
1  METHOD FOR FORMING TRENCH ISOLATION STRUCTURE
TECHNICAL FIELD [0001] The present invention relates to a method for
5 forming a trench isolation structure in an electronic device, and  an
electronic device having a trench isolation structure formed  by the
method. More specifically, the present invention relates  to a method for
forming a trench isolation structure using a  silicon-containing polymer for
insulation in electronic devices in 10 the production of electronic devices
such as semiconductor  devices, wherein a silicon nitride liner film is
oxidized at a high  temperature. BACKGROUND ART [0002] In general, in
electronic devices such as  15 semiconductor devices, semiconductor
elements, for example,  transistors, resistances, and other elements, are
disposed on a  substrate. These semiconductor elements Should be
electrically insulated from each other. Accordingly, a region for  isolating
elements from each other should be provided between 20 mutually
adjacent elements. This region is called an isolation  region. In general,
this isolation region has hitherto been  provided by selectively forming an
insulating film on a surface  of a semiconductor substrate, [0003] On the
other hand, in the field of electronic devices,  2.5 in recent years, the
density and degree of integration have  become increased. The increased
density and degree of  integration makes it difficult to form an isolation
structure  having fineness which matches the necessary degree of
integration, leading to a demand for a novel isolation structure 30 which
can meet the need. A trench isolation structure is one of  such structures.
This structure is such that fine grooves are  provided on a surface Of a
semiconductor Substrate and an  insulating material is filled into the
interior of the grooves to  electrically isolate each part between elements
provided 35 respectively on both sides of the groove, This structure for
element isolation can realize a narrower isolation region than 



that  achieved by the canventisnaI method and thus is  a n  
element isolation st ructure effect ive for realizing a high degree 

of integrat ion which h a s  recently been required. 

I:OOS4,] Methods for fsrn-sling sucts trench i ss Ia t i s i ~~  

5 s t r~ ic tu res  inciidde GVD (cher$iicaI vapor deposit ion) and 

high-derrsity plasma CVD ( h i g h  density plasma CVU) (see, foa- 

example, patent  document l), These methods, however, are  
disadvantageous in that voids are forrrred wi th in the  grooves 

and the shape sf the  grooves formed in the substrate is 

10 changed. These s t ruc t~ i r a l  defects are eaklsative OF a 
deteriorat ion in pklysical s t rength sf the substrate and insulat ing 

properties, 

[OOOSll  Qrr the  other h a n d ,  ira order to  improve the  trench 
groolle f i l l ing property, a m e t h ~ ~ d  has been s tud ied  i n  which, 

1.5 after coating o f  s i l~con  hydroxide as a solution, the  formed 

coating film is  converted t o  si l icon dioxide by heat t reatment  

(see, for example, patent  a3oc:umer~t 1 )  I n  this method, 

however, in conver"h.ng ssiIicsn hydroxide to  siIicor1 dioxide, 

volume shrinkage sor-wetimes occurs result ing in  cracking, 

20 [01306] I n  order t o  suppress such cracking, a method has 

been proposed in which polysilazane is used instead s f  silicon 

hydroxide (for example, pa tent  documents f and 2)" I n  these 

methods, cracking a t t r i  baitable to volume sk-rrinkage is 

prever7ted by using poiysilazane of which the vnlume shrinlaage 

25 in the  conversion to ~iJic017 dioxide i s  smaller* According t o  

studies c ~ n d u c t e d  by t he  present ir3ventsr-s, hswever, these 

ulethodds still have room for improvement,  

~0~071 I n  v iew of the above background, the preset-~t 
inventors have f ound  tha t  the regulat ion o f  a prebaking 

30 temperatcrre in the format ion of  a t r ench  isolation st ructure 

using polysilazarse can reduce the  volaarne shrinkage of silicorl 

dioxide a n d  consequently can form a good t rench isolation 

structure (patent  document 4). 'This method is one meti-asd 

that can  prevent  the occurrence o f  st:ructure defects, 
35 Patent d o c ~ l m e n t  1. : Pa$:ent No. 31 7841.2 (paragraphs 

0005 to  8016) 

2  that achieved by the conventional method and thus is an  element
isolation structure effective for realizing a high degree  of integration which
has recently been required. [0004] Methods for forming such trench
isolation  5 structures include CVD (chemical vapor deposition) and
high-density plasma CVD (high density plasma CVD) (see, for  example,
patent document 1). These methods, however, are  disadvantageous in
that voids are formed within the grooves  and the shape of the grooves
formed in the substrate is 1.0 changed. These structural defects are
causative of a  deterioration in physical strength of the substrate and
insulating  properties. [0005] On the other hand, in order to improve the
trench  groove filling property, a method has been studied in which,  I5
after coating of silicon hydroxide as a solution, the formed coating filar is
converted to silicon dioxide by heat treatment  (see, for example, patent
document 1.). In this method,  however, in converting silicon hydroxide to
silicon dioxide,  volume shrinkage sometimes occurs resulting in cracking.
2.0 [0006] In order to suppress such cracking, a method has  been
proposed in which polysilazane is used instead of silicon  hydroxide (for
example,, patent documents 1 and 2). In these  methods, cracking
attributable to volume shrinkage is  prevented by using polysilazane of
which the volume shrinkage 25 in the conversion to silicon dioxide is
smaller. According to  studies conducted by the present inventors,
however, these  methods still have room for improvement. [0007] In view
of the above background, the present  inventors have found that the
regulation of a, prebaking  30 temperature in the formation of < trench
isolation structure using polysilazane can reduce the volume shrinkage of
silicon  dioxide and consequently can form a good trench isolation
structure (patent document 4). This method is one method  that can
prevent the occurrence of structure defects. 35 Patent document 1: Patent
No. 3178412 (paragraphs  



