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PU R P O S E

ih e  purpose ot m a n u f a c t u r i n g  m e t h od s  and  t e c h n o l o g y  ( N I N l ~ 1 )  p ro j ec t

n u m b e r  •~7t~~~T - ~8 is to e s t a b l i s h  a p r o d u c t i o n  capabilit y for metal — nitride —

oxi de  st ~n -t tco n ( 1uc  ( o r  t N I N O S 1  i n t e g r a t e d  c ir c u i t s  f o r  b l o c k — o r i e n t e d  r a n d o m —

ac.  ess  mer u or v  ( 1~OR .\  N I ) .

N~t l t a  rv  organizations are faced with a d i f f i c u l t  ha rdware  p r ~~~!em in the

use of mo d er n  day computers. A suitable m ilitarized secondary storage

t e c h n o l o gy  s i mp ly  does not exist. Drums and discs canno t  stand up under

t he  s t re s s  ot t h e  g r o u n d  mobile environment . Military real time programs

are tOr e(l to be resident in m a i n  rneniory because e l e c t r om ec han ica l s to ra ge

access delays cannot be tolerated.

NIN (tS flOR:\NI holds considerabl e promise of meeting the ri.ilitary ’s

secondary storage needs.  An advanced development Army/Navy MT’405

B O R A N I  m o d u l e  h a s  p r o v e n  tha t  significant volume , weight, powe r and use

t l e x i b i l t t v  a d v a n t a g e s  can be ach i eved .  \Vh en compared to f ixed-head  e lec t ro -

m e c h a n i c a l  s t o r ag e  N I N O S  B O R A N I  offers NI U H F ’ s 10 times longer, and

access times above SØØ times faster.

t h i s  \ I N t ~ ‘1 pro ject will establish for the government a source of supp ly

for N IN O S  flORA Ni se c o nd a r storage. A pilot production line with a

demonstrated capacit y of 1 , S7~ h ybr id  c i r c u i t  per month will be established.

Each h yb r i d  c i r c u i t  w i l l  c o n t a i n  itt  NIN () S I 3 OR ANT i n t e g r a t e d  c i r c u i t s .  I ’his

p r o d u c t i o n  r a t e  w i l l  p r o v i d e  s u f f i c i e n t  h ybr id  c i r c u i t s  to a l low fab r i ca t ion  of

t h r e e  l I t . 8 m e g a b i t  l l ( ) R A N 1  modules  per  mon th .  t h e  hybr id  c i r c u i t s  w i l l

c o n f o r m  to E l e c t r o n i c s  Command t e c h n i c a l  R e q u i r e m e n t  SCS5O3 , and the

NI N I ~ 1 p r oj e c t  w i l l  be c on d u c t e d  in accord  wi th  E l e c t r o n i c s  Command

I n d u s t r i a l  P r e p a r e d n e s s  P r o c u r em e n t  R e q u i r e m e n t  Numbe r 15 .
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J 1. NARRATIVE AND DATA

The BORA M 6002 integrated circuit  is the development vehicle for  the MNOS

BORA M manufacturing methods project. During the reporting pe riod the test

capability developed for  the pilot line was used to learn whether devices meet

the specification of this program. This repo rt reviews the status of the test

capability and presents test results.

1. 1 CHARACTERIZATION PROJECT

The devices manufa ctured during this MM&T project must conform to

Army technical requirement SCS-503 which is presented as Appendix A for

reference purposes. Prior to beginning pilot production it is necessary to

interpret SCS-503 in terms of firm acceptance criteria for electrical screens.

In the case of MNOS BORA M. this development was complicated by the need

for defining tests which prope rly evaluate some of the unique character is t ics

associated with MNOS.

The technical approach employed was to f i r s t  define specific tests to

meet identified screening objectives. Then an automatic equipment test

program was developed for the purpose of ga the r ing  data on the BORAM 6002

which could ver i f y the va l id i ty  of the tests  and provide dis t r ibu t ion  in fo rmat ion

to allow sett ing suitable sc reen ing  limits.  The quanti ty of data involved re-

quired the use of compute r data ana lys i s  and reduct ion.  This info rmation base

was then used to def ine  automatic  test  equi pment  s c r eens  for  both wafe r tes t

and hybrid cricuit test.

1. 1. 1 Device Description •

The 6002 chi p is a 2048-bit memory intented for use in computer  s econda ry

s torage systems. It is normal ly  packaged in mult i ch i p h ybrid fo rm to ach ieve

high density. Use of the MNOS (meta l -ox ide-n i t r ide-semiconductor)  technology

I
1-1

______________________  
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a l l o w s  n o n v o l a t i l e  i n f o rm a t i o n  s t o r a ge  and low power ope ration. Ihe circuit
— 

( l ( ’s i g n  u ses  p — c h a n n e l  m e t a l  g a t e  t r a n s i s t o r s  on bulk silicon. All bonding pads

a re mi I • a nd  are position ed on opposite side of the die (or effici ent h ybr id
i r c u i ’  l a y o u t . :\ gla ss overcoa t guards against scrat che s due to h a n d l i n g .

:\ll  in p u t s  ha ve p r o t e c t i v e  v o l t a g e  I t n - i i t i n g  d e v i ce s  to avo id  damage  b y s t a t i c

c ha rge . 1 he die  m e a s ur e s  ~9 m i t  s by 128 m i l s .

A s  s h o w n  in  t i g u r e  1-1 t h e  f lORA N i t O O 2  c o n t a i n s  a f u l l y decoded t t 4 — w o r d
by ~-~— b i t  R A N t  and  •~2 — b i t  d y n a m i c  t w o — p hase s h i f t  r e g i s t e r .  A l l  i/o are ac—
con-i p t i s h e d  s e r i a l l y  t h r o u g h  t h e  s h i f t  r eg i s t er .  Pa r a l l e l  b i d i r e c t i o n a l data

r a n s f e r  b e tw e e n  the  R A  N i and t h e  s h i f t  register take s place via an interna l

~2 - b t t  l a t c h . U h e  R : \N I  and s h i f t  r e g i s t e r  can op e r a t e  i n d e p e n d e n t l y. Data

s to red  i i i  the  l a t c h  n i av  be w r i t t e n  i n t o  t h e  RA  NI w h i l e  new data  is sh i f t ed  in to

the r e g i s t e r .

1. 1. 2 C h a r a c t e r i z a t i o n  T e s t  P r o g r a m

Cha r a c t e r i z a t i o n  of B O R A N I  t t O O 2  d e v i ce s  was a ided  by a Macroda ta 501

t e s t  p r o g r a m .  •-\s shown in f i g u r e  1-2 six c a t e g o r i e s  of t e s t s  were  emp lo yed.

~~~~~~~~~~~~~~ 
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Figure 1-2. BORAM 6002 Electrical Test Functional Categories

Fhe purpose of the program was to gather information on the nature of parts

- su i tab le  for  use in sys tems.  The f i r s t  two test  ca tegor i e s  were  i n c l ud e d  to

exc lude  nonfunct iona l par t s  from the da ta base.

1. 1. 2. 1 Substrate Diode Tes t s
- The subs t r a t e  diode tes t s  a r e  r e l evan t  when the p roduc t  is t e st ed  in w a f e r

form. Observation of the fo rward  voltage drop of the subs t r a t e  diode a s s o c i a t e d

with input terminals provides positive evidence of good probe contact. In r a r e

cases this test can also be an indicator  of p rocess  p rob lems  such as i n a d e q u a t e

etching, poor ohmic contact, or improper diffusions.
- 

Table 1-1 and associated foot notes define the 16 substrate diode tests.

Every  input t e rmina l  to the BORAM chip has an associated substrate diode.

Under  normal  ope ra t ing  conditions where  VCC is ma in t a ined  as the m o s t

posi t ive chi p voltage this diode is reverse  biased. A s imi l a r  s i t ua t ion  e x i s t s

for the on-chip test s t ruc tu re s .  In this case the r e f e r e n c e  node is SUP r a t h e r

than VCC. The GT terminal  is isolated and doe s not have an a s soc ia t ed  sub-

[ strate diode.

1 1-3 
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1. 1. 2. 2 Funct iona l  Screen

The purpose of the func t iona l  screen is to quickl y el iminate nonoperat ive

die f rom cons idera t ion  for  c h a r a c t e r i z a t i o n .  TabL e 1-2 provides  on overview
of the six t e s t s  which a r e  p e r f o r m e d  at nominal  device  oper a t ing  conditions.

This  tab le  refe rences  add i t iona l  f i gu re s  and tables which fu l l y define the tes t

condit io ns ( f i g u r e s  1—3 to 1—6 and tab les  1-3 to 1— 6 ) .

The f i r s t  th ree  tes ts  exe rc i se  the shif t  r eg i s t e r .  The next test  ver i f ies

• tha t a l l  m e m o r y  ce l l s  can be p rope r l y addressed  for  wr i t ing  and reading.

The f i n a l  two t e s t s  exercise  a l l  memory  ce l l s  in both data states.

1. 1. 2. 3 Static Pa rame te r  Tes ts

Table 1-7 def ines  the s ta t ic  pa ramete r  tests .  This test  sequence exhaus-

tive ly examines the device under tes t  for  leakage cu r ren t  levels , signal

th resh old val ues , output d r ive  capabi l i ty  and supp l y cu r r en t  demand. The

s ign i f icance  of these tes ts  is examined in Thore detail  in pa ragraph 1. 3 below.

1. 1. 2. 4 Re ten t ion  Screen

The re tent ion  c h a r a c t e r i s t i c s  of a dev ice  are  not d i rec t l y measurable  within

the m i l l i s e c o n d s  of t ime that  a re  p r a c t i c a l  f o r  an automatic  equi pment test.

1-4
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FA B L E  1 — 2
S U M M A R Y  A N I )  D E S C R I Pt I O N  OF l E S I

CA I EGOR V NO.  2 F U N C l I O N A I .  S C R E E N

I ,‘~t (It ’l l ! ! .mI D,’~t t  I f itim ,)il Ill T m ’~t Hm ’t t ’ r l ’ lmc i ’ t f  R,’t,,u t~rtc, ’&t
Ntmrtsh ,’ i F u qum u ’s

• I SIIIF I R l ( 1 S 1 1  H IF ST 13 , 14 5 13
I t~ } 4.  t I,It,I i ml i ’ 1 6
CIII Lit,m f l a t  ~ ‘i

I~~~ SHIF I RI l S I F H  I t S !  1-3 . 14 , 1-3
1 MDi mI,~t ,m ,u t u ’ 16

- ‘ 1 ~L~~~
___ _______-

7 4 StI lt I RI 051 FR T I SI 1-3, 1 4 . 1 3
MR .’ dj t ,m i ,mIi 16

• 

— - 
.‘ t ’ I  (I L u l l ! ’ dat ,m IUI tu • H

4 ADD HI- 55 & MF MOR \ 1 IS!  1-3 , 1 5, 1-3 , 14
• I ()0ULISI ’I u i  mn )UOFISI s t~- r I i -  1 6

iIi,mi
~

iri ,mI mI.i 1,1 1 ,11  tm ’i ii

7 
- 

M F M O R ~ U S !  1-3 , 1 - 5, 1 3,15 ,
I ()0l.)pst ’m ‘ i ,msr ’ ,‘(ft),j n ii  svi t I ’ 1 6 1-6

L I I I ’ L ~~ t i  IIlt t!! (I il.! 1,1 I IJI Ii ’!!)

MEMORY F I S T  1-3, 15, 1 3 , 1-5 .
1 000~Is,’ , ‘ i , i n i  .7OO~ ’,i-i ivi i t u ’ 16 1-6

• i Oiflf III’iItt’iil,Il ~ m lu’i-k u ’i tILt ,!! Il
• dj t ,, ) h 3t t ( ’ I l i

78-0286-TA-2- 1

I A B L E  1— 3
I) R I V E R  A M P L F I U l 1E S  FOR F U NC T I O N A L .  TES TS

Suq m.mI 

• 

Most F~ i~~t i v i  J~~~~ )sI Nu?qdtivu .
• A uri~t Iittm &lu’ A,inpli t immlu .

~~ 11111(1 1
V o l t s  V o l t s

• Th V15 ’(’ 70  VCC 105
\ ( ‘( ‘  2 1) VCC .34 65

A? ~ • V O 70  VC C 10_ b
• 

• A3 -1 • \‘CC 7 1) VC C 105
At ) \ ~ 7( 1  VC( 105

I \ ‘ ( (  70  VCC 1 0 5

vc 70  VC( - 14 75
7 V(~C 70  VC C 14 75

Vi,’i’ 2 ( 1 vct: It) 5
I t  \ 70  vcc 14 25
M’N V ’ i 7 0 v C :  10 5
Al v i i  71 ) V ’ i It) S

/8 0286 1 ‘1
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~~ The objective of the re tent ion or ien ted  test  in the characterization program

was to isolate chip8 which are likely to have poor nonvolatile retention. Ihe

• •, test simulates end-of-retention condi t ions  by w r i t i n g  the memory  c e l l s  u s in g

a reduced voltage.  Test  condi t ions  are  documented in tables 1-8 and 1-Q .

Note that  erase and read are  pe r fo rmed  at  nomina l supp l y v o l t a g e s and

S nominal  control  signa l t iming.  This  avoids confusion of c i r c u i t  v o l t a g e  and

- timing operating l imitat ions with possible re tent ion  defects .  ih e  w r i t e  v o l t a g e

is p rogress ive ly reduced unt i l  the t h r e sho ld  vo l tage  window can no l o n g e r  be

detected. The in t e rp re t a t ion  of th i s  tes t  is d i s cus sed  in p a ra g r ap h 1. 2 . 2.

1. 1. 2. 5 Test S t ruc tu re  Measurements

The BORAM 6002 die contains some device s t r u c t u r e s  which  a r e  not pa r t

-. of the funct ional  memory  c onfigurat ion def ined in f igure  1-1. Ih e s e  s t r u c t u r e s

were  provided to a l low measuremen t  of fundamenta l p rocess  c h a r a c t e r i s t i c s .

and inc lude  severa l  capac i tors  and t r a n s i s t o r s .

• . Probe test  is a convenient  point to ga the r  s t a t i s t i c a l l y s i g n i fi c a n t  a m o u n t s

of data without  i n c u r r i n g  excessive cost. These t e s t  s t r u c t u r e s  a r e  not

‘a ’ W A L l  Hilly ‘I Hill rn- i

I’M! SF111,111 1 I . 1 4 ‘,., t~’ 3,! 14 3!, ut 5 *  i- ’ i~ - Ii’ I’ll

— 
SHI! ’ 5 1 1 1 1 1  iS 1

n-_ -~~~ — — -4--- •_ _ J -

C I I  A R  s i  ~~~~~~~~ • _4--- - • -- -f
PII AS1 0111 - I ~J~J~J 5u1J1J 1Flflh1f t

~1J
1 

PUA SI TWO ,‘ 1Ji,flJ4-1J1J iJ1J1J]f”°l,f
W RIT !  11414 :iW 

i] ~
IIiJ2 _4~ oJ~lL •

