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S a n d i a  L a b o r a t o r i c s ,  Albuquerque,  NM 87185 CQ (3 -8 d d  #Ib - ' 
A b s t r a c t  i n  n u c l e a r  r e a c t o r s 3  where h i g h e r  t e m p e r a t u r e  

r e a c t o r  c o r e  m o n i t o r i n g  i s  now r e q u i r e d .  

t r o n i c s  above 275°C. In f a c t ,  f o r  s e v e r a l  
y e a r s  275°C seemed t h e  fundamental  l i m i t  for 
s i l i c o n  a c t i v e  d e v i c e s .  For example,  t h e  
r e v e r s e  l e a k a g e  o f  a s i l i c o n  b i p o l a r  d i o d e  
becomes comI'arable t o  i t s  f o r w a r d  s i g n a l  c u r -  
r e n t  a t  t h i s  t e m p e r a t u r e .  Ilowcver, ongoing  

c i r c u i t  d e s i g n e r  can a c c e p t .  

In  a d d i t i o n  t o  upgrading  o f  s i l i c o n  
d e v i c e s ,  there  a r e  good r e a s o n s  t o  a l s o  p u r -  

The l a s t  f o u r  yea r s  have w i t n e s s e d  an sue t h e  compound s e m i c o n d u c t o r s .  L a r g e r  
'e xi) an s i on i n  de Ye 1 o pmcn t and i m p  1 cnie n t a t  i on bandgap scni iconductors  have a s m a l l e r  d e n s i t y  
o f  s o l i d  s t a t e ,  h igh  t c m p c r a t u r c  m i c r o c l c c -  of the rn ia l ly  g e n e r a t e d  c a r r i e r s  a t  a g iven  

a t i o n  of gcother ina l  resources p r o v i d e d  t h c  blcDonncl1 Douglas and GaP d i o d e s  f a b r i c a t e d  a t  

was chosen to meet t h e  m a j o r i t y  o f  t hcn -  t o  t h e  m i l l i a m p e r e s  of  comparably s i z e d  s i l i -  
e ii v i s i on c d g e o t ii c rm 3 1 re q 11 i rc ntc n t s . con d i o d e s .  However, d u r i n g  l i f e  t es t s  on 
s p i n - o f f  of  t h i s  DOT, devc lopmenta l  e f f o r t  and t h e s c  111-V d i o d e s  and commercial  GaAs MESFETs 
coniplcciciitary i n d u s t r i a l  e f f o r t s ,  m i c r o c l c c -  d e g r a d a t i o n  was seen i n  t h e  c o n t a c t  m e t a l l i z a -  
t r o n i c s  f o r  long  tc rm use a t  200°C i s  now a t i o n ;  s u r f a c e  m i g r a t i o n ,  phase  change ,  and 
comtnercial r e a l i t y ;  a l a r g e  advance from t h e  i n c r c a s c  i n  s p d c i f i c  c o n t a c t  r e s i s t i v i t y  werc 
l o n g  s t a n d a r d  maximum usc t e tnpc ra tu re  of  
125°C. In  a d d i t i o n ,  somc prototype h y b r i d  

I__--- I n t r o d u c t i o n  

t r o n i c s .  Downholc i n s t r u m e n t a t i o n  f o r  e v a l u -  t c m p e r a t u r e ,  Tests r u n  on CaAs d i o d e s  made a t  

i n i t i a l  impetus.] In 1975 a n c a r  t c r m  c l e c -  b o t h  Sandia  and Wcstcrn E l e c t r i c  showed l e a k -  
t ron ic .4  goa l  o f  2 7 5 ° C  o p c r a t i o n  f o r  1 0 0  hours ages  a t  350°C measured i n  nanoamperes compared 

A s  a 

a p p a r e n t  .6  

used  on comtncrcial CaAs a r e  based  on t h e  AuCe 
e u t e c t i c ,  a l t h o u g h  an A 1  sys tem i s  a l s o  a v a i l -  
a b l e .  AuGe can  a l s o  be used  w i t h  Gap, but 
AuSi and AuBe a re  more common.7 None o f  t h e s e  
s y s t c m s ,  a s  uscd commerc ia l ly ,  a p p e a r  t o  h o l d  
up a t  30OoC. Of c o u r s e ,  t h c s c  d e v i c e  c o n t a c t s  
were d e s i g n e d  f o r  h i g h  f r e q u e n c y  and p e r h a p s  
h i g h  power a p p l i c a t i o n s ,  n o t  f o r  h i g h  tempera-  
t u r e  use.  

