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ABSTRACT 

The purpose  of t h i s  c o n t r a c t  was t o  s t u d y  t h e  e l e c t r i c a l  p r o p e r t i e s  
o f  m e t a l l i c  l a y e r s  implanted i n t o  amorphous o x i d e  g l a s s .  The g l a s s  
s u b s t r a t e s  used throughout  t h e  i n v e s t i g a t i o n  were t h i c k  l a y e r s  o f  oxide 
t h e r m a l l y  grown on p o l i s h e d  s i l i c o n  s u b s t r a t e s .  The reason  f o r  choosing 
such  a s u b s t r a t e  i s  t h e  good r e p r o d u c i b i l i t y  of t h e  ox ide  f i l m s  formed by 
t h i s  method which c a p i t a l i z e s  on t h e  w e l l  developed p l a n a r  technology of 
contemporary s i l i c o n  d e v i c e s .  

The pr imary p r o p e r t y  measured i n  e v a l u a t i n g  t h e  implan ted  l a y e r s  w a s  
e l e c t r i c a l  c o n d u c t i v i t y .  The c o n d u c t i v i t y  o f  t h e  implan ted  m e t a l l i c  layer 
can i n  p r i n c i p l e  d i f f e r  by m u l t i p l e  o r d e r s  of magnitude from t h a t  o f  t h e  
h o s t  l a t t i c e  of t h e  i n s u l a t i n g  ox ide .  Consequently t h i s  pa ramete r  i s  
expec ted  t o  b e  a s e n s i t i v e  measure of any m o d i f i c a t i o n  i n  t h e  g l a s s  brought  
about  by t h e  i m p l a n t a t i o n  p r o c e s s .  I n  a d d i t i o n  t h e  s imple  conduc t ive  
r e s i s t o r  s t r u c t u r e s  formed can have p r a c t i c a l  a p p l i c a t i o n s  o f  t h e i r  awn, 

R e s u l t s  of t h e  i n v e s t i g a t i o n  c a r r i e d  o u t  under t h i s  program have not 
i d e n t i f i e d  any conduct ion a t t r i b u t e d  t o  t h e  implanted m e t a l l i c  l a y e r ,  
R e s i s t o r s  of v a r i o u s  magnitudes and t empera tu re  c o e f f i c i e n t  have been 
measured b u t  t h e s e  have been t h e  p r o p e r t i e s  o f  o t h e r  conduct ing p a t h s  
r a t h e r  t h a n  t h e  p r o p e r t i e s  o f  t h e  implan ted  l a y e r .  The e x t r a n e o u s  
conduct ing p a t h s  which dominate t h e  measurements inc luded :  

(1)  A s u r f a c e  d e p o s i t  r e s u l t i n g  from exposure  of t h e  o x i d i z e d  
s i l i c o n  t o  t h e  i m p l a n t i n g  beam ( t h i s  f i l m  could  be  removed 
by an oxygen plasma c l e a n i n g  s t e p  similar t o  t h o s e  becoming 
p o p u l a r  f o r  t h e  removal of p h o t o r e s i s t  f i l m s ) ;  

(2) A p a t h  d e f i n e d  by aluminum p e n e t r a t i o n  through t h e  oxide  
t o  t h e  u n d e r l y i n g  s i l i c o n  ( t h i s  p a t h  was n e g l i g i b l e  u n t i l  
t h e  a n n e a l i n g  t empera tu re  exceeded 550°C). 

The f a i l u r e  t o  observe e l e c t r i c a l  c o n d u c t i v i t y  caused by i m p l a n t a t i o n  a t  
t h e  f l u e n c e s  and e n e r g i e s  employed s u g g e s t s  t h a t  one o r  more of t h e  assump- 
t i o n s  o f  t h e  exper iment  a r e  i n v a l i d .  P o s s i b l e  e x p l a n a t i o n s  i n c l u d e :  

(1) The LSS model f o r  i m p l a n t a t i o n  of t h e s e  i o n s  i n t o  ox ide  
may n o t  be  adequate  f o r  p r e d i c t i n g  t h e i r  f i n a l  p o s i t i o n .  
D i f f u s i o n  e f f e c t s  might reduce t h e  peak c o n c e n t r a t i o n  of 
t h e  implanted beam from t h a t  p r e d i c t e d  o r  p r e c i p i t a t i o n  
e f f e c t s  may u p s e t  t h e  assumed l a t e r a l  u n i f o r m i t y  of t h e  
implan ted  l a y e r .  P r o f i l i n g  exper iments  and a n a l y s i s  w i t h  
t r a n s m i s s i o n  e l e c t r o n  microscopy are recommended t o  a i d  
i n  unders tand ing  t h e  l a c k  of c o n d u c t i v i t y .  



(2) The assumption t h a t  t h e  implanted s p e c i e s  does  n o t  
i n t e r a c t  w i t h  t h e  h o s t  S i02  may b e  e r roneous .  

Reorder ing a f t e r  i m p l a n t a t i o n  could  e a s i l y  r e s u l t  
i n  t h e  fo rmat ion  of t e r n a r y  compounds s i m i l a r  t o  
t h o s e  used i n  ce ramics .  These compounds a r e  insu-  
l a t o r s  and would n o t  b e  d e t e c t e d  by t h e  measuring 
methods employed h e r e .  T h e i r  p r e s e n c e  shou ld  b e  
d e t e c t a b l e  by e l e c t r o n  d i f f r a c t i o n ,  I R  a b s o r p t i o n  
o r  o t h e r  s t r u c t u r e - s e n s i t i v e  measures.  
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SECTION I 

BACKGROUND 

The ideas  on which t h i s  research  was based involve t h e  b a s i c  concepts 
of the  s t r u c t u r e  of s o l i d s .  The molecules o r  atoms of a s o l i d  are held 
t oge the r  by e i t h e r  covalent  bonds o r  by i o n i c  fo rces .  Glasses  and thermal 
oxides on s i l i c o n  a r e  p r imar i ly  covalen t ly  bonded t e t r a h e d r a  of silicon 
and oxygen atoms which form a r e l a t i v e l y  s t a b l e  SiO complex. The 2 
t e t r a h e d r a  themselves can be ordered o r  d i sordered  as i l l u s t r a t e d  i n  Fig. 1 
t o  fonn a g l a s sy  o r  a c r y s t a l l i n e  s o l i d .  