~~~~

Ill All h A l t !  It! 
— •  - — 

- 
• 

m ~‘ ‘ 1 0 1 1 1 2 lii
i III 

-

— -

1,0141451 (1111 1 1 ( 1 ,  m • i m

— 1151 11 ow

TI ST 2 2 15. ~~~~~~~~ 
• • - • — — —-

T I S t ,’ l  IS.

4 I MS~ Ils i s i s s INi -
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Figure 1-4. Operat ing Sequence for  Sh i f t  R e g i s t e r  ‘l’ ests
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‘l A D L E  1-4
ADDRESS A N D  MEMOR Y TEST LOGICAL FLOW SEQUENCE

Stu f! Liu~ i ,ml (3_ ti ’ i ,utH_ )1I

I Set up i:t j utit CS p~’ i In;
2 Block F i , u s u ’ pt’I F i s ;  SI:
3 Aitito ss 0
4 Situp Ad il ‘ sn  L o T u s  I i i  F iij Si

S Dat,m I- ili1tIiilii ;/\ itd i u~s s l  p t !  Nuts’ Il - loss-
6 Lu~d SIts It Requstr ’i f ul l F tj
/ Wi i i i  t) ,mt,i ;it ’t Fiq St

B A ifit i  ‘ sn  Add: ens I
It lAddu’ss (64)1111111 4

10 A ut: t t , ’nn (3
1 1 Se ’tsi ~u AllitI I n n  Lint ’s ;ll ’I I ii ; Si

• I? Ffm ’ ,j tl t )a ta t im L,mtc h pu’i Fmq St
13 I 1 11 : 1 5  Shif t  8 , 1,s t t ’I f1u ’ Fiq Sq
1 4 It l1),ut.m I I- uilctloll (A ikli ins I tttI ’ l I  BIN ,Il It 18

• 1 .1 Addm • s n  AddI 1 51, • 1
16 II ~A t:t~ I ’SS < 64) thi n 11
17 Rm’ni’t CS ,III(I CL ~s ’ i  F iq 51:
IS F u t  Rimu t isti ’

-
• No t ’  [)I,mqIlil,mI Dat,m P,ut t el ii pet F (11111’ heli:w

Coluntns

Ros~ s 0 1 30 31
1) 0 0 0 0 0 I
I 0 1 ) 0 0 I 0

S 0 0 0 1 0 0
0 0 1 0 0 0

• 30 0 1 0 0 0 0
3 1 I 0 0 0 0 0

I I I I I 0
13 I I I I C) I

S 1 1 1 0 1 1
I 1 0 1 I

67 I (1 I I I I
63 0 I I I I I

/80286 TA /
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n o r m al l y a v a i l a b l e  for  m e a s u r e me n t s  a f t e r  dev ice  packaging.

‘rable 1-10 and f i gure  1-7 document  the test  s truc tu re  m e a s u r e m e n t s .

Nonmernory  th r e sho ld ,  and m e m or y  t r a n s i s t o r  t h r e sho lds  a re  moni tored.
- 

, 
‘I’he magni tude  of vo l t age  p r e sen t  on the N type ep i t ax ia l  memory  subs t r a t e

for  two c i r c u i t  ope r a t ing  cond i t ions  is a l so  measured .

1. 1. 2. 6 Pulse Response  Screen

The purpose of the pulse  response  sc reen  is to exhaust ive l y examine the

part to insure that i t  can pe r f o rm  in a l l  op e ra t i ng  modes wi thout  a d e t r a c t i n g

de pendence on pas t  data  h i st ory .  r ab ie s  i - u  to 1-14 def ine  the tes ts .  Figure

8 p r e sen t s  the wave fo rm sequence required for operation in the group mode.

1. 1. 3 Data Collection and Reduction

‘To support the cha racterization project a computer  p rogram was prepa red

to facilitate the collection , organ i za t i on  and ana l ys i s  of data f rom the Macro-

data characterization tests.

A key f ea tu re  of t h i s  computer  p rogram is the co l l ec t ion  of test  r e su l t s

on a magne t i c  tape ca r t r idge .  Data for indi~r idua l pa r t s  is stored on tape

- t I’FRiOmi —_-__, .

i i  -

~ ~~~~~ ~

P1111W 0111 
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; 1 — 5

MEMORY l’ESl’ LOGICAl. FLOW SEQUENCE

S

~

’p Loqmcal

1 Si’timp CL ,iui(I CS pet I- ii; 5,i

2 Block F i ask’ ;11’l F iq Sb
.3 Ad: I, u1ss 0
4 Setup Add, u ’S!, Li ti’s pI’u F III Si’
b Data (pei Table 6)
6 Load Shill Rm’ q ms t el pet F N SmI
7 W u :1’ Dat a pu’: F iq Sm’
8 Add: t’Ss Addu i’ss • 1
9 It )Addi t’SS <64) therm 4
10 Ad(t:I’ss 0
11 S*’~imp Address LilIes peu Iiq  Sc

12 Reail Dat,m to Latch pu’u F N St
13 EIItPIy Shift  Heqmster pet F ii ; Sq

14 Ii (Data  / (pt’T Table 6) 1 then BIN aum) 18
1 5 Addi ess Addi ~‘sn I 1
16 It (Address <64) IheIt 1 1

17 Rese t CS at uti CL ~11’I F ~; Sb
18 E u:iI Røutine 78~O286-TA-9

TABLE 1-6
MEMORY TEST DATA PATTERN S

Tsst j Row — — - - — 
Data PattCFn Requ ir ed  In Shdt Regms teu 

- - - ,

~~~~~~~~~~~~~
2 5 Even 1 1 0 1 0 1 0 1 0 1 0  1 0 1 0 1 0 1 0 1 O t t 0 t 0 1 1) 1 0 1 0 1 13

~~~~~~ ~t 1 ,0;~-t~ o~ t O t)~ ) l ~~~~1
• 2 6tEven ~~~1 0 1 0 1 0  1 0 ~~1 0 l O~~l 1Ot tO~~l 0 1 ~~~ 1~~O i 1

2 6 
1 

Oikl j~J~ 1 0 1 0 I 0 1 ~O t.~±oiThhIO 1 0 r~ Ojl tt) ~i f~ 0

‘0 0.’Bb IA 10

—
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f i l e s ,  and can be a u t o m a t i c a l l y s ea rched  and up dated.  E x t e n s i v e  use r  i n t e r-

act ion f ea tu res  promote check ing  and comparison of s tored r e su l t s .

Two p r i m a r y  data summary  f e a t u r e s  were  es tab l i shed .  ‘U h e  f i r s t  was a

s ta t i s t ica l data summary  repor t  for  specif ic  samp les. In this  case the com-

puter  searches  the tape f i l e s  fo r  a l l  p a r t s  which meet some se l ec t i on  c r i t e r i a .

A possible se lec t ion  c r i t e r i a  migh t  be u t a l l  pa r t s  measured at + 1.~5°C. t u The

program then computes  means and measures  of d i spers ion,  and p r i n t s  the

— 
r e su l t s  for  the 26 var iab les  data cha r ac t e r i z a t i o n  tests .

The second data summary feature of the program is the preparation of

histograms for individual c h a r a c t e r i z a t i o n  tes ts.  Examp les of these  r e p o r t s

appear in the text below.

1. 2 FUNCTIONAL TEST CONCEPTS AND RESUL I’S

• MNOS BORAM devices  n e c e s s a r i l y have a grea t  deal in common wi th  ~‘on-

ventional semiconductor memories and share s i m i l a r  p rob lems  itt test. On

• the other hand, the nonvolatility and the physical nature of MNOS does

TABLE 1-8
S U M M A R Y  AND DESCRIPTION OF RETENTION TEST

11

Test Referenced Reference d
Numbe r General Descr ipt ion of Test Figures Tables

4-1 RETENTION SCREEN 13 , 1 5 , 1-6 , 1-3 , 1.9
l000p sac erase , 200M sac
write all zero and all one
data patterns VGG ” —30 V

S for 3rase and read VGG for
write is redu ced by 0,5V
incr ements until the device
unde r test fails, The last
pass voltage is recorded.