Patent document  2: Japanese Patent  I-aid-Og~en No, 

308090/2001 

Patent d o c u n ~ n t  3 3: Japanese Patent  Laid-Open No,  

881.56/2002 

5 P a t e n t  document  4: lalaanese Patent  L.aid-,Open No.  

273519/2084 

D%SCL.OSC$RE OF T H H N V E N T I B N  

PRQBk-EMS TO BE SOLVED BY THE INVEN-T'ION 

\ 3oos l  The present  i nven t io r~  has been made in view o f  t h e  

IQ above prob lems o f  the pr io r  a r t  31263 prov ides a [nethod f o r  

t rench isolat ion structure format ion,  which compr ises coverir'lg a 

s u r f a c e  o f  a substrate wi th  grasve(s)  fa rmed  the re in  wi th  a 

si l icon n i t r ide  l iner  film, coat ing a s i l i con-canta in i lq  p o l y r ~ ~ e r  
solut ion onto  t h e  si l icon r-litride liner film and hea t i ng  the coated 

15 substrate a t  a h i g h  t empera tu re  to  oxidize a t  least a pa r t  sf the 

si l icon n i t r ide  l iner  film, thereby allowing volume shr inkage 

caused upon t h e  convers ion o f  the si l icon-.contai~sing polymer t o  

si l icon dioxide (that is, a si l iceous film) t o  be a l lev iated by t h e  

s x ~ d i z e d  Film, a n d  a base r r~a te r ia l  with a si l iceous filrrl fo rmed 

20 by t h e  method. 

MEANS FOR SOLVING THE PROBLEMS 

[OOOS] According ta t h e  p r e s e n t  invent ion,  the re  is 

prov ided a f i r s t  method fo r  Forming a trenci-1 iso lat ion structure, 

compr is ing the steps o f :  

25 f o r n ~ i n g ,  o n  a si l icon substrate, t rench  isolat ion 

groove(s) having a sclrface continuousiy cc~ated w i t h  a si l icon 

nitride l iner  f i lm ;  
csat,ing t h e  substrate wi th  a solbnticsn o f  a 

silicon-containi8ag polymer, s e i e c t e d  f r o m  the grh311p consist ing o f  

30 polysi lazanes, silsesquirsxane hydrides, and mixtures thereof, i n  

a n  o r g a n i c  solvent t o  f o r m  a s i l icon-conta in ing polyr-gaer film; 

arad 

c u r i n g  by heat  t rea t ing  the coated subst ra te  a h  
tempera ture  sf f r o m  908°C $0 l Z O O ° C  t o  co i i~ver t  the 

35 si l icon-containing polyr-a-eer fiim to a silicgsra dioxide filrn. 
[OOl.O]J FurtherT accord ing t o  the present: invent ion,  there  is 

0005 to 0016) 3  Patent document 2: Japanese Patent Laid-Open No.
308090/2001 Patent document 3: Japanese Patent Laid-Open No.
88156/2002 5 Patent document 4: Japanese Patent Laid-Open No.
273519/2004 DISCLOSURE OF THE INVENTION PROBLEMS TO BE
SOLVED BY THE INVENTION [0008] The present invention has been
made in view of the  10 above problems of the prior art and provides a
method for  trench isolation structure formation, which comprises covering
a  surface of a substrate with groove(s) formed therein with a  silicon
nitride liner film, coating a silicon-containing polymer  solution onto the
silicon nitride liner film and heating the coated 15 substrate at a high
temperature to oxidize at least a part of the  silicon nitride liner film,
thereby allowing volume shrinkage  caused upon the conversion of the
silicon-containing polymer to  silicon dioxide (that is, a siliceous film) to be
alleviated by the  oxidized film, and a base material with a siliceous film
formed  2f.; by the method. MEANS FOR SOLVINGTHE PROBLEMS
10009] According to the present invention, there is  provided a first
method for forming a trench isolation structure,  comprising the steps of:
25 forming, on a silicon substrate, trench isolation  groove(s) having a
surface continuously coated with a silicon  nitride liner film; coating the
substrate with a Solution of a  silicon-containing polymer, selected from
the group consisting of  30 polysilazanes, silsesquioxane hydrides, and
mixtures thereof, in an organic solvent to form a silicon-containing polymer
film;  and coring by heat treating the coated substrate at a  temperature of
from? 900C to 1"200C to convert the  



provided a base material wi th  a siliceous film, c a n % p r i s i n g :  
a s u b s t r a t e  with a t  least harle groove;  
a si l iceous film provided so  as  t o  fill the g roove ;  

a II d 

5 a continuocss sil icon nitride Ilrner film provided 
be tween t h e  scrbstrate a n d  the siliceous f i lm,  

wtlerein at: least a pa r t  a f  the si l icon nitride liner 
film having been oxidized, 

[ o o w l  Fur the rmore ,  according t o  t h e  p r e s e n t  i n v e n t i o n ,  
IO t h e r e  is  provided a semiconduc to r  device charac te r ized  by  

comprising the base mater ia l  with a siliceous film. 

EFFECT OF THE INVENTION 

CQo%4 In the rnet:ksd for t rench  jsolation s t r u c t u r e  
format:ion, a base rnaterial  with a si l iceous film can be prodi.~ced 

15 which is  f r e e  f rom voids o r  cracks within t h e  g roove  and  h a s  
exeelfent  adhesion between t h e  s c i b s t r a t e  a n d  the sil iceous film 

formed on t he  s u b s t r a t e ,  that; is, causes rso deter-isration irr the  

performance  of a sen1iesr7d~ietor e l e m e n t  a n d  has  exce l len t  
mechanics! s t r e n g t h ,  

20 B E S T  MODE FOR CARRYING OW'T THE II'NVEN'T-ION 

]:0013] Method for  t rench  iioO~t$.io~ struct%rre format ion  
1r1 the rnethod fo r  t renck~ isolation s t r u c t u r e  

formation,  a t r ench  isolation s t ruc tu re  is formed by carryirlg si l t  

the following s t e p s  in the following order: 
25 ( A )  Groove  forming step 

( 8 )  Coating step 

(C)  Curing step 

[:0814] Each step wjll be described in detail, 

(A) Groove forming s t e p  
30 In  the  method accordirlg to  the p r e s e n t  inveration, 

t rench  isolation g r o o v e ( s )  a r e  first formed o n  a sil icon s u b s t r a t e ,  
The groove  [nay be forrned by any method described, for  
example,  in p a t e n t  document 2- or 2, A method fo r  g r o o v e  
f s r r r~a t ion   ill be spec i f i ca l ly  descr ibed below. 

