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ABSTRACT 

In the last few years,  great  interest 
has  been  generated  in  the  selective 
growth  of single crystal silicon in  seed 
windows  of  an  Si02  mask  in  order  to 
fabricate  novel  device  structures  for 
VLSI/ULSI  device  technology.  This 
increased  interest  in selective epitaxial 
growth  (SEG)  and  its  derivitives, 
simultaneous  single/poly  deposition 
(SSPD)  and  epitaxial lateral overgrowth 
(ELO) have led to several key processing 
breakthroughs  that  are  currently  changing 
the  future  direction  and  usage  of silicon 
epitaxy. This paper will describe: 1) 
the  key  SEG  processing  breakthroughs  that 
have occurred over the last 25 years, 2) 
some of the current limitations  still 
observed  with  SEG  processing  and,  3)  some 
of the  novel  device  structures that are 
possible  through  the  use  of  SEG 
techniques. 

INTRODUCTION 

SEG was  first reported in  1962, by 
Joyce and Baldrey using SiC14 at 120O0C, 
atmospheric  pressure (1 1. However, 
significant  processing  breakthroughs  did 
not  occur  until  the  use of reduced 
pressure epitaxial  growth  (<80  torr)  at 
low  temperatures  (<lOOO°C) in the  SiH C12 
+ H2 + HC1 system  as first  reporte8 by 
Tanno  et a1  in  1982 (2). Use  of  low 
temperature/low  pressure (LT/LP) SEG 
processing  conditions have  resulted in: 
1) improved epi  surface morphology and 
planarity  (3,  4,  51,  2)  improved 
selectivity  (6, 7) , 3)  reduction  in 

sidewall interface  defects  (7,  8, 
si/sioj) 91, reduction  in  the  in situ  pre- 
clean temperature  thus eliminating oxide 
lifting  and  undercutting ( 6 )  and,  5) 
improved epi  thickness  uniformity for 
different Si/Si02 ratios and window  sizes 
(5, 10). Additional advancements are  the 
use  of a sacrificial  oxide to improve SEG 
material  quality (6, 11) and the use of 
< l o o >  sidewall  oxide  orientation  to 
eliminate sidewall defects and faceting 

( 4 ,  6 ). Further  improvements  to  the 
Si/Si02  sidewall  interface  has  been 
observed  through post-SEG  oxidation  to 
seal and  enhance  the  Si/Si02  bonding ( 4 ) .  

CURRENT  LIMITATIONS AND SOLUTIONS 

Although there have been  significant 
breakthroughs  in  SEG  process development 
over  the  last 5 years,  there  are  still 
some  observed  issues  associated  with  SEG 
processing that must be resolved before 
it  is  widely accepted in production. 
These  deal  with  the Si/Si02 sidewall 
interface and relate to enhanced sidewall 
junction leakage,  as  shown  in Fig. 1 (7, 
8, 12, 13) and sidewall inversion causing 
a "kink"  effect  in  the  n-channel  device 
subthreshold characteristics, as shown in 
Fig. 2 ( 4 ,  8,  12,  13, 14, 15). An 
improvement in sidewall leakage has  been 
observed by Stivers  et  a1 by going  to 
lower  SEG  deposition  temperatures  (875OC, 
at  25  torr  pressure) (12).  This  has also 
been  reported by Matsumoto,  and  he 
correlated  this  effect  to a significant 
reduction  in  the  Si/Si02  sidewall 
interface defect by lowerlng  the SEG 
deposition  temperature from 1000°C down 
to 875OC (7). Elimination  of  the Si/Si02 
sidewall inversion and n-channel device 
"kink"  effect is possible through  proper 
SEG  sidewall  doping  control  as shown by 
Manoliu and Borland (13). 

Another  concern associated with  SEG 
is  the  corner  faceting  along  the < l o o >  
direction. This  faceting effect  can be 
minimized and eliminated by optimizing 
the  SEG growth conditions and device 
layout design. These have been shown by 
Ting  et  a1 ( 4 1 ,  Borland  et  a1 (14), 
Stivers  et a1 (121, Manoliu and Borland 
(131, and Matsumoto and Borland (16). 