A key assumption of t h i s  work is t h a t  one can implant a m e t a l l i c  
spec i e s  i n t o  t h e  e x i s t i n g  SiO network and t r e a t  t he  r e s u l t i n g  structure 2 
a s  an imbedded c o l l e c t i o n  of hydrogen-like atoms wi th in  t h e  previous ly  
e x i s t i n g  SiO network. Since many of t h e  covalent  SiO bonds w i l l  be 

2 2 
broken during the  implanta t ion  process ,  a t  l e a s t  i n  t h e  v i c i n i t y  o f  maximum 
energy l o s s  by t h e  implanted beam, t h i s  assumption impl ies  t h a t  the 
o r i g i n a l  SiO s t r u c t u r e  w i l l  regrow without  i nco rpora t ing  t h e  newly 

2 

Fig. 1. Two dimensional schematics of: (a)  s i l i c a  c r y s t a l  network, 
(b) s i l i c a  g l a s s  network a s  descr ibed  by Zachariasen, and 
(c )  s i l i c a  g l a s s  viewed as a polymer-crystal l ine network, 



impPmted m t a l l i c  spec i e s  i n  any s i g n i f i c a n t  degree. I f  t h i s  assumption 
1 s  v a l i d ,  then the  p r o p e r t i e s  of t h e  implanted l a y e r  should be c o n s i s t e n t  
w i t h  a model i n  which the  implanted spec i e s  do no t  i n t e r a c t  wi th  t h e  SiO 

2 
lattice and no new chemical spec i e s  a r e  formed (such a s  A l  0 MgO, o r  a  

2 3' 
ternary compound of s i l i c o n ,  oxygen, aluminum o r  magnesium), The proper- 
ties of  the i np l an ted  l a y e r  a r e  expected t o  vary wi th  t h e  d i s t a n c e  between 
nearest neighbor implanted meta l  atoms, which i n  t u r n  is  determined by t h e  
dose of t h e  implantation process .  I f  any compound forms o r  i f  t h e  covalent  
bound s t r u c t u r e  of t h e  implanted region changes, then  knowledge of t h i s  
new s t r uc tu r e  is  probably necessary be fo re  e l e c t r i c a l  behavior  can be 
predicted even q u a l i t a t i v e l y .  Most l i k e l y  t h e  assumption of no i n t e r a c t i o n  
between t he  inrplanted spec i e s  and t h e  s u b s t r a t e  l a t t i c e  i s  v a l i d  only f o r  
certain spec i e s .  The spec i e s  chosen f o r  i n v e s t i g a t i o n  i n  t h i s  program were 
s e l e c t e d  so a s  t o  have a v a r i e t y  of a n t i c i p a t e d  i n t e r a c t i o n s  between t h e  
tm?: anted atom and the  s u b s t r a t e  l a t t i c e .  

P red ic t ed  P r o f i l e  of Implanted Species 

The i w u r i t y  p r o f i l e  assumed t o  c h a r a c t e r i z e  t h e  implanted l a y e r s  i s  
the Gaussian d i s t r i b u t i o n  p red ic t ed  by Lindhard, Scharff  and S c h i o t t  (LSS) 
; ~ e f ,  I]* The i n t e r a c t i o n  problem solved by LSS i s  t h a t  of a  s e r i e s  of 
two-body Rutherford s c a t t e r i n g  events .  Mul t ip le  c o l l i s i o n s  a r e  handled 

ng sepa ra t e ,  success ive  c o l l i s i o n s ,  t h e  inc iden t  p a r t i c l e  f o r  t h e  

it' c o l l i s i o n  be ing  the  s c a t t e r e d  p a r t i c l e  from t h e  ith-l c o l l i s i o n .  The 
consequences of  t h i s  model and t h e  r e s u l t a n t  d i s t r i b u t i o n s  have been 
reviewed by Gibbons [Ref. 21 and a program has been w r i t t e n  t o  f a c i l i t a t e  
c o n ~ ~ u t a t i o n s  based on t h i s  model [Ref. 31. The values ca l cu la t ed  i n  Ref. 3 
are those used i n  p r e d i c t i n g  t h e  d i s t r i b u t i o n s  and concent ra t ions  f o r  t h e  
work pe r fomed  he re .  Reference 3 t a b u l a t e s  var ious  ranges and range 
s c a t t e r i 3 g s  f o r  d i f f e r e n t  spec i e s  i n t o  SiO Energy of implanta t ion  i s  2 ' 
a pa rane te r  i n  t he  t abu la t ions .  Consequently, one can c a l c u l a t e  t h e  
Eaussim" p r o f i l e  f o r  any given implanta t ion  energy by us ing  t h e  va lues  of 

- 
EEEL"L pro jec ted  range, 

"P 
and range s t r a g g l i n g ,  AR l i s t e d  i n  Ref. 3.  

P ' 
Using t he se  va lues  i n  Eqs. ( I )  and (21, a p l o t  of t h e  impuri ty  p r o f i l e s  
sach as shown i n  Fig.  2  can be  constructed.  

P e a ~  concent ra t ion  i s  given by: 

N = 0.4 (f luence)  
max - 

AR 
P 

w'i-,ere N i s  the  maximum impurity concent ra t ion  which occurs  a t  a  
lTl8X 

"- 

depc-k of R . 
P 



Fig. 2.  Gaussian impuri ty  p r o f i l e  f o r  i ons  implanted 
i n t o  an amorphous t a r g e t  [Ref. 21 

Concentration a s  a func t ion  of depth is predic ted  t o  be: 

where x i s  depth expressed i n ,  terms of + bR . 
P -  P 

This  model neg lec t s  any inf luence  of s u b s t r a t e  s t r u c t u r e  upon t h e  
p red ic t ed  impuri ty  p r o f i l e ;  it ignores  any post- implantat ion d i f f u s i o n  o r  
impuri ty  motion a t  thermal energy. The neg lec t  of s u b s t r a t e  s t r u c t u r e  i s  
w e l l  j u s t i f i e d  i n  t h e  case  of an amorphous thermal oxide on s i l i c o n ;  rha 
neg lec t  of a d d i t i o n a l  impuri ty  motion fol lowing implanta t ion  may be  more 
quest ionable.  

Conduction Mechanisms 

The con t r ibu t ion  of t h e  implanted metal  i ons  t o  t h e  conduct iv i ty  of 
t h e  implanted l a y e r  depends upon t h e  spac ing  between n e a r e s t  neighbor m e t a l  
atoms. Conduction v a r i e s  from t h e  case  i n  which t h e  n e a r e s t  neighbor 
spacing i s  so  g r e a t  t h a t  no apprec iab le  i n t e r a c t i o n  between n e a r e s t  
neighbor implanted meta l  atoms e x i s t s  t o  t h e  case  i n  which the  nearest 
neighbor meta l  atoms a r e  so  c lose  t h a t  m e t a l l i c  conduction occurs because 



of  e l e c t r o n  o r b i t  over lap  between n e a r e s t  neighbor atoms. Between these  
two extremes a r e  t h e  cases  of r e s t r i c t e d  c a r r i e r  t r a n s p o r t  between n e a r e s t  
neighbors i nc lud ing  t u n n e l l i n g  and hopping. The temperature dependence of 
each of t hese  processes  d i f f e r s  from t h e  o the r  and hence conduct iv i ty  
measurements as  a  func t ion  of temperature a r e  a  simple means of d i s t i n -  
gurshlng between them. 

