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PREFACE

This f inal  r epo r t  is the c ulmination of an 18 month  s tud y,  R e l i a b i l i t y

Evaluation of Programmable  Read-Onl y Memor ies  (PROMs) ,  commencing

17 June 19Th and terminat ing 17 December 197 ( .  It is submi t ted  in

accordance  with the provisions of L ine  Item A O OZ , E x h i b i t  A , f o r  C o n t r a c t

No.  F3 060Z-75-C-02 94 .

The contents of the repor t  r e p r e s e n t  the fu l f i l lment  of the above con-

t r a c t  by the Strateg ic System s Division of Hug hes A i r c r a f t  Company and

does not necessar ily represent  the recommendat ion, conc lus ions  or approval

of the United State s Air Force .
The following Hug hes personnel contr ibuted to the complet ion of this

work:

Principal Investigators :  W. W. Powell
R. L. Long , J r .

Advisor :  M. May

Projec t  Eng ineers:  T. M. Donnell y (Phase I)
P. C. McMahari (Phase II)

P rog ram Manager :  K. L. Wong

Special acknowledgement is made to Dr.  W. K. Jones for  his a s s i s t a n c e

in obtaining thin sections of PROM chips and pic tu re s  of f u s e s  th r oug h t rans-

mission electron microscopy,  and to Mr .  E. 3. Fox for  his r ecogn i t ion  of

the importance of this work and his continual encouragement .

Thank s also goes to all of the PROM use rs  and vendor s  who con t r ibu ted .

Names of u s e r - c o n t r i b u t o r s  are  p resen ted  in the Appendix .

The RADC Project  Engineer  was Mr .  3. 3. Dobson.
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EVALUATION

The prime objective of this stud y was to  e s t a b l i s h  e f f ~~c t j v t ’ r~~~~~’i1it v

procedures for testing, qualify ing and screening m i c r o c i r c u i t  pr ’ a m . i h i e

read—only memories (PROMs). This study evaluated programming fu s i n g  tIIL- tI lod s

and materials to assess their reliability. PROMs using three types of

programming (nichrome fusible link , avalanche—induced m i 4 r a t i  ( A I M )  and

polysilicon fusible link) were studied in detail. After pragr~inr ~Ing the

different devices with varying programming pulses and conditions , it ~~~~~~~~~

that it was best to use manufacturer suggested voltages and waveforns .

The s tudy  is considered s u c c e s s f u l  in m e e t i n g  the  i n i t i a l  obj e c t i v e s

es tab l i shed  at the beginning of the  p rogram . Pe r sonne l  f rom Hughes  t h a t

p a r t i c ipated in this  e f f o r t  pe r fo rmed  in a p r o f e s s i o n a l  manner  and  ;~r ’duce d

a hi gh q u a l i t y  r epo r t .

The major  s ign i f i cance  of th i s  s t u dy  i s  t h a t  i t  provides a back hr~~:nd

of t echn ica l  unders tanding  in the  p r o g r a m m i n g  m e c h a n i s m  and f a i l u r e  mr- des

of t h ree  types  of PROMs . The f i n di n g s  ef t h e  studs- viii be used in t h e

~~rat ion O f  M I L — ’i—385 l0 d e t a i l  s pe c i f i c a ti o n s  fo r  t h e  ~‘~ 0~’1s st u d i c h  I a  t h i s

program and fo r  o ther  PROMs w h i c h  use the same t v~ e pr rimr i~~~. The tes t s

and programming methods will be added to MIL—ST~)-~ 83.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~
JA>~ES 3.  DOBSON
Pr It- ct Eng ineer
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1 . INTRODU CTIO N

PURPOSE OF STUDY

This f ina l r e p o r t  p r e s e n t s  the r e s u l t s  of a stud y o - r f o r m e d  by the

S t ra t eg ic System s D i v i s i o n  of H u g h e s  A i r c r a f t  Comp a n y  u n d e r  R om e  A i r

Development Cente r C o n t r a c t  No.  F 3 O u 0 2 - 7 5 - C - 0 2~~4 . TI-ic p r i m a ry  ob~ec-

t i ves  of this stud y w e r e :

1 . A s s e s s  f a c t o r s  a f f e c t i n g  the r e l i a b i l i t y  of t i - t r e e  type  -1 p r o c  r a m —
mable  r e a d-  onl y m e m o r i e s  (PROM s) ,  namel y ooi y 

- 
st a l l i n c

si l icon ( p o l y s i l i co n)  f u s e , a v a l a n c h e- in d u c e d  mi g r a t i ~~n (AIM ) and
n i c h r o m e  f u s e  technologies .

2 . inves t igate  p r o g r a m m i n g  and a s so c i a t e d  f a i l u r e  m e c h a n i s m s .

3 . A s s e s s  the re l iab i l i ty  of t hese  PROM ’ s via a l i f e  t e s t .

This  stud y is a con t i nua t i on  of an ea r l i e r s tud y on the  r e l i a b i l i ty  of

PROM s wh ich  was c o mp leted in M a r d i. 1975 . The f ina l  report of th~ ea r l i e r

s tud y is RADC-TR-75-278, entitled , Reliabilit y Evaluation of Proc’rammab~e

R e a d- O n l y M e r n i t - i e s .  ‘ In tha t r e p o r t  t h r e e  type s of PR OM’ s v,-e r e c - i ~ c -r e d ,

n a m e l y n i ch r o m e  f u s e , t i t a n i u m-t u n g s t en  f u s e  and a v a l a n c h e - i n d uc e d

mi g r a t io n  (AIM ) t echno log ies .

SCOPE OF ]TH1S PR OM RELIABILITY E VA L U A H U N  S T U D Y

This stud y was  c-u n d u c t e d  u t i l i z ing  as v e h i c l e s  ten 1024-b i t  ten 2 u 4 s b i t  an d

f ive  4 0 9 6 — b i t  PRO~\I ‘s f r o m  each of f o u r  supp l i e r s  c o v e r i n g  ti-tree tedint h o c  t e s :

Pol y s i l i con  f u s e , a v a l a n c h e— i n d u c e d-m i g r a t i o n  (~\ L ’\ I )  and n i c l ir u n i e  fa s e .

N i chr o m e  PROM ’ s f r o m  two suppl i e r s  and the -tLi € - r s  f r o m  one supp l i e r  ea~ h

w e r e  u t i l i zed .  Four  sp e c i f i c a r e a s  w e r e  i n v e s t ig a t e d :

I . P r o g r a m m i n g  and E l e c t r i c a l  Tes t

2. Prograrrn-uhc (Fusing) \ico hanisrn s

3. F a i l u r e  Me hanisms

4. S c r e e n i n g ,  B u r n- i n  and Life  T e st s

j
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Within these four areas , the following specific tasks were aecoIii j )IisIIe (t :

Programming and Electrical Test

a. The uni que e l e c t r i c a l  c h a r a c t e r i s t i c s  p e ct a i n i n g  to p r o g r a n - t m i l i g
were  anal yzed for  eac h m e m o r y  element t echno logy  n u d e r  stud y.

b. The e f fec t s  of bit c a p a c i t y / c h ip size on p r o g r a m m i n g  w e r e
studied.

c. Methods of programming and their eventual reliability were
evaluated.

d. Concepts  fo r  optimizing p r o g r a m m i n g  y ield and r e l i ab i l i t y
were developed.

e. Variations in programming pulses, such as fusing currents ,
and their effects on fusing were studied.

2. Programming (Fusing) Mechanisms

a. Programming ( fus ing)  mechanism s associa te d with each memory
element technology unde r stud y were  ident i f ied .

b . Material  and geometry cha rac te r i s t i c s  of the m e m o r y  e l e m e n t s
were determined.

c. Scanning electron microscope as well as transmission electron
microscope studies of the fuse  elements were  pe r fo rmed .

d. AIM devices were sectioned and junction shorting spikes
af ter  programming were photographed.

e. Resistances of unprogrammed and programmed polysilicon fuse
elements were measured.

3. Memory Element Failure Mechanisms

a. Passivation in tegr i ty  of fuse memory elements was studied by
means of freeze-out and water drop tests.

b. Reconduction likelihood of p rogrammed fuse  memory  elements
was investigated.

c. Likelihood of unwanted shorting of memory element in AIM
devices was evaluated.

d. Likelihood of p rogrammed AIM memory  element opening
or shorting of the isolation diode was studied.

4. Screening,  burn- in  and life tests
a. Screening tests were perfo rme d on all fuse  type PROM s under

study.

b. Burn-in and life tests were conducted under 125 °C chamber
conditions for all PROM types under study.
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The primary study emphasis was placed on the pcJysilicon fuse
technology because this technology was not covered in the e a r l i e r  stud y.
The AIM technology received second p r io r i ty .  The n i c h r om e f u s e  tech-
nology,  which received the most cove rage  in the ea r l i e r  stud y,  w s studied
with respect to areas not already evaluated.

HISTORICAL BACKGROUND OF PROM TECHNOLOGIES STUDIED

The first field Programmable Read Only Memory (PROM ) was intro-

duced in earl y 1970. Today there are four different bi polar I M tech-

nolog ies , at l eas t  10 m a n u f a ct u r e r s , and m o r e  than  4d device t \  pes r a n g i n g
f r o m  256-  to 8192-b i t  memory  capaci t ies .  Bas ic  v a r i a t i o n s  in t et . hnologies

relate  tj  methods used to s tore a non-vola t i le  men-tory  bi t .  M e m o r y  e l e m e n t s
may  cons i s t s  of n ichrome fu s ible l inks , t i t a n i u m - t u ng s t e n  f u s i b l e  link s ,
polysi licon  tu s ib l e  link s , or a r e v e r s e - b i a se d  e m i t t e r - b a s e  d iode  u t i l i z i n g
what is known as the Avalanche -Induced Mi g r a t i o n  (AIM) t echno logy.  The
three  technologies  investigated in this stud y a r e  d i s c u s s e d  below .

Polycrystalline Silicon (Polysilicon ) Fusible Links

The pol ys ilicon  film used to form the f u s e s  in th i s  t echno logy  is s imila r

to that used in polysi l icon gate MOS devices .  Schottky bi polar  PROM s

ut i l iz ing  thi s technology  were  in t roduced  in the f i r s t  q u a r t e r  of 1972 and a r e

now avai lab le  f r m  two v e n d o r s .  The p roduc t s  of onl y one m a n u f a c t u r e r ,
who o f f e r s  r - iilita ry v e r s i o n s  in 1024 , 2048 , and 4O9~~-bi t  s izes , w e r e  t e s t e d
in th is  p r o g r a m .  Signi f i can t  m i l e s t o ne s  in the development  of this  te hnol g\-

a re :

1. F i r s t  q u a r t e r  1974 - C i r c u i t  changes  were  made to i n c re a s e  the
speed of the 1024-b i t  dev i ce .

2. Second q u a r t e r  1974 - 2 048-b i t  device  was  i n t r o du c e d .

3 . F i r s t  q ua r t e r  1975 - Changed f r o m  d i f f u s ion  f the b a s e  region to
ion implanta t ion  f o r  bette r p r o c e s s  c o n t r o l.  4 0 9 0-b i t  d e v i c e  ~ -a s
i n t r o d u c e d .

4 . Fourth quarte r 1976 - 2048 and 4 0 9 6-b i t  d e v i c e s  redesi gned u s in c
pol y s i l i c o n  c r o s s u n d e r s  to enable  smal le r  chi p su es and hi g h e r
spceG .  (Devices were  obtained for  th.s p r o cr a m  in 1Q7 ~ a n -  d i d
net have thi s rr, nciification .

3



5. Fourth  quarte r , 1976 - The manufac tu re r ’ s reco mmended pro-
gramming algorithm was modified to increase  p r o g r a m m i ng  y ie ld.
(Thi s modification was not used in the tests  repor ted  he re .

Avalanche-Induced Migra t ion  (AIM)

The AIM memory element is a diffused bipolar transistor without a base
contact. Programming is accomplished by electrically altering the emitter-

base junction to form a resistive short across it. This technology was

introduced in 1971 with 1024 and 2048-bit versions. The principal mile-

stones in its subsequent development are:

1. January 1972 - The 1024-bit chip was reduced in size to improve
speed and increase programming yield.

2. Feb rua ry  1973 - Circuitry changes were made to im prove chi p
enable speed and reduce programming path resistance and required
voltage on the 1024-bit device.

3. June 1974 - The number of after programming pulses which are
applied after the emitter-base short has been sensed was reduced
to prevent degradation of the base-collector junction.

4. Fi rs t  quarter  1975 - 4096-bit device introduced.

5. Second quarte r 1976 - Minor mask changes were made on the
4096-bit device to increase its speed and improve the high tempera-
ture operation of the chip enable driver. (Devices tested in this
program were obtained in 1975 and did not have this modification. )

6. 1 November 1976 - A military specification, MIL-M-385l0/202,
was issued for 1024-bit AIM PROMs.

Nichrome (NiCr) Fusible Links

This technology is the f i r s t  used for PROM elements and was int roduced
in April 1970. It is now in use by six manufacturers , although products from

only two of them were included in this study. Complete accounts of each
manufacturer ’s design and process changes are difficult to obtain because

of the proprietary nature of the information. Changes in NiCr PROM desi gn
• and proce ssing reported in the previous Hughe s study were:

• 1. Use of a new process to provide tighter control of the cross-
sectional area of the fusible link.

2. Implementation of a new screen utilizing a bias to test fusible link s
contained in each device (not accessible to users).

4
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3. Verification of programmed patterns utilizing a reduction in power
supply voltage (to approximatel y 4 volts).

4. U t i l i z a t i o n  of double m a s k i n g  to r e d u c e  p inho le s .

Recently, th ree additional developments have occurred:

5. Th e 1024 , 2048, and 4096-bit device s of both manufacturers have
been revised so that they form generic familie s, i. e. , they all use
similar layouts and c i r cu i t  desi gns .  V a r i o u s  c i r cu i t  u np r ov em e n ts
were incorporated in the generic designs.

6. Improvements in programming circuits and manufact ’ ring t e— t pro-
c edu r es have been made to enab le sin g le pulse p r o g r  ming wi th
hig h yield.

7. Both NiC r PROM product lines included in this study now use
Schottky diode clamps instead of gold dop ing to achieve high speed
and /or low power operation.

MI LITARY SPECIFICA TIONS F OR PR OMS

The U.S .  Air  Force specificat ion for  512-bi t  n i ch r o m e fuse  l ink PROM s

is MIL-M-38510/20l , issued 21 August 1972 and amended 17 Jul y 1q73.

The specification MIL-M-38510/202, issued 1 November 197o , is for

1024-bit AIM devices. Additional USAF specifications for PROM s are in

preparation.

Department  of Defense specifications for  PROM s were  i s s u e d  30 Janu-

a r y  1976. The gene ra l  specif icat ion is drawing n u m b e r  ON l 2 L ~~ ’ - . De ta il

r equ i r emen t s  fo r  1024-b it  PROM s are  g iven in d rawing  n u m b e r  ON l ~~1~i 9 e / ° l .

VEN I ) OR S  OF DEVICES U SED IN THIS STUDY

The f o u r  v e n d o r s  of devices used in this study are h arris S e i n i c o n -

d u c t o r ;  Monol i th ic  Memor ie s, Inc . ; In te l  Corp.  ; and In t e r s il , In .

The following codes are  used in this r epo r t  for  v en d o r  des i g n a l  ion :

V e n d o r  A Har r i s

Vendor B MMI

Vendo r X = Intel

Vendor  Y = Intersil

5
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2. PROM MEMOR Y ELEMENT TECHNOLOGIES

The PROM element structure s included in this study are

1. Fuse Link PROM s, employ ing eithe r nichrome ( N i C r )  or pol y-
crystalline silicon (polysilicon) fuse materials.

2 . AIM (avalanche-induced migra t ion)  PROMs , of ten re fe r red t o as
“blown diode ” memory elements.

A survey of available fusible link PROM s indicate s that a variety of

d i f f e r e n t  shaped f u s e  l inks  a r e  used.  In p a r t , the d i f f e r e n c e s  o c c u r  b e c a us e

of fu se  mate r ia l  se lec t ion  a n d / o r  compos i t ion . P r o g r a m m i n g  re l i ab i l i t y  is

also a facto r. Fuse link material thickness , cross-section , length b e t we en

opposed te rminat ion  pads , r e s i s tance , etc . , all may affect fuse link ease of

fab r ication , programmability and ultimate reliability . Material selection and

associated fabr ica t ion  p roces se s  do a f fec t  the o c c u r r e n ce  and f r e q u e n c y  of

• potential f a i l u r e  modes such as unprog rammed  “o pens ” and “ growback l inks

or unwan ted “ shorts .” A n  unde r s t and ing  of f us e  confi gu ra t i ons , m a t e r i a l s  and

processes  is , therefore , qui te n e c e s s a r y  in genera t ing  an accura te  p ic t u r e  of

PROM device reliability . Top views and a sectional view of a fuse link along its

length are shown in Figure  1; the ver t ica l  scale of the sec t ion  is exaggera ted  f o r

clarity.

The AIM or blown emitter-base junction PROM is quite different in con-

cept and confi gu ra t ion  f rom the fuse  link type PROM . The AIM m e m o r y

element is a p lanar t rans i s to r . P r o g r a m m i n g  is e f f e c t e d  by hi gh c u r r e n t

pulses which permanently short the emitter-base junction of the transistor.

Thus the programming mechanism occurs below the surface of the device ,

within the bulk si l icon .
Following a re  details of the three PROM element  technolog ies inc luded

in this study. Photographs of the devices used are included . The areas of

the cells which contain the individual  memory  elements a re  l is ted in Table 1.

The memory arrays also contain some Al buses , typically one per eight

6
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Figure  1. F u s e  l inks .

co lumns  of cells , w h i c h  a r e  not  i n c l u d e d  in  the cell  a r e a s . The w i d t h s  of

the a luminum lines (which a r e  the e l ec t r i c a l  connec t ions  to each  c o l u m n  of

cell s in the a r r a y )  are  also g iven in Table 1.

POLYCRYSTALLINE SILICON FUSE TECHNOLOGY

The polys il icon f u s e s  a re  shaped like an hourg lass , s imi lar  to the f u s e

shown at the bottom of Fig u r e  Ia . Their  m i n i n ’u m  w dth is a b o u t  ha l f  th~-

width of the N iCr  f u s e s  and the same as for  T i-W  f u s e s .  However , the

po~ ycrys ta l1in e  Si film is about 16 t imes thicker  than the NiC r f i lm s ari d
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TABLE 1 . THE AREAS (IN ~M
2) OF INDIVIDUAL PROM CELLS

AND MINIMUM ALUMINUM LINEWIDTHS (IN ~M) OF TIlE
DEVICES USED IN THIS STUDY

Device Ca pacity

PROM 1 (24 Bits 2048 Bits 40~~i Bi ts

Technology Area Linewidth Area Linewidth Area Linewidth

Polysilicon Fuse 1710 6.3 1500 5.3 1500 6.3

AIM 850 9.5 970 9.5 1020 12 . 7
• Nichrome Fuse

Vendor A 1210 5.3 1210 5.3 1270w’ 4.8~
V endor  B 1090 5 . 8  1090 5 .8  10600 5~~()O

*The d i f f e r e n c e s  between the d imensions  of the n ichrome 4 0 96 -b i t  dev ices
and the smaller  dev ices  f r o m  the same vendor probably resul t  f r o m  normal
m a n u f a c t u r i ng  and measu r ing  to le rances .

about 4 times thicker than the Ti-W film s used in the other fusible link tech-

nologies. Therefore considerably more material is used for the polysilicon

fuse link , which might simplify manufacturing process  control .  The
resistances of polysilicon fuses can be adjusted , in principle, by controlling

the amount of phosphorus doping that is subsequently applied. In practice ,

however, the polysilicon film is doped at the same time as are the emitters

of the n-p-n transistors and therefore its resistivity is not independently

controlled. The polysilicon film extends underneath the Al column address

conductors on the memory array. (On devices made since the fourth quarte r

of 1976, polysilicon is used to form cros sings under Al lines on 2048 and

4096-bit devices , enabling smaller size, higher yield chips.)
A phosphosilicate glass film is deposited on top of the metallization for — I

protection from abrasion and particle s inside the package. When this glass

film is etched away at the chi p bonding pads , openin gs are also etched at every
polysilicon fuse, reportedly to facilitate programming. The native oxide

that forms on silicon will protect the exposed fuses from corrosion. The
even thicke r oxide tha t form s on programmed fuses while they are hot is
probably sufficient to protect them from shorting by loose particles.

8 
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The composition of the various components of the memory elements

was investigated by a scanning electron microscope (SEM) using energy

dispersive analysis of x- rays (EDAX). The resulting x-ray spectra are shown

in Figure 2 .
The resistances of unprograrnmed fuses  were measured  with two needle

probe s and a Tektronix Type 576 Curve T race r .  The data are summarized

in Table 2. The resistances of the unetched (as-received) samples ranged

from 70 to 122 ohm s with an average of 89 ohm s, in reasonable agreement  - 
-

with the nominal value of 100 ohm s. The reason for the etched resistors

being of lower resistance is not known ; per haps it is due to contamination of

the polysilicon by the etchant or formation of a parallel conductive path on the

bare (except for native oxide) Si substrate.

The characteristics of the polysilicon fuse technology are detailed

below:

1. Field Oxide Thickness - The thermally-g rown Si wafer oxide coat-
ing is abou t 0. 3 ~m thick.

2. Fuse Dimensions - The average width of the neck of the fuse links
is 2. 2 ~m , with a standard deviation of ±0. 5 ~ m. The probability
of having links narrower than 1 rim , which might be fused by the
read current, in only 0,01 percent. The length of the link is about
7 .irn and the thickness of the polysilicon film is 0. 35 }in~i *0 . 04 ~m.

3. Polysi.licon Deposition Method - Vapor pha se chemi cal vapor
deposition, similar to that used for polysilicon gate MOS devices ,
is used to deposit the polycrystalline silicon film . No intermediate
adhesion layer is used underneath the polysilicon. The fuses are
subsequently doped with phosphorus during the emitter diffusion
step, which gives a sheet resistance of 50 to 100 ohm/square.

4. Fuse Terminations and Interconnections - A film of aluminum , 1 ~.im
thick , is used to fo rm the fuse  terminations and circuit intercon-
nections. Polysilicon underlie s only the Al column buses on the
ar ray .  The Al-pol ysi licon interface is approximately 8 x 14 ~im.
The interface is located at the termination pad on the end of each
transistor fuse. Low contact resistance at this interface is obtained
by sintering .

5. Passivation Glass - Phosphosilicate glass, approximately 1 ~m
thick , is deposited by chemical vapor deposition. The nominal
phosphorus content is 2 percent. The glass is subsequently removed
by chemical etching from the bonding pads and from every fuse link
(in orde r to facilitate programming).
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- ‘ 6. PROM Die Separat ion - Diamond scribing and breaking arc U~~ t - i  t o
dice the w a f e r s .

7. Fuse Pr~g~~ mming and Test - The nominal fu sing curr &-nt 1 is

30 mA , corresponding to a current density of 4 x lO l A / n ~ — ot  the
neck  of the fuse link. The programming powe r is  n o r m al l y a b o u t
90 m W .  The temperature at the center of the polysilicon fuse during

prog ramming has been calculate d to be above the mel t ing  p o i n t  of

s i l icon ’ and good ag reemen t  between obse rved  and c a l c u l at e d  to  s in g
times has been obtained. An e x t r a  row and colum n of f u s e s  ar c
prov ided  at the pe r ime te r  of each  PROM a r r a y  f o r  t e s t  p r o g r a n l m i n g ,
which is done at the wafe r  s tage , be fore  d ic ing .  Func  t i ona l  t e s t i ; -~g
is also pe r fo rmed  be fo re  d icing  and a fte r packag ing .

8. M e m o r y  Element P r o p e r t ie s  - The nominal u n p ro g r a m m e d  f u s e
link r e s i s t ance  is 100 ohms. Var ia t ions  in the sheet  r e s i s t a n c e  of
the polys il icon  and the d imens ions  of the fuse  resu l t  in ac tua l  value s
of 50 to 150 ohm s (cf .  Table 2 ) .  P r o g r a m m e d  f u s e s  u s u a l l y have
r e s i s t a n c e s  g r e a t e r than 109 ohms (c f .  sect ion 5) .  The r e a d- ou t
( s e n s i n g )  c u r r e n t  is nominally 2 mA ’ and the voltage available at the
f u s e  is about 2V , so the minimum r e s i s t a n c e  fo r  a fuse  to appear
p rog r a m m ed  is 1000 ohm s. The actual r e a d-o u t  c u r r e n t  sens i t iv i ty
may be as low as 0. 5 mA , corresponding to a f u s e  r e s i s t a n c e  of
4000 ohms, which is t he r e fo re  the maximum res i s t ance  at which a
f u s e  may appear to be unprogrammed.

Photographs of the three d i f f er e n t  size chips and the individual m e m o r y

elements  on each chip are shown in Fig u r e s  3 and 4. Note the openings  in

the passivation g lass at every  fuse  location in F igure  4.

AVALANCHE -INDUCED MIGRATION (AIM ) MEMORY E L E M E N T

A schematic sectional view of the n -p -n  t r ans i s t o r  used as the AIM

memory  element is shown in Figure  5. (The ver t ica l  scale has been

e x a g g e r a t e d  fo r  clar i ty  in this drawing . ) P rog ramming  is e f f ec t ed  by passing

a relatively l a rge  cu r r en t  (200 mA) th roug h the t r a n s i s t o r  with the e m i t t e r  -

voltage positive with respec t  to the collector .  This c u r r e n t  pass ing in the

r eve r se  d i rec t ion  throug h the emi t t e r-base  junct ion r e su l ts  in a p e r m a n e n t

short a c ros s  tha t junction , leaving a p-n (base-col lec tor )  diode at that

memory location. A small sensing cur ren t  (0. 5 mA) is passed throug h the

1. R.  C. Smith, S. J. Rosenberg,  C. R. Bar re t t , “Reliability Studies of
Polysilicon Fusible Link PROM ’ s , ” Proc. IEEE 1976 Reliability Phy s i c s
Symposium (IEEE , NY , 1976), p. 193.
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Fig u r e  5. AIM memory  element , sectional view.

element afte r each p r o g r a m mi n g  pulse in orde r to detect wher. programming

is comp leted af te r  which fou r addi tional prog ramming pulses are  pa ssed to

i n s u r e  permanent  programming. Imprope r programming can resul t  in

shor t ing  the base-co l l ec to r  junction as well as the emit te r-base  junction ,

the reby shorting a row of the memory  a r r a y  to a column of the a r r ay - and

disabling the device.

The manufac tu r ing  p roces s  used is a s tandard gold-doped bi polar TTL

device p rocess  without the additional thin film deposition and pat terning steps

required fo r  fusible link PROMs. (Note that the latter devices included in

this s tudy use Schottky diode s ra ther  than gold doping to obtain high speed

t r a n s i s t o r s . )  Two levels of aluminum metallization are  used in order  to

utilize the inherent  hig h density of thi s technology. A phosphosilicate g lass

film is used between the two Al metallization layers and as a passivat ion layer

on top of the uppe r layer .  Photographs of the three d i f fe ren t  size chips

included in this study are  presented in Figure 6. Individual programming

elements on each chip are  shown in Figure 7. Details of this technology a r e :

1. Memory  element configurat ion

a. Spacing of t r a n s i s t o r s, c e n t e r-t o -c e n t e r  18km

b. Emitter  depth 1 . 5  - 1 .9  ~m

c. Base thickness 0 . 3  - 1 . 0  ~ m

d. Buried col lector  channel width 18 ~m

15 
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e. E pitaxial layer  th ickness  6 ~rn

f.  Size of c o l l e c tor  con t ac t s  12 x 25 ~m

g.  Width  of A l  conduc to r s  9 ~irn

h . B a s e-e m i t t e r junc t ion  a rea
(approx. ) 5 x

2 . Meta ll i za t ion  - Two levels of aluminum metall izat ion a re  used ,
each I im thick.  They are  separated by 70 nm of Si02, plus I F-rn of
phosp h o r u s - d o pe d  Si0 2 ,  depos i t ed  b y chemica l  vapo r depos i t ion  ( C V D ) .

3 . Pass ivat ion Glass  - Mil i ta ry  AIM devices a re  passivated with a
1 ~ m thick CVD overg lass.  This layer is a sandwich s t ruc ture,
cons is t ing  of Si0 2 , phosphorus-doped  Si02, and SiO2 . Sintering
of the Al -S i  contac t s  f o r  4 minutes  at 425°C is per formed afte r the
passivat ion  is deposi ted .

4. Die Separat ion - Scr ib ing  and breaking are  used to dice the AIM
PROM w a f e r s .

5. Memory  Element  Res i s t ance  - The resis tances of unprogrammed
elements are in the nei ghborhood of 109 ohms. Programmed
junct ions  have a res is tance of less than 10 ohms.

NICHROME (NiCr )  FUSIBLE LINK TECHNOLOGY

Nichrome f u s e  links are  made in var ious shape s , as shown in Figure  1,

a cco rd ing  to each m a n u f a c t u r e r ’ s p r e f e r ence .  Variations in the thickness

and Ni :Cr  rat io of the n ich ro rne  film may occur  among manufac turers  and

for  d i f ferent  date code s of the same manufacturer .  Due to the long interest

in e lec t ro-  cor ros ion  of nichrome f ilms , the quality of the passivation glass

has received part icula r attention in these devices. Specific information

about this ve ry  popular PROM technology is presented below:

1. Field Oxide Thickness  - The the rmally-grown Si wafer oxide
coating is 0. 6 - 0. 8 ~ m thick.

2. Nichrorne Fuse Dimensions - In the neck reg ion the fuse is 3. 1 to
5. 1 irn wide. The fuse  itself is 10 to 25 ~m long and the NiC r
fuse  mate rial is 15 to 25 nm thick.

3. Nichrome Deposition Method - No metal interface material is
required beneath NiCr to improve adhesion. Thermal evaporation
is used to deposi t  N i C r  on the PROM wafe r , fo llowed by annealing
at elevated t empera ture .  Actual annealing temperature and
duration are considered pr oprie tary inf ormation by suppliers , as
this process is used to provide a homogeneous distribution of nickel
and chro mium within the fuse  material  film , thereby reducin g
programming problems. Suppliers use crystal oscillator film thick-
ness  mon i to r s  fo r  controll ing NiCr depositions.

18 
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4. Nichrome Film Composition - Spectrographic analysis is used to
verify the composition of the nichrome films. One supplier  us ing
nichrome fuses states tha t the most stable fuses  which provide the
most repeatable programming results are  those made of approxi-
ma tely 50 percent  Ni and 50 percen t Cr. The exact  composition
is considered propr ie tary by the suppliers.

5. Fuse Termination Pads - Aluminum is used as the termination pad
and conductor material contacting each end of the nichrome fuse
link. Termination pad thickness is approximately 1 f i m.  The area
of conductors  making contact with fuse te rmination pad ends is
approximately 5 F-a’) x 6 F-’~~. No information is available on the con-
tact  resistance between the aluminum termination pads and the
nic hrom e fuse links.

6. Fuse Overg iass - The overg iass is composed of phosphosilicate
glass (silox) and is approximately 1 F-rn thick. The fuse overg lass
is inspected for pinholes following completion of the silox process ing.
PROM wafers  are examined under a zoom microscope at magnifica-
tions of more than lOOx. In general , no additiona l tests are  used
to ensure overg lass film integrity.

7. PROM Die Separction - Diamond , laser and sing le-wheel saws are
used to separate wafers into PROM dice.

8. Fuse Prqgramming and Test - Fusing temperature in the fuse “ neck”
region has been calculated at approximately 1600°C, which is several
hundred degrees above the melting point of this material .  Fusing
voltage is approximately 7 to 8 volts. Fusing current  densities have
been estimated at 2 - 5 x i07 A/ cm2 . Every PROM device is tested
at both the wafer and die level. Test fuses permit both row and
column checks.

9. Fuse Resistance Value s - Resistance of the NiCr film centers  around
100 ohms/square ;  actual fuse values are between 300 to 500 ohms
including photolithog rap hic varia tions. When programmed open ,
the fuse resistance should be in the megohm region with a workable
minimum d own to around 4000 ohms.

Photographs of the nichrome fuse chips and memory elements included

in this study are given in Figures 8 - 11 .

- 19
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~ . PROM CIRCI I’F DESCRIPI’IONS

The c i r cu i t desi gn and layout of the devices are described in this
section. This information is useful in the understanding of programming
d i f f i c u l t i e s  and p e r f o r m a n c e  of f a i l u r e  analyses.

VENDOR X - 1024-BIT DEVICE (POLYSILICON)

Read Circuitry

A skeletal  outl ine of the c i rcui t  schematic for  this device is shown in

Figure 12. The memory is organized as 256 four-bit  words. The fuse
matrix is partitioned into four blocks that correspond to the 4 bits; each

block contain s 32 rows and ei ght columns.  The address  selection scheme

uses one t r a n s i s t o r  per fuse  location with the fuse in the emitter circuit of

the select t r ans i s to r .  The collectors of all the select t ransis tors  are con-
nected in common to the V~~ voltage source.

The desired 4-bit memory word is addressed  by selecting the required

row and column in each of the four blocks. The proper row is selected by

turning on one of the 32 row drivers. Each row drive r is connected by a

common bus to the bases of all the select t rans is tors  in that row and , if

sele cted , provides base drive to eight select t ransis tors  in each block. The
row drivers have the character of an AND ga te. The true and inverse
functions of address  inpu ts A 3 through A 7 are  genera ted by five address
buf fe r s  and are  connected in various combinations to the row driver inputs to
form a row select matrix.

