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e x p e r i m e n t a l l y  by  the resul ts  descr ibed  in the s e c t i o n  
"Cur ren t -vo l t age  character is t ics"  (Fig. 4). 

Fol lowing  the l aw of conservat ion  of energy,  the  
o rde r  of magn i tude  of the  fluid flow veloc i ty  can be 
es t imated  by equat ing  the e lec t ros ta t ic  ene rgy  and the 
kinet ic  energy  of the fluid, which  yie lds  

U , /  ~eo 

V [8:1 V ~  d p 

With the expe r imen t a l  va lue  of the th resho ld  vo l t -  
age of convect ion of about  3V and a span  of  the  
oxida t ion  and reduct ion  po ten t i a l  of 2.5V, a p p r o x i m a -  
t ively,  one obtains  U = 0.5V. Fo r  an e lec t rode  spacing 
of 50 ~m, a solvent  dens i ty  of p = 1 g / c m  s, and  a 
die lect r ic  constant  of ~ = 3.5, the  ave raged  flow ve loc-  
i ty should be of the o rde r  of 0.2 cm/sec  jus t  above  the  
onset  of convection. Equat ion  [8] shows tha t  the  ve -  
loci ty has to increase  l i n e a r l y  wi th  increas ing  vo l tage  
beyond tha t  point,  which  is in ag reemen t  wi th  the  
l inear  increase  of the cu r ren t  in the convect ion region.  
Accordingly ,  the i n t e rp re t a t i on  of the  e x p e r i m e n t a l  
~'e~ults, descr ibed  in Fig. 3a, leads to the  conclusion 
that  the  overa l l  degree  of ionizat ion of the  rub re ne  
solut ion should be constant  in the l inea r  range  of the  
cu r r en t / vo l t age  curve.  The degree  of ionizat ion can 
be es t imated  under  these condit ions.  Wi th  d --  60 ~m, 
~(SV) : 0.1 m A / c m  2 or  i (hV)  = 0.6 mA/cm~ one ob-  
tains v (3V)  = 0.16 cm/sec,  v (5V)  _~ 0.78 cm/sec,  
respect ively ,  and  the degree  of ionization,  8, is then  
(C = 4 . 10 -6 m o l / c m  s) 

T 
p -- ~ 1.5% 

z F .  C �9 v 

This r a the r  low value  of f~ mus t  not  be  cons idered  to 
be the  absolute  f rac t ion of r ub rene  rad ica l  ions in the  
solut ion in any case; i t  indicates ,  however ,  the  f rac-  
t ion of rub rene  molecules  tha t  is act ive in charge  
t r anspor t  dur ing  e l ec t rohydrodynamie  convect ion flow 
in the t h i n - l a y e r  cells. 
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ABSTRACT 

Substant ia l  improvement  of the quali ty of silicon epitaxial  films by post-epitaxial  polysi l icon back-side gettering 
has been observed. This improvement  is displayed by  the reduct ion of defect counts revealed by the Wright etch and 
anodic etch and the increase of carrier lifetime characterized by the improved MOS retention time. Correlation be- 
tween the defect  etch pit counts and the retent ion t ime of MOS devices fabricated is reported.  

High qua l i ty  ep i tax ia l  (epi)  films a r e  essent ia l  for  
achieving high yie lds  in semiconductor  devices and 
in t eg ra ted  c i rcui t  processing.  Var ious  ge t te r ing  
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schemes have  been proposed (1-5) to insure  a suffi- 
c ien t ly  high qual i ty  of subs t ra tes  and films. Most of  
these ge t te r ing  procedures  share  a common feature,  
tha t  is, they  all  aim at c rea t ing  a form of s t ra in  a n d / o r  
la t t ice  d isorder  to the backsur face  of subs t ra te  wafers  
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tha t  is fo l lowed b y  annea l ing  at  an e leva ted  t e m p e r a -  
ture.  I t  is g e n e r a l l y  unders tood  tha t  ge t te r ing  impl ies  
that  defects  and impur i t i e s  move and are  t r apped  at  
these  back- s ide  t r ea ted  regions and are  p reven ted  
f rom fu r t he r  movemen t  to f ront  surfaces. Previous  
inves t iga t ions  have  shown tha t  deep level  impur i t i es  
near  the surface  can  reduce  MOS re ten t ion  t ime. 