There  a r e  many d i f f e r e n c e s  between an 

Thc most f r e q u e n t  m e t a l l i z a t i o n  systems 

ohmic c o n t a c t  sys tem o p t i m i z e d  f o r  h i g h  power 
a n d / o r  r f  o p c r a t i o n  a t  room t c m p c r a t u r c  anibi- 

1. 
10-7n-cm2 i s  r ca t r i r cd  f o r  r f  devices whereas  
1 0 - 5  t o  l o - b n - c m l  i s  s a t i s f a c t o r y  f o r  low 
powcr nceds .  Extremely low c o n t a c t  and bond 
pad r e s i s t n n c c  i s  r e q u i r e d  by r f  and h i g h  
powcr d c v i c c s  t o  minimize l o c a l  J o u l e  h e a t i n g .  

Specific c o n t a c t  r e s i s t a n c e  o f  1 0 - 6  t o  
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r n - c o p t r a s t ,  c o n t a c t  r e s i s t a n c e s  o f  I n  t y p i -  
' c a l l y  dqve lop  i n  p r e s e n t  300°C low power,  low 
f r equency  h y b r i d s  w i t h  no r e s u l t i n g  p e r f o r -  
mance d e g r a d a t i o n .  ( !:or p c r s p c c t i v c ,  a con-  
t a c t  pad t h a t  i s  4 m i l s  on a s i d e  and 10 -4  
n-cm2 p r c s c n t s  1 n ) .  

2. The a l l o v a h l c  c o n t a c t  s i z e  i s  r e l a t e d  t o  
t h e  s p e c i f i c  c o n t a c t  r e s i s t a n c e ,  Rf d e v i c e s  
r e q u i r e  s m a l l  a r c a  c o n t a c t  pads  and e l e c t r o d e s  
t o  m i n i m i z e  c a p a c i t a n c e  and  t r a n s i t  times, 
whcrcas  f e a t u r e s  o f  a u d i o  d e v i c e s  can  be 1 0  
t o  100 times l a r g e r .  T h e r e f o r e ,  an i n c r e a s e d  
s p e c i f i c  r e s i s t a n c e  can be c o u n t e r e d  by 
l a r g e r  c o n t a c t  c r o s s  s e c t i o n  i n  low i r e q u e n c y ,  
h i g h  t e m p e r a t u r e  d e v i c e s .  

3. l ' cmpcra tur r  t o l c r a n c r  f o r  an rC clcvicc i s  
t y p i c a l l y  nicasurcd i n  h o u r s  o r  o p c r a t i o n  wlicn 
o v r r s t  rcssrd i n  ;I 1 5 0 ° C  enviroiinicnt.  In  coin- 
p a r i s o n ,  h i g h  tcn ipcra t i i re  d e v i c e s  must o p e r -  
a t e  f o r  t housands  o f  h o u r s  a t  300-400°C 
ambien t .  

4 .  For bo th  h igh  f r e q u e n c y ,  h i g h  power and 
low f r cqucncy  , low power d e v i c e s  t h e  a n n c a l -  
i n g  t e m p e r a t u r e  f o r  c o n t a c t  f o r m a t i o n  must be 
h i g h e r  t h a n  any f u r t h e r  p r o c e s s i n g  tenipera-  
t u r c  and h i g h e r  t h a n  any o p e r a t i o n a l  tempcra-  
t u r e .  S i n c e  o p c r a t i o n  i n  the l a t t e r  c a s e  i s  
conten ip la tcd  abovc 350°C, an a n n c n l j n g  
p e r n t u r e  of  450°C o r  h i g h e r  i s  a d v i s a b  
Furthermore, s i n c e  thc s u r f a c e  o f  GaAs 
degrade  w i t h i n  n i inu tes  above GOO"C, t he  
i n g  t cn ipc ra tu re  s l iou ld  l i e  b c t v c c n  450 
600°C. 

5 .  Contac t  adhes ion  i s  more c r i t i c a l  
d e v i c e s  because  of  t h c  nced t o  use  sma 
a r e a s  and sub-mj 1 d i a m e t e r  bond wires. 

tcm- 
e .  
can  
a n n e a l -  
and 

n r f  
1 bond 

F i l m  
a d h e s j o n  can be an o r d e r  o f  niagni tudc lower  
f o r  low f requency  d e v i c e s  hav ing  l a r g e r  bond 
a r e a s  and u s i n g  3 n i i l  bonding  wire. 

