e e  data i tems wi l l  be de l i ve red  wi th  the

second set  of samp les:  ( 1 )  a r e v i s e d  ve r s ion  of SCS-503 per M I L — S— 8 3 4 9

fo r  ECONI approval , (2 )  d r awings  and c i r c u it r y  c o v e r i n g  the mechan ica l

and e l e c t r i c a l  r e q u i r e m e n t s  of the dev ice , and (3)  a layout  of the p ilot  l ine

ind ica t ing  the pr o c e s s e s  and tool ing that  wi l l  be used fo r  c o n f i r m a t or y

sample f a b r i c a t i o n .

T e s t  d e v e l opm e n t  and eva lua t ion  of p r o c e s s  and produc t a l t e r n a t i v e s  wi l l

con t inue  as h igh  p r i o r i t y  e f f o r t s .  In p a r t i c u l a r, i m p r o v e m e n t s  wi l l  be made

to the VT T e s t e r  and a s s o c i a t e d  data r e d u c t io n  p r o g r a m s .

3-1/3-2
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4. PUBLICATIONS AND REPORTS

During the past  qua r t e r ,  a paper ent i t led Low Cost M~4OS BORAM I was

accepted and approved for presentation in May at the 1977 National

Aerospace and Electronics Conference in Dayton, Ohio. A copy of the

text is appended.

4 - 1-4 -2
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5. IDENTIFICATION OF TECHN ICIANS

[he following key  engineers and management personnel were employed

on the B ORA M  m a n u f a c t u r i n g  methods  pro jec t  dur ing January ,  February,

and March of 1977.

Techn ic i an  ?-fa nhours

J. Brewer 340

M. P e c k e r a r  81

C. Walvogel 74

T. O’Donnell 62

P. Smith 258

I. .  E ps te in  72

Sort-se changes  have  been made in the p r o g r a m  staff . F igu re  5-1 shows

the o r g a n i z a t i o n .  V i r g i n i a  Hunt  has rep laced Howard We inst e in  as Cont rac t

Manage r .  R i c k  Campbell  rep laces  G e r r y  Cooley in M a r k e t i n g .  Les Wi3e

assumes the Q~-R Managers tasks formerly performed by Roman Knysh.

5—1
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Program Manager
Joe E. Brewer

Adm inistrat ive Staf f  Technical Consultants

Contract Manage r Process Development
V irg in ia Hunt Dr Ma rt in Pecker ar

Customer Representative Device PhySicS
Charles Arthur 

_______ _______ 
Dr ~~ irs in  White

Financial Manager Re l iabi l i ty
Jerry Het r i ck Dr . John Dz i m ea nsk e

Marketing Hybrid Circuit Fabricat ion
Rick Campbell Chester ~‘da $ ~tvoil ,-

• ~~~~~~~~ l,ty & R&,at ele t y ~~~~~~~~~~~~~~ c P PrO~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Pr0dUct i0n

Product Enqeneer Process Engineer

Dr. Phil Smith Larry Epstein

761139 -VA  16-1

F i g u r e  5-1 W e s t i ngh o u s e  MNOS B OR,i\M P r o g r a m  ( i r g an i z a t i o n
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Low Cost MNOS BORAM
Jo e I. - Brew er

Philip ( Smilh
John I - l-~ g~ n

V. eslinghouse Fleci ri c ( orpo ral ion
Btiliiniore. %1ar~Iand

AH ~ TRA ( I Throug hout this manufacturing methods project cost reduction has
been a dominate theme The subject u t  thi s paper, the HORAM 6002

the cci i iiu r it i i c  t ea s ih i l i t  of \ l\ 5 block -ee r ietr i nd- ra tidirri i  - mc ~es~ - chip, is the result of ci t i n s  to shrink and sincpli1~ the older 6000C
t1)ettcor~ (B() R-~Mb a’ a rt alternati ve to u sed-t read eleetronre,-eh mrri ~.il device. The 6002 device is eurrenits- being characterized and w il l shortl~
‘I cr r i1ie de pends ott the produci hi ho c c i  the etteet e o r s corn po tt et et s - -\ nest go into pilot production -