Provision must be made for vary ing VGG. In fugure 1-3 VGG is show n
as —30 volts. At the Optio n of the test programmer a driv er may be
assigned to th is termin al or the supply voltage may be incremented ,

78 0481 TA 2
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l A B L E  1— 9
R E T E N  l ION S C R E E N  1,OGI(:A1, FLOW SEQUENCE

Step Logical Operation

1 J =  30
2 K~~ 0
3 Setup CL and CS per fig. 5a
4 Set VGG —30 volts
5 Block erase per fig Sb
6 Data K
7 Set VGG 5, 

~ v o l t s
8 Addre ss 0
9 Setup address lines pei fig . Sc

10 Load shift register per t N Sd
11 Wr i t t ’ data per f m q be
12 Add: ess = address $ 1
13 If (address ’-., 64) then 9
14 SCtVGG -3 0vol t s
15 Address O
16 Setup address lines per fmq Sc
17 Read data to latch per 

~N Sf
18 Empty shift register per fig. Sq
19 If (data ~~K) then 26
20 Address = address + 1

21 It (address ~,. 64) then 16
22
23 l f ( K  l lthe n 4
24 J = J f O . 5
25 Go to 4
26 Reset ’

~~ and CL per f ig 5h
27 Print J = 05
28 End Routine

78-048 1-TA -3
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introduc u ’ some new tests considerations. l’his discussion reviews the ration-

a l  fo r  each of the fu n c t i o n a l l y o r i e n t e d  t es t s  emp loyed in the c h a r a c t e r i z a t i o n

p r o g r a m,  and the  r e s u l t s  obta ined  f rom a samp le popula t ion .

1. 2 . 1 Func t iona l SL ’ reen

B efore  c o n s i d e r i n g  a p a r t  s u i t a b l e  fo r  cha r a c t e r i z a t i o n  it  is screened to

co r t t f v  t ha t  st  does op e r a t e  p r o p e r l y as a memory.  The t es t  approach  f i r s t

v e r i f i e s  shi f t  r e g i s t er  o p e r a t i o n , and then cont inue s to conf i rm tha t  the R A M

p er f or m s  adequa te l y.

I’he sh i f t  r eg i s te r is opera ted  at  a 1 MHz rate into a ra ted load w i t h  a l l

i nput  s i g n a l s  at  w o r s t  r a t e d  va lues .  the data p a t t e r n  is va r i ed  f rom a l l  zeros

to a l l  ones , a nd th en  to a l t e r n a t i n g  ze ros  and ones.

t he ope ra t i on  of the ’ d e v i c e  as a B O R A M  is then examined.  A d d r e s s  unique

dat a (a d iagona l p a t t e r n t  is s h i f t e d  in to  the r eg i s t e r and w r i t t e n  into the RA M.

I ’his  is a cc omp l i s hed at  a I ?~-I I -1z sh i f t  ra te  with  a l l  input s igna ls  a t  wors t

ra ted val ,ie’s. Ra ted  e rase  t ime of 1000 microseconds  and wr i te  time of 200

n’i i c r o s e c o nds is emp lo yed. I’ he en t i r e  chi p is wr i t t en , and then the ent ire

chi p is read. This  p rocedure  is then repeated us ing checke rboard and

78.0286-VA-iS

F i g u r e  1-7. t’ r a n s i s t o r  l e s t  S t r u c t u r e  C i r cu i t  Diagram
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T A B L E  1-11
S U M M A R Y  A N D  DESCRIPTION OF PU LSE RESPONSE SCREEN

Test General Oescr iptioit of Test Ret i ’r *‘iic ,’ii Referenced
Numbe t Fig u r es Tables

6 1 ERASE R E C O V E R Y  TEST 1-3 , 1-5 , 1- 3 , 1- 12
l000psec erase , 200psec w r i t e  1-6
zero data pattern
erase write 100 times
0111’ data pattern
etase wr i te  1 time , read

6 2 ERASE R E C O V E R Y TEST 1 - 3 , 1-5 , 1- 3 , 1- 12
l000psec er ase. 200psec write 1-6
one data parrern
erase WI re 100 ri flu’s
‘el si data patteu is

er ase Wri te 1 rime , read

6 3  ERASE RECOVERY TEST 1-3 , 1-5 , 1- 3 . 1-1 2
l000psec erase . 200isst’c wr ti ’ 1 6
checker board pattern
i’I ase W r i t e  100 times
cornplerns’ n t  checker boar cI

pdt te i ii
erase w r i t e  1 titTie , read S

6 4  ERASE RECOVERY TEST 1.3 , 1-5 , 1-3 , 1- 12
l000psec e rase , 200~sse c Wri te 1-6

S ior liplernerst checkerboard
S patter n

erase Write 100 t i ’les

checkerboard pattern
eras e wr i te  1 tirrie , re ad

6 5  GROUP OPERATION TEST 1-3 , 1-5 , 13 , 1-1 3
l000psec i’rase . 200psec w u i t e  1-6 , 1-8
complement che ckerboard

patte r ii
begin at aifilie ss 63 and count

down
qinup e rase w n t i’ i ’ r i t i r t ’  chip

— 
cad en t i re  chip

66 GROuP OPERATION TEST 7-3 , 1-5 , 1-3 , 1 1 3
l000psec erase , 200pscc wr i te  16 , 1-8
chec kerboard patt er r r
begin at address 0 arid count tip

group erase-Write ent ire chip
read entire chip 

___________

6 7 READ DISTURB TEST 1.3, 1.5, 13 . 1- 14
use data wr i t ten during test 6 6 1-6
read data to latch 1000 t ines
read entii u ’ chip

78-0 286-TA - 16-1
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T A B L E  1- 12
E R A S E  R E C O \ ’E R Y  l E S U LOGICAL F l O W  SEQUENCE

Step Logica l Operation

1 SetupCL and~~~ perFig. 5a
2 3 = 1
3 Block Erase pci Fig 5tr
4 Address 0
S Setup Address Lures pci Fig Sc
6 Data (per Note at Botto m of Page1
1 Load Shift Register per Fig Sd
8 Write Data per Fig be
9 Addi ~‘s~ Address * 1
10 It IA ildrr ’’,s (64) then 5
it  J - J ’ i
1 2 11 (3< 101) lIst ’il 3
13 Block El  051’ ~~I’I ‘q 51i
14 AtIiIi r’SS 0
15 s C r O l l  A~f I r 1 -s~ I Ill’s per Fiq Sc

- 
I 16 Dat a ( Loirspls’inien t of Data used irS Ste p 61

1 ‘ Load SIs f t  Req Is t 1 ’  r per F iq Sd
• lB ~J r - ’ ,- Dora per Fiq Sc

5 t  19 Address Addre ss • 1
20 If (Addr l’ss <64 ) the ii 15
21 Address 0
2? Setup Address Lines per Fig Sc
23 Read Data to Latch per Fig, St
24 Ers pt~ Shift Regist e r per Fig Sg
25 If (Data f iCoirsp It’n~ i’ irt ~ t Data isn ’ t i  in Sri’ ii 6 ) )  then BIN arid 29
26 Address Adili ‘s s ‘ I
27 II )A il i lr i -~s <64 ) then 22
28 Reset CS ,irr i l Cl pci F in 5f r
29 E m i l  R~~~ t - i r t ’ S

N i r t r ’
T~ ct Dar.i Pat t  ,‘ I - l  t i  be Used in Step 6
N ~i r  III, ’ ’

6 1  A ll /II l’
6 2 All Orne’
6 3  Checker board (D~ t incd ri Table 1-6 for Test Num~~r 2-5)
6 4 Co inn pIt’ t i re ’ r C)ri’c ki’ I board

78-0286-TA- 1 7 - 1

1-18

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
,_r- . _  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ ,



—

~~~

l A f l l , E  1 — 1 3
-

‘ 
GROU P OPERATION i5 TES’F LOGICA I.  Fl ,OW SEQU EN CE

Logical Operation

1 Setup CL aurd ~~ pm-, Fig. Sit
2 Address 163 lilt Test 6 5) 10 lou lest 66 1
:3 Setup Address Litres per Fig. 5c
4 Grout) Erase pet F ig, 8

Data (pe r Note at Bottom ut Page )
6 Load Shift Hequsti’r pt ’n F’ ii; 551
/ Wri t. ’ Data pet F ii~ 5~’
8 Address (Adslu,’~s 1 ls~ lest 6 5 )  lAdilr ,’s’, u 1 hut h’st (1(3)
9 t oad Sb i It Hu’qi st ci per F I i~ 551
10 Writ ,’  Data lNlr ii i 55’
11 Ar Idn ess (AmIdn iss 1 h u t  lu ’s r (1 5) IA rfsl i i ’ ss i 1 liii I ‘st 6 (3)
12 Litarl Shift Ru—q istu ’ i iuu ’ i f i g  5sf

11  Wi ii,’ Data l~” F’ ig it ,

4 1-1 Aslif uess (Addu,’ss 1 liii T e st 6 5) lAdilt i’’,’, $ 1 hu ~ I u’st (1 (It
- I I S Load Shift Ru’qiiitu’u pci f i g  Sd

16 Wu it,’ Data i~~u Fig Si’
1 / A ihrlr r ’ss (Aslilrt’’,s 1 liii Iu ’sr 6 5) (A i l i f r i ’s’, i I liii li’st (1 (41
18 III AiIdrus~ I 1 tht ’ i r .1 lint lest (3 51 (11 A iti) ii’’,s I (34 rI ) u ’ u r .~ liii l i s t  1 4 1 1 )

19 AthIr u’ss 0

ii 20 Setup Adilr i ’s ’ ,  ( iou ’s iu,’i I ig Si
‘21 Reitd Data to Lat u ’lr IN ’ h g St
27 F nipty Shift R, ’ i 1ustu ’i pf ’u F ig Sit

73 II Data I (pe t Nuti’ it Rutt ii ins of P_ l ilt ’ ) t heir UIN .ii nif 7(1
74 Address Adilu rys’, $ 1
75 If Address 64 their 70
76 Ru’su’t CS arid CL IN’r I mg SIr
‘21 Fund Rout iuni’

Nut,’
T i’st I ),ut,i P~ t t i’ i ii

Nuunnlni’ i
(‘r S Cslin r lu lt ’rn,’irl Oru’r ’ku’r Iuit,ii ii
(1 6 1 3r,’ck u’i (roO t i i )  ()i’f int’ l) i in Ta bls~ 1 -6 for Test N ot is lt,’u 2 5)

780786-IA 18 1
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CHIP SELECT ~~ I I I

I I I  I

~~~‘ 1
CL E AR CL I I I I

MEMO RY W A h I F  ~i1~~ H 1—
Al ’Cf SS ENABLE A [ 

— 
1 ,~~~~~ I

T R A N S F E R  16

AD DRESS A0 , A t

AI)DRFSS A) b A,) .1

PHASE ONE ‘ii -

PHASE TWO - 2  —

WRI1 F DATA DW 
________________

R EAL )  D A T A  Ill)

NI. ) T I  S I A lii i int l is 1 inrii ’iii’,i’i- irnil

,~ No r i ,ii s i t  ii ‘ i i ’ , irt ’ &’ t i r wi t l ~i n ~ pr ’r i m u
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c hecke rboard bar patterns.

‘r he use of address unique data verified that every cel l  could be accessed.

‘t he use of the addi tiona l da ta patterns eliminated the possib i l i ty  of hat- d cel l

( s t u c k  at one or stuck  at  zero)  f a i lu r e s .

‘t his  s t r a i g h t f o rwa rd test  aequence~ p rov ides  a f i r s t  o rder  v e r i f i c a t i o n  ol ’

device operat ion.  ‘rhe use of a l imi t ed  numbe r of data p a t t e r n s  is be l i eved

to be adequate  for  MNOS type devices because the c l a s s i ca l  p rob lem of p a t t e r n

sens i t i v i ty  doe s not exist .

V o L a t i l e  s emiconduc to r  m e m o r i es  have in some cases been found to ope ra te

improper l y as a func t ion  of p a r t i c u l a r  data p a t t e r n s .  In dynamic  R A M t  ~ f o r

examp le. data stored as charge  on capac i t ive  node s can be d i s t u r b e d  by t h e

t r a n s i e n t  condi t ions  sur rounding  a g iven  ce l l ,  t r an s i en t s  can a l s o  a c t  to

• d i s t u r b  the  prope r operat ion of other  p a r t s  of the  memory  c i r c u i t .