35 [0015] A t  the ou t se t ,  a sil icon dioxide f'alrv is formed on a 
sur face  of a silicisr~ s u b s t r a t e ,  for exarnple, by the rma l  oxidation. 

35 silicon-containing polymer film to a silicon dioxide film. [0010] Further,
according to the present invention, there is 4  provided a base material
with a siliceous film, comprising: a substrate with at least one groove; a
siliceous film provided so as to fill the groove;  and 5 a continuous silicon
nitride liner film provided  between the substrate and the siliceous film,
wherein at least a part: of the silicon nitride liner  film having been
oxidized. [0011] Furthermore, according to the present invention,  10 there
is provided a semiconductor device characterized by  comprising the base
material with a siliceous film. EFFECT OF THE INVENTION [0012] In the
method for trench isolation structure  formation, a base material with a
siliceous film can be produced  15 which is free from voids or cracks
within the groove and has excellent adhesion between the substrate and
the siliceous film  formed on the substrate, that. is, causes no deterioration
in the  performance of a semiconductor element and has excellent
Mechanical strength, 20 BEST MODE FOR CARRYING CUT THE
INVENTION  [0013]- Method for trench isolation structure formation In the
method for trench isolation structure  formation, a trench Isolation
structure is formed by carrying out  the following steps in the following
order. 2S (A) Groove forming step  (B) Coating step (C) Curing step
[0014] Each step will be described in detail.  (A) Groove forming step 30 In
the method according to the present invention,  trench isolation groove(s)
are first formed on a silicon substrate,  The groove may be formed by any
method described, for  example, in patent document 1. or 2, A method for
groove  



I n  th is  c a s e ,  t h e  t h i c k n e s s  caf the  si l icon d i o x i d e  film i s  g e n e r a l l y  
5 to  30 rime 

COO 161 I f  r ~ e c e s s a r y ,  a si l icon n i t r ide  film is f o r m e d  o n  the 
fo r rned  si l icon dioxide film, for example ,  by v a c u i j m  CVD. This 

5 si l icon n i t r jde  film can f u n c t i o n  a s  a mask in t h e  step af etchir7g 
which w ~ l l  be d e s c r i b e d  la ter ,  -,or a s  a stop l a y e r  in t h e  step of 

polishing which  will be d e s c r i b e d  l a t e r*  In t h i s  c a s e ,  the s i l icon 

nitricle film is g e n e r a l l y  f o r m e d  t o  a thickness of  1.00 to 400 n m .  
100 171 A p h o t o r e s i s t  is c o a t e d  on  t h e  formed si l icon 

16 d i o x i d e  f i lm s r  s is icor~ n i t r ide  f i lm,  The p h o t o r e s i s t  film is if 

n e c e s s a r y  d r i e d  or  c u r e d  a n d  is then exposed and  d e v e l o p e d  in 

a d e s i r e d  p a t t e r n  to f o r m  a p a t t e r n .  The  e x p o s u r e  c a n  be 

c a r r i e d  o u t  by a n y  m e t h o d  such a s  mask exposure or- s c a n n i n g  
exposure. The p h o t o r e s i s t  may also b e  a n y  d e s i r e d  one 

15  s e l e c t e d  f r o m  the v i e w p o i n t  o f  r e so lu t ion  a n d  the Bike. 

[ O O I  81 T h e  sil icon n i t r ide  film and "she silicon d i o x i d e  film 

underlyirlg the silicon n i t r ide  f i l rr l  are s e q u e r ~ t i a l l y  e t c h e d  u s i n g  
the p h o t o r e s i s t  film a s  a m a s k .  A d e s i r e d  p a t t e r n  i s  f ~ r r n e d  in 

the si l icon n i t r ide  film and t h e  silicors d i o x i d e  f i lm by t h i s  
20 e t c h i n g .  

[OS19] Phe silicon s u b s t r a t e  i s  d r y  e t c h e d  using t h e  
patterned silicora n i t r ide  film and silicon d i sx i t l e  Filr-n a s  a mas\< 
to forrra t rench iso la t ion grosve(s).  

[0020] "The wid th  o f  t:he t r e n c h  isolation groove i s  

25 d e t e r m i n e d  by the e x p o s u r e  p a t t e r n  sf the photoresis"c$e'ln>. 