p-c hatet ie l metal eate M\i IS I3OR-~Nt die i s  curr ett t lv being used ten
I S . Ar ins matrufact uritig ntet hods pro icc I t O dettionst rate the POicV

t icah il i t s oh lot  Ce es i  hig h- s i e lu t  producti ore. [ i r is paper describes th e tea IW~~I( F: IWS(RIPtIO\
hip i t t  t t te c ontest  01 pres crus \INi )~ ie~ hn r Ic c’s - and pol itic out t tt e

design tea tu r es  w h ich  contr ib u te ii cos t  reducti ons Ore ROR \\ I site integrated circuit is  :i nonsolatile block-oriented
rea d a n r i c  ir i e r i t o rs  des ice designed tier use in computer secte ndars
s ir  r,iir c ss ste ms - Because i i i  a ide circuit desigt i tt t arg ins itO a small die
su e, t he ii Kg ii os ides ,i ti iajo r C r51 impros ement te e Ci pro ious B( ) R . 5.5.1

o s  - I ic it s - I i s  a piioto~ rtm ph ot the Si it 12 die , and t ig tire 2 s hoa s i ts
t rotm~ml packaired confi gurat iott -l\ IROIfl (TIO\ V

More than 10 s e ar s  ago ati etigineer at ihe L S A rm s Electronics - - ‘ -

( ontntand conceited the de,i of a HORAM ss sten r as a nr et - me ct iat r ica l - - -~ —

storage a hich could joe ss  dat ,u blocks a t  hout rot at tonal l i i  C i  Cv ii dec - -  -
- 

— ~_ V  V -

t r o nm p 1 The u h~t t i e I the 10 5.5.1 on e pt i t pr cv id e t h5 —

t t e i l t ta r s  a oh a reliable a lternat i s  e to magnetic dis c s and druttt s . i 9 t
~ !l ~1 ~i I V

\1NOS BORAM development hegati in 0r2 es hen l- ( ( i\1 ci ,i con- r - 

~t~iH4L -
t ract to s~ es r i ii~ hi  ice I lea n r 5 Corporat ion i i i  au ads at iced des elop- - i t - I I —

menu meedel ot a 16. S - r i r u - c i bit st eerage tinit - I cur - the I - s \ ,iu v i rr i i re t - 
~~~~~ 1 

-in the s p i rn sr r s h ip of that program . attd cre,i r l e  it t t l uenced the design. JtiiII!~ 
l -

(her the past t o e  years both s es ten i  5 o t r5  e r rs  and integrated c i rCu it
desig n hate been cont inuo usts retit led and improved. i -c _,ihi~~ 1 -

Reference I pros ides a detailed description ii the BOR-’s ’cI ac ts inCes t 5~i~- V  —
de ve lopment model and of indtpvndcnt g evernment evaluation re tilt —
The module is  a s e l l  - s i r ri ai tied getter al purpo se sear r r i , mr s  si or ic e o t to - - - 

~~~~ . _ .~~~ ~~~~~~~~~~~~~~~~~~~~
‘vi  ex ternal control lers ri power supp lies are required rn pet it ri Ii - - 

-

has se n t  lost I - 100 a at ts  I pira ci dissipation , and ieq L itre ’  no special 
- 