There  a re  severa l  methods  of charac te r iz ing  the 
effectiveness of ge t t e r ing  in si l icon ep i t ax ia l  films. The 
s imples t  of these  inc lude  decora t ion  wi th  chemical  
p re fe ren t i a l  e tches such as Wr igh t  etch (6) and anodic 
etch t echn iques  (7). The chemical  p re fe ren t i a l  e tches 
decora te  surface  as wel l  as bu lk  defects  exis t ing in the  
mater ia l ,  most  no tab ly  ep i t ax ia l  s t a c k i n g  faul ts  
(SFepi), ox ida t ion  s tacking  f a u l t s  (OSF) ,  hil locks,  and 
sl ip lines. The e tched decorat ions  can be observed  us-  
ing  an  opt ica l  microscope wi th  Nomarsk i  in te r fe rence  
a t tachments .  The anodic  etch decorates  se lec t ive ly  the 
e lec t r i ca l ly  act ive defects  f rom among the above.  A l -  
though defect  decora t ion  techniques are  good indica-  
tors of ge t te r ing  effectiveness, the most  sensi t ive test  
of si l icon qua l i ty  i m p r o v e m e n t  is MOS re ten t ion  time. 
We the re fo re  measu red  capaci tors  formed on the epi 
films in both ge t t e red  and unge t t e red  regions to eva lu -  
ate i m p r o v e m e n t  and  compare  resul ts  (8). 

This s tudy  has examined  the effectiveness of po ly-  
s i l icon,  Si3N4, and  combinat ions  of  polysil icon/Si~N4 as 
ge t te re rs  when used as a pos t - ep i t ax i a l  p rocedure  to 
reduce  defects  a l r e ady  in t roduced  in the epi films 
th rough  inadequa te  p r e - e p i t a x i a l  surface  cleaning.  
Observa t ions  were  made  on the ge t te red  samples  of 
defect  counts in device  a reas  using the e tching tech-  
niques and these resul ts  were  cor re la ted  wi th  the MOS 
re ten t ion  t ime measurements .  

I 

p ~  GETTERED 

pol+y-S,% (2) (3) //7~S'3N 4 

Fig. 1.. Designation of back-side gettering treatments according 
to sectors (front-side view of wafer). 

gate  electrodes.  Wafers  having  no epi  were  inc luded as 
controls.  

Results and Discussion 
Surface morphology by Wright etch and anodic etch. 

- - I n  nonge t t e red  wafers ,  hazy  pa t t e rns  as shown in 
Fig. 2 were  a lways  c lear ly  vis ible  by  reflected l igh t  
when epi  films were  t r ea ted  wi th  Wr igh t  etch (Fig. 
2a) or  anodic etch (Fig.  2b).  These h a z y  surfaces were  
found both wi th  or  wi thout  a high t e m p e r a t u r e  s team 
oxidat ion .  The  hazy regions in Fig. 2 a re  found to con- 
sist  of h igh dens i ty  aggregat ions  (up to 107 cm -2) of 
h i l lock- type  etch pits  shown in Fig. 3 at  h igh magnif i -  
cation. These same hazy regions as developed f rom 
anodic etch exhib i t  h igh dens i ty  aggregat ions  (Up to 
106 cm-2)  of anodic etching ar t i fac ts  of va ry ing  size as 