Thi.s i n v e s t i g a t i o n  used ; i s  '4 c o n t a c t  c r i -  
t e r i a  t h e  f o l l o w i n  1 s p e c i f i c  c o n t a c t  

1000 h o u r s  a t  300-400°C, 3) a n n e a l i n g  temper-  
a t i i r e s  v e l 1  above 35OoC, and 4 )  f i l m  adhes ion  
s u p p l y i n g  g r e a t e r  t h a n  1 grani p u l l  s t r e n g t h s  
f o r  1 mil wire.  This p a p c r  will f i r s t  p r e s e n t  
t h e  b a s i s  f o r  t h e  m e t a l l i z a t i o n  and dopan t  
c h o i c c s .  Nex t ,  tlic simple cxpc1-i1ncntnl 
schenic f o r  q u i c k  and i ncxpc i i s ive  e v a l u a t i o n  
o f  these m a t e r i a l s  as ohmic c o n t a c t s  will be 
d e s c r i b e d .  L a s t ,  t h e  c o n t a c t  p r o p e r t i e s  a s  
a f u n c t i o n  o f  t cn ipc ra tu re  and a g i n g  w i l l  be 
d i s c u s s e d .  

Ex pc r i me n t a 1 

r e s i s t a n c e  o f  ~ 1 0 -  5 :  n-cm !! , 2 )  s t a b i l i t y  f o r  

bla t e r i a 1 Ch o i ce s 

Over t h e  l a s t  few y e a r s  S a n d i a  h a s  p e r -  
formed 300'C a g i n g  t e s t s  on GaAs d e v i c e s  w i t h  
AuGe and A 1  c o n t a c t s ,  and  on GaP d e v i c e s  w i t h  
AUCC and AuSi-AuBc sys t ems .  A l l  m a t e r i a l s  
had d e g r a d a t i o n  by s u r f a c e  m i g r a t i o n ,  phase  
changc ,  c o n t a c t  r e s i s t i v i t y  i n c r e a s e ,  and 
a d h e s i o n  f a i l u r c .  For example ,  s c v c r a l  mils 
o f  l a t e r a l  s p r e a d i n g  of  t h e  c o n t a c t  (ni igra-  
t i o n )  on t h e  d e v i c e  s u r f a c e  took  p l a c e  w i t h  
t h e  A u  b a s e d  systems a f t e r  a few hundred 
h o u r s  a t  3 q O " C .  I n  ilddi t i o n ,  p r e c i p i t a t i o n  
o f  compounds (phase  c1i:ingc) o c c u r r c d  i n  t h e  
AUGC c o i i t a c t s .  Recent  i n v e s t i g n t i o n s ~  of  

GaAs c o n t a c t s  a t  h i g h  t empera tu re  have  i d e n t i -  
f i e d  s e v c r a l  mechanisms which l e a d  t o  f a i l u r e :  
s e n s i t i v i t y  t o  mismatched expans ion  c o e f f i -  
c i e n t s  because  of the  l a r g e  O p e r a t i o n a l  tem- 
p e r a t u r e  r a n g e ,  l o s s  o f  c o n t a c t  i n t e g r i t y  when 
t h e  o p e r a t i n g  t e m p e r a t u r e  i s  comparable  t o  t h e  
e u t e c t i c  t e m p e r a t u r e ,  and r a p i d  d i € f u s i o n a l  
d e g r a d a t i o n  a t  h i g h  t empera tu re .  

Based on t h e  r e s u l t s  of t h e s e  c o n t a c t  
a g i n g  s t u d i e s  and t h e  f o u r  c o n t a c t  c r i t e r i a ,  
the f o l l o w i n g  c o n t a c t  sys tems havc been  i n v e s -  
t i g a t e d :  

1. AuGe was i n c l u d e d  i n  t h i s  s t u d y  as a p o i n t  
of comparison w i t h  t h e  comniercial  c o n t a c t  
m e ' t a l l i t a t i o n s .  The f i l m  was d e p o s i t e d  i n  t h e  
form N i / A u C c ,  where t h e  n i c k e l  l a y e r  was 
i n t e n d e d  t o  improve t h e  adhes ion  o f  t h e  AuGe 
by w e t t i n g  t h e  GaAs s u r f a c e .  