Semiconductors e x h i b i t  conduct iv i ty  which inc reases  with temperature 
and i s  cha rac t e r i zed  by an a c t i v a t i o n  energy. This means t h a t  t h e  r e s i s -  
tivity i nc reases  exponent ia l ly  wi th  inc reas ing  r e c i p r o c a l ,  abso lu t e  tem- 
perature (T). The s l o p e  of a  p l o t  of r e s i s t i v i t y  versus  1/T gives t h e  
magnitude of t h e  a c t i v a t i o n  energy. Metals ,  on the  o t h e r  hand, a r e  
cha rac t e r i zed  by an inc reas ing  r e s i s t i v i t y  wi th  temperature.  The 
explanation i n  t he  s imple band model i s  t h a t  t he  r e s i s t i v i t y  of a  
sern.iconductor is dominated by inc reas ing  c a r r i e r  concent ra t ion  wi th  
temperature wh i l e  t he  metal  experiences no changing c a r r i e r  concentra- 
tion with i nc reas ing  temperature bu t  r a t h e r  increased  s c a t t e r i n g  and 
heace a reduced c a r r i e r  mobi l i ty .  Consequently, no t  only t h e  magnitude 
of che conduct iv i ty  of an implanted l a y e r  i s  important ,  bu t  i n  p a r t i c u l a r  
a measure of t he  temperature dependence of t h e  conduction l a y e r  i s  
vaiuable i n  i n t e r p r e t i n g  t h e  e l e c t r i c a l  p r o p e r t i e s  of t he  implanted 
l ayer ,  

Spu t t e r ing  

X f u r t h e r  assumption of t h i s  experiment i s  t h a t  t h e  r e s u l t s  w i l l  not  
b e  sputter l imi t ed .  Implantat ion a t  high f luence  can encounter a  s p u t t e r  
1Lrniac condi t ion  i n  which t h e  f l u x  of dopant i ons  (previous ly  implanted by 
the ion beam) s p u t t e r e d  from t h e  sample su r f ace  equals  t h e  dopant f l u x  i n  
t h e  primary i on  beam. Once t h i s  condi t ion  is reached no f u r t h e r  i nc rease  
i n  implanted ion  dens i ty  can occur.  Losses due t o  s p u t t e r i n g  depend upon 
the sputtering y i e l d  ( t h e  number of spu t t e r ed  atoms p e r  i n c i d e n t  ion)  
wh.icl: i n  t u r n  i s  energy dependent and the  mean p ro j ec t ed  range of t h e  
impiamteci i on  which i s  a l s o  energy dependent. Implantat ions above 100 keV 
gecesa l ly  reduce s p u t t e r i n g  l o s s e s  t o  smal l  o r  n e g l i g i b l e  l e v e l s .  



SECTION I1 

EXPERIMENTAL 

This s e c t i o n  descr ibes  t he  sample p repa ra t ion ,  the  implanta t ion  
procedures and t h e  measurements made i n  eva lua t ion .  Each of t hese  
top ic s  is discussed i n  t he  fol lowing subsec t ions .  

Sample Prepara t ion  

10 S1 cm, P-type s i l i c o n ,  o r i e n t e d  i n  a  <loo> d i r e c t i o n  was used 
throughout a s  t he  s u b s t r a t e  f o r  growing th i ck ,  thermal oxides which 
ac ted  a s  t he  hos t -g lass  ma t r ix  i n t o  which t h e  metal  l a y e r s  were 
implanted. Typica l ly  t h e  oxide l a y e r s  were 2 pm t h i c k  and were 
prepared by steam oxida t ion  a t  llOO°C f o r  s i x t e e n  (16) hours .  

Following the  formation of t h e  t h i c k  oxide l a y e r  t h e  e n t i r e  
s u r f a c e  was coated wi th  1 pm of evaporated aluminum. By s tandard  
photoengraving methods, t h e  aluminum was s u b s t r a c t i v e l y  etched t o  
leave  a  p a t t e r n  of concen t r i c  r i ngs  on t h e  sur face .  The dimensions 
and appearance of t hese  r ings  a r e  shown i n  Fig. 3. These r ings  
served both a s  a mask dur ing  t h e  implanta t ion  and a s  a  con tac t  t o  
t he  implanted l a y e r  fol lowing t h e  implantat ion.  

Using the  aluminum r i n g s  a s  a contac t  assumes t h a t  t h e  etched 
border  of t he  aluminum r i n g  i s  a  tapered wedge. This assumption was 
checked by scanning e l e c t r o n  microscopy; t h e  uniformity of t h e  e t c h  
and the  dimensions involved f o r  t h i s  p a r t i c u l a r  e t ch  show t h e  t a p e r  
of t he  edge of t he  aluminum t o  make an angle  of about 4' with  the 
oxide su r f ace .  This angle  i s  shallow enough t o  produce a  gradual  
outcropping of t h e  implanted l a y e r  which mir rors  t h e  wedge a t  t h e  
su r f ace  a s  schemat ica l ly  i l l u s t r a t e d  i n  Fig.  4 .  The assumption i s  
t h a t  t he  depth t o  which t h e  beam pene t r a t e s  on the  average (E ) 

P 
t r a n s i t i o n s  from t h a t  depth i n  t he  unmasked region of t he  oxide up 
t o  t he  aluminum r i n g  a s  shown i n  Fig. 4. Consequently, t h e  aluminum 
r i n g  i s  connected t o  t h e  implanted l a y e r  by a  continuous path.  

Masks were a l s o  made t o  enable post- implantat ion meta l  r i ngs  t o  
be depos i ted  as i l l u s t r a t e d  by t h e  dashed metal  C i n  Fig. 4. This 
provis ion  i s  u s e f u l  f o r  d i s t i ngu i sh ing  s u r f a c e  conducting pa ths  
from subsurf  ace  pa ths .  



F i g .  3.  S u r f a c e  Geometry 

IMPLANTED METAL BEAM 

METAL 
MASK 

Fig. 4 .  Implanted p r o f i l e  showing s u r f a c e  c o n t a c t  r e g i o n .  
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Ion Implantat ion 

A l l  ion  implanta t ions  were c a r r i e d  out  on t h e  Heavy Ion Source a t  
Langley Research Center.  This source i s  b u i l t  by Danfysik and at Langley 
i t  is coupled d i r e c t l y  onto an Ortec e l e c t r o s t a t i c  l e n s  capable of 60 keV 
acce l e ra t ion .  The beam l eav ing  t h e  a c c e l e r a t o r  e n t e r s  a s e c t o r  magnet 
f o r  s e p a r a t i o n  and can be  pos t -acce lera ted  through an a d d i t i o n a l  100 keV 
be fo re  reaching  t h e  t a r g e t .  An x-y sweep scans t h e  beam ac ros s  t h e  des i r ed  
a r e a  i n  t h e  t a r g e t  chamber. Because of t h e  pos t -acce lera t ion  s t a g e  t h e  
t a r g e t  chamber i s  not  at ground p o t e n t i a l .  