— 
-

cooling arrangements Dat a ,m c c ess  delay time I- - 
~ii tn is rr rs cC rnrs t  0 is

m ore than liii times better ihatt the i astesi drum - \ r  tot atio nal lateinri, - - -Figure I IUIR ~M Mrn2 Do’ex is t s  - Data tj oss i_ ire ’  match the t r ias ni tints alkea ed hs ssen tput e r i iii cr -
t a5e speci f icat miens - The mod ule niec hnattica l desigit deniot ist rates s r i  true
and weig ht adsantages over ciintpa rahtc fix ed-head rnagtte tic s s s i e t t r s  In \V ii i r i t i  the &X)2, iniormatiot i i s  stored in i tre ial n i t r i j e V os td e
addttion , the highly modular nature i t  the desi gn contri butes ro ease of semiconductor i\lN0’O memory t ransis tors hs irapriitg charge at the
interlacing and ii’ eccr no it i ics in lo g is t ics .  t t i t r ide -ox ide inter lace in the dual dielectr ic gate it ts ul at o r .  Charge nias

be tncerted or remosed electricall y Poster suppl e and signal i r r i d g es
Government evaluat ion results s t u b  respect to the advanced deselo pV may he removed from the chip and the charge will remain intact for tot rg

ment model acre posit i v e Observation c r 1 the module confirmed that periieds iii t un e  After being wr i t ten w i th  a l(~)-niicroseccrnd pulse , the
\I’o IS HORAM sy stem s can be a su perior a l ternat ive to f i x ed~head dcc- 6002 is required to retain data for 4 ,000 hours independent oh the
trontechanica l storage. prese n ce or absence cit power supply voltages . V

Other Gov ernment contracts hate been established to address qiues - I tidi s dual tt lcmo rs cells Ci rr i  si si cc l  i t s  o drain -sourc e protected r 1)51~
iCo n s ass i ec i a t  ~d a i m h the mem o rs components - In July of Ill,, nie nti e rs r r i  t i s i s l r r r s  I )r t t e ret r i at c i rcu i ts  Vile used in the 6itki2 t i c  reduce
We stinghouse Electr ic ( or peer ii ron began ace r K on a t - S - -5. r iii se n s i l t s  i n s  to  ni_ui iii 1st  un rug process ar ta t  ion V st i ppls let els at id
manufact tiring methods pro c5 n to Cs , ablish a pilot product ion capability i et irperat t i re  c i r e  i c es  l ire detect ion circuit r~ cart relicehls distingutst i
for 5.1 N( IS HO RAM m ult ich ip Irs b i rth crc  cii i s The i ntt ial vehicle icr thai t ttresho ld i ri t ide dii terences ms sntall as 0. I v o l t s , and i s  itrrniune to it o
dcv eiopment a as the 204 K -ht i H( )R AM W~ K)( integ rat  ~d ci rei tur  I r is  dist  ur hitig t , ic  i c r  s tuCt i  1 1cc I hot liii , i n i s i s o r s  iii ,m cc i \c r external read
highly s i tu  c ess t  iii desig it has been used to i’si m hi i sir end rel ine tui , i  rr i t is - i c ie r e ni ce i r r i t  ices re required - The elperat m g  i et ir perat ure rang e i s

rung pries esses su i t able for s uclunie pried uci men - ~ C - me • 2
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F,gur r BOR %‘sI \Itrn, re ‘she r i i sle ni t 05 2 8 0

5 ,  280 ii. r a i l , igr • 4 -
5 - r  4 ’  4 .  - i~~ V V! 4 V 5 0 1 5

‘7 1050 - V _ _ i _ V , r i sc 7 o c r
5V ,Os r a i r  ~ i .  r r -  V 45 N

The 5002 i s  a re,mcl s t r u t s ’ t t i et rt r , rs - -  tot ci i  i l l e t  ,ui’ie k( t \ I  5.— such , ii
is  required tee he’ iusa hlc i t ier  lit 1tt cc  u s c - is r I te  C S c i e s  ru a c i t r i c !
B i ) R A ’ .l s s s t c ’ttc t i  aoui luj c iki - r i n r r i r s r  Oil i c _ i t ’  cr _ i C c t l l i t i ! V i i C  tu l u i
od es . I g u i c ~ 4 Ot is t he dc - r V r m i s  01 the nt cn i c r rs  cell It us ,r r r i s e t u i t c en a l  in

io r t ni ,irtil _ - n sc - u i _ ct use  ri m d i t i te r is ton it rmn . Se p_ it V i t C  s iit~~~
- inst draun d u t t u —