2 .  AlGc was t e s t e d  because  of i t s  h i g h e r  
e u t e c t i c  t e m p e r a t u r e  ( 4 2 4  compared t o  356OC 
f o r  AuCe). I n  a d d i t i o n ,  t h e  p o s s i b i l i t y  e x i s t s  
of an a l l  aluminum sys tem,  w i t h  A 1  S c h o t t k y  
c o n t a c t s ,  aluminum bond wires, and A l G e  d i e  
down p re fo rms .  

3. The e u t e c t i c  t e m p e r a t u r e  o f  s i l v e r  w i t h  
common d o p a n t s  ( S i ,  Sn ,  Ge) a r e  h i g h e r  t h a n  
t h o s e  of  g o l d  ( for  example ,  AgSi i s  830°C 
whereas  AuSi i s  370°C).  Moreover, s i l v e r  h a s  
a comparable  d i f f u s i o n  r a t e  i n  C a A s  t o  t h a t  o f  
g o l d .  8 To comple t e  t h e  s i l v e r  c o n t a c t  s y s t e m  
a s i l i c o n  dopan t  l a y e r  was used  t o  b e n e f i t  
b o t h  from t h e  h i g h  AgSi e u t e c t i c  t e m p e r a t u r e  
and t h e  s low d i f f u s i o n  r a t e  o f  S i  i n  GaAs. A 
n i c k e l  l a y e r  was i n c l u d e d  i n  one v a r i a t i o n  of 
t h i s  system (Ag/Ni/Si)  t o  improve adhes ion .  

4 .  Niobium was used i n  an e f f o r t  t o  match t h e  
the rma l  expans ion  c o e f f i c i e n t  o f  t h e  c o n t a c t  
w i t h  GaAs o v e r  t h e  i n t e n d e d  l a r g e  t e m p e r a t u r e  
r ange .  Two v a r i a t i o n s ,  P t /Nb/3 i  and  Au/Nb/Si, 
were t e s  t c d  . 

Bulk s u b s t r a t e s  wcre used i n s t e a d  o f  
e p i t a x i a l l y  grown l a y e r s  i n  o r d e r  t o  el i m i n a t e  
t h e  q u a l i t y  of  t h e  p a r t i c u l a r  e p i t a x i a l  matc- 
r i a l  a s  a v a r i a b l e .  T h i s  m a t e r i a l  was p u r -  
chased from Morgan and C r y s t a l  S p e c i a l t i e s .  
As a conscqucnce  of using bu lk  s u b s t r a t e s ,  
a g i n g  e f f e c t s  o f  t h c s c  c o n t a c t  sys t ems  on an 
np i n t e r f a c e  canno t  be  measured,  These  
e f f e c t s  will be  indepcnden t ly  measured t o  
e n s u r e  l o n g  l i f e  of d e v i c e  j u n c t i o n  i n t e r f a c e s  
l y i n g  b e n e a t h  c o n t a c t s .  Only n - t y p e  m a t e r i a l  
h a s  been s t u d i e d  t o  d a t e .  
l e v e l s  were u s e d ,  undoped (1016 cm-3) and 
modera t e ly  doped ( 5  x 1017 cm-3) ,  i n  o r d e r  t o  
span  t h e  b u l k  doping  r ange  which c o n t a c t s  
e n c o u n t e r .  

Con tac t  R e s i s t a n c e  Measurement Method 

Two b a s i c  dop ing  

T h c  use o f  b u l k  GaAs m a t e r i a l  e l i m i n a t e d  
many common c o n t a c t  r c s i s t a n c e  measurement 
schemes t h a t  r e l y  on c u r r e n t  f low r t r i c t i o n  
t o  t h e  two d imens iona l  e p i l a y c r . l o B f l  
i t  was n e c e s s a r y  t o  use a method t h a t  i s  more 
t o l e r a n t  t o  m a t e r i a l  t h i c k  ess .  A common 
problem w i t h  b u l k  niethods19 i s  t h e  d i f f i c u l t y  
i n  d i s t i n g u i s h i n g  between t h e  c o n t a c t  r c s i s -  
t a n c e  and t h e  ser ies  r e s i s t a n c e  of  t h e  semi -  
conduc to r .  To c i rcumvent  t h i s  , t h e  c o n c e n t r i c  
r i n g  p a t t e r n  shown i n  F i g u r e  1 and a f o u r - w i r e  