Complex th ree  dimensiona l d i st r i b u t e d  capacat ive  ne tworks  ex i s t  w i t h i n

- these  chi ps. and it  is d i f f i c u l t  to p red ic t  a l l  possible modes of cha rge

U A B L E  1-14
R E A I ’ t I)IS’I ’UR 13 TES t’ LOG[CA l~ F l O W  S E Q U E N C E

Stt ’i i I miqmu ’al O~t,’r ittiour
1 Srtuiu C I  ~rr sl ~~ jw r F uq ~~

— _1 ,f
. 1 Aihulu ’ ss (I
‘1 S,’tiiii A~$~hr~”s~ L, imi t ’ s Pt ’, I ii i

S If,’ ,ui l Iiat a ni l l atch i’.” l iii ‘‘I

6 Amim i i u’ sr Ai lm ir eu • I
Ii i A uhilni ’ ss (641 thu ’ i i 4

Il .1 , l — I
m m i i  i_ i <11,1(11) l h~ n n  .1
I t )  A hi I i , ’s s it

— I I  Si-rim e Auiul r t ’s ~ Li  ru ’s ire’ I - i i f r i

— ‘ I-t, ’ it mt Pit , .  r,r Latu ’h iuu~ F i i ~
• • r ,m I n u t  St rut t IteUirt,’ i in’ , l ie

14 ii  It ) at a ~ Ctre~ k ,—r teeaumi )  III,.’ (tIN i - I  Ill
I A mhuh i t ’ss Amk( ~ess • I
Itt it Amhihi, ’ss (64 l iIr,~ii t
I F  Itu ’~t ’t I’S it ru il ( ‘ I in- i l iii
1$ I”~i Riu iir i ir, ’

Not , ’
i ’hi—eL, ’i tur e~ i it I’,j tr u - i n  I )t ’ irini ’ ul i i ’  Tabl e I (I ii i, T es t  Nuitrrt ~’r _‘ , 7R ()2Rb T A  ‘(i I
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t r a n s f e r ,  From a t e s t  sta nd point a t t e mpt s  ,lre ma de to ca u se cha n ges in ce l l

data  i n the p resence  of a l l  poss ib le  ad jacen t  ce l l  condi t ions .  Many  subt le

s i t ua t i ons  can e x i s t  w i t h i n  an a r r a y ,  and e x h a us t i v e  t e s t i n g  is not economi-

c a l l y f e a s i b l e .

N1i\ ’~)S m em o ry  d e v i c e s  s t o r e  i n f o r m a t i o n  as c h a r g e  t t - appe d  w i t h i n  the

n i en s or y  ( r a n s i s t o r  ga t e  i n s u l a t o r .  l ’h i s  c h a r g e  is v e r y  d i f f i c u l t  to d i s t u r b

as a f u n c t i o n  ol nor mal  c i r c u i t  o p e r a t i n g  t r a n s i e n t s ,  l ’he s torage  ce l l  is in

e ffe ~ t in -tnsun e  f r o m  t h e  c ia  s s i c a l  p a t t e r n  se n s i t i v i t y  m e c h a n i s m  a ssoc ia ted

w i th  c h a r g e  s t or a g e  on c ap a c i t i v e  nodes.

I- ret-dons t r o n ’t p a t t e r n  s e n s i t i v i t y  e f f e c t s  has been examined by exp lora-

tor y t e s t s  w i t h  ~i wide v a r i e t y  of data p a t t e r n s  conducted at the N a v a l  A i r  Test

( ‘ en t er .  l~ev ices  in a 13()RAM a d v a n c e d  deve lopmen t  uni t  were  exe rc i s ed

under  c o m p u t e r  con t ro l  w i t h  no observed  pat te rn  r e l a t ed  f a i lu res .

1. 2 . 2 R e t e n t i o n  Screen

l’he n o n v o l a t i l e  n a t u r e  of MN OS memory  poses a specia l tes t  problem.

E x a m i n a t i o n  ot ’ m e m o r y  t r a n s i s t o r  t h r e s h o l d  decay c h a r a c t e r i s t i c s , and ex —

p e r i e n s  s- w i t h  B O R ,’\M dev ices , leads  to t h e  e xp e c t a t i o n  of s e v e r a l  y e a r s  of

unpowe red d a ta  t - e t en t i on .  Since the beg inn ing  of B O R A M  deve lopment  e f f o r t s

t he t - t ’ten t io n  goal has been 4 , 000 hours .  ‘l’ lse t e s t i n g  problem boils  down to

• f i n d i n g  sonic m e a n i n g f u l  m e a s u r e m e n t  perforn ’sed in n ’ ii l l i seconds  on au tomat ic

e q u i pm e n t  wh i t  Is can p r e d i c t  p e r f o r m a n c e  over  a 4 , 0 0 0 — h o u r  period.

R e se a r ch e r s  at  ~V e st i n g h ou se  and el sewhere  have examined t h i s  problem

and h a v e  proposed d i f f e r e n t  app ro aches  w h i c h  have  m e r i t .  ‘l ’he u t i l i t y  of

sp e c i f i c  t e c h n i que s m u s t  be judged in the c o n t e x t  of the dev i ce  invo lved .

Economic ob je ct iv e ’s ,  packag ing  and p a r t  c i r c u i t  des ign  mus t  be considered.

t h e  approach  used for  the B O R A M  6002 is to s c reen  for  homogeneous

m e m o r y  ce l l  c h a r a c t e r i s t i c s .  I he imp l i c i t  as sumpt ion  is that  defec t  f r e e

( I s - v i c e s  ir e  capable  of mee t i ng  r e t en t i o n  goa ls .  If a g i v e n  dev ice  d i f f e r s

s i g n i f i c a n t l y f rom the pa ren t  popula t ion ,  i t  is v iewed as a po t en t i a l  r e t e n t i o n

f a i l u r e .

1-22 
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l o  communica te  c l e a r l y t h e t e s t  ra ti on al  it  is  f i r s t n eces sa r y to ou t l i n e
0

the operat ion of a memory  cel l .  The BORAM 6002 emp loys two MNOS m e m o r y

t r a n s i s t o r s  to s tore  one bit of i n fo rmat ion .  l’he d e t e c t i o n  of s tored  data  in-
0

volve s a d i f f e r en t i a l  comparison of the th resho ld  volta ge st a t e s  of the  two

t r a n s i s t o r s .  Storage of a ONE is defined when one t r a n s i s t o r  is in a h i g h

conduct ion (VHC)  sta te and the other  is in a low conduct ion  ( V I , C )  s t a t e ,  Stor-

age of a / -ERO is defined when the two t r a n s i s to r s  a re  in s t a tes  opposite t h a t

for  a s tored ONE.

In a de fec t  fr ee  de vice the th resho ld  d i f f e r e n c e  between the two t r a n s i s t o r s

is quite L a r g e  immediately a f t e r  data storage.  As t ime goe s by, both t r an s -

i s tor  t h r e s h o l ds  decay slowl y in such a manne r  tha t  the  d i f f er e n c e  dec rea se s .

The end of r e t en t ion  occurs  when the d i f f e r ence  becomes so smal l  it can not

be re l iab l y de tec ted  by the sense ampl i f i e r .  i’he re ten t ion  period for  a dev i ce

depends on the s ize of the initia l d i f fe rence  (window) and the  ra te  ot ’ dec’av of ’

the difference.

- ‘rhe process  of s tor ing in fo rmat ion  invo lves  two steps. ‘l’he i n i t i a l  ope s-a-

t ion is c a l l e d r u c iear rl or t 1 e r as & t . Both t r a n s i s t o r s  in the ce l l  a re  subjected

-- to a 1 mi l l i s econd  4-25 vol t  gate to subs t ra te  pulse.  I3oth t r a n s i s t o r s  are

shif ted  to the hi gh conduction (\ T I -IC) t h resho ld  s ta te .  In th is  case the c e l l

- does not conta in  any - mean ing fu l  da ta . . . .  i. e. when both t r a n s i s t o r s  a r e  in

• the high conduct ion state the cel l  content  is l o g i c a l l y  i n d e t e r m i n a t e .

• rhe second ope ration ca l led  ur w riti ~~~I u  acts to shift  one of the t r a n s i s t o r s

• in the cell  to the low conduction s ta te  as a func t ion  of the data  inpu t  s igna l .

• ‘rhe t r a n s i s t o r  to be wr i t t en  is subjected to a -Zc  vol t  200 mic rosecond  ga te

to source pulse . A f t e r  this operat ion the ce l l  is in a l o g i c a l l y det e r m i n a t e

s ta te,  One t r a n s i s t o r remains in the clea red cond i t i on ,  and the  ot h et -  t r a i ts -

istor  has been wr i t ten .

‘rhe threshold  voltage window between the two t r a n s i s t o r s  in a ce l l  depends
on the amp l i tude  and dura t ion  of the pulses used for  erase  and w r i t e .  Small

j  windows which s imulate  end-o f - r e t en t ion  condi tions  can be ach i eved  by u s i n g
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s m a l l e r  amp l i tudes  and/or  sho r t e r  pul sewidths .

In a I3OR AM 6002 device,  the option of using na r row erase or wr i te  pulse~
widths is not p rac t i ca l .  The memory t r a n s is t o r  wi l l  respond to microsecond

pulses.  This  t ime is so short  that  the propagat ion delays in the peri phera l

on-chi p c i r c u i t r y  would dominate  c ir cu i t  per formance .

The choice of e nd - o f - r e t e n t i o n  s imulat ion by reduced pulse ampl i tudes  is

eas i ly  accomplished,  and can be per formed  in such a manne r as to avoid con-

fus ing  ce l l  operat ion and per i ph e r a l  c i r c u i t  ope ration.

Exper iments  with  individua l memory t r ans i s to r s  i l l u s t r a t e  the concepts

involved.  Fi gure 1-9 shows how the decay cha rac ter i s t i c  curve s for  a

BORAM t r a n s i s t or  change as the amp li tudes of the erase and wr i te  voltage s

are  changed. At  reduced vol tage s the window closes up in a p red ic tab le  man-

ner.  At  ±25 vol ts  the projec ted  window c losure  point was off scale. At  ±23

— 
volts  c losure  occurs  at  about  2 0, 000 hours.  For ±2 1 vo l ts the window closes

in less than 1 hour.  ‘I ’his of course  is no surpr i se .  The threshold  voltage

shi f t  achieved at any given erase and wri te  pulsewidth is d i rec t l y proport iona l

to the erase and w r i t e  amp litude.

Figure 1-10 illustrates how a reduced threshold window established by a

±21 vol t  pulse could be used to sc reen  product.  In this  experiment  five de-

vices were observed at the ±21 volt  condition. Four of the devices were

known to have cha rac t e r i s t i c s  typ ical of the parent  device population. The

f i f th  device was known to exhibit  nontyp ical pulse response cha rac ter i s t ics .

If a tes t  were  pe r fo rmed  using a 30 second read delay time, the maver ic

sample could be d i s t ingu ished  f rom the typ ical population.

‘rhis then is the general  concept for  a screen to detect  memory cel ls  with

potentia l re tent ion (and/or  endurance)  problems. One fu r the r  ref inement  was

in t roduced to make the screen more  re levant  to actua l device ope rat ing condi-

tions. ‘rhe erase  voltage was held  a t  nominal ampli tude.  Only the wr i te

vol tage  was reduced.

l ’he normal  condi t ion  for  wri t ing is for  the memory transistor to be initiall y

1-24 
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1 in a sa tu ra ted  high conduction state. Ef the  e rase  vo l t age  amp l i t ude were

- 
reduced this  ini t ia l condition would be changed. t h e  wr i t e  pulse  response

would in e f fec t  be tested in the non-sa tura ted  mode - a condi t ion  w h i c h  should

never exist .

Pa ragraph 1. 1. 2. 4 presented  a descr i pt ion of exactl y how the r e t en t ion

screen was mechanized for  the cha rac t e r i za t ion  projec t . E r a s e  and read

ope rations were pe r fo rmed  at nominal  supp l y voltages.  The VGG supp l y

voltage was p rogress ive l y reduced in 0. 5 volt decrements for  wri t ing until

• a data read out f a i l u r e  occurred.