7l3e t rench  i so la t ion  g r o o v e  in the semit r :onductor  e l e m e n t  v a r i e s  
d e p e n d i n g  u p o n  t h e  conternplated semjconduct : rs r  e l e m e n t ,  
Flowever, the  w i d t h  m a y  b e  g e n e r a l l y  0.0% to $0 i..irn, p r e f e r a b l y  
63.05 to 5 prn, and the depth may b e  206 to 1000 nrn ,  

30 p r e f e r a b l y  300 t,o 700 I I ~ .  I n  the m e t h o d  according ts t h e  
p r e s e n t  i n v e n t i o n ,  a s  c o m p a r e d  wi th  t h e  conveatior~al rnetl.-rsd 
For t r e n c h  isolatiiorsl s t r ~ n c t ~ ~ r e  Format~ion,  n a r r o w e r  a n d  d e e p e r  
bisrying can be unifsrrlrtIy realized, and, t h u s ,  the r ~ ~ e t h o d  
accordii3g to  t h e  present i n v e n t i o n  is sui , ta$le  f o r  the f o r m a t i o n  

- f . of' a n a r r o w e r  and d e e p e r  t rench isolation s t r u c t u r e ,  
[SOZI.] A si l icor~ r-litride l iner  film is f a r t h e r  formed on  t h e  

formation will be specifically described below, 35 [0015] At the outset, a
silicon dioxide film is formed on a  surface of a silicon substrate, for
example, by thermal oxidation. 5  In this case, the thickness of the silicon
dioxide film is generally  5 to 30 nm. [0016] It necessary, a silicon nitride
film is formed on the  formed silicon dioxide film, for example, by vacuum
CVD. This  5 silicon nitride film can function as a r cask in the step Of
etching which will be described later, or as a stop layer in the step of
polishing which will be described later. In this case, the silicon  nitride film
is generally formed to a thickness of 100 to 400 urn.  [0017] A photoresist
is coated on the formed silicon 10 dioxide film or silicon nitride film. The
photoresist film is if  necessary dried or cured and is then exposed and
developed in  a desired pattern to form a pattern. The exposure can be
carried out by any method such as mask exposure or scanning  exposure.
The photoresist may also be any desired one  1.5 selected from the
viewpoint of resolution and the like. [0018] The silicon nitride film and the
silicon dioxide film  underlying the silicon nitride film are sequentially
etched using  the photoresist film as a mask. A desired pattern is formed
in  the silicon nitride film and the silicon dioxide film by this  20 etching.
[0019] The silicon substrate is dry etched using the  patterned silicon
nitride film and silicon dioxide film as a mask  to form trench isolation
groove(s) [002.0] The width of the trench isolation groove is  25
determined by the exposure pattern of the photoresist film.  The trench
isolation groove in the semiconductor element varies  depending upon the
contemplated semiconductor element.  However, the width may be
generally 0.02 to 1.0 pm, preferably  M5 to 5 um, and the depth may be
200 to 1000 nm, 30 preferably 300 to 700 rim. In the method according to
the  present invention, as compared with the conventional method  for
trench isolation structure formation, narrower and deeper  



surface of the substrate w i t h  groove(s) formed therein, for 

example, by  CVB.  The sil icon nitr ide l iner Filnl cont inuously 

covers the  surface o f  the substrate is~cluding the  i n n e r  side of 

the  groove, whereby, fo r  example, the oxidar':ion of s i l icon 

5 const i tut ing the  substrate can be prevented. Fkirther, a t  least 
the  surface par t  af the silicon l iner  film i s  oxidized by  the step 

of curing which wil l  be described later  and cor7sequentBy 

functions t o  re lax the stress within ti-re groove  and, a t  t he  s a m e  
time, to  irnprove t he  adhes isr~  between the substrate and the 

1.0 silicon dioxide (si l iceous film) formed wi th in  the  groesve. 

Accordingly, the silicon ni t r ide l iner film should continu0~1siy 

cover the  whole substrate sur.face inc lud i r~g t he  inter ior  o f  the 
- groove,  part jcular ly including the  inner wali surface, 1 he 

sil icon n i t r ide l iner film is sometimes exposed t o  a 

15 h igh- tempera t i~ re  steam atmosphere in the step of curing which 

wi l l  be described later. I n  th is  case, the  silicon nitr ide l iner filrrl 

i s  oxidized. Accordingly, the  thicicness o f  the silicon ni t r ide 

l iner film is  preferably large f r om  the v iewpoint  of preventing 

the progress  s f  the a><idation to  the  underlying silicon substrate 

28 which deteriora"cs device properties, On the other hand, since 

the width  of  the trench grsove Farmed i n  the  substrate is narrow, 

the thiclcness o f  the silicon ni t r ide liner f i lm is preferably small 

from the  v iewpoint  of preventing such an unfavorable 

phensrnenan tha t  the  t rench grosve is  filled wit17 t h e  silicon 

25 ni tr ide l iner film and, consequently, the  f ine t rench  isolat ion 

structure disappears.  For t he  above reason, the thickness o f  

the  silicon n ~ t r i d e  l iner  film is generally 8 to  58 nrw, preferably 

1.0 to  38 nm.  

[:Q$i22] The use of si l icon nitr ide, For example, as a stop 
38 layer i n  thc  step o f  polishing has hi therto been kr-aawr~, The 

silicon ni t r ide  film ~ased as t he  stop l ayer  is not  provided witkain 

the groove, part icular ly on the inner wall. I t  is srot known t:hat 

silicon nitride i s  oxidized in a t emye ra t~ l r e  range  t~sedll i n  the 

n7ethod according t o  the present inverlt ion. Furtherr the above 
35 effect sf oxidized silicon ni t r ide i s  surprising. 