The wafers  t o  be  implanted were mounted i n  t h e  t a r g e t  chamber i n  a 
f i x t u r e  sh i e lded  by a diaphragm opening of 718 inches .  The chamber i s  

- 6 
evacuated by an ion  pump t o  a p re s su re  of 10 t o r r  o r  l e s s .  The source 
end of the  a c c e l e r a t i n g  column i s  pumped by a s t anda rd  o i l  d i f f u s i o n  pump. 

Measurement Methods 

Following implanta t ion  t h e  wafers  were diced and bonded with 
epoxy t o  a f l a t  pack; gold w i r e s  were bonded t o  t h e  va r ious  r i n g s  as 
shown i n  Fig. 5. The r e s i s t i v i t y  of t h e  l a y e r s  could be measured then by 
measuring the  va lue  of t h e  r e s i s t a n c e  appearing between any two c o n t a c t s -  
The m u l t i p l i c i t y  of r i n g s  and t h e  geometry a r e  s u i t a b l e  f o r  po ten t iome t r i c  
measurements i f  des i r ed .  

Fig. 5. Mounted and bonded u n i t  ready f o r  t e s t .  



Resis tance  versus  temperature measuring technique.  - Once t h e  
implmted  chip is  mounted i n  t h e  f l a t  pack and wi re  a t t ached  between t h e  
aluminum r i n g s  and the  l eads  of t he  package, t h e  package can be mounted on 
a p r i n t e d  c i r c u i t  board. The p r i n t e d  c i r c u i t  board couples i n t o  a s tandard  
PC connector t o  which appropr i a t e  hook-up w i r e s  can be so ldered .  This 
p r i n t e d  c i r c u i t  board and connector f i t  n i c e l y  wi th in  t h e  De l t a  MK. 2800 
temperature chamber which was used t o  con t ro l  t h e  temperature during t h e  
measurement of r e s i s t a n c e .  It ranges i n  temperature between 3 0 0 ' ~  and 
approximately -lOO°C. The r e s i s t a n c e  of t h e  u n i t s  under t e s t  was de te r -  
mined by measuring the  vol tage  drop ac ros s  a smal l  known r e s i s t o r  placed 
i n  s e r i e s  wi th  the t e s t  r e s i s t o r .  A dc vo l t age  between 20 and 100 V w a s  
t y p i c a l l y  impressed across  t h e  s e r i e s  combination. This  s imple arrangement 

8 was capable of measuring r e s i s t a n c e s  up t o  10 ohms. With t h e  contac t  
geome.try employed ( see  t h e  fol lowing subsec t ion)  t h e  maximum value  of 

shee t  r e s i s t i v i t y  t h a t  could be measured w a s  about 5 x 10' ohms/sq. This 
value was deemed high enough f o r  t h e  purposes of t h i s  program. 

The cu r ren t  vo l t age  c h a r a c t e r i s t i c s  of t h e  r e s i s t o r s  were spot-checked 
from time-to-time on a Tec t ronix  575 Curve Tracer .  Most r e s i s t o r s  appeared 
linear; those  few which d id  no t  were removed from t h e  d a t a  ana lys i s .  

Geometrical ana lys i s .  - To convert r e s i s t a n c e  i n t o  va lues  of s h e e t  
r e s i s t i v i t y  r equ i r e s  a s o l u t i o n  t o  t h e  c i r c u l a r  contac t  problem of e l e c t r o -  
s t a t i c s .  This  problem is  handled convent ional ly by the  method of conjugate  
func t ions .  Consider t h e  c i r c u l a r  con tac t s  of Fig. 6a a s  mathematical 
func t ions  i n  t h e  complex plane Z: 

By t h e  logar i thmic  t ransformation 

c i r c u l a r  func t ions  i n  t h e  Z-plane becomes s t r a i g h t  l i n e s  i n  t h e  W-plane a s  
shown i n  Fig. 6b. The simple r ec t angu la r  geometry of Fig. 6a i s  e a s i l y  
solved: 



a) Original surface geometry 

b) Surface geometry following logarithmic transformation 

Fig. 6. Conjugate Function Method 



Upon s u b s t i t u t i o n  of Eq.(4) i n t o  Eq.(5), convert ing t h e  v a r i a b l e s  of t h e  
W-plane back t o  those  of t h e  o r i g i n a l  Z-plane, 

Equation (6) r e l a t e s  t he  shee t  r e s i s t i v i t y ,  
Ps, t o  t he  measured r e s i s t a n c e ,  

9, as a func t ion  of t he  c i r c u l a r  contac t  r a d i i ,  rl and r2. 

r 2 .  Table 1 gives t h e  values of Qn - r e l a t i n g  s h e e t  r e s i s t i v i t y  and 
r-r 
I 

r e s i s t a n c e  us ing  Eq.(6) and the  dimensions of t he  geometry i l l u s t r a t e d  i n  
Fig* 3. This t a b l e  i s  read by e n t e r i n g  the  row address  with the  number of 
the f i r s t  contac t  r e s i s t o r  ( s ee  Fig. 3) and proceeding along t h e  column 
address  u n t i l  t he  appropr ia te  counter  contac t  i s  reached; t h e  i n t e r s e c t i o n  
~f the row and column l i s t  t h e  va lue  of Rn r /r t o  be used i n  Eq, (6) .  2 1 

a l. Correct ion f a c t o r s  f o r  convert ing r e s i s t a n c e  measurements 
i n t o  shee t  r e s i s t i v i t y  

-- 
contact I 

Nos. 

Cer ta in  reg ions  on t h e  per iphery  of t h e  wafer a r e  p a r t i a l l y  implanted 
and p a r t i a l l y  not-implanted. This  problem i s  handled by r ep lac ing  t h e  
f a c t o r  2~ i n  Eq.($) wi th  an approximate angle of i n t e r s e c t i o n  f o r  t h e  two 
contac ts .  For example, i f  t he  beam i n t e r s e c t s  r i n g s  5 and 6 as shown i n  
Fig, 7 ,  Eq. (6)  i s  modified by r ep lac ing   IT wi th  7r/3 where t h i s  angle  is  
tha t  corresponding approximately t o  t h e  dashed l i n e s  sketched i n  l i g h t l y .  



Fig. 7. Approximation Method to Account for Partial Coverage 
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Problems a r o s e  i n  bonding gold wi re s  t o  t h e  implanted reg ions  of 
the aluminum r i n g s  and i n  t h e  e a r l y  work only pe r iphe ra l  u n i t s  of t h e  
m o s t  heav i ly  implanted wafers  were used i n  which the  bond was made t o  
a portion of t h e  aluminum r i n g  l y i n g  o u t s i d e  t h e  implanted region.  The 
e l e c t r i c a l  conduct iv i ty  between any two s o  contacted r i n g s  would s t i l l  
be dominated by t h e  reg ion  exposed t o  t h e  ion  beam. The type of correc-  
%:ion i l l u s t r a t e d  i n  Fig. 7was  necessary i n  c a l c u l a t i n g  t h e  shee t  r e s i s -  
t i v i t y  from measurements of r e s i s t a n c e  made on such u n i t s .  