APPLICATIONS FOR NOVEL (ADVANCED) DEVICE 
STRUCTURES 

In spite of these  limitations, novel 
MOS, bipolar and BiCMOS device structures 
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have  been  achieved  through  the  use  of  SEG 
process ing .  

Lateral I s o l a t i o n  
O n e   a t t r a c t i v e   a r e a   f o r  SEG 

a p p l i c a t i o n  :is l a t e r a l   d e v i c e   i s o l a t i o n  
f o r  CMOS, b i p o l a r   a n d  BiCMOS technology.  
An impor t an t   bene f i t   o f  SEG i s o l a t i o n  i s  
i t s  s c a l a b i l i t y   w h i c h  i s  w e l l  b e l o w   t h e  
l i n e   w i d t h   r e s o l u t i o n   o f   c u r r e n t  
product ion   l i thographic   equipment .   Kasa i  
e t  a 1  showed a CMOS s t r u c t u r e   w h e r e   t h e  
n - c h a n n e l   a n d   p - c h a n n e l   d e v i c e s   a r e  
i s o l a t e d  by an SEG s t r u c t u r e  0.25 micron 
wide ,  4.0 m i c r o n s   d e e p   a s  shown i n   F i g .  3 
(17). SEG is a l s o   b e i n g   u s e d   t o   r e f i l l  
d e e p   t r e n c h   i s o l a t i o n   s t r u c t u r e s   f o r   h i g h  
speed   b ipo la r   and  BiCMOS d e v i c e s  see Fig. 
4 (18, 1 9 ) .  This  SEG r e f i l l i n g   t e c h n i q u e  
i s  v e r y   a t . t r a c t i v e   b e c a u s e  i t  i s  
i n s e n s i t i v e   t o   t h e   t r e n c h   p r o f i l e  
r e s u l t i n g   i n   p l a n a r   r e f i l l .   A l s o ,  it i s  
f r e e   o f   v o i d   f o r m a t i o n   a n d   c a n   r e f i l l  
va ry ing   t r ench   w id ths   s imu l t aneous ly .  

Se lec t ive   Dop ins  
A n o t h e r   a t t r a c t i v e   a p p l i c a t i o n  of SEG 

i s  i n   t h e   f o r m a t i o n  of s e l e c t i v e l y  doped 
n - type   and   p - type   s i l i con /ep i   s t ruc tu res  
o r   s i l i c o n / e p i   s t r u c t u r e s  of d i f f e r e n t  
d o p i n g   c o n c e n t r a t i o n s .   I n d e p e n d e n t  N-  
;Yell and  P - w e l l  CMOS s t r u c t u r e s   w i t h  
r e t r o g r a d e  wells can   be   formed  as   shown 
i n   F i g .  5 w i t h o u t   t h e   u s e   o f   i o n  
implanta t ion   and   h igh   tempera ture   thermal  
h e a t   t r e a t m e n t s   t h r o u g h   g r a d e d   e p i  
techniques  O.K b u r i e d   l a y e r   e p i   t e c h n i q u e s  
( 6 ,  2 0 ) .  A l . s o , i n d e p e n d e n t   b i p o l a r   n p n  
a n d   p n p   t r a n s i s t o r s   c a n   b e   f o r m e d   b y  SEG 
a s   d e s c r i b e d  by  Matsumoto ( 7 1 ,  a n d   f o r  
BiCMOS a p p l i c a t i o n s ,   i n d e p e n d e n t   b i p o l a r  
a n d  CMOS d e v i c e   d o p i n g   l e v e l s   a r e  
p o s s i b l e   a s   d e s c r i b e d  by Favreau ( 2 1 )  and 
Oh e t  a 1  ( 2 2 ) .  SEG h a s   a l s o   b e e n   u s e d   t o  
f o r m   t h i n   b i p o l a r   b a s e   s t r u c t u r e s   a n d  
s i d e w a l l   b a s e   c o n t a c t   b i p o l a r   t r a n s i s t o r s  
( F i g .  6 )  ( 2 3 ,  2 4 ) .  A n o t h e r   u n i q u e  
s t r u c t u r e   i s  shown i n   F i g .  7 where  SEG 
was used t o   h e a v i l y  dope t h e   s i d e w a l l  of 
a 4 Mega B i t  DRAM t r e n c h   c a p a c i t o r  c e l l  
s t r u c t u r e  (i!5). 

