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Thin Silicon Dioxide Using the Rapid Thermal Oxidation (RTO) 
Process for Trench Capacitors 
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Matsushita Electronics Corporation, Kyoto Research Laboratory, Minami-ku, Kyoto 601, Japan 

ABSTRACT 

Growth and electrical characteristics of thin silicon~ dioxide using the rapid thermal  oxidat ion (RTO) process have 
been studied for planar and trench capacitors. Growth of silicon dioxide follows the linear-parabolic model. The activation 
energies of the linear rate constant B/A and the parabolic rate constant B are found to be 1.98 and 1.42 eV, respectively. 
Good electrical characteristics can be achieved by increasing the oxidation tempera ture  from 1000 ~ to 1150~ For the 
trench capacitors oxidized at 1150~ it is found that oxide breakdown occurs dominantly at the fields 10 - 12 mV/cm, the 
leakage current density is 3 • 10 -11A/cm 2 and the interface-state density is 3 x 10 TM cm -~ eV -1. The RTO process is proved to 
be a promising technique for the fabrication of trench capacitors. 

For DRAM (dynamic random access memory) devices, 
increas ing  the packing  densi ty  has been s t rongly re- 
quired.  To increase packing density,  while  keep ing  the 
capac i tance  large enough  to p reven t  rad ia t ion- induced  
soft errors, reducing the occupation area of capacitors is 
essential. For the DRAM below 1 Mbit, planar capacitors 
have  been used. The decrease  in c a p a c i t a n c e d u e  to the 
area reduct ion has been compensated for by the increase 
in capac i tance  due to the reduc t ion  in th ickness  of the 
silicon dioxide film. For the DRAM above 1 Mbit t rench 
capaci tors  are requi red  to get high packing dens i ty  in- 
stead of the planar capacitors. Growth of the high quality 
and rel iable  si l icon d ioxide  film can be per formed  at 
high tempera ture  (>1000~ by controll ing the short oxi- 
dat ion t ime precisely.  This condi t ion  is r equ i red  espe- 
cially in the format ion  of the high qual i ty  and rel iable  
th in  s i l icon d ioxide  film for the t rench  capacitors.  The 
t rench  capaci tors  have r ight-angled corners  at the top 
and the bo t tom of the t rench.  The stress concent ra t ion  
causes oxide  th inn ing  at corners  (1, 2). The dielectr ic  
breakdown voltage of the t rench capacitors is l imited by 
that  at the corners and is lower than that of the planar ca- 
pacitors. This problem can be solved by the stress relief 
due to viscous  flow of si l icon d ioxide  at high tempera-  
ture (3). Using convent ional  furnace at the high tempera- 
ture, it is difficult to control precisely the growth of thin 
the rmal  oxide  film wi thout  impur i ty  redis t r ibut ion.  On 
the o ther  hand, rapid thermal  oxida t ion  (RTO) process  
(4-7) has been inves t iga ted  recent ly,  because  the rapid 
the rmal  heat ing sys tem is proper  for the opera t ion  at 
high tempera tures  and short t imes and for the growth of 
the high qual i ty  and rel iable thin gate oxide  film. We 
have  adapted  the RTO process  for the fabr icat ion of 
t rench capacitors. 

The studies of the planar and the t rench capacitors fab- 
r icated using RTO process are reported. Sample  fabrica- 

tion of the planar and the trench capacitors and measure- 
ments  are described in the Exper iment  section. Growth 
of s i l icon d ioxide  and electr ical  character is t ics  of  the 
planar  capaci tors  are repor ted  in the Resul ts  and 
Discuss ion  section. Elect r ica l  character is t ics  of the 
t rench capacitors are described in section on the Results 
and Discussion section. 

Experiment 
Sample fabrication.--The fabrication flow of MOS ca- 

pacitors is shown in Fig. 1. The CZ silicon wafers are of 
150 mm diam, 650 trm thickness, (100) orientation, and 10 

15 gtcm resistivity (boron-doped). After cleaning chem- 
ically the surface of wafer, the 50 nm th ickness  oxide  
layer was formed with convent iona l  furnace.  Si l icon ni- 
tride of 120 nm thickness was deposi ted by LPCVD. B + 
ions were  implan ted  to form the channel -s top  region. 
LOCOS of 700 nm th ickness  was formed for isolation. 
The 50 nm thick silicon dioxide and 120 nm thick silicon 
nitride layers were etched chemically. 

