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Microdefect Elimination in Reduced Pressure 
Epitaxy on Silicon Wafer by Back Damage-Si3N  Film Technique 
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4-1-1 ICIiyazak% Takatsu-ku, Kawasaki, Japan 

ABSTRACT 

A gettering technique which prevents microdefect formation during oxida- 
tion processes after the growth of reduced pressure Si epitaxial layer for bi- 
polar devices is described. A gettering process which consists of protection of 
the back damage layer with Si3N4 film is proposed. A microdefect density in 
epi-layers of ~i0 2 cm -~ is obtained by back damage with the Si3N4 film coat- 
ing technique, on the contrary, the microdefect density reaches ,-~i0 6 cm -z 
without the SijN4 film. The critica/ thickness of SigN4 film to elminate micro- 
defects in epi-layers is obtained 2500 and 200A for substrates without and 
with back damage, respectively. It is found that the gettering action is closely 
correlated with induced defects in the back surface (OSF, dislocation, dam- 
age line, etc.) by sandblast-damaging and/or  SiaN4 film. 

Reduced pressure (RP) silicon epitaxy is an espe- 
cially important  technique for bipolar devices with 
buried layer containing high concentration of As or Sb. 
The advantage of RP epitaxy has at tracted special in- 
terest for shallow junction devices. It has been re-  
ported that RP silicon epitaxy has more advantage in 
characteristics of layer  [autodoping, pat tern shift, and 
uniformity of epitaxial layer, etc. (1-5)], than those 
of .atmospheric silicon epitaxy. 

In general, a variety of defects such as stacking 
faults, slip dislocations (6, 7), and microdefects cor- 
related with impurities (8, 9) is introduced in epi- 
layer during epi-processing. The stacking fault  density 
can be obtained less than ,~i0 cm -2 by gas etching 
prior to epitaxy and slip dislocations can be decreased 
to negligible extent by a radiant  heating technique. 
However, the existence of microdefects in the epitaxial 
surface has become one of the most serious problems 
(e.g., collector-emitter leakage) for device character-  
istics. 

In order to suppress nucleation sites for microdefects 
in epi-layer,  a variety of gettering techniques has 
been proposed. These gettering techniques are based 
on mechanical damage (10, 11), deposition of SiaN4 film 
on back surface (12), and intrinsic gettering (13-17), 
etc. (18-21). Although a number of workers have 
shown that  stacking faults are produced in the atmo- 
spheric silicon epitaxial  layer during thermal  oxida- 
tion (22-26), none has reported the oxidation-induced 

Key words: gettering, tensile stress, bow of wafer, oxidation- 
induced stacking fault. 

stacking faults and gettering of microdefects in RP 
epi-layers. 

In RP epitaxy applying the microdefect gettering 
with a back-side damage technique, the gettering effect 
was found to be decreased by the reasons as fol- 
lows (27): (i) the back damage layer is removed by 
HC1 gas etching prior to epitaxial growth and by HC1 
gas produced from the SiH2C12 source during epi- 
taxiai  growth; (ii) gas 'etching on the back surface is 
accelerated by a reduced pressure; and (iii} the back 
damage layer is annealed-out during a high tempera-  
ture epitaxial process. Therefore, a protection of dam- 
age layer with SijN4 films is proposed for a more 
effective gettering. 

In the present paper, we describe the reduction of 
microdefects in RP epitaxial  layer by sandblast-SijN4 
gettering technique and discuss the gettering mecha- 
nism on the basis of preferential  etching and x - ray  
diffraction topography (XRT) data. In addition, we 
refer to the bow of substrates with SisN4 film on the 
back surface. 