Exper imental  

The e p i f i l m s  were  depos i ted  b y  the hydrogen  r educ -  
t ion of  s i l icon t e t r ach lo r ide  (SIC14) at  1050~ in an 
AMC-1200 reactor .  The  deposi t ions  were  made  on Si 
wafers  fo l lowing  p rocedures  k n o w n  to produce  film 
defects  a t  levels  g rea t ly  above  norma l  in ep i t ax ia l  
films, i.e., poor  p re -c lean ing ,  r insing,  and  drying.  Both 
n + and p -  < t 0 0 >  oriented,  5.7 cm diam, 0.038 cm 
thick, si l icon subs t ra tes  were  employed.  The ep i t ax ia l  
films were  f rom 1.3 to 3.9 ~m thick. Only  n - t y p e  epi-  
t ax ia l  films were  deposi ted  using AsH3 as a dopant  
source. The res is t iv i t ies  of the films ranged  wi th in  0.2- 
2.0 a - c m .  Samples  tha t  w e r e  examined  for defects  
were  first g iven a 10 sec BHF etch fo l lowed b y  a 
Wr igh t  etch of f rom 40 to 120 sec .  E lec t r i ca l ly  act ive 
defects  in  the ep i t ax i a l  films were  decora ted  using an-  
odic etch techniques p rev ious ly  descr ibed  (5). The 
typ ica l  vol tage  used for  the  presen t  exper imen t s  was 
3V bias in  a 5% I-IF e lec t ro ly te .  Ge t t e r ing  films were  
deposi ted  on the back- s ide  of subs t ra te  wafers .  A n -  
neals  fo l lowed the back- s ide  ge t te r ing  t rea tments .  The 
annea l ing  consisted of 5 min at  1000~ in O2 and 25 
rnin in N2. In  these  expe r imen t s  the  ge t te r ing  t r e a t -  
ments  were  app l ied  to se lected sectors on the back -  
sides l eav ing  one a r e a  in an unge t t e red  form for com- 
par i son  purposes  (Fig. 1). The deta i l s  on these ge t t e r -  
ing films are  given below. 

Polysilicon; polysilicon/Si~N4; SigN4 gettering films. 
- - A  po lyc rys ta l l ine  si l icon l aye r  of  500 nm th ick  was 
depos i ted  on o n e - h a l f  of  the  wafe r  back - s ide  b y  chemi-  
cal  vapor  deposi t ion  at  650~ employ ing  a mechan ica l  
mask.  This was fo l lowed b y  a deposi t ion  of an  Si3N4 
film at  700~ also in a h a l f - w a f e r  fashion.  F o r  this  
second deposi t ion  of SigN4, the mask  was ro ta ted  90 ~ 
such tha t  the  Si3N4 edge was pe rpend i cu l a r  to the  p r e -  
v ious ly  fo rmed  polys i l icon/s i l i con  boundary .  This re -  
su l ted  f inal ly  in a qua r t e r ed  wafe r  as shown in Fig. 1 
labe led  to ind ica te  the  back - s ide  ge t te r ing  films p res -  
en t  for  each sector. Fo l lowing  the rou t ine  anneals  a 
500A SiO~ l aye r  was t h e r m a l l y  grown on the ep i t ax ia l  
film using a d r y  oxygen  a tmosphere  at  1000~ MOS 
s t ruc tures  were  comple ted  on this oxide  by  fo rming  A1 

Fig. 2. Hazy patterns observed on the surface of epl wafers fol- 
lowing Wright etch (a) or anodic etch (b). 
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Fig. 3. Hillocks-type etch pits within the hazy region (Fig. 2a) 
after Wright etch for 40 sec shown at higher magnification. 

shown in  Fig. 4 and 5. Similar  hazy regions after high 
tempera ture  steam oxidation t rea tments  plus Wright  
etch display local clusters of high density aggregation 
(up to 107 cm -2) of ei ther solely oxidation induced 
s tacking faults (OSF) (Fig. 6a) or a mixture  of OSF 
and hillocks as shown in Fig. 6b. 