In the case of the t rench capacitors, the 1000 nm thick 
silicon dioxide layer was deposi ted by CVD. The optical 
l i thography step was done to produce the patterns on the 
si l icon d ioxide  layer. The si l icon d ioxide  layer was 
e tched  by react ive  ion e tch ing  (RIE) with a photores i s t  
mask. The silicon trenches were fabricated by RIE tech- 
n ique using the silicon dioxide film as etching mask. The 
t renches formed have 1 • 3 t~m 2 area and 4 ~m depth. The 
RIE sys tem is equ ipped  with a race t rack- type  magne-  
t ron d ischarge  (8). A mix ture  of  SIC14, C12, and SF,  was 
used as the etching gas. 

Gate oxide was grown by using the RTO process. The 
RTO appara tus  (ULVAC LCA-1201) is shown in Fig. 2. 
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Fig. ]. Fabrication flow of MOS capacitors 

A f t e r  r e d u c i n g  t h e  p r e s s u r e  to  10 Pa ,  02 gas  w a s  i n t r o -  
d u c e d  i n t o  t h e  c h a m b e r .  T h e  w a f e r  w a s  h e a t e d  b y  
t u n g s t e n - h a l o g e n  l a m p s  w h i c h  h a d  t h e  h e a t i n g  r a t e  of  
a b o u t  70~ a n d  s t e a d y - s t a t e  t e m p e r a t u r e s  ( o x i d a t i o n  
t e m p e r a t u r e s )  of  1000 ~ 1030 ~ 1100 ~ a n d  1150~ T h i s  
t e m p e r a t u r e - t i m e  p ro f i l e  is s h o w n  in  Fig.  3. T h e  300 n m  
t h i c k  p o l y s i l i c o n  l a y e r  of  g a t e  e l e c t r o d e  w a s  d e p o s i t e d  
o n  t h e  ga te  o x i d e  l aye r  b y  L P C V D  at  610~ a n d  d o p e d  b y  
POC13 d i f f u s i o n  at  950~ for  15 min .  Au  was  d e p o s i t e d  o n  
t h e  b a c k  s ide  as a n  e l ec t rode .  F i g u r e s  4 a n d  5a s h o w  t h e  
c ros s  s e c t i o n s  of  t h e  p l a n a r  c a p a c i t o r s  a n d  of  t h e  t r e n c h  
c a p a c i t o r s ,  r e s p e c t i v e l y .  F i g u r e  5b  s h o w s  t h e  S E M  p h o -  
t o g r a p h  of  t h e  t r e n c h  capac i to r s .  
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Fig. 2. RTO apparatus 
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Fig. 3. Temperature-time profile of RTO process 

Measurements.--The t h i c k n e s s  of  t h e  s i l i c o n  d i o x i d e  
f i lm was  m e a s u r e d  b y  m e a n s  of  a G a e r t n e r  M o d e l  L115B 
e l l i p s o m e t e r  u s i n g  632.8 n m  i n c i d e n t  l igh t .  T h e  r e f r ac -  
t ive  i n d e x e s  of  s i l i con  a n d  s i l i con  d i o x i d e  w e r e  3.85-i0.02 
a n d  1.460, r e s p e c t i v e l y ,  a t  a w a v e l e n g t h  of  632.8 nm.  

T h e  d i e l e c t r i c  b r e a k d o w n  m e a s u r e m e n t s  w e r e  m a d e  
o n  t h e  s a m p l e s  w i t h  o x i d e  of  10 n m  t h i c k n e s s  a n d  of  10 
m m  2 ga te  a rea  for  t h e  p l a n a r  c a p a c i t o r s  a n d  w i t h  o x i d e  of  
14 n m  t h i c k n e s s  a n d  of  25.6 m m  ~ ga te  a rea  for  t h e  t r e n c h  
c a p a c i t o r s .  F o r  t h e  t r e n c h  c a p a c i t o r s  t h e  o x i d e  t h i c k n e s s  
w a s  m e a s u r e d  on  t h e  p l a n e  p a r t  of  t h e  t r e n c h  c a p a c i t o r s  
( w h i c h  c o n s i s t  of  t r e n c h  p a r t  a n d  p l a n e  part) .  

