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ABSTRACT 
A new scneme for SWAMI (Side  f l l1 Masked 

- Isolation)  process  is  presented which takes 
fu l l  advantage o f  LOCOS processing w i t h o u t  
suffer ing  the  diff icul t ies .  The  new SWAMI 
technology  incorporates a s loped  s i l icon  s ide-  
wall and th in   n i t r ide  around the i s l a n d  side- 
walls such t h a t  b o t h  i n t r i n s i c   n i t r i d e   s t r e s s  
and volume expansion  induced s t ress   a re   g rea t ly  
reduced. A defect  free and  near-zero  bird's 
beak local  oxidation  process can  be realized 
by the SWAMI. Fabrication  technology and 
MOSFET e lec t r ica l   charac te r i s t ics   wi l l  be dis- 
cussed. A SWAWI/CMOS circui t   including 60K 
ROM, 2.5K SRAM, and 100 segments o f  display 
driver w i t h  5.13 x 5.22 m2 chip  size has been 
successfully  fabricated. The resul ts   indicate  
that  the SWAMI i s  capable o f  replacing  the 
LOCOS as  the  isolation  technology  for  scaled 
VLSI c i rcui t   fabr icat ion.  

INTRODUCTION 
As device  geometries  are  scaled down t o  

the micrometer and submicrometer  range, a new 
isolation  technology t o  provide the  smallest  
pattern  transfer  difference between rrask  and 
active  device geometry for  any g i v i n g  l i t ho -  
graphic  technique i s  required. I t  i s  desirable 
that  the new isolation  technology have the  
following  properties: 1 )  defect  free;  2 )  require 
no scaling down of  the  field  oxide  thickness  as 
other  geometries  are  scaled down; 3) planar 
surface; 4 )  require no additional photomasking 
steps;  and 5)  compatible w i t h  ex is t ing  LSI 
processing  techniques. 

A sidewall masked isolation  technology 
(SWAMI) was reported  [ l]  by empl'oying anisotropic 
si l icon a n d  s i l i con   n i t r ide   e tch ing   to  form a 
bird 's-beak  f ree   isolat ion  s t ructure .  The SWAMI 
process is compatible w i t h  the  conventional 
LOCOS [2] and has a zero  bird's-beak and a 
nearly p l ana r  surface. However, due t o   t h e  
nature  of  the  vertical  sidewalls i n  the or ig ina l  
SWAMI s t ruc ture ,  the thickness  of  the  second 
n i t r ide  i n  the  direction  perpendicular  to sub- 
s t r a t e   i s   ac tua l ly  very thick.  This n i t r i d e ,  
around the  sidewalls of  the  island  region, forms 
a r igid f i lm perpendicular  to  the  silicon sub- 
s t r a t e .   I t  was found [3] t ha t  the original 
SWAMI i s  vulnerable  to  the  formation  of dis- 
locations  during  field  oxidation due t o  volume 
expansion from oxide  intrusion  under the second 

n i t r ide  a t  the f o o t  o f  island  sidewalls. A new 
SWAMI scheme i s  presented which takes f u l l  ad-  
vantage  of LOCOS processing w i t h o u t  suffering  the 
d i f f i c u l t i e s .  The modified SWAMI process  incor- 
porates a sloped  sidewall and a layer o f  t h i n  
n i t r i de  (% 300A) around the  island  sidewalls such 
tha t  b o t h  i n t r i n s i c  nitride s t r e s s  and volume ex- 
pansion  induced s t ress   a re   g rea t ly  reduced. A 
defect  free and  near-zero  bird's-beak  local  oxida- 
tion  process, w i t h  more t h a n  70% o f  the  f ie ld  
oxide  recessed below the  s i l icon  act ive  regions,  
can be realized by the SWAMI. 

This  paper  describes  the new SWAMI fabrication 
process ,   the   device  e lectr ical   character is t ics ,  and  
i t s  impact on scaled VLSI technology. A P-well 
CMOS circui t   including 60K ROM, 2.5K SRAM, and 100 
segments of  display  driver w i t h  5.13 x 5.22 mm2 
chip  size  fabricated w i t h  the  SWAMI i so la t ion  
process i s   a l so   p resented .  