Thus ,  

2 



measuTcmcnt t e c h n i q u e  havc  bccn used .  

lwccn t h e  f i r s t  and second  r i n g s  d c v c l o p i n g  
a n e t  v o l t a g c  which j n c l u d c s  a p o t c n t i a l  d i f -  
f e r c n c c  (VClc) a c r o s s  thc non-zero  c o n t a c t  
r c s i s t a n c e  o f  tlic f i r s t  c o n t a c t  r i n g  t o  GaAs 
scmiconduc to r  i n t e r f a c e .  A I  1 c u r r e n t  f lows  
r a d i a l l y  and  sy innic t r ica l ly  o u t  from t h e  f i r s t  
r i n g  and t h u s  the bu lk  m a t e r i a l  s u r f a c e  i n -  
t e r i o r  t o  t h i s  r i n g  i s  a t  t h c  samc p o t e n t i a l  
as t h a t  of  t h c  h i i l k  s u r f a c c  imniediately hclow 
t h e  f i r s t  r i n g .  Using a h igh  impedance v o l t -  
meter,  t h e  p o t e n t i a l  from t h c  f i r s t  r i n g  t o  
t h e  i n t e r i o r  m e t a l  d o t  i s  moni tored .  T h i s  
measurement i s  c q u a l  t o  VCK p r o v i d e d  n e g l i g i -  
b l c  c u r r e n t  i s  f lowing  i n t e r i o r  t o  tlic f i r s t  
r i n g  duc t o  t h e  v o l t m c t c r  o r  nssymmctry i n  
c u r r c i i t  I .  l’hc s p c c i f i c  ohiiiic c o n t a c t  
r e s i s t a n c e  i s  tlicn g i v e n  by 

A c o n s t a n t  c u r r e n t  ( I )  i s  a p p l i e d  b e -  

where A = tlic a r c a  under  t h e  f i r s t  r i n g ,  

P rocedure  

GaAs s u b s t r a t e s  were s u b j e c t e d  t o  a 
s t a n d a r d  s o l v e n t  c l e a n i n g ,  i n c l u d i n g  a 2 -  
minute  IICI e t c h .  A l l  n i c t a l l i z a t i o n  was pcr-  
fornicd i n  an E-bcam vacuiim d e p o s i t i o n  sys tcm.  
Samples  \\*ere bakcd  o u t  a t  300°C f o r  an hour  
i n  vacuum atid thcn  c o o l c d  t o  150°C f o r  dcpo-  
s i t i o n .  D e p o s i t i o n  was acconip l i shed  a t  
T o r r .  Fi lms were d r p o s i t c d  b o t h  i n  l a y e r e d  
and a l l o y  form;  f o r  cxaniple ,  on one s e t  o f  
s u b s t r a t e s  a fi l i i i  of G c  was d c p o s i t e d  f o l -  
lowed by a f i l m  o f  A l ,  and on a n o t h c r  s e t ,  a 
f i l m  of  c u t e c t i c  : i l loy AlGc was d e p o s i t e d .  
P a t t c r n  masking was accoinpl i shed  u s i n g  
13505 p h o t o r r s i s t .  Wct cfrcmical e t c h i n g  w;is 
usctl f o r  A l ,  Au, A g ,  and N i .  Gold c t c h  was 
uscd  f o r  t he  e i i t cc t i c  AuGc and A 1  c t c h  f o r  
AlGc. Plasma CF4 and  C F 4 / O 2  e t c h i n g  was 
used f o r  S i ,  G e ,  and Nb. Ion  m i l l i n g  was 
nccdctl  f o r  P t  rciiioval. Anncal ing  was p e r -  
formed i n  a t u b c  f u r n a n c c  w i t h  a f l ow of  
foririing g a s  (103. 112). l’hc f u r n a n c e  t empera -  
t u r e  was c o n t r o l  led t o  w i t h i n  5°C. Samples  
from each  c o n t a c t  sys t em u c r e  a n n c a l e d  a t  
t h r e e  d i f f e r e n t  t e m p e r a t u r e s .  E l e c t r i c a l  
mcasurcments  wcrc pcr formcd on a p robc  s t a -  
t i o n  w i t h  a s u b s t r a t e  h e a t e r .  A c o n s t a n t  
1 0  niA c u r r r n t  was i n j c c t c d  bctvcci i  t h e  i n s i d e  
and middle  r i n g ,  while thc v o l t a g e  was nica- 
s u r e d  b e t w e n  t h c  c e n t r a l  d o t  and t h c  i n s i d e  
r i n g  ( s c c  F i g u r e  1 ) .  To ens t i re  r a d i a l  sym- 
met ry  of  t h e  c u r r c n t  f low,  m u l t i p l e  p r o b c  
c o n t a c t s  aiid t h i c k  me ta l  1 i z a t i o n s  were used .  
Samples wcrc ngcd in n 300°C r e c j r c u l a t i n g  
a i r  oven w i t h o u t  c u r r e n t  l o a d i n g .  C o n t a c t s  
t h a t  r e t a i n  u s e f u l  p r o p e r t i c s  f o r  1000 hour s  
a r e  t h e n  t e s t e d  a t  400°C. 