T h e  d i e l e c t r i c  b r e a k d o w n  e l e c t r i c  f ie ld w a s  d e r i v e d  
f r o m  t h e  v o l t a g e  at  t h e  c u r r e n t  d e n s i t y  10 -4 A / c m  ~. Nega-  
t ive  v o l t a g e  was  a p p l i e d  to t h e  ga te  e l ec t rode .  T h e n ,  sili- 
c o n  su r f ace  was  t h e  a c c u m u l a t i o n  reg ion ,  a n d  t h e  e n t i r e  
e l ec t r i c  f ield was  a p p l i e d  ac ross  t h e  oxides .  F o r  t h e  pla-  
n a r  and trench capacitors 272 samples were used at each 
oxidation temperature. 

For the current-voltage characteristics, the current 
was measured by applying negative vo]tage to the gate 
electrode. 

Interface-state density measurements were made by 
using the quasi-static C-V method with the applied volt- 
age sweep rate dv/dt = 0.I V/s (9). 

For the transient response of capacitance, the capaci- 
tance was measured after changing the applied voltage 
from -5V (accumulation state) to +5V (deep depletion 
state) as a function of time (i0). 

The measurements of the time dependent dielectric 
breakdown (TDDB) (I i) were made under constant cur- 
rent (0.05, 0.I, 0.2, 0.4 A/cm2). Negative voltage was ap- 

LOCOS POLYSILICON 

:.::..~.(:: ..... ..-:.:. 

Au ~ HANNEL 
TOPPER 

Fig. 4. Cross section of planar capacitors 
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Fig. S. (a) Cross section of trench capacitors. (b) SEM photograh of 
trench capacitors. 

p l i e d  to t h e  g a t e  e l e c t r o d e .  T h i s  b r e a k d o w n  is d e s t r u c -  
t i ve  a n d  136 s a m p l e s  w e r e  u s e d  at  e a c h  m e a s u r i n g  po in t .  

Results and Discussion 
Planar  capaci tors . - -Growth  o f  silicon d i o x i d e . -  

F i g u r e  6 s h o w s  t h e  t h i c k n e s s  of  t h e  s i l i con  d i o x i d e  l aye r  
vs. o x i d a t i o n  t ime .  T h e s e  d a t a  a re  in  g o o d  a g r e e m e n t  
w i t h  t h e  q u a d r a t i c  c u r v e s  s h o w n  b y  so l id  l ines  w h i c h  a re  
e x p e c t e d  f r o m  t h e  l i n e a r - p a r a b o l i c  m o d e l .  Th i s  r e s u l t  in-  
d i c a t e s  t h a t  k i n e t i c s  of  s i l i con  d i o x i d e  g r o w t h  u s i n g  t h e  
RTO p r o c e s s  f o l l o w s  t h e  l i n e a r - p a r a b o l i c  m o d e l  (12) in  
w h i c h  t h e  d i f f u s i o n  of  t h e  o x i d a n t  t h r o u g h  s i l i con  d iox-  
ide  l aye r  a n d  t h e  c h e m i c a l  r e a c t i o n  b e t w e e n  Si a n d  O2 a t  
t h e  s i l i c o n - s i l i c o n  d i o x i d e  i n t e r f a c e  a re  t h e  l i m i t i n g  
p r o c e s s e s .  

F r o m  Fig.  6 t h e  p a r a b o l i c  r a t e  c o n s t a n t  B a n d  l i n e a r  
r a t e  c o n s t a n t  B /A w e r e  d e r i v e d  for  e a c h  o x i d a t i o n  te rn-  
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Fig. 6. Oxide thickness vs. oxidation time 

p e r a t u r e .  T h e s e  v a l u e s  a re  s h o w n  in  Fig.  7. T h e  a c t i v a -  
t i o n  e n e r g i e s  E~ of  l i n e a r  r a t e  c o n s t a n t  a n d  of  p a r a b o l i c  
r a t e  c o n s t a n t  are  e s t i m a t e d  to be  1.98 a n d  1.42 eV, r e s pec -  
t ively.  T h e s e  ac t i va t i on  e n e r g y  va lues  are  r e a s o n a b l y  
s imi la r  to  t h o s e  of  t h e  ox ida t i on  u s i n g  t h e  c o n v e n t i o n a l  
f u r n a c e  (12). On  t h e  o t h e r  h a n d ,  t h e  a c t i v a t i o n  e n e r g i e s  
for  RTO p r o c e s s i n g  h a v e  b e e n  r e p o r t e d  in  s e v e r a l  p a p e r s  
(4-7) a n d  a re  d i f f e r e n t  f r o m  o n e  a n o t h e r .  T h e  r e a s o n  for  
t h e s e  d i f f e r e n c e s  a re  n o t  k n o w n .  