Figure  7 shows some typical anodic currents  gener-  
ated dur ing  the anodic etching process for two n- type  
epitaxial  films of differing thickness on n + substrates 
( n / n  +) and n - type  epi on p- type  substrates (n /p ) .  
The epi surface exposed to the anodic etch included a 
circular  area of approximate ly  5 cm in diameter.  The 
higher current  ini t ia l ly  observed in  Fig. 7 is due to the 
presence of surface defects. For the n /p  wafers the 
current  stabilizes and remains  at a level of 10-15 mA. 
For the n / n  + wafers, there is a rapid cur ren t  increase 
following the ini t ia l  cur ren t  decay resul t ing from etch 
"punch through" to the n + substrate.  The anodic dec- 
orations were examined us ing  a Nomarski interference 
microscope and typical examples are shown in Fig. 4 
and 5. Figure 4 shows the typical  anodic etching ar t i -  
facts on the surface of n / n  + epi wafers located 
wi th in  a high haze region and is shown following 30 
sec of anodic etch t reatment .  Figure 5 shows a typical  
anodic etching art ifact  observed on the surface of n / p  

Fig. 4. Representative anodic etch artifacts at higher magnifica- 
tion on the surface of n/n + epi wafer within the hazy regions (as 
in Fig. 2b) after: 30 sec anodic exposure (3V bias in 5% HF)~ 

Fig. 5. Characteristic anodic etching artifacts on the surface of 
n / p -  epl wafer within the hazy regions (similar to Fig. 2b) after 
2 min anodic exposure (3V bias in 5% HF). 

wafer  located wi th in  a dense haze area shown after 2 
min  of anodic etch. In  addit ion to the smaller  art ifact 
collections that  are found in the hazy regions, some 
total ly different anodic artifacts are also found scat- 
tered on the wafer  overall. The density of the largest 
artifacts shown in the figure also varies, bu t  they are 
typical ly less than 100 cm-2: A small  square-shaped 
s t ructure  can usual ly  be observed at the center Of the 
very  largest anodic decorations. These defects are al- 
ways electrically active and arise from epitaxial  stack- 
ing faults. The stacking fault  defects can be present  
both with or without  oxidat ion treatments .  

Polysilicon back-side deposition and annea l ing  wa.~ 
found to be an effective get ter ing technique. Figure 8 
shows three consecutive microphotographs covering 
the bounda ry  region be tween the nonget tered and 
gettered wafer  sectors. It  should be noted that the re- 
duction in  hillock densi ty  is gradual  across this bound-  
ary  occurring over approximate ly  500 gin. The gradual  
reduct ion in hillock density observed is believed to re- 
sult  from the silicon wafer mask  overlay employed for 
forming gettered structures.  Deposition Of polysilicon 
has been observed to occur in a graded fashion beneath 
such a mask and get ter ing effectiveness is probably 
tied to the thickness of the polysilicon occurr ing over 
this 0.5 m m  gradation. 

Figure 9 shows a wafer  back-s ide  gettered in the 
m a n n e r  of Fig. 1 photographed ti l ted unde r  overhead 
light. A clear demarkat ion  be tween  nonget tered and 
gettered sides can be observed by the sharp disappear-  
ance of the haze pa t te rn  in  the gettered sections when 
properly tilted, Fig. 9a. The less effective gettering in 
the SigN4 sector is also obvious in Fig. 9b where  the 
same wafer is t i l ted in a sl ightly different way. 