[OSZ3:1 15' necessary, a p01ysiSjcon film can be formed, for  

burying can be uniformly realized, and, thus, the method  according to the
present invention is suitable for the formation  35 of is narrower and
deeper trench isolation structure. [0021] A silicon nitride liner film is further
formed on the 6  surface of the substrate with groove(s) formed therein,
for  example, by CVD. The silicon nitride liner film continuously  covers the
surface of the substrate including the inner side of  the groove, whereby,
for example, the oxidation of silicon 5 constituting the substrate can be
prevented. Further, at least  the surface part of the silicon liner film is
oxidized by the step  of curing which will be described later and
consequently  functions to relax the stress within the groove and, at the
same  time, to improve the adhesion between the substrate and the 10
silicon dioxide (Siliceous film) formed within the groove.  Accordingly, the
silicon nitride liner film should continuously  cover the whole substrate
surface including the interior of the  groove, particularly including the inner
wall surface. The  silicon nitride liner film is sometimes exposed to a 15
high-temperature steam atmosphere in the step of curing which  will be
described later. In this case, the silicon nitride liner film  is oxidized.
Accordingly, the thickness of the silicon nitride  liner film is preferably large
from the viewpoint of preventing  the progress of the oxidation to the
underlying silicon substrate 20 which deteriorates device properties. On
the other hand, since  the width of the trench groove formed in the
substrate is narrow,  the thickness of the silicon nitride liner film is
preferably small  from the viewpoint of preventing such an unfavorable
phenomenon that the trench groove is filled with the silicon 25 nitride liner
film and, consequently, the fine trench isolation  Structure disappears. For
the above reason, the thickness of  the silicon nitride liner film is generally
8 to 50 nm, preferably  10 to 30 nm, (.0022] The use of silicon nitride, for
example, as a stop  30 layer in the step of polishing has hitherto been
known- The  silicon nitride film used as the stop layer is not provided
within  



example, by CVB, on  the surface o f  t he  substrate with  the 

sil icon n i t r ide Jiner Film formed therein, This pol$/silicon film 

has the Foliowir-sg f~iractions: ( i )  the palysil icst.~ film is converted 

"s: o asilicor-r dioxide fi1n-1 in t he  curing step, and vo lume 

5 expar~s ion generated in th is  ease can relax stress generated 

between the t re r~ches  in t he  conversion OF the polysilazane t o  

si l icon dioxide; and ( i i )  the adhesion between t h e  polysilazane 
fjlrn and the subsbate can be improved,  The tlsickness of the 

po%ysilih;on film is generally 1 to 50 nm, preferably 3 to 2.0 nm. 

18 Wksen t h i s  psiysil ieon Film i s  used, there is a tendency tha t  the 
vo!urr-ie expansion of the psslysilican Film i n  addit ion t o  t he  

voluvne expansion O F  t he  silicon n i t r ide l iner film cor2tributes t o  

sigrsif icar~tly improi jed stress relaxat ion and adhesion. 

[(CnC424;1 (B) Coat ing step 

1.5 Next, a coat ing film of a silicon-cor.a%ajning po%yn-rer 

as a anaterial for a siliceous film is  formed on t h e  silicon 
substrate having i n  i ts  surface groove(s)  fsrr-ned by  the groove 

forming step. This si l icon-containi l-~g po lymer  i s  selected from 
t he  group consisting o f  yalysilamanes, si lsesquioxane hydric$es, 

20 and a m ix tu re  thereof,  
[SOzS] The pslysilamarle usable ir-I the rnethod aclcording 'B:o 

the present invent ion is not: par t icu lar ly  l imited, and 

poiysilazanes described in patent  document  I. o r  2 can be used. 

One example of  a rnethsd For preparing a polysilazane solutiara 
25 usable herein wil l  be described. 

(00261 Dichlorosilane having a purity o f  not  less t h a n  99% 
is  poured i n t ~  dehydrated pyr id ine o f  which the  temperature has 

been regulated t o  a range of  "-20 t o  20°C wi th  ~ "a r r i ng ,  

[0027] Selbsequently, t he  temperature  o f  the solut ion is  

30 regulawehd to  -20 t o  20GC, a1213 ammonia  kaaving a purity o f  not 

less t han  9g0/o i s  poured in to  t h e  ssolartior-r with st i r r ing.  Here a 

errlde pslysilazane and arnrnhsrnium chloride as a by-product is 

g2roduced. 

[0028] Ammoniui-r-a chloride pi-odarced by the rear:$ior~ is  

35 removed by f i l t rat ion.  

[0029] The Fiitrate i s  heated t o  30 t o  150°6, and the 

the groove, particularly on the inner wall, It is not known that  silicon nitride
is oxidized in a temperature range used in the  method according to the
present invention. Further, the above  35 effect of oxidized silicon nitride is
surprising. [0023] it necessary, P polysilicon film can be formed, for r
example, by CVD, on the surface of the substrate with the  silicon nitride
liner film formed therein. This polysilicon film  has the following functions:
(i) the polysilicon film is converted  to a silicon dioxide film in the curing
step, and volume 5 expansion generated in this case can relax stress
generated  between the trenches in the conversion of the polysilazane to
silicon dioxide; and (ii) the adhesion between the polysilazane  filar and
the substrate can be improved. The thickness of the  polysilicon film is
generally 1 to 50 nn), preferably 3 to 20 nm. 10 When this polysilicon film
is used, there is a tendency that the  volume expansion of the polysilicon
film in addition to the  volume expansion of the silicon nitride liner film
contributes to  significantly improved stress relaxation and adhesion.
[0024] (6) Coating step 15 Next, a coating film of a silicon-containing
polymer  as a material for a siliceous film is formed on the silicon
substrate having in its surface groove(s) formed by the groove  forming
step. This silicon-containing polymer is selected from  the group consisting
of polysilazanes, silsesquioxane hydrides,  20 and a mixture thereof.
[0025] The polysilazane usable in the method according to  the present
invention is not particularly limited, and  polysilazanes described in patent
document 1. or 2 can be used.  One example of a method for preparing a
polysilazane solution  25 usable herein will be described. [0025]
Dichlorosilane having a purity of not less than 903/o  is poured into
dehydrated pyridine of which the temperature has  been regulated to a
range of -20 to 20"(- with stirring. [0027] Subsequently, the temperature of
the solution is  30 regulated to -20 to 20C, and ammonia having a purity of
not  



molecular weight of the pslysilazane is  regulated to  a range of  

I500 's 15000 in terms of the weight  average molecular weight  

wklrle remoiding the  residual ammor~ia.  