Experimental Procedures 
The p- type Si ~ubstrates used in this study were 

taken from a CZ-grown crystal with the resistivity of 
10 ~ 20 ~-cm. The wafers were 75 mm diam and 0.4 
mm thick with the surface oriented approximately 3 ~ 
from the (111) plane along the <110> direction. The 
front surfaces were mechanically-chemically polished 
and the back with and without sandblast-damage. 
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The SigN4 films were  deposi ted on the back  surface 
of si l icon wafers  p r io r  to ep i t ax ia l  g rowth  by  chemical  
vapor  deposi t ion using the  sys tem SiH4-NHa-N2 a t  
770~ 

The silicon ep i - l aye r  was deposi ted in a commercia l  
"AMC-7800-RP" cy l indr ica l  epi - reactor .  The ep i - l aye r  
was grown to the thickness of 2 --, 3 #m at a ra te  of 0.3 
~m/min  at  1080~ in a reduced  pressure  of 80 Torr.  

Final ly ,  ep i tax ia l  subst ra tes  were  annea led  at  1140~ 
for 1 h r  in wet  02 for  the evalua t ion  of microdefects  in 
epi - layers .  Microdefects  in an e p i - l a y e r  were  revea led  
using the S i r t l  e tchant  for 15 N 30 sec and the XRT 
Lang  method  was also used to character ize  the  defects 
in an ep i - l aye r  and  back  surface. 

The Si3N4 film thickness and bow were  measured  by  
an e l l ipsometer  and a microsensor.  

Results and Discussions 
The sandblas t  ge t te r ing  technique is commonly  ap-  

p l ied  to reduce the  microdefects  in a subs t ra te  surface 
or ep i - sur face  for MOS and b ipo la r  devices. In  the case 
of RP epi taxy,  an  annil{ilation of damage l aye r  was 
confirmed by  the decrease of ox ida t ion- induced  s tack-  
ing faul t  (OSF)  dens i ty  in the  back  surface af te r  gas 
e tching a n d / o r  h e a t - t r e a t m e n t  the  same as the ep i -p ro -  
cess. 

In general, a wafer surface is vulnerable to adsorbed 
oxygen or other impurities from the carbon susceptor. 
Metallic contamination is apt to take place as a result 
of the reaction between an SUS component and HCl 
gas or CI gas dissociated from SiH2CIz source. There- 
fore, gettering processes are important for the sup- 
pression of microdefects caused by heavy metal con- 
tamination in the RP ep i tax ia l  layer .  The damage  l aye r  
can be pro tec ted  by  the deposi ted Si3N4 film which is 
an acid-  and hea t - s t ab le  mater ia l .  

Gettering effect by Si3N4 film without back damage. 
k F i g u r e  1 shows the corre la t ion  be tween  the micro-  
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Fig. 1. Correlation between Si3N4 film thickness and microdefect 
density in epi-layer. 

defect  dens i ty  in ep i - l ayers  and  the SigN4 film th ick-  
ness. 

In  the  Si3N4 get ter ing  process, Petroff  e t a [ .  (12) r e -  
por ted  the e l iminat ion  of nuclea t ion  centers  and i m -  
pur i t ies  which occur dur ing  oxide g rowth  involved  in 
the format ion  of SF  b y  the preoxida t ion  process pr ior  
to ep i tax ia l  growth.  In  the  paper  ment ioned  above, the 
Si3N4 film was deposi ted to  4000A thick to e l iminate  
microdefects  in the subs t ra te  surface. In  the deposi t ion 
of a 4000A thick SisN4 film, we specula te  tha t  the bow 
of the subs t ra te  increases  and m a n y  slip dislocations 
are in t roduced  in the wafers.  

As shown in Fig. l, the  microdefect  dens i ty  in an 
ep i - l aye r  dras t ica l ly  decreases f rom ,~I06 em -2  to 
~103 em -2 when the 2500A-Si~N4 film was deposited. 
Epi tax ia l  defects were  eva lua ted  by  S i r t l  e tching af te r  
a h e a t - t r e a t m e n t  a t  1140~ for 1 h r  in we t  O~. S i r t l -  
e tched figures of ep i - l ayers  and back  surfaces af ter  r e -  
moving Si3N4 films by  hot  HsPO4 solut ion are  shown in 
Fig. 2 (a) and (b) ,  respect ively.  

Typical  ep i tax ia l  microdefects,  t r i angu la r  shaped 
etch pits in the unge t te red  region observed  by  an 
opt ical  microscope are  shown in Fig. 3. 