MOS retention t ime.--The qual i ty  of silicon can be 
characterized by the measurement  of the minor i ty  
carrier  lifetime. The lifetime value reflects the amoun t  
of impur i ty  centers and crystal l ine imperfections exist-  
ing in the crystal l ine material .  The t rans ient  response 
of MOS capacitors was used to measure  the lifetime of 
carriers (9) in  these studies. The method consists of 
measur ing  the MOS capacitance as a funct ion of time 
by  driving the device from accumulat ion into deep 
depletion and observing the decay back into inversion.  
The recovery t ime TR from the deep deplet ion state to 
the inversion state and the l ifetime �9 can be approxi-  
mated by the relat ion (10) 
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ni  Cf ( 1 ~ .  Ct ) 
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w h e r e  ni is t h e  i n t r i n s i c  c a r r i e r  c o n c e n t r a t i o n ,  Nd is t he  
s u b s t r a t e  c o n c e n t r a t i o n ,  Co is t h e  o x i d e  c a p a c i t a n c e ,  
Cj is t h e  i n i t i a l  d e e p  d e p l e t i o n  c a p a c i t a n c e ,  a n d  Cr is 
t h e  f ina l  s t r o n g  i n v e r s i o n  c a p a c i t a n c e .  T h e  g e t t e r i n g  
effects  f o r  t h e  v a r i o u s  t r e a t m e n t s  w e r e  m a d e  o n  b o t h  
t h e  ep i  w a f e r s  t r e a t e d  as  i n  Fig~ 1 a n d  c o n t r o l  w a f e r s .  
T h e  c o n t r o l s  w e r e  n - t y p e  s i l i con  w a f e r s  h a v i n g  no  epi  
fi lms. T h e  M O S  r e s u l t s  fo r  b o t h  fo l l o w s  belo~v. 

T y p i c a l  r e s u l t s  of  M O S  r e t e n t i o n  t i m e  m e a s u r e m e n t s  
f o r  s a m p l e s  g e t t e r e d  as s h o w n  i n  Fig.  1 a r e  s u m m a r i z e d  
in  T a b l e  I a n d  II.  T a b l e  I s h o w s  t h e  m e a s u r e d  r e t e n -  
t i o n  t i m e s  o f  a p o l y - S i  g e t t e r e d  e p i t a x i a l  w a f e r .  S i m -  
i l a r ly ,  T a b l e  I I  s u m m a r i z e s  t h e  r e t e n t i o n  t i m e  d a t a  of  
t h e  g e t t e r e d  c o n t r o l  w a f e r s  h a v i n g  no  epi  film. T h e  
o v e r a l l  a v e r a g e  r e t e n t i o n  is c o n s i s t e n t l y  l o w e r  fo r  a l l  
s ec to r s  i n  t h e  con t ro l .  T h i s  is b e l i e v e d  to b e  d u e  to 
p r o c e s s  d i f f e r e n c e s  e x p e r i e n c e d  b y  c o n t r o l  a n d  g e t -  
t e r e d  s a m p l e s  w h i c h  c a n  r e s u l t  i n  a n  o v e r a l l  d i f f e r e n c e  
s a m p l e  to s a m p l e .  H o w e v e r ,  t h e  i m p r o v e m e n t  b e t w e e n  
g e t t e r e d  a n d  n o n g e t t e r e d  r e g i o n s  is obv ious .  I n  t he  
g e t t e r e d  w a f e r s ,  t h e  Tr  v a l u e s  o v e r a l l  a r e  s i g n i f i c a n t l y  
h i g h e r  i n  a l l  q u a d r a n t s .  I n  g e n e r a l ,  b o t h  t h e s e  s a m p l e  
t y p e s  c o n t a i n e d  i n i t i a l l y  a l a r g e  n u m b e r  of  m i c r o -  
d e f ec t s  o v e r a l l .  T h i s  is r e f l e c t e d  in  t h e  r e s u l t s  w h i c h  
s h o w  a l a r g e  n u m b e r  of  d e v i c e s  w i t h  a v e r y  s h o r t  r e -  
t e n t i o n  t i m e  (e.g., r e t e n t i o n  t i m e  less  t h a n  1 sec ) .  I f  
o n e  s t a r t s  o u t  w i t h  a h i g h  d e f e c t  c o u n t  in  t h e  f i lms,  i t  
a p p e a r s  t h a t  e v e n  in  t h e  m o s t  e f f e c t i v e l y  g e t t e r e d  r e -  
gion,  r e g i o n  2, a p p r o x i m a t e l y  23% of  t h e  d ev i ce s  s t i l l  
f a i l  to s h o w  a m e a s u r a b l e  r e t e n t i o n  t i m e  ~-- 1 sec  
( T a b l e  I ) .  

