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For an implanted dose of 5×1015 ions/cm2 at different 
wafer cooling temperatures the amorphization layer and 
damage region below was measured using TEM. A summary 
of the TEM results is shown in Table 1. The thickness of the 
amorphization layer of the cooler wafer (16°C) is more than 
twice as that of the wafer implanted at 48°C (cf. Fig. 3). The 
thickness of the damage layer below the amorphization layer 
is changed by 3 nm (cf. Fig. 4).  Since the region directly 
beneath the a/c interface is heavily damaged, even a small 
change in the thickness of the amorphous layer will consume 
an appreciable amount of the EOR damage.   

TABLE 1.  TEM results on n-type bare wafers implanted with 
7 keV boron 5×1015 cm-2. 

Implant tool Temp. 
 

[°C] 

Amorph. layer 
 thickness 

[nm] 

Damage layer  
thickness 

[nm] 
ULTRA 18 14 20 
Optima HDx 16 18 20 
Optima HDx 32 12 22 
Optima HDx 48 8 23 

 

 
Fig. 3. TEM profile of the amorphization layer for 7 keV boron 5×1015 cm-2 
implanted on Optima HDx at a wafer cooling temperature of 16°C or 48°C. 

 
Fig. 4. TEM profile of the damage layer below the amorphization layer for 7 
keV boron 5×1015 cm-2 implanted on Optima HDx at a wafer cooling 
temperature of 16°C or 48°C. 

The SIMS measurement results (cf. Figs. 1 and 5) show 
nearly comparable profiles after RTP for the ULTRA and the 
Optima HDx when a wafer temperature of about 32°C is 
applied. The accumulated boron peak concentration in the 
EOR damage region is comparable between all Optima HDx 
samples; however, the profile of the 16°C sample ends more 
abruptly due to the thicker amorphization layer. This also 

effects the junction depth which is around 10 nm lower for 
the wafer implanted at 16°C. 
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t e m p e r a t u r e  o f  4 8 ° C  a r e  m o r e  t h a n  1 0  n m  c l o s e r  t o  t h e 0

surface and the amount of0residua l s  i s  s i g n i f i c a n t l y  h i g h e r .  

The TEM analyses have shown that a higher temperature d u r i n g  t h e  i m p l a n t  w i l l  d e c r e a s e  t h e  a m o r p h i z a t i o n  l a y e r  a n d  i n c r e a s e  t h e  j u n c t i o n  d e p t h .  I n  c o m b i n a t i o n  w i t h  t h e  R s a n d  S I M S  r e s u l t s  a n  o p t i m u m  m a t c h i n g  b e t w e e n  t h e  O p t i m a  H D x 0

and the ULTRA can be expected for a wafer cooling t e m p e r a t u r e 0 o f 0 ~ 3 5 ° C  a t  t h e  O p t i m a  H D x .  

= 4 8 ° T = 1 6 °   

B .  S p l i t  l o t  r e s u l t s  The test sequence on the split lot was designed to focus on 

t h e  w a f e r  c o o l i n g  t e m p e r a t u r e  a s  m a i n  m a t c h i n g  p a r a m e t e r  i n  

c o n t r a s t  t o  t h e  p r e v i o u s  w o r k  where dose and energy were 

u s e d to  m a tc h  th e  O p tim a  H D x  to  th e  U L T R A  [4 ]. T h e re fo re , 

th e  e n e rgy trim 0 fa c to r wa s  n o t u s e d a n d th e  do s e  trim 0 fa c to r 

wa s  s e t to  n e a r 1 0 0 % o f th e  va lu e  u s e d fo r m e diu m 0 do s e  im p la n ts . 
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