Damage  l ine and dislocation pits, as shown in the 
bot tom of Fig. 2 (b) ,  a re  observable  in the back  sur -  
face of ge t te red  ep i -wafe r  wi th  an SisN4 film of more 
than 2000A thickness.  These damage  lines and dis loca-  
tions are  considered to be  due to the stresses b y  an 
SisN4 film. 

F igure  4 shows that  the microdefects  in ep i - l ayers  
a re  ge t te red  when  the Si3N4 film more  than  2250A th ick  
is deposited.  The S i r t l - e t ched  e p i - l a y e r  and back  sur -  
face wi th  an Si3N4 film are  shown in Fig. 4 (a )  and (b) ,  
respect ively.  These damage lines have the t endency  to 
run  toward  a definite di rect ion as shown in Fig. 4 (b ) .  
The r emarkab l e  corre la t ion  be tween  the ge t te red  region 
in ep i - l aye r  and the damage  lines in back  surface was 
observed  in Fig. 4. 

F igure  5 represents  XRT of slip dislocations and 
damage lines in the subs t ra te  wi th  a 3000A-thick Si3N4 
film. I t  is appa ren t  f rom the topography  tha t  disloca- 

Fig. 2. Optical micrographs of defects in (a) epi-layer and (b) 
back surface removed SiBN4 film. 
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Fig. 3. Microdefects in RP epitaxlal layer revealed by Sirtl etch- 
ing. 

t ions are  in t roduced  a round  the damage  lines, in accord 
with  Fig. 2 (b)  (bo t tom) .  

The th ick  SigN4 film is necessary  to ge t te r  mic rode-  
fects in an e p i - l a y e r  wi th  an  Si3N4 film. That  is, mic ro -  
defects in e p i - l a y e r  were  reduced  wi th  SisN4 films of 
2500A, 3000A-thick wi thou t  back  damage,  however  
the  bow of the  wafe r  becomes la rge  i n  p ropo r t i on  to 
the SisN4 film thickness as shown la te r  and  sl ip dis loca-  
tions were  in t roduced  into the act ive l aye r  as shown in 
Fig. 5. Consequently,  the Si3N4 get te r ing  technique 
wi thout  back  damage  has a p rob lem which  cannot  be 
ignored  for  device processing. 

Gettering ef]ect by back damage with SisN4 f i lm.-  
In Fig. 6, the microdefec t  dens i ty  in ep i - l aye r  is p lo t ted  
as a funct ion of the  OSF densi ty  due to back  damage  by  
a sandblas t  technique pr io r  to the  d e p o s i t i o n  of a 
1000A-thick SigN4 film. The microdefec t  dens i ty  in an 
e p i - l a y e r  is closely re la ted  to the dens i ty  of OSF wi th  
back  damage.  It became evident  tha t  more  than  5 • 
105 cm -2 OSF's  of dens i ty  in the back- s ide  damage is 
necessary  to reduce ep i -microdefec ts  less than  103 
cm -2  as shown in Fig. 6. Ge t te r ing  exper iments  were  

Fig. 4. (a) Sirtl-etched epi-surface and (b) its substrate back 
surface with 2250A-thick Si3N4 film. 

Fig. 5. X-ray diffraction topograph of epi-wafer with 3000A- 
thick Si3N4 film. g = [220]. 

carr ied  out  using b a c k - d a m a g e d  wafers  wi th  OSF's  
more  than 5 • 105 cm -2  in the  same wafe r  lots, 

F igure  7 shows the dependence  o f  ep i -microdefec t  
dens i ty  on the SisN4 film thickness.  The ep i -mic rode -  
fect densi ty  decreased r e m a r k a b l y  f rom 106 c m - 2  to 
10 ~ cm -2  wi th  the  200A-thick film. When  the SisN4 
film of 1000A thickness was deposited,  the microdefects  
in the  ep i - l aye r  were  reduced  to the  dens i ty  of 5 X 
l0 s cm-2.  