Column selection is performed in a similar manner. Address input s
A0 through A2 are connected through input buffers to another AND matrix
to sele ct one of eight column drivers. Each column dr ive r is connected to
the base s of four column select transistors , one in eac h bit block , which fo rm

a serie s connection between the fuses on those columns and the sense

amplifiers.
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* Thus , one f u s e  in each bit block is s et e c t e d  for interrogation by pro-

viding base drive to the associated sele t t r a n s i s t o r  ( ro \ \ ’  s e l e c t )  and a t  the

same time connecting the io-~ver end of the fuse to the sense i r l  o i l  If ~1o

fuse has not been opened by programming, current will flow from the Vec
node and the input voltage of the sense amplifie r will rise. If the sense

amp lifier has been activated via the chi p select input , a low vo l tag e s t dt e  w i l l
occu r at the output pin because of the inverting nature of the sense cii - ’. uit.

Programming Circuitry

The method used to route programming curre nt to the desired fuse

location is similar to that used in read operation. The row and colun -ir i se lc~ t
c i rcu i t ry  is essentially the sam e in both cases .  Some addi t ional  c i r c u i t r y  is

employed to accom modate the i nc rea sed  c u r r e n t  r equ i r ed  du r ing  p r oer amrn ing .
A Darlington switch is employed to provide a low impedance path to g r o u n d

for the programming current , thus shunting the input of the sense  amp l i f i e r

which is switched to a hig h impedance during programming. This switc h is

controlled by a zener diode connected to the s e n s e  ampl i f i e r  ou tpu t  t e r m i n a l .

Dur ing p r o g r a m m i n g ,  the bit r equ i red  to be p r og ra m m e d  is selected by

rais ing the cor responding  output p in to approximately 8 volts by conne -t i n g  it

via 300 ohni s to V cc.  This ove rcomes  the zener  potential , t u rns  on the

Darl ington switch , and provide s the n e c e s s a r y  low impedance shunt  path .  For

the remaining three  unselected bits , the hig h input impedance of the s e n s e

amplif ier  r e s t r i c t s  the cu r r en t  flow to a value below that requi red  fo r

pr og r amming.

Another operation perfo rmed dur ing the programming opera t ion  is to

raise  the voltage level of the Vcc pin to 10 volts. The ef fec t  of thi s opera t ion
is to increase the drive to the var ious  selection c i rcu i ts  to accommodate the -

high programming cur ren t .  This is accomp lished not only by the inc reased
bias level, but also by disabling internal safeguard circuits which limit the

interrogation cur ren t s  to a safe level during read operat ion.
The actual programming pulse is supplied to the CS2 pin. A 15-vol t

pulse impressed on thi s pin is transmitted via a diode OR c i rcu i t  to the col-
lector busses of the selection t ransis tors .  Then the n e c e s s a r y  bia s to a s s u r e
an adequate programming current  is provided.
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Test  C i r c u i t r y

Examinat ion  of the chi p r ev e a l s  tha t an ex t ra  row and colum n of lu s e s

and associa ted  sele c tion c i r c u i t s  a r e  provided  on the chi p. The se \\- - I e

F included by the vendor as a qual i t y control  f e a t u r e  so tha t  the programming

c h a r a c t e r i s t i c s  of the chip could-be m e a s u r e d  without  d e s t r o y ing f u s e s  in

the main m e m o r y  matr ix.

VENDOR X - 2048 AND 4 09 6- B I T  DEVICES (POLYSILICON ~

The g e n e r a l  des i gn approach  for  these d ev i c e s  is t h e  sam ds t ha t

d e s c r i b e d  for  the 1024-bi t  device in the p rev ious  p a r a g r a p hs .  The princi pal

d if fe r en c e s  a r e  in the organizat ion fo r  g r e a t er  capac i ty , a t e w  c i r c u i t  d & - s i gn

c h a n g e s , and the addi t ion  of a power swi tching f e a t u r e .

The sense ampl i f i e r  in these d e v i c e s  is n o n - i n v e r t i n g ,  so tha t  a p r  - -

g ra m m e d  bit r e s u l t s  in a low level output.  An add i t iona l  v o l t i c e  c l ampi n g

c i r c u i t  on the column busses  has  been added which  op er a t e s  d u r i n g  the read

mode. The 2048-b i t  device is o r g a n i z e d  into 5 12  w o r d s  of 4 b i t s  e a c h , ~o

that  IA row se lec t  d r i v e r s  a r e  r e q u i r e d .  The 4 c 9 u  bi t  d e v i c e  is o r g a n i z e d  as

512 x 8, so that  8 bit blocks (64 x 8) w e r e  r e q u i r e d .  The power  s w it c h i n g

f e a t u r e  added to both of these devices  (available as  an o p t i o n)  c o n s i s t s  of a

switch cont ro l led  by the chip select  inputs which r e d u c e s  the r e q u i r e d  powe r

supply cu rr en t  in the dese lec ted  mode.

VENDOR B (NICHROME)

n out line  of the ci~~cuit  desi gn of the 1024-bit ‘-c r~; i ’n of these devices

was  p r e s e n t e d  in the Final R e po r t  of an e a r l i e r  s t u c t v ~ u n d e r  the callout of

Vendor  B. The 2048- and 4096-b i t  v e r s i o n s  fo l low t h e  same desi gn ph i l o sop hy

with the organiza t ion  expanded to accommodate  the in c  r e a s e d  ‘ .a p a c i t v  -

2. Reliability Evaluation of Programmable Read - Only \lern ’iries , - F i n a l
Technica l  R e p o r t , P A D C - T R - 7 5 - 2 7 8 , Hug hes  - \ i r c r a f t  C o m p a n y  f o r
i~~;me Ai r  D e v e i -  -~~rn e n t  Cente r , Februa ry 1 76, ( A 0 2 . 6 6 7 )
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The 2 0 4 8 — b i t  d e v i -. is o r g a n i z e d  i — I t  512  w o r d s  of 4 b i t s  eo IL I h e  w o r d

decode  is rn&- :hanized with ~~? row d ec o de r s  and I c  I. uluro n d e c o d e r s .  If tI e

chip is ‘r i en t e d  w i t h  pin I a t  the uppe r le f t , the  to t) row and r i g h t — r n  - st

colum n conta in  e x t r a  fu s e s  f o r  t e s t i ng .  The 400- -b i t  ( l e v i ’ .  e used in t h i s
s tud y is o rg a n i z e d  as 512 w or d s  of 8 bi ts  e a h , u s i n g  o4 row O e & ~~~h r s  and
ei ght colum n decoders. The extra test row is at the top, and t’-.’ a e x t r a  t e s t
coluinns  arc- i n c- l ad e d  in the e x t r e m e  l e f t  and ri g ht p os i t i o n s .

VENDOR A (NICHROME)

This  v e n d o r  has p e r f o rmed a m a i o r  r e d e s i gn of his PROM lin e s i i i ~ ~-

the earlie r study. However , schernati(- s for the new design were cunsid ,- I- cc

p r o p r i e t a r y  by the v e n d o r  and were not made available for this stud y.

VENDOR Y (AIM)

The circuit principles outl ined for the 1024-bit devi’. e in the Final

R e p o r t  of an ear l ier stud y 2 unde r  the callout of Vendor D a re  g e n e r a l ly

app licable to the larger capacity devices. Some differences exist in the

chip enable and pr ’Tgramming SCR c o n t r o l  c i r c u i t s .  The 2048-bit device

is organized into 512 w o r ds  of 4 bits  each.  The word decode is mechanized

with 32 row decoders and 16 column decoders. With pin 1 at the top, the

two top rows contain e x t r a  tes t  memory elements. The 400u-bit device is

organ ized  into 512 words  of 8 bi ts  each.  The word  decode is mechanized

with 64 row decoders and eight colum n decoders. Again the top two rows

are added for testing.
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~n p rog r a mm i n g  the d ev i c e s  to be u s e d  in  th1 - l i f e -  t e s t  , a c a r e  fu l  - I t ’ ’  r t

was  made t o  c lose ly a d her e  to the vendor ’s progran.oun g re-con im-ndat ions

except when the programming amp litude was d e l i b er a t t - lv  r e d u c e d  to o b t a i n

long blow t i m e s . The pulsc- conditions are- summarized in Table 3. Thc-

de ta i l ed  p r o g r a m m i n g  p r o c e d u r e s  a re  c o n t a i ne d in A p p e n d i x  Ill . The n u l s e

p a r a m e t e r s  w er e  v e r i f i e d  d u r i ng  a c t u a l  dev ice  p r o g r a i r n an g  u s i n g  a s t o r a ge

o s c i l l o s c o p e. C u r r e n t s  ‘.eere m o n i t o r e d  w i t h  a I)C c u r r e n t  p -c . S in c e  a

mechanical printer was u s e d  to r e c o r d  the n u m b e r  of p u l se s  r e q u i r e d  f or  pro-

g r a m m i n g ,  the p r og r a m m i n g  ra t e  was  slow and  low chi p t e n ] p e r a t u r l - s  r e s u l t e d .
R e v e  r if ~ca t ion  was  p e r f o r m e d  a f t e r p r o g  r a n in c  ng when  the dc vi c ’- s had

r e t u r n e d to room t e m p e r a t u re .

O c c a s i o n a l  checks  of the p r o g r a m m i n g  c u r r e n t  \vav~-fo rrn s (or ‘.- - il t ag

w a v e f o r m s  in the casc- of the d e v ic e s  p r o g r ar n m~-d w i t h  a c u r  r e n t  p u l s e  w e r e

made .  DC current probe and a storage osci lloscrpc- v. re u sc- c i in an

effort to detect any anomalous behavior. The waveforms seemed v:cll

behaved , and the c u r r e n t  t r a n s ie n t s  due to i n t e rna l  junction breakdown s

expe r ienced in an ea r l i e r  study 2 w e r e  nu t  o b s e r v e d .  The  i mp r e s s i o n  w a s

that sign i f i can t  desi gn or p r o c e s s i n g  i m p r o v e m e n t s  have been  made  s ince

the ea r l i e r  stud y .  It may be tha t  special  techniques to avoid y ield loss  due

to in ternal  breakdowns , such as slowing the r ise time or s t a i r- s t e p p ing the

pulse ampli tudes , will be u n n e c e s s a r y  in the f u t u r e .  It should be noted t h a t

slowing the r i se  time may be de s i r ab l e  f o r  o ther  r e a s o n s , such as c o nt r - J

of the ene rgy  flow to the fuse  anc to a s s u r e  blowing dur ing  the r i s e  tim e ,

as s - -me proponents  r e c o m m e n d .

Several vendors have recommended si gnifica nt changes in th -ir Pr,)-

gramrning p r o c e d u re s  since the e a r l i e r  stud y. The p r o c e d u r e s  of V e n d or  A

a re  en t i re ly d i f f e r e n t  because  of a ma jo r  rede  si gn .  In 1975 , V e n d o r  T~ int r o -

duced a sawtooth pulse techn ique  with the pu lse  amp l i t u d e  s t a i r s t e p p e d .

A c c o r d i n g  to the st a i r s t € pp ing r e c o m m e n d a t i o n, p u l s e s  1 t h roug h 3 should

2 9
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be at  the lowest  ampli tude;  4 th roug h 6 at an inte r m e d i a t e  amp l i t u d e ;  and

7 th roug h 9 at  the hig hest  ampl i tude .  This m u l t i ple p u l s e -  t e c h n i que- is

desi gned to optimize y ield in cornn-iercial  app l i c a t ion s .  H o w e v e r , t he-  os- c

is designed  to blow in an a b r u p t.  rathe r than  g r a d u a l  f a s h io n , as  in the ease -

of those of \ e n d o  r s  X and \ . S I ~ t ha t  mul t i ple p u l s e s  a re  not a i n -  e - ’  s i t

Vendo r R a f f i r m s  that sing le pulse p r o g r a m m i n g  is a p r a c t i c a l  a p pr i a -  h

w i t h  t h e i r  d e v i c e s .

C u r r e n t  w a v e f o r m s  fo r  p r o g r a m m i n g  Vendor  X poly s il i co n  t u s e  PROM s

w e r e  studied. Vol tage  pu l ses  were  app lied to both the V cc an hi p Se lec t

pins .  The p r o g r a m m i n g  c u r r e nt  flows th roug h the Chi p ~ e Iec t  pin to the

fu se .  P rogramming  r e q u i r e s  a long s e r i e s  of 1 to 8 0s p u l s es . Each

s u c c e s s iv e  pulse changes  the r e s i s t a n c e  c h a r a c t e r i s t i c s  of the f u s e  by an

i n c r e m e n t .  The c u r r e n t  wavefo rm t h r o u g h the Chi p cc-lect pin changes f r o m

pulse  to pulse as shown in Fi g ur e  13. The reason for t h e  changes  in c u r r e n t

w a v e f o r m  in thi s manner  is unknown at  this tim c- -

Vendor  X (Pol ys il i con ) is at p r e s e n t  i n t r o d u c i n g  a m a j o r  programming

a lgo r i t h m  change .  In an e a r l i er  change , the ov e r p r o g r a m min g  t ime ( t i n e

tha t the pu l s e  t r a i n  is applied a f t e r  ou tpu t  vol tage  r e v e -r s a l  is f i r s t  ( i ( - t ( - ~ t e d )

was i n c r e a sed  to 500 ~ s. The l a t e s t  rev is ion  cal ls  f o r  t h e  fo l t ’ . i ’-’ i n c  c h a n g e s :

1. O v e r p r o g r a m m i n g  is now 2 . 5  ms of DC vo l t age , r a the r t han  50 ( 1 0s
of pulsed voltage.

2. The pulse  width is now initially 0. 2 Os , i n c r e a s i n g  l i n e a r l y t o  a
maxim um of 8 ~ s ove r a period of f rom 120 to 220 ms .

3. A cons tan t  down time of 10 ~ s between p r o g r a m m i n g  p u l s es  is
now spe c ifi ed , rathe r than a 50 pe r cen t  duty cy c l e .

4. The data i n t e r r o g a t i o n  strobe should occur near the end a t  the
down time.

These changes (Vendor  X) w e r e  announced too late to be used  in the l i f e  i c - s t

programming.

The p rog ramming  p ro c e d u r e  r ecommended  by Vendor  Y (Al~\1 d c - v ,

remains  unchanged , u t i l i z ing  a 75 p e r c e n t  duty cycle pulse t r a i n .  1) a r in g

the down tim e between pr o g r a m m i n g  p u l s e s , a specia l  v e r i f i c a t i o n  p r o~ c - l u r e

is in s t i tu t ed , involving the in jec t ion  of a 20 mA i n t e r r o g a t i o n  e a r N - l i t  i n t o  t h e

appro pr ia te  output  pin and m e a s u r i n g  the r e s u lt i n g  ou tpu t  pin v- I tagi- - I ’hi s

3 1
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Figure 13. Programming cur ren t  waveform,
Vendor X ( Pol ysil icon)
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tec hni que d i f f e r s  fr o m  the m o re  usua l  t e ch n i que ot se n s i n g  the  st~ i t (  at  t h i c

p r o g r a m mable  element throug h th~ on— chi p sense  c i r c u i t r y  in  u n i t  t h u s  s t i i  -a-

cir cuitry is bypassed and a nearly di re ct measurement cii t h e  element

impedance  is made.  This permi ts  d e t e c t i o n  of an incomp letel y p r og  r o i n i n e d

e lement  whose p re sence  mig ht be concealed  by the nor 1l in ea r  . hara cteristi e s

of the sense ampl i f i e r .

A br ief  exper im ent was conducted to l e a r n  s o m e t h i n g  of the p r o g r a m m i n g

c h a r a c t e r i s t i c s  of the nichrome link d e v i c e s  and thei r  r e s p o n s e  to  s ing le

pulse  p r o g ra m m i n g.  T h r e e  s a m ples f r om  each ( 1K , ZR and 4 ) i t  c a p a c l t \

f r o m  both v e n d o r s  A and B w e r e -  u s e d . The o b j c - c t  of the ’ c x p - r i r n e -n t  w a s  to

compare the- progran n ing y i elds for the applu ation of a sing le- pul s -  of 10 ~s

versus a ~ing le pulse of 100 ~ s • A s a m p le S i Z c  of 29 f u s e - s  f o r  c — a c - h  a t t e r i p ~~~~

s c a t t e r e d  t h roug h the fa se  m a t r i x .  It was found that a 10 os pulse was

adequa te  to s u c c e s s f u l ly p r o g r a m  n e a r l y all f the d e v i c e s . The e x e  e p t i en

was a 1024-bit device in which one fuse cut of 29 r e f u s e d  to p r o g r a m  in i - t h

the 10 ~s and 100 ~.is a t t empts .  Both of these  f u s e s  w e r e  found to lie on

sam e row in the mat r ix . Other f u s e s  in the  same row also r e f u s e d  t i  p r  -c r an ;

in 100 ~±s .  It appeared  in this case that  the p rob lem lay in the r ow s e l e c t

c i r cu i t ry .

In thi s ve ry  limited expe r imen t  it was shown that  in the bes t  of c-~~.d i t ~ or ;s ,

the f u s e s  open very  rap idl y ( less than 10 h .Ls) but, if a de fec t  exis ts , t h e -

p rog r a mm i n g  time is extended cons ide rab ly.

Table 4 pre sents the distribution of h it s  as a f u n c t i o n  of the non ;  o c r  1

pulses r e q ui r e d  to p r o g r a m  them. Appr  nornate lv ten iN . ten 2K and five -~~~ -

devices  w e r e  u t i l iz e d  for  each of the f o u r  v e n d o r s .  Tij e f i g u r e s  in t in — tz ’ l~ l-

indicate  tha t mos t  of the bi ts  can he p r og r a m m e d  w i th i n  the f i r s t  ten p u l s e s .

The c un t in g  sci;ern e devised did not pr cav ic i e  s u f f i c i e n t  re  s o l e t i c e n  to

the bits below ten pulses. For the n ich r o m e  f u s e s  p r - - gr a m m e d  ~‘ i t ( .  v en d o r

r e c o m m e n d e d  methods , 87 percc- itt cI the  f u s e s  and 77 p e r c e n t  of  i h  ci - 1~ c-s

w e - r e  p r og r a m m ed with 10 p u l s e s . Those fuses that w e ul c i  not  pi - g i- am - v i t h  n

10 p u l s es  v - c - r e  d i s t r i b u t e d  in a l l  of the ’ t i - n  2K d e v i c e s  of v e n de r  R and i n  ‘n - -

4K dev i ce  of the s a me  v e n d o r .
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Vend or X 1 s ZR devices also behaved d i f f e r e n t l y ,  but  in the  o i l i e r
d i rect ion , i . e .  , they tend to be p r o g r a m med wi th  fe w e r  p u l s e s  than  t t i - I N
and 4K dev ices.

Although some bits  r e fused  to be p r o g r a m m e d, the num be r of he  vi  cs
used in this stud y was in su f f i c i en t  for  drawing c o n c l u s i o n s  on p r o g r a m m i ng
yield.

A su rvey  was then made among PROM u s e r s  th roug hout  the i n du s t ry
concerning the i r  exper ience  wi th  the d e v i ce s .  A q u e s t io n n a ir e  was e i r  u l a t e ( 1
asking the par t  type and quantit ie s used , pe rc en t  chip u s ag e , g le or
rnultipulse p r o g r am m ing , p rogramming  y ield , b u r n- i n  and t e s t  exp e r i e i~ e ,
and field expe r i ence .  A copy of the s u r v e y  fo rm is shown in Appendix 1.
The r e s-o n s e  is summar ized  in Table 5. Some addit ional  t es t  and f a i l u r e
informat ion  was col lected , and is p re sen ted  in the sect ion under  B u r n - i n
and Life Tes t s .

It appea r s  tha t the indus t ry  has been expe r i enc ing  a p r o g r a m m i n g  y i e l d
of 90 to 98 percent for 1K and ZR devices . One source with a very limited
number of devices p rogrammed  ind ica ted  that f o r  one vendor  the c h a n g e  f
p rogramming  yield f rom mul t i p ul s e s  to s ingle pulse  was  f r o m  80 p e r c e n t
50 percent .  Howeve r , anothe r vendor s p r o d u c t  p r o g r a m m e d  by the san e-

u s e r  showed an 89 pe rcen t  yield fo r  sing le pulse  p r o g r a m m i n g .
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5. M E M O R Y  E L E M E N T  P 1~ O G RA M M 1 N G  M E C H A N I S M S

POLYSILICON FUSE PROGRANI\IING MECHANISM

The  s t r u c t u r e  of the n n - r n o r y  e l e m e n t s  in the polycrystal line fuse PR O M

is s imi l a r  to nichron-i e f u s e s , as was  desc r ibed  in Section 2 . Due to the

absence  of overg lass pass iva t ion  on the polys il i con  fuse  e lement  and a thick-

ness  m o r e  than ten t imes g re a t e r  tha n the n i chr o rn e f i lm , the appearance

of a p r o g r a m m e d  pol ysi l icon f u s e  is cons ide rab ly d i f f e r e n t  f r o m  tha t of a

p r o g r a m m e d  n ichrome f u s e ’. When the progran -~ ning c onditions r ecommended

by the m a n u f a c t u r e r  a r e  used , most  of the f u s e s  a re  p r o g r a m m e d  in about

2 ms . Examinat ion  of these fuses  in a scanning  e lect ron mic roscope  (SEM)

revealed  that they appear  to have been melted in the middle. They typ ically

have two rounded lumps near  the middle , as shown in Fi g u r e  14a , with a gap

on the emit ter  (pos i t ive )  side-sf the lumps . When the p rog ramming  c u r r e n t

is reduced to obtain long fus ing  fimes , the appearance  of the fused  gaps is

diffe rent . Several  small  lumps  and a n a r r o w e r  gap occur , as shown in

Fi g u r e  l4b-d.  The change  f r o m  a few l a rge  lumps  to severa l  small  lumps

o c c u r r e d  be tween  f u s i n g  t imes  of 12 and 29 ms on the- 1024-bi t  s amp le that

was tes ted , as shown in Fi g u r e  14 .

U n d e r  r educed  p r o gr ar n n -iing c u r r e n t , the m a x i m u m  fus ing  t ime o b s e r v e d

was 17 .4  s . However , a few fu se s  had not blown a f te r  the maximum t ime

al lowed , 40 seconds.  A f t e r  etching away the oxide , these unbiown f u s e s  did

not show any  change  in a p p e a r a n c e  of the i r  s u r f a c e s  in the SEM but did

a p p e a r  d a r k e r  in the middle of the f u s e . This may have been caused  by etching

a c ay  of the EZ iO
2 unde r  the fu se s  that w e r e  heated but not fu sed , t he r e fo r e ,

a change in the poly si l i con- ’3iO2 in te r face  may resu l t  f rom that heating .

Unprogramrre ed  f u s e s  appeared  u n i f o r m  across the fuse .

The use  of a g lass etchant on p rogrammed  polysi licon fuse  sa mples does
not r emove  the lumps  f o r m e d  near  the middle of the fuse , as shown in

Fig u r e  15 . Even the smal les t  lumps on this s lowly blown fus e w e r e  not

changed by the select ive oxide etchant , althoug h some oxide appeared to have
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been re -mov e- cl from the gap .  The r e - fo  l - e th e - l u m p s  m i st  he-  Si , not oxide .

T h - i r  S i Z e S  a p p e a r  c o r l e n l e - o s u r a t e -  w i t h  the polvsilic on lost from the -  g a p  and

ot h e r  thi n n e -d  a rc -a s  of the fuses .
A d d i t i o n a l  i n f o  i- i -na t i on  ui-i the -  p rog  r am m i n g  me c h a n i s m  of po lv  s i l i c o n  fu se-s

was o b t a i n e d f r o m  t r a n s m i s s i o n  e l e c t r o n  microscope  ( 1  EM I photog r ap hs of a

P R O M  p r o g r a m m e d  u n d e r  the- c o n d i t io n s  r e c o m m e n d e d  by the - m a n u f a c t u r e r .

A s u m m a r y  of the- s e v e n  f u s e s  that w e r e -  e x a m i n e d  in dc - t a i l  is p r e - s cn t e d

in Table 6 and four  of the photographs a re  reproduced in Figu re s  16- 19.

Fig u r e  16 shows a blown fuse  s imilar  to the one shown in the SEM photo of

Fi g u r e  l4a. The e f fec t s  of p rogramming only appear near the neck of the

f u s e .  The mater ia l  in the gap is p resumed to be SiO2 fo rmed  be fo re  and dur ing

p r o g r a m m i n g ,  since some mater ia l  observed there in the SEM photos was

r e m o v e d  b y a selective oxide etchant (see  Figur e 15). There may also be

some thin silicon extending into the gap. The f u s e  link shown in Fi g u r e  17

also has changed  onl y at the neck . Only one large lump appears  there  and it

is d i rec t ly over  the possible gap in the f u s e . A n a r r o w  c r a c k  in the g r e y  gap

reg ion is v is ib le  in the or i g inal nega t ive  on both sides of the lump.

The crack in the thin reg ion of a i ese  link is more  vis ib le  in TEM photo

number  73 , Fi gure  18. These cracks a re  believed to resul t  f rom the s t ress

caused  b y the di f ferenc e in thermal  expansion coefficients of SiO2 and the Si

chip during cooling af ter  p rogramming.  The apparent  physical  discontinuity

in this fuse  is not at the na r rowes t  part  of the fu se .  This is the situation

observed in the major i ty  of the polysil icon fuses  examined. Also typical is

the extensive ef fec t  of p r o g r a m m i n g ,  which seems to have thinned and/or  pro-

duced grain growth  over the full length of the fuse . Another example of

extensive p rog ramming  changes is shown in the fourth TEM photo , Figure  19.

Note  the long itudinal  g ra in  boundary where  t r ansve r se  twins t e rmina te  on

the end of the f u s e  at the top of the fi g u r e  and the c r es e n t  - shaped da rk  r eg ion

on the o ther  end of the f u s e . The lat ter  is a common f e a t u r e  in the TEM

photos , as indicated in Table 6, althoug h not  d i scernable  in the other photos

- 
The samp le was p r ep a r e d  by M . Fukuda  and 0. Manuei and analyzed under
the d i r e c t i o n  of W . K . Jones of the C h a r l e s  S ta rk  D r a p e r  L a b o r a t o r y .
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s he ) wn  h er e - . I h - r e - i r e - s o r n~ - sh o r t  c r a c k s  in t h -  ‘ gap ’ in Fi gur e - 19 but they
F d o  no t  e x t -nd t h1- f u l l  w i d t h  of the- f u s e  as d o = -s the on- - in  Fi g u r e  l -~. In all

f o u r  of  th~- 1 I M  h l o s , t he - phv s~ cal g a p  (ic h - r e  t h e r e -  i s  no si gn of
po l v s i l i c o n )  i s  s e i r p r i i = I n g l v  na n c y -  a t i s  C i ,  -nu n i  w i d t h , a lt h o ug h t h i n n i n g

has usua l l y o c c u r r e d  o v e - r  a l a rg e  p o r t i o n  uf the f u s e .
The e l ec t r i c a l  r e s i s t a n c e - s  of blown f u s e s  (not  those shown in the TEM

ph o t o s )  w e r e - m e as u r e d  wi th  ne-c - d ie-  p robes  and a Te k t r o n i x  Type 576 C u r v e
T r a c e r . The r e s u l t s  a r e -  s u mm a r i z e d  in Table- s 7 and 8. Samp les 1-4
\v = - r c p r o g -~am me d  u n d e r  th~- c o n di t i o n s  r e c o m m e n d e d  by the m a n u f a c t u r e r
and  samp e D w a s  p r o g r a n i r i t - d  cinder v a r i o u s  condi t ions , i n c l u d i ng  those

r e - c o m m  -nded by the- m a n u f a c t u r e r . Th~- m e mo r y  e l e m e n t  s e n s i ng  c u r r e n t

is n o m i n a l l y 2 mA and about  2 \ is a - -a i l a b l e  a c r o s s  the f u s e , so a f u s e
with a r- -sistanc - of 1000 ohms or  l e s s  would ap p e a r  to be u n pr o g r a ni me d .
Of the 57 b lown f u s e - s  m e a s u r e d  on the f i v e  s a mp les , t h r ee  had r e s i s t a n c e s
of less  than 1000 ohms . T h e - n i l n i n i u m  r e s i s t a n c e  m e a su r e d  was 224 ohms ,
which  is a b o u t  f o u r  t im e - s  the a v e - r a g e  r e s i s t a n c e  of the unb iown f u s e s  m e a s u r e d
on the- same samp le- (number 3, s e e  Table 2 ) .  On s a m p le 2 , the m i n i m u m
r e s i s t a n c e  of 275 ohms is onl y 2 . 75 t imes  the a v e r ag e  unbiown fuse  res i s tance.
The low r e s i s t an c e s  a r e  u n e xp la inable-  as m a ny  t h i n g s  could have happened
d u r i n g  de- - l idding and prob ing .

The- 7t 1) ohm fu s e  on samp le 4 was i nd i ca t ed  as p r o g r a m m e d  in 3. 7 m s

b u t  a f t e r  p r o g r a n - n - H ng it was  i n d i c a t e d  to be u n p r o g r a m nm e d  when  the dev i ce
was r e -ad  ou t  v - r i f l e d ) . When th i s  f u s e  was -xamined  wi th  the SEM , as shown
in Fi g u r e  21 ) , p r o m i n e n t  lu m ps i n d i c a t e d  that it had been p r o g r a m m e d  but
etching did not re-v t -al a ” :i- 11 -de f ined  gap in the ’ fu se . B y app ly ing ~~~~ to the
r h!p  and a d c I r c s s in ~ the-  b i t  of i n t e r est , a voltage d i f f e r e n c e  was  es tab l i shed
across the- fuse . \\ th the- en e r g y  of the SEM beam reduced , the e f f e c t  of the
c i r c u i t  v o l t a ge - s  on the s e c o n d a ry  e l e c t r o n s  was i n c r e a s e d  so that the locat ion
of the - - l - - c t n i c a l  b r e ak in the f u s e  cou ld  b e=- i d e n t i f i e d.  This  is i l l u st r a t e d  by the

~ e - c e e nd photo i n  Fi gu  r e  2 0 , t ake -n  w i th  an e l e -c t ron  beam e n er g y  of 2 keV and
a l o w - r  n . a g n i f i c a t i o n . A n  e l e c t r ic a l  d i s c o n t i n u i t y  is v i s ib l e  on the ri gh t -hand
s i de . F r o m  th e- ap p e a r a n c e  of th is  f u s e , it  is not s u rp r i s i n g  that i ts  r e s i s t a n c e
i s  low e - n ou g h  f o r  I t  te ) r e g i s t e r  as u n p r o g  r an irne d . Ho w e ver , o the r  f u s e s  on
t h  s an n -  d e - v I  cc  w i t h  s i r ni l a r  ap p e a r a n c e s  had r e s i s t a n c e s  of 4 n-iegohrn s or
l a r g t -  r .
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I h . -  f u s i n g  t i n e - da ta pi- - s t ’ n t e -d in Table-  7 for samp les 4 and D ind i ca t e

tha t  ope n c i r c u i t  los -s ( re s i s t a n c e s  ohm ) w e r e  produced with a lmos t

the- f u l l  - c O g - of f u s i n g  t in - it - s . The re  is no si g n i f i ca n t  co r re la t ion  be tween

te e s  i n g  t im e ’ an d fu s e ’ r e - s i sta r - i c e -  in these  data . T h e r e f o r e , low r e s i s t a n c e

p o l v s i l i e o n  f u s e s  c a n n o t  b .- de - t ec t e - d  f r o m  f u s i n g  t ime m e a s u r em e n t s  and

t - i f i c - e t i o n  a f t e r p ru g r a x i ir l i in g  is r e q u i re d  to detect  such f a u l t s . H o w e v e r ,

th e ’r e  is a l i t t l e -  c i r c u m s t a n t i a l  ev idence  that long fus ing  t imes  a r e  u n d e s i r a b l e

f r o m  the re - l i a b i l i t y s tand point , as is d iscussed in Section 6 of this r e p o r t .

The- p o lv s i i i c o n  l u m p s  that fo rm on one side of the gaps of p r o g ra m m e d

f u s e s  a r e  a l w a y s  on the s ide  connected  to the column bus . (The  other end

of -ach f u s t -  is connec ted  to the emi t te r  of the npn t r ans i s to r  in each m e m o r y

cell . ) The column bus is nega t ive  with respec t  to the emit ter  dur ing  pro-

granlming (and s e n s i n g ) ,  so the fo rma t ion  of the lumps appears  to be

influenced by the electric field a c r o s s  the f u s e  dur ing  p rog ramming. This

would  be- c -x p t -c t e - d if the- p o w e r  d i s s ipa t ed  in the fuse  dur ing p r o g r a m m i n g

is s u f f i c i e n t  to heat  the pol ys i l i con  to its melt ing point , 1420 °C , since

pos i t i v e - ions a r e  r e sp o n s i b le -  for  viscous flow and diffusion in liq uid metals.

Mel t i ng  is a l so  i nd i ca t ed  by the a p p e a r a n c e  of the f u s e s  in the SEM and TEM ,

which usua l l y show thinned , dep leted a r e a s  on the emi t t e r  side of the gap and

smoothl y rounded  lumps  on the othe r side of the gap,  near  the n a r r o w e s t

p a r t  of the f u s e  link.

The p r o g r a m m i n g  mechan i sm of pol ycrys t a l l i ne  sil icon f u s e  PROMs f i r s t

involve - s j ou l e  h ea t ing  of the f u s e  by the p r o g r a m m i n g  c u r r e n t , for  which the

c u r r e n t  d e n s i t y  at  the n a r r o w e s t  p a rt  of the f u s e  is nomina l ly 30 m A f ( 2  ~em x

35 k m )  = 4 x io 6 A / c m
2
. A c c o r d i n g  to e s t i m a t e s  by the ma n u f a c t u rer ,

4 ’ ~

this  is s u f f i c i e n t  to r a i s e  the- t e mp e r a t u r e  of the center  of the f u s e  to about

1-100 C and mel t  the pol ysi l icon. The s u r f a c e  tension of the molten silicon

Jos t , D i f f u s i o n  in Solids, L iqu ids,  Gases,  th i rd  p r i n t i n g  ( A c a d e m i c
Pre -s s , NY , 1960) ,  p. 470 .