S e l e c t y ~ v e   d o p i n g  i s  a l s o   v e r y  
a t t r a c t i v e   f o r  SEG u s a g e   i n   b a c k - e n d  
d e v i c e   p r o c e s s i n g   f o r   s h a l l o w   j u n c t i o n  
format ion  (CMOS sou rce /d ra in   and   b ipo la r  
emitter) a n d   s e l f - a l i g n e d   c o n t a c t   r e f i l l  
and   p1anar iz :a t ion   for   in te rconnec t .   F ig .  
8 shows a s e l e c t i v e   h e a v i l y   p h o s p h o r u s -  
doped SEG s t r u c t u r e   f o r   s e l f - a l i g n e d  
s o u r c e / d r a . i n   c o n t a c t   r e f  i 11 a n d  
p l a n a r i z a t i o n   f o r  a 1 Mega B i t  S R A M  
d e v i c e  ( 2 6 ,  2 7 ) .   T h i s   a p p r o a c h   g i v e s  
e x c e l l e n t   c o n t a c t   y i e l d s   a n d  i s  n o t  
t r o u b l e d  by p r o b l e m s   s e e n   w i t h   s e l e c t i v e  
t u n g s t e n   s u c h   a s   c o n t a c t / s u b s t r a t e  
i n t e r f a c e   p r o p e r t i e s   ( n a t i v e   o x i d e  
r e m o v a l ) ,   s h o r t s   d u e   t o  worm t u n n e l i n g  

d e f e c t s   a n d   m e t a l   s u r f a c e   m o r p h o l o g y .  
PMOS s o u r c e / d r a i n   c o n t a c t  ref i l l  can   be  
a c c o m p l i s h e d   b y   u s i n g   t h e   i n d e p e n d e n t  
s e l e c t i v e  ( n - t y p e / p - t y p e )   d o p i n g  
d e s c r i b e d   i n   F i g .  5. B i p o l a r   s h a l l o w  
emitter f o r m a t i o n   a n d   c o n t a c t   r e f i l l   a r e  
a l s o   p o s s i b l e .  

S i l i c o n  On I n s u l a t o r  
The t h i r d   a r e a   f o r   a p p l i c a t i o n   o f  SEG 

and i t s  d e r i v i t i v e s  are i n   t h e   f o r m a t i o n  
o f  3-D s i l i c o n   o n   i n s u l a t o r   ( S O I )  
s t r u c t u r e s .  Two p roposed  3-D  SO1 DRAM 
c e l l  d e s i g n s   u s i n g  SEG t e c h n i q u e s   a r e  
shown i n   F i g .  9 ( 2 8 ,  2 9 ) .  The SEG 
s t r u c t u r e  shown i n   F i g .  9 A  i s  u s e d   a s  a 
p l u g   r e f i l l  a n d   t h e   s e e d   f o r   t h e   l a t e r a l  
r e c r y s t a l l i z a t i o n   o f   t h e   p o l y s i l i c o n  
m a t e r i a l   w h i l e   i n   F i g .  9 B ,  t h e  S E G  
s t r u c t u r e  i s  u s e d   t o   f o r m   t h e   v e r t i c a l  
t r a n s i s t o r .   A l s o ,   e l e v a t e d   s o u r c e / d r a i n  
SO1 s t r u c t u r e s  a r e  p o s s i b l e   b y  
s i m u l t a n e o u s   s i n g l e / p o l y   d e p o s i t i o n  
( S S P D )   a s   s h o w n   i n   F i g .  1 0  w h e r e  
p o l y s i l i c o n  i s  s e l e c t i v e l y   d e p o s i t e d   o v e r  
a n   o x i d e   a n d   s i n g l e   c r y s t a l   s i l i c o n  i s  
s e l e c t i v e l y   d e p o s i t e d   o v e r   t h e   e x p o s e d  
s i l i c o n   r e g i o n s  ( 1 4 ,  30 ) .  A t o t a l l y  
i s o l a t e d  SO1 s t r u c t u r e  i s  shown i n   F i g .  
11 u s i n g   E p i t a x i a l   L a t e r a l   O v e r g r o w t h  
( E L O )  ( 1 4 ) .  