Dielectric breakdown.--Dielectr ic  b r e a k d o w n  f r e q u e n c y  
vs. b r e a k d o w n  f ie lds  is s h o w n  in  t h e  h i s t o g r a m s  in  Fig. 8. 
M o s t  of  t h e  d i e l e c t r i c  b r e a k d o w n  o c c u r s  a t  h i g h  f i e lds  
(>10  M V / c m )  d u e  to i n t r i n s i c  d i e l e c t r i c  s t r e n g t h  (13) for  
e v e r y  o x i d a t i o n  t e m p e r a t u r e  1000 ~ 1100 ~ a n d  1150~ 
F o r  b o t h  1100 ~ a n d  1150~ o x i d a t i o n  t e m p e r a t u r e s ,  l ow  
f ield b r e a k d o w n s  (<1 MV/cm)  d u e  to p i n h o l e s  do n o t  oc- 
c u r  a n d  m e d i u m  field b r e a k d o w n s  (3 ~ 8 M V / c m )  d u e  to 
w e a k  spo t s  o c c u r  b y  a few p e r c e n t .  

Current-vol tage character is t ics . - -Figure  9 s h o w s  cur -  
r e n t - v o l t a g e  c h a r a c t e r i s t i c s .  T h e  l e a k a g e  c u r r e n t  fo r  
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Fig. 8. Oxide breakdown field histogram for planar capacitors 
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R T O  is b e l o w  10-UA a n d  s m a l l e r  t h a n  t h a t  ( s h o w n  as 
F U R N A C E  1000~ in  Fig.  9) for  t h e  c o n v e n t i o n a l  fur-  
nace .  T h e  l e a k a g e  c u r r e n t  at  1100 ~ a n d  II50~ o x i d a t i o n  
t e m p e r a t u r e s  is l e s s  t h a n  t h a t  a t  1000~ o x i d a t i o n  t e m -  
p e r a t u r e .  

Interface-state density distribution.--Interface-state 
d e n s i t y  d i s t r i b u t i o n  in  t h e  s i l i c o n  b a n d g a p  is s h o w n  in  
Fig.  10. I n t e r f a c e - s t a t e  d e n s i t y  d i s t r i b u t i o n  is n e a r l y  in- 
d e p e n d e n t  of  t h e  o x i d a t i o n  t e m p e r a t u r e ,  a n d  i t  h a s  a 
U - s h a p e  in  w h i c h  t h e  i n t e r f a c e - s t a t e  d e n s i t y  is c o n s t a n t ,  
a n d  t he  v a l u e  is 5 x 10 ~ c m  -~ eV ~ in  t h e  m i d g a p  r e g i o n  
0.3-0.7 eV. T h e s e  r e s u l t s  s h o w  t h a t  r a p i d  h e a t i n g  a n d  
c o o l i n g  do  n o t  h a v e  a b a d  e f f e c t  o n  t h e  i n t e r f a c e - s t a t e  
d e n s i t y .  
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Fig. 12. Time to 50% cumulative failure us a function of stress cur- 
rent density. 

Transient response of capacitance.--Figure 11 s h o w s  
t r a n s i e n t  r e s p o n s e  of  c a p a c i t a n c e .  As  t i m e  p r o g r e s s e s ,  
t h e  c a p a c i t a n c e  i n c r e a s e s  b e c a u s e  t h e  d e p l e t i o n  l a y e r  
w i d t h  c o n t r a c t s  d u e  to g e n e r a t i o n  of  m i n o r i t y  c a r r i e r s ,  
a n d  r e t u r n s  to t h e  f inal  c a p a c i t a n c e  Cr~n w h i c h  is e q u a l  to  
t h e  c a p a c i t a n c e  in t h e  a c c u m u l a t i o n  s ta te .  T h e  t i m e  
which is required for returning to Cn. increases with oxi- 
dation temperature; it is very long at 1150~ 

These results demonstrate that damage to the silicon 
surface layer is not caused by rapid heating and cooling 
above 1100~ oxidation temperature. 