4 G . P a r k e - r , J . Co r n e t , \V . P i n t e r , “ R e l i a b i l i t y C o n s i d e r a t i o n s  in the Des i gn
and F a b r i c a t i o n  of Polysilicori Fusable Link PROMS,” Proc . IEEE 1Q~ 4
R e l i a b i l i t y  Phy s i c s  Sy m p o s i u m  ( IEEE , N Y , 1974),  pp. 88-89.

5 B . Pascoe- , “Pol y s i l i c o n  Fuse  Bi pola r PROMs ’ , Intel  Re l i ab i l i t y  R e p o r t
R R - 8  ( In te l C o r p .  , October  1975).
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f o r m s  it into one or more  drop lets t h e r e , leaving thinned r eg i ens  on both

s ides  of the center .  Simultaneously, mi gra t ion  of Si o c c u r s  u n d - r  t h e

inf luence  of the electric field , which ac ts  upon the pos i t ive  ions in the

molten Si, and the thermal  gradients  ac ross  the fuse.  On the nega t ive
side of the drop lets , m i g r a t i on  u n d e r  both i n f l u e n c e s  o c c u r s  f r o m  the

droplet, toward the cool end of the fuse, which tends to extend the drop-

lets in that direction. However, on the positive side, migration of molten
Si under the electric field inf luence occurs  toward the cent ra l  drop lets f rom
the thin , now hotter area between the drop lets and the emi t te r  contact .
Silicon also migrates f rom that region toward the cooler em~~~er contact
under  the influence of the the rmal  g rad ien t , which may  produ~ e the cres-

cent of thicker material  observed in the T1- M photos on the  emi t te r  end s

of most of the fuses . The consequent  dep letion of Si be tween  the emit ter
cont act and the cent r al d rop lets soon r e su l t s  in opening the fuse  link t h e r e ,
which interrupts the e lectr ic  c u r r e n t .  The pol ysi licon then  cools rap idl y
as a result of thermal conduction to the underlying SiO , and Si and to the
metallization at the ends of the fuse.

The final opening of the thinned poly si l ico n f u s e  link may result fron. the

s u r f a c e  tension of the liq u i d  pol ys i l i con  sheet , as a p p e a r s  to be- the- c a se -  f I r

n i ch r o m n e  f u s e  l inks , f r o m  f o r m a t i o n  of v o i d s  by Si m igration . or free

oxidation of the r e m a i n i n g  pol y s i l i c o n . No artifacts similar to thos e-

seen in nichrome fuse  gaps , such as pe r iod ic  f i n g e r s  or drop le t s , ~~‘ ‘ a r e

seen here so the physical  e f fec t s  of su r f ace  t en s i o n  and v i s cos i t y  do not

appear to play as significant  a role with pol y s i l i c o n  f u s e s . Chemical  change

by oxidation is not impor tan t  for N i C r  f u s e s , w hich a r e  pro tec ted  b y an o v e r -

g lass layer,  A lthough the pol ys i l i con  fuse  P R O N I s  tha t we - r e  t es ted had a

phosphosilicate glass passivation layer (see Section 2), openings are etched

Kenney,  W . K . Jones , R. Og ilvie , “ F u s i n g  Mechan ist -n  of N ichronie -
Linked Programmable  Read  - Only Memory Devices , Proc. IEEE 197e
Reliability Physics  Sy m p o s i u m  (IEEE , NY , 1976 ) ,  p . 164.

7G . B . Kenney ,  “ The Fusing Mechanism of N i C r R e s i s t o r s  in P r o g r a m m a b le -  -

R ead - Only Memory Devices , ” BS-MS thesis  submi t t ed  to Dept .  of M a t e r i a l s
Science  and Eng in e e r i n g ,  MIT , June 1975.
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in thi s layer  ov er  the chi p bonding pa cts , as  usual , and  also ov~ -r  e ’v,-r v

po1ye il~con fuse element. The la t t e r  op t - f l in gs  we i-c r e p o r t e ’dl y a d ded  , i t t e  i

f u s ing  di f f i cu l t i e s  were  encoun te r ed .

Removing  the overg iass would have at least  two b e n e f i t s :  L e s s  e n e - r g y

would be r equ i r ed  to heat the f u s e , s ince less mass  is in contact  wi th  i t ,

and the f ree  s u r f a c e  would allow fas t  mi gra tion of the pol y si lico n m a t e r i a l

to open the d e s i r e d  gap in the f u s e .  In add i t ion , oxidat ion could  o c c ur .

The SEM photos of etched polysilicon fuses (Figure 15 et al.) show tha t som e

S102 does f o r m  at the gap of these f u s es , so oxida tion appears  to take pla c e-

in the last phase of programming these fuses . However , one supp lier of

this type PROM , whose pa r t s  were  not included in thi s stud y, was said to

have successfully us ed ni t rogen to fill the package ins tead of oxygen , so

oxidation is probabl y not essent ia l  to the p r o g r a m m i n g  of pol ys i l i con  f u s e -s .

The physical changes due to s u r f a c e  tension and void f o r ma t i o n  will suffic e ’

if oxidation does not occur f i r s t .  (Note that fort -na t ion  of Si02 at th e- gap

would provide protection aga ins t  short ing b y par t ic les  in the package , a

possible advantage for reliabil i ty.

AIM MEMORY ELEMENT PROGRAMMING MECHANISM

The avalanche-induced migrat ion (AIM) memory  element  is an npn tran-

sis tor wi thout a base connection , as desc r ibed  in Section 2 . P r o g r a m m i n g  is

effected by app lying pulses of 200 mA and 7 . 5 ~es long a c r o s s  the tran-

sistor , with the pulse polarity such that the e-b junct ion  is r e v e r s e  biased and

the b-c ju nction is fo rward  biased . A f t e r  each p rog ramming  pulse , the’ e l e m e n t

is sensed with a cur r en t  of 20 m A  to see if the e-b junct ion is shor ted . In the

tests conducted , less than 32 pulses were req uired for programming under

the conditions rec omm ended by the manufac tu re r . A f t e r  the s ense  pulse

indicates the location is programmed , four  more  200 mA pul ses a r e  app l ied ,

according to the manufac ture r ’s recommendat ions , in or c - .e-r  to i n s u r e -  per-

manent short ing of the e-b junction . (The use  of p o s t -p r o g r a m m i n g  pu lses

sometimes resul ts  in sho r ting of the b-c junction as well , which d i sab le s  the -

device . Thus additional pulses might decrease  the p r o gr a m m i n g  y ie ld t .
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A f t e - r the - m e -r n o r y  e - l e ’ n i e - f lt S  ha v e -  b e - c - n  p r o gr a n i rn e d , no e v i d e -n c - of

p r o g r a n ~n i tn g  is de t t -c tab l e-  with e i t h e r v i s i b l e -  li g ht or  e lec t ron  be -am (SF~M )

m i c r o g r a ph y.  8 I l o w e v e -r , a f t e r  the g lass  and a l um i n u m  f i l m s  a r e  r e m o v e d  by

chemica l  e tching , lumps  a r e -  s een  on the e -m i t t e r  contacts . In the e a r l i e r

eva lua t ion  of P R O M s  by Hug hes A i r c r a f t  Company for  R A D C , these  a r t i f a c t s

\ve r -e - shown as li ght  spots  in SEN-I and op t ica l  photos . SEM photos made d u r i n g

t h i s  p r o g r a m  c l e a r l y show t h e s e’ li g ht sp ots  to be lumps of e t c h - r e s i s t a n t

m a t e r i a l , 1 -~~ ~ m in d i a ni e - t e r , as shown in F ig u r e  21 . The da rk  f e a t u r e s

in the e m i t t e r  contact window are- normal A 1-Si alloy ing pits . We found lumps

whe-n e - i t h e - r  NaOI-l solution or a mixture of phosphoric and nitric acids  was

u s —  ..i to re -move the Al me- t a l l i z a t i on .
l~ne r g V  d i spe r s i v e -  ana l y s i s  of X r a y s  ( E D A X )  in the SEM indicated the

pre-senc e of Si and perhaps Al in these lumps. EDAX of the aluminum

e m i t t e r  c o n t a c t s  on p r o g r a m m e d  j u n c t i o n s  a f t e r  only the pass iva t ion  g lass

was re ’moved failed to show any S i - r i c h  a r e a s  in the A l  contacts.

A s i m i l a r  l u mp  on an AIM emitter contact is shown in the r e p o r t  by

B r o c k h o f f .  
8 

T he - s e  l u mp s  resemble the “sintering residues ” tha t w e r e

found b y N l c C a r t h v ’° on ( 1 0 0 )  Si s u r f a c e s  a f t e r  removing  the A l  f i lm by

e t ch ing . The-  e l e - c t r o n  d i f f r a c t i o n  pa t t e rn  of one of those pa r t i c l e s  was

r e - p o r t e - d  to show a c r y s t a l l i n e  s t r u c t u r e -  c lose  to tha t of Si .

The w h i t e - l umps  on the AIM devices  appea r  to be caused by d i f f u s i o n  of

Si into the Al film that contacts the emitter during programming. The

r e s u l t i n g  A l - S i  m i x t u r e  is q u i c k l y quenched  at the end of the p r o g r a m m i n g

pulse , r e s u l t i n g  in a S i - r i c h  reg ion that e tches  s lower  in an Al etchant than

does the s u r r o u n d i n g  A l .  (Th e Si f r o m  the alloy ing pits probabl y f o r m s  a

R. Brockhof f , “ E l e c t r i c a l ly Shor ted  Semiconductor  Junctions Ut i l i zed
as P rog rammab le  Read - Onl y M e m o r y  Elemen ts , ” Proc. IEEE 19 7 6
R e l i a b i l i t y  Phy s i c s  Sy m p o s i u m  (IEEE , New Y o r k , 19 76) ,  p. 202 .

9’r . NI . Donnelly et al .,  “Re l i ab i l i t y  Evalua t ion  of P rogrammable  Read  - Onl y
M e m o r i e s  ( P R O M s ) , “ r e p o r t  R A D C - TR - 7 5 -2 7 8  ( F e b r u a r y  1 9 7 6) .

M c C a r t h y ,  “ F a i l u r e  of A l u m i n u m  Contac ts  to Silicon in Shallow D i f f u s e d
T r a n s i s t o r s , ” M i c r o e l e c t r o n i c s  and Rel iabi l i ty  9, 187 (1970) .  See also
C. J. Kircher , “Contact Metallurgy for Shallow Junction Si Devices ,
J. A pp i. Phys . 47. 5394 (1976).
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di lu te -  so lu t ion  in the-  ov e - r l y i n g  A l  d u r i n g  the- ex tended  con t ac t  si t e - r i n g  s t e p

antI p robab l y does not  s i g n i f i c a n t l y change-  the etch r a t e , ) W h e n  rn e-mory

ele- n e-nts w e r e  p r o g r a n i n i e - d  unde r  a b n o r m a l  condi t ions  so tha t many  pu l ses

we- r e’ re q u i r e d , the s i ze  of the lumps  did not change , as shown in Fi gure -  22 .

This indica tes  that the- l u mp s  are- p robabl y fo rmed  onl y dur ing  the last  few

pulse- s that pe rmanen t ly shor t  the e -b  junc t ion .
The lumps a r e  u n i f o r m  in locat ion on the emi t te r  contacts . They all

a p p e a r  at the edges of the contact  windows  and most a r e  at the same r e l a t i v e

posit i on . Contacts  in the columns next  to the A 1 col lector  bus lines between

por t ions  of the m e m o ry  a r r a y  occur  on the side of the contac t  window n ea r e s t

the bus lines . This ind ica tes  that the point of e-b  j unct ion  breakdown is

par t l y de t e rmined  by g e o m e t r i c  fa c tors , such as ali gnmen t  of d i f fu s ion  masks

or A l  conduc tor  s t r i ps , which a r e  u n i f o r m  ac ros s  the chi p (and p o s sib l y eve n

a c r o s s  the e n t i r e  w a f e r  f r o m  which the chi p came) .

Addi t iona l  p r o g r a m m i n g  a r t i f a c t s  a r e  r evea l ed  when the m e m o r y  c h i p  is

s e-c t ion e- d  by m e t a l l u r g ical  t echn i q ues . Specia l  s ample ali g n m e n t  eq ui pm ent

was used to obtain se-ct ions c losel y para l le l  to the rows of m e m o r y  e l e m e n t s .

F i g u r e  23a is a ph o t o g r a ph of a por t ion  of a 90 sect ion along a row of pro-

g rammed  m e m o ry  e lement  t r a n s i s t o r s. Sinc e the t r a n s i s t o r s  a re  st a g g g e r e d

in location on the s u r f a c e  of the chi p ( see  Fi g u r e  2 1), only e v e r y  second

t r a n s i s t o r  appea r s  in any one Sect ion . Note  the a luminum-co lo red  “ f i n g e r s ”

extending diagonally downward  f r o m  the ed ges of the emi t te r  contacts  toward

the c o r n e r s  of the base-col lector j u n c t i o n s . The f i n g e r s  a r e  about 0. 5 im

in diameter  with a c i rcu la r c ross  section , as shown in the 6 degrees  section ,

Fi gure -  23b . The 30 deg rees  sect ion in Fig u r e  23c show s tha t the f i n g e r s

cross  the e m i t t e r - b a s e  junc t ion  below the s u r f a c e  of the chi p. These f i n g e r s

were  not found on u n p r o g r a m med  devices  that were  also sect ioned.

The fo rmat ions  shown in Fig u r e  23 a r e  simila r to those revea led  in the

sect ions  p r e s e n t e d  by B r o c k h o f f.  8 He desc r ibed  these p r o g r a m m i n g

a r t i f a c t s  as a l u m i n u m  f i l a m e n t s  and l ikened them to the whi te  spea r s  that

have be-en seen on the- s u r f a c e s  of semiconductor dev ices  be tween  Al  contact
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areas i~~ t~ 
i- o~~e - i s e r e - s s c n g . i-~~1 um in u r n  spears have be-c-n produced by s imp ly

hea t ing  s p e c i m e n s  of an A l  met a l l i zed  t r a n s i s t o r t e s t  pa t t e rn  in a f u r n a c e

a t  560 °C or hig her  for  ?O s e c o n d s  or l o n g e r .  A t  550 °C , none w e r e  produced
a f t e r  10 m i n u t e s . 1h -  r e act ion  p roce -eded most  r ap idl y in a di r e-ction paral le l
to th~- ( 1 1 1 )  su r f a c e s  of the Si s l i c & -s . T h -  s u r f a c e  of the AIM device  is the
( 1 0 0 )  p lane- of Si , as shown by the - s q u a r e -  shapes  of the a l loy  p its 12 in
F i g u r e s  2 1 and 22 . The- A l  f i ng e r s  appea r  to extend ap p r o x im a t e l y para l le l
to ( 1 1 1 )  p lane -s , which a re ’  4. 7 d e g r e e - s away f r o m  ( 1 0 0 )  planes , j u s t  as do the
5 pc - a r  s~

In the e a r l i e r  eva lua t i on  of PROMs by Hug hes ,9 it was r e p o r t e d  that
f a b r i c a t i n g  A I M  P R O M s  wi th  a d i f f u s i o n  b a r r i e - r  f i lm ( T i -  W )  b e t w e e n  the Si
e m i t te r  con t ac t  anti  the- A l  n ie t a l l i z a t i o n  r e s u l t e d  in dev ices  tha t r e q u i r e d
at le - a st  50 p e - r c e - n t  m o re  c u r r e n t  for  p r o g r a m m i n g  than n o r m a l. W h e n  pro-

g r a ni mi n g  ( e mit t e r - b a s e  sho r t i ng )  did occur , the co l lec tor -base  j u n c t i o n

was also des t royed.  T h e r e f o r e  the AIM p rogramming  mechanism a p p a r e n t l y
was changed when mi gra t ion  of A 1 into the Si was inhibited . This imp lies

that the n o r m a l  p r o g r a m m i n g  mechanism does depend on A l  mi gr a t i o n .

The exp lanat ion of the mechanism of p rog ramming  AIM PROM elements

that accounts  fo r  the above observa t ions  is basically the same as that

p r e s e n t e d  in the e a r l i e r  r e p o r t 9 and is s imi lar  to the e l e c t r o - t h e r rn o m i gra t ion
t h e o r y  deve loped  b y Chr i s tou  for  A 1-Si and Au-Si i n t e r ac t i ons . 

13 When the

p r o g r a m m i n g  puls e is app lied , c u r r e n t  passes  thro ugh the reverse biased
e m i t t e r - b a s e  junc t ion  and a hot spot f o r ms  at the junc t ion  w h e r e  the e lec t r ic

f ield is s t r o n g e s t , near  a corner of the emi t t e r  reg ion . A f t e r  joule heating

r a i s e s  the t e m p e r a t u r e  of the n e a r b y Si to ove r  560 °C , rap id mi g ra t ion  of

A 1 occurs from the e m i t t e r  contac t  to the hot spot  unde r  the influence of the

‘‘T . E . P r i c e  and F~.A . B e-r thoud , “ A l u m i n u m  s p e a r i n g  in s i l icon  in tegra ted
c i r c u i t s , ’ ’ Sol id  — Sta te - E l e c t r o n i c s  16 , 1303 ( 1 9 7 3 ) .

Phi lofsky and E . L , Hall , “A R e v i e w  of the L imi ta tions of A l u m i n u m
Thin Films on Se-micor iduc to r Devices , ” IEEE Trans .  On Par ts , H y brids ,
and Packag ing P I -IP - I l ,  281 (1 975 ) .

‘3A . Chr i s tou , “ El e c t r o - t h e r m o m ig ra t i o n  in A 1 / Si , A u/ S i  in te rd i g i t ized tes t
s t r u c t u r e s , ” J. A pp l. Phys .  44 , 2975 ( 1 9 7 3 ) .

L _ _ _  
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th~-rma l gradi ent and the - c o n c e n t r a t i o n  g r a d i e -n t . if localized n- elting of th~-
A 1 a n d/ o r  an A 1 — S i  a l l oy  o c c u r s , as is l ikel y s i n c e-  the - - A l — S i  e u t e c t ic  n a - I t s

at S 77 °C , th, e l e c t r i c  fi~ - ld  w i l l  also a s s i s t  d i f f u s i o n  of A l  s ince  p o s i t i v e

meta l  ions a r c -  r e s p o n s i b l e  f o r  d i f f u s i o n  in liqu id  meta ls .3 S imul taneous l y ,

Si d i f f u s e - s  - i t t  of th~- e - n i t t e -r  r~-g ion in to  the- A l  con t ac t  b e c a u s e  of t h -  con-
r - r i t r a t i o n  g r a d i e n t , re -p l ac ing  the-  -~ 1 that  d i f fus e-d to the hot spot . (Mel t ing

o f Si is p robab ly  ne~i n e c e s s a r y  s i n c e ’ Si d i f f u s e s  r ap idl y in A l  a t t e m p e r a t u r e s
a bo-  500 °C . I

i A f t r - r  the’ j u n c t i o n  is shor ted by the A l  f i n g e r , the power

d i s s i p a t i o n  cl i-ops and the -  r e g ion cools  by conduc t ion  to the s u r r o u n d i n g  si l icon .
This rap id cooling q u e nche s the A l  and Si , p r e v e n t i n g  f o r m a t i o n  of e q u i l i b r i un - e

ph a s e s  and p r e se r v i ng  the~ i n h o m o g e n -ous  s t r u c t u r e s  observed as white lumps

on the emitter contacts and Al fingers in the sec t ions .

N I C H R ON I K  FUSE P R O G R A M M I N G MECHANIS M

T h -  n i c h r o rn e -  f e i s e -  P R O M  has be-en  s t ud ied  b y many  i n v e s t ig a t o r s . The

ph e -n o nu -n a  i n v o l v e d and the a p p e - ar a n c  e s  of p r o g r a m m e d  nichrome -  f u s e s
ha ve be - k -n adequa tc ’ lv  re ’po r t , - d  e l s e - w he r e , especia l ly in the p r e v i o u s  r ep o r t .

The mos t  si g n i f i c a n t  r e - c r - n t  c o n t r i b u t i o n  in this area is the w o r k  of Ke -nn e -y ,

Jone s , and Og i l \ - i e - . ~
‘ ‘ ‘ Addi t iona l  in s i g hts a r e  prov ided  in the r e c e n t  pape r

- 15by D a v i d s o n  et al .

A technique for  p repa r ing  samp les of nichrome fuse  PROMs for  anal y s i s
by a t r a n sm i s s i o n  e lec t ron  m i c r o s c o p e  ( T E M )  was dev eloped b y Jones . 14

This enables examina t ion  of undamaged  f u s e s  at hi gh magni f ica t ion  and hi g h
re so lu tion . Photographs of f u s e s  obtained by this technique have been
published. 

15 Two of those photographs7 are included in this report.

14 - - - - -\~~~, K . Jones , Plasma Etching as app lied to Failure Anal ysis , Proc.
IEEE 1974 R e - l i a b i l i ty  Ph y s i c s  Sy m p o s i u m  ( IEEE , N Y , 1 9 7 4 ) ,  p. 43 .

~~J. I)avidso n , J . G i b s o n , S. H a r r i s , T , R oss i t er , “Fus ing  M ec ha n i s m  of
Nichrome Thin Films ,” Proc. IEEE 1976 Reliability Physics Sym po s i um
(IEEE , N Y , 1 9 7 6 ) ,  p. 173 .
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r e  ~ 4 shc i~e s the - ap p e -a r a n  ce of O f l e -  t y p e -  e f  n i c h  i- o i i i e -  f u s e  l i n k , wh i c h

I S  u sed  by v c -ndo i- A . The me ta l r c - n i a i n i n g  in  t h e  g ap  i s  in  th~- f o r m  of f i l a  —

- ~-n t S  w it h  pe’ riodic ab e-i - i - a t i  Of l S  in w i d t h  a l o ng  t h e i  len gths . The- spacings

h t \ \ e e 1 1  l i la  ri i e f lt s  is q u i t e -  t i n  lu r i 1 .  S e-g r e - g a t i o n  of  th - c o n s t i t u e n t s  Was

e 1~~t~~c t cI , w i t h  m o r e -  C r  n e - a l -  the e nds  of the- l o n g - - r an d  w i d e - i -  f i l a me n t s  on

t h ~ n e g a t i ve-  ~ i de  of  the  g a p  a n d  i i i ~ e r e  N i  l i e - a r  tb~ e n d s  oi~ t b -  s~ i~ a l l c - ~ - f i l a n t - - n t s

oti t h e  p o s i t i v e -  s i d e  of the g ap .  A l s o  p r e S e n t  in  th~ g a p  is  a f i lm  of Ni  — C r

S p in e - i  C i- , N 104 1 , w h i c h  c o n t a i n s  s orne-  t -o  an d  Vt ) i c i s  , The c he - n i  ic a l  c u r n —

u , e s i t i o n s  We re -  d e t e r rn i n e d by f l o f l — C l i s p e - r s i~ - e-  x — r a \  spe c t r o s c e ip y  c i i i  a

S e - a n n i n g  TI-; .\ I a tid by e - l e - c t r on  d i f f r a c t i o n  f r o m  a ,  , -a s a b o u t  SO nn i  in  d ian ~ e t c  - r )
- i . ~ b r e ak s  i i i  t i l e - N i t - i -  f i l a n i e t i t s  o c c u r  n e - a r  t h e  ‘ oct eef th~- f u s e -  l i n k  a \ \- a y

‘ i i i  I l ie -  c- i i t t  e r  of t I i e  i-n e~~~e~ i y  c- I c ’ni  c-nt ti-an sis 1 o r .  i h u s  t i e  l i r e -ak  s a l e -

t i e - a r  t h e -  p e e s i t i v e  e ndi of the fuse’ I sc - c -  t he  c i r c uit  d l i a c L r an i  ill t i c  p r e -~- i c c us

- c - p e e  i-t , ~v I i l eh  i s  c i s c  t h e -  b e  a t i on  of t h e  b r e - a k  in pol y s il i  on f u s e -  l i n k s .

__‘..~~~~ .-_

‘fr-
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-
\
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Fig ure- 24. TE \ 1  photo o f n i c h i - o n - i e -  f u s e -  gap .  ‘~ - n c l o i -  A . ( W i d t h
a t  i-i i i d d l e -  — ~. 1 jim .)
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of the  tiC h rome  f i l a m e n t s  ari d p a r t i e  les can be c a lculated f rom the theo r i e s

of R a y l e - i gh and W e b e - r ;  the- r e s u l t s l a r e -  in rough  a g r e e ment  wi th  the obser-

va t ions , As soon as a f i l a m e n t  is broke- n , i ts  s o u r c e  of heat  (the e lec t r ic

c u r r e n t)  is r e m o v e d  and it soon so l id if i e s  as a r e s u l t  of heat  loss by conduc-

t ion to the o v e r l y ing p a s s i v a t i o n  g lass  and the under l y ing oxide and s i l icon .
The’ sp ine-i  f i lm obs, - r v e d  in the gap whe re  the n i c h r o m e  has wi thdrawn

is the - oxide ’ that  f o r n i e -d on the- s u r f a c e- of the n i ch ron-ie . Dur ing  p r o g r a m m i n g ,

it b e - c o n i e s  s u f f i c i e n t l y hot in some- spots  to b reak  up u n d e r  s u r f a c e  tension

j u s t  as doe -s  the n i ch ro r i i e -  f i lm.  Since th e -  sp inel probabl y melts at a hi gher

t e -n ip e r a t u r e  than the- n ichrorr i e and is heated onl y by contact with n ichrome

(s ince  its e l e c t r i c a l  conduc t i v i t y  is low) ,  the degree  of its b r e a k u p  is less

than it is for the nichrome .

The qua l i t a t ive  a g r e e m e n t  b e - tween s t r u c t u r a l  f e a t u r e s  predic ted  by the

theori€- s of the d i s i n t e g r a t i o n  of liq uid sheets and the observations of n ichrome

~~-~~es by the SEM 9 and the TEM 6 ’ ~ is i mp r e s s i v e . The calculated f i l ament

and drop let spacings do not agree closely with the observed va1 ’l es , perhaps

because  the values  of s u r f a c e  tension , v i scos i ty ,  and t e m p e r a t u r e  r e q u i r e d

fo r  the calculations a r c  uncer ta in. Howeve r , the inf luence  of the o v e r l y ing

passiva tion g lass may also be impor tant .  Dur ing  programming , it is heated

and its v i scos i ty  may become small but the liquid nichron-i e film still will

not have a f r e e  s u r f a c e  and the overg iass should inhibit the perturbat ions

that supposedly cause  the b r eakup  of the film. The mechanism for  nucleation

of the voids that g row into holes is uncertain , althoug h it is conceivable tha t

the thin n ich r o m e  fi lms have suff ic ient  imperfec t ions  which act as void nuclei .
The role of the electr ic  field acting on the liquid metal  ions , as evidenced by

the a s y m m e t r y  often detected in the gaps , is also not clear . In sp ite of the

unce - r ta in t ies  r e m a i n i n g , the liquid sheet instabil i ty theory is the most

inc lus ive  exp lanation of the p rogramming  mechanism for n ichrome fuse

m e m o r y  e lements . It is likely tha t it can be developed fur ther  to account

for the uncertainties if necessary.
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6. MEMOR Y E L E M E N T  F A IL U R E  N I E C I I A N 1 S N 1 S

PROM element  f a i l u r e s  i n v o l v e  c o n v e r s io n  of an u n p r o g r a n c n i e r h  e l e m en t

in to  a p r o g r a m m e d  e lement  and v i c e  v e r s a .  Info r m a t i c e n about  f a i l u r e s  ha s

been obtained f rom two types  of s o u r c e s :  l i f e  tes ts  and u s er ’ s f i e l d  e xpe-

r i e n c e s .  U n d e r  th is  p r o g r a m , l i fe  t e s t s  of p r o g i -a t i i n i e d  P R ( ) \ t s  w e r e  con -

ductc- d at d c  ‘ated t e n ip e r a t c ir e  fo r  d u r a t i o n s  of m o r e -  t h a n  2000  h o u r s  ( S e e

S e c t i o n  7) . The r e s u l t s  of t e s t s  conduc ted  e l se w h e re have  a l s o  br - en  cons  i d e -  r e e .

U s e r  i n f o r m a t i o n  was ob ta ined  f r o m  v a r i o u s  H u g h~-s pro  g r a i t  I i -urn t i l e  Relia-

bi l i ty  Anal ys i s  Center  R e p o r t , 
16 f r o m  pub l i shed  data , and f r o m  r e s p o n s e s

to a ques t ionnai re  sent  out as par t  of this p r o g r a m . In a d d i t i o n  to f a i l u r e s

that hav e actually been observed , other  poss ib le  f a i l u r e  m e c h a n i sm s  a re

d e s c r i b e d  where  appre -p r i a t e , based  on the de ta i l ed  anal y s e s  of P R O M

devices  which were  made d u r i n g  th i s  p r o gr a m . F a i l u r e s  of the inpu t - e e utput

and a d d r e s s i n g  c i r c u i ts  also occur  hut  a r e  no t  c o n si d e r e d  h e r e .

POLYSILICON FUSE F A I L UR E  MECHANISM S

Unin ten t iona l  c o n v e r s i o n  of an u n p r o gr a m m e d  f u s e  l i n k  into a p r o g r a m m e d

f use mi ght be eff ected ei ther  by c o r r o s i o n  or by the read cu r r e n t .  In the case

of pol ys i l i con  fuse  l inks , c o r r o s i o n  is not expected to be the t h r e a t  t h a t  it  i s

for  N i C r  fuse  l inks . This is due to the much grea te r t h i c k n e s s  of the  pol y-

s i l i c o n  f i lm and to the protect ive  oxide that  f o r m s  on Si . This  was v e r i f i e d

by p e r f o r m i n g  the p a s s i v a t i on  i n t egr i t y  t e s t s  s p e c i f i e d  for  N i Cr  f u s e  P R O M s

( s ee  s ec t ion  on n i c h r o m e  fuse  f a i l u r e  m e c h a m i s m s) on 1 0 2 4 - b i t  p o lv s i l i c o n

fuse  PROMs . Twelve u n p r o g r a m m e d  par t s  and one p r o g r a m m e d  p a r t  -~e - er e

put th roug h the f r e e z e - o u t  t est  (pe r M I L-M - 3 8 5 1 0 / 20 1 , p ar a g r a p h 4 . 3 e)  and

no e l e c t r i c a l  changes  w e r e  de tec ted . Then two u n p r o g  r a m m e d  part s ‘vere

opened fo r  the wate r d r o p  tes t  (p a r a gr a p h 4 , 4 .2c of the same s p e c i f i c a t i o n

16 H . C . R i c k e r s , “ M i c r o c i r c u i t  Device  R e l i a b i l i t y : M e m o ry / L ~~I Data . ’
R e l i a b i l i t y  Ana l y s i s  Cen te r  r epor t  M D R - 3  ( R o m e  A i r  D ev e l e ’p i i ie n t  -
Center , W inte r 1975 -1976) .
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b y g r i n d i n g  off  the l ids  and each was p laced in a [)Il’ so c k e t  w i r e d  s e t  I t S  t e n

ene rg ize locat ions near  the center of the c h i p  ( row 15 , co lumn 7 e t f  e a c  h i hit ) .

W i t h  the dev i ce s  ene rg ized , a d rop l e t  of h i g h r e s i s t i v i ty  wate r was p laced in

the midd le  of the ch ip  with a g lass  pipet te . As each d r o p let e v ap o r a t e d ,

ano the r  was depos i ted  so that the total t ime  wi th  wa te r  on each c h i p - -as at

l ea s t  t h r e e  minu tes , as d i r ec t ed  in the  s p e c i f i c a t i o n , A f t e r w a t - d - , , the

d e v i c e s  w e r e  read out . Two a d d r e s s e s  on one samp le and one on the e tlier

had appa ren t ly become p rog rammed .

Mic rop hotographs  of por t ions  of one of the two d e v i c e s  ai- e s h o w n  i n

Fi g u r e  2 6 .  The two m e m o ry  elements w h i c h  became p r o g r a ni n te d  ar e -  ind i -

ca ted . The polys i l i c o n  f u s e  l i n k s  a re  in tac t  but the Al l i n e s  that  c o n n e c t  t h e

f u s e s  to the  t r a n s i s t o r en-u t te r  contacts  are  c o r r o d e d . Some cocros ion  of

Al column buses  also occur red , apparent ly th roug h c r a c k s  along the ed ges

of the Al l i nes , but the polys i l i con  s tr ipes  u n d e r ly ing those buses  p r o v i d e d

s u f f i c i e n t  conduc t iv i ty  to avoid f u r t h e r  bi t  changes . (The  f u s e - e m it t e r  con-

duc to r s  do not have under l y ing poly s i l i c o n .)  The same ph enornenein  o c c u r r e d

on the second wa te r  d rop  tes t  sample . Since  the ove rg lass  p a s s i v a t i o n  is

removed f r o m  the pol ys i l i con  fuse  areas  to f ac i l i t a t e  p r o g r a m m i n g , t h e r e b y

exposing p o r t i o n s  of the Al meta l l iza t ion, it is not s u r p r i s in g  that sonic

c o r r o s i o n  occur red  on these devices. However , no corrosion of the poly-

s i l i c o n  was observed anywhere, which con f i rms  the expec ta t ion  that  f a i l u r e

by c o r r o s i o n  of the fuse  l i nk  is not l ikely for  poly s i l i c o n  f u s e  P R O M 5 .