Annealing Technique 

Annealing of t h e  implanted l a y e r  i s  expected t o  have a  major 
in,fluer?ce on the  p r o p e r t i e s  of t h e  implanted l a y e r  because of impuri ty  
r e d i s t r i b u t i o n  and d i f f u s i o n  and because of f u r t h e r  chemical i n t e r a c t i o n  
between t he  implanted reg ion  and t h e  hos t  l a t t i c e .  Consequently, t h e  
i n i t i a l  room temperature d a t a  taken on t h e  implanted l a y e r s  could w e l l  
vary s i g n i f i c a n t l y  from t h a t  taken a f t e r  a  300 o r  400°C annea l ,  f o r  
example, Consequently, t he  i n i t i a l  bonding was done a s  a  room temp- 
erature process  e f f e c t i v e l y  by u t i l i z i n g  a Hughes heated wedge u n i t .  
This bonder uses  no s u b s t r a t e  hea t  bu t  a p p l i e s  a  s h o r t  pu l se  of power 
t~ the c a p i l l a r y  feeding t h e  gold wire .  This  hea t  pu l se  i s  s u f f i c i e n t  
t o  create a nail-head bond between t h e  aluminum and t h e  gold wire  and 
yet t he  surrounding a r e a  experiences l i t t l e  temperature rise. These 
l o w  temperature bonds were made a t  Langley through t h e  cour tesy  of 
J -  S i v i t e r ,  Meteoroid Research Sec t ion ,  Space Technology Divis ion.  

Measurements of Spu t t e r ing  Losses 

The nethod employed f o r  measuring the  th ickness  of l a y e r s  spu t t e r ed  
away dwri-ng i o n  implanta t ion  c o n s i s t s  of measuring the  s t e p  he igh t  between 
a sur face  exposed t o  t he  ion  beam and an ad jacent  s u r f a c e  not  exposed t o  
the beam, The aluminum r i n g  contac ts  which mask the  beam a r e  a  convenient 
mask f o r  t h i s  measurement. Following ion  implanta t ion  t h e  aluminum r ings  
are etched away and the  he ight  of t h e  s t e p  between the  oxide previous ly  
covered by the  aluminum and t h e  ad jacent  oxide reg ion  not  covered is  a 
measure of t h e  oxide th ickness  spu t t e r ed  away during implanta t ion .  The 
step he igh t  is  measured by conventional in te r fe rometry .  Coating t h e  
entire s u r f a c e  wi th  a r e f l e c t i v e  meta l  l i k e  aluminum f a c i l i t a t e s  t h e  
f o r a a t i o n  of mu l t ip l e  i n t e r f e r e n c e  f r i n g e s  which a r e  sharp ly  degined and 
permit measurement t o  0.03 t o  0.1 of a f r i n g e  spacing (150-300 A). 



SECTION I11 

RESULTS 

This s e c t i o n  descr ibes  t he  measurements made i n  t h e  course of t h e  
program and t h e  i n t e r p r e t a t i o n  placed on these  measurements. 

Parameters of Implantat ion 

The implanta t ions  performed during t h e  course of t h i s  program are 
summarized i n  Table 2. Five d i f f e r e n t  i ons  have been implanted i n t o  che 
thermal  oxide on s i l i c o n .  Carbon i s  expected t o  be non-reactive wi th  
s i l i c o n  dioxide,  a s  i s  magnesium; aluminum, of course,  i s  r e a c t i v e  w i t h  
s i l i c o n  oxide and hence the  chemical i n t e r a c t i o n  should d i f f e r  between 
t he se  two spec ies .  Argon w a s  chosen as a check on some of t h e  i n i t i a l  
r e s u l t s  of t h e  program and z i n c  served as a heavy ion  l a t e r  i n  t h e  pro- 
gram. A l l  of t hese  ions  were s e l e c t e d  a t  l e a s t  p a r t i a l l y  because of cileir 
r e l a t i v e l y  high y i e l d s  us ing  the  Heavy Ion Source. The f luences  emplayed 

va r i ed  from 6 x 1015 t o  2 x 1017 Implantat ions a t  t hese  doses 
r equ i r e s  e f f i c i e n t  source opera t ion  capable of producing a high beam 
cu r ren t  i f  t h e  runs a r e  t o  be done i n  a p r a c t i c a l  l ength  of t ime,  Typical  
i n i t i a l  r e s u l t s  a r e  p l o t t e d  i n  Figs.  8 and 9 i n  which t h e  r e s i s t i v i t y  of 
var ious  implanted l a y e r s  i s  presented  a s  a func t ion  of measuring temper- 
akure (Fig. 9) and t h e  Poom temperature r e s i a t i v i t v  i s  presented as a 
func t ion  of anneal ing temperature ( ~ i g .  8). 

The anneal ing d a t a  a r e  r e l a t i v e l y  s t r a igh t fo rward  i n  t h a t  t h e  layer 
undergoes no major change u n t i l  t h e  temperature of 550-600°C i s  reached 
a t  which p o i n t  t h e  r e s i s t i v i t y  decreases  dramat ica l ly .  This  temperature 
i s  viewed a s  t h a t  a t  which the  aluminum pene t r a t e s  through t h e  oxide and 
makes contac t  t o  t h e  underlying s u b s t r a t e  a s  i l l u s t r a t e d  i n  Fig. 10, The 
p r o p e r t i e s  then dominating t h e  r e s i s t o r  a r e  those  of t h e  s u b s t r a t e  silicon, 
This a c t i o n  was observed whether t h e  implanted beam had s t r u c k  the  surface 
o r  n o t ,  and a s i m i l a r  p l o t  descr ibes  t he  r e s i s t a n c e  measured on an non= 
implanted wafer except t h a t  t h e  values of r e s i s t a n c e  measured prior t o  
anneal ing a t  600°C a r e  immeasurably high. 