5.5 shoes n en f igure 3 . t he s ite has I i u t t s  5.!! s ignals si c I l l s - a t is r i r n i r i _ u l s i ce t i s  ire ‘iris dccl l i t  cacti u t i e t t i o r s  i r t m t c s t s t c c r .  5. cell n e q ic u  r~ ir cc m etal
ii to l~ vo lts excepi chmp select u ( 51 i s i t u 5 l u  s a mtm g s  ii it ii ss e lts . l i t c e •m nnd tou r du l lu is e ’d lutes \ r  s i r n u u . i s t  s t t i i dirie s to s i l is i r l i  C\ i t I

c t cr tm , m is are re lerences - d to  5. a t t i c - tm us l i t _ s i t  V i S it e m I t s  I lie 
~~~ ~ic~r t r ls  r n u _ t s ~ — i t s  used to t r r r m m m  t h e  cs V l l  ami d ,u i r c tmn im re nc t  i s  te n s i i t is , i i  \ H  i e , t t u t e s

is tru ’ trr i t i , i i lv iii v c r l t s . Pre s ser dissipation is t ie mi ot is _ i i t i r t c i  i s  l i — s  l u _ i t t  ,ire~ sir  ~es s i r  ru t s _ it Is Is is ci tr p ie_ c u t s t_ i s  4 t i c 5  n - l u iechtr c nl cegs -
2 t K i  nii5.5. - Time _ u s t s t r s - ss u mm p u ims ins t t tu im u p iexed and l,mictiecl u t r t e rmm .u l i s  icr
s ,ms c ,_ t dress pins . rice dcmr ~m cr utptii lute DR is n r t s t . u i e  m m cd ii i l l  e rnmet  t i re
high t rrr ped umt rce ~t ii c c i  c hip select m( S i t s  high -

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

• 5 V V V~~~~~~ V

,___,_~

{ ~ ~ iiiiiii 
S I

- —- - - C 
~~~~~ 
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V 
, .,J - - ~~ , 

F iu~iir r 4. BaR ~ %1 601)2 I am I ransi st o r ( elI

- I m n \ t \ t  Os cell c t Cs tc  t iV  .i l i m cr u iu m c g I i s t c s i rs  t’e’~ tc r ic e c iunmet is ics imal u r n ,Fi gu re ~~. BOR ~ %I SIML Fun ct io nal BImiek I) iagr am a c t c t ee ,mhie i r s t he _ r r _ u i c t r s  rn ihe perip h ery - t  i t ne m m ii I -  C s V i r r i t r I e - V
t t r s  p u is tm r i  i t t e  u r n _ I  _ rdc t  er r s r u i n s e r ic c l s r r c t i i  I in t i re ( ,u i t t c i  d~v icc
d eic rm nr r c rs - ut r ime - s c _ m t  i~ il r i r t t ie mt e to t ts  cr 1  It t ’ mr is ti Inc r r u m i 2  i i i  5

uttm, mn e l y Irs - ,m r n t u - c l e sc r ute r  t r u u _  it d i r  m n m i r t i t a i t cc ’sj , hut ‘ao c t i s  ‘st u n s  ic i  i i
i t s i r l  Its hmr t c g u tm g r i te t o s s  sel e c t i r n i  c i rcu i ts  r n u t c c  n i h  sides rn  i t m c i  _ u r r , e s  Ii’

T i -  s i r i p  iii r r p c r  I i r s - s imr . i ny  l c i i i m r c s  i c e  c t t r u t t c  re lu ,m h u inms an si r i  is r u s t  r m mt er lc a se ’d c ’ s ls . the cell d c - i n s e t s  is ic a lmit ies i  ctc ci i i ’ lec t
r r r r b l s -nr t  dt ini t ie j s str nchl v I l r r r r c t u n n e  r i _ I s  e r r  uV r i . c u r - n h _ i n  i c i m ls ’— _ _ u r u c l