Hcsiilts and D i s c u s s i o n  

The s p e c i f i c  m a t c r i a l  t h i c k n c s s e s ,  
a n n e a l i n g  t c m p c r a t u r c  , and d c p o s i t i o n  ra tcs  
a r e  l i s t c d  i n  T a h l c  I .  Thc sys t ems  v a r i c d  i n  
t h c i r  . s c i i s i t i v i t y  t o  atine;ilinp, tiinc and  tcm- 
p e r a t u r c  w i t h  Ni/AuCc b e i n g  the most t o l e r a n t  
and Nb/Si thc I c a s t  ( S C C  l’ablcs 11-IV). A l l  
systcins e x c e p t  t h c  AlGc showetl i i i i  t i a l  con -  
t a c t  r e s i s t i v i t y  from 24 t o  350°C o f  
+ l O - 5 ~ i - t m ~ .  N i c k e l  was uscd i n  two sys tc ins  
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as a w e t t i n g  a g e n t ,  however ,  i n  a l l  c a s e s  b u t  
one ,  t h c r e  was good v e t t i n g  and a d h e s i o n .  
The e x c e p t i o n  o c c u r r c d  w i t h  t h e  Nb/Si sys t em.  
Whctlicr t h i s  was causcd  by poor  w e t t i n g  o r  
thermal  mismatch i s  n o t  y e t  known. Aging i n  
an a i r  r c c i r c u l n t i n g  oven a t  300°C p roduced  no 
s i g n i f i c a n t  c o n t a c t  r e s i s t a n c e  changes  e x c e p t  
i n  the Ag/Ni/Si sys t em where t h e  r e s i s t a n c e  
i n c r e a s e d  by a f a c t o r  o f  5 o v e r  300 h o u r s .  

Reasonable  s p c c i f i c  c o n t a c t  r e s i s t a n c e s  
havc n o t  bccn ach icvcd  w i t h  t h e  A l G e  s y s t e m  
dcsp i  t e  many v a r i a t i o n s  on f a b r i c a t i o n  t e c h -  
n i q u e ,  k a s u r e d  v a l u e s  were g r e a t e r  t h a n  
10-2Q*cm2.  Good f i l m  adhes ion  was a lways  
ach ieved  whe the r  a s i n g l e  a l l o y  f i l m  o r  con-  
s e c u t i v c  A 1  and Gc f i l m s  were d e p o s i t e d ,  V a r i -  
a t i o n  o f  a n n e a l i n g  t cn ipc ra tu re  and c o n t a c t  
r e s i s t a n c e  m o n i t o r i n g  d u r i n g  a n n e a l i n g  i n d i  - 
c a  t cd an o p t  i mum p r o  c c s  s i ng t c nip e ra t  u re bc  1 ow 
400°C. U n f o r t u n a t e l y ,  t h i s  optimum tempera -  
t u r e  i s  Iowcr t h a n  t h c  e n v i s i o n e d  d e v i c e  o p e r -  
a t i o n a l  t e m p c r a t u r c .  Although t h e  p h y s i c s  
of t h c  i n a d c q u a t c  c o n f a c t  a l l o y i n g  i s  n o t  y e t  
u n d e r s t o o d ,  i t  i s  c l e a r  t h a t  t h e  A l / G c  sys t em 
was n o t  compa t ib l c  w i t h  p r o c e s s i n g  used  i n  
t h i s  s t u d y .  