Table 1-15 shows the resu l t s  obtained f rom the cha rac t e r i z a t i on  t es t  on

BORAM 6002 devices.  Figure 1-11, 1-12 and 1-13 show the d i s t r i bu t i ons  of

pass vo l tages  at  each temperature .  A pp aren t l y the c i r c u i t  enjoys the g r e a t e s t

ope ra t ing  m a r g i n  at high tempera ture .  In p rac t i ce  th is  sc reen ing  technique

would be used only at room temperature .

On the basis of this l imi ted  amount of d i s t r ibu t ion  data a re ten t ion  sc reen

‘fABLE 1- 15

I 
RETENTION SCREEN STATISTICS

I Mean
Samp le Ambient Pass Standard Highest Lowest

I Size Temperature Volta~ Deviation Voltage Voltage
(degrees C) (Volts ) (Volts ) (Vol ts )  (Vol ts )  -

‘

1 
43 +125 25 174 0 4 8 7  27,0 24 ,00

1 44 +25 25 648 0,695 28.0 25,00

1! 
29 55 26 .172 0,879 28.0 24 .00

78-048 1 -TA-4

F
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t e s t  l imi t  of 27 vol t s  has been es tab l i shed  for  wafe r probe tes t .  In th i s  case

the par ts  wi l t  be required to pass a zero pa t t e rn  and a one pa tt e rn  w r i t t e n

ii with VGG at -27 volts.

As a fo l low up act ion it is p lanned to ident i f y a numbe r of die wh ich  f a i l

this c r i t e r i a .  These par t s  wi l l  be packaged, tested us ing  the c h a r a c t e r i z a t ion

• program,  and observed for retention proper t ies .

1. 2. 3 E rase  Recove ry Tes ts

— The purpose of “Erase  R e c o v e r y ” te sts is to examine each ce l l  for  ade-

o quate pulse response. The operation of an MNOS BORAM memory  ce l l  is

dependent on the past h i s to ry  of data storage.  As  documented in pa ragrap h

1. 1. 2. 6 four  t es t s  are  per formed which store the comp lement  of a p a r t i c u l a r

data pa t te rn  100 t imes,  then s tore  the data pa t te rn  one t ime. t h e  l as t  data

p a t te rn  is read back to ver i f y chi p operation.

This cons t i tu tes  a wors t  case situation for normal  device  operation. One

t r ans i s t o r in the cel l  is e rased 101 times, and then is wr i t t en .  The “e rase

recovery ” name describes this case. The other t r a n s i s t o r  is erased and

wr i t t en  a l t e r n a t e l y 100 times, a nd then is e rased  once.

The t r a n s i s t o r  which was erased 101 t imes can be expected to be in hard  —

satura tion. Af te r writing this device with a single pulse the least negative

threshold voltage Level associated with norma l cel l  operat ion can be expected.

The second t rans is to r is pulsed f rom the wr i t ten  state to the c lea red  s tate .

II This is also the most marg ina l e rase  condition.

Empi r ica l  resu l t s  tend to support the need for  an erase recove ry test.

I 

Devices with marginal  pulse response are detected. These same dev ices

can pass a simple erase wri te  of several  pat terns.  Use of s ingle erase

A 
wri te  tests  with margina l pulse response devices shows nonrepeatable  r e su l t s .

En p lanning the erase recovery test sequence the quest ion of a s su r ing

marg ins  had to be considered. One aspect of this  ma t te r  is the choice of t h e

number of time s the pa t te rn  should be stored before r eve r sa l .  On smal l

I ~ samp les  of parts no difference was noted between 100 and 10 repeti t ions ,

1—31 
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I ic  s n - a l l e r  n u r n l ) e ” w a s  ! i n a l l ~- s el e~ t e d  to s a ve  t e s t  t im e  at w a f er  t e s t .

C t h e r  a N c ~’~i - t t i ~~s ’s t o r  i n s u r i n g  o~~t - r ~t t i n g  m a r g i n s  w i l l  be exp l o r e d  in t he

t u t O r , ’. ~- u~~r e x a n F p le . i t  t i~~av  be d e s i ra b le  t o  u se  a i-educed  \ ‘GG v o l t a g e  or

n a r ’- o w  pulse w id t ~is w h e n  He l a s t  d a t a  p a t t e r n  is writt t-n .

1. .~~. 4 L i r o u p  (~ ps ’r a ~ L o n s  I t S~

I h ~’ BOP -\ N i  i ’1~ ()~~ d e v i ~ - s’ m a y  be er a s e d  in t h e  ch i p niode or the  g r o u p  mode.

:\ 4- -h w  c r , ls t ’ a t t u ’ ct s  a l l  ~O4~ u - c L l s  in  t h e  d ev i c e .  :\ grou p er a s e  o p e r a t e s  onl y

on l _ ~S b i t s  a s s oc i a t e d  w i t h  t o u r  r ow s in th e  P:\ N 1. 
4 

-

t h e  t e  r r :~ ‘ ‘ g r o up ’’ w a s  d e r i v e d  f i -on i  n o m e n c l a t u r e  used to  d e s c r i b e  the

d a t a  or ~~.s t l  a t i o n  w i t h i n  l 1u O R :\ N i  s t o r a g e  s y s t e m s .  I’he choice  of a l .~8 bit

c l - - a r  was  made  d H ’ r  a s t u dy  oF t he  da ta  b l o c k  s i z e s  r e q u i r e d  b y d i f f e r e n t

U s e r s .

_‘\ n~~ i f l t  ot  c o n c er n  w i t h  g rou p  mode  ope r a t  L o n  w a s  to  be s u r e  t h a t  c l e a r i n g

one ~ r oUp  ( l i d  no t  d i s t u r b  r h o  c on t e n t s  04 un a d d r es s e d  g r o up s .  l ’he g r o up

t-a t i u m s  e s~ was  d e s i g n e d  t o  e f f i c i e n t l y v e r i f y t h e  a b s e n c e  of g r o s s  d i s t u r b

u ’f ~e c t s  w h i t e c o n f i r m i n g  prope r m e m o r y  opera t ion .

l ’he sc heme t ’n~p love d  w a s  to  beg in a t  the  h igh  o r d e r  a d d r e s s  and go t h r o u g h  F

t h e e n t i r e  ch i p e t -~i s t n g  a n d  w r i t i n g  g roups. Then the ent ire  chip is read.

l h ~ p r o c e d u r e  ~s t hen r e p e a t e d  w i t h  t he  comp leme n t a r y  data  p a t t e r n  b e g i n n i n g

at t he low or d er  a d d r e s s .  In t h i s  m a n n er  each  is exposed to whateve r t r a n s —

t e n t s  a r e  a s so c i a t e d  w i t h  a d j a c e n t  g roup  e ra se .

1. ~~~. S R e a d  i i s t u r b  l’ t’~~t s

l o  r ead  t h e  c o n t e n t s  of a s t o r a g e  c e l l s  it is n e c e s s a r y  to opera te  the two

t r a n s i s t o r s  in  some m ann e t- t h a t  w i l t  compare  the  t h r e s h o l d  v o l t a g e s  and

v i e t d  a l o g i c a l  one or zero o u t p u t .  Lf the  r e a d i n g  p i -o ce ss  causes  a t h r e s h o l d

sh i f t ,  a d i s t U r b  o t t e c t  i s  s a i d  t o  e x i s t ,  t h e  m~ign it u d e  a n d na t u re of d i s t u rb

e f f e c t s  ar e  a f u n c t i o n  of t h e  d e s i g n  of the  r ead  c i r c u i t ry .

In t h e  B O R . -\ NI r ’ O 0.~ ch i p t h e  m em or y  t r a n s i s t o r s  a r e  ope ra ted  as source

f o l l ow e r s  f o r  r ead ing .  D i s t ur l )  e f f e c t s  a r e  b e l i e v e d  to be m i n i ma l .  By des i g n ,

any  d i s t u r b  a ,- t i o n  shou ld  e n han c e  t h e  w r i t  t en  s t a t e .  I f a d e v i c e  is read 
- 3
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co n t i n u o u s l y  the  net  d i s t u r b  .i s-ti on shoul (l in c  rea MC ” t h e  th  re sh o i d  v o l  (a go w i n  —

dow . a nd should  e x t e n d  the  n o n v o l a t i l e  cia ( a  p - ole  i t t  t on  ( t r u e .

A read disturb test was includ ed in  the  ch .i r a c t e , - i , a ( i o i t  p i - o g , - an i  w i t h  s o t i t” '

nuxed f e e l i n g s  about it~ u t i l i t y .  A i- my s p e c i f i c a t i o n  SCS~ 0 ~ i-eq ui i-o s  t h a t

eac h i-h i p be d e mo n s t r a t e d  as be ing  capable  of 10 reads w i t h o u t  1o~~s of d a t a .

‘t he c h a r a c t e riz a t i o n  p rogram p e r f o r m s  1000 read o p e ra t i o n s .  In  samp les

-, 
t e s t ed  to da t e , no p a r t  wh ich  has passed t h e  f un s -t i o n a  I t e s t  i-equi t ’ e n t e n t  s h a s

f a i l e d  the read d i s t u r b  t e s t .

It appears  t h a t  a more  n-lean ingfu l i n v e s t i g a t i o n  el pos M i t ) l e  r ead  d i s t u r b

a ct ion  should cyc l e  pa r t s  out to lO ~~ or 10 reads. ‘t he re Ia t ionslt ip b et we e  U

- - retention and read ing  should be t r e a t e d , and poss ib le  c han g e s  in ch ’i r a c t e r i s —

t ics  w ith endurance  cy c l i n g  should  be oxamin e(I .  ‘l ’ heso  e x p e r i m e n t s  we r e

be yond the scope of the p r e s e n t  s tudy.

-‘ 1. ~‘ .S’FA TIC  PA BA  M E  i ’ER ‘FE,”~’FS A N D  B ESU l ;l~~
l a ble 1— 7  in  t ex t  above l i s t e d  .~0 s t a t i c  pa r a n wt  or  t e s t s  w h i c h  were  ii i ~ I uded

- in  lw cha rac te  t - i za t ion  p r o g r a m .  ‘l ’h is  d i s c u s s i o n  w i l l  r e v i e w  t h e  rat ionale

— fo r  eac h g ro up of t e s t s ,  and  wil l present test results.

- 1. 3. 1 Dat.i S u m mar y

• Tab les  I — l F . 1 — 1 7  and 1 — 18 provide  a sta t i st  ic .t I s un l n t a  ;-y of test ,-e s t i l t s

obtained f rom the c h a r a c t e r i z a t i o n  progra m at l .~~”C . .!~~‘ C and  ~~ l h ~’
I data is i d e n t i f i e d  by tes t  number .  I h e  st a t i c  pa r a m e t e r  t e s t s  a re  UUT11I ) C ” i-( ’(l

3— 01 to 3—20. These ta bl es we re p repa red by the  d a t a  r e d u c t i o n  pi-ogi-ani d i s —

cussed in pa r ag rap h 1. 1. 3.

1. 3. 2 Leakage C u r r e n t  O b s e r v a t i o n s

The co n ce p t ua l l y s imp le m e a s u r e m e n t  of l eakage  c u r r e n t  i n v o l v e s  some

problems w h i c h  requ i re  p r a c t i c a l  conipr on i i se -~. ‘Fhese m e a s t l r e r i i e n t s  -i re
- p e r forn i eci t o  de tec t  gross  i n s u l a t o r  or r ev e r s e  biased ,j u n s - t  ion (Id es - t M ,  .‘\

I vo l t age  d i f f e r e n ce  between t h e  te rn l ina  I unde r t e s t  and a l l  ot lw i- d e v i c e  t e rm -

i n a l s  is fo rce d ,  a n d t h e r e s u l t in g cu r r e n t  f lo w is m e a s u red .