SUMMARY 

I n  summary, s i g n i f i c a n t   b r e a k t h r o u g h s  
h a v e   o c c u r r e d   i n  SEG process ing   u s ing  low 
t e m p e r a t u r e / l o w   p r e s s u r e  ( L T / L P )  
e p i t a x i a l   g r o w t h   t e c h n i q u e s .   T h i s   h a s  
r e s u l t e d   i n   t h e   s u c c e s s f u l   a p p l i c a t i o n  of 
S E G  € o r   m a n y   n e w   a d v a n c e d   d e v i c e  
s t r u c t u r e s .   D e s p i t e   s o m e   o b s e r v e d  
p rob lems   wh ich  s t i l l  must   be   overcome,  
SEG h o l d s   g r e a t   p r o m i s e   f o r   n e x t  
gene ra t ion   dev ices   where   dev ice   s ca l ing  
a n d   m i n i m i z a t i o n   o f   t o t a l   p r o c e s s i n g  
s t e p s   a r e   m a j o r   c h a l l e n g e s .  
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Fig. 1 
Reverse  character- 
istics of square N+/P 
junction  diodes  (12). 
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Fig. 2 
Subthreshold  char- 
acteristics of 50/3 
n-channel  transis- 
tors  (12). 

Fig. 3 SEG  isolation  structure 0 . 2 5 ~  
wide, 4prn deep (17). 
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Conventional 

Fig .  4 High  speed  bipolar SEG r e f i l l  
t r e n c h   i s o l a t i o n   s t r u c t u r e  ( 1 9 ) .  

AI-Melsl ... 

I Silicon  Substrate 

i SEG-Si I ~CVPSiO 

n+ Contact 

Silicon  Substrate 

N-TyW Epi Doped 
to =10m/~m3 

Fig .  8 1 Mega B i t  SRAM s e l f - a l i g n e d  
c o n t a c t   r e f i l l   a n d   p l a n a r i z a t i o n  
by SEG ( 2 6 ) .  

Fig .  5 1ndepen.dent N - w e l l ,  P -we l l  form- 
a t i o n  hy SEG (6) . ..................... ..................... ......... C ........... 

Fig .  

F ig .  
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Fig .  9 3-D SO1 DRAM c e l l  by SEG ( 2 8 ) .  

6 Sidewal.1 b a s e   c o n t a c t   b i p o l a r  
t r a n s i s t o r  by SEG ( 2 4 ) .  

7 4 Mega B i t  DRAM t r e n c h   c a p a c i t o r  
s idewal l   doping  by SEG ( 2 5 ) .  

1. Thermal Oxide 

2. RIE Oxide  Etch 
si4UbUJM 

1 si02 1 I 8102 I I 1 0 2  1 
IcSUbWM 

3. Selective Ennaxlal  Growlh lSEGI 

Fig .  1 0  E leva ted   sou rce ld ra in  SO1 
s t r u c t u r e  by SSPD ( 1 4 )  : 

si subL..b 

Fig .  11 CMOS SO1 s t r u c t u r e  by EL0 ( 1 4 ) .  
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