The behavior  of r e s i s t i v i t y  versus  measuring temperature curves shows 
a nega t ive  temperature c o e f f i c i e n t  of r e s i s t a n c e  a f t e r  low temperature o f  
anneal ing and a p o s i t i v e  temperature c o e f f i c i e n t  of r e s i s t a n c e  af ter  the 
600°C anneal.  This  p o s i t i v e  temperature c o e f f i c i e n t  corresponds to that 
of t he  s u b s t r a t e  s i l i c o n  i n  t h e  v i c i n i t y  of room temperature.  ( S i l i c o n  
normally has a nega t ive  TCR except around room temperature where the 
mobi l i ty  dominates the  temperature behavior) .  
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l o3  

ANNEALING TEMP ("C) 

Fig. 8. Probe Measurements of t h e  Annealing Behavior of Various Implanted  
Layers i n  Oxide Glass 



Fig, 

1 
TpKj- 

9 .  Change i n  the  Sign of the  TCR Brought About By 600'6 Annealing 



_-  A l  urni n urn mas k -  can t a c t 5  

Fig.  10. Shunt ing p a t h  through t h e  ox ide  and s u b s t r a t e  s i l i c o n ,  
fo l lowing  600°C a n n e a l i n g  

So f a r  so  good, b u t  t h e  most d i s t u r b i n g  b i t  o f  in fo rmat ion  w a s  thar  
observed w i t h  I m p l a n t a t i o n  11 i n  which t h e  implanted s p e c i e s  w a s  zrgon, 
I f  t h e  measurements a r e  dominated by t h e  implanted m e t a l  s p e c i e s ,  the 
e x p e c t a t i o n  is  t h a t  argon i m p l a n t a t i o n  would produce no e f f e c t  an2 on2 

+ 
would expect  t h a t  t h e  r e s i s t o r s  f o l l o w i n g  A r  - i m p l a n t a t i o n  wculd behave 
much l i k e  t h e  unimplanted r e s i s t o r s  p r e v i o u s l y  mentioned. This i s  n o t  the 
case .  The r e s i s t a n c e  behaved very  s i m i l a r  t o  t h o s e  shown i n  F i g ,  8 and 9 
fo l lowing  i o n  i m p l a n t a t i o n  w i t h  argon. Th is  c o n f l i c t s  w i t h  t h e  presumed 
model of t h e  metal-implantnd r e s i s t o r s  and s e r i o u s l y  q u e s t i o n s  t h e  source 
of r e s i s t a n c e  be ing  observed.  

Subsequent c l e a n i n g  exper iments  i n  which an a t t empt  was made t o  remove 
any s u r f a c e  d e p o s i t s  by exposing t h e  wafe r  t o  a plasma c l e a n i n g  operation 
removed t h e  r e s i s t a n c e  measured on a l l  samples implanted.  The plasma 
c l e a n i n g  o p e r a t i o n  employed a  low tempera tu re  a s h e r ,  LTA 600, manufactured 
by T r a c e r l a b s ,  Lnc, The u n i t  o p e r a t e d  a t  300 W u s i n g  100% oxygen as t h e  
charg ing  gas .  Exposure was g e n e r a l l y  1 5  minutes  which was s u f f i c i e n t  t o  
e l i m i n a t e  t h e  r e s i s t a n c e  i n  a l l  c a s e s  b u t  one. Th is  was sample 20 on 
which m u l t i p l e ,  high-dose implan t s  had been c a r r i e d  o u t .  Repeated exposure  
t o  t h e  plasma c l e a n i n g  d i d  n o t  complete ly  e l i m i n a t e  t h e  r e s i s t o r  and the 
s u r f a c e  r e t a i n e d  a s u f f i c i e n t l y  d i s c o l o r e d  appearance s o  t h a t  t h e  o u t l i n e  
of t h e  implanted a r e a  remained v i s i b l e  even a f t e r  45 minutes  of plasma 



c leaning ,  This sugges ts  t h a t  t h e r e  is a su r f ace  depos i t  on t h e  wafer 
following i on  implanta t ion  which is gene ra l ly  removed by a plasma c leaning  
step, The wire  bonding d i f f i c u l t i e s  prev ious ly  c i t e d  a r e  a l s o  c o n s i s t e n t  
w i t h  t he  presence of a s u r f a c e  f i l m  p r i o r  t o  plasma cleaning.  Af t e r  plasma 
c l e a ~ ~ i n g ,  t he  aluminum con tac t s  a r e  no longer  d isco lored  and a r e  e a s i l y  
wire bonded. There is  a l i m i t  t o  t h e  e f f i c i e n c y  of t h e  plasma c leaning  
as i l l u s t r a t e d  by Wafer 20 i n  which the  e x t r a o r d i n a r i l y  high dose b u i l t  up 
a film which w a s  no t  completely removed even by a much longer  exposure t o  
the  exygen plasma. 

The source of t h i s  f i l m  is  not  known. The i n i t i a l  susp ic ion  was t h a t  
i t  was p h o t o r e s i s t  r e s idue  which i n t e r a c t e d  wi th  t h e  ion  beam t o  form a 
tocgk,  conducting, bu t  r e l a t i v e l y  in so lub le  f i lm.  Wafers were prepared 
in which the  p h o t o r e s i s t  w a s  removed using t h e  plasma c leaning  s t e p  p r i o r  
to exposure t o  t h e  ion  beam (Wafers 1 8  t o  21) .  But again t h e  r e s i s t a n c e  
following implanta t ion  was similar i n  magnitude and independent of 
implanted spec ies  as before .  And again a post- implantat ion plasma c leaning  
eliminated t h e  r e s i s t o r  and removed t h e  s u r f a c e  s t a i n  o u t l i n i n g  the  beam 
position on t h e  wafer .  

This f i l m  does not  e x i s t  where t h e  beam does not  h i t .  The res idue  
may sr may no t  be  on the  s u r f a c e  p r i o r  t o  i n s e r t i o n  i n t o  t h e  ion  implan- 
tation machine, bu t  i t  seems c l e a r  t h a t  an i n t e r a c t i o n  wi th  the  beam is  
necessary i n  order  t o  c r e a t e  t h i s  conducting f i lm.  

Consequently, t he  i n t e r p r e t a t i o n  of t h e  d a t a  p i c tu red  i n  Figs.  8 
and 9 i s  t h a t  two d i f f e r e n t  paths  of cu r r en t  flow a r e  respons ib le  f o r  t h e  
observations. Path 1 is  a conducting f i l m  ac ros s  t h e  s u r f a c e  of t he  wafer 
connecting one contac t  wi th  the  second. The d a t a  presented  i n  Fig. 9 
correlate Path 1 more with t o t a l  dose of implantat ion than t h e  spec i e s  o r  
energy o r  any o t h e r  f a c t o r  of the  implanta t ion  process;  t h a t  is ,  t h e  lowest 
r e s i s t a n c e  i s  measured on t h e  heav ie s t  dose of implanta t ion  and t h e  h ighes t  
r e s i s t a n c e  i s  measured on t h e  l i g h t e s t  dose of implantat ion.  This obser- 
va t ion  suppor ts  the  ex i s t ence  of a su r f ace  l a y e r  whose magnitude depends 
upon the dose. It seems un re l a t ed  t o  t h e  spec i e s  be ing  implanted, t he  
energy of implantat ion,  o r  any o t h e r  i d e n t i f i a b l e  v a r i a b l e  o the r  than t o t a l  
integrated beam cu r ren t  (implanted charge).  

Path 2 i s  t h a t  observed a f t e r  high temperature anneal ing and 
c o n s t i t u t e s  a cu r r en t  flow through the  oxide and t h e  s i l i c o n  t o  t h e  o t h e r  
contac t .  S i g n i f i c a n t l y  n e i t h e r  of t hese  pa ths  is t h e  conducting pa th  we 
se t  ou t  t o  inves t iga te - - tha t  of t h e  subsurface implanted l a y e r  w i th in  t h e  
oxide, The ques t ion  remains then,  why do we no t  s e e  the  p r o p e r t i e s  of  
ch is  implanted l a y e r  fol lowing the  removal of t h e  shunt ing  su r f ace  pa th  
with the  plasma c leaning  s t e p ?  