• A typ ical  input node may exh ib i t  a few p icoanipe r es  of c u r r e n t .  A few

~
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nodes may have microampere  level  c u r r e n t s .  The wide v a r i a t i o n  of c u r r e n t

values and the need to set a measurement  scale for  au tomat i c  tes t  equi pment

- [ is in con f l i c t .  For the cha rac te r iza t ion  program, m e a s u r e m e n t s  were per-

formed using a 10 microampere  fu l l  scale se t ting .  For this  condit ion the

equi pment accu racy  is ±0. 05 microamperes .

- 
This choice of scales a l low s v i s i b i l i t y  of onl y the few c u r r e n t  va lues  in

I the microampe re range. A l l  low cu r r en t  readings  simp ly r e s u l t  in random

indications on the order  of 0. 05 microamperes .

During the cha rac te r i za t ion  projec t  measurements  were a t tempted at -55~ C,

- 
25°C and 125°C. The leakage cu r r en t s  observed a t  -55°C were i n a c c u r a t e

I because of sur face  Leakage on the tes t  f ix tures .  A considerable  amount  of

I 
f ros t ing  was present  during the experiment .  Since o ther  data taken at  t ha t

t empera ture  was val id , and leakage cur ren t s  a re  n o r m a l l y we l l  beha v ed at

low tempera ture, the test was not repeated.

1 1. 3. 2. 1 Chi p Select  Leakage

Figures  1-14 and 1-15 show the chi p leakage d i s t r i bu t ions  at  1~~5” C  and

I C 25° C. A t  room tempera tu re  six par ts  we re observed to have leakage in

I 
excess of 0. 5 microamperes.  Two pa r t s  showe d fu l l  scale readings  of lO. 240 

4

microamperes .

It appears that the use of 40 vo l t s  for  this test  on the BORAM 6002 is ex- 
P

I t reme. The tai l  edge of the normal breakdown cha rac t e r i s t i c  goe s below 40

i volts. A bette r choice appears to be 37. 5 volts.  The hig h leakage ~,- u r r e n t s
I observed in the sample whe re due to junct ion breakdown , not to de fec t ive

I 
insula tors  or junctions. Test ing at 37. 5 volts  a l lows  for more than 5 pe r cent

var ia t ion  in the nomina l 35 volt level .

[ 1. 3. 2. 2 CMOS Level Input Leakages
- En table 1-3 in the text above it was shown that input s ignals  T R ,  A0 ,

I A 3 ” 4 , A l ,  AZ , tb Z , DW , A Z , - ’ 5, A E , MW , and c~ 1 requi re  signa l swings  s im i l ar

to that of CMOS devices operated at 15 volts .  Each of these  inpu t s  was t e s t ed

I for  leakage c u r r e n t  at  -20 volts. I’he r e su l t ing  d i s t r i b u t i o n s  for  a l l  m e as u r e d
input, combined is presented in f i gures  1-16 and 1-17.
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1. 3. .~~. 3 t r i s t a t e  l e a  kage-

the output  d r i v e r  in the I3ORAM 6002 chi p e n t e r s  a h igh  impedance s t a t e  —

when chi p s e l ect  CS is h igh .  I h i s  fe a t u r e  a l l o w s chi ps in the BOPAM h yb r i d

- 
c i r c u i t  to be OR t ied to a common outpu t  bus.

~~~ t r i s t a t e  l eakage  t e s t  ~t i - e s se s  the  PN junc t ion  a s s o c i a t ed  w i t h  the  out-

put d r i v e  DR te rmina l a t  20 v o l t s .  N o r m a l u s a g e  s tr e s s  is less  than 15 v o l t s .

r he r e s u l t i n g  leakage c ur r e n t  d i s t r i b u t i o ns  a-r e shown in f i g u r e s  1-18 and
-
~~ 1-19 for  12 5°C and ~,5°C.
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1 1. 3. 3 i/o Voltage Level  Tes t s

Tests 3-13 and 3-14 of the cha rac te r i za t ion  program were somewhat un-

I usual in tha t several  conventiona l device  pa ramete r s  are  examined s imul tan-

eousl y. The cha rac te r i s t i c s  of the on-chi p two phase dynamic  sh i f t  r eg i s t e r

are exp loited to allow an examinat ion of VIL, VIH , VOL and VOH. When

both cLock phases f r 1  and ~~2 are  held low, the signa l at the reg is te r  input DW

wi l l  ri pp le through the regis te r and appea r at  the output DR.

- 1. 3. 3. 1 Output Low Voltage Observat ions

To verif y VOL ( D R )  and VIL (DW , ~ 1 and ~~2) the inputs are  set at  a 0. 25

volt  guardband inside the levels  given in table 1-3. DW is set at -10 .25  volts.

-~~ Both ~ 1 and ~ 2 a re  set at -14 volts. This combination consti tute s the wors t

-‘ set of input levels to maintain the output in a low state. To check VOL the

voltage from VCC to DR is measured when 5 mi l l i amperes  is forced  into

- DR.

- - Figures 1-20, 1-21 and 1-22 present the resul ts  of this measurement  at

- 12 5°C, 25°C and -55°C. The standard VOL voltage leve l for  CMOS ope rated

• at a VDD of + 15 volts is (15 x 0. 3) + 4. 5 volts. The equivalent level r e f e r r ed

to VCC is -10. 5 volts. Note that the samples were able to sink 5 mi l l i amperes

ove r the temperature range~ and remain well  be low -10. 5 volts.
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1. 3. 3. 2 Output High Voltage Observations

To verif y VOH (DR ) ,  VIH (DW ) and VIL (~ I and ~ 2) a s imi lar  s t r a t egy  is

used. DW is set at -1. 75 volts.  Both i ’i  and ~~2 are  set at -14 vol t s .  b

check VOH the voltage f rom VCC to DR is measured when 5 m i l l ia m p e r e s  is

forced out of DR.

Figures 1-23, 1-24 and 1-25 shows the VOH distributions observed at 125°C ,

25°C and -55°C. The standard VOH voltage level  for CMOS operated at a

- 
VD D leve l of +15 volts is (15 x 0. 7) + 10. 5 volts. The equivalent  level re-

* 
fer red to VCC is -4. 5 volts. Al l  devices in population were wel l  above th is

teve l ove r the tempe rature range while sourcing 5 mi l l i amperes .
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1. 3. 4 Powe r Dissipation and Static Mode Supply Curren ts

A r m y  specification SCS5O3 does not p lace l imi t s  on s tat ic  mode supp l y

currents .  It does however indicate power dissi pation goals. This discussion

wil l  present measured static mode supp l y current  data , and wi l l  exp lain how

that data is related to powe r d iss i pa tion.

1~ 
During the electr ical  test  of a BORAM chi p, the VCC supp l y cur ren t  is

I measured in six different  stat ic modes. In this context , u static mode~ means
that the device terminals  a re  held at  specific DC volta ges, and the DC suppl y

I cu r ren t  is read. In the text below each cu r ren t  wi l l  be refer red  to using the

t symbols:
1 Deselected Standby IDS

Selected Standb y ISS

I Read IR
Wr i t e  1W
Chi p Clea r icc

f Group Clea r ICC
Shift Registe r ISR

I The last cu r ren t  ISR is not one of the six stat ic  mode currents .  It is the
ave rage cur ren t  which flow s into the shift registe r during the process of

I shift ing data. For this ana lysis tSR is taken as 0. 9mA from an anal ysis of
the c i rcui t  operation.

1. 3. 4. 1 Observed Supp ly Current  Distributions
Table 1-19 summarizes the mean supp ly cu r ren t  values observed at three

- I temperatures. Table 1-20 shows the rat io of the cu r ren t  at t empera ture  ex-
treme s to the 2 5°C current .  ISR was in i t ia l l y est imated at 25°c. The tSR
ratios stated in table 1-20 where assumed as a means of adjust ing ISP for
tempe rature variation.

Figure 1-26 and 1-27 show the dis t r ibut ion of IDS at 125° C and 25° C. The
observations of IDS at -55° C were believe d to be inval id  because of tes t  f ix ture

I. leakage currents.

Selected standby cur ren t  dis t r ibut ions  appear in f i gu re s  1-28 , 1-29 and

1 1-30. Read current  is documented in f igures  1-31 , 1-32 and 1-33. The

1 1—53 / 1— 54
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J TABLE 1-19
BORAM 6002 STATIC SUPPLY CURREN T LEVELS ‘ -

- - Static VCC Terminal Current
F - Supply Symbol —55°C +25°C +125°C
P * Current mA mA mA

P 
- 

Deselected Standby lOS 0.0017 0.0015 0.0012
Selected Standby ISS 14.522 11.025 9.120
Read IR 31.884 24 063 19.964

-- 
- Write 1W 29.053 21.989 18.414

- 
- Chip Clear ICC 14.176 10.902 9.04 1

-~ 
Group Clear IGC 16910 13.234 11.053

- 
Shift Register ISR 1.19 0.9 0.75

78-0481-TA-23

TABLE 1-20
STATIC SUPPLY CURRENT TEMPERATURE SENSITIVIT Y

- Static Relative VCC Terminal 
p

Supply Curre t
• - Current Symbol I (—55)/i (25) 1(125)/1 (25)

Numeric Numeric

Deselected Standby IDS 1.133 0.800
Selected Standby ISS 1.317 0.827

• Read IA 1 ,325 0.830
Write 1W 1 .321 0.837

- Chip Clear ICC 1 300 0.829
Group Clear IGC 1 .278 0.835

• Shift Register ISR 1 .32 0.83

- 78-0481-TA-24
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w r i t e  cu r r en t  appears  in f igu res  1-34 , 1-35 and 1-36. F igures  1-37. 1-38 
*

and 1-39 t rea t  the (‘hi p c lear  c u r r e n t , and f i gu re s  1-40 , 1-41 and 1-42 show
- 

- the group clea r d i s t r ibu t ions .

1. 3. 4. 2 Op e r a t i n g  Mode Power Levels

the subject  of power di ssipat ion  dur ing  c i r c u i t  ope rat ion is r e la t ive l y com-

plex in that the specific ope rat ing mode and detai led t iming of contro l  s igna ls

must  be considered.  To c la r i f y this issue the fol lowing discussion wi l l  r e la te

the supply c u r r e n t  l eve l s  measured in var ious  s ta t ic  modes to the powe r

- 
- diss ip ation experienced during device operation.

Before s t a t i c  c u r r e n t  L e v e l s  can be re la ted to operat ing powe r, it is neces-

sa ry  to es tabl ish  the specif ic  operat ing wavefo rm sequences involved.  F o r

the e l e c t r i c a l  tes t  of the BORAM 6002 chi p a set of opera t ing  condit ions have

been es tabl ished.  rable 1-21 re la tes  these standa rd operat ing condit ions to

the stat ic  cu r r en t s  in te rms of the dwell t ime in each s ta t ic  s tate.  Three  op-

e ra t i ng  modes are  t rea ted  read mode , block w r i t e  and group wr i te .

The three operat ing sequences summar ized  in table 1-2 1 were selected to

be s i m i l a r  to the  condi t ions ca l led  for  in A r m y  spec i f ica t ion  SCS5O3. In each -

case, a l l  2048 bits in the chi p a re  processed.  Time is a l lowed for  the device I
se lec t ion  and dese lec t ion  funct ions .  Data is shif ted at  a 1 megahe r t z  rate.

Power d i s si pation can be computed f rom the t ime ave raged  supp l y c u r r e n t

ove r the en t i r e  opera t ing  period.

lo  compute the average  powe r for  a g iven  opera t ing  mode the t ime ave rage

c u r r e n t  for  the opera t ing  sequence must  be fo rmula ted .

R E A D  MODE

IRM (4LDS+2306[SS+1921R -f20481SR)/2502

B LOCK W R ITE MODE 
4

IBW - (4ID S+243 51SS+ 12800 1W+ 1000[CCf2O48I SR)/ 162 39

GROUP W R I T E  MODE *

1GW = (4 11’4S 1-2434 1SS+IZ 800IW fI6000I GC+2 048 [SR)  31238 
- 
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TA B LE 1-21
BORAM 6002 OPERATIN G MODES TIME SUMMARY

Operating Dwell Time in Static Power States Total
Sequence microseconds Time
MODE TOTAL MSeC

t >  ~~~~>4I~~~~ ~i .a
—