The other poss ib le  m e c h a n i s m  for  f a i l u r e  of an u n p r og r a mme d  pcalv-

s i l i c o n  fuse  l ink  is fus ing by the read c u r r e n t .  The power d i s s i p a t e d  in the

fuse  l i nk  d u r i n g  read is onl y 0 . 6 2 5  mW , which  is 0. 7 percent of the n o r m a l  -

p r o g r a m m i n g  power , so f u s i n g  d u r i n g  read will onl y o c c u r  for  except iona ll\ -

n a r r o w  f u s e s .  Tes ts  by one m a n u f a c t u r er  showed that  t h i s  may occu r  fo r

wid ths  of 0 . 3 ~ m or l e s s .  17 That m a n u f a c t u r e r ’s data showed tha t  the

average  fuse  wid th  is 2 .2 ~ m and the chance of o b t a i n i n g  f u se s  n a r r o w e r

‘7 R , C . Smith , S. J . R o s e n b e rg ,  and C . R . B a r r e t t , r e R e l i a b i l i t y  S tudies
of Poly s i l i c on  Fusible Link  PROM ’s , ” P roc .  IEEE 1976 R e l i a b i l i t y
Ph ysics Symposium (IEEE , N • Y . , 1976);  Bill Pascoc , Pol ys I (‘~~Fuse Bipolar  PROMs , ’ Intel repor t  R R - 9  ( In te l  C o r p ,  Santa Clara ,
CA , l97~~) .
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t H c  i 1 ~~ni i n  fl01 f i l e 1  p r o d u c t io n  i s  onl y 0 . 0 1 p e r c e n t . (h o w e v e r  , t h i s

d i n i e n s i e e n  i s  n e e t  i u s p e - e t ed  so d e v i c e s  ~e i th such  fu s e - s  ce ulcl o c c u r . No

fail i re- s of ttnprog i-attuned po lys ii icon f u s es  w e r e  de t ec t ed  d u r i n g  t h i s

p r og r a m  and none have  been  t epo rted f r o m  o the r  s o u r c e s .
F h - ie secon d  f a i l u r e  mode for  f u s e  l i n k  PROMs , r e v e r s i o n  of a p r o g r a m m e d

l i n k  back  i n t o  an appa ren t l y unprog rammed condit ion , is called r e c o n d u c t i o n .

D u r i ng  n o r m a l  prog r a m m i ng ,  a phy s i c al  gap is  produced in a pol y s i l i c o n

fuse  l i nk . This  gap con ta ins  some SiO 2 fo rmed  du r ing  f u s i n g . This ox ide

and the nat ive  ox ide  f o r m e d  on the s ur f a c e  of the pol y s i l i c o n  a re  probabl y

adequate  to p reven t  acc iden ta l  r e c o n du c t i o n  by a loose metall ic p a r t i c l e

c or n i n g  to r e ’st on top of a blown f u s e .  Howeve r , the width  of the gap in the

pol y s i l i c o n  l i n k  c a n  be v e r y  smal l , as shown in  some of the t r a n s m i s s i o n

e le c t r o n  m i c r os c o p e  photos  in Sec t ion  5 . The th in  d i e l e c t r i c  f i l m  in these

n a r r o w  gaps may l)e p r o n e  to r econduc t ion  unde r  c e r t a i n  voltage and tempera-

t u r e  c o n d i t i o n s .  As d e s c r i b e d  in the previous  r e p o r t  by Hug hes A i r c r a f t

Co m p a ny ,  r e c o n d u c t i o n  may resu l t  f r o m  conduc tance  th roug h the d i e l e c t r i c

at hi gh temperatures or e l e c t r i c a l  b r e a k d o w n . S ince  the melting po in t  of Si

is close to that  of N i C r  and mel t ing  may he invo lved  in f o r m i n g  a p e r m a n e n t

r e c o n d c c t i o n9 ( i f  such exi st s ( , the s u s c e p t i b i l i t y  of pol y s i l i c o n  fuses  to

r e c o n d u c t i o n  mi g ht he s i m i l a r  to N i C r  f u s e s . In both cases , however , most

i -econduc t ions  a re  probabl y uns tab le  and a re  a r e su l t  of incompletely

p r o g r a m m e d  fuse  l inks .

R e c o n d u c t i o n  of pol y s i l i c o n  fuse  l i n k s  on one p a r t  has been r epor t ed . 
18

F h i i s  o c c u r r ed  af te r d y n a m i c  b u r n -  in on t h r e e  b i t s  of a 1024-b i t  d e v i c e

m a n u f a c t u r e d  in e a i l y 1975 . The :-econducted fuse  l i n k s  had  r e s i s t a n c e s  of

~‘00 to 900 ohms , less than the m i n i m u m  r e s i s t a n c e  for  a fuse to appear

p r r r g r a m r n e d  ( 1 0 0 0  ohm) but l a rge r  than the unprog rammed fuse  r e s i s t a n c e ,

100 ohm ( s e e  Sec t ion  2 ) .  Examina t ion  wi th  a scann ing  e lec t ron  m i c r o s c o p e

showed that most of the p rogrammed  fuse  l inks  on that  par t  had n a r r o w  g a p s.

18 - . - -D . 0 . P la t te te  r (N a v a l  Weapons  Support  Cen te r , C rane , I nd iana) ,
p r i v a t e  c o m m u n i c a t ion  (~Iul y 1 9 7 5 ) .
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The ph o t o g r a p h of one reconducted f u s e  ( F i gure  2 7 )  shows that it  r e sembles

fuses  blown t inder  reduced powe r d u r i n g  th is  p r o g r a m , such as the one

shown in Fi g u r e  14d . t n fo r tun a te l y ,  the p r o g r a m m i n g  parameters  fo r  the

r e c o n d u c t e d  fus e a re  not  known , but the manufac tu re r  bel ieves  it was incor-

rec t l y p ro g i -at -t imed . I ts  s u p e r f i c ia l  appearance sugges t s  that a l imi t a t i on  on

the n u m b e r  of pulses  used to p r o g r a m  pol y s i l i c o n  fuse  PROMs could reduce

the o c c u r r e n c e  of t h i s  t ype of f a i l u r e ,

No o t h e r  f a i l u r e s  of pol y s i l i c o n  fuse  elements have been repor ted . None

w e r e  de tec ted  d u r i n g  the tests  conducted as par t  of this  p r og r am  on those

fuses  p r o g r a m m e d  a c c o r d i n g  to the manufac tu re r ’ s r ecommenda t ions .

A I M  F A I L U R E  MECHANISMS

No f a i l u r e s  of u np r o g  rammed AIM PROM elements  have been r e p o r t e d

by u s e r s  contac ted  unde r  the p r e s e n t  stud y and none were  obta ined in the

l i f e  t e s t  p r o g r a m  ( s e e  Sec t ion  7) or  in o the r  p r o g r a m s . 8 One f a i l u r e  of a

p r o g r a m m e d  A I M  i i em o ry  e lement  was r epor t ed  e a r l i e r 9 but its cause  was

not d e f i n i t e l y d e t e r m i n e d . No o t h e r  p r o g r a m m e d  AIM b i t  f a i l u r e s  have been

r e p o r t e d  by u se r s  and none have oeen detected in accelera ted life tes ts .
T h e r e f o r e  onl y h ypothe tica l  f a i l u r e  mechanisms  are  d i scussed  f o r  this  type

of PROM element .

An unprog rammed AIM memory  e lement  would r equ i r e  an e m i t t e r - b a s e

s h o r t  in o r d e r  fo r  it to appear as p r o g r a m m e d . No contact  is made to the

bases  of the memory  element t r a n s i s t o r s  and they a re  protected by Si02 and

p a s s i v a t i o n  g lass .  Shor t ing  by loose par t ic les  on the su r face  of the chip is

t h e r e f o r e  un l ike ly .  The read c u r r e n t  is onl y 0 .25 percent  of the p rogram-

m i n g  c u r r e n t  so f o r m a t i o n  of a sho r t  b y j u n c t i o n  breakdown d u r i n g  normal

use is also not  l ik e l y .

A n o t h e r  pos s ib l e  f a i l u r e  m e c h a n i s m  for  u np r o g r a m m e d  AIM e lements  is

s u f f i c i e n t  g r o w t h  of al loy ing p its to s h o r t  the e m i t t e r - b a s e  j u n c t i o n . These

pits , which f o r m  as a r e s u l t  of d i f f u s i o n  of Si into the o v e r l y ing A l  metall iza-

t ion  du r i n g  the c o n t a c t  s i n te -  r i n g  s t ep  in n o r m a l  p r o c e s s i n g , 12 appear  to

pen e t r a t e  o n e  t h i r d  or  m o r e  t h r o u g h the e m i t t e r  reg ion in some cases  ( see

Fi gu r e -  2 3 ) .

67

-——
~~----

— - —
~~~~~~~~~~~—.----—- ~~-- ---- -



F :

I ~
‘ ~~~~~~~ A~~’P~~ _ _ _ _ _

,-

- - -

- - 

T

Fi g u r e  27 . ~E\ 1  pH t n c s  ‘ I p r  i~ r a t - ii~ned  p o l v s i l ic o n  fu s e l i n k
t ia t  r e c on du c t e- d  a f t e r  d~~n - n i c  t u r n — i n  - 1 u s e  \ \ I d t l l  at
n a r r ( c \ - :e~~t } ) e r i f l t  — 2  - - -

~~~~~. - 

—:---- ~~~~~~~~~~~ — ~~~~~ --~~-p -- ‘~~- ---- ---- —~- ---  ---.



S h o r t — - . i r e - u i t i r i g O f  m i t e  :- —b a se - un cti on s , p t c ~ - iitl t i J i \

c o n t a c t  s ln t ~ - r i n g ,  h as  o c ct i l - r e ’d 
10 w i t h  sha1lo~t t r o n s i s t e r s  a~~ i i i >  S - ~ ii  h

is  the o r i e n t a t i o n  u s e d  f or  A I M  P R O N 1 s . :\t the  h I g h  c i i  1) i~~~t t i ! e  C i a - i  i ’ -

m i l i t a r y  i n t e -g r a t e -d cit- c u l t s , 125 °C , t h e  g r o u tli i - a t - e e l  a i l o v i i e g  I t s  \~ _ i i  i

much  les t h a n  thc’ r a t e - a t  the -  s i  n t e - ring t e  r ap e-  r a t  r e . 1 h s i s  c an s  c e -  b~ he

c -x p o a e n t i a  1 depc-nde-ncc - of di f ris ion co t- f f i  c i  e n t  ( D )  on t e r n  p - - r a t u  r e :  C - - 1)

e ’x p ( - Q / k T  C ~vh e - re  I) is  a c o n s t a n t , Q is  an a c t i v a t i o n  e n e  r gv , It i s

Bol t z n . a n n  s c o n s t a n t , and  T is the ’ t e - n i p e  r a t u r -  ( °N U s : n i ~ Q - 0 . 70 e \  f o r

the- d i f f c i s i on  of Si in to  thi n f : l m  A 1 12 and a s s u m i n g  that t h -  A is tb  g r e y -  -

ing a l loy ing p i t  by a d i f f u s i o n  p r o c e s s  w i t h  a m u c h  l o w e r (1 .e - . , : i - ~~1i g ib!e

a c t i v a t i o n  ene r g y ,  th~’ r a t i o  of the diffusion coefficic-nt at the sian.- r e n g

t c f l l p e  ra~~- t r e -  ( 42 5 °C )  to tha t  at  t h e -  n l a xi m u ni  U S e -  t e mp e  r a l u r e  ( 125 °C is

2 x l0~~.

( h e  c h a r a c t e r i s t i c  d i st a n c e  f o r  d i f f u s i o n ’9 is p r o p o t -t i o n a l  to  (DC 
/ 2 ,

~v h - r c  I is the time at a pa i-ticular tempe rature. A s s c t n i i n g  t h a t  the  c h a t - a c —

t e -  r i s t i c  ciii f e i s  ion d i s t a n c e -  ul Si in the ave  i-l y i ng  -\ 1 is  p r  e~~)u 1- t i o n u  1 to i . e  d e p t h

of t h e  lt I i oy i ne- pits , t h e time- required for a pit to U N n \ \  at  I L~- C  fr o t i e  c e e - e

t h i r d  t h r o u g h  the- er n i t t e -  r r e - g i n  en to the -  c-l i  i t t e  t —  base -  cin~ t i un  c an  be e n- i  01 ~ t cCi  -

u s i n g  the  c h a r a c t -  r i s ti c  d i s t a n c e  b r a  co la . Th is  t im e ’-~ i l l  he the- d i f f e  r - n c e -

b e t w een  the t ime  r e q u i r e - c l  fo t a pi t  to ro~~- a l l  i N - . -  w a y  I r~na  t I  c - e n t i t l e  ci In -  thc -

j u n c t i o n  (d is  a n c e  X )  and  the t i m e  r e q u i r e d  b r  it  to r e ) \ \  one — t in  rd t h i e ~ ( 115  —

t a n c c  ( d i s t a n c e  - X / 3 ) :  At  X
2
/ D ( 1 2 5 °) - (X 3) 2 / D ( 1 2 5 ° ) h \~ e j ) l I ) - ~~~

F r o m  the p i t s  p i-oduced d u r i n g  c O f l t l n e - t  s in t e - r i n g ,  K [D (4 2 5 ° ) t t 4 2 5 °O~~ 
/2

Hence , At 8 t (42 5 °)D ( 4 2 5 ° ) D( 125 °). Subs t i t cit ing  th e -  s t e - n - r i n g t u n e  of 4 i i i

and the  r a t io  d i f fu s ion  c o e f f i c ie n t s  g iven a l -r o ve - , one o O t o  i n s

( 8 ) ( 4  m ) ( 2  x l0~~ 64 x 10~ m

— 10 , 700 hi .

1~~. C . Shewmon . D i f f u s i o n  in Solids ( \ l c U  r a w - H i l l , N . Y . , 1 d t o~~~( .
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I t t , h~ - e h i n g e -  c ’i l i I I l C i e t ~~~I 0 t t l i 1 1 e ( I  \ 1 \ l  h - R C \ 1  I c M I C I t e -  O t t ’ O n e : .,

‘,r i ’~- e b y I c e -  O R e  ( e . e n l s t e e  c ’  e ( i u \ e n g  p e t  e - r e \ v t l e  i~ - l e t i n , t i u h  l e t  c e - e e l  t i l e - n

J > ; , 00() i e e e i e ~~ ~ l LU ( Hc \ \ , \ e r  t i e ’  i t  i l t i r e ’  c i  ( h I S  l e t e U t - I e i ~~ l e e -  it  t , -
~~~~ e i

~se,-  S~~ - t j ~~~ 7 ( , 1 c n i ~ ( N ( ) e e s t i r e ~~ - c i  ) 5 et ( b e e r  i l e e n r e  ( l i n ~ l I ) , O l ) i )  h e i r s .

I h e  ; e n a l v s i s  p t - e s e n t oI h i e ’r e  w h i c h  e guerre s t he  l i t i t i t e r l  s e e l e t b l l j i ~~ i ~ i t t  A l  -

is si  n ip l i f i e c i  and is l i k e l y an unch e’ r e s t im a t e  of the  t I r ae  bc f e c  r e Ce i l u r e  -

[‘he  t e f e t  re , t h i s  f a i l  t i r e  n i e eh a n i  sm i s  p r o b a b l y not a set- i n n s  ft r e a l  to  t l : e

reliabilit y ( Cf A IM PR OM 5

For p rog  r a m m e d  AIM m e m o r y  el e m e n t s , op e n i n g  of the  e l l a  t i e r — b a s e

c o n d u c t i v e  path would be requi  red fo r  t h e m  to r e v e r t  t e n  t i e  u np r u e r a n i ~ n e d

c o n d i t i o n .  The p e n e t r a t i o n  of the Al f i n g e r  t h r o u g h th e  j u n c t i o n  d u e - i n c

progi-amming (see Section 5)  is not a r e v e r s i b l e  p r o c e s s  and th e  read  c u r r en i

is in the same d i r e c t i o n  as the  p rog  r a m m i ng  c ur r e n t . rh e  r e f e n re  o p e n  i n c  r e f

the c o n d u c t i v e  pa th  is  not l i k e l y to o c c u r .

The re n ay  he a pu s s  ih i l  tv  of the  -\ 1 f i n g e r  p e n e t  r a t i  n o  f tc  i - t h e -  and s h e n  C. —

ng the base— culle’e- tc r n u i c t i o n  as  we’ll as the  e m i t  I c -  — base ’ j t i n c t  I’  fl - t i n e  r e - b y

dis abling art enti i-c i-ow of PRt . ) \ I  e l em e n t s  - F h t e  sm a l l  re - ~ed c c t r r e - n I  i s

i n s u f f i c i e n t  to c au s e  the’  loca l  h e a t i n g  t h a t  is b e l i e v e d  I c e  h e  r c ’sp e n l s  h i ,  t e e t -

i n i t i a t i n g  p 1- og r a t t - t n i i  ri g , e s p e c i a l ly s i n c e  the  i-es is t an c e  e e f  t he  li t - e l i  i - a t e - med

j u n c t Io n  is  les  than  ten ohms - H o we v e r , A 1 w i l l  g r a c l ua l l y d i t  t i s > - f r - o u t

the f i n g e r  in to  the s ur r o u n d i n g  Si , The d i f f u s i o n  c o e f f i c i e n t  f o t  1 - H s  p r o c e s s

at the max i mum o p er a t i ng  t em p e r a t u r e , 125 °C , has  not  been  de te r m i n e d  12

but i t is p robab l y much smal le r  than that  f o r  the  d i f f u s  ion  t e f  S i  n I n -  Al  -

which  was cons ide red for  the alloy ing pi t  case  above . S ince  Al  is a p - ty p e

i m p u r i t y  in Si , t h i s  d i f f u s i o n  may m e r e ly inc rease  the - local  c a r r i e r  c~ -nc en-

t r a t i o n  of the p - t y p e  base r e g i o n  and push the  b a s e — c o l l e c t e e  r j t i n c t i o r i  Ci r t I ~e r

into the collecto r reg ion wi thou t  a f f e c t i n g  the op er a t ion  of the dCv ~~Ce-

T h e r e f o r e  , a d d i t i o n a l  p e n e t r a t i o n  of the Al f i n g e r  d u r i n g  e n pe - r;i 1 i n n  Is fl -t

expec ted  to be a f a i l ur e  m e c h a n i s m  of AIM P R ON I s .

Anotb i e  r p o s s i b l e  f a i l u r e  n-i e cb a n i s r n  is  a s i - t o r t  b e tween  the  A l  - t l e -1  i i

l a v e t -  t ha t  n-takes c o n t a c t  w i t h  the  em i t t e r s  of the  men io  r\ - e l c t e - e- n t  I

and the  ove t - I y in g  Al bus for  t i t e  c o l l e c t o r s  of the ui i en ie i  r v  e l e m e n t s  - [ f t c

top ii i - fa ce ’  of the Al on the e m i t t er  c o n t a c t s  of a partiall y prog rauitnie d \ 1\ l

PROM was re~ caled by e t c h i n g  away the  o v e r l y ing  Al  and g lass  C l o t s .
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t: ncl e r s c a n n i n g  e l e c t r o n  t : :  .c r o s cope  e x a t n i n a t i r e n  - t i n e  s e n  I f i c a n t  e l f a n  r . -nce

b e t w e e n  t I n -  T ) i n , L i  r a n i u t e r l  and n t n p r n e g  r a m m e d  i c ; n t i c r~s as e h e t c -  c - b . I r -  r e - — -

fo r e -  t h e  r i s k  e e f  f a i l u r e ’ b y t h i s  i I e d - i : i c n l S f l i  a p p ea r s  t n  he- i n n : e - ! l e f l r l c t i t ~~

o r g  t -arn n h  h g  and the s a nt e  as for  m u l t i l e v e l  n i e t al l i z at i o n  i n  i n t eg r a t e - ’ .

c u - r u i n s . ~~ne  i n c i d e n t  i f m e t a l l I~z a t i e e n  s h o r t ’ y e-e s th e- e c n l \ -  d i e t — i - e- l a t ed

n i a l f e i n c t i e n n epo r teci  f o r  A I M  t~ i~ U \ l s  by the R e l i a h i i v  A n i l v  s i  S C e n L e ’ I -

N I G h  I R O \ l C  i-T SE F.- \ I L U R E  \ l En l  I A NI S \ 1 S

I’he ‘ail ed -c modes ot  n i c hr e e m e  fu s e ’  l i n k s  at - c t l : e  c e p e n i n t  a n  n t n ; e r  -

~ t I t r t i t a e ’e I  l i n k  and t he  r c ’c o r i c l e i c t  l e n  of a p r o g i ’ n u t t t i t -d l i e - i n  - F l e e  f e i l n e r e -

t l n ’c } t a n i s r u  f at -  i l t e  f i t - s t  e i e c e c l e  iS  c e n r r e e s i o f l  n e f  t h e  r i l c h n r e e l e n e -  t h r e n e g l e r ; e e k s

e e t  p i n l i - l e - -> I t i  t h e ’ p a ss  i v ~~t i n n  g l as s  I f u s i n g  n v  t I n e- i -each c u r  n e - n t  es n - - I  hc ’et

obse rved . [h ie m e c h a n i s m  c a u s i n g  r e c o n d u ct i o n  i s  s t i l l  f l e e t  c l e a r  - I t - n - e v

result from conductance- throug h the d i e l e c t r i c  (g lass an d s p i n e l  at  : : i

t,’ r i : e - - i ’ a t : : n ’ ’ f o l l o w e d by e l e c t r i c a l  h r e -ak d ow n  of t h > -  d e l  e t r : c . Cu tli ~ n e t h e r

hand . s onic- of the’  obs - r v a h o n s  n i acin-  c h u r i n g  th~- l i fe  t n - s t s  inmc at - thaI r e - c o n -

d n i c t i n n  of N i Cr  fu s e ’ l i n k s  mac  hc- u n s t a b l e  and p r e r h a b l v  - - s i l t s  f r e - r ican —

ple-te’ ly p r e e g  r a m m e d  l i n k s  ( Se - e S c - c t  i n n  7 - I lie fa i lun-e  n i e c h a n i  s re-re f e r N i L i ’

f u s e s  w e r e  th o roug hly  d i s c us s e ’d in the  e a r l i e r  re p o r t  by h u g h e s  ar i d

r e f e  t’ e ’ ti c e ~- to inane  e t i t e r  ci is c ur e s  i e e n s  a r c’ g i ven i n  t h e  ‘c’ cen t  pap e- n in>

F’ r a n k l i n .

i e e u r t e ’ e ’n d i e —  r c ’l nt e d  n -e i a ~~f h t n c t i c n i s  of ,‘\ i ( I r  I ’R O M s  w e re  n ’ c e ’ n r t i e ’ ’ !  n i t  l I c e -

ta-cent Rchilub i l it v \n il y reis ( ; e ’ f l i e ’ r  H A )  e - e’ p or t .  (h el l e e l  t h e - s e ’  \ \ e r ,  - - i n

p at -t s  h a v i n g  ~ e e h r h — d e e p c d t r e e -  s i s t r e r s  - w h i c h  w e r e  used ceo  t : n e  e - a r t s  f e - c t - : n i l e -

v e n r l o r  in  t :ne  p r e v i o u s  e v a l : n n t n r e o  e e l  P R O \ l r e  by h u g hes . Less t i t a n  f - - i n ’

•~ -, C S C  s e v e n  f a i l ur e s  were  re la te d  t - a f u s e  l i n k  but at l e a s t  one of t i n e l e t  w a s

a gt - o w h a c k ’ ’ I r e c o n c l n i c t i e n n l  e l  a f t i s c  on a 2 5 o — b i t  p a r t . A n o t h - - r 14 r e - o n —

d n i c t i o n  f a i l u r e - s  c inde r 12 5 °C b u r n — i n  c o n d i t i o n s  x - r r - r e - p o r t n - n  b~ us

D c - t a i l s  of t b - s e -  f a i l u r e s  a re -  g i v e - n  in the -  T a b i  on User T e st  R e ’set1 t ~ ,
Se c t i o n  7 ,

20~~, F r a n k l i n  A R e l i a b i l i t y  — \ s s e - s s n l e n t  of 13i~ ) e e l L i r l n t ( . n \ 1~ - 
b e r e e c .

I E E E  l °76  R e ’l  l a b i l i t y  Ph ys ( Cs  S v mp -n u~~-t -t U EEE - N . Y . - l e t  7 - i  -
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c e c i l )  - e i t t t t ~~( ’ t I  t t _ e t e ~~j s t c e r r - e  ~c r ~ t i n - i t t 1  i i i  i l l  c r 1  t i e , ’ ~\. e c ’ , — l e e - , , - l ’ h ~~e e \ ( _ ,

- , , i  I r e . ,  i - i  I e t c  l e e ,  p ‘ c ~ n~~~i i t  a iul  i t  I i n  I ‘ i ~ I -, , c l e t  ., t t ~ , I i r o  e e l  i . t t  - I - - r I I t ~ -

1° - ‘/ 1 0 , 1 5  I n I i i e , ( i e , t t . N e e t i t ’  c~ i ( l i e  c e - V e i l  i l e , e i ) n t t i , ( i c e f l s  e ’ e j ) c t r ( e . ( h  by  l~~- \ L  t i n

( C h n e t t k \ ’  l d l < O \ l s  i n v e n l y e - c i  t h e  N i C r  f u s e  l i n k s . A c c o t - d i n g  t e e  t I l e  1flt ~k.A i l I f e ’

d a t a  s u m m a r i z ed  in t h e  R A G  r e p o r t , 
1t~ the  n un ib e  u- of f a i l u r e - s  of a l l  t y p e - s

per  p a r t — h o u r  d u r i n g  s t a t i c  and dy namic t e s t s  at 125 °C is s i m i l a r  fo t- C c
t -ae-e t r a n s i s t o r t e c h n o l o g i e s .  T h e r e  shou ld  be no r e a r e e - n  to expec t  t i -t a t  t h e

r e c e n t  c h a ng e  f r o m  go ld -doped  to S ch i o t t k y t r a n s i s t o r s  ( s ee  S e c t i e i n  2 w i l l

a f f e c t  the r e l i a b i l i t y e e l  N i C r  P R OM s  . S

The m e c h a n i s m  of f a i l u r e  due to c o r r o s i o n  of N i C  r is g u a r d e d  ag l e  in s t

by c o a t i n g  the P R O M  w i t h  a pass  i v a t io n  f i l m  of p h o s p h o s il i c a t e  g lass ( see

Sec t ion  2 ) .  T h e  adequacy  of the o v e r l a y  p a s s i v a t i o n  was t e s t e d  by the

p r o c e d u r e  in  Nl IL-\1-3t~5 1 0 / 2 0 1 , w h i c h  is a s p e c i f i c a t i o n  fo r  5 1 2 - b i t  N i C r

P R O M s ,  Samples of 1024 , 204 h~, and 4 0 9 6 - b i t  P R OM 5  w e r e  t e s t e d , one c e f

each s i z e  f r o m  \ e n d o i -  A and two of each f r o m  V en d o r  Fe . The p r e e c e d u r e s

used a r e  l i s t e d  l)elow .

E l e c t r i c a l  read — o u t  to \ -er  i fy  that  dev i ce  is u n p r o g r an i n -eed -

2 . T e mp e r a t u r e  c y c l i n g  f r o m  -65 °C to ~ l50 °C , per N 1 I L - S 1 ’D - t ~M 3 A ,
M e t h o d  1010 . 1 , t e s t  condi t ion  C ,

3 . l r e e 7, e - ou t  t e s t , per M I L _ N 1 - 3 8 5 l 0 / 2 0 1 , p a r a g r a p h  4 . 3e .

4 . E l e c tt ica l  r e a d - o u t  to see if any  changes  o c c u r r e d .

5 . Ope n package by grinding off the ceramic lid oi- b y u n s o l d e r i n g
the metal lid , as appropriate .

6. Wate r d rop test , per MIL-M-38510/201 , paragraph 4.4.2c .
7 . E l e c t r ic a l  r e a d - o u t  to see if any changes occurred .

8. Inspect  with arc optical m i c r o s c o p e  and p e r h a p s  w i t h  a s c a n n i n g
e l e c t r o n  m i c r o s c o p e  to i d e n t i f y the n a t u r e  of a n y  c h a n g e s  t h a t
occurred ,

The p u rp o s e  of the t e m p e r a t tir e  c y c l i n g  is  to s t r e s s  the  d e v i c e  and

p roduce  c r a c k s  in the p a s s i v a t i o n  g lass if possible. The freeze-out t e s t  is

i n t e n d e d  to p r o d u c e  a f i l m  of wate r on the ch i p w h i l e  power is app lied , the reb-

produc i ng e l e c t r o c o r r o s i o n  of me ta l  l i n e s  t h r o u g h any  p i n h o l e ’ s or c r a c k s  in

the pass i v a t iu n  g lass . The wate r dc -op  t e s t  is a d e s t r u ct i ~ e’ t e s t  in  w h i c h  an

a t t enipt  is made to p roduce  e l e c t r o c o i - t-os ion by appl y ing  h i g h r e s i s t i v i t y

w a t e r  d i r e c t l y onto the PROM cl-t i p wi -t i le  power  is app l i ed .
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No e l e c t r i c a l  c h a n g e - s  as a r e - s u i t  e e l  t e - t i n p r -  r a t u r e  c y c l i n g  and the
f r e - e z e - — o u t  t e S t  w e ’r e  dr t c - c t e ’ d  on a m y  e e l  th~- s a m p le-s . A l t e r the wate r d rop
t r S t S , no change’s o c c u r r e d on any  of th e- t h re e  p a r t s  f r o m  V e n d o r A , On

one 2 0 4 8 - b i t  pa r t  f r o m  V & - n d o r  B , a p o r t i o n  of the a l u m i n um  bus was
e tche d a w a y  w i t h out  a ny  e l e c t r i c al  c h a n g e -  b e - c a u s e ’  an u n d e r l y i n g  d i f f u s c - d
co n d u c t o r  a as in pat- alh-l  a it l i  i L . 0cc n e c e r  4 1 1 ) 6  — b i t  p~ f t  C ~~e V ndo i- B , [oa r

m e i l t i -b e t  e l e c t r i c a l  f a i l u r e s  and one - s ing l e - b i t  e l e c t r i c a l  f a i l u r e  w e r e  caused

b y e t c h i n g  of A 1 l i n e -s . Scann ing  elec t ron  m i c r o s c o p e  ph o t o g r a p hs of the
s c n g l e - b i t  f a i l u r e  a r e  shown in Fi g u r e  28 . The f lak y r e s i d u e s  in 28a w e r e
l e f t  afte r the ’ w a t e r  d r o p  e v a p o r a t e d . The-se  pho tos indicate  that the f a i l u r e
r e ’sul te ’ d f r o n e  a p inhole  in the p a s s i v a t i o n  g lass on top of the A l  l ine  whe re
it c o n t a c t e d  the end of a N i C r  fetse  l i n k . C o r r o s i o n  d u r i n g  the- wate r d r op
I- - s t  ap p a r e nt l y d i s s o l v e d away t he- A l  unde r the- p inhole ’  and d e s t r o y e d  t he-
A l -N i C r  i n t e r f a c e ’ , jud g t n g  f r o m  the-  p a r t i a l  c o r r o s i o n  of the u n d e r l y ing N i C r  -

that is shown in Fi g u r e  Z — ~b . (T he’ hole in the A l  was e n l a r g e d  b y etc hing the
p a r t  f o r  two m i n u t e - s  in HG I b e f o r e  the pas s iva t ion  g lass was r em oved. I No

changes  were o b s e r v e d  in the othe r f o u r  p a r t s  f r o m  V e n d o r  B .
The t e s t  r e s u l t s  of the N i C r  f u s e -  o v e r l a y  indica te that the p a s s i v a t i o n  is

a d e q u a t e . No c o r r o s i o n  fa i lure ’ s of the N i C r  f u s e  links w e r e  o b s e r v e d  e it h e r

in these t e s t s  or  in the l i fe  t es t s  conduc ted  d u r i n g  this p r o g r a m . No ev idence
of c r a c k s  was seen in the pas s iva t ion  g lass at the ed ges of the A l  n - ie ta l l i za t ion
l ines  that contact  the ends of the f u s e  l inks . O c c a s i o n a l  p in holes w e r e  detected
in the p a s s i v a t i o n  laye -r , whic h is c o n s i d e r e d  normal  fo r  i n t eg ra t ed  c i r c u i t s .
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7 . B I 2 R N — I N  A N I )  L i V E  ‘ 1 1 1 H l S

L1l-’E TE STS A N I )  G V N h - : ~~A L  1 N I - O R \ I A T I O N

A 20 1 n — h e i t r  l e f e -  t e s t  was  pe i- f o r m  r d  öf l  ~ pa i - t s , d p p r o x n i n e !  ly  2~ D l i  i i s

f r o n t  -acl i  o l  t h e ’ lou r- v e n d o r s  i r t e l t t d e ’d i n  t h i s st t t d y .  I he  pu r p o s e -  u l  I l c . s  l - r - t

was  t h r c - e - t e e l d :  f i r s t , to le - a c - n  as it e c ich aboe ti t h e -  a i l e t r e -  r a t e  e e l  t i c - - se ( I e \ i e e - 5

as the l i m i t e d s a mp le S i z e -  ~t -o u l c1 p e r u  : t ;  s c e t i nd , to e l e - t e - r - n n t n e ’  t he  e ’ f f c e I i  - —

n e s s  of the ’  b u r n — i n  se - r e t - n and t h i r d , t e e  e v a l u a t e -  the ’ e - f f e - e t s  of t- e - q e n i  r e d  t i n -

to p r o g  r am  on t h -  r e - l i a b i l i t y  of p r o g  r a nm n - d n i e n i o r v  e l en i e ’n t  1 ~ c e  r em - —

pu s h  th i s , the - s am p le -s w e - r e  p r e ) g  r a n l n l c  d u n t h -  r v a r y i n g  conditions as :11

be desc  n b c - cl below . The - numnb c -  r of p u l s e -s  r & - q u i  r e d  f i n  r p r o g  i-ar  l i t n g  e t c h  Le , t

-e w a s  r e c e - ”d e d . A l l  b i t s  w e r e  p r o g r a m m e d  f o r  e-ach  d e v i c e ’ , The p r oc  r a n  en~ nc

was  v u - r i  h e ’d , and the- s amp le ’ s w e r e  e - n t e -  r e -c l  i n t o  a d v n a  n c l i f e ’  I c  s t  cha  H~
at 125 °C . Th~- s amp le ’s  w e r e  pr r u o d i c a l l y r e -n  ov e-c i  f r u i t  the-  t e s t  and  t h e ’  s t o r e  ci

da ta r e —  ye r i f i e - d  at room tempe ratu re to n~o n i t o  t- t he - a p p r o x i m a t-  - t i l l  r -  at  \ .  ii ch

f a i l u r e -  o c c u r  re- c l , A f t c-  r 201  o h o u r s  , the d c -vic e -s w e -  r e  r e ’n - n ’ . , d  fr-on - - st  a nd

the ’ f a i l e d de v i c e s  w e r e -  ana l y z e d  to d e t e r m i n - - t he  CauSe’ . ;‘cll of the fa i lure s

w e r e -  f o u n d  to b~- i n d i v id u a l  b i t  c h a n g e - s . S e l e c t e d  f a i l e - d  t i e - v i c e - s ~ ‘ : -  r e  f u r t h e -  r

analvze - ’d w i t h  f i n d i n g s  r e -p o r t e - c l  be low .

The p r e l g r a r r e m i n g  was  d on e -  on a sp e c i a l ly c o ns t r u c t e -c i f i x t u r e  ~~h , ch pe r —

o t t  t t e ’  d a d j u  s t o n- n t  of the p rog  ra n in i  ing pa ra n i e ’  Ic ’ r s  , i n  p a r  t i c  ala r the  - p m  cc  —

g r d n e r n i n g  pu l s e -  am p l i t t i d e - . A s s o c i a te d  w i t h  the - p r n n g  r a r t t e i l n ’ r  W t S  an , i c i t r e I l t . e I

r n - c o r d i n g  de v i c e ’ \‘ch i c h  in o n i t o r e ’d the n u m b e r of p u l s e -s r e q  u i r e ’ c l  t o  p l- ee g - ‘ a m e r

e a c h  bit  and p r i n t e - c l  on pape- t- t ape  a coded n u i i e b e r  r e n f l e c t i  i~~ t h e  a p p r e n x i r m t n t e ’

n u n e b e t -  of pulse - n-- c- e -q u i r e d  a l o n g  wi th  the  ec t a l  a d d r e s s  of t h a t  bi t .  1- i~-

u r e  2~ sho~t - s a s a t e - p lc of t h i s  t ape  and an  exp l a n a t i o n  eel t h e  code. I d 1  e e c d e

is sca led tc al low pu l se  counts  up to t 5 , 536.

The b i t s  w e r e  p r o g i - a u nie ’d in two  g r o u ps . The f i r s t  gr o u p  was ~i r  - -

g r a mm n e d  in a c c o r d a n c e-  wi th  the v e n d o r ’ s s p e c i f i c a t i o n s .  ( T h e e x a c t  p r e n c r a i n t -

m ing  cond i t ions  a i-e shown in Appendix III . ) These - bits a c  re us e -c l  te  de l - r t i e i e l e ’

the failure rate of a properl y p r o g r an -e n t e d  dev ice .  The  — e - e o n d  g r o e t p  e l  hu n— V. C S

p r o g r a mm ed wi th  p r o g r a n-i m n i n g  pulse ampl i t ude  de l ibe r a t e l y  r e - d u e  -d be I , e ~ e ( l i e -

r e c o m m e n d e d 1’ ’ ccl . The ’ r e -s  tilt  tva s to i n c r e a s e -  the n e t i t - t h e -  r o f  p e e l  i— n - S  I’ ‘ C I c i  ‘ e d
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PULSE
OCTAL CODE

ADDRESS
— - — ‘ x v

2 6 3 0 1
2 6 2 3 1
2 6 2 1 4
2 6 2 1 5
2 6 2 0 3
2 6  1 2 2
2 6 1 2 5
2 8  1 2 1
2 6 1 0 5
2 6 0 2 3
2 6 0 2 2
2 6 0 1 4
2 6 0 0 2

BIT O ——-~~— 2  5 7 2 7
B U T 1 — ---- --- 2 5 7 1 1
8IT 2— ’ —--~~.-- 2 5 7 1 3
B IT 3— ~~- 2  5 7 1 1

2 5 6 3 1
2 5 6 2 1
2 5 6 1 2
2 5 6 1 2
2 8 5 2 6
2 5 5 2 1
2 5 5 1 2

~ ,~THIS MEANS

11 ~~ 

-

í 