f i n e  wire bonds and measur ing  t h e  p u l l  
s t r c n g t h s  t o  f a i l u r e .  U l t r a s o n i c  aluminum 
wire bonding  was t r i e d  on a l l  c o n t a c t  mate- 
r i a l s .  A Kul icke  and S o f f a  484 bonder  w i t h  a 
Microswiss  T i t an ium Carb ide  Concave Tool  
No. 423-10-03  was used  w i t h  1 m i l  A 1  wire 
(1% S i )  h a v i n g  a t e n s i l e  s t r e n g t h  o f  1 5  granis. 
The c o n t a c t  samples  were p a t t e r n e d  and  
annea led  b e f o r e  bonding  b u t  had s e e n  no  a g i n g .  
E x c e l l e n t  a d h e s i o n  was measured f o r  A l / G e ,  
Ag/Si ,  and  Ni/AuCe sys t ems  w i t h  an a v e r a g e  
p u l l  s t r e n g t h  o f  10 grams. For these t h r c e  
sys tems t h c  u s e f u l  r ange  of bonding p a r a m c t c r  
was l a r g e ;  t h e  u l t r a s o n i c  power and d u r a t i o n  
c o u l d  be a d j u s t e d  by a f a c t o r  o f  2 w i t h  o n l y  
a 400 d r c r e a s e  i n  p u l l  s t r c n g t h .  Bond f a i l u r e  
o c c u r r c d  b o t h  a t  t h c  c o n t a c t  f i l m  t o  GaAs 
i n t c r f a c c  and a t  t h e  bond pad h e e l .  I n  con-  
t r a s t  t o  t h e  e x c e l l e n t  adhcs ion  measured i n  
t h c s c  t h r c e  s y s t e m s ,  t h e  two v a r i a t i o n s  o f  t h e  
Nb/Si sys t cm c o u l d  n o t  be u l t r a s o n i c a l l y  
bonded w i t h  aluminum wire .  S u r f a c e  con tamina -  
t i o n  r e s u l t i n g  from i o n  m i l l i n g  o f  t h e  P t  cer-  
t a i n l y  c o n t r i b u t e d  t o  this problcm; moreover  
s p a l l j n g  o f  t h e  se in iconductor  s u r f a c e  d u r i n g  
bonding  a t t c m p t s  s u g g e s t s  a h igh  s u r f a c e  s t ress  
ex i s t s  in  t h c s c  f i lms. I n t e r n a l  s t ress  was 
a g a i n  i n i p l i c a t e d  w h c n  samplcs  a n n e a l e d  abovc 
600°C slioucd edge  p c c l i n g .  For  t h i s  reason a 
thermocomprcss ion  g o l d  wire bond p u l l  s t r c n g t h  
t e s t  was uscd .  P u l l  s t r c n g t h s  g r e a t e r  t h a n  1 
gram werc a c h j e v a b l c ,  b u t  s t r e n g t h  v a r i a b i l i t y  
c x i s t c d  from samplc t o  sample.  P r o c e s s i n g  
v a r i a t i o n s  ( d e p o s i t i o n  t e m p c r a t u r e ,  f i l m  
t h i c k n e s s ,  a n n e a l i n g  timc) are  b e i n g  pe r fo rmed  
t o  o p t i m i z c  t h i s  marg ina l  adhes ion .  

Fi lm a d h e s i o n  was a s c e r t a i n e d  by a f f i x i n g  

T a b l e  I J I  r e v e a l s  t h a t  the ohmic resis-  
t a n c e  f o r  S a m l l e s  o b t a j n c d  from wafe r  No. 6 
(dopin!! 5X1O1’ C m - 3 )  a r e  a lmost  an o r d e r  of 
magnituilc s m a l l e r  t h a n  t ose o b t a i n e d  from 
wafcr  No. 3 (tlopiirg l o l k  cm-3).  T h i s  i s  
e x p l a i n e d  by t h e  f a c t  t h a t  c u r r e n t  f l ow a t  
t h e  i n t e r f a c e  is a s s i s t e d  by a t u n n e l i n g  
mCCha1liSnl aCrOSS t h c  b a r r i e r  w id th  which jc, - - .  
matlc nnrrawcr by the h i g h e r  doping  i n  t h e  
s u b s  t r a  t e , 