The SWAMI Isolation  Process 

Table I outl ines  the sequence of steps i n  the 
fabrication  process t o  form the new  SWAMI i so la -  
t ion  s t ructure .  The process i s   ident ica l   to   the  
conventional  ful  ly-recessed  oxidation  process 
except  that  steps ( 6 )  th rough  (10)  are added t o  
form this near-zero  bird's-beak and defect  free 
i so la t ion  scheme. In order  to  avoid  the  formation 
o f  a thick  nitr ide  layer  perpendicular t o  the 
s i l icon  substrate  and around the  island  sidewalls,  
a C2F6  plasma was employed to   e tch  ni t r ide,   oxide,  
and s ingle   crystal   s i l icon  in  one operat ion  af ter  
island  patterning. Figure 1 exhibits  the  etching 
charac te r i s t ics  of C z  F6 plasma. The sloped  side- 
wall on (100)   s ingle   crystal   s i l icon can a l so  be 
obtained by a KOH wet etching.  Figure2  i l lustrates 
schematically  the major processing  steps  of  the 
new  SWAMI approach. After island  patterning and 
C2Fs  plasma etching  of  nitride/oxide/silicon, 
channel s top  boron was implanted. A layer  of LPCVD 
oxide was deposited,  as shown i n  Figure 2 ( b ) ,  a f t e r  
second s t ress   re l ie f   ox ide  was  grown and the  second 
n i t r ide  was deposited. The LPCVD oxide  serves  as 
a mask f o r  second nitride etching such t h a t  t h i n  
second n i t r ide  on sloped  sidewall can be imple- 
mented without  additional photomasking steps.  
After  ani  sotropi c plasma (C 2F6) oxi  de/ni t r i  de 
etching and wet oxide  etching  to remove the LPCVD 
oxide  ribbon  around the island  sidewalls, the t h i n  
second n i t r ide  remains  around the sloped  sidewall 
and extends  into  the  planar  field  regions  as 
shown i n  Figure 2 ( d ) .  During f ie ld   oxidat ion,  
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t h e   t h i n   n i t r i d e   l a y e r   o n   t h e   s l o p e d   s i d e w a l l  will 
be  pushed  up  due t o  volume  expansion o f   t h e   o x i d e  
w i t h o u t   c a u s i n g   l a r g e   s t r e s s   a c t i n g   o n   t h e   s i l i c o n  
s u b s t r a t e .  

The new SWAMI p r o v i d e s   t h e   f l e x i b i l i t y   o f  
u s i n g   r e l a t i v e l y   t h i n n e r   n i t r i d e   a n d   t h i c k e r  
s t r e s s   r e l i e f   o x i d e  such t h a t   t h e   i n t r i n s i c  
n i t r i d e   s t r e s s   c a n   b e   d r a s t i c a l l y   r e d u c e d .  No 
o x i d e   r e - f i l l   a n d   e t c h - b a c k   a r e   r e q u i r e d .  Due t o  
t h e   s l o p e d   s i l i c o n   s i d e w a l l s ,   c h a n n e l   s t o p   b o r o n  
c a n   b e   i m p l a n t e d   o n t o   t h e   s i l i c o n   s i d e w a l l s   s u c h  
t h a t   n o   d o u b l e   t h r e s h o l d   v o l t a g e   e f f e c t   o c c u r s  
a t   t h e   c o r n e r   o f   t h e   i s l a n d s  [4,5]. F i g u r e  3 
shows  an SEM c r o s s - s e c t i o n a l   v i e w   o f   t h e   i s o l a -  
t i o n   s t r u c t u r e   w i t h  SWAMI p r o c e s s i n g   a f t e r   g r o w t h  
o f  640 nm o f   f i e l d   o x i d e   a t  900 O C  i n  s team  anhient  
The l e n g t h   o f   t h e   b i r d ' s - b e a k   c a n  be c o n t r o l l e d   t o  
l e s s   t h a n   0 . 1  um f o r  a f i e l d   o x i d e   t h i c k n e s s  
t h i c k e r   t h a n   0 . 8  um, and  more  than 70% o f   t h e  
f i e 1  d o x i d e   i s   r e c e s s e d   b e l o w   i s l a n d   s u r f a c e .  