One p o s s i b i l i t y  is t h a t  t he  plasma c leaning  i s  i n  f a c t  s p u t t e r i n g  away 
t h e  e n t i r e  implanted region.  This p o s s i b i l i t y  was inves t iga t ed  by measur- 
ing the amount of oxide removed i n  a t y p i c a l  plasma cleaning.  This was 
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done by a  s tandard  i n t e r f e r e n c e  f r i n g e  technique and revea led  t h a t  200 A 
of oxide a t  most i s  removed during t h e  implanta t ion  plasma c leaning  
s t e p .  This  va lue  was a r r i v e d  a t  simply by removing t h e  aluminum r ings  
t h a t  were i n  p l ace  during implanta t ion  and checking f o r  an oxide step a t  

n 

t he  p o s i t i o n  where t h e  r i n g s  were ( see  Sec. 2,  p. 12 ) .  A t  most a 230 A 
s t e p  e x i s t e d .  The of a l l  implanted l a y e r s  i n v e s t i g a t e d  was far g r e a t e r  

P 
than t h i s  modest number and consequently t he  hypothesis  t h a t  t h e  plasagia 
c leaning  i s  removing t h e  implanted l a y e r  i s  r e fu t ed .  

Addi t iona l  evidence t h a t  s p u t t e r i n g  dur ing  plasma c leaning  i s  n o t  
s i g n i f i c a n t  can be seen by comparing Wafer 20 wi th  a l l  o t h e r  plasma cleaned 
wafers .  Wafer 20 had mul t ip l e  energy implants  a t  roughly t h e  same f luenee ,  
b u t  t he  t o t a l  dose was 2-4 times g r e a t e r  than t h a t  on any o t h e r  smp1e, 
Even wi th  repea ted  c leaning  i n  t h e  plasma oxida t ion  apparatus  t h e  post-  
implanta t ion  r e s i s t o r  could n o t  be  completely removed (un l ike  a l l  o ther  
wafers  s tud ied ) .  Since t h e  e x t r a  implanta t ions  made on t h i s  wafer  were a l l  
lower energy implanta t ions  than those  made on t h e  o t h e r  wafers ,  the depth 
of the  r e s i s t o r  should be no g r e a t e r  than on t h e s e  o t h e r  wafers .  If sput- 
t e r i n g  were t h e  ch ief  c leaning  i n t e r a c t i o n  and t h e  l a y e r s  s p u t t e r e d  away 
included t h e  implanted r e s i s t o r ,  then  c e r t a i n l y  t h i s  l a y e r  should have been 
removed as r a p i d l y  on Wafer 20 a s  on a l l  o the r  wafers.  The f a c t  that t h i s  
could not  be  done sugges ts  t h a t  i t  i s  a tough, hard-to-remove srlrface film. 
t h a t  is  forming t h e  r e s i s t o r  and t h a t  t h e  c leaning  a c t i o n  of t h e  plasma, 
which i s  c h i e f l y  chemical, is no t  ab l e  t o  remove t h e  t h i c k e r  su r f ace  film 
from Wafer 20 a s  completely a s  with t h e  o the r  l e s s  heav i ly  implanted w-f a. e r s .  

Two o t h e r  p o s s i b i l i t i e s  suggest  themselves t o  account f o r  t h e  failure 
t o  observe the  e l e c t r i c a l  p r o p e r t i e s  of t he  implanted layers :  

(1) t he  ions  a r e  no t  ending up where they a r e  assumed t o ;  

(2) t heyq  r e  i n t e r a c t i n g  wi th  t h e  oxide i n  a l l  cases  t o  f o m  a new 
i n s u l a t i n g  compound, such a s  m u l l i t e  (3A1 0 *2SiO2) o r  2  3 
f o r s t e r i t e  (2MgO*Si02), bo th  of which a r e  common ceramics,  

The f i r s t  hypothesis  can be  checked by two experiments as f o l l o w s :  

(1) Carry out  t he  implanta t ion  and measurements a t  l i q u i d  nitrogen 
temperature.  I f  t he  implanted impuri ty  i s  not  ending up in the 
d i s t r i b u t i o n  t h a t  LSS theory p r e d i c t s ,  i t  may be aggregat ing i n  
p r e c i p i t a t e s  o r  d i f f u s i o n  t o  much g r e a t e r  depths than f o r e c a s t .  
Carrying out both implanta t ion  and measurements a t  low tempera- 
t u r e  is  expected t o  slow down both processes .  Consequently, 
e f f e c t s  t h a t  have disappeared during room temperature implan- 
t a t i o n  and/or s t o r a g e  might be observed a t  l i q u i d  ni t roger .  
temperature.  



A l t e r n a t i v e l y  one cou ld  s e l e c t  a n  i o n  f o r  i m p l a n t a t i o n  which 
would be  easy  t o  p r o f i l e  b o t h  by b a c k s c a t t e r i n g  s u r f a c e  meas- 
urements and n u c l e a r  coun t ing  a s  w e l l  a s  o p t i c a l  a b s o r p t i o n  
and e l e c t r o n  microscopy. Such an  i o n  i s  mercury.  Mercury can  
be counted r e l a t i v e l y  e a s i l y  by n e u t r o n  a c t i v a t i o n .  The 
recommended exper iment  i s  t o  implan t  mercury i n  much t h e  same 
energy and d e n s i t y  a s  t h o s e  p r e v i o u s l y  implanted e lements  and 
t h e n ,  by b a c k s c a t t e r i n g ,  n e u t r o n  a c t i v a t i o n  and v a r i o u s  o p t i c a l  
o r  mic roscop ic  methods, de te rmine  i t s  l o c a t i o n  w i t h i n  t h e  ox ide .  
B a c k s c a t t e r i n g  and n e u t r o n  a c t i v a t i o n  examine d e p t h  on ly .  
Transmiss ion e l e c t r o n  microscopy can b e  used t o  examine l a t e r a l  
d i s t r i b u t i o n  and t o  d e t e c t  c l u s t e r s  o r  a g g r e g a t e s  i f  t h e y  exis t .  

Nefti-ier of t h e s e  exper iments  h a s  been c a r r i e d  o u t ,  a l t h o u g h  Wafer 2 1  was 
imylanted a t  -130°C. I n t e r e s t i n g l y  t h e  s u r f a c e  f i l m  dominat ing t h e  meas- 
urements  of  a l l  o t h e r  w a f e r s  was a b s e n t  on Wafer 21. Apparen t ly  low 
temperature i m p l a n t a t i o n  reduces  o r  e l i m i n a t e s  t h e  s u r f a c e  d e p o s i t .  The 
quesLiora of what happened t o  t h e  implanted metal i s  s t i l l  n o t  answered,  
*aowe.;.fr . 