I t  h a s  b e e n  r e p o r t e d  p r e v i o u s l y  t h a t  s i l i con  n i t r i d e  
b a c k - s i d e  g e t t e r i n g  is m o s t  e f f ec t ive  e m p l o y i n g  4000A 
of  SigN+ (11) .  I n  t h e  p r e s e n t  w o r k ,  i t  is a lso a p p a r e n t  
t h a t  a m o d e r a t e  i m p r o v e m e n t  of  r e t e n t i o n  t i m e  w a s  

Fig. 6. Representative oxidation-induced stacking faults and hil- 
locks-type etch pits within the hazy region of wafers of the type 
in Fig. 2 after 40 sec Wright etch. The epl wafer had undergone 
1100~ steam oxidation for 1 hr. 
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Fig. 7. Typical anodic current as a function of time plotted dur- 
ing the anodic etching process. The epi surface exposed to the 
anodic etch is a circular area of 5 cm diam. 

Table I. MOS retention time (TR) data of poly-Si gettered epi 
wafers 

A r e a s  (1) (2) (3) (4) 

Poly-Si plus ShN+ 
Gettering arrangement Poly-St Si~N~ (TO0A) (790A) None 

Total No. of devices 
measured 69 47 48 55 

Yield:* Ta ~-- 1 sec 62.3% 76.6% 35.4% 23.6% 
Ta ~ 5 see 53.6% 72.3% 22.9% 12.7% 
TR ~-- 10 sec 49.3% 68.1% 20.8% 7.3% 
TR ~ 60 sec 30+4% 51.1% 12.5% 1.8% 
TR ~ 100 sec 5.8% 29.8% 0 0 
TR ~ 140 sec 0 10.6% 0 0 

Average TR (sec), all 
measured devices 33.0 61.6 10.6 3.8 

Devices with Ta ----- 1 see 
only 52.9 80.4 30.7 15.8 

* Yield means percentage of total  number of measured  devices  
with retention time T~ ~ t sec. 

Table II. MOS retention time (T•) data of poly-Si gettered 
control wafer 

Areas (1) (2) (3) (4) 

Poly-Si plus Si~N~ 
Gettering arrangement Poly-Si Si~N~ (700A) (70OA) None 

Total No. of devices  
measured 29 26 29 26 

Yield: T~----- 1 sec 100% 93.1% 88.5% 76.9% 
TR ~ 5 sec 100% 50.0% 62.1% 34.6% 
TR -~-- 1O sec 100% 7.7% 41.4% 3.8% 
TR ~ 15 sec 100% 0 20.7% O 
TR ~ 20 see 93.1% 0 13.8% 0 
TR ----- 30 sec 82.8% 0 6.9% 0 
TR ~ - - -  40 sec 41.4% 0 0 0 
TR ~" 50 see  3 .5% 0 O 0 

Average Tn (sec) 35.7 4.3 9.7 3.6 
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Fig. 8. Three consecutive microphotographs taken crossing the boundary between the poly-Si gettered region (on the right) and the non- 
gettered region (on the left). 

achieved with even  a thin (700A) Si3N4 film (area 3, 
Table I) .  Based on the earl ier  work (11) thicker films 
would seem in order  for epi films to achieve be t te r  
ge~tering. In  other studies (5) however,  we observed 
severe wafer warpage on 57 mm diam wafers (0.038 
cm thick) when  5000A of Si3N4 was used as a getterer. 
This warpage observed in our work seemed implicated 
in reducing the total  effectiveness of this get ter ing 
technique compared to other pre-epi  techniques 
(POC13 and Ar I / I )  at this 5000A Si3N4 thickness. 

