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SUB-MICRON  POLYSILICON GATE CMOS/SOS TECHNOLOGY 

A.  C .  Ipri 

RCA Laboratories 
David Sarnoff Research Center 

Princeton , NJ 08540 

ABSTRACT 

A process sequence incorporating  the  lateral 
diffusion of Boron into  polycrystal l ine  s i l icon  for  
the  fabrication of CMOS/SOS t rans is tors  and integra- 
ted  circuits  is   described. The resul t ing  polysi l i -  
con gate  dimensions and channel lengths  are  typical-  
ly between 0 .2  pm and 2.0 pm. Yield  values  associa- 
ted w i t h  these narrow polysilicon 1 ines  are shown t o  
be equal to  present 5 urn yield  values. Ring osc i l -  
l a tors  have been fabricated having 0.5 pm channel 
lengths which exhibit  propagation  delays of 200 ps 
a t  5v. In addition, 10 stage dynamic binary  counters 
have a l so  been fabricated having 0.5 pm channel 
lengths and a maximum i n p u t  frequency of 600 MHz a t  
1 2 v  and 200 mW was attained. 

INTRODUCTION 

Short  channel MOS t rans is tors  hav een fabri-  
cated  using  diffused  annel  processes 'il P as  well  as 
!/=groove approaches. ($7 Narrow gate MOS t r ans i s to r s ,  
on the  other ha have  been fabricated  using e-beam 
di rec t  exposure 14) as well as  overetching  techniques 
( 4 ) .  Another technique  for  achieving  very a row 
polysilicon  lines was described by Nichola~!~ret.al .  
and  makes use of the  non-etchability  of  heavily bo- 
ron doped s i l icon .  This  technique has the   d i s t inc t  
advantage of being a high yield  technique and hence 
permits  the  fabrication of integrated  c i rcui ts  con- 
taining many sub-micron gate  devices.  This approach 
also  permits  the  fabrication  of symmetric devices  as 
we1 1 as complementary devices (CMOS). 

FABRICATION 

The fabrication sequence i s  shown in F i g .  1 .  
Using ion-implantation,  the  starting  substrates  are 
doped t o  various  levels depending upon the  f inal 
gate  length. An Si02 layer of typically 100-590 8 
i s  grown followed by the  deposition of a Si3N4 layer 
of similar  thickness. The n i t r ide   l ayer   i s  used to  
minimize the  interaction  of  the  subsequent boron 
diffusion w i t h  the  Si02  layer.  Polysilicon i s  de- 
posited  followed by an Si02  deposition and photo- 
step t o  define  the  Si02 and polysilicon. The wafers 
are then exposed to  a boron diffusion a t  9OOOC using 
B N .  Only the exposed edges of the  polysil icon  are 
doped with boron t o  a depth which i s  dependent on  
the  time and temperature.  After  the boron diffu- 
sion, the  Si02 masking layer   i s  removed and the u n -  
doped polysi  licon i s  removed using a KOH-alcohol 
solution. The  Si3N4 layer   i s  removed  and the  sources 

and drains  are implanted  using bo n and phosphorus 
or arsenic t o  a level of 1-4 x 10 /cm2. A f inal  
Si02 layer  is  deposited  over  the  surface of the 
wafers,  the  implants  are  activated  at 900°C for 15 
minutes,  contacts  are  opened, and the  wafers  are 
metallized. 

As can be seen from Fig. 1 , i t   i s  possible t o  
fabr icate   e i ther   s ingle  or multiple  gate  transistors 
depending upon the  polysilicon mask pattern.  Fig- 
ure 2 shows an SEM photomicrograph of a finished 
array. Narrow polysil icon  l ines  are shown crossing 
epi-silicon  islands  and,  in turn, being  crossed by 
aluminum. The continuity  yield of narrow polysil   i-  
con l ines  having widths between 0.10 pm and 1.5 um 
was measured as a function of length and number of 
epi-silicon  crossunders and the  resul ts   are  given 
in  Fig. 3 .  These data  indicate  that   there  is   essen- 
t i a l l y  no yield  degredation  over  this  range. In 
addition, comparison of these  results with  previous 
measuremen using  photolithographic  definition 
techniquest2)  indicates  that   the  continuity  yield  is  
only a function of the w i d t h  of the   in i t ia l  poly- 
si l icon  pattern ( i n  this  case  5.0 pm) not  the  final 
polysilicon  width. 