Devi  ce C h a r a c t e r i s t i c s  

A f t e r   t h e  SWAMI i s o l a t i o n   s t r u c t u r e  was 
formed,  an NMOS p o l y s i l i c o n   g a t e   p r o c e s s  was  em- 
p l o y e d   t o   f a b r i c a t e  MOSFET's. Process  parameters 
a r e   l i s t e d   i n   T a b l e  11. A f t e r  MOSFET d e v i c e s   a r e  
fab r i ca ted ,   t empera t .w re -b ias   s t ressed  C - V  and 
breakdown  vo l tage o f   g a t e   o x i d e   c a p a c i t o r s   w e r e  
measured t o   i n v e s t i g a t e   t h e   i n t e g r i t y   o f   t h e   f i n a l  
g a t e   o x i d e   i n   t e r m s   o f   i t s   s t a b i l i t y   o f   t h e   i n t e r -  
f ace   cha rges ,   t he   b reakdown  f i e ld ,   and   t he   de fec t  
d e n s i t y   o f   t h e   t h i n   g a t e   o x i d e .   T e s t   c a p a c i t o r  
s t r u c t u r e  was d e s i g n e d   w i t h   v e r y   l o n g   i s l a n d  
edges t o   i n v e s t i g a t e   t h e   e f f e c t   o f   i s l a n d   s i d e w a l l s  
on t h e   i n t e g r i t y   o f   g a t e   o x i d e .   T e s t   r e s u l t s  i n -  
d i c a t e   t h a t   b o t h   f i x e d   c h a r g e   a n d   m o b i l e   c h a r g e  
d e n s i t i e s   a r e   a p p r o x i m a t e l y   a t  3E10/cm2. The 
h i s t o g r a m   o f   t h e   m e a s u r e d   g a t e   b r e a k d o w n   v o l t a g e  
i s  shown i n   F i g u r e  4. The 25 nm g a t e   o x i d e   w i t h  
t h e  SWAMI i s o l a t i o n   p r o c e s s   h a s   d e f e c t   d e n s i t y  
be low  10  defects /cm2.  

As m e n t i o n e d   e a r l i e r ,   d e f e c t   g e n e r a t i o n  
d u r i n g   f i e l d   o x i d a t i o n   i s   o n e   o f   t h e   m a j o r   c o n c e r n s  
o f   t h e   s i d e w a l l  masked i s o l a t i o n   p r o c e s s .   T h e  
d e f e c t s ,   u s u a l l y   e d g e   d i s l o c a t i o n s ,   a r e   l i k e l y   t o  
c a u s e   h i g h e r   d i o d e   j u n c t i o n   l e a k a g e   b y   p r o v i d i n g  
deep r e c o m b i n a t i o n   c e n t e r s   e s p e c i a l l y   b y   a t t r a c t i n g  
h e a v y   m e t a l   i m p u r i t i e s .   T h e r e f o r e ,  i t  i s  impor tdn t  
t o  m e a s u r e   l e a k a g e   c u r r e n t   o f   d i o d e s   f a b r i c a t e d  
w i t h   t h e  SWAMI process  and  compare i t  w i t h   d i o d e s  
f a b r i c a t e d   w i t h   t h e  LOCOS p r o c e s s .   F i g u r e  5 shows 
t h e   d i o d e   l e a k a g e   c u r r e n t   a s  a f u n c t i o n   o f   j u n c t i o n  
t e m p e r a t u r e   f o r   t h r e e   d i f f e r e n t   k i n d s   o f   d i o d e s .  
The f i n g e r   d i o d e   h a s   t h e  same p l a n a r   a r e a  as t h e  
p l a n a r   d i o d e   e x c e p t   t h a t   t h e   t o t a l   l e n g t h   o f   t h e  
i s l a n d  edges i s  more t h a n   1 0   t i m e s   l o n g e r .  AS 
d i s c u s s e d   p r e v i o u s l y ,  i f  t h e r e   a r e   a n y   e x t r a  
d e f e c t s   g e n e r a t e d   f r o m   t h e  SWAMI p r o c e s s   t h e y  Will 
be  genera ted   a long   t he   i s l and   edges .   S ince   f i r l ge r  
d iode   has   l onger   i s l and   edges ,  i t  will have   h ighe r  
l e a k a g e   c u r r e n t   t h a n   t h e   p l a n a r   d i o d e   a n d   d i o d e s  
f a b r i c a t e d   w i t h   t h e  SWAMI will have   h ighe r   l eakage  
c u r r e n t   t h a n   d i o d e s   f a b r i c a t e d   w i t h   t h e  LOCOS. 
T e s t   r e s u l t s   i n d i c a t e   t h a t   a l m o s t   a l l   t h r e e  
d i f f e r e n t   d i o d e s   h a v e   i d e n t i c a l   l e a k a g e   C u r r e n t  With 