~~~~ O 639 PULSES

(MINIMUM) NUMBER OF PROGRAMMING PULSES • ¶~~ 
y -

UNCERTAINTY - 16- B~ ’l

(A 37 CODE IMPLIED A COUNTER OVERFLOW)

Figure 29. Sample of program m ing re-cord tape- .
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f o r  p r o g r a n mu n g  and the p u r p o s e ’  of d o i n e c .  t h i s  w a s  to d e ’ l x b e  r a t e - i ’  i n d u c e -

ma r g e n a l  o n  f a i l u r e -  p r o n e  rrn e - m o r y  e - l e ’ t i e - n t ~~ - s u c h  as tn i gh t  r e - s t i l t  f r o r t  t b
li s t -  of  i n t p r c e p e - r p r o g r a m m i ng  e q u i pm e n t , B y n o t i n g  t b -  u c  C C I  r n - n e  - I t  - -

f a i l u r e - s  in the- dy n a m i c  l i f e  te ’St , the ’ e f f e c t i  v e ’ne ’ss  of th . - b u r n — i n  s c r e e n

could b~- c - v a l u at e d ,

A f t e r  p r o gr amm i ng ,  the samp le ’s were ’  i n s e r t e d in to  b u r n - i n  ~~r e c k e -t ~

~v h i c h  p r o v i d e d  the- p r o p e r  si gnals and biases for dynamic  r e a d  o p e r a t i o n .

~he- \ bias was  set at 5 . 5 V and the ’  add re ss i n p u t s  ~e n ’r e  c y c l e - n -I a t  a 1 ~c l 1 l 7 ,

r a t e - . 
c
~~he r a c k s  w e r e  p l a c e d  in an o v e n  at 125 °C . The samp ~ w e ’r e ’

r e m o v e d  f r o nt  the oven and r e v e r i f i e d  a f t e r  24 h o u r s  and at i n c r e - a s i n i . t

in te rva l s  ov e r the 20 16  hour  t e s t .  V e r i f i c a t i o n  was done- at  r o on  t en~p e - r a t u r e -

an n - I ,  in c~~Se’S s t -h e- r e  the vendor  r e c o m m e n d e d  it , at reduced V lev~~ls .cc
Thu r e s u l t s  of the 2 0 1 6  hour  l i f e  t e s t  r e v e a l e d  no f a i l u r e s  f o r  the ’

o em o ry  e l e m e n t s  in the f i r s t  g ro u p ,  wh ich  had been  p r o gr a m m e d  a c c o r d i ng

to the vendo r s r e c o m m e n d a t i o n s . The r e s u l t s  of this  p o r t i o n  of the ’ t e s t s

a r e  s u m m a r i z e d  in Table 9. As was e x p e c t e d , the- s e c o n d  g r o u p  p r o d u c e d  a

n u m b e ’r of f a i l u r e s  of the p r o g r a m m e d  f u se s .  The f a i l u r e- r e s u l t s  fo r  the-

second gro up are listed in Table 10 . No f a i l u r e s  ~;‘e-re e x p e r i e n c e d  in e i t h e r

group for  the AIM d e v i c e s , The s ame  number of d e v i c e s  w e r e  l i f e ’ t e ’~~ t i ’d

f r o m  each g r o u p .  In g e n e r a l , half the b i t s  f r o nt  each g r o u p  we ’re  p r o g r a m m e d

a c c o r d i ng  to the vendor ’ s s p e c i f i c a t i o n s  and the othe r half  w e r e  p r o g r am m e d

with long blow — t imes .

A f t e r  conip letion of the’ life ’ test , 1-etc-as U renn’nts we ’ r e- t ake -n t e n  l ii r t h e  r

charact e -ri z e- the failu res prior to de lidding. It was f o u n d  t ha t  inc  r c - t e s i n g  (h

V bias to 5. 5 V would co rrect seve’ral of the- errors. Increasing the’ ease-
cc

t e m p e r a t u r e  on devices from vendors A and F~ had a s imi la r e f f e c t .  S i nt u l -

t aneous ly r a i s i ng  the t e m p e r a t u re  and the 
~~~~ 

bias  would c o r r e c t  the n a I j o n i t v

of the e -r r o r s .  C o n v e r s e ly ,  l o w e r i n g  the t e m p e r a t u r e  at r educed  V~ bias

would c a u s e  new f a i l u r e s  to a p p e a r .

Othe r anomal ies  w e r e  also o b s e r v a b l e , The- n u m b e r  of e r r o r s  o b s e - r v e -d

at room t e m p e r a t u r e’  would s o m e t i m e s  change-  a f t e r  a cyc le  of op e - r a t i o n

at hi gh or low t e m p e r a t u r e .  A hi gh t e m p e r a t u r e  cyc le  could r e s u l t  in a

7-7
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r e d u c e d  room t e m p e r a t u r e -  e r r o r  c o u n t , and in a v e ry  fe’~ c a se s . . a i n ,’

t e n  - p t -  r a t u  r &- cy c l e -  w o u ld  p r o c lu c  e ’ ne -w e r  ro  r 5 a t  r o on  - t e -  e- It - r a t  n : r -  . - - r a l

m o n t h s  a f t ~- r the- c o mp le t i o n  of the ’ l i f e ’  t e s t , the ’  de  \ ‘ i c e - s  c - r e - a ga 1 1 c r  r e t  r

c h e - c k e - d . S t i l l  f u r t h e r chang- -s i n  the -  e r r o r  c c e c i n t  w e - r e  ub~~e - r~ c - cl ,

Th e -  u n s t a b l e  c h a r a c t e r - e f  the ’ Some ’  of the ’ 1 0 1  le - ( i  h i t s  , as ‘ - d ’ ~~ e - ~~ iv

t h e - s e -  me ’a su r r t n c n t s  , s u g g e s t s  tha t f o r  m a n y  f u s e - s  a n a t - C i l I a 1  l a t l e m  r--

c o n d n t i o n  e x i s t s  as  op p o s e -c l to a so l id  data  r e v e : r s a l , in t h i s  ono e c u ,

ev~-n a sli g ht c h a n g e  in the ’ i n t e r n a l  p a r a m e t e r s  c a u s e d  b y -
‘ a r :a t .  - r i  of t e nt -

p e - r a t u r e  o r  v o l t a g e  b ias  or by the p r og re s s  of S o n i c -  ph~- s i e a 1 p r e e e c  s s  c e e i i l d

i~e’sult in a r e v e r s a l  of the ’ ou tpu t  s t a t e . If the d i f f i c u l t i e - s  we ’re- caused by

i - t t a l fu n c t i o n  of  the- a d d r e s s i ng  or  s en s i ng  c i r c u i t r y ,  it is -x p e - c t e - d  t h a t  t i m e

u’r r o i - s would  lie in an o r d e r l y p a t t e r n , i - e . , within a certain row , column ,

or bit. Since ’ the- location of the errors was more or less random , it appe ’a re- ct

tha t ‘he- p r o b l e m  lies in the f u s e  e l e m e n t s  t h e m s e l v e s ,

One- s ample f r o m  each of t h r e e  v e n d o r s  u s i n g  fus ib l e ’  l i nks  was d e l i c I d c~d

and prob ed to determine the resistance of the fuse’s at the f a i led  a d d r e s s

loca t ions . Table 11 g ive s  the r e s u l t s  of the m e a s u r e nt e - n t s . The’ p r o b i n g

o p e r a t i o n  is r a t he r  d i f f i c u l t  on these  dev ices  b e c a u s e  of the m i n u t e  s i ze ’  of

the ntetallization a r e a s . It was n e c e s s a r y  to f o r c e ’ the’ p r o b e  t h r o u g h th~’

ou - e- rg l a s s  to make e lect r i ca l  contact , as i t  was fe ’l t  t h a t  c~i en t i c a l 1v  s tt - i pp i n g

th u  g l a ss  would modif y the fuse’  r e s i s t a n c e  and o b s c u r e -  t he  r e - s t i l t s . I~~ e n so ,

it  is p o s s i b l e - that  the de-lidding and p r o b i n g  ope ’ e .ation s could h a v e - a f f e - c t e ’d

a t e -nuous l y c o n d u c t i n g  f u s e . E v e n  thoug h the data is not  e n t i r e l y  c o n s i s te n t ,

it does pre- s ent ev idence  that the f a i l u r e s  w e - r e  c aused  b y f u s e ’ s \V h e ) Se ’ r e - s  i s —

tances  w e r e -  v e - r y  low c o mp a r e d  to tha t of a p r o p e r l y  p r o g r a m me d fu s e - . T h e ’

f u s e s  that m e a s u r e d  in the M e - g o h m  re ’g ion  a r e  n ot  r e ’a d i l v  ~~~~~~~~~~~~~~~ I t

can onl y be specu la ted  tha t the f u s es  w e r e  p robab l y d i s t u r b e d and  the - le~~t

r e s i s t a n c e  connec t ions  r eopened .
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I A  I t  Li- I I . RESIS UA~~CE \ lF -\~- l I ( r -:\l  l-~\ L— tC\
I- ’AI1 ~Er) 1:1 ~ E E L E \ l I - N l’s

‘e e - n r j e e t  X \‘ e’~~cj ü r  P~ Ve ’ t i e l e e r  ,\
( P e , I v c i l i c e e n )  ( N i c h r o t i e)  ‘~ i c I l i ~e - n i m e - I

200  l2 > I miie ’ g~~ 2 Ce 0 0 1 2

150 12 > nteg~ l 2 10()~~

900 12 > 1  t m e - g 14 2 00C:

150 12 > I meg 14 2-~ v~ J

300~ 2 > 1  meg 12 2 1 O 0 L ~

10012 I - t 4 u l J  3000 12

600 12 2000 c2  1Q 0 0 , z

>1 rneg cl 2000~2

> 1 nt eg c2 2 c 0 0 1~2

2100  ~

The s a mp les showing  t e m p e r a t ur e  d e p e n d e n t  e ’r r o r s  p r c n v i d e - d  an U p p e r-

t u n i t y  to che ck a n o t h e r  aspe -ct  of d e v i c e  b e h a v i o r . Ve ’ ndo i~s ,-‘u a n n :  i ’

n i c h r om e  PR O M s  r e-contme ’nd  that  a f t e r  p r o g r a m min e  - v e - r i f : c a t i o n  sh - c y lc i
be - carried out at re-duced V bias  l eve l s . S ince  this ‘, - - n - i C c  t t n m  i s  ~~- - f l e -  r a l ly

cc -

p e ’ r f o m n t e d  at  room te -mp e ’ m a t u r e ’, it  is impo r tan t  to k r n e i v  how - f f -  I : - . e l \  t h s

te - s t  s c r e e n s  fo r  m a r g inal  f u s e s  ove r the f u l l  t e - n t p e ’ r a t u r e - r a n g e - one ! n c e r i r : a l

“ cc 
t o l e r a n c e - s . U s i n g  d e v i c e s  f r o m  V e n d o r s  A at 1cl I~ i n  w h i c h  t n : a r g i n a l

f e i s e - s  had be - c-n d e l i b e r a t e ly p r o g r a m m e d  as d e s c r i be - d a b o v e - , t h e  er it i e , i .

V l eve l  a t  which the ’ o u t p u t  data r e v e r s a l  o c c u r r e d  w a s  ii e ’ a s e i r e -cL -l h tcc
m e a s u r e m e n t  was r e - p e- a t e d  a t  -55 °C , 2 5 °C , and 125 °C . Th~- r e - s  m i l l s  a re
plotted in Figure 30 for two fuse -s which fa i l  n e a r  the ’ 4 . 5 V le ve l a t

— 55°C. A pol ysilicon fus e device was measured but only minor t e ’mpe  r , n t t :r e

e ffects were noted .
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Fi g u r e  30 . C r i t i c a l  V cc b ia s  v e r s u s  t em p e r~m L ; r e  f o r  m a r C  i n a l
n i c h r om e  fuses  ( c r i t i c a l  

~~cc = b i t  r e v e r s a l  p c - i t t ’ .

U s i n g  these  data , the c r i t i c a l  V cc 
l eve ’l at  2 5 °C cou ld  be- e s t i m a t e d

which would c o r r e s p o n d  to a f a i l u r e  at e x a c t l y 4 . 5 ‘C a t  -55 °C . The-  v a l u e ’s

ob ta i n e d  w er e 3.83 V for Vendor A and 3. 9o ‘C’ f o r  Ve -ndo r  F - . T h e s e  al - u ’

somewhat  be - low the ’ u p p e r  l in i t  of the n t : n i n  - i n  “ cc 
i -ange ’ a l l o we d by t h e ’

v e n d o r ’ s r e c o m m e n d a t i o n s, It should a l so  be ’ n o t n - c i  t ha t  the ’ abov e -  u ’ St i n  , i t e c j

v a l u e ’s con t a in  no s a f e t y  m a r g ins  to allo~;- f o r  d r i f t  in  the ’ f u s e  r e s i s t a n c e -  o r

se’n se c i r c u i t  p a r a n i e - t e r s  o v e r  the l i f e  of the d e v i c e - s .

Thus , if a r educed  V cc t e s t  is used  as a s u b s t i t u t e  fo r  fu l l  r ange ’  t e m p e r a -

t u r e  tes t ing  a f t e r  p r o g ra m m i n g , i t  would be n e ’c e s s a r y  to f u r t he ’ r r e d u c e  the

tes t  l eve l  of the V~~ b ias .  This i n t r o d u c e s  the d a ng e r  of r e j e c t i n g  good

devices , s i n c e  other  pa r t s  of the c i r c u i t r y  n-m ay show m a l f u n c t i o n s  at v e r y

low levels  of V which do not  c o r r e l a t e -  to a lo~v t e m p e r a t u r e -  f a i l u r e ’.

Perhaps a second s c r e e n i n g  of the- f a i l ed  d e v i c e s , a t  
~

‘
cc = 4 . 5 V and -55 °C ,

would be cost  e f f e c t iv e  in sav ing  the- good d e v i c e s .

The ve r i f i ca t ion  should not be p e r f o r m e d  immedia te l y a f t e r  p r o gr a m m i n g

while the device is still at the e levated t e ’m p e r a t u r e  caused  by the  hig h

p r o gr a m m i n g  c u r r e n t s . This  w o u l d  l e a d  to f a l s e l y o p t i m is t i c  r e s u l t s .
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A s ep a r a t e  l i t e ’  test was run t e ,  c - v a l u a t e ’  t h e ’  s t ab i l i t y  of t h e -  p r -  r~~: ne-- u

s t o r ac e - e l e - m n e e - n t s  in t h e ’  ,\ INI  dc- v i e  c -s . In t h e - s e -  n - l e - , i e  c-s t h e  r e - s ~ s ta i . - - i  a

— p r o i t r a n m n t e - c I  elern e -n t  u -a n be ’ n m e a s u r e -d in c l i r e ’e  t I \  by d e - s ~- le - - t i n , I ;-

a d d r e s s i n g  the-  de s i r  e-d \v -n  r n - I , and i n j e c t :  ng 20 n -ma i f l t c n  t he  a p p r o p r i a t e -  c c

t e ’r m i n a l . This  t e c h n i q u e  is used  f n e r  ~‘ e - r m f i c a t i o n  d u r i n g  the- p r o g r a n  n . i ng
o p e r a t i c- ,. The r e s u l t i ng  v o l t a g e -  m e - a s u r e ’d  a t  tb  s~ e n . e  o u tp u t  t n rn .inal is an

i n d i r e c t  m e a s u r e  of that a c r o s s  t l e  s t e e r a g e -  n i - - i n - c u t , i ee i t d i f f e ’  r~ by n _ h e -

vo l tage  d r o p  a c r o s s  a b a s e - em i t t , ’r j u n c t I o n  and tv-  0 s a tu r a t e d 1 r an s~ s t o r s

that l i e~ in s e r i e s  along the- ’ c u r r c - n t  path . The ’  p a s s — f a i l  l e v c - l  t h i s  v o l t a ge ’

d u r i n g  p r o g r a m m i n g  v e r i f i c a t i o n  :s a p p r o x ir n : t t  - - l v  , 0 V .

In the s t a b i l i t y t e s t , s e v e r a l  l o c a t i o n s  on one d e v i c e ’  w e - r e -  p r o g r am m~’d

for ‘,ar~ ng l e ng t h s  of t ime so tha t the ’ v o l t a g e ’s  n - e a s u r e - d as  h e - s e -  r i b e d  abo c’

r a n g e d  f r o m  5 . 1 to ~~. 0 V . The- de :tce was the-n e n t e r e d  in to  d v n an n i c  i : f e ’

for 1147 hours , during which tir e-c- the vo l t age ’  was  p e r io d i c a l ly  f l C O f l j t c C  r e d .

The  r e - su i t s  of the n -m e a s u r e m e n t s  a r e  shown in Tab le -  l~~.

The- r e s i s t a n c e  of the p r o g r a m m e d  d e v i c e s  se - e n  S to ben v e r y  s t a h i - - .

The v a r i a t i o n s  r anged  f r o m  1 .2 to 2 1  p e r c e n t . The l c c n _ e t j O f l  t h a t  \e’as i n i t i a l l y  p r e e —

gr a m m e d  to the i~. 0 ‘C l e v e ’l s h o w e d  the g r e - a t - s t f l uc t u a t  a . J im-  e v e r .

rnents  showing  a v e r i f i c a t i o n  vol tage ’ above  7 . 0 \ w o u l d  fl-j t e ,cc ci r in a

c o r r e c t ly p r o g r a m m e d  d e v i ce .

In add i t ion  to the t e s t s  d e sc r i b e d  above ’ , a s u r v ey  of the ’ t e s t i ng  e - xp e  r i e -n c e

of other u s e r s  was made as d e s c r i b e d  in S e c t i o n  4 oI t h i s  r e - p o r t . T h e -

r e - st i l t s  a r e  s u m m a r i z e d  in Table ’  13 . Based  on t h c  ~~S e ’ 1 ’  data , the  f ie l d

d-xp e -  r i e n c e  appea  red  ve r y  good . In a d d i t i o n  to o t h e r  f a i l _ i  r e - s  a n u n -  be of

r e c o n d u c t i o n  f a i l u r e - s o c c u r r c d  in 125 °C b u r n - i n  t e s t s ,
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— 4 7 . 1 7 . 0 6 .9 6 . 9  6 .9
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TABLE 13 . USER TEST R E S U L T S

No . of
S ize  M a nu -~’ Q u a l i ty  P a r t s

t e c h no l o g y  i h i t s )  t a ct u r er  Level Tested res t  N u m b e r of F a i l u re s

Pol y s i l i c un  I N  N C o m m e r c ia l  10 125 °C 3 - f u s e s  m e a s u r ed
168 h o u r s  500 to 900 o h m s

On one p a r t

2K X Co m m e r c ial 27  125°C 0
700 h o u r s

N i c h r o n~e I N  D 3 8 5 10-B  41 175°C 3 - f on a l  a t
Eq u iv a l e n t  72 h o u r s  2: , -5 5

4 - i n t e r m i t t e n t  at
-55 °C

3 - f u n c t i o n a l  at
-55 °C h u t
passed  w i t h  ~ lH
i n c r e a s e d  b y
I 0”~

2 K  ~\ C o m m e r c i a l  29 125 °C 0
700 h o u r s

B C o m m e r c i a l  30 125 °C 1 - h i t  l i n e  l e a k ag e
700 h ou r s  at u S  h rs

1 - r e c o n d u c t i( n
at 5~~7 h r s .

B Co m m e r c i a l  22 125 °C 1 - bi t  l i n e  l e a k ag e
4 d a y  I - r e c o n d uc t i o n
b u r n - i n  (20  b u r n e d - i n  p a r t s

used in f i e l d  wi th-
out f a i l u r e s

B 38510- B 117  125°C 6 - b i t  l i n e  le a k a g e
Eq u i v a l e n t  4 day 2 - w o r d  l i n e

b u r n - i n  l e a k a g e
12 - r e c on d u ct i o n
(30  b u r n e d - i n  p a r t ~
~sed in f i e l d  w i t h  -

out f a i l u r e s  I

P o l y s il i c o n  I F  M a ny  C o m mer c i a l  900 , 000 C o m m e r c i a l  R ep l a c e m e n t  r a t e
N i c h r o m e  e q u i p m e n t  is a p p r o x i m a t el y
T i t a n i u m -  i n  f i e l d  50 p a r t s  per
T u ng s t e n  m on t h .
AIM

F a i r c h i l d , s ee  page 5 fo r  o t h e r  mic~~.

85

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



rT 
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 

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

B U R N - I N  A N \L Y S I S

For  a t e s t  des i gned to s t udy  the e f fec t s  of b u r n - i n , i t  is n e c e s s a ry  tha t

some f a i l u r e s  o c c u r  d u r i n g  the  b u r n - i n  pe r iod  of the t e s t . For  the n umb e r

of dev i c e s  and m e m o r y  e lemen t s  a v a i l a b l e  fo r  this s tud y ,  the q u a n t i t y  is  not

s u f f i c ie n t  f o r  a c c u m u l a t i n g  any  b u r n - i n  f a i l u r e s  if the m e m o r y  e l emen t s

w e r e  p r o g r a m m e d  with the m a n u f a c t u r e r s r e c o m m e n d e d  methods . It was

the c o n s e n s u s  of the i n d u s t r y  that the f u s e  r e c o n d u c t i o n  problem is b roug ht

on by m a r g inally blown fu se s  due to low c u r r e n t  r each ing  the f u s e s . Th er& ’-

f o r e , f o r  t h i s  stu d y an e f f or t  was  maci c’ to p r o d u c e  m a r gin a l  f u s e s  o r  AIM

e lem e n t s  by means  of lower  than s t a n d a r d  vo l t age  pu l ses  and the a s soc i a t ed

longe r  b l o w - t i mes .  No f a i l u r e  of any AIM d e v i c e  was  e x p e r i e n c e d .  H o w e v e r ,

fo r  the f u s e s  so blown wi th  l onge r  b l o w - t i m e s, t he re  w e r e  many r e c o n d u c t i o n

f a i l u r e s  f r o m  the 125 °C 2016 h o u r s  l i f e  t e s t .

The n u m b e r s  of device fa i lures  due  to bit changes  are tabulated in

Table 14 . The device  is c o n s i d e r e d  fa i l ed  if it has one or more  bit changes .

The abso lu te  n umb e r s  of f a i l u r e s  with r e s p e c t  to the device  types  a r e  not

m e a n i n g ful because  the n u m b e r  of devices  used  and the n u m b e r  of bits pro-

g r a m m e d  with long b low- t imes  v a r y  f r o m  type  to type .  However , the re la t ive

T A B L E  14. DEVICE BIT C HA N G E  F A I L U R E S  OF DEVICES
P R O G R A M M E D  WITH LONG BLOW-TIMES

C u m u l a t i v e  No . of 1) evice  Fai l u r e s  at v a r i o u s  h o u r s
Dcv i  cc of 12 ~°C L i f e  Test

( i  pa e i ty
l e c h n o l o g y  ( t i l t s  I Nif g .  24 hr . 168 h r . 33 6 h r . 672 h r . 1344 h r . 2 0 16  h r .

N i c h r o m e  11< ~ A 1 5 6 6 6

B I 3 3 3 3 3

Z N  A 0 1 3 3 4

B 0 0 I I I

4K B 1 2 3 3 3 3

Polysilicon 2K X 0 2 2 2 2 2

Total 3 13 18 IS 18 Dl
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value s wi th  r e sp ec t  to t es t  time wi th in  a dev ice  typ e  or f or  the  c on ip o s i te

total  a r e  of i n t e r e s t .  Table 15 g i v e s  p e r c e n t a g e s  of ,. I t l l l L L l a t i V t ’ l a i l u r e s  \‘ ~t

r e sp e c t  to the to ta l  numbe r of f a i l u r e s  at the  end t t h e  I ~~S
’
~ l i t e  t e s t .

Excep t  f o r  the  2K d e v i c e s , which  behave  d i f fe  r en t l y t i  sh o wn  in Tab le  1 5 ( ,

mos t  of the  fa iled dev ices  o c c u r r e d  wi th in  168 h o u r s  of t e s t .  ‘I’he compos i te

to ta l  showed tha t  68 p e r c e n t  of the f a i l u r e s  o c c u r r e d  w i t h i n  168 h o u r s  of

tes t .  A c u r v e  f o r  the  cumula t ive  composite n u m b e r  of f a i l u r e s  is plotted in

F i g u r e  31. This cu rve  shows a d i s t i n c t  knee a r o u n d  200 h o u r s .  By no t ing

t h e  o c c u r r e n c e  of new device  f a i l u r e s  and the elpased t ime i ach i n t e r v a l ,

a r e lat i v e  f a i l u r e  ra te  can  be ca lcu la ted  fo r  each  i n t e r v a l .  These  r e l a t i v e

fa i l u r e  r a t e s  a r e  p lo t ted  in Fi g u r e  32. In the r e l a t ive  f a i l u r e  rate c u r v e  a

k n e e  appea r s  a r o u n d  ~00 h o u r s .  It indicates  that  a f t e r  300 h o u r s , the occur-

r e n c e  of device f a i l u r e s  set t les  down to a low and a lmost  constant  f a i l u r e

r a t e . This  low f a i l u r e  rate  is about  1 / 2 0  of the f a i l u r e  ra te  of the f i r s t  day  of

l i f e  t e s t . F r o m  a ‘total  n u m b e r  of f a i l u r e s ’ v iew point , by 200 h o u r s  of opera-

t i o n  a l a r g e  pe rcen tage  of the dev ice  f a i l u r e s  would have  o c c u r r e d  and f u r t h e r

b u r n - i n  would be less e f f i c i e n t  f o r  s c r e e n i n g  out add i t iona l  f a i l u r es . H o w e ver ,

f r o m  a f a i l u r e  ra te  stand point , 300 h o u r s  would have been a b e t t e r  s t o p p in g

po in t  as the fa~l u r e  rate  d e c r e a s e s  to a low leve l  wi thou t  much  chang e

a f t e r  this  p o i n t . The exac t  b u r n - i n  t ime to be se lec ted  wil l  t h e r e f o r e  dep en d

on the c r i te  n o n  one wishe s to use , e • g. , 200 h o u r s  f o r  cos t  e f f e c t i ve n e s s

and 300 h o u r s  f o r  hi gh r e l i a b i l i t y  a c h i e v e m e n t .  F r o m  a p r a c t i c a l  v i ew

T A U LE 15 . P E R C E N T A G E  C U M U L A T I V E  D E V I C E  B i l  C H A N GE
F A I l U R E S  OF D E V I C E S  PROG R A M M E I )  ‘W ITH LONG

B L O W - T I M E S

Percentage of Cumulative No . of D e v i c e  F a i lu r e s  at
various h o u r s  of i z c °  t i l e  l e s t

l ) e v i ce
l’echnu l o g y  C ap a c i t y 24 h r . 168 h r . 336 h r . 72 h r . 1344 h r . 2 0 1 i  h r .

N i c h r om e  I L  22 59 100 100 100 100

2 K  0 .~0 75 75 75 100

4K 33 66 100 100 100 100

P , , I v s i l i c o n  2K 0 100 2 00 100 100 100

l’o ta l  16 68 95 95 100

87



F~
T_

~T ~~~~~~~~~~~~~~~~~~~~ ~~~

‘ ‘

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

‘

~~~~~~~~ 

‘

~

—

~
--

~
-—;

~ 

- 

~~~~~~~ 

- . J - ’ - —~----~-~---- .— . —‘ 
.
~~~~~~ . — - _.v-, - _- 

~~~~~~~~

-‘- -
~~

---

25

0
uJ

2 0 -
a.

C.)
>wo 15
U.
0

~ 10
w
>

5 .
U

I I
500 1000 1500 2000 2500

725°C LIFE TEST HOURS

Fi gure 31. Composite cumulative number  of fuse  link
devices failed because of bit changes as a function of
life test  time. (Devices were programmed with long
b low- t imes . )
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devices failed because of bi t  changes . ( I ) ~~v i c~ ’ s u r e
programmed with long b low-t imes .)
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poin t  the standard b u r n - t i m e  of 168 h o u r s  is v e r y  c l ose  to the  kn ee  and as
i n d i c a t e d  b e f o r e  68 perce nt  of the f a i l u r e s  w o u l d  h a ve  b e en  s c r ee n e d  o ut  a t
168 h o ur s . T h e r e f o r e , 168 h o u r s  or  the 160 h o u r s  M L - S T D- -~~3 f i g u r e
appea r s  to bt ’ a good ball pa rk n u m b e r  for  burn - in  dura t ion ,

Eig ht of the fa i l ed  d e v i ce s  con ta ined  m o r e  than one f u s e  f a i l u r e  by the
end of the 20 16 hour  test .  T h e r e  w e r e  19 f a i l ed  d e v i c e s  as i n d i c a t e d  in
Table 14 and 38 f a i l e d  f u s e s . Wi t h the l a r g e r  n u m ber , i . e . , 38 i n s t e a d  of
19, some m ean i n g fu l anal yses  can be done at the d e v i c e  type  l eve l .

The fuse  fa i lu res  are  tabulated in Table 10. Fi gure 33 gives a plot of
the cumulative number of all of the recor iduct ion fuse  f a i lu re s  as a function
of life test hours . This c ur v e  shows a ra ther  dist inct  knee around 2 50 hours .
The corresponding relat ive f a i l ur e  rates are  plotted in Fig u r e  34 . In the
relat ive fa i lure  ra te  cu rve  a knee appears  around 500 hours .  Thus , a f t e r
500 hours , the occur rence  of reconduction fa i lures  set t i es  down to a low and
almost constant rate . A gain this low rate is about 1/2 0 of the fa i lure  ra te
of the f i r s t  day of life test . The d i f fe rences  in the knees  of the cu rves  fo r  the
devices and the fuses  a r e  a t t r ibu ted  to the fact  tha t many of the second ,
third , etc. fuse  failures on the same device occu r r ed  la ter  in time dur ing  the
test, thus moving the knee out fo r  the fuse  f a i lu res .  These knees of the

40

~~~~~20
>
I-

10

I I I
0 500 1000 1500 2000 2500

121’C LIFE TEST HOURS

Fi gure  33 . Composite cumulative number  of fuse recon-
duction fai lures  of NiCr and Si PROMs specially programmed
with long blow-times as a function of life test time.
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Figure  34. Composite relative fuse  r econdu c t ion
fai lure rate of NiC r and Si fu ses  speciall y pro-
grammed with long blow-times as a funct ion of
life test time.

curves are dependent upon how the life tes t  is (- 00 ( 1Cc-te d .  1 ho l i f e  1 , - i

condition needs to be examined f u r t h e r .
The report “Reliability Evaluation of P r o g r a m m a b l e  R e a d - O n l y M ’ r n o-

r ies ”2 postulated that fuse reconduct ion  is akin to the  b r e a k d own  of dielec-
tric thin film and that the elapsed t in -ic between a pplication of voltage t o

actual breakdown varie s inve r se l y as the  app lied voltage and t e mp e r a t u r e .
91
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The applied voltage in the life test was the interrogation voltage . Ihe bit~
were cyclically interrogated one at a time during the life test. As ~i first

approximation , the duty cycle of the voltage applied on a fuse is i n v e r s e l y

proportional to the number  of bits to be cycled th roug h. T h e r e f o r e , if tb ’ duty

cycle of a 1K device is D, then it would be D/2 for 2K devices and D/4 for

4K devices . This duty cycle would directly affect where the knee would

develop. In order to study this effect, cumulative fuse reconduction failure

c u r v e s  w e r e  sepa rately plotted fo r  1K , 2K and 4K NiCr  PROMs and a r e

shown in F igures  35 , 36 and 37 , respectively.