DEVICE  CHARACTERISTICS 

Typical D . C .  devices  characterist ics  for tran- 
s i s to r s  having polygate  dimensions of 0.5 pm are 
shown in  Fig.  4. Dual gate,  n-channel devices 
( L s ~ = 1 . 0  pm) general ly   exhibi t   in i t ia l  breakdown a t  
about 10-15 volts  while  single  gate  devices show 
similar   effects  a t  about 5-8 vol t s .  P-channel de- 
vices  are,  of course, somewhat be t te r .  N-channel 
device  leakage  currents  for  0.5 um channel lengths 
are  typically  0.5 nA per micrometer of channel  width 
while p-channel devices have typical  leakages of 
about  0.1 nA per  micrometer of channel w i d t h .  

PERFORMANCE CHARACTERISTICS 

Ring osc i l l a to r s  have been fabricated  using  the 
narrow gate  process and typical  results  are shown in 
F i g .  5 .  B o t h  dual gate  devices and  single  gate de- 
vices were fabricated on the same wafer, and stage 
delay  ratios were about 2 t o  1 .  The shortest  pro- 
pogation  delays  observed to  date have been in  the 
150 t o  200 pS range for   0 .5  pm gate  lengths.  Shorter 
gate  length  devices have been  made b u t  the  leakage 
currents have  been substantiatly  higher  then  the 
0.5 pm devices and the  propagation  values were about 
the same. 
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Ten stage  dynamic  b inary  counters  have  also 
been f a b r i c a t e d   w i t h   t h i s   p r o c e s s .  The maximum i n -  
put   f requency  for   counters   hav ing 0.5 pm s i n g l e  
gate  devices was 600 MHz a n d   t h e   v a r i a t i o n   w i t h  
supply   vo l tage i s  shown i n  F ig.  6. A t  5v the  coun- 
te rs   ope ra ted   a t   abou t  200 MHz. The dependence o f  
power d i s s i p a t i o n   w i t h   t h e  maximum input   f requency 
i s  shown i n   F i g .  7 and i t  can be  seen t h a t   t h e  
average  power d i s s i p a t i o n   a t  200 MHz and  5v i s  about 
8 mW w h i l e   a t  600 MHz and  12v  the  power  d issipat ion 
increases  to   about  200 mW. 
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"D-MOS T r a n s i s t o r   f o r  Microwave  Application," 
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\\W4 
KOH E T C H  T O  REMOVE  UNDDPED  POLY 

D E F I N I T I O N  
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BORON AND  PHOSPHORUS  IMPLANTATION 
R R R  R 

/ 9* ! !  P t  \ / P I  : IR ! ,  p+ \ / I. ! I  I' \ 

Photomicrograph o f  'narrow-gate  array 

F igu re  2 

i NARROW  GATE 
POLY-SIL ICON  CONTINUITY poLy-s IL IcoN 
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0.1 1 I I I I I I 1 
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POLY  LENGTH  (MILS)  
# CROSSOVERS 

C o n t i n u i t y   y i e l d   o f   n a r r o w   p o l y s i l i c o n   l i n e s  
c ross ing -ove r   ep i   s i l i con   s teps  

F igure 3 

T R A N S I S T O R  
P-CHANNEL  P-CHANNEL 

T R A N S I S T O R   T R A N S I S T O R  
N - C H A N N E L  

(DOUBLE  GATE)  

F igu re  1 Narrow-gate CMOS/SOS process  sequence 
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