Time dependent dielectric breakdown (TDDB).--The 
m e a s u r e m e n t s  of  T D D B  are  u s e f u l  in  e s t i m a t i n g  t h e  life- 
t i m e  of  t h e  s i l i c o n  d i o x i d e  l ayer .  F i g u r e  12 s h o w s  t h e  
t i m e  to 50% c u m u l a t i v e  f a i lu re  as a f u n c t i o n  of  s t r e s s  cur-  
r e n t  dens i t y .  T h e  l i f e t ime  of  t h e  s i l i con  d i o x i d e  l aye r  in-  
c r e a s e s  w i t h  o x i d a t i o n  t e m p e r a t u r e .  T h e  l i f e t i m e  of  t h e  
s i l i c o n  d i o x i d e  l a y e r  f o r m e d  b y  R T O  a n d  c o n v e n t i o n a l  
f u r n a c e  a t  1000~ is v e r y  s im i l a r  to  e a c h  o ther .  

Trench capacitors.--Dielectric breakdown.--The o x i d e  
d i e l e c t r i c  b r e a k d o w n  field h i s t o g r a m  is s h o w n  in  Fig. 13. 
T h e  d i e l ec t r i c  b r e a k d o w n  f r e q u e n c y  i n c r e a s e s  in  t h e  me-  
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dium field range for the trench capacitor compared with 
that  for the planar capacitors. 

Current-voltage characteristics.--Figure 14 shows 
current-vol tage characterist ics.  Leakage current  is very 
small  at high oxida t ion  t empera tu re  (1150~ Leakage  
cur ren t  of the t rench capaci tors  is smal ler  than that  of 
the planar capacitors because the silicon dioxide film of 
the t rench  capaci tors  is th icker  than that  of  the planar  
capacitors. 

Interface-state density distribution.--Figure 15 shows 
the ifiterface-state density as a function of energy in the 
si l icon bandgap.  The interface-s ta te  densi ty  decreases  
with increasing oxidation temperature.  

TDDB.--Time to 50% cumulat ive failure as a function of 
stress current  density is shown in Fig. 16. The l ifetime of 
the  si l icon d ioxide  layer increases  with oxidat ion  tem- 
perature, and it is shorter than that for the planar capaci- 
tors. The electrical acceleration factor in the time to 
breakdown measurement is 1.5 decades/MV/cm. 

Good electrical characteristics were achieved by in- 
creasing the oxidation temperature from i000 ~ to I150~ 
in the silicof~ dioxide layer, the interface be tween silicon 
and si l icon d ioxide  and the sil icon surface layer for the 
planar capacitors and the trench capacitors. We are sure 
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that these good results are achieved by the stress relief of 
the si l icon d ioxide  due to the larger v iscous  flow of the 
s i l icon d ioxide  at h igher  t empera tu re  (>1000~ (Of 
course,  the dust  and contamina t ion- f ree  process  is 
required.) 

Electr ical  character is t ics  of t rench capaci tors  depend  
not iceably on the oxidation tempera ture  compared with 
that  of p lanar  capacitors.  This reason is t h a t  the t rench 
capacitors have right-angled corners at which the stress 
concent ra tes  s t rongly  and the re laxa t ion  of  the stress 
due to viscous  flow of the si l icon d ioxide  depends  con- 
siderably on the oxidat ion temperature  (3). 

C o n c l u s i o n  
Plane capacitors and trench capacitors were fabricated 

using RTO process.  Growth  of si l icon d ioxide  in the 
range 4 - 26 nm was investigated. It was found that the 
growth  of si l icon d ioxide  fol lowed l inear-parabol ic  
mode l  s imilar  to the case us ing conven t iona l  furnace.  
Electr ical  characterist ics are improved due to the stress 
re l ie f  of  the si l icon d ioxide  at high oxida t ion  tempera-  
ture. We suggest that the effect of the stress relief is im- 
portant for the trench capacitors which have right- 
angled corners. The undesirable effect due to rapid 
heating and cooling is not found. The RTO process is su- 
perior to the process using the conventional furnace for 
the controllability of short oxidation time and high oxi- 
dation temperatures. The RTO process promises the use- 
fu] process for the fabrication of the trench capacitors. 
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ABSTRACT 

The electrical properties of dislocations and grain boundaries (GB) in directionally solidified polycrystalline silicon 
were extensively studied as a function of the carbon, oxygen, and nitrogen content, as well as of the relative grain orienta- 
tion. As a first result of this study we obtained the experimental evidence that the oxygen and carbon content are not inde- 
pendent  variables of the material. Therefore, the density and the electrical activity of dislocations are shown to be strongly 
dependent  on the amount  of oxygen-carbon compensation. As a second result, experimental evidence was also achieved 
which demonstrated that grain boundaries are strongly passivated and that recombination losses at GB do not present any 
relevant relationship with mutual crystallographic orientations of the grains. It appears, therefore, that a careful choice of 
the growth and postgrowth conditions yields a material which behaves like crucible grown single-crystal silicon. 