[0030] 7"he orgarlic solvent  i s  heated t o  30 t o  50°C, and 

5 the  residual pyr id ine is removed by disti l lation under a rede.nced 

pressure of  9.106 mo re  than 50 rnrnHg. Organic solvents usable 
herein include (i) a r s n ~ a t i c  compounds, for  example, berrsene, 

t o I ~ e n e ,  xylene, ethyl  benzene, diethylbenzene, 

"cii1ethy!ber17ene, trietk,y1ben7enj and deca9~ydronaphtI1aiene, 

P Q  (ii) chain saturated I-~ydrocarbons, for example, n-pentar-re, 

i-pentane, n.-hexane, i -hexane, n-laeptane, j-heptane, n-octane, 

i-octane, n-r%onane, i-nonane, ra-decane, and i-decane, (iii) 

cyclic sat~arated hydrocarbons, for example, cyclohexane, 
ethyIcycIohexane, rncthyIeyclg;,hexane, and p-n.ienthane, (iv) 

15 cyclic unsaturated hydrocarbons, f a r  example, cyclohexene a n d  
dipegntene (limsnene), (v) ethers, for example, diprspyl ether, 

&Bibuty\ ether, and anisole, (vi) esters, for example, n-hutyl 

acetate, i -butyl  acetate, n - a m y l  acetate, and i-arnyii acetate, 

and (vii) ketones, for exampie, methy l  i -buty l  ketone. 

20 [B031.] Pyridine is rernaved by the disti l lation under t h e  

reduced pressure. A t  the  same time, the organic so lver~ t  i s  

also removed t o  regulate t h e  polysilanane csncentratissn t o  

generally a range sf 5 t o  30% by weight. 

[0032]  Phe  polysilazane solut ion is subjected to  cycle 

25 -fii'eratiorl th rough a f i l ter w i th  a f i l t ra t ion  acc i~racy of n o t  mure 

that? CIS:%. prn 60 r e d u c e  coarse particles having a part ic le 

diameter  o f  not  less t h a n  8.2 prn ts 58 particles/cc or  less. 

[(I1333 ) The above method is  one example of a m e t h o d  for 

pi-eparing a pksIysi!azar-le so ice ti or^, and the snethod for 

38 pslysilazane solutiors preparat ion is not  part iculary lirnited t o  

this method,  A method may also be adop ted  in which a sol id 

polysilazar~e is  obtained a n d ,  in use, is generally dissolved ar 

dispersed in the a hove-.described suitable solvent ts a 

concentration o f  5 t o  30°/0 b y  weight.  T h e  solut ion 

35 cor~centrat jon .4;hoblld be proper ly  regulated, for exainple, by the 
thickness 0.f. the f inally formed polysilazane es.icatlng filrrl, 

less than 99% is poured into the solution with stirring. Here a  crude
polysilazane and ammonium chloride as a by-product is  produced. [0028]
Ammonium chloride produces' by the reaction is  35 removed by filtration.
[0029] The filtrate is heated to 30 to 150C, and the 8  molecular weight of
the polysilazane is regulated to a range of  1500 to 15000 in terms of the
weight average molecular weight  while removing the residual ammonia.
[0030] The organic solvent is heated to 30 to 50C, and  5 the residual
pyridine is removed by distillation under a reduced  pressure of not more
than 50 mmHg. Organic .solvents usable  herein include (i) aromatic
compounds, for example, benzene,  toluene, xylene, ethylhenzene, d
ethylbenzen;,  trimethylbenzene, triethyl,benzen, and
decahydronaphthalene, 10 (ii) chain saturated hydrocarbons, for example,
n-pentane,  i-pentane, n -hexane, i-hexane, n-heptane, i-heptane,
n-octane,  i-octane, n-nonane, i-nonane, n-decane, and i-decade, (iii)
cyclic: saturated hydrocarbons, for example, cyclohexane,
ethylcyclohexane, methylcyclohexane, and p-menthane, (iv) 15 cyclic
unsaturated hydrocarbons, for example, cyclohexene and  dipentene
(limonene), (v) ethers, for example, dipropyl ether,  dibutyl ether, and
anisole, (vi) esters, for example, n-butyl  acetate, i-butyl acetate, n-amyl
acetate, and i-amyl acetate,  and (vii) ketones, for example, methyl i-butyl
ketone, 20 [00.31] Pyridine is removed by the distillation under the
reduced pressure. At the same time, the organic solvent is  also removed
to regulate the polysilazane concentration to  generally a range of 5 to
30% by weight. [0032] The polysilazane solution is subjected to cycle  25
filtration through a filter with a filtration accuracy of not more  than 0.1 pm
to reduce coarse particles having a particle  diameter of not less than 0.7
pm to 50 particles/cc or less. [0033] The above method is one example of
a method for  preparing a polysilazane solution, land the method for  



[8034] The silsesquioxane hydride usable ir-r the present  
invention is also not par1::icuIarly Iirnited, and silsesqk~ioxane 
hydrides described, far  example ,  in patent  doclnment 3 rnay be 

used.  A s  wi th  the case sf the palysilazane solution, t h e  

5 s i l s e s q ~ ~ i o x a n e  hydr-ide may  be dissolved in an organic solverlt 
to  p r e p a r e  a solution having a esi-icentt-ation of 5 to  30°/0 by 

weight from which  coarse particles a r e  then removed before 
use, 

IIoO351 The silicon-~:antaining polymer solution t hus  
1-0 prepared may  be coated on the subs t ra te  by any  desired 

method .  Specific exarnples o f  coating r-nethuds include s p i n  

coating, curtain coating, dip coating and t he  like. Arnong t h e m ,  
s p i n  coating is particealarly preferred, for- example ,  fror-rr t h e  
viewpoint of everjness of  the coated film surface.  