UI .
3
(

1 /
~ 10 -

001 t S  2000

~21C Un IUT HOL~~5

Figure 35. Cumulative number of fuse  reconduction
failures of 1K NiC r PROMs specially programmed
with long blow -times as a func tion of life test time .
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F i g u r e  36. C umulat ive number  of fuse  reconduction
failures of 2K NiCr PROMs speciall y programnu’d
with long blow-times as a funct ion of l ife tes t  t ime .
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F i g u r e  37 . C u m u l a t i v e  number  of f u s e  r e c o n d u c t i o n
f a i l u r e s  of 4K N i C r  PROMs speciall y p rogrammed
with long b low- t imes  as a func tion of l i fe  test  t ime .
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The 1K PROM curve shows a kn ee  a r o u n d  ~~~() h o u r s . B e c a us e  of the

• large  nureb e  r of f a i l u r  es , the 1K P R O M  d o m i n a te d  the  on~pos i t e  c u r v e  of

F i g u re  3 ~. Th,  ~ K PR OM c u r v e  ~hov~ s a r a t h e r  so f t  knee  a r o u n d  500 hoi i~-s .

This  d i f f e r e n c e  in the k n e e  p o i n t s  checks  we l l  w i t h  the d u t y  cyc le  c o n c e p t

as the  t i m e  to f a i l u r e  of the ~ IK P R O M  f u s e s  would  b~ twice that of the 1K

P R O M  b e c a u se  the app l i c a t i o n  du ty  c y c l e  of the ~K P R O M  is one half of the

1K PRON -1 . Based  on the  s a m e  r e a s o n i n g  the k n e e  of the  cu r ~ e f o r  th 41K

P R O M  should  o c c u r  at 1 , 000 hou r s , i . e . ,  t w i c e  th k nee  of the ~K P R O M .

H o w e ver , th is  did not  o c c u r .  Fi g ur e  37 shows that the k n e e  occurs around

500 h o u r s . F u r t h e r  anal y s i s  of the c i r c u i t s  r evea l ed  tha t a l thoug h the b i t s

w e r e  i n t e r r o g a t e d  one at  a t ime , the voltage across the fuses was applied

a w o r d  a t a t ime . The o rgan iza t ion  of the bits is as fo l lows :

1K: 256 words X 4 bits

2K: 512 words X 4 bits

4K: 5 12 words X 8 bits

Sinc e the 2K PROMs and the 4K PR OM s have the same number  of words ,

the duty cycle of the voltage app lied across  the fuses  will also be the same ,

Th is ex plains the s i m i l a r i t y  in appearanc e of the c u r ve s  in Fig u r e s  36 and 37 .

Ano ther c r i t i c a l  facto r is t empe ra tu r e.  The t empera tu re  used in the

l i f e  tes t  was 125 °C . If a hi gher t empera tu r e is used , the knee would

OC C i i i ’  ,~a r u e  r~
As ide  f r o m  voltage and t e m p e r a t u r e  ef fec ts , another  cr i t ical  ques t i on

is how rep r e sen ta t ive  are  these slow-blow fuses with r e spec t  to typ ica l

marg ina l  fuses  blown with m a n u f a ct u r e r ’ s recomm ended  methods . In o rder

to evaluate typical marg inal fu ses , thousands or normal l y p rog rammed

devices  would need to be life tested in order to collect s uf f ic ien t  numbers

of f a i lu res  for mean ing ful arial y s i s .  G r o u p B life test  data could be accumulated

f rom all the lots for this purpos~~. 
S

Most of the above r emarks  r e f e r  to fusible link devices.  In the case of

of devices ut i l iz ing AIM technology, no f a i lu re s  were  observed in the life

test and the stability tests produced no evidence of d r i f t  in the programmed

element res is tance .  In view of this , perhaps the best conclusion tha t can

be drawn is that the memory elements of the AIM devices  do not cont r ibute

L ~~~~~~~~~~~~~~~~~~~~~~ 
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app reciably to the failure rate and in regard to burn-in , these devic es

should be treated as any other semiconducto r d e v i c e  of simila r comp l -xity.

P R OG R A M M I N G  T IM K  EF1- HC FS ON R E L I A B I L I T Y

B y use  of lower p r o g r a m m i n g  pulse  vol tages , m a r g inall y p r o gr a m m e d

fuses  w e r e  produced . A f t e r  the 125 °C , 2016 hou r s  l ife tes t  many  recon-

duc tion fa i lu res  o c c u r r e d  in these  f u s e s .  An a t t empt  will  be n-iad e h e r e  to

cor re la te  the fa i lu re  rate with the t ime  r e q u i r e d  to blow the f u s e s . A s  ~~as

d iscussed  in the p rogramming  sec t i on  the f u s e s  w e r e  blown ~ a seq u en c e

~~ pulses instead of one long c u r r e n t  pu l s e . For  c o n v e n i e n c e  of p r e s e n t a t ion .

the nu mber  of pul ses  r e q u i r e d  to p r o g r a m  will  bu. ’ c o n s i d e r e d  ins tead  of b low-

times.

Table 16 is a tabulation of fuse reconduction failu res and number of bits

programmed in each category of pulses required to program the bits . It

should be kept in mind that the pulse durat ions , vo l tages and shapes are

diffe rent for the different vendors as described in Table 3. However , for

the same vendors  the programm ing conditions a r e  essent ia l ly the sam e for

devices of different bit capacides. The AIM devices , which did not  ha ve

a n y  failu~’es , have been included in Table 16 to show that although long

blow-times w e r e  also used on the AIM PROMs, appa rentl y no marg inal

m e m o r y  e l e m e n t s  w er e  created for these devices. T h i s  w a s  c o n f i rm ed by

the identical a pp e a re n c e s  of the a l u m i n u m  lumps at the e m i t t e r  contacts b r

1)0th th u.’ no r mall y blown A I M  j u n c t i o n s  and the  .1 one t i  u f l~ b lown w i t h  lu~ i -

~~~~~~~~~~~~~~~~~ pu l s e s  as discussed in the section on p l ’ Og r a f l u r i i f lg  me c h a n i sm s .

In Tab le  16 it is observed that for vendor B n i c h r oi n c ’  1K and 4K d ev i ce s

and vendo r  A n i c h r om e  1K d ev i c e s  s u f f i c i e n t  n u m b e r s  of f a i l u r e s  had  o c c u r r e d

to enable  ca lcu la t ion  of f a i l u r e  r a t e s  and plo t t ing  of f a i l u r e  r a t e  c u r  y e s . I he

f a i l u r e  r a t e  F is c a l cu l a t ed  b y:

BF = -
~~~~~~~ (failures per bit per hour)

w her e  B = N u m b e r  of b i t  r e v e r s a l  f a i l u r e s

N = N u m b e r  of b i ts  p r o g r a m me d

T = Test tim’ in hours , i. e. 2016 h o u r s  fo r  the  l i f e  t~~st  c o n du c t e d .
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F i g u r e  38. R econ du c ta nce f a i l u r e  ra te  v er s u s  n u mb e r
of p u l ses  r e q u i r e d  to p r o g r a m  f o r  n i c h r om c  v e n d o r  B
1 K d e v i c e s . ( Reduced vo l tage  u s e d  in p r o g r a m m i n g .
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F i g u r e  41 . Compos i te  r e c o n d u c ta n c e  f a i l u r e  ra te
v e r s u s  n u m b e r  of pu lses  req u i r e d  to p r o g r a m  fo r
all nichrome devices . (Vendo rs A and B, and 1K,
2K and 4K d e v i c e s ;  r e d u ced  voltage used  in
p r o g r a m m i n g.

width s , vo l t ages  and shape s a re  d i f f e r e n t  fo r  t hese  two v e n d o r s . M e r g ing

the data accord ing  to the n u m b e r  of pu l ses  r e q u i r e d  to p r o g r a m  would have

a smoo thing e f f e c t  on the c u r v e s . For exa n-iple , if the knees of the i n d i v i d u a l
c u r v e s  w er e  di f f e r e n t , the merged  c u r v e  then would have a so fte r knee .

The l i fe  tes t  was conducted  at 125 °C . The f a i l u r e  ra te s  at l o w e r  tem-
p e r a t u r e s  such as a 25 0 to 50 °C cou ld be s e v e r a l  o r d e r  of m a g n i t u d e  lower
than the 125 °C fi gu re . Althoug h a f u s e  is like a r e s i s to r , the failed por t ion

of a p rog rammed  fus e is an insulato r . This insulator would ~ aki n to the
insulation in some types of capaci tors  such as e lec t ro l y tic , g lass or c e r a m i c.
T e m p e r a t u r e  great ly affects the f a i l u r e  rates of these capac i to r s . It is also
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b e l ieved  that the rmal  cycl ing  would have a l a r g e  e f f e c t  on f a i l u r e  r a t u - . The

l i fe  t e s t  was essent ia l ly conducted under  a 12 5 °C cons t a nt chamber  t empera -

tu re  c on d i t i o n . It is bel ievo d that the i n t e r r o g a t i o n  v o l t a ge  a c r o s s  the  pro-

g r a m me d  f u s e  even tua l l y causes  the br eakdown . The d u ty  cy c l e  of i n t o ’r r o g a -

t i on  i n ac tua l  usage  would he a g rea t  deal l o w e r  than th u d u ty  cy c l e  of i n t e r r o -

ga t ion  done in the l i f e  tes t .
Since no f a i l u r e s  o c c u r r e d  for  fuses  p r o g r a m me d  w i t h i n  10 puls~- s , thu.

f a i l u r e  ra te  f o r  this ca t egory  could v e r y  well  be z e r o  ra the r than o n c l i c a l e d

by the in te r polated c u r v e s  in the f i g ur e s . Conse quen t l y ,  t hu. ’ f a i l u r e  - a t u . ’

shown in  Fi g u re s  38 th roug h 41 should not be us ed w i t h o u t  c o n s i d e r a t i o n  f o r

other  c r i t i c a l  fac tors .
Table 4 of the P r o g r a m m i n g  Section has been r ep roduced  h e re  as  l a b l e  l u

s ide by side with  Table 16 to compare data between normall y p r o g r am m e d

bits and the slow-blow bits .
It appears that the relat ive number  of pulses r e q u i r e d  to blow w it h

respect  to the r e q u i r e d  number  of pulses to blow under  n o r m a l  c o n d i t i o n s

is more  cr i t ica l  tha n the absoluate number  for  p r ed ic t ing  p r o b a b i l i ty  of

f a i l u r e . As  an example , Tab le 17 indicates that for  vendor  B n i c h r om e  1K

dev ices , all of the bits w e r e  p r o g r a m m e d  w i t h i n  10 p u ls e s  under  the n o r m a l

condi t io n. Table 16 shows that one reconduction f a i l ur e  occur red  for  thu. ’

g r o u p  p rog rammed  b e t w e e n  10 and 100 pulses  and m o re  f a i l u r e s  o c c ur r e d

for  the hig her pulse count c a t ego r i e s . On thu. ’ oth o r hand , the ZN d e v i c o ’ s  of

vendor  B had bits  that req u i r e d  a l a r ge  n u m b u .’ r 01 p u l s es  ( S o f l ’I~ ’ o v u ’ r 10 , 0 1)0

pulses) to prog ram for  the n o r m a l  condi t ion  (Tablo ’ 17)  and on ly one f a i l u r e

occu r red  in the over  10 , 000 pulses  ca tegory  (Table  16 . )  The pol y s i l i c o n

PROMs exhibited s imi la r  behavior.  The 1K and 4K d e v i c e s  of v e n d o r  X

requ i red  a l a rge r  number  of normal  pulses to p r o g r a m . No r e c on d u c t i o n s

were experienced on these parts. However , the 2K devices of vendor X

showed requirements of fewer  numbers of normal pulses to program (Table 17)

and failures began to occur for bits purposely p rogrammed with greater  than

1000 pulses (Table 16). One explanation might be that the manufactured fuse

properties (sheet resistances, cross-sect ion, et c . )  determine the i r  basic

prograrnrnirt g characteristics, i. e . ,  number of pulses to blow under normal

condition . The relative fi gure for number of pulses with respect to the
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TABLE 16. COUNTS OF NUM BER OF BIT REVERSA LS AFTER
2016 HOURS , 125°C LIFE TEST AND COUNTS OF NUMBER OF

BITS PROGRAMMED WiTH REDUCED PULSE VOLTAGES AS
WELL AS NORMA L PULSE VOLTAGE

C atego r i e s  accor di n g to numb er  of pulses
re quired to program

Device 100 1000
Ma nu- Capacit y to to Over

Techno logy fac t urer  (Bi t s ) 1 to 9 10 to 99 999 9999 10 , 000

Nj c hror rie 15 1k No . of Bit
Reversals  0 1 1 4 2
No . of Bits
Pro g rammed 6245 871  1214 1275 687

2K No , of Bit
Reversals  0 0 0 0
No . of Bits
Pro grammed 4822 5695 4140  2838  937

4K No . of Bi t
Reversa l s  0 1 5 3 0
No . of Bits
Programme d 10862 2 1 7 8  35 92 3 1 4 9  699

A 1K No.  of Bit
Reversal s  0 0 9 8 0

No . of Bit s
Pro g rammed 2669 364 3863 3206 1 3 8

2 K No . of Bit
Revers a ls  0 4 0 0 0
No. of Bi ts
Pro grammed 5 3 1 8  5378  4 1 1 4  3 3 7 1  2 5 1

4K No.  of Bit
Reversa l s  0 0 0 0 0
No . of Bits
Pro grammed 10583 8 18  3444 5424 2 1 1

l’ol y s i l i c o n  X 1K No . of Bi t
Revers a l s  0 0 0 0 0
No . of Bits
Pro grammed 0 0 7773 276 660

2 K No. of Bit
Rev ersals  0 0 0 2 1

No. of Bits
Pro grammed 650 4079 4 1 8 3  10398 1 1 7 0

4K No . of Bit
Revers als  0 0 0 0 0
No . of Bi t s
Pr ogram med 0 10 16479 ~579 1 4 1 2
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(Table 16 , concluded)

Cate go r i e s  accor ding to n u m ber of pulses
re quired to program

Device 100 1000
Ma nu- Capacit y to to Over

Technolo gy facturer (Bi ts ) 1 to 9 10 to 99 999 9999 10 , 000

AI M Y 1K N~~. of Bit
o R eversals 0 0 0 0 0

N0. of Bits
Pro g rammed 2580 2 ) 9 2  1 3 1 6  3228 924

2 K No . of Bit
R eversals 0 0 0 0 0

No . of B t s
Pr ogrammed 3 7 1 5  1780 4558 9272 1 1 5 5

4K N0 . of Bit
Rev ersals 0 0 0 0 0

No . of Bits
Pro grammed 6867 1754 6409 840 5 1 3

TABLE 17. DISTRIBUTION OF NUMBER OF BITS PROGRAMMED
WiTH VENDOR R E C O M M E N D ED METHODS AS A FUNCTION OF

PULSES TO PROGRAM

Number of Bits
0

Cate gories according to number of pulses
Device r equired to program

Ca paci ty
Technolo gy Manufacturer (B i t s ) 1 to 9 10 to 99 100 to 999 1000 to 9999 Over 10 ,000

N i e br o m e  B 1K 6044 0 0 0 0
2K 4631  3474 1785 337  13

— 
4K 10024 207 9 0 0

0 A 1K 2560 0 0 0 0

2K 5 120 0 0 0 0
0

4K 10240 0 0 0 0

Polys i l i con  X 1K 0 0 6076 66 6
2K 354 3 7 1 7  1049 0 0

0 4K 0 10 10225 5 0

AIM Y 1K 2048 1002 22 0 0
0

2K 3 7 1 5  1405 0 0 0

2 4K 6796 1395 0 0 0
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n o r m a l ly r equ i red  n u m b e r  of pulses is a n i e a s u re  of how m U ’ .  Ii u r ren t  rea hed

the f u s e .  In other u o r d s , the c u r r e nt s t a rved  condit ion of a fuse  blown wi th

1000 pulses  is a g roup  that  normal ly blows fo r  100 pu lses  is the same as one

blown wi th  100 pulses  in a group that normall y blows for  10 p u l se s ,  If this

exp lanat ion is c o r r e c t  t h e n  m a n u f a c t u r i n g  var ia t ions  ‘, ould gr ea t l y modi f y the

f a i l u r e  ra te  curves  with r espec t  t o  the abs olute values of nu m b u . ’  r of p u l s es  to

p ro g r a m .  The shape’ of the  c u r v e s  however , should  r em a i n  the  samu. ’. It is

impor tan t  to not e tha t  the key  f a c t o r  for  blowing a f u s e  is e n e r g y  hio. h c a n  be

app lied by means  of mul t iple s h o r t  pulses or a sing le long p e.

Based on these  r e s u l t s , it app ears  to he impor t an t  to p lace  a l i mit a t ion

on the a l l ow e d  number  of pulses used to pr o g r a m  a f u s i ble  link , u.-~,ee ping  in

mind t ’ at the  l imits could change  when  the chi p des i gn c t u . a n~~es , A du.. isiu. n

on the  exac t  n u m b e r  of pulses  permi t ted  would be t h e  r e s u l t  of a t “ ‘ -

b e t w e e n  cos t  ari d re li~~bility, since d e c r e a s i n g  the  n u m b e r of p u l s e s  wi l l

a d v e r s e ly a f f e c t  the p r ogr a m m i n g  yield while i n c r e a s i n g  it will r e s u l t  in a

hi gh e r  opera t ional  fa i lu re  rate . Extens ive  p r o g r a m m i n g  yield and i i u . - ld

f a i lu re  data would be required  to exactly quant i f y thi s t r a d e - o f t .  Th e data

shown in cu rves  such as that of Figure  41 r e f l e c t  the w o r s t  - w o r s t  ca-o -

conditions of cont inuous hi gh t e mp e r a t u re  operat ion and maximum i n t e r r o -

gation voltage app lication and as such the absolute f a i l u r e  ra tes  disp layed  a re

ex t r eme ly pessimist ic  and c atinot be used d i rec t l y to quant i f y t he  t r a de -  o f f .

Howeve r some conclusions  as to relat ive fa i lu re  rates can be d r a w n .  since

the completion of the f i r s t  HAC PROM evaluat ion2 ex tens ive  p r o g r e s s  has

been made in the a rea  of Nichrome PROM techno logy .  Most  of the f u s e s  of

the newly desi gned pa r t s  f rom Har r i s  and MMI can h~ blown wi th  a sing le

100 ~is pulse . This is quite c o n t r a r y  to the  ea r l i e r  p a r t s  w h i c h  r equ i r ed

millisecond pulses to p rogram. F u r t h e r m o r e, the c i r c u i t  b r e a k d o w n  prob-

lem due to fa s t  r i se t ime of the p r o g r a m m i n g  pulse also doo ’s not ex is t  in

the new parts . There fo re  the old recommendation of us ing  m illisecond

pulses with no longer  than 100 ~.u. s r isetimes is no longe r app lic able. R e f e r -

ring to the curve  in Figure 41 , it appears that for  NiCr  PROMs the 10 pulse

level may be taken as a break point. A limitation of ten pu’ses would pro-

duce a fa i lu re  rate reduction of five to one o v e r  unr es t r i c-t ed  p r o gr a mm i n g .

This r e p r e s e n t s  a level not to be exceeded and should only be used  in
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n o n — c r i t i c a l  app lic a t ion s . [I is to Ia’ floI(’(l that this s. ’I e e l i o u  o t  ~ m , I \ i i o i t t i i  et

1 0 pulses  is  n~ t a bla ’.- k aio bit e d e c i s i o n . For  xain pie i t  ~ 0 pu l s es  tt e ru. ’

us ed only a few  pe r e e nt  n u~ re f ai l u re s  would o c c u r .  R e d u c i n g  t h e  al lowe t nun  —

b~~r even fu r t h e r  w i l l  r a p i d l y  d e c r e a s e  the  r e l a t i v e  f a i l u r e  r a t e  w i t h  a ~i0 to I

r e d u c t i o n  p r e d i c te d  fo r  a vu. ’ rv few pul s”s . The bes t  a pp r o a c h  wou ld  seem

to hr to r e d uce  t h e  p u l s e  h u n t  to  u s  lo- ,\ a l eve l  as  r eas  un ab l e  pi’ o~ r a n i t oi n g

yield con s ide  r a t i on s  ‘t i l l  pe r n -u t .  At t h e  p r e su . ’u i t  t i m e p e r h ap s  a f a i r  j u d g m e nt

w o u l d  be to al lou  10 p u l s e s  in n o n — u .  r i t i e  al appl ica t ions  and to  r e d u c e  th u .’ limi t

to one or two pu l se s  fo r  hi gh r e l i ab i l i ty appl ica t ions .  The ru e t i~od of two

pulses would be to hit each fuse wi th  one pulse and then those  t h a t  did not

p r o g r a m  the  f i r s t  t ime  with a second pulse . Each v e n d o r  has  i t s  own uni q ue

PROM des ign .  The way p r o g r a m m i n g  c u r r e n t  is d i r e u . ted to t h e  f u s e  and t h e

r e q u i r e d  f u s i n g  e n e r g y  d i f f e r be tween v e n d o r s . It is impor tan t  that the  vendor

recommended  pu l se  shapes  be used fo r  p r o g r a m m i n g .

While  the above p a r a g r a p h d i scussed  the e a s e  f o r  N iC r  PR OM s , the

same r e a s c nin g  applies f o r  pol ysi l icor i  PROMs  except  tha t as m a n y  as

1000 pulses should be permitted as evidenc ed b y t he  n u m ber  of pu lses  n o r -

mall y r e q u i r e d  to p rogram (Table 17) and the f a i l u r e s  tv~ ich  ot i u r r e d  f or

only bits programmed with hi g her  than 1000 pulses ( ‘1 able 1 1 •
Siuce no fa i lu res  w e r e  expe rienced for AIM P R O M s  p r o g r a u o~- ed ‘~t i t o

large num be r of pulses , no niaximum number  of p rogramming  pulses need

be set for AIM PROMs.
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• S . SCREENIN G TESTS

Programmable  r ead-on l y memor i e s  are one t y p e  of m i c r o e l e c t r o n i c

dev ice .  As such , the y a re  sub jec t  to the s c r e e n i n g  f o r  a l l  m i c r o e l e c t ro n i c s

specified in MLL-STD-883 , Method 5004. Addi t ional  s c r e e n i n g  t e s t s  a re

sometimes specified in the MIL-M-38510 detail spec i f i ca t ions  ( s l a sh  s h e e t s ) .

The detai ls  of var ious tests  and anal yses per t inen t  to sc reen ing  are conta ined

in the sect ions on P rogramming,  Memory  E lement  Fai lure  Mechan i sm , and

Burn-In and Life Tests .  The use of such additional tests is scussed  below

for each of the PROM technolog ies.

CORROSIO N RESISTANCE SCREENING (CRS) TESTS

CRS Tes ts  for  Pol ysi licon Fuse PROMs

For NiCr  fuse  link PROMs , an additional screening tes t , the f r e e z e - o u t

tes t , a Group B inspect ion t e s t , and the water  drop tes t  a re  s p e c i f i e d  to t e s t

the adequac y of the pass ivat ion overg iass.  These tes t s  should not be neces-

sary  for  pol ysilicon fuse link PROMs because pol ysi licon is r e s i s t a n t  to

cor r osion , due to its sei f-pass ivat ing oxide , and because the amount  of

mater ia l  in the fuse  link is much larger  than in the case of NiCr f u s e s .

However , the overg iass pass ivation is removed  f r o m  e v e r y  pol ysi l icon fuse

link during manufacturing in o rde r  to faci l i ta te  programming . T h e r e f o r e  the

f r eeze -ou t  and water  drop tes ts  were pe r fo rmed  on some pol ys i l i con  f u s e

devices to ver i f y that corros ion  is not a threat  to these  devices , as d e s c r i b e d

in the section on fa i lure  mechanisms. No cor ros ion  of pol ysilicon was

detec ted  in those t es t s , so the re  is no apparen t  reason for  special  s c r e e n i ng

tes ts  of the corrosion resis tanc e of these devices .

No othe r special screening te sts were  i n v e s tig ated f or pol y si l i con f u s e

PROMs and none is recommended.

CRS Tests for  AIM PROMs

No additional screening tes ts  have been specif ied in MI L -M - 3 85 10 /2 0 2 ,

the detail specification for  10Z4-bit AIM devices.  None were found  to

105



-~~~~~~~

warrant inves tigation during this study and no t e s t  in addi t ion to M et h o d  50 u4

is r ecommended  as a r e s u l t  of thi s s tud y .

CRS Tes t  fo r  N i C r  Fuse PROMs

The c u r r e n t detail speci f ica t ion for  512-bi t  NiCr  PROMs , M~L -M - 3 8 5 1 O/

20 1 , speci f ies  a screening  test , the f r e e z e - o u t  test  ( p a r a g r a p h 4. 3e) , in

addit ion to Method 5004. This t e s t  is in t ended  to e v a l u a t e  the m o i s t u r e  con-

te nt inside the device package and the adequac y of the pass iva t ion  g lass whic h

is supposed to p ro tec t  the NiCr  f u s e  l inks ag ainst  c o r r o s i o n , as wel l  as

provide  mechanical  pr otection to the c i rcu i t .  Cor ros ion  of an u n pr o g r a m rn e d

f u s e  l ink would r e s u l t  in its c o n v e r s i o n  to an a p p a r e n t l y p r o g r a m m e d  l ink

and thus  f a i l u r e  of the device.  Since there  have  been f a i l u r e s  of th i s  t ype

re po r ted 2 and there  were similar  problems wi th NiCr resistors in othe r

app licat ions , the addition of the f r eeze -ou t  test  was a reasonable  p recau t ion .
However , it does re qu i re  time an d expense to per f o rm , so i ts  use  me r i t s

reevaluat ion.
All of the nine NiCr PROMs put throug h the f r e e z e - o u t  tes t  during thi s

stu d y (see the section on fai lure mechanisms of this repor t)  passed that t e s t .

Fu r the rmore  none had any NiCr fai lures during the more severe  water  drop

test .  Inspection of these devices did not reveal any cracks  in the pass iva—

tion g lass edges of the Al metallization lines where they  contact  the NiCr .

Thus the passivat ion g lass appears to be e f fec t ive  in the devices  examined.

However , the small  numbe r of devices included here  does not al low any

valid determinat ion of the overal l  need for the f r e e z e - o u t  tes t .

The water drop tes t  of the Group B inspection (pa rag raph 4. 4 . 2 (c) of

MIL-M-385 10/20 l)  is also intended to evaluate the pass ivat ion i n t eg r i t y  of

each lot of Class A devices ,  If no fa i lures  of the f r eeze -ou t  test  have

occurred for recent lots which passed the water drop test , then the possi-

bil i ty of dropp ing the f reeze-out  test  for Class A devices should be cons idered .

On the other hand , it would not be appropriate to delete  the water drop tes t
and retain onl y the f r e e z e — o u t  test  for Class A devices , as is done for

Class B and Class C devices (paragraph 4. 4. 3f) . This is because the

f reeze -ou t  test  requires  two fac tors  for fa i lure:  a dew point inside the
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packag e of - 10°C or above and a defect in the passivation glass over a NiCr

f u s e  l i n k .  If a device  passes  thi s t e s t  onl y because  of a low dew point , mois-

t u r e  m ay - s ubseq u e n t l y leok  i n to  the package and cause a failure by corrosion

t h r o u g h p a s s iv a t i on  d e f e c t s .  If the  lot f r o n t  which  that  dev ice  was d rawn

had be en  s u b j e ct e d  to the  w a t e r  drop  t e s t  t h e  d e f e c t i v e  g lass  pa s s iva t i on

tha t  p e r m i t t ed  th u. ’ sub s&o 1u eut  f a i l u r e  could  have  b een  d e t e c t e d  and the lot

r ej e c  ted  in i t i a l l y .

No ot h e r ~cr c e u u i n g  t e s t s  in a d di t i o n  to those in Method 5004 were

i n v e s t i gate d  d u r in g  h i s  s tud y and none in addi t ion to the f r e e ze - o u t  and water

d r o p  t e s L s  is u - c c u u x i i n e u i d e d  fo r  the N i C r  luse  t e c h n o l o g y .

BUJ~N -L\  SC R E F ~N ING TESTS

A que s  Lion f r e q u e n t l y a r i s e s  as to wh e t h e r  b u r n- i n  shoul d be p e r f o r m e d

b e t u r e  or a f t e r  p r . ) g r a l iu g of f u s i b le  lin k PRO~ct~~. U -  situ ;~t i0 r S  w he r e

th e  u s e r  s t o~~k pi i e s  p ar t s  h ich  hi~~ tv- : t i td  r a t e r  p r o g r am  acc o r d i n g  to need ,

l o g i s t i c s  a re  s i r s p l i t i i  d b y a pr s : -~pr o gr a r n mi ng  b u r n — i : - , p e r h a p s  p e r f o r m e d

b y t h e  v t - o d o r .  f i w ev e r , in ‘~- i e  ~v of the re~~u i t s  of ~~~~ s tu d y ,  as ‘ e~ - :r t ed

fr i  t b :  B u r n — l u -  ;o d  L i i :- T o st  S e c ti on , thi ’t  n er e a s e s  the probabi l i  y ha~ an

i u r u ’~ r o p C n l y ~) 1 ( s c ’~~1 I i r 1 e ( i  f u s e  n t i gi  ~i ’  u u t d c ( e c ed o : d  be se nt  i n t o  th e  J i u . -~d.

is t h e r e  i r e  i i  c- - u  i - d s ~~ U~~~1 i - — i t : l i e  p u . - r - u  ed a~ t . -r  p og

a t l e a s t  u n t i l  u. ’ :-~~ e n i en c  c l e a r l y e s t a bl i s he s  t ha t  c - s t r o i  ol 7 o g r a : r : s i n g

pa l’o i o e - s r s  a u ’  i t t i t a t  to  ui ~l t - - rlti ,vs: d umb er u ‘ t o g  ran olug p~ t ~~~

- vj ! t  c l ij i ~~r a t i c ) s s i h i : ty  u t  art  r mp r ’ Jic t h y l~~~°~ 
r a t i r u e d  ~~~~~~

fl - nt : a ‘t r e  ~:o r t  ed  i - sec  Li  - o P t  r u t  U 5tn d L - u ‘Fe ~ l - --
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-
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‘r l~~- 1PERATURE SCREENING TESTS

In specif ying the functional testing to be performed , cons idera t ion

should be made of the t e m p e r a t u r e  dependent  behavior  of marg inall y pro-

grar r imed  f u s e s  (sec  section on Burn - In  and Life  T e s t s ) .  It is f r e q u e n t l y

o b s e r v e d  dur ing  thi s stud y that dev ices  p r ogr a m m e d  and tes ted  at room

t e m p e r a t u r e  do not  n e c e s s a r i ly ope ra t e  p roper l y over  the ful l  mi l i t a ry

t e m p e r a t u r e  range .

This is t r u e  of dev ices  u t i l i z ing  AIM t e c h n o l o g y  as well as fus ible  link

d e v i c e s .  In the case oJ the AIM devi~~es , this may  be due to the  fac t  tha t

t he se  dev ices, which are  p r o g r a m m e d  in an increm ental fashion , depe nd on

co r r e l a t i on  of the special ve r i f i ca t ion  p r o c e d u r e  used  dur ing  p rogramming

to as sire proper functional performance over the full temperature range.

The v e r i f i c a t i o n  r e f e r e n c e  point mig ht not p r o v i d e  su f f i c i en t  marg in t

a s s u r e  fu l l  t e m p e r a t u r e  range ope rat i on .