F igure  8 shows etched figures of the  e p i - l a y e r  and 
back  surfaces wi th  sandblas t  damage.  The Si3N4 film 
was removed  by  hot  HsPO4 solut ion before  Si r t l  e tch-  
ing. The defects in the  back  surface (Fig. 8b) r e -  
m a r k a b l y  differ f rom those on the back  surface shown 
in Fig. 2 (b) .  OSF's  due to sandblas t ing  are  observed in 
the  back  surface wi th  SisN4 films of more  than  200A 
th ick  as shown in Fig. 8 (b) .  That  is, the defect  densi ty  
in a back  surface was kept  wi th  more  than  10~ cm -2  
even af te r  ep i tx ia l  growth.  This shows tha t  the  ex -  
tent  of back damage  wi th  sandblas t ing  r ema ined  at  
the same level  before  epi taxy,  even though wafers  
were  annea led  in ep i t axy  and oxida t ion  processes. I t  
is suggested tha t  the get ter ing  act ion b y  back  damage  
occurred effect ively b y  covering wi th  a thin SisN4 film. 

Bow of substrate with SisN4 ]~lm.--A tensi le  stress of 
1010 dynes c m - e  has been repor ted  for chemica l ly  vapor  
deposi ted (CVD) Si3N4 films on an Si wafer  (28, 29). 
I t  is wel l  known that  Si subs t ra tes  bend (30) wi th  the 
stress of the  SisN4 film being vu lne rab le  to cracks (31) 
wi th  increas ing SigN4 film thickness and the process 
t empera ture .  As a resul t  of cracking due to SigN4 film, 
dislocations are  in t roduced into the wafers.  

F igure  9 shows the bow dependence  on the SisN4 
film thickness af ter  the  oxida t ion  of the e p i - l a y e r  a t  
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1140~ for 1 hr  wet 02. The cracks in  Si3N4 films a r e  

observed after epitaxial  growth and they accelerate, 
introducing dislocations into a substrate after an oxi- 
dation process. The m i n i m u m  bow was found with the 
SisN4 film of the thickness between 500 and 1000A as 
shown in Fig. 9. In  addition, the bow of wafers shows 
a tendency to approach a constant  value with the SisN4 
film thickness above 2000A which is the thickness o f  
introducing cracks into a wafer. In  the Si3N4 get ter-  
ing without  back damage, the constant bow region cor- 
responds to the Si3N4 film thickness region with effec- 
tive gettering in an epi-layer.  

Since the bow of wafers becomes a serious problem 
in a photolithographic process after epitaxial  growth, 
we may conclude that  the effective thickness of an 
SigN4 film with back damage is 500-1000A for min i -  
mizing the bow of wafer and e l iminat ing microdefects 
in an epi-layer.  

Summary and Conclusion 
The effective gettering of microdefects in  an  RP epi- 

taxial  layer  has been shown in sandblast-wafers  cover- 
ing the back surface with a thin SisN4 film. In  both the 
gettering cases of applying SisN4 film with and without  
back damage, it becomes clear that  the e l iminat ion of 
the microdefects in  an epi- layer  is closely related to 
the induced defects in the back surface with sandblast-  
damage and Si3N4 film. 

The conclusions reached are as follows. 
1. The gettering of microdefects in an epi- layer  o c -  

c u r s  at the critical Si3N4 film thickness of 2500A wi th-  
out back damage; however the bow of the wafer be-  
comes large and m a n y  dislocations are introduced in  
the epi-layer.  

2. The microdefect density in epi- layers shows a 
reciprocal correlaton with the density of OSF in  the 
back surface and good l inear i ty  in log-log plotting. 

3. The gettering of the microdefects in  an epi- layer  
occurs with more than 200A-thick SigN4 film with back 

damage. The mi n i mum microdefect densi ty in  an epi- 
layer  obtained was 5 • l0 S cm -2 with the 1000A-thick 
Si3N4 film. 
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and Si3N4 film thickness. 

4. The minimum bow of an epi-wafer with Si3N4- 
sandblast treatment after an epi-oxidation was found 
in the range of 500-1000A in Si3N4 film thickness 
The bow was saturated at the Si3N4 film thickness 
more than 2000A. This coincides with the SigN4 film 
thickness which introduces cracks for effective getter- 
ing. 
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