15 [0036] In order to realize bath t he  trench groove  filli13g 
property af ter  coat ing the si l icor l -containing polymer salr~tijon 
and t h e  flatness of the  silicon-containing polymer coating film 
surface, the thickness of the  coated silicon-containii7g polymer 
coating film is  preferably in the range of 0.8 to two t imes  based 

20 on  t h e  whole of t h e  t rench isolation groove formed in the 
groove formir-rg s tep ,  tha t  is, t h e  total thickr-ress of  the silicon 

subst ra te ,  t h e  sil icon dioxide film, and the silicorl nitride f i lm,  

[:0037] Coating conditions vary d e p e n d i r ~ g ,  For example, 
upon the concentration of  t h e  siIicon-containing polymer 

25 sol~t t ion ,  solvent,  or coating method.  Coating corlditions will b e  

described by t a k i n g  spin coating as an example, 
[ 0 0 3 8 ]  In recent  years ,  in order to improve the yield sf 

productisr-r, in many cases, elemerlts have become formed on a 
farge subs t ra te .  Spin coat ing invoivissy a cornbiriation of a 

30 glura l iv  of  s t a ge s  i s  effective for everrly forming a polysj!azane 
coating film on  a silicon s ~ ~ b s t r a t e  having a size of  8 in, o r  

largerx 
[]0039] A t  the outse t ,  a silicon-containing pofymer soltrtion 
in a n  amount of 0.5 to 20 cc per silicon subs t ra te  is generally 

35 dropped in the center  par t  of t h e  sil icon subst ra te ,  0 8 -  several 
parts  including t h e  center  p a r t  so  t h a t  a coating fiIi-n i s  

30 p o I y s i I a z a n a solution preparation is not particulary limited to this
method. A method may also be adopted in which a solid  polysilazane is
obtained and, in use, is generally dissolved or  dispersed in the
above-described suitable solvent to a  concentration of 5 to, 30!o by
weight. The solution 35 concentration should be properly regulated, for
example, by the  thickness of the finally formed polysilazane coating film.
9 [0034] The silsesquioxane hydride usable in the present  invention is
also not particularly limited, and silsesquioxane  hydrides described, for
example, in patent document 3 may be  used. As with the case of the
polysilazane solution, the 5 silsesquioxane hydride may be dissolved in an
organic solvent  to prepare a solution having a concentration of 5 to 30%
by  weight from which coarse particles are then removed before  use.
[0035] The silicon-containing polymer solution thus  10 prepared may be
coated on the substrate by any desired'  method. Specific examples of
coating methods include spin  coating, curtain coating, dip coating and the
like. Among them,  spin coating is particularly preferred, for example, from
the  viewpoint of evenness of the coated film surface, 15 [0036] In order to
realize both the trench groove filling  property after coating the
silicon-containing polymer solution  and the flatness of the
silicon-containing polymer coating film  surface, the thickness of the
coated silicon -containing polymer  coating film is preferably in the range
of 0.0 to two times based 20 on the whole of the trench isolation groove
formed in the  groove forming step, that is, the total thickness of the silicon
substrate, the silicon dioxide film, and the silicon nitride film.  [0037]
Coating conditions vary depending, for example,  upon the concentration
of the silicon-containing polymer 25 solution, solvent, or coating method.
Coating conditions will be  described by taking spin coating as an
example. [0038] In recent years, in order to improve the yield of
production, in many cases, elements have become former; on a  



averagely Forrwed o n  the  whole substrate surface. 

[OQ40] Nexb i n  order to  spread % I ? @  dropped 

sil icon-containing polymer solut ion o r ~ t o  the whole silicon 

substrate sa,~rface, t he  silicon substrate is  rotated a t  a relativety 

5 low speed for a short period o f  t ime, for example, a t  a rotat ion 

speed sf 50 t s  500 rprn for 0.5 $a 10 sec (prespinning).  

[:0041] Next, the  silicon substrate is  rotated a t  a relat ively 
high speed, for exawsple, a t  a rot~at ian speed o f  500 te 4500 

rprn For 0 , 5  t o  800 sec t o  br ing the thickr-ress caf t h e  coating film 

10 t o  a desired value (ma in  spinning). 

[SOCaZ] F u r t h ~  in  order t o  reduce bulging of the 

si1ic:on-containing polymer coat ing fi1n-I a t  a part  around t he  

silicon substrate and, a t  the same time, to  rernove the solvent 

in the si l icor-r-csi~taining polymer coating fi11n as much as  

I5 possible, the si l icon substrate is rotated a t  a rotat ion speed 

which IS higher by  500 r p m  or  more  t h a n  the main spinning 

rotat ion speed, for exan~pie,  a t  a rotat ion speed of 1000 to  

5000 rprn for  5 to  388 sec ( f inal sp inning) .  

COO4 31 These  coating condit ions are properly regulated 

20 depending, For example, upon the  size o f  the substrate used 

and the  performance of the contemplated semicor7ductor 

elemerrt. 

[0044] (C) Curing step 

After coating of the si I ican-containir~g polymer 

25 solution, the  coating is if necessary subjectecl t o  paef-aakirsg step 

(which  will be described later) ,  The sidicorl-cor3taining polymer 

coating film is  then converted ta a sj l i ror> dioxide film fo r  curing. 

F u r t h e r ?  the whole substrate is heated to  oxidize the silicon 

ni l r ide l iner film, I n  this case, in general, the whole sa.~bstrate 

30 i s  placed ir-r a cur ing over? or the like and is heated. 