While  it may be possible  to dev i se  m o r e  s t r i n g e n t  room tempera tu re

t e s t s  which a s s u r e  fu l l  t e m p e r a t u r e  range  opera t ion , at p r e s e n t  functional

t e s t ing  at the t e m p e r a t u r e  ex t remes  s an i m p o r t an t  s a f e g u a r d  against  the

dep l oy me n t  of imp r o p e r l y p r o g r a mm ed de v i c e s .  ~O0 p er c e n t  ful l t e m p e r a t u r e

tes t s  are recommended  fo r  all of the - t e v ~u u e  t ypes  c o v e r e d  in this s tud y if

nO c em p er a t u re  s c r een ing  will be do ; , ’ a~ he a sse :- : o h  l e , e l .
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a , S L \ I N I A R Y , C ON C LU S I O N S  ANI)  R E C O M M E N D A TIONS

The p e r t i n e n t  f i n d i n g s , conc lus i o n s  and recommendat ions  for  the
three PROM technolog ies studied are summarized in Tables 18 - zo ,
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M u . ’ t i u o r y  l’ l e nt c n t  ‘I h i s  t e ch n o l o g y  u se s  as nii’:uiory -l en  t i n t s  f u se
links of pol y t  rystalline silicon n-t a te  r to l . The
fiou’s a r ’  ; ip p r o x in i a t e l y ~~~. ~~ j irii t h i c k  ari d d . 2 pait

‘~u. ide at t he  ne~ k . To f a c i l i t a te  p r o g r a n u n h i n g ,  the
p a ss iv a t i o n  g lass  is r e m o v e d  at t h e  fuse  lou.  a t ions .
Thus  the  f u se s  a rt ’  exposed  to t h e  a t m o s ph e r e  of
the d e v i c e  cav i t y. The u n p r o g r a u t i t m i e d  f u s e l i nk
r e s i s t a n ce  is a p p r o x i m a te l y 100 ohms . W h e n  pro  —

g r a n i n i  i’d t he  f u s e s  a r e  blown via e l e c t r i c  c mu r r e n t
t ot an open cond i t i on  of g r e a t e r  t h a n  one nu’ g — ol i rn .
The m i n i m u m  r e s i s t a n c e  for  a fuse to appear pro~
g rammed is in the  1000 o h m  r eg ion. P ,u rj

Pr og r a nin t in g  P r o g r a m m i n g  pulse widths  b e g i n n i n g  with 1 p~s and
t h e n  i n c r e a s i n g  l i n e a r l y to 8 ~~s maximum in 100 ins
a r e  used in s t a n d a r d  p r o g r a m m i n g .  99. ~~ p e r c e n t
of the  f u s e s  ~ cr c  p r o g  r a m m e d  wi th in  1000 pulses .
Pr o g r a m m i n g  y i e ld s  of 97 p er c e n t  antI 90 p e r c e n t
we re  r ep o r t e d  by u s e r s  fo r  the  11< and 2K d i - \  i s  es
r e s p e c t i v e l y u s i n g  m u l t i p le pulses . It is r et  a n t —
in ended t h a t  a m a x i m u m  of 1000 pu iso ’s be a l l  ov~ ed
f u r  p r o g r a m m in g  dev ice s  f r o nt  th is  t e c hn o l o g y .
V en d o r  r e .  onin mc ’ ncled p mu is shapes  shoot  Id hi ’
us  ed .

Programming M e c h a n i s m  Afte r the  p r o g r a m m i n g  c u r r e n t  mel t s  the  pol ys i l i-
c-on lost’, its surface t e n  s ion pu lls it in t o  a fe~u.
r o u n d e d  l umps  at the  c e n t e r  1) 1 t h e  lost ’ . Subs c — 5c r€
q u u e n t  I y- , t h e  t h i n n e d  reg ion be t s.m en t i l t  o’ru t ral
1 u n u p s  and t h e  u. ’rnitte ’ r cod of the  f u s e  op ens . This
r e s u l t s  fr o m  the mi gratio n of s i l i c on away from
t h a t  ro ’ g i on ot it ch e’ r t he  in flu Cf lC  eS of the elect c
f i e l d  and t i n ’  t in ’  rn i ai  g r a d i e n t  in t h a t  r egion . O x i —
d I a t i o ) n  of t l i t ’  hot silicon m a y  a l so  c o n t r ib u t e  to
i n t e r r u p t ing  the  t - l ( ’e t  ri i - a l  t o n d i u c t i v i t y  of t he  f u se .
u n ’  ap p a ren ’ gaps in t h e  p r o g r a m me d  f u s e s  a r e

V t ’  rv  oar  row .

Memor y E l e r i i t ’n t  I ’l ,e pol y s i l i c on  fuse  is s i ’i f— p a s s i v a t in g  and is nu t ,
F a i l u r e  M e c l u an i s in s  as l iable  to  co rr oc le  as som e o ther  fu s e  l i n k s .  I t s

t h i c k n e s s  a iso hel ps Lit  r e s i s t  a n y  c-or r o s i un  W o r n —
age . Fr ee  z c — o u t  a ,icl ~u a te  r d r o p  t es t s  did not
c an s  e f a i l u r e s  even  t h o u g h t i m e  f u se s  u~ c re  not p r o—
tec’t c(l by any pas s iva t ion  layt ’  r . I h ow e v e r .  t i le
exposed f u s e s  a r t ’  s ubj e c t  to t i l e  h az a rd  of louse
p a r t  10 Ic s inside t h e  p a c k a ge , s it u  r t i  i i  ad ja c u t
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~s f u s e  ‘ l i ’u i i c n t s .  R t ’coit dtn t i o n  of p r o e i ’ a u iu u i - d  fu s -s
- T u e  h a s  I s o - c  it r ep o  r t ec l  it t  t h e  m n d u  si. r y .  i l y [in t i t i n g
d 2.2 ~m c u r r e n t , a t u a r g i u i a l  I~~s t -  t a n  be c re a t e d  tha t
f l ing,  t he  wo ci Id in ’ u. o n c h o u c t  a It t ’  i’ opt ’  r a t i o n  U r s ( i t !  t e  ti l i l t ’ .
loca t ions .  Such  ui i a  r~~i i o t I  fo i s t ’ s s h i u w e c l  \ — & -  i’ y n~t r  row gaps .
)he r e of Ri ’  t o n c h u t u . -  t i on m a y  r i  - soi l t f r o n t  cant!  in tan  c t ’

ise l ink  t h i r u o t g h - i the  t h i n  die lc ’et n c  in the n a r r o w  gap at
W hen  pr o — b i g ht t e u u l p c ’ r a t u  u’i ’S and  f i n a l l y ci  c it  n c . a! b reak  —

C i t t  r r en t  c i ouu it . M t ’ lt in  g is p05511) 1 y i n v o l v e d  a t  t he  t’ n cl t o
fit : g — u h i t i t  . t o  r u - t i  a pi~ u- n i a n e n t  n c - on d o i c  I ion .
pear p ro -

I t c i r n — I n  ant i  Li ft ’  ‘l e s t s  A 201 6 h o u r , 1 25 °C t i l e  t e s t  was  c o n d u c t e d  on
ten 1K , ten 2K and f ive  4K d ev i c  es . ‘I he b i ts  in

~ I ~is ari d t h e s e  d e v i c e s  w e r e  p r o gr a i i mn u ’c i  in two g roups .
‘i in 100 ins G roup  I was p r o g r a m m e d  wi th  v e n d o r  recoin  —
64 p er c e n t  mended  t -n ethocl and  G r o u p  II was prog r an in i t ’d
10 pu lses . with re duced  pu l s e  v o l t a g e  to i n d u c e  m a rg ina l
I pe rc o Snt  f u s e s . No f a i h m i  ri ’ s s.m t n t ’  exp e r i en c e d  in the

K devices  Gr o u p  I f u s e s .  ‘ l iii ’ (~ r cntp  II l o ses  showed f a i l —
I r on o t t —  or e s  in two d t ’v i c  ~ s ~uj t h  a t o t a l  of t h r e e  lust ’
)e a l i o u c  cci f a i l u r e s.  A l l  of t in ’  f a i l i t r t ’ s  o c c u r r e d  p r i o r  to
n o l o g y .  ‘ 168 h o u r s  of t e s t .  So nic ’ r e e u n d c i c t i n o~ f u s e s
Id be would t i c  C a  si ona 11 y open ag a in .  i nih e a t i ng  t h a t

t he se  t m u s t - s  w er e  p r o b ab ly  in a m a r g i n a l  c o n c h —
turn . None  of 1 I a  - h i t s  p rog  u’an in  m e d  t u n d e  r 1 000

e pol y s i l i —  p u l s e s  fa i led .
) a few

Subsi ’ - Screen ing  Tes t s  The sp e c i a l  f r t ’ t ’ - ,-n’ -ou t  t e s t  and ~u a t c r  d r op  t e s t

~en t ra l a re  not app l icable  t o  th i s  t e c h n o l o g y  ant i  s h i o o i l c l
ens. This nu t  be used , ‘I ’ht ’ s t a n d a r d  M J L - S ’l I) -88  3 , M et h o d
ay f r o m  5004 t es t s  s h o uld  be c o n d u c t e d .  flu nit — in t i n  ie oh
ectric 168 h o u r s  at 1 25 °C wi th  c ly n a n u i c  addu ’es  s i n g
don . Oxi — S h ocu Id sU f f i c e ,  The bo nit — in s hi oc u ld  hi ’ c lone a l t  c r
ute to p r o g r a m m i ng ,  I” til J m i l i t a r y  t e u u u p t ’  r a t c i r e  r ang e

if the lust ’ , t e s t ing  afte r prog i ’au i tnu in  g s h o u l d  be done u n t i l
iaes are st i  f f i cj e n t  i n f o r m a t i o n  ex i s t s  to p rove o t ime  r w i  so’ .

and is not
lin k s . I t s
t ion darn —
id not
e not pro—
er , the
-of  loose

~Ijacent
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T A B L E  19. A V A  LANG! 1 K - I  N I )U C El)

M e m o r y  Elt ’nient This t ec -l ino logy  U S eS  f l o a t ing  base it — p—n
t r a n s i s t o r s  as memory elements.  The base thu -k-
ness is approximatel y 0. 3 irn . The mi l i t a ry  AIM
devices  are passivated with a 1 ~ rn th ick  CVI )
overg iass of a sandwich s t r u c t u r e  of Si02, P-Si 02
and Si02, The resis tance of~ t he u n p r o g r amm ed
element is approximate l y 10 ohms. When pro-
grammed the emi t t e r -base  junc t ion  is blown via
elec t  ri o- c u r  rent  to a sho r t  condi t ion of le ss  t h a n
10 ohms .

Programming  P r o g r amm i n g  c u r r e n t  pu lse  width of 7 . is is
used in standa rd p r o g r a m m i n g .  99. 87 p er c e n t  of
th e m e m o r y  e lements  were  p r o g r a m m ed  w i t h in
100 pu l se s . P r o g r a m m i n g  yield of 9 6 pt ’r t .’nI
was r ep o r t e d  b y a l a r g e  q u a n t i t y  u s e r  f o r  I N
dev ices  u s i n g  s t a n d a r d  nm u l t i ~~u ul s c ’  p r o g r a m m i ng .
It is re -ommnended tha t  no l imitat ion be p laced on
tin ’ to ta l  n u m b e r  of pu l se s  used for  p r o g r a n i n t u l i g .

Programming Mechan i sm The p r o g r a m m i n g  mechan i sm involves  rapid S
m i g r a t i o n  of Al  f r o nt  t he  emi t te r  con tac t t h r o u g h
the  e m i t t e r - b a s e  j u n c t i o n .  Thi s mi g r a t i o n  ot i. ors
at a hot spot wh e r e  roost of the  e l ec t r i c  c i i  r r en t
passes  t h r o u g h the r e ver s e  biased e m i t t e r - b a s e
j unc t ion  s imul t aneous ly. Si d i f f u s e s  out ot t h e
emitter reg ion into) the  Al e m i t t e r  con tac t  b eca u s e
of ~ e c o n c e n t r a t i o n  g r ad i en t . A f t e r  the  j u n c t i o n
is sho r t ed  by th e  Al ‘‘finger , ‘ ‘  t h e  reg ion cools
r ap idl y, p r e s e r v i n g  the inhomogeneous  s t ru i c t u  res
o b s e r v ed  as whi t e  lumps on en ’ii t tcn c-on t ac t s  and
Al “ f i nge r s ” in sec t ioned dev ices .

M e m o ry  E lemen t  Possible f a i l u r e  m e c h a n i sm s  are g r ow t l u  of a l loy-
Failure Mec h a n i s m s  ing pits to shor t  the emi t t e r -base  junc t ion  of an

unprogrammed element or the fcu r t h e r  d i f fu s ion
of the a l u m i n u m  sp ike  t h r o u g h t h e  c o l l e c t o r - b a s e
junc t ion  of a p r o g r a m m e d  element .  h o w e v e r , no
fai lures  re la ted to the f i r s t  f a i lu re  nice :iari ism
have been r epor t ed .  The second fai lure  mec-han-
ism  ma y not be a problem because the a l u m i nu m
spike di f fus ion may onl y increase  the local ca r r i e r
concent ra t ion  of the p- t y pe base reg ion and pu s h
the  base-col lector  junc t ion  f u r t h e r  into the collec-
tor  w i t h o u t  caus ing  a shor t .  There  have been no
d e f i n i tiv e  nn ’mory  e l emen t  f a i lu res  repor ted  in
the i n d u s t r y.
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~VA1~A N C I  l I : — I N D I C El )  MIG1(AT1ON (AIM) TE Ch  INO LOGY

n B u r n — I n  and Life Tests  A 201 6 h o u r , I 25 °(; l i lt ’  t e s t  was -ondu -ted on ten
base th i u k  — 1K , ten 2K and f o u r  4K dev ices .  T u e  bits in t hes e

Jitary AIM devices  w e r e  p r o gr ~~n m n u . ’d in two groups .  G r o up  I
k c;v 1) w a s  p rog rammed  j ib  the  v e n d o r  ret - o mn ie nd e d
O~ , P - Si O ,  method anti Group Ii was prograt -nmed with r educ ed
gran mnie ( I  c u r r e n t  pulse amp l i tude  to at t( ’nmpt  t o ) i nduce  m a r —
Then p ro -  g i n a l l y prograrnmt ’d  n n ’n m o c y  e lem e n t s .  No t a i l —
blown v i a  o re s  w e r e  exp er i enced  foc  el e men t s  p r og r a nt r n e(i
less t h a n  in c ’ithe n group.

- - 0 -
Another special  lift ’ t e s t  of 1147 hour s  at 125 C

• 5 is is was performed ofl t n c  ( l ev i t t ’  w i t h  1 1 e l e m e n t s
pert  t ’nt of pr oigrar riiri ed to v e r i f i c a t i o n  v o l t a g e s  of s . 1 to

ed uu i thi n 8. 0 vol ts  to stud y the  s t a b i l i t y  of the  resistanco’
pe rc- ’ u u t  of the  p r o g r a mm ed c l ement  s . The v e r i f i c a t i o n

- for 1K vo l tage  is a m e a s u r e  of the  e l emen t  r e s i s t ance .
~r a m n i i nt ~. ‘I hi ~ ’ v a r i a t i o n s  on t in ’  ver i f i c a t i o n  v o l t a ge s  d u r i n g
e placed on thi s l i f t ’  t e s t  i ’angt’d f r o n t  1. 2 to 21 pt ’ rcent ,
)g r am m i ng ,  which  is not hi g h c ’noug h fo r  c o n cer n .

i r apid Sc r t ’ e n i n g  Tc ’st No t e s t s  o t h e r  t i - t an  t he  standard M IL—SIl )- 883,
3ct t h r o u g h Method  5004 tc ’sts  a rc ’  r ecomrnc ’nded .  B u r n - i n
at it i n nc- c- ui rs t imes s h o culd  f o l l o w  s t a n d a r d  p r a c t i ce  f o r  s cmi —

‘Ic c-u r r en t  c oi-jcluc to r s. B u r n  — in m a y  be do itt’ e i ther  be for t ’
itte r - has c’ or  a f t e r  pr og r ar r i r n i n g.  Full m i l i t a r y  tempera-
uut ot the  t u r e  r a n g e  t e s t i n g  aftc ’ r p r o g r a m m i n g  should be
itact  because  done unti l s u f f i c ic ’n t  in f o rm a tion  p r t i v c ’ s othc’ r —
he j u n c t i o n  wise.
ion cools
is st r u c t u  res
ontacts and

v~’th 0) 1 a l l o y —
ction of an
r d i f fus ion
h ec to r -  base
How e v e r, no
echan i snm
tire mechan-
e a [uminumn -

~ local c a r r i e r
bn and push
to the cu l l e c— ’
tave been no
eportec h in
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TABLE 20 . N ICHROME FUSE

Memory Element Thi s technology uses fuse link s of nichrome material Bun
as memory elements . The fuses are t yp icall y about Tesi
200 nm thick and 4 im wide at the neck . Ni:Cr ratio
and dimensions vary among manufac tu re r s .  The
fuses and the overall chi p surface are typ icall y pro-
tected by a layer of phosphosilicate glass 1 im thick.
The typ ical unprogrammed fuse link resistance is
400 ohms. When programmed , the fuses are blown to
an open condition of greate r than one meg-ohm. The
minimum resistance for a fuse to ap pear programmed
is in the 4000 ohm reg ion.

Programmin g Pro gr ammin g pulse widths of 67 i,s and 100 is wer c’
used. A sawtooth waveform was used with the 67 

~
s

pulse . All of the fuses programmed within 10 pu lses
for one vendor. For the other vendor 78 percent of
the fuses programmed within 10 pulses. Program-
rning yields of 85 to 95 percent were reported b y large
quantity users  for 1K and 2K devices using multiple
pulses. Small quan tit y experiment by a use r experi-
enced 50 to 80 percent  yield on 2K devices using single
puls e programming

For non-critical usage a maximum of 10 pulses
may be used. Vendor recommended pulse sha pes
should be used.

Programmin g Investi gation by Kenney, Jones and O gilvi e has Scr ~
Mechanism resulted in a detailed descri ption of the programming

mechanism . This involves melting of the NiCr film
by Joule heating, expansion of holes in the Equid fi lm
due to its surface tension , and breakup of the per am-
eters of tl~ holes by perturbations , resultin g in
s ymmetrical filaments of NiCr in the fuse gap. The
filaments may in turn break into dro p lets. The sp inel
(oxide) film left in the gap may also melt and break up
in a similar fashion.

Men - t ory  Element Two failure mechanisms were identified in the earlier
Failure Mechanisms stud y, namel y corrosion of the fuses caused by water

pen etratin g throug h the passivation layer and recon-
duc tion of programmed fuses .  There have been no
fai lures due to co rrosion reported by the industry  in
the last two years .  h owever , there were reconduction
fa i lures  reported. By limiting cur ren t to a fuse a
marg inal fuse can be created that would recor iduct
afte r operation for some time .
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E 20 . NI CI IROM E FUSE TE CI -I NO LOGY

niaterial Burn- In  and Life A 2016 hour , 12 5 °C life test  was conducted on 21 1K ,
ly about Tests 19 2K and 10 4K devices , with the devices roughl y
Cr ratio divided equall y between the two vendors utilized. The
The bits in these devices were programmed in two groups .

Ily pro- Group I was programmed with vendor recommended
un thick , methods and Group II was programmed with reduced
Ice is pulse voltage to induce marginal fuses . No failures
e blown to were experienced in the Group I fuses . The Group II
im , The devices showed 35 fuse failures in 17 devices. 65 per-
)grammed cent of the device fa i lures  occurred prior to 168 hours

of test and 94 percent prior to 336 hours . Some recon-
- ducting fuses would occasionall y become open again ,

wert’  which indicates that these fuses were probabl y in a
lie 67 ,~s marginal condition . None of the fuses programmed
10 pulses within 10 pulses failed . Cumulative fuse failure
Xcent of curves  were  anal y zed . The curve for 1K devices
ogram- showed a knee around 250 hours  of test and the curves

~d by large for 2K and 4K devices showed knees around 500 hours.
bultip lc’ This phenomenon agrees with the reconduction theory
r exp e r i -  of dielectric breakdown developed in the earlier stud y.
sing s ing le In thi s theory the time to failure varies inversel y as

the applied voltage and the length of time the voltage
is applied. The voltage stress in this case is the
interrogation voltage . Due to the wo rd organization ,

of 10 pul ses the duty cycle of the interrogation voltage on the bits
hapes of the 2K and 4K devices is one half of that of the 1K

d e vice.

has Screenin g Tests The MIL-STD-883, Method 5004 tests , the f reeze-ou t
gramming test and the water drop test should be continued for
iCr film this technology. Burn-in time of 168 hours at 125°C
iquid film with dynamic addressing could weed out 65 pe rcent
ie peram- of the marginal fuses . Extending the burn-in times
ig in to 240 hours for Class B devices mi ght be desirable.
:ap. The However , from a practical and standardization view
The spinel point it is recommended that the Method 5004 stan-

id break up dard be maintained. The burn-in should be done after
programming. Full military temperature range test-
ing after programming should be done until sufficient

the earlier information proves otherwise.
~l by water

recon-
been no
dus t ry  in
econduction

- fuse a

~onduct
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10. RECOMMENDATIONS FOR FUTURE STUDY

Per t inent  informat ion has been derived f rom this stud y to qualitativel y

ind ica te  that the spec i f i c  p a r t s  u t i l ized  f r o m  the th ree  technologies (pol y-

si l icon f u s e , n i c h r o r n c’ f u s e  and AIM ) have  r easonab le  p r o g r a m m i n g  y ie ld

and reliability characteristics; and fuse  reconduction fa i lures  can he aggra-

va ted  b y l im i t i ng  p r o g r a m m i n g  c ur r e n t s  to the f u s e s  and hi gh t em~~er ~t t ,~~c’

o per a t i o n  of d e v t c e s . To p r o j e c t  this i n f o r ma t i o n  f o r  use  wi th  P i sC~’ 1 - :

p r o g r am m e d  and opera ted  under  s tandard condi t ions , f u r t h e r  s tud y on a

l a r i~c samp le basis will be requi red .  There  a re  man y more  t yp es of PRO~-~1s

now a v a i l a bl e  in the marke t .  Similar eva lua t ions  should be don e on t h e s e

new types to a s sess  their reliability be fore  ac tual usag e in production sys-

tems .  The fol 1 owin g are recommendat ions  on fu tu re  s tudies .

1. Large Sample Correlation Study

During the present s tud y ,  f u s e  type  P R O M s  w it h  long blow t imes ,
wh ich  w e r e  blown wi th  low p r o g r a m m i n g  cu r r e n t s , w e r t -  f o u n d  to
bc a s s o c i a t e d  wit h  hi gher  r e c o n d u c t i o n  f a i l u r e  r a te s . In o r d e r  to
v e r i f y this  with  n or m a l  p r o g ra m m i n g  methods , a stud y may be
conduc ted with  a la rge  n u m b e r  of PROM s p r o g r a m me d  with  s t andard
methods . In thi s study the n u m b e r  of pu l ses  r e q u i r e d  to prog ram
each f u s e  should be r e c o r d e d . The PROMs a r e  then o p e r a te d  u n d e r
r iore  al c o n d i t i o n s . The r e c o r d e d  f a i l u r e s  a r e  then c or r e l a t e d  back
to th n u m b e r  of pu l ses  to p r o gr a m  data . The output  of this s tudy
wil l g i v e  both p r o g ra m m i n g  y ield data and f a i l u r e  r a t e  data as
f u n c t ion s  of n u m b e r  of pulses to program , This stud y can bes t  be
do nu ’ by f:rms that are alread y using large quantities of PROMs and
are logg ing the opera t ing time and f a i l u r e s .

2 . Burn -In Stud y

For  fuses  blown with reduced cur ren t s , the 125 °C burn- in  time
appeared to be optimal around 250 to 500 hours .  In order  to ver i f y
thi s op t imum t ime for  f u se s  blown with s tandard  methods a l a r g e
amount  of tes t  informat ion needs to be collected.  Such in format ion
is available in the Group B Life Test  data f r o m  the m an u f a c t u r e r s .
The Li fe  Tes t  data shoul d be collected and anal yzed for  both opti
mum burn- in  time determinat ion and fa i lure  rate de te rmina t ion .

3. Accelera ted  Tes t s  on AIM PRO Ms

T l,c present stud y indicates that the memory  e lements  of ALM
P1-~9Nls have re1at~velv  f ew  la i lure  me~ han~sms.  and that  these
mechanisms are insensiuve to programming Var i a t i or ~ - nU ,_ ~ it
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APPENDIX I

USER INFORMATION SURVEY FORM

119

~~~ 
_ _
~

_ J-~~_ - 5 _
~~~~

_ 
~~~~~~~~~~~~ _~~~~~~~~~~~~~~~~~~~~~~~ _ ~~~~~~~~~~~~~~~~~~~ 

—



- - 
‘T

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

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :.~ ‘ a ’ u~~~~ ’ - - i i~~-’ u

PROM Reli abili t y Information Co llect ion Form

(Please use one fo rm for  each par t  t ype)

1. 1 Generic PROM famil y:[1NiCr Fuse;ESi Fus e ;1  JF i W  Fu se ;~~~~AIM

1.2 No. of bits:  E1~~~56: [1512; CJIK;  [12K; [14K; [18K.

1. 3 Manufacturer: _____________________  
Part No.: ____________________

1.4 Quality level of parts:  [1j Comrnercial; 38510 or equivalent  LIlA;

LJB ; Ll C.
2. 1 No. of parts programmed: When: __________________

2. 2 Programmed by: LiManufacturer; [1Distributor; LilUser

2 .3  Programming method: LJ Mf g. ‘s Standard; Li Other (Please describe

below.

2 .4 Do you limit programming to: D ane pulse; LlOthers_; EN o  limit.

2 . 5 Programming equipment used: _____________________________________

2. 6 Chip usage - roug h percentage of bits per part  required to be

programmed

2. 7 Pr ogramming Yield: ___________________ % (Par t  basis)

3. 1 Tests Conducted: (Please describe screening , l if e or other t e s t
condi t ion s, test time s , number of parts tes ted ,
when tests were conducted , e t c . )

3. 2 Failures experienced from tests:  (Please describe symptoms , when
fai lures  occurred , functional t e s t
condition , e t c . )
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3. 3 Fa i lure  anal ysis r e su l t s :  (Please descr ibe fa i lu re  anal yses , measure-
ments , et c. ; attach photo ii a va i l a b l e . )

4. 0 Field or usage experience: (Operating conditions , operatin g t ime ,
fa i lures , f ai l u r e  anal y ses , quan ti t y of
pa rts  used , etc.

5. 1 Y our name : _____________________  Title : ____________________

Company: 
______________________________________________________

Address :

Zip Code

Telephone: ( )

6. 0 Normally we do not publish data sources in the r epor t  un less
permission is obtained f rom the con t r ibu to r s .

6. 1 Would you want your name mentioned as cont r ibu tor:  Llyes; Ii no

6 .2  Woul d you want your name associated with thi s data: LIl ye s ;  [T~ 0
6. 3 Would your  compan y want to have its name associated with this data:

Li yes; Elno

7. 0 Other information you wish to supp l y:
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Pol y s i l i c o n  F u se  ‘l r - c h n o l o g v
( R c ’ pr i n t e d  f r o m  vc ’ndo r b r o c h u r e  I

ROM AND PR OM PROGRAMMING INSTRUCTIO NS

II. Manua lly Programming the 3601 (o~ 3601-1)
The 3601 may be programmed using the basic circuit of FI9Jre 1. Address inputs are at standard TTL levels. Onl y one outpu t

may be program med at a time, The output to be programmed must be connec ted to V~c throug ha 3000 reSiStOr . TI.is w i l l  force
the proper prog ramming curr en t (3’6mA ) into the output when the V~~ a,ippi y is later raised to t OV . All other outp uts must be
held at a TTL low level (0.4V).

Th. programming pulse generator pr~~~,c es a serie s of pulses to the 3601 ~~~ and CS2 lead s ~~~ is pulsed tr orr~ a m w  of
4,5 .25V to a high of 10 ~ 25V , wh ile 

~~ 2 is pulsed front a low of ground )TTL logic 0) to a h~~h of 1 5 0 5V I t  ~ important
to ~~o,irati4y maintain these voltage levels, otherwise, improper programm ing may result . The pulses appl ied rouSt maintai n a d~ t-~cycl e of 50 ± 1(~~ and Start with en initi al width of 1 )~ 10%tus , and incre ase linearl y rirer a period of app ro rc matel y lOOms to a
mas imum wid th of8 (i 1~~~l~is. Typica l devices have their f ij as blown within Ims lxi i occa s ion ally a fuse may take up to 400ms,
During the appl ication of the prog ram pulse, current to mutt be limited to lOOmA . The output of the 360 t is sensed wh en

is at a TTL low level output A programmed bit will have a TTL hig h output, Aft er a fuse is blown , the V~c and 
~~ 2 pulse

trains n,ust be applied for another 10~ as, One circ uit which can be used to generate this pu lse train is shown in Fi~~ire 2, whi le
the cha rec ter ist ic s of the pulse train are thown in Fi~ j re 3,

E
~~~ i;i;-i :;: ~~~~~~~~~~~

o
o~~~~~~~~~~~~~ ‘r~ ~~~~~~~~~~~

~ i,ci 
ov E ~~

° “° 
, 

o 1 ~ i 
a p,.v..n,,,., . 

“ “

:: 
~JJT~J ~~~~~~~~ 2i

~~~~~~~; -

Figure 1. 3601 Programming Figur* 3 Pulses During Programming
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ROM AND PROM PROGRAM MING INSTRUCTIONS
III .  Manual ly Programming the 2K and 4K Bipolar PROMs

The Intel 2K arid 4K bipolar PROMs may be programmed using the basic circu it of Fi~ irr’ 1 In itial ly all l, - t s  e . ’t
2048 or 4096) are in a logic 1 (high) s tate , Onl y one output may be programmed at a time The programmin g cui .ent
l5mA 10%) is forced into the Output to be p ogrammed by a current source. The current should be clamped to Vcc by
a silicon diod e All oth er ou t puts must be allowed to float su ch that the outputs are allowed to ris e o l i  d iode abuse

~~~ m 1 2 . 5V ) .
Fo r simplicity of the prugrammin g description , reference will be made onl y to V~~~, howeve r . thi s ter m include s both

the V 1~~ and V~ c~2 of the 4K PROM. There is only one V~~ for the 2K PROM . Progr amm ing pulses must t o  applied to
both V~~ and CS. A series of pulses is applied to the Vc~ and 

~~~ 
leads as shown in F pure 3a and 3b resp ec t ~el i i -

pulse ap plied must maintain a duty cycle of 50 10% and start with an initial width of 1 )~~lO% l ~~~ , ond increase lurearl y
over a period of approsi rr - atv ly lOOms to a mas imum of 8 ) t lO % ( ps. T yp ical devi ces have their fuse bl wr w i t h in  ims
but occasionall y a fuse may take up to 400rris, During the application of the program pulse , the V 11 current rn- s t lie
limit ed to 600mA and the C~~ current to l5Om A . A programmed bit wil l  hav e a T T L  low level -

. 
‘ a fuse is blow rr

the ~~~ and ~~~ pulse trains must be applied (the pulse width still linearly increasin g to a max irn u -
~,j s~ for ai io ’ I- e,

1OO~as

eui~~
’
~uriis.ror ~~ o~

;

I - 
~~~~~.s- __ 

~~

____  

5.. 
ii , -~--

.- - -~~~~
‘ ± 

- ~ w .J’~~\~ 
~~~~~

~~~~~~~~ w w

- ,5- , - . ,.5-  a ,

~~ ~~ 

— a

sort rsor, svv 5

~~ 
5, ns S O,. 

~~~~~~~~ a 
~~~ L — .~~ 

., ~~
‘ “ -,

( igure l 2l( and 4K Bipolar PROM Program mer Figure 3 Puls.s During Programming 
—
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A IM Technology
(Rep tint & ’d from vendor brochur r ’

1’o r  [K and 2K d ev i ce s

PROGRAMMING CHARACTERISTICS (T A - 255C. ~~~ - S Oy )

SYMBO L CHARACTERISTICS TYP UNITS CONDITIONS

Time to Electrically Alter a Bit at 200 ps Using INTEASIL  INC

_______ __L_
L094c “0” to Logic “1” Programming Equipment

PROGRAMMIN G SPECIFICATION

To currecily program the IMS6O3A or 1M5623 . it is imperative rhat th~ spec ification be o g o r o , y  adhered to. lnter s i l . Inc -
Wi ll nor accept responsibil ity for asy des ca found to be detective it it were not pr ogrammed according to th is spec i ficat io n

CHARACTERISTICS LIMIT UNITS 
— 

NOTES

Programming Pulse :

Amp l itude 200 15 ~ mA Co st un t Current 
__________

Voltage (damp) 28,0 +0% -2% V Voltage limit of current source. _________

Ramp Rate dv/ dt 70 max . V/ps
Pulse Width 7,5 ±5% ps 15V points , 1500 load

Duty Cycle 70% m m .
Sins. Current 20.0 ±0,5 mA The sense current must be interrupted after cccl,

address change for lOps mm. The sense current
ramp rate dv/dt must be <7DVIps , and clamped
to 28.OV +0% -2%.

Programming ~~~ 5.6 +5% -0% V
Maximum Sensed Voltage 7,0 ±0,1 V A bit it programmed when two successi v e sense
for a programmed ‘1 ’  readings i0ps apart w ith no intervening pro gramm

ing pulse , pass t he l imi t .  When this condition has
been met . 16 additional prog ram pulses are applied
snd the pulse train is then terminated.

Delay from trailing edge 0.~ mm
of program pulse before
sensing output voltage.