,ire po s i t i c n i r e - it r rn c epp ies m nc — u r Ie ~ i i  It s - ilrs - tic ,ili • c s m c i  is cmi i  use o t ~t~~ui i I — i c -  i -  - - - 01 t in s ’ s t us t s t rc r m c c  si r_c i t  r It m n l e ss , i sm ,_c t  ~t’ i~ nt In c
in the hsh r id 5ir i im m [lie in i r r id e  i_ m i L l  in lie g m t e  ulic - is - s n i u s  ss V i i c _ s us or p c t u p i u u - u I  ci rcui t  i i i -  l ice l,is~,t i t  m n m . e u r m i , e u m u c c t  , m 0 2(r o r _ is  t • e  ~t u ~ i tO

ion n r r u c r , m i u i r n r  hr _ m u i r  in st e l i t tmmt t a t cs  r e l mah i l i t s  I _ u u i u t e —  rec ur ~u- in i _ i n c u r  V e n t  c ’ c c ’t i c t u c t t  i n n - , Li i  c u l l  r t i r i — u t i  l l c ~ 
e ,t i t i~ die , i re - ,i is 4i pence — n it  —I

i nside clc i c c t r  5. r i _ i  — c  s e r u c c m n - u t , i r ~ I — _ r s _ u u r u s u s c r _ m r s h e s  • lue ii ’ h u _ u m u c t l u t m c  tc ~ m u n c i e  V i n c - .m I bi i~ ,mt e , i i s i t t t r  n i r rn u  ic _ i —  ,ms hr tc - s ec l hs _ i l l t l m _ ’ S u n rr _ i r e ld Cc l i i i !

l’r r nr _ - t i ve i j es i c cs r r r t  ,mll input ’ , i s c n t c t  il uim n _me c - hs s r V u r u _ Imire i -  s i m r c u u k _  c r  I hr _ l u  r n _ r i  _ u r u i t  pet ip hr i  i _ u ! ur  c c i i i
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5 . — n h e’ Iutt i5 - t t i e t m , m l  i l _ c L  chi ~mg t,tni m r I  i t e m i t e  i st ic ra s , t he lnI)ii2 Ccei t t , i i t i s  _ m [lie tcOii2 c-top dc-si gn h a s  ade a i i ccd I bc s m a t e — c c h  — i tue - a r t  cml li_c tm _ m in d
tuihI ~ sl cs r r c l cc l in—i d t r imu l  Irs t 2 r u t  k - \ \ I  and _ u 32 - tn t t  ~I s t t _ u c u u u 5  i t t c e - plt.ise - u nm e t _i l gaic ‘s l\ t i S  I I ( ) R-5 .5 .1  d c s iCe s h r  t en t iu s  ill sls - r u r u u i  ,mtt d 5 t r 5 u t t
s h u n  register hU I ( ) c _ n k ~ — place se t ta I l s  i h n io u rb n  tie shit i  r c- f i n er s . sut tp l u i ic ai t c r i r  1 Icc - I - 5 5 - m m t t V u c s r r - t r a t t s i s t c r r  cell ,iitd ci It 5  s t i r  peri lilcer il
I’,mr . ml lel  b ’ cs lu r  u_ s r cn r ru . i ! • IV im . r  ii _ i t i s t e i  l ien sss V e. iu  t ie R -\‘,l a uis h ih ie s h m u t m  C m i c  i c i t  c’ c c i t i i e m r s  are s r c t s s m m r  ice dest giic described ri nice h u t s -c a m i t r e - I