~~~~~ t V  I ~- ~~~~~~~~~ 
-
~~~~~~~ 

-
~~ -~~ 

~~~ 2 !  ~~~
~~ (.) 0  C C -) ~~~~~

Set-up 2 1 0 0 0 0 0 3
Address latch 0 128 0 0 0 0 0 128
Read & Transfer 0 64 192 0 0 0 0 256
Em pty Register 0 2112 0 0 0 0 2048 2112

- • Reset 2 1 0 0 0 0 0 3
READ MODE 4 2300 1 ô 0 0 2048 2502

C Set-up 2 1 0 0 0 0 0 3
Block erase 0 1 0 0 1000 0 0 1001
Address latch 0 128 0 0 0 0 0 128
Load register 0 2112 0 0 0 0 2048 2112
Transfer & write 0 192 0 12800 0 0 0 12992
Reset 2 1 0 0 0 0 0 3
BLOC K WRITE 4 2435 0 12800 1000 0 2048 16239

Set-up 2 1 0 0 0 0 0 3
Address latch 0 32 0 0 0 0 0 32
Group erase 0 96 0 0 0 16000 0 16096
Load register 0 528 0 0 0 0 512 528
Transfer & write 0 48 0 3200 0 0 0 3248
Load register 0 528 0 0 0 0 512 528
Transfer & write 0 48 0 3200 0 0 0 3248
Load register 0 528 0 0 0 0 0 528
Transfer & wri te  0 48 0 3200 0 0 0 3248
Load register 0 528 0 0 0 0 512 528
Tiansfer & write 0 48 0 3200 0 0 0 3248
Reset 2 1 0 0 0 0 0 3
GROUP WRITE 4 2434 0 1~ä~ö 0 16000 2048 31238

78-048 1-TA-42
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‘rhe respect ive  powe r leveLs  at a nominaL VCC to VGG voltage of 30 volts

would be

PRM = 3OIRM PBW = 3OIBW PGW 301GW

A compute r program was wri t ten to accept  the static cur ren t  value s given irs

a- tab Le 1-19 and use the ave rage current  eq uations to compute powe r. The re-

suLt s  are  Listed in table 1-22 .

* 1.4 TEST STRUCTURE OBSERVATION S

A series  of five measurements  in the character iza t ion  program are  made

• on nodes that are not normal l y accessible af ter  packaging. Table 1-23 pre-

• - sents the mean value s obtained from samp le populations at 125° C, 25°C and

-55°C.

- - This information was obtained from subsets of the samples used for  the

integrated circui t  data presented earl ier  in this report. The computer data

reduction program was used to eliminate grossl y defective samples f rom the
- populations.

F TABLE 1-22
BORAM 6002 OPERATIN G POWER LEVELS

- 

Operating Average Power Dissipation

Mode —55°C 25°C 125°C
-
‘ 

mW mW mW

* READ 504.2 382,3 316,5

BLOCK 783,0 593,1 496,0
- 

WRITE

- GROUP 653,3 501.2 419 ,0
- WRITE

_______  ______  ______  ______

78-048 1-TA-43
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‘l’A B I E  1—fl
OBSERV ED I’EST ST R U C F U R E  C I1 ARAC ’I ERL STI CS

Measured Observed Mean Vt l ta 9~~ 
Temperature Sensitivity

Parâm,ter 
- - 

2i~
’

~~ l25~C ~L 65) 
~fii2~

)
V(25) V (25 )

Vo lts Volts Vo lts Numeric Numeric

N oismem ory  T rans ist oi 746 7 2 395 2.333 1.028 0.974
Threshold

Memory Transistor High 2 493 2 467 2.430 1 .01 1 0.985
Coiidui-tion Threshold

Memory Trans istor Low 13 107 --1 3.032 12 .737 1.006 0.977
Conduri ion Threshold

Mr-nsory Substiati’ 4 083 3.500 2 176 1 168 0672
Voltage High

Memory Substr,iti’ 7 583 26.068 26.033 0. 98 1 0 999
Voltage L,iw

78 0481 TA 44
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F igures 1-46 to 148 show the distr ibution of nonmemory t ransis to r thresh-
I 

oLd voltages. The distribution of memory trans i s tor  hig h conduction th resholds

- 
are shown in f igures  1-49, 1-50 and 1-51; and low conduction thresholds  are

shown in f igures  1-52 , 1-53 and 1-54. The hig h voltage level of the memory

substrate is disp layed in f igures 1-52 , 1-53 and 1-54. Memory substrate low

- 
voltages during erase are shown in f igures  1-55 to 1-57.
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T 1. 5 PRODUCTION A C T I V I T Y

During the report ing period production Learning for the BORAM 6002 chi p

has continued, and y ields have risen s igni f icant ly. Table 1-24 compares

cur ren t  experience with the initia l chip fabr icat ion results.

The MM&T project began work  with the 6000C chi p, and achieved a y ield
•1

of about 1. 5 die per wafer  start.  The initia l experience with the 6002 chi p

was about 11 die per two-inch wafer. Current  resu l t s  exceed 33 die per

wafer.

Conservat ive mathematical  y ield models predic t  average probe yields of

0. 38 for  the 6002 chip. Curren t  average experience is 0. 22 . The highest

1 
- 

yield observed was 87 die per wafer, or abot~ 0. 45.

TABLE 1-24
BORAM 6002 YIELD GROWTH

S .

Yield Component Symbol \‘ i’Id Experience
— 2nd Quarter 1st Quarter

1977 1978

Process Yield Y w 0,63 0 7 7
Probe Yield Y1 009 0.22
Overall Yield Y 0.06 - - 

0.1 7

78 048 1-TA-60
U--

Ii
1-9 3/ 1-94

I
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• 2. CONCLUSION S

The BORAM 6002 chi p has been brought  to the stage of m a t u r i t y  n e c e s s a r y

- for low r isk  manufacture .  Product ion lea rn ing  trend s are  f i r m L y es tabl ished ,
U and costs can be expected to reduce as volume leve l s  increase .  A l l  the ground
- work  necessa ry  for  p ilot product ion  has been comp lete d.

a

I i
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3. PROGRAM FOR N E X T  I N T E R V A L

rhe p r i m a r y  task dur ing the next per iod is comp letion and d e l i v e r y  of the

conf i rma to ry  samp le h ybrids ,  and in i t i a t ion  of the p i lo t  run .
U

‘U

U

1.
m U
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4. PUBLICATIONS AND REPORTS

j
During the report ing period there were no publ ica t ions  der ived d i r ect l y

T - from this  c o n t r a c t  e f for t.
S t

a -

U .

a .

a .

ii
I
I.

I
4- 1/ 4-2
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6~ I D E N F I F I C A  FI ON OF l l ( ~1lN lt . lANS

t h e  f o l l o w sn g  key e ng i n er ’r s and ma nagement  p e r s o n n e l  were  emp lo y ed on

the BORAM m a n u f act u r in g  methods p ro j e ct  Iron . Janua r~ to M ar c h  of 1Q78 .

F~~~t~n i c i an  Manhours
- R. Creb s

P. Smit h S

I - 

C. W a l d v o g e l  8
- 

Mr.  K. 1-1. Gibb s has rep laced J. l~. l i c t r i c k as t h t ’ p r o g r a m  f i n a n c i a l

manager.
I

I
i .
I.
I
I
‘4

I
I
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a .  APPENDIX A

TECHNICAL RE QUIREMENT SCS-503

1.

•0•

-U.

I
I A— 1/A-2 
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ELECTl~0’UCS cu~~ .~~:u SCS—503

TECh N iCAL RE QU IREM ENTS 28 Novemb er 1977

- Metal  N i t r i d e  Oxide Semicon duc to r  (MN OS) I nt e g r a t e d
• C i r c u i t s  for  Block Or ien ted  Random Access Memory (BORAN )

1. SCOPE
U

— -  
1.1 This spocification covers the detailed requirements for metal nitride
oxid e semiconduct.,r integrat ed circuit chi ps for use in the manufacture of
block oriented random access memory modules.

- 2. APPLICABLE DOCUMENTS

2.1 The foliwing documents of the issue in effect on the date of invita—
- - tion for bid , form part of this specification to the extent specified

- herein.
U

SPECIFICATION

- 
Mil i t a ry

* MIL—P--11268 Parts , Mate r ials and Pr oc esse s
Used in Elec t ronic  Equipment:

MIL—M—38 510 Microcircui ts , General Specifica-
tion for

(Copies of documents  required b y co n t racto r s in connection with specific
a procurement functions should be obtained from the procuring activity or

as directed by the contracting officer. Both the title and number or
• symbol should be stipulated when requesting copies.)

• - 3. REQUIREMENTS

• 3.1 MNOS BORAM Chip Functional Description. The MNOS BOr~AM chip covered
by this specification shall be a 2048 word by 1 bit memory array , and shall

- have the following features:

o Nonvolatile electrically alterable memory for implementation of
-. memory systems .

o 2048 bits organized as 2048 by 1 or 1024 ~ 2

a Sequential Input Data Format

o internal serial  to parallel transfer to pro~~ide at least 1.0

I MHz data  rate w i t h  a 26 KIlz row decode rate.

I
- - — -- ____ —--- ‘-  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i:_.n_~

_ .
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o Block clear of 204 8 bIts.

o Data 1/0 15 vol t CMOS (-ot lIat Ible .

o Address In p u t ; and Clock Phases  15 volt CMOS compatible.

o Ch Ip select with P— c h a n n e l  compatible levels.

o WrIt e and c 1 e~~r •idd i  t ; s cont rol led by chi p ~;e le ct  (CS)

o Powe r st r o h ed  by c h i p  select to  m i n i m i z e  standby power .

o Ou t p u t  “T n — s t a t e ” to p er m i t  “wire—or ” tic ,

o Memory expansion simpl ified by chip select logic.

o Charge enhancement read to extend period of nonvolatile
memory.

o - oo O p e r a t I n g  t e m per a t u r e  —5 5 C to 125 C.

3.2  P s~ c~ 1 C r .1L - r ~~r i~~t i - s . The BORAN c h i ps  s h a l l  be f a b r i c a t e d  u s i n g
sf1 ic~ - :i wa :  ci  ~~~~~~ ~‘ — t . -p .  --

~ t i i  o x i d e  s em i co n du ct  or (1’~OS) o ;uo~ ogv ~n
addi  ~ ioa t o  t h e  :~~ :al  a t : i Je ~x i d e  ~ez t i c o n d u c t  or (~ N~ S ) t~-~-h ;~i ~ so s.
BORA~! chi p shi ’l have m a x i m u m  d imens ions  of 0 .250  in ches  by O . 2 ~~O i n c h e s .

3.3 ~emorv Ch~~~a c t e r i ~~tics . The BORAM chip memory characteristi cs shall
be as follows :

3.3.1 O r a t ~~os . Oper ation of the BORAM chip is defined as; the sequ enc-
ing of c o n i r o i s  t o  ~- i c a r  t h e  c h i p  and write in a di~~it.il dat a  se q u e n c e ,
and the  s e q u e n c i n ~: ~~ c o n t r o l s  to  read out the  d i~~i t a l  d a t a  f r o m  t h e  c h i p
and compare  i t  to t h e  i n p u t  d a t a  sequence.  F a i l u r e  of any da t a  b i t  to
compare co u st  t u t e s  f .i i l u re  of • p er a t  ion .

3.3 .2 ~~~~~itv . The BORAM chip shall have a capacity of 2048 bits of
d a t a .  This  d at a  s ha l l  he accesscd , b r  reading or writing, by a serial
s h i f t  ro~ Istor os the Ot)RAM ch i p.

3 . 3 . 3  R e t e n t io n .  The BORAM chi p shall be capable of retaining the data
for at leas t  -.000 h ou r s .  For purposes of test ing this characteristic
can be ven t led by e x t r a p o l a t i o n .