The e x i s t e n c e  of independent  ev idence  t h a t  i o n  implanted l a y e r s  can 
3e a a d e  t o  e x h i b i t  e l e c t r i c a l  p r o p e r t i e s  i n  o x i d e  g l a s s  does  ex is t  [Ref.  43. 
T h i k  Lbnowledge makes one f a v o r  h y p o t h e s i s  ( 2 )  i n  s e e k i n g  t o  e x p l a i n  t h e  
lack of e l e c t r i c a l  conduc t ion  of t h e  l a y e r s  implanted i n  t h i s  program. I n  
Reiereace 4 a b r i e f  mention i s  made o f  a semiconductor produced by implant-  
1n.g ,O kV Ir i o n s  i n t o  '"several ox ide  g l a s s e s " .  Presumably o t h e r  s i m i l a r  
-neza-s such as p la t inum o r  osmium could b e  made t o  behave s i m i l a r l y .  Again 
a.2 ?ii:portant c r i t e r i o n  f o r  s e l e c t i n g  t h e  metal t o  b e  implanted i s  t h e  
w e - . _  a b i l i t y  of a h i g h  y i e l d  source .  

PsSotl7er p o s s i b l e  e x p l a n a t i o n  f o r  t h e  f a i l u r e  t o  observe  c o n d u c t i v i t y  
1 s  r:na";t"s;e implanted beam f a i l s  t o  make c o n t a c t  w i t h  t h e  aluminum masking 
rL,gs, For example, i n  t h e  plasma c l e a n i n g  s t e p ,  t h e  removal of t h e  pos t -  
implantation r e s i s t o r  f o l l o w i n g  plasma c l e a n i n g  might s imply b e  a break ing  
of trne c o n t a c t  between t h e  edge of t h e  m e t a l  and t h e  implanted r e g i o n .  On 
oce sanple, t h e  two a d j a c e n t  r i n g s  were p r o t e c t e d  by an  a d d i t i o n a l  wax 
d s p s i t  p l aced  on t o p  of t h e  r i n g s ,  b u t  n o t  ex tend ing  from one r i n g  t o  
t h  a t h e r ,  An o x i d e  r e g i o n  c e n t e r e d  between t h e  two r i n g s  was l e f t  
nnco~7erecl. On a n o t h e r  set o f  r i n g s  t h e  wax was extended from one a d j a c e n t  
r i n g  to the  n e x t .  Following t h e  s t a n d a r d  15-minute plasma c l e a n i n g  s t e p ,  
the r e s i s t o r  between t h e  f i r s t  two r i n g s ,  t h o s e  which were n o t  j o i n e d  by 
the bqax mask, was broken as b e f o r e .  The two r i n g s  t h a t  were  j o i n e d  by 
a cont inous wax mask s t i l l  e x h i b i t e d  a  conduct ing p a t h .  T h i s  exper iment  
shows that t h e  conduct ing p a t h  can b e  broken a t  p o i n t s  o t h e r  t h a n  t h e  
junction between t h e  aluminum and t h e  implanted l a y e r  and t h a t  t h e  
exisceace of a  weak l i n k  a t  t h i s  j u n c t i o n  i s  n o t  a  n e c e s s a r y  c o n d i t i o n  
c .or :\e removal of t h e  conduct ing p a t h .  

Fc a second experiment des igned  t o  check t h e  m e t a l  t o  implanted l a y e r  
c o a r a c t  t h e  implanted o x i d e  was e tched  i n  two s t e p s  w i t h  aluminum be ing  
d e p o s i t e d  a f t e r  each s t e p ,  The f i r s t  s t e p  c o n s i s t e d  of t h e  removal of 



0.13 ym of oxide followed by an aluminum depos i t ion .  The second step was 
a repea t  of t he  f i r s t  wi th  a f r e s h  aluminum depos i t ion .  The i d e a  was t o  
contac t  t he  implanted l a y e r  c l o s e r  t o  i t s  maximum concent ra t ion ,  i n  both 
cases t h i s  a t tempt  failed--no measurable conduction could be observed after 
e i t h e r  s t e p  removal. This  p a r t i c u l a r  sample was Wafer 4, t he  u n i t  

implanted a t  2  x 10 17  C+ cm2 





SECTION IV 

CONCLUS IONS 

Five d i f f e r e n t  ions  have been implanted i n t o  g lassy  s i l i c o n  oxide 
l a y e r s  thermally grown on pol i shed  s i l i c o n  s u b s t r a t e s .  Four of these ions  
were elements which i n  bulk form a r e  good conductors of e l e c t r i c i t y ,  The 
f i f t h  element was argon. Even though t h e  dose and p red ic t ed  d i s t r i b u t i o n  
of t h e s e  implanted ions  i n  t he  oxide l a y e r  was such a s  t o  c r e a t e  a sub- 
s u r f a c e  l a y e r  with atomic dens i ty  exceeding 20 percent  t h a t  of the host 
l a t t i c e ,  no e l e c t r i c a l  conduction through t h e s e  l a y e r s  could be measured, 
Various o t h e r  conducting pa ths  were i d e n t i f i e d ,  both a f t e r  implanta t ion  
and a f t e r  high-temperature anneal ing,  b u t  cu r r en t  flow through the 
implanted l a y e r  was no t  observed. 

O f  t h e  va r ious  explana t ions  hypothesized t o  exp la in  t h i s  l ack  o f  
conduction two a r e  viewed a s  t he  most l i k e l y :  

( I )  t h e  implanted ions  a r e  no t  i n  t h e  predic ted  d i s t r i b u t i o n ,  
e i t h e r  l a t e r a l l y ,  i n  depth, o r  both; 

(2 )  t h e  implanted spec i e s  r e a c t  wi th  t h e  h o s t  oxide t o  form 
t h e  non-conducting ceramic phase o r  compound. 

Hypothesis (1) can be checked r e l a t i v e l y  e a s i l y  by s t r a igh t fo rward  
p r o f i l i n g  and l a y e r  scanning techniques.  I f  t h e  d i s t r i b u t i o n  is no t  w h a t  
i s  p red ic t ed ,  i t  is  extremely important t o  determine these  parameters ,  
I f ,  however, t h e  impur i t i e s  a r e  found t o  be d i s t r i b u t e d  i n  a  p r o f i l e  
s i m i l a r  t o  t h a t  p red ic t ed ,  then t h e  second hypothesis  becomes the more 
l i k e l y .  This hypothesis  can be checked by a  two-step experiment i n  
which the  composition and s t r u c t u r e  of t h e  e x i s t i n g  subsur face  layers 
a r e  f i r s t  analyzed. If t h e  ex i s t ence  of a  new phase wi th  non-conducting 
p r o p e r t i e s  i s  confirmed, t he  second s t e p  i s  t o  search  out a  s u i t a b l e  
non- in te rac t ing  bu t  conducting spec i e s  f o r  implanta t ion .  
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