V
~~ 

c c i - ~n c r  i V i k C V  ~I,m c e v i a  ,umt m mmir, ’ rt i5 mt 12 t e rm i _ i t s  t In st s c rh t , ige  input s ig t ta l s _ r c s t uice d t t c i t t r bsc t  •eh siipt nl~ c in i r . i ~n s s  , imm t d t i me
ed uce d p u n  an t c i t r  t n t tp i s  c u ri u m u n  gat t i s  am t Im e ’ vs sis ic t  t t i m t n lc i ite nii , i t  i c nuu

l ime ’ R -5.5.1 atud ‘ m u t t  r e c t u s i e n  s_ i t t  mnyr e n Vile tnudepem idett iui I Ii— allures s the level. I lecV icise s i t  t hc s ’ re dui si ieet i ut chic ume a . nbc 5iK112 cicip 5 c s i s c _ t c I  isc
K 5.5.1 tee he’ s s n  l o c u s t  data h t c r m t i  t im e l~m i5i i  t t t t s r  nIne n n m e m n m m r r v  V i i t i t  ss t t u le u s d 5  s s r s i  less mhamm I c cl i i ,  t s r s - sls - Cc - s s r r r it ie in tk t i (  -

data is being —In I s d  t in ie r  t ic r e g i s t e r  I l i d _ l i  hen t a i s - ’ tt i , i s he t t ca t u t t ,mr t i cs t  ,mi
tie ’ I i i  m c ’ n n i i r nm , m l s ich rlc - t ie- K -5.5. 1 i me e - sI n r 1 r c t _ u t c  m u c i r c l e  I i~ s r i  t i e ’ r S l i t

tc,i l r _ c r c - In V i r i  i _ u  i _ ii III 1k \ ‘.I ~s sm e - m nn ico k t i c  u i t m c e  s I ,i tm d ,i is h mmu t t t i h i n \
- i _ i c C — . u t u _ c s : u t u u i l i i  s h t i t t  isu im ,’ s r i I _m lest  I it i t i c l nec h k c ! i r h s r r i  r c i l l  Inc nc

s l u rm es l . I ret  m - t r rr u . s sr  t ie tun ics  ccii he ri den dO l i ke  mt u c c ro r c c c e i i ds  5. i ic  he
ii i r is ed ar t  mcci i i  clei iv rug it ie  5I_r r  u Iim nss -

Ii is u n I uc i e ’ r e sn i m t g  ,isln e s t  m l  thi e Ill ik -’v\ l  c h i p  r n t n n , i r i u / , m n i r n t r  ,u t ic t  tie ’ \( K’5O%’s l it I)(.F%II’v I
s s s i e m app lccat i r r i l  I ta t  ncr cr t l rchml  sl i m u , u t m t t 5  tie-n h i m  n r ,muicc ic - s i t u u r c u t s - n c  is

tmtm posed inn m he chip. I he cb m t i n t ier iLl n r t . i  r i5 c  aup,ibului r c,r r is excee d s .ic- The 5.1 N( >5 B( ) R A 5.1 nmanub act u r i n e  nntet body and iechno lecg> project
t ual cisc Cn r i m s t r t  t s . I-i c r ex a m ple , mIme slr t Ii n cs i ts t  c n s i r1n e r a te  q u i t te  stell mr is sponsored by the [5 Annirv Electronics Cenmmand . I m m  Monmcr uith .

5.111, , hut are •r iily required icr inpec t ic  er ,c hind Iiuum md red k in d u ct  I - N I - ~vIr - David Riser and Dr - Herbert Mette are the technical monitors
t c r r  1 ( 1 ) 5 . 1

[ in ste ire data in a niieitlicrs Cell isv in irt ne i ni c n n -  ir e per r i m  r r r cs l  I in  sr -

the cell is cleared c m init ial t ied m i s t  nrc the c le a r  su g nm al it - I I this places
bo th ntc ettcec r ~ n a n r s i s t n r t  s ot t u e  high ci rm rdt i c tuo n c threshold s t _ i r e  Se~ inti, t .
the data presetit in the latch t s a iii teit inter m he cell us i tig he nric ’ nm rcrr s
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