a c t i v a t i o n   e n e r g y   o f   1 . 1   e v ,   w h i c h   i s   t h e d i f f u s i o n  
l i m i t e d   l e a k a g e   c u r r e n t .   T h e   d i o d e   l e a k a g e   c u r -  
r e n t   m e a s u r e m e n t   c o n f i r m s   t h a t   t h e  SWAMI process 
does n o t   g e n e r a t e   a n y   e x t r a   d e f e c t s  as  compared 
t o   t h e  LOCOS p rocess .  

Measurements o f   t u r n - o n   b e h a v i o r   o f   g a t e  
t r a n s i s t o r   w i t h  mask l a y o u t   d i m e n s i o n s   o f  W/L=1/2 
um i s  shown i n   F i g u r e  6. No d o u b l e   t h r e s h o l d  
v o l t a g e   o c c u r s  i n  t h i s   s u b t h r e s h o l d   c u r v e .   T h e  
s u b t h r e s h o l d   s l o p e   o b t a i n e d   f r o m   t h i s   t r a n s i s t o r  
i s   a p p r o x i m a t e l y  80 mv/decade.  The t u r n   o f f  
c h a r a c t e r i s t i c s   o f   p o l y s i  1 i con-gated   paras i  ti c 
f i e l d   o x i d e   d e v i c e   w i t h   l a y o u t   s p a c i n g  o f  Zmic rons  
i s  shown i n   F i g u r e  7. The t u r n - o f f   r a t e   o f   f i e l d  
t r a n s i s t o r   i s   a b o u t  550 mv/decade.  There i s   l i t t l e  
d i f f e r e n c e  i n  t r a n s i s q o r   t u r n   o n / o f f   b e h a v i o r   f o r  
d e v i c e s   f a b r i c a t e d  wi th  t h e  SWAMI o r   w i t h   t h e  
LOCOS p rocess .  

The f e a s i b i l i t y   o f   t h e  SWAMI i s o l a t i o n  
p r o c e s s   f o r  VLSI c i r c u i t   f a b r i c a t i o n   h a s  been 
s u c c e s s f u l l y   v e r i f i e d   b y   f a b r i c a t i n g  a P -we l l  CMOS 
c i   r c u i  t w i t h   r e a s o n a b l e   . y i e l d .   T h i s  CMOS c i   r c u i  t , 
as  shown i n   F i g u r e  s(a.1, c o n t a i n s  60K ROM, 2.5K 
SRAM, and  100  segnrelits o f   d i s p l a y   d r i v e r   w i t h   5 . 1 3  
x 5 . 2 2  mm2 c h i p   s i z e .   F i g u r e   8 ( b )   i l l u s t r a t e s   t h e  
c r o s s - s e c t i o n a l   v i e w   o f   t h e   d e v i c e   s t r u c t u r e   i n  
t h i s   c i r c u i t .  It shows t h e   i m p r o v e m e n t   i n   s u r f a c e  
p l a n a r i t y   o v e r   d e v i c e s   f a b r i c a t e d   w i t h   t h e  LOCOS. 