The possibility of achieving high efficiency solar cells 
with polycrysta l l ine  si l icon is still, a mat ter  of hot 
d iscuss ion,  as the rote of the subst ra te  with its micro- 
s t ructure,  dis locat ion densi ty,  and nat ive  impur i ty  con- 
tent  is not  completely understood. This material 's  pecu- 
liarities depend essentially on the variety of growth and 
postgrowth condit ions adopted by the manufacturers ,  so 
that polycrystall ine silicon of different origins may show 
differences in this respect. In fact, at least the possibili ty 
exists that the configuration of structural  defects, as well 
as the con ten t  and the d i s t r ibu t ion  of nat ive impur i t ies  
be tween  the vo lume and the GB in polycrys ta l l ine  sili- 
con, could be "lot dependen t "  or at least "manufac tu re  
dependent" .  

At tempts  to apply to polycrysta l l ine  si l icon a zero or- 
der model,  which assumes homogeneous  in t ragra in  
propert ies  and cons tan t  GB recombina t ion  (1) has al- 
ready failed, as a consequence of the intrinsic complex- 
ity of polycrystall ine materials, where (i) interactions, of- 
ten  of chemical  origin, be tween  point  defects and 
extended defects, dominate the electrical properties, (it) 
intragrain defects, very often limit the diffusion length of 
minor i ty  carriers (1) and (iii) high tempera ture  anneal-  
ings enhance  the electrical activity of r ecombina t ion  
centers at GB (2, 3). 

In single-crystal silicon the reaction kinetics of nuclea- 
t ion and segregat ion of oxygen are already well estab- 
l ished facts (4), as is the role of the oxygen in the thermal 
genera t ion  and locking of dislocations.  Similar ly  well 
k n o w n  is the na ture  of complexes  be tween  dis locat ion 
and oxygen precipitates. 

*Electrochemical Society Active Member. 

In the case of polycrystalline silicon, on the other 
hand, it is only ascertained that oxygen segregates at GB 
in the 600%900 ~ range (5-9), while sensibly affecting the 
minority carrier lifetime (9), as in the case of oxygen pre- 
cipitates in single-crystal silicon (i0). 

Furthermore, while in single-crystal silicon the benefi- 
cial effects of oxygen on impurity gettering are well es- 
tablished, the role of oxygen in homogeneous or hetero- 
geneous reactions involving impurities in polycrystal- 
line silicon is not yet clearly understood, as well as the 
role of oxygen in the electrical activation or deactivation 
of impurity centers. 

Earlier results of Pizzini (11), Salama (12), and more re- 
cent ly  of Zehaf  (13), Martinuzzi  (14), and Pizzini  (15), 
could not be properly explained without  assuming pref- 
erent ial  in terac t ion  of metall ic impur i t ies  with oxygen 
segregated at GB. This assumption,however ,  fails to pro- 
vide any explana t ion  for the synergist ic  effects of 
carbon. 

The lifetime enhancement ,  which could be obtained by 
s t ruc tura l  defect reduc t ion  consequen t  to a proper  
choice of the postgrowth annea l ing  condi t ions  (16), fits 
well in this frame; but  still, the influence of other param- 
eters, like the grain misorientat ion and the specific con- 
figuration of each GB on the segregation of oxygen, car- 
bon  (5, 6, 17), and impur i t ies  (18) dur ing  thermal  
annea l ing  cycles and on the electrical propert ies  of sili- 
con, deserves further experimental  attention. 

Although a possible role of ni trogen on GB passivation 
was already proposed (19) by considering certain pecul- 
iar propert ies  of polycrys ta l l ine  si l icon grown in Si3N4 
crucibles (20) or treated with Si3N4 (21), it still needs fur- 

) unless CC License in place (see abstract).  ecsdl.org/site/terms_use address. Redistribution subject to ECS terms of use (see 134.129.182.74Downloaded on 2015-05-30 to IP 

http://ecsdl.org/site/terms_use