• I I °

TYPICAL VOLTAOE WAV EC OR M Ou~~iP4O P~ OO~~AMMiNG

NOTE Poe ,nfo rmei ion on peogramming a numbee of 1M5603A or lM5623 anir s moiinred en a board . co niact m acn il

5—
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N i c h r o m t ’ Fuse 1 m ’ chnologv , Vend or A
( R e p r I n t e d  f r o m  v e n d o r  b o r c hu r l ’ i

PROGRAMMING

Tli~ Ge neric PAQM s at e ni~ qtu ti~tur p i l  with a i. b i t uou l pu ls Lo qi cel “I  Out p ut  Hi gh ) A t t y  desired bit O utlIut car t be pro
gran imne d to a I ug ic a l ‘ 0 ’  (O utput  Owl by Iol low m rt ~ the s imple procedure s hown be low One may bu ild his wr p rOgte m rrnef
to s a t I s ’ y th e S p eci l mca t mon t  lmni r ibed in Table 1 , or buy any of th e commerc i al l y avai lable l i n u - 2 u a I I m e rs  wh mctr meet th eta spec
Iii at - i t t  Thr e t e PROM ’ I car s be programmed automatical l y or by t he menual procedure [I IIWS lii -1w

PROGRAMMING SPEC/F/CA TIONS SCHEMA TIC DIAGRAMS
TABLE 1

RECOM O
i l?  OPE N C O L L E C T O R  OUTP U ’

P A R A M I T I R  SY M B Ol MIP4 VA IU( MA C UNITS
Addipsi In Oo i V IM 2 4  S O  5 0  ~Voi ra ~e tI  V

~ 
00  04  08  V 

- —0

Pro q ia, rr niioq, V em ,I i V PH I t S  1 2 0  U 5 o—f—-—--
Vo l rag. 0 ~~~ I? V p1 I IS C a  515 ~‘ 

~~~ r ’  
— -

Vo lt age Canr i , . t  ccm’ 600 nA 
I 

—

P og iam ing n t,. I
Ditag rd tO tO 100 ).I r lii I C ’ ’  ~~~

Prs~~ainrn,nq
P0I 1, W.d l ’ t 9~ tOO 100 700 y t
fn r it Arr e m p rt

Pr oge.nrrr,nig 1 THREE -STATE OUTPUT
Pulw W id n r ’ t O t O 20 ms
Sobseq en r

Pr sqe ar.r re . oq
Og~~ C ,1Ie DC  II) SO %

Output Vuirage 
V 0p1 o s  t o o  t o s  V 14

U sabll I)) V 0p0 0 45 S S  V

Inabl, Cor,Isr E r r , 
l op’ 

- - 

~O nrA 
______

Cw Te m p T C [,,
~ 
‘

I Addeus and cli .p p.lict ihould not be .85 op.n to, I “~4”~ I
2 V~~,f,ca,,on 

~ ~~~ 4 O ~ 35 Volt s T
* 

- 35°( , Y9~ Fr •i.~
eSCOnWfl.ndid to puaedband pi -fosmanc. ovee full 1.5w-
pacatu re and reStage r.n s I

3 D,sabe. c ond,t.en will be mat w Ith Output ~~ ifl Ciecue . — I ‘—‘ —rita, —

5511 t i5 1...,
— 1i55i*iUINO tinlool,
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IlL I 1i14’  111* A Ii~~5I C i I t 0~ t ShOu l d - i i i t  be at O ll t O Trinlitluit i . J - i e I S S ’  rut t d
ad dr eit the PROM - 1 L i w i  r .11 1. ~~ U * ?~ V ~r r t  Iy O * - ~~. - S CI JI~ II

o 2 Ois ab ls the 11111 b 5 a 0 , i 1 nq ‘pa’  highs I V , ~ to t ie - - i r n  th e la s t  2 r t i S m a ’  1 i  4 # I a l i i r  1 , 1 0  3 1 - J - i -C to  a

~~ . itp ~it i r t l  CS I Ijoi, il i-tM- ,c ,4 0- 4 I only ) niu t t so o i i 2 o t

main ~ V 1 ~ 
for  il i ac  am and oh mi i y The - .X i p  5 , - i c C ,  8 E - u t t ’ - o ’ s m 11 PR D M 1  . 

~‘ i f , ca t - u i . by oIl i ly i - i s S lioj

is T IL compat ib le A - open circui t  s h iu lmI  nut be ~~f’ll U - IV 1 I I 1) tIlt CS ‘ ‘ .1 ’ II

to O seble th~ clii i 9 h I ally I i i  does trot *51 13 as p ’ I , 5 l d r u m r n e c l  repeat f t p ,.l

3 Disab l e the p n m q ainnI ’ iy  c o c o S - , by apply i ng Cli O i l  2 ui~ ’io ca 8 us i n g Cli Ou t pa t  tnCbIe 14 sc w i l l  i_ I ‘
~. it

~c s Vo l tage Disable of lets than V 0p0 to the ouTpu t tom up to (5 a O d i t i . i a u pulta~ .1,Ice ~~iqI uli ~
, - ~

of the P R O M  T h e  Output rosy be left open circuit to speed If the bit us tl t lh uml p mr ud 1 .- f l O w w i t I  u t

achieve the d is a b le least 16 repet i t i ve  pul ses of t p2 In w~0’’ to ac i - Ipac
4 Ra ise V CC to V PH wi l. rICO t I me equal to t~ . hsg h prog ra m mmms 4 yiel d . Ins t he ev snt th at I n  bit -~

S A f te r  a delay equ al to or p r b ater t ITa n t d appl y a pulse st~ll un p ro gr am m ed , the ,,a r t i s considered a Pf’ill’li’~

wi tn amp l i t ud e equa l to V OPE and dura t ion of t~ to mln g reject ar r d should be returned to i r e  tac t i i i

t ie output selected f o r p rogr a mming Note that the T he  address and incorr ect ano desired cor l t ei , t s of a

PR O M is supp lied with - C ’ S  intact generating an Output  locat ion its w hiylI  a programming f artu re has occ ar e c  in
l qh Programming a fuse ~ il, cause the output to go any returned devIce mutt be ncluae d w i :  that m ut t

- o w in the verify mode 10 . Repeat step s throug h 9 tom all other bitt to be pro-
6. OIlier bits un the tame word may be programm ed while gmamm ed in the PROM

tIm e V CC input is raised to V PH by applying output

RECOMMENDED PROGRAMMING CIRCUIT

The crrcu i t ~nd ti m ing dia g ram sf mo w n in Figures I and 2 will estabti th the proper programm ing con d i lmo m u l i i ’  the

tiu tp ut enable puhs e . This allows the i3W of standatd TIL paas for ~Il logmo tnçtuto to the PR QU . Note the qete ipitilIfT

senses the output mutt he input prote c ted to withstand rnpu t up to 1 2.5 Volts durI ng programming
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t I  O EV t C F  DISC i- t IPTi O ua

In,,- cIeo ‘C - , n- I’ . - a ‘ - mn- us :h “ ‘ : oOoo ’ s nigh ,n all  storage - c icat,ons I,, make an ourpoo r Ir ,w an a pa-n t o  ai us ‘ 1  a c’- ini~ ni

‘ u r i c  - •  “101! 10 C”diiyn’ .l t n  It a ow ,oli Ia -cc to a t ’  Ii, ‘ i I s .ssd . l i  r Tb S prOCedu,e -s c a - r d  pmo g ’ar nm ,ng Tnen e au lC ,n4 r C - b .

• i ti n tm ~e chip f-noq’a,nlntl,i,g i-CIJpmefl l  can i-c- obta , ’ ,en t t rom Monolithic Menno’ies inc

21 PR~~~ RAM~~ MG DESCRIPTION

- -  •, I C Oa - C alan ‘ - s l i i’  .Ii C Ci’ I - iij in s I -  ‘~3 the word ad d re ss -o p’ es e’- m,d wilt , TT 0  leve l on A 0 rhrooog h 4 7. a V CC ci 550 V
s apt ,l,,d ti n CO appl ied . an ’d t in e i oIIi.i-nl - P -~ani - , E r I and t i r e C..,n pat to be p.’~ib ia ’n-n ied am t aken to an eleva ted vo ltage to

101,1- I n ‘~~ n ,‘i i, - n’ ij c u , m e n n ’ , i  i- - o u r- te nse thp _ i i l l i . n , fl- ,üSn I,p a ri ’ one —m . ’I Iu r , t a ’ -mr s- n C e - -- ’ e - --.;m pl i lI ng 
S - n - i l - I .i~l o n - .n- q i n ’  ‘nr at -n n- i n—_n

II ENA BL E € 7

C- - n m , ,  -n i i. - a n ar ’ , . - aiI - . ain m . i- , ’ ’O iii~iii .m ’ - inr l -lq S r—id,, ‘t h g h  i .n. O m i p 9 f l dJm r,Ip,tlq,a,n- fl~~flq / 4 5 - n - - -

c c . - , o -  -~ ill ’ ro. Ipu r  5 an . )0 i1 ’  7,1-tn o ’ n i -  - ‘  - iei - C d ’ - ~ --  - c raft Pr ~~, and f~ n f l i o l t  be - * me ac t iva te  ni- C doo r - 3 m m ,  f —
On .5  mn I cOn : I n a 541 ‘5. ni ,. i n n  , i  Il - i  O s - - ,u,oqra,n,m.flo3 ri- - -ni n-s o ro- mIcedume ‘a ‘r j r r m -  - — t 
, , i - I m  I na t Ion

~ riMtodc ;
‘ n. .3 m U  _ l - ’ i  ‘dune in v olves ti-mt use. ,r Pro .mm,gnam urn an’ triable one ‘se :utpu m pun n n)nden to guarantee h,, the
no, - :— u ’ r,i i. e , - . • nt •in,. incesaiing t im. wraltaipe on tm. numpe,j m pin tm~ pnl,mjma m Ømfl $ volt ag e pulse IntuIt Corn, STein I’- - m l , iii ro ut

O - .~n o)4idm,5 nn-n,, 41,1St ,t,- coo, alter tim. Out pu t , i n s  oiosjr.mrmmmnq pulse mid ‘15 -Ic- is ii adequat e The pnoglanmlrii nl g pulse
npia i iei’i mo ri Lii - p, tr’ni prog ram pin muir ~s rto~ a 50 to it ,) mmc rnsp .co rslt ni l. , nm’m e p. ga m e 4

‘s .IER ’ Ct CAT S ON

I
_
n - - c -  nnliagrn.nm,nmm . ‘4  a ole -ao c e m 5r ~ chec ked for a low Ourput ho natu f l 5 1)0th eim ablpm iu.w S ince  we molt guaranre e ‘spe i s I i rn r nm

• ‘n. -m i nrtumst 1 - ’  n’naoimurn V m” C owl - :u , m en t end tenm’np. ratu ei’ . t im. davIes -nue m be clqoo imlld ru s m - ’rk 2 mA at 4 20 V VCC unit 1,2 .~~~ I -
-, t ti ) ~ ‘°CC ~~ - -  - 511 t e mp era- o n e.

Oh I I1AR DPROGR A P.°EVBNO
,n ’ n n- p ,  be imi’cranr’~ ..d 0 1  ‘ _ n  ~-.)al i Cccl t ry bringing tile program n-n ~t eacfn - mc ca Be to ni- card nu innecre l  r,- 

~~~~~~~~~~
- a ’  - 0 . -o n  par- lOge 0 s - m n  , noq nam -i ’m -i - ‘ -s .om ~m- A and on e. Output ‘Ti pack age .0 . whi l’ nr ‘nab ~n no-nay not be OP t e n  nru - ‘ en

a~~ k o q ert , ale. rare , ’  to the ieO,.,reel - : - mlng r as”n i v ,  -r t - l taqe . An alt ennate procedure 15 10 t i -  the so- able and io t po im t  toger her as nec - I --i
:v re  ~o stem ‘ - i c c ’ - - :  n Oro turtly aOp ly 4’;,~ ‘iu i t 1 1 dcv.ce to be Progr ammed . “he cambe r m . i .o n ,rs so ldered on a hoa ro - st’C ciii ~e
C in s i ml l i - ’  w ’n enp(nli ’ed pmoaranrrling ‘ n i p ’ -,’ .) -av ,mc :  rework .

7) IjWPRQ GRAMM A BL Pm nJ Nt7 ~

‘a sail iso ect ‘ii’ s ’ ?OOA ,s mc encap to , i a m -r t rt . ‘ ,mt fuses and decoding circuItry tests are used to g uara n ’t ee a high p,00. ,n ”- -nt ,,si, I -

sr the Oeo mr e ‘7’ he -net ” . O c m’1t’ ,f. ‘,e ause of random defect s , It  Is mmp Oss ib le to gu a rant e e that a ,,nk c o i l  open- wu th oc i
dm, - ,54 I~ pro gramming m UP4ITII IgETURNED TO MMI AS UNPROGRA MMABLE MUST BE ACCOMPANIED BY A COMPLETE
DEVICE TRUTH TA B LC WITH THE LOCATION WHICH COULDN’T BE PROGRAMMED , OR WHICH F A L SE LY PR OG R A M M E D . , -L CL EAM L e ’ t NOICA TEO

E N  ______________________________________

PROGRAMMING EQUIVALENT CIRCUIT FOR ONE MEMORY OUTPUT

FIGURE 3
‘T he wond decode cIrcu Itry sel ects oma n sis t or Q~ To be turned on , and the bit decode c i rcuit ry at low s the base ol 01 to n-se 1023
otime, lutes are half se lect ed on not selected he pro gram nm supplm.g ball dr y. to Q~ .nd the output pin supp iies co l lec ton ,,iomrtc t
tO ~‘)~ so that 

~ 1~ emItt er can deliver the requmn ed cu lne nt to ope n tire fusible l ink
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PROGRAMMING INFORMATION ]
— 

PROGRAMMING SPEED

Typ i cally f ates w ,f h blow on the rise SIms 01 th e puls e

In automated programm ers w nic h must copy devoces in a short tim. beCeusu 01 peOduction reQu,rer ’ ieflr S . th e t Ol iOwI n S g no i se and
volt age sequenc es hay. been found to maxim ize ref isbslity, programming yield, and thruput. The dev ice should be s eritie c c Ite , pasl
programming ast .mpt end is advanced to the next bit if the d.vice hae progremmed

PULSE NUMBER DURATION PROGRAM PIN VOLTAGE OUTPUT VOLTAGE

1* 0 3 95 ims 27V  20V
4 t o B 9B ya 30V 2 3V
7t o 9 95 ims 33V  2GV

PROGRAMMING TIMING

r:~ ..,ooo

mro1Ow ~~~~J1
I -Hf r ~

0t Tp 7 ’  limo
- ~~ .n, T~~ 80± lOas

ae.,~Jj Coon 100 no mm .

t~ O ~~ 
‘~~‘~~~ ‘ N0TE~ Output Loed • 0.2 mm iA durin 9 6 0  V thai - k

ch ec k
Output Load - *2 mA during 4.2 V

s rs oa a- 

~~~~~~~~~~~~~~~~~~ 
—‘— cnntco I.- 

— 

cocos

PIOURE 4.
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PROGRAMMING INFORMATION
_ _ _ _  __________ — - -- - -- - - _ - -----‘ - . -- - 

PR OGRAMMIN G P A R A M E T E R S  - Do Not Te st  These L - r m n ’ t ’ , js You mvi~~y m° rogram the Device
- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —

SYMBOL ‘ PARAMETER S I T EST CONDITION b~~~~~~~~~TYPICAL F’
~~ UNITSSee Fig une 4 MIN, OR MAX.

_ __J 
~
_ OPTIMUM

I Current into Program Pun During ~~~ 5.50 V 0 mA
I Programm ing . Before end Alter Fuse Has Vpu1 - 50 V to 25 V I

Blown - Vp0 450 V 
-
~

I V 1,1) 29v 7 7  mA

out Current Into Out put During Programming Vp1) 29 V , VCC - 550 V 0 1 1 mA
8*10cc the Fuss Has Programmed V0,1~ - 9 0  V

- V0~~~ 2 OV 16 mA
l0,

’
~~~~Cunrent into Output During Programming V pp 29 V~ V out ‘20 V 0. 1 mA

Alter the Fute Has Programmed VCC - 550 V
TRP R,se Time 01 Program Pulse Applied so the 50 60 70 sos

Data Out on Peogre rn Pin From 5 V to 2O V
V~~~p VCC Required During Programmi ng 5.40 550 560 [ v
10LV 1 Output Current Required During Both Chip Enables Low 1 * 12 13

Verific at ions TA °  25 C, VCC 4.2 V

1 0LV 2 Output Current Required During BOTh Chip Enabhis Low 0,19 0.2 0.21 mA
Verification TA 25°C. ~~~~ 6.0 V

MDC Maaimum Duty Cyche During Automatic Tp 25 %
Prognanyy isng of Program Pin end Output f~Pin

V1)9 Required Programmi ng Voltage on 27 27 33 V
Program Pin

V out Required Programming Voltage on the 20 20 26 V
Output Pin

1L Required Curr ent Limit of the Pow r V~~ - 33 V ISO mA
Supply Feeding the Program Pin end the Vonj t - 26 V
Output During Programming VCC - 5.50 V

T1)9 Required Coincidence Among 1*. 80 95 110
Program Pin , Output , Addre ss and VCC
tar Programmin g

Required Ti me Delay Between Disab ling Meeture at *0% Levels 70 80 90 us
the Memory Output and Applicetien of
time Output Programming Pulse

Required Time Delay Between Removal Meaeure at 10% Levels 100 ns
of Progremmin g Pulse and Enabling the
Memory Outp ut

SUGGESTED IMPLEMENTATIO N OF THE VERIFICATION CIRCUITRY
toe exam s m.nefl0000 000arutm.t
-‘Is iA ’  £ 25404 GEnM*siiIM tans
rus mO , en,, c0100roO *0I0 (Sal,

nec m e t 51,05mb so noun mm 000551110

~ 

2 

t r

-r °nm , im St OIK

FIGURE 5.
THE 1N4001 DIODE PROTECTS THE INPUT OF THE 7402 FROM THE HIGH PROGRAMMING vOLTA (.&S 
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For 2K de vic o- s

~ROGRAMMING INSTRUCTIONS
11 DEVICE DESCRIPTION

The device 5 rr ianuf ectu ned w Ith eli output s hig h ri all storage l ocati o ns. To make en Output moe, at a Darlmcuian word , a nmchnorn,n-
fusible link must be changed from a low resistance t o e  higft reamsle nce . Thi s procedure is called prognamming . There are 2048 fu si b
imn m ks on the chip . Progre mming equipment can be Obta ined from Monoli th ic Memories Inc.

2) PROGRA!S*~NG DESCRIPTION

To select s pertm C uia r fus ubl e link for programm Ing, the word addre ss 5 presented wit S TTL. levels on A1) through A8, a V CC of 5 50 V
m s applied or te ll epphmed , and th. program pIn ( Enable !i end the Output to be programmed ane taken to en elev at ed volt age
supply th, required current to program the fuse. The Outputs must be programmed one output at a tIme , since mt ’ t enne l decod mn ig
circuitr y is capable of sinking Only Ona unit of programming current em a time

3) TIP.gNG

The progremm)ng procedure involves she use of tfse program pin (en eneb leb end the output p.n. In order tO guarantee that the
outp ut t rans is tor is off before increasing th, voltage on time output pier , the pr ogram pin ’ s voltage pulse mus t come betore the output
pin ’s programmi ng pulse end I.ay. at ret the outpu t pin ’ s programming pulse. 100 no delay is adequat.. The prognammong pulse
applied to the output pin and progrem pin must have e 50 to 70 microseconds rise time See Fo gure 4

~ VERIFICATI ON

Al sir programm Ing a device, it can be checked for a 1ow output by taking the enable how Since we mutt guarant ee operation am m i m I  -

mum arid meoimum VCC. load current , end temperatu re, the devi ce n,x.j s t be required to sink 1 0 mA at 420 V V CC and 0.2 mA at
6,0 V VCCOt room temperatur.

SI BOARD PROGRAMeSNG

Units may be programmed at the board level by brong.ng the program pin of each package to the card connector To program a
parti cular package “A” , the program pin of package A and one output of package A , which may or may not be “OR” lied tO othe r
packages , are taken to the required programming voltage . An alternate procedure is to t ue the enable and Outputs t ogether as re~ umred
by the systerr r function end only appl y ~~~ to the device to be programmed . The number of units soldered on a board Should be
cons,stent w rth expected programming y.elds to avoid rework.

SI UNPROGRAMMAB LE UNITS

Visual insp ection at 200X pr .o r to encapsulation , test fuses and decod m ng circuitry tests are used to guanan mee a high pnogremm mrng
yield of the device its the field . However , because 01 random defects , it is impossible to guarantee That a link will ope mr wi th Out
actu ally programming It. UNITS RETURNED TO MMI AS UNPROORAMMABLE MUST BE ACCOMPANIED BY A COMPLETE
DEVICE TRUTH TABLE Wi TH THE LOCATION WHICH COULDN’T BE PROGRAA*IED. OR WHICH FALSELY PROGRAMMED ,
CLEARLY INDICATED,

OPERATION

PROGRAMMING EQUIVALENT CIRCUIT FOR ONE MEMORY OUTPUT

~j~ j !i~E~5I ii
FIGURE 3

The word decode circuitry selects trensistor 
~ 2 lobe turned on , and the bit decode cn rc uitry ai l ow s the base of 

~ i to r,se 204 7
other fuses .rc half selected Or not silect,d. The program pin supplies base dri ve to 

~ i and the outpu t pin SupplieS collector curre n t
t oQ i so thet 01’ s emitter can detroer Ifs. required current to open th e fus ible link .
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PROGRAMMING INFORMATION

PR 00 RAMMING SPEED
Typically fuses will blow on th, rite time of the pulse.

In automated programmers w ho ch must copy devices mn C short ti me becaus, of production requmrerrsents , rIse following pulse and
voltage sequences have been found to maxim ize reliability , programming yield, and thruput. The device should be v er l i ed alt er each
progrsmm on g ettempt and ma advanced to the next bit ml the devic e has programmed.

PULSE NUMBER PROGRAM PIN VOLTAGE OUTPUT VOLTAG E

t t o 3 2 7V  20V
4t o 6 30V 2 3 V
l t o B 3 3 V  2 6 V

PROGRAMMING TIMING

~~~~~ 
niL

n m o o o s
~~~~~~~

V

0 1

~

Tp 7 s  I fes

- 
- i m r T01 B Oo lOtis

~ s 7 moo r T~~ 100 era m m ,

r n  ~~ N0TE~ Output Lo ad • 0,2 mA durin e 6.0 V check
1,1 ~,, 

. chec k

°cc 
‘ _

~~2 \j
1~ 

ch eck 
LOad 12 mA durIng 4.2 V

--— . c,sc ,mI,~ -.“c~tctmf ’ .—
s mvoas’ 

~~ -

FIGURE 4.
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PROGRAMMING INFORMATION 1
PROGRAMMING P A R A M E T E R S  Do Not Te s t  th ese Limi ts or You May Progn d m the Deu ,~

LIMITS
SYMBOL PARAMETER S TEST CONDITION 

~

- 
TYPICAL UNITSrgune WIN OR MAX

- OPTIMUM

Cu n neni int o Pnoqr mm Pin Dum’nsg V CC - 560 V - 0 nm-i A
Proqiamm mng. Belot r and A t ten Fuse Has V o um 50  V to 25 V
Blown V pp 460 V

~‘..,‘,_—______ _ - - 0. -‘ - 0 — _ _ ‘  - — -0—
V 00 2 7 V  t50 rrA

~~~~~~~~~~~~ 
.
~~~ - — -.—- ~~~~~~~~~~~~ .. _ — + -— . — —

~~~~~~~~~~
—

~~~~~~~~~
- . , - . .

out ‘ Cu rrent into Outp ut During Prog nammmng I V pp 27 V . V CC 550 V 1 (I. ; - rriA
Belon. rim. Fuse Has Programmed ~~~~ 90 V

.j V Out o o ? O V 16 mA

our Current into Output During Prog rammmn g V pp - 27 V . V 001 - 20 V I 0 I I nrA

— - ~~A t te n  the Fuse Has Pnogramnm med 
~~~~~ 

o 5 5 1 )  V 
-

T RP Rise Time ol Progiam Pulse A pplied to the 50 60 70
Data Out on Program Pin From 5 V to 70 V 

I

~~ ~~~~~~~~~~~~~~~~~~~ —_~~~~~~ — ~~~~~~~~~~~~~~~~~ ._—_— -~~ 0m1 ccP V~~c Required During Pnognammmng 540 - 550 560 V
- t - _- _ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— .-

I
~~~n,iT - Output Current Required During Chip Enable Low - i t  I? 13

Verification • 25°C, v CC 4 2 V

1 0LV 2 I Output Current Required During 
- 

Chip Enable LOW 0.19 0 2  - 0 7 1  n m A

-_ 
V erm f m c a mmon 

__________ -— 4 T A 25°C , ~~~ 60 V I -
MDC - Mao mmum Duty Cycle During Automatic 

- 
Tp 25

Programmi ng 01 Program Pm and Output -

I —--~~~~~ - -

~~~ Required Programming Voltage on I 27 27 - 33 V
- Program Fr i

V out Requirad Programming Voltage on the 
— _______________ — 

20 
— 

20 26 
- - 

V
Output Pin 

- _ _~~~_ _
i ~

. . - —
l
~ 

Required Current Limit of the Power v15~, 33 V 240 mA
Supply Feeding the Program Pin and tIie Vout 26 V I
Output DurIng Programming ~~~ 550 V 

j_ ,__ 
I

Tpp Required CoInc iden ce Among the 80 95 110 a -
Program Pin . Output , Address and V CC
for Programming 

.

T01 Required Time Delay Bstween Disabling Measure at 10% Levels 70 80 90
the Memory Output and A pplication of
th. Output Programmi ng Pulse

I -~~~~ - - — - _____

T~~ Required Tmme Delay Between Removal Measure at 10% Levels 100 ms
of 0rog remming Pulse and Enablmng the
Memory Output 

____________________ ~~~~~~~~~~~~ ____________________________

SUGGESTED IMPLEMENTATION OF THE VERIFICATION CIRCUITRY

— 

i,0

FIGURE 5.
THE IN400I DIODE PROTECTS THE INPUT OF THE 7402 FROM THE HIGH PROGRAMMING V OL T A GE S
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For  4K d e v i ce s

PROGRAMMING INSTRUCTIONS
1) DEVICE DESCRIPTION
Th. devic e is manuf actured with all outputs high in all stor age locations. To malce an output low at a partmcu har word , a n ichrome n ,IsitI~C m i t

must be changed from e low resistance to a high resistance . Thi s procedure m a celled programming. Programming equipment can be Obtainen
from Monolithic Memories Inc.

2) PROGRAMMING DESCRIPTION
To select a parTicular fusible  link for programming , the word address ms presented with TTL levels on A0 through A8. a V~~ of 5 50 V is
applied or left appli ed , and the program pin (Enable E2 ) and the output to be programmed are taken to an elevated voltage to supply the
required current to program the fuse . The outputs must be programmed one output at a time, since internal decoding circuitry is capable of
sinkin g only one unit of programm,ng current at a tim..

3) ENABLES (j. E3. AND E4
Enables rj, E3, and E4 are logic enables end ar, not used during programming. They may be high , lo w or open during programming When
checking that an output Is programm ed (which is called verification) enables ~~~ and E2 must be I ow and E3 and E4 must be high to activate
the device. Since ~~~ must be low and E3 and E4 must be high during verification end their states are irrelevant during programming, the
simplest proCedure is to ground E 1 and tie E3 and £4 to 5.0 V during programming verification.

4) TIMING
The programming procedure involves the use of the program pin (an enable) and the output pin. In order to guarantee that the output
trans istor is off before increasing the voltage on th. output pin , the program pin ’s voltage pulse must come before the output pin ’s program .
ming pulsa and sav, after th. output pin ’s programming pulse. 100 na delay is adequate. The progra mming pulse applied to the output pin
and prog mam pin must have a 50 to 70 microseconds rise time. See Figur . 4.

5) VERIFICATION
After programmi ng a device , it can be checked for a low outp ut by taki ng both enables low. Since we must guarantee operat ion at minimum
and maximum VCC, load curr ent and tem peratu re , the device must be required to sink 12 mA at 4.20 V VCC and 0.2 mA at 6.0 V V CC at
room temperature .

6) UNPROGRAMMABLE UNITS

Visual inspection at 200X prior to encapsulation , test fuses and decoding circuitry tests are used to guarantee a high programming yield of
the device in the field. However , because of random defects, it is impossible to guarantee that a link will open withou t actually programming
it. UNITS RETURNED TO MMI AS UNPROGRAMMABLE MUST BE ACCOMPANIED BY A COMPLETE DEVICE TRUTH TABLE WITH
ThE LOCATION WHICH COULD NOT BE PROGRAMMED. OR WHICH FALSELY PROG RAMMED , CLEARLY INDICATED.
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PROGRAMMING EQUIVALENT C I R C U I T  FOR ONE MEMORY OUTPUT

OPERATION

The word decode circuitry selects tr ansisso r to be turned on . and th e bIt decode circuitry aliowa the base ol 
~~t 

to rise 4095 othei lutes
are hal f  a ‘ected or not selerted The oro g ram pin supplies base drive to 

~~t 
arid the output pin supplI eS collector current to 

~~1 ~O that ~~~emitter cc , delive r the required current to open the fusible link,

P R O G R A M M I N G  SPEED

Typical ly fu ses will blow on the rise time of the pulse

In automated progtam n’se rs which must copy devic.s In a short time because of pro du ctmon requirements , the f oilow mng pulse and coltage
sequences have been found to maamm lze relia b il ity, programming yi eld , and thrup tm t The device should be v erified after each programmIn g
attempt and is advanced to the neat bit if the device has programmed .

PUL SE N U M B E R  PROG R AM PIN VOLTAGE OUTPUT VOLTAGE

l t o 3 27 v  20V
4 t o 6 30v 23V
7 r n 9  3 3 V  26V

PROGRAMMING TIMING

rra  CI G

~~
> 

- ‘ ‘

TIL m,OW

T1.L L O W  Q% LY I~~,

yOU?
yOU? T CP I’

III LOW ~~~~~~ ~~ _______________________________

vcc

Iqp 60 lO p s —Hrrmcrv ’~ ’ —~c”i ,
TPP 95 t ~~~~ s reoe s ’ 

?TL iiiGI 

- - - — —

TD~ B O t l O p s
T~~ tOO ns mm NOTE Output Load 02  mA during 60  V check

Osmspu T Load l 2 mA d u r in g 4 7Vc h eck
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PROGRAMMIN(a PARAMETERS ill h u t  test  I t I r ’~ ,’ I lii i t S mIi m iii II~~, ~ii ,i9i y i n i ’ iI’ CI .C

S h C’ i. ’ Am
P A R A M E T E R S  TEST CONDITION 

~IIN I tem MA’. , “. ‘ i.

— 

S.. f .gm,ra C 
OP?iMIJM

I I I I - rI, i ,iiiir P i , , i i  Ii” P u ,  Uimrl il . V CC 550 V 0
PrIi, ;i irrlr,r,i,,i lf r f i m,, ’ ,i,Ii l Af t ,’  ~ u~e H~ s V ,10r 5 0  V tim 25 V

\I pp 450 ’V

V 0~ 2 ’ V  25 “ - A

i , 1~~i Cm m r r r n r  into Output Ourlrrg P i ’ .~i~~ 1 , i ’ ~i V pp 29 V VCC 5 50 V 1

Be f o re the Fuse Has Pit iqiaiflr’n,’ It 
~

,,

V cm~ t 90  V 
-

V o~ 1 20 V 50 mA

~~~ Current li l to  Output During Piogr .m rnm rsq V~ 0 ‘ 27 V V ,,01 - 20 it  nrA
A i r r i  m r  Fuse Has Progturrmrned V~~ - 550 V

I~~P Rise l ime of Program Pulse App lIem i to the 50 60 10 15
Data Om,i or Progr am Pin from 10% to 90%

V~~ç p  V CC Required During Programming 540 550 560 V

1 0LV 1 Ou m p ut Current Req uired During Chi p Enabled 
- 1 1  T 2  13  nrA

V e r i f I c a t i O n  1’ A 25” C . V~~ 4 2 V - C
- - - - - - - -- - - . - - -

~~~~~~~~~
. - - - -  -~~~

‘OLvl Outp ut Curren t Rm’q ul , emj During Chip Enabled 
- 0 19 0 2  021 mA

- V em , l ic a t lon T A 25°C , V CC ‘ 60  V
- - -—  -- - - - - -- - -—~~~~~~~ 

MDC - Mair irrmum f u ry  Cycl e During Automatic r Tpp - 25
Programming of Program Pin and Output
Pin 

-

V pp Req u ired Programming Voita ge on - 27 27 33 V
Program Pm 

_,
~

,,,, 

- 

—
V out Required Programmrng Voltage on the 20 20 26 V

Outpu s Pmrr j
Required Current Limit of the Power V op 33 V 

i -
~

-
~ ;- - rit A

- Suppl y Feeding the Program Pin and tire V 0~~ = 26 V
Output During Pro gramming 

~~~~~ 
550 V

T~ o Required Comncid enc e Among the - 80 95 t tO as
- Program Pin , Output , Address and V CC

for Programming

~~~ ~~Requ mred lime Delay Between Disabling Measure at 10% Levels 70 80 90 miS
t he Memory Output and Application of I
tint Output Programming Pulte

102 Required Time Delay Between Removal Measure at 10% Levels 100 ins
of Programming Pulse and Enabling TIme
Memory Output —_____________________________________________________________________

SUGGESTED IMPLEMENTATION OF THE VERIFICAT ION CIRCUITRY

F OR FAOPtR niIRFSmrOtD aOAISr MFrdr

S-Sh) r *i~~I CO tL * i  00 450 Ii’ I

Dimes St 

[a  

c ni o~~~o :

The 1N4001 Diode protects the Input of the 7407 from th e Hig h Progr .imnn inq Vmrli,iqen

FIGURE c
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