I n  siinirnnry,  c o n s i d c r a h l c  o p t i m i z a t i o n  o f  
. p a r a m c t c r s  atid t e s t i n g  rcmnin i n  q u a l j  f y i n g  
-a hiEli t en ipc rn tu rc  ohmic c o n t a c t  sys tem.  
' N o n e t h c l c s s ,  t h c  SOOOC r c s u l t s  f o r  Ni/AuGe 
and  Ag/Si sys t ems  s a t i s f y  t h e  c r i t e r i a  o f  
a d h c s i o n ,  c o n t a c t  r e s i s t i v i t y ,  h i R h  a n n e a l -  
i n g  t empcra t i i r c ,  and h igh  t c m p c r a t u r c  aging 
s t a b i l i t y .  'l'lic 356OC e u t e c t i c  t c m p c r a t u r e  
o f  AuGe, h o ~ ~ c v c r ,  p o s c s  a p o t c n t i a l  problcm 
b c i n g  w i t h i n  t h e  o p e r a t i o n a l  t e m p c r a t u r c  
r a n g c .  
b c  o b t a i n e d  i n  Au/Nh/Si and Pt /Nb/Si  c o n t a c t s  
and lowcr s p c c i f i c  r e s i s t i v i t y  i n  t h c  A l l G e  
and A l / K i / G c  c o n t a c t s  h c f o r c  e i t h e r  can  b e  
c o n s i d c r c d  f o r  h igh  t e m p e r a t u r e ,  The r c s u l t s  
o f  4 O O 0 C  a g i n g  w i l l  b c  r c p o r t c d  i n  t h e  p r e -  
s c n t a t i o n .  

Bct tcr  a d h e s i o n  and b o n d a h i l i t y  must 

b la te r i  a l s  Thicki icss  (A )  

N i  /AuGe 500/1500 
400/2000 
4 0 0 / 1  G O O  
800/3000 

Ag/Si 4000/800 
Ag/N i / S i  10,000/700/1000 

. 
P t  /Nb/Si 4000/2000/600 
Au/Nb/Si 8000/2000/1000 

A 1  /Cc 10,000/1000 
A l / A l G c  5000/5000 
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Table  XI 

3 7 . 6 ~ 1 0 ‘  1 . 6 ~ 1 0 - ~  2 .  S X ~ O - ~  

Ag/Si  METALLIZATION 

I S p e c i f i c  Ohmic C o n t a c t ,  n-cm2 

Room Temp. 

6 . 1 ~ 1 0 - ~  

3 . 2 ~ 1 0 ’ ~  

4 . 7 x 1 0 - 4  

2 . 0 ~ 1 0 -  5 
4 . 7 ~ 1 0 - 4  
3 . 0 ~ 1 0 - ~  

3 . 3 ~ 1 0 ’ ~  3 .  l x l O - ’  3 . 6 ~ 1 0 - 5  

2 .  ~ ~ 1 0 - 5  3 .9x lO - 5  5 . 6 ~ 1 0 -  

Aged a t  3OOOC 
. -  - 

3 . 6 ~ 1 0 - ~ ,  245 h r s  

2 .3x10- ’ ,  245 hrs 
4 . 2 ~ 1 0 - ~ ,  145 h r s  

2 . 4 ~ 1 0 ’ ~ ,  145 h r s  

3 . 5 ~ 1 0 - ~ ,  162  h r s  
2.6xlO-’, 162 hrs 

I 575 I 5 I 3 ~ 1 0 - ~  I 1 . 3 ~ 1 0 - ~  I 6 . 5 ~ 1 0 - ~  

A1 1 oy i n  g 

I I I I 

S p c c i f i c  Ohmic C o n t a c t ,  n-cm 2 

Time Temp 

(“C) 

600 5 

5 50 5 
500 10 

Wafer No. 

3 
6 
3 

6 

3 

6 

Room Temp. 90  h r s .  a t  3OOOC 

7 . 7 ~ 1 0 - ~  

5x10‘s  7x10m5 
1 .9x10’  * 

Tablc  1x1 

Ni/AuGe METALLIZATION 

A l l o y i n g  

Temp. 
(“C) 

500 
500 

4 50 

450 

. 450 

450 

T i  me 
(min. ) 

5 

5 
1 0  

10 

5 
5 

Tablc  IV 

Au/Nb/Si PETALLI ZATION 
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Microscope Photograph of Contact  Ring P a t t e r n  
(Outer Ring - 66  m i l l  O . D .  d iameter )  

Ring No. 1 Measured Voltage 

Ring No. 

Ring No. 

Bulk Mater ia l  \ 

Schematic  o f  Contact  Rings and Measurcmcnt Probe Locations 

Figure 1 
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