CONCLUSION 

A d e f e c t   f r e e   a n d   n e a r - z e r o   b i r d ' s - b e a k   l o c a l  
o x i d a t i o n   p r o c e s s   h a s   b e e n   s u c c e s s f u l l y  demon- 
s t r a t e d   b y   t h e  SWAMI. T h i s  new i s o l a t i o n   p r o c e s s  
f e a t u r e s :   d e f e c t   f r e e ,   s i m p l e   p r o c e s s ,   p l a n a r   s u r -  
f a c e   t o p o l o g y ,   n o   a d d i t i o n a l   m a s k i n g   s t e p   i s   r e -  
q u i r e d ,   a n d   i t s   p r o c e s s   i s   c o m p a t i b l e   w i t h   e x i s -  
t i n g   L S I   p r o c e s s i n g   t e c h n i q u e s .  It o f f e r s   s e v e r a l  
a d v a n t a g e s   o v e r   t h e   c o n v e n t i o n a l  LOCOS p r o c e s s i n g  
such   as :   (a )   nea r -ze ro   b i rd ' s -beak ;   (b )   no   sca le  
down o f   f i e l d   o x i d e   t h i c k n e s s   i s   r e q u i r e d  as o t h e r  
dev i ce   geomet r i es   a re   sca led  down, a n d   ( c )   p l a n a r  
s u r f a c e   t o p o l o g y .   T h e s e   a d v a n t a g e s   n o t   o n l y   e n -  
hance  VLSI c i r c u i t   p e r f o r m a n c e   a n d   p a c k i n g   d e n s i t y ,  
b u t   a l s o   i m p r o v e   t h e   p r o d u c t i o n   y i e l d   e s p e c i a l l y  
when d e v i c e   f e a t u r e   s i z e   i s   s h r i n k i n g  down below 
o n e   - m i c r o n   l e v e l  . 
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Table I. Sequence of processing  steps 

in SWAMI approach 

(1) Grow stress  relief oxide (SRO I) 
(2)  Deposit LPCVD nitride  (nitr ide I) 
(3)  Pattern  island  region  (mask I) 
(4) Plasma  etch  nitr ide I, SRO I, and  

silicon  step (in one  operation) 
( 5 )  Channel  stop  field  implant (B+) 
(6) Grow stress  relief  oxide (SRO 11) 
(7) Deposit  second  nitride  (nitride 11) 
(8) Deposit LPCVD oxide 
(9) Plasma  e tch LPCVD oxide  and  second 

(10) Wet e tch  LPCVD oxide 
(11) Grow field  oxide 
(12)  Strip  nitrides  (chemical) 

nitride in one  operation  (no  mask) 

m PHOTORESIST 1 

................... ................... 

................... A- ............. .................. ................. c S I 0 2  

SI (100) 

C2 F6 PLASMA  ETCH  RATE 

S I 0 2  . 1000H/rn,n 
SISN,  : l O O O ~ l m ~ n  
SI (100) : 3008/mm 
AZ RESIST: 3 5 0 ~ 1 ~ ~ ~  

Fig.1. C2F6 plasma e t ch ing   cha rac t e r i s t i c s  

Table II. Process  parameters of 
NMOS/SWAMI devices 

Field  oxide : 700 nm 
Gate  oxide : 25 nm 
Field  implant : B+, 7OKev, 3E12/cm2 
Channel implant  : B+, BOKev, 9El l /cm2 
Gate electrode : N + ,  350 nm 
S/D junct ion : 250 nm 
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Fig.2. The major  processing steps of the SWAMI. 
(a). After island patterning  and etching. 
(b). After nitride I1 and LPCVD oxide deposition. 
(c). After plasma oxidebitride etching. 
(a). Island  structure  before field oxidation. 
(e). After field oxidation. 
( f ) .  Final isolation structure. 

Flg.3. SEM cross-sectional  view of the   i so la t ion  
s t ruc ture   wi th  SWAMI processing.  
T(FOX)=6400 A. T(ni t r ide 1)=1200 A .  
T(ni t r ide 11)=300 A .  T(SR0 I)=500 A .  
T(SR0 I I ) = l 5 0  A. 
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TOTAL  NUMBER OF C A P 4 C I T O R S  1853 
4 = 1.8 x 10-1 P l l l 2  
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F~g.4. Histogram of gate oxlde breakdown voltage. 
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Fig.5, Dmde leakage current  versus  Junctlon 
temperature. 
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Fig.6.  Subthreshold  curve of enhancement  gate 
transistor.  T(FOX)=7000 A, T(GOX)=250 A.  
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SWAMI FIELD TRANSISTOR 100/2 ‘dm 

I os 
( A )  Fieid oxide : 700 i m  

Fig.7.  Turn-off  behavior  of  parasitic  field  transistor. 

Fig.8. (A) .  Photomicrograph of CMOS circuit  containing 
60K ROM, 2.5K SRAM, and 100 segments of 
display  driver.  Chip  size  is 5.13 * 5.22  mm2. 

(B).  SEM cross-sectional view of device  structure 
with SWAMI processing.  T(poly)= 500 n m ,  
T(Fox)=BOOnm,and  T(Gox)=dOnm. 
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