Correlation between etch pits and MOS retention 
time.--Improvement of MOS re tent ion t ime and reduc-  
tion of hi l lock-type etch pit defects has been observed 
on the gettered parts  of wafers. To invest igate the re-  
lat ionship more closely,  the indiv idual  MOS device 
areas were marked using reactive ion etching employ-  
ing the A1 contact as the mask for the dry etch as 

described in  earl ier  work (5). The a l u m i n u m  and 
under ly ing  MOS oxide were then stripped, and the 
samples were Wright  etched to delineate the etch pits 
in  the active device area. P r imar i ly  hi l lock-type de- 
fects were exposed by the Wright  etch. Figures 10a 
and b plot the re la t ion of MOS retent ion t ime and the 
n u m b e r  of hillocks counted in the defined 32 mil  diam 
MOS device dot areas. The data have been plotted on 
both a l inear  (Fig. 10a) and log scale (Fig. 10b). The 
counts inc luded all etch pits that  were observable by 
the Nomarski - in ter ference  microscope. The data show 
a somewhat  scattered but  consistent distr ibution.  A 
pract ical ly hi l lock-free or etch pi t -free region is re-  
quired for re tent ion t ime to achieve values of 30 sec 
(Fig. 10a), which in  this s tudy corresponds to approxi-  
mate ly  a 10 #sec carr ier  genera t ion l i f e t ime .  

Anodic etching was also done on a few samples fol- 
lowing MOS re tent ion  time measurements .  With the 
a l u m i n u m  and oxide stripped, the epi wafer was 
anodical ly etched using a 2V bias for 1 min  to decorate 
the electrically active defects. The anodic etching was 
confined to essential ly the upper  half  of a wafer  as 
shown in  Fig. 11. The presence of anodic defects were 
then assessed for each individual  device region. The 
results are mapped on Fig. 11. The numbers  given at 

Fig. 9a. Photo indicating the effectiveness of gettering as viewed 
with overhead reflected light showing the abrupt change in haze 
for gettered and nongettered regions. 
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i:ig. 9b. Sample in Fig. 9a tilted differently to show degree of 
haze disappearance in gettered regions. 
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each device location (square) in Fig. 11 represent the 
measured retention time in seconds observed previ- 
ously at that site. A circled number indicates that no 
anodic artifacts could be observed at that specific de- 
vice location. A noncircled retention time value in the 
figure indicates tha t  at least one or more anodic arti ~ 
facts were observed in the device region. The analysis 
shows that the existence of even a single electrically 
active defect can significantly reduce the MOS reten- 
tion time irrespective of size. The data also show, how- 
ever, that a "no artifact decoration observation" using 
anodic etch does not necessarily insure a high retention 
time will be obtained. 

Conclusions 
Polysilicon, poIysilicon/Si3N4, and Si3N~ wafer back- 

side gettering were employed in a post-epi mode. The 
chemical preferential Wright etch and anodic etching 
technique were used to expose defects. MOS retention 
time measurements were made to evaluate the overall 
quality improvement of the epitaxial films. The films 
had high starting densities of hillock-type defects (up 
to 107 cm -2) that could be easily observed by the 
Wright etch and anodic etching. High densities of OSF 
nttcleation sites could be induced in such films follow- 
ing high temperature steam oxidation. As a result of 

these high densities, the majority of devices were 
found to exhibit very low retention times. Differences 
in the retention time and reduction of defect densities 
could be observed on the gettered regions even on these 
initially high background defect films. All gettering 
techniques tested yielded some improvements of the 
epi film quality. A correlation between the MOS re- 
tention time and the number of hillocks counted within 
the MOS device shewed that for the retention time to 
be better than 30 sec, a practically hillock-free device 
is required. Further, the studies have shown that elec- 
trically active defects are significantly implicated in 
reducing the retention times. 
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