3.3.4 t t - a l  \ l t t ’ t l b lI ’. The BORAM chi p shall be capable of being
cleared and ie-w J i t .  w r i t t e n  in and v er i f i e d  e l e c t r i c a l l y .

3 .3.5 R e i d . The !~0~ .\M c h i p sli d I e x h i b i t  no d e t e c t  able  det  er i o r at  ton
of si gn a l  l e v e l s  . if te t  ~ I n t’. r ead ten  t inies .

3 . 3 . 6  N o I i - \ ’i  - t i  l e .  The - Bt~RAM c h i p s ha l l  r e t a i n  the  d a t a  upon removal
of e l e c t r i c  p ’~~- r .

A -4
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3.4 Cl ~~p S & i e c t .  T i c  It1~~A~1 i l l )  ~ i i. ] 1 be so (icslgn(-d t h a t  the cli p
&elect  si g . l  .h a l  1 .- . h l c  a l l  tio r c h i p  f e - s t  is : ;. W i s - r w v c r  t h e
chip s e l t e t  1~~; a lecic io , tie chi p w i t h  po .~cr supp l ie s  ; i t t ; i ch e d
shall dra-~ m i n i - u : ; s w  -r  and  .~s 11 be un~i I fec ted by any  o t her  s i g n a l ; .
When the  cl ip  s e le c t  Is a log ic one t he  ch i p s I ;  11 be a c t i v e  and s h a l l
respond to a l l  L t h L r  s i g n a l s .

3.5 F J e c t n i c a l R a t f n ~~s. The LORAN c h i p i - i l  operate as specified with
power supp ly  v a r i at  ions  of +IZ and signal i i p u t  v a r i at i o n s  of +1%.

* 3.5.1 Powe r S p i .  The BORA -I chi p shall have the following power
supp l i e s :

VCC +15 volts (most positive voltage)

CL 0 volts (intermediate negative voltage)

VCG —15 volts (most negative voltage)

3.5.2 Signals. The olectrical signals to the LORAN chi p shal l  be as
follows:

3.5 .2 .1  S n a ~~~t ) o r c r i t ’ t~~c ’ns . The s i g n a l s  to  the  BORAN c h i p  ar~~givc’n in
the fo l l ow ing  s u b p a r ag r a p h s .

3.5 .2.1 .1 A d d r e s s  L~ n c s .  The LORAN chi p sh a l l  have no more than  s ix
) address l ines ( A O — A 5 ) .  These lines shall serve to define the row or data

• bits to be read or written .

3.5.2.1.2 Access Enab le .  The access enable (AE) signal shall enable the
address select into the memory array area of the chip for purposes of
reading or writing data.

3.5.2.1.3 Clocks. The two clock signals (al , 02) shall cause the
a sequencing of the on chip shift register to cause data to be transfered

into or out of the chip.

• 3.5.2.1.4 Clear. The clear signal (CL) shall cause the two transistor
cells in the LORAN chip to be reset so thai data can be written into the
chip.

3.5.2.1.5 Transfer. The transfer signal (TR) shall cause the transfer of
- da ta into and cut of the shift register in a parallel form to the memory

secton of the chi p.

3.5.2.1.6 Memory W r i t e .  The memory write signal (MW ) shall cause a row
of data to be wr i t t en  in to  men iary.

3.5.2.1.7 Data I np u t .  The d a t a  in put  l i n e  (DW) shall provide input data
to the shift register.

•
3.~~.2.1.8 Data _ Ou~j~ta. The o u t p u t  l ine (I) !~) s hal l  r ep re sent  the  data output
of the s h i f t  r~• :.: i s t  - ‘r .  Whenev er  c h i p  select is .i logic zero , t h e  o u t p u t
shall be d i sab led  and sh al l  present an im p ed a n ce  g re at er  t han 500 ohms ,

A— 5
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3 .5 .2 .2  SI~~na1 L e ve l s .  The vol tage levels for  logic  one and logic
zero for  the signals to the BORAN chi p shall be as follows :

SIGNAL LOGIC ZERO LOGIC ONr.

- 
- 

A i/j , AE , TR , MW VCC - 10.5 VCC — 2.0
01, 02 VCC — 14.25 VCC — 2 .0

CL VCC — 14.85 VCC — 2.0
CS VCC — 34.65 VCc —

DW VCC — 10.5 ‘ICC — 2.0
DR VCC — 10.5 VCC — 4.5

3.6 Electrical Characteristics.

Bl ock Read Cyc le Time: <2.5 msec per 2048 bits

- j  Data Rate :  >1.0 MHz

Memory Clear Pulsewidth :  1&UO usec max per write
cycle

Memory Write Pulsewidth: 200 usec max
— 

Block Write Cycle Time : <16 msee per 2048 bits

First Bit Access Time: <5 usec

Read Mode Power Dissipation: <670 oW at 25°C

Write Mode Power Dissipation : <700 oW at 25°C

Standby Power Dissipation: <1 oW

3.7 Mounting . The BORAM chips shall be mounted in hybrid packages.
Sixteen (16) ~INOS BORAM 10 chips shall be mounted in each hybrid package
to permit testing individually or of the entire assembly.

3.8 E n v i r o n m e n t a l_ Re~ tj i r cm ont s .  The MNOS BORAM ch ip  as mounted in the
hybrid package  shal l  comply  with th e requirement of paragraph 3 and in
p a r t i c u lar  o p e ra t ion  as d e f i n e d  in 3.3.1 , of this specirication after
being subjected to nwc l ian ica l  shock , v ib ra t i o n , cons tan t  accelera t ion
‘~ind highs t emp e r a t u r e  env i ronmen t s .  (See 4 .5  Tables I and 2 ) .

3.9 Prn~ ei:s C o n d f t i ~~nt. . All  u n i t s  sha l l  be process conditioned . (see
table 1). 4

A-6 • 1
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4. QuALITY M;~eRAN cE PROVIS1O~Sa

4.1 J~e p a ~11~1Ji t v f ar Ttiu1~c~ct1on . Unless o t h e r w is e  s p e c i fi e d  in
the con r a e  t or pu u~ h~~sc o r der , t h e  su p p l i e r  is r espons ib l e  f o r  the
per form:io~ e -if a 1 i n sp e c t  ion  r equf  r emen t  ;o; s pe c i f i e d  her e  In .
Except  as o t her w i s e  sp ec! f l e d  in  the  cont  cact  or o rde r , the supp lier
may use h i s  own or an y  o t h e r  f ;ic  jilt - I r s  s ui tab l e  f or  the p.’ r f o rm . ln c e
of t hue inspect ion tequ I Foment  S S~~~ CC I l c d  lucr e  in • u n l e s s  d isapproved
by t h e  Covern’:t-ni . The Covc’rnmt’nt reserves the r i g h t  to perform any
of the inspect ions set forth In the spec! fication where such i n  spec—
t ions are deemed necessary  to assure suppl ies  and services conform
to prosecribed r e q u i r e m e n t s .

4.2 Classificatio n of Tn ~ p e c t i o n.  Inspec t ion  shal l  be classified as
follows:

(a) First Article inspection (does riot include preparation
for delivery (see 4.3).

(b) Quality conformance inspection (see 4.4)

4.2.1 Process Coniftienl n” . Confirmatory samp le units shall be
process conditioned per I-w I t’ 1. Pilot run units do not require
stabilization bake and tcrpcrature cycle , but shall otherwise be’
conditioned per Tab!e 1. Subsequent production shall be condi—

:~~ tioned per Table 1.

4.3 Confirmatory S ‘1’_ In s p ec t io n .  Confirmatory sample testing
:~ shall consist of 1g0 t e s t s  s p e c i f i e d  in Table 2. All confirmatory

sample units shall  be subjec ted  to these tes ts .

4.4 Qua l i t y Cen forr ~anee  Tusr.t’etlon . The con t rac to r  is not required
to perform a Qualit y C on t o r t s i n e e  in s p e c t i o n  on p i l o t  run  p r o d u c t i o n .
Subsequent product ion  shall  be inspected per Table 2 .

4.5 Test P lan .  The c o n t r a c t o r  prepared , Government — approved test
plan shall contain:

(a) An operational test method to  show t h a t  the BORA M
chips as mounted in hvi ’-e ic l  packages , s i r  i s f a c to r i ly
meet the requirements of paragraph 3, and in particu-
lar operation as defined in paragraph 3.3.1.

(b) Time schedule and sequence of examinations and tests.

(c) A d. .;cription of the method and procedures ,

(d) Program of any automatic tests including flow charts
and block diagrams .

A~7 
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5. PR1:I’ARAT ION FOR PI -N.1 vr.RY

5.1 Preparat Ion for delivery shall be In accord ance  w i t h  the best
commercial practice.

TABLE 1 PROCESS CONDITIONING REQUIREMENTS

— Conditioning Operations MIL STD 883 Description
Test Method

Stabilization flake 1008.1 24 hour bake at
Condition C 150°C with no end

point measurener.ts.

Temperature Cycle 1010.1 10 cycles required
Condition B with no end point

measurements 4

Pre Burn-In 25°C Does Not Test must conform to
Electrical Test Apply SC5—503 paragraphs

3 and 4.5.

Burn—In Test 1015.1 Steady—state , power
125°C Ambient Condition C and reverse bias for

160 hours.

Post Burn-In Does not Tests must conform to
25°C , 125 °C , —55 °C Appl y paragraphs 3 and 4 . 5 .
Electrical Tests of SCS—503.

A-8 
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TABLE 2 CRO~~ C TESTS (NOTE 1)

EXAMINATION OR TEST MIL—ST I) 883 FAILURES
- - TEST METHOD ALLOWED

~~~~‘. SUbgr oup_ 1

7 Mechan ical Shock 2002 1
• Condi t ion  B

- Variable V ib ra t i on  2007 1
Condition A

~~ 
: Constant Acceleration 2001 1

-

~~~~ 
j Condition B

Subgroup 2

-: High Temperature Storage 1008 0
- Condition C

NOTE 1 — End point  e~ e c t rI c a i  tes t s  are required a f t e r  each
test per method spocified in paragraph 4.5.

S
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APPENDiX B

DISTRIBUTION LIST

Addressee 
~~ y Addressee Qtv

Defense  D o c u m e n t a t i o n  C e n t e r  12 Chief , In t e l l  M a t i  I )ev Of f i ce
:\TTN: [)I)C-TCA Electronic Warfare Lab.
Cameron  S t a t i o n  (Bld g 5) USAECOM

- Alexandria , VA  22314 For t  1-lolabird , Ml)  2 121q

: - Director 1 Air Force Avionics Lab
-; Nationa l Security Ag ency ATTN: AFAL/I)OT, STIN FO

~ 
ATTN : TDL Wrig ht-Patterson AFB, Oil

- 
Fort George C. Meade, MD 45433

- ; 20755
- ‘ Office of Nava l Research

- Ofc . A s st  Sec of the Army (R&D) 1 Code 427
A T T N :  A s s t  for  R e s e a r c h  A r l i n g t o n , \ -A  22 217
Room 3E379 , The  Pentagon
Washing ton , DC 20310 Commanding General

US A r my  M a t e r i a l  Command
C om m a nd i n g  G e n e r a l  1 A T TN : I ) R C M A - E E

• US A r m y  M a t e r i a l  Command 5001 Eisenhower  Blvd
A1’TN: DRCMT Alexa ndr ia , V A 22304
5001 E i senhower  Bl yd.

• Alexa ndr ia , V A  22304 CC , US A r my  M i s s i l e  Command
4 Reds tone  S c i e n t i f i c  Info C t r

M r .  W i l l i a m  Re l le r  1 ATTN:  Chief , Document  Sect ion
- . AMES Bldg .  Room 516 R e d s t o n e  Arsena l, AL 3580Q

- Washing ton , DC 20505
CO. USA Foreign Science Div

Commanding  O f f i c e r  1 ATTN:  AMXS T CE Di vis ion
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