[00451 Curing is  general ly carried o u t  using a c ~ ~ r i n g  oven 
or  a hat piate under a steam--contair.liing i n e r t g a s  or  oxygen 

a tmosphere .  T h e  steam is important  for satisfactori ly 

cor~ver"r_ing the  s i l icon-conta in ing polymer to  sil icon dioxide, and 

35 the concentratson o f  t he  steam is preferably not less t h a n  30%, 

n-aole preferably not less than 50°/0, rnc~si: preferably 6.10% less 

large substrate. Spin coaling involving a combination of a 30 plurality of
stages is effective for evenly terming a polysilazane  coating film on a
silicon substrate having a size of 8 in. or  larger. [0030] At the outset, a
silicon-containing polymer solution  in an amount of 0,5 to 20 cc per silicon
substrate is generally  35 dropped in the center part of the silicon
substrate, or several parts including the center part so that a coating film
is 1 0 averagely formed on the whole substrate surface. in order to spread
the dropped  [0040] Next, silicon-containing polymer solution onto the
whole silicon  substrate surface, the silicon substrate is rotated at a
relatively  5 low speed for a short period of time, for example, at a rotation
speed of 50 to 500 rpm for 0.5 to 10 sec (prespinning). [0041] Next, the
silicon substrate is rotated at a relatively  high speed, for example, at a
rotation speed of 500 to 4500  rpm for 0,5 to 800 sec to bring the
thickness of the coating film  10 to a desired value (main spinning). [0042]
Further, in order to reduce bulging of the  silicon - containing polymer
coating film at a part around the  silicon substrate and, at the same time,
to remove the solvent  in the silicon-containing polymer coating film as
much as 15 possible, the silicon substrate is rotated at a rotation speed
which is higher by 500 rpm or more than the main spinning  rotation
speed, for example, at a rotation speed of 1000 to  5000 rpm for 5 to 300
sec (final spinning). [0043] These coating conditions are properly
regulated  20 depending, for example, upon the size of the substrate used
and the performance of the contemplated semiconductor  element, [0044]
(C) Curing step After coating of the silicon-containing polymer  25 solution,
the coating is if necessary subjected to prebaking step  (which will he
described later), The silicon containing polymer  



t h a n  70%. I n  par t icular ,  w h e n  t h e  s t e a m  corrceratration ir; n o t  
less t h a n  80%, t he  c o n v e r s i o n  a$ the  s i l i con-con ta in ing  p o l y m e r  
t o  sil icon dioxide can  e a s i l y  p r o c e e d  a n d ,  c o n s e q ~ r e n t l y ,  
advan tagese r s1yY d e f e c t s  s u c h  a s  voids a r e  r e d u c e d  a n d  $:he 

5 p r o p e r t i e s  of t h e  silicarr d i o x i d e  film can b e  i m p r o v e d ,  W h e n  

an i n e r t  gas  is  used as the  a t m o s p h e r e  gas ,  f o r  e x a m p l e ,  
n i t r o g e n ,  a r g o n ,  o r  heliun-I is ~rsed, 
[6)046] T e m p e r a t u r e  c o n d i t i o n s  for  c u r i n g  var-y depending 

upon the t y p e  sf t h e  siJicon-corstaining p o l y m e r  a n d  a 
1.0 c o m b i n a t i o n  of steps (which will tre d e s c r i b e d  l a t e r ) ,  k-lowever, 

when t h e  t e m p e r a t k ~ r e  is higher, t h e  silicorl n i t r ide  l iner  film is 

m o r e  likely t:o b e  sxiciized. A s  a r e s u l t ,  t:he e x p a r ~ s i o n  of t h e  
film t h i c k n e s s  is i n c r e a s e d  , and t h e  e f f e c t  of i n ~ p r o v i n g  the film 

q u a l i t y  becomes b e t t e r ,  Or3 the other- h a n d ,  when the 

15 tet71pera"e-re is loaaderf the  adverse e f f e c t  of owidatiorm of the 
silicon s u b s t r a t e  o r  a char-rge in c r y s t a l  s t r u c t u r e  o n  device 
p r o p e r t i e s  i s  likely t o  b e  l o w e r e d ,  F r o m  t h i s  v i e w p o i r ~ t ,  in t h e  

method a c c o r d i n g  ts t h e  p r e s e n t  inventior-r, c u r i n g  is c a r r i e d  o u t  
in o n e  s t a g e  affror-rr 980°C t o  J.2&3O0C, p r e f e r a b l y  f rom l.OOO°C 

20 to 1.280"C. I n  t h i s  case, the t e n ~ p e r a t u r e  r i s e  time f o r  the 

t e m p e r a t u r e  to r e a c h  t h e  t a r g e t  va l t~e  is g e n e r a l l y  1 ts 
IllCi°C/min, a n d  t h e  c u r i t ~ g  t i m e  a f t e r  t h e  t e m p e r a t u r e  reaches 
t h e  t a r g e t  value, is  g e n e r a l i y  1 m i n  t o  10 hrf preferably :15 m i n  
to  3 hr. If necessary! the c u r i n g  t e m p e r a t u r e  or  t h e  

25 c o m p o s i t i o n  of the c u r i n g  at:mosphere c a n  b e  v a r i e d  stepwise, 
[(3047] Upon  h e a t i n g ,  t h e  s i l i con-con ta in ing  p o l y m e r  is 

csni /er%:ed to si l icon d iox ide  a n d  t h u s  to f o r m  a sjliceoans film, 

a n d ,  a t  the sarne t ime, a t  least a p a r t  of t h e  sil icon n i t r i d e  liner 

film is oxidized, In  g e n e r a l ,  t h e  silicor-1 nit:ride l incr  film is 
30 oxidized fron-, its s u r f a c e  on t h e  side n o t  in c o n t a c t  wi th  the 

s u b s t r a t e  (hereinaft;:er referred to  a s  an  o u t e r  s u r f a c e ) .  W h e n  
oxidat ion proceeds, silicon n i t r ide  is oxidized to  a d e e p e r  
position, H e r e  it i s  considered t h a t  t h e  sil icon n i t r ide  l iner  film 

u n d e r g o e s  voilnrne expansion a s  a r e s u l t  sf the oxidat iar l  a n d ,  
35 c o n s e q u e n t l y ,  t h e  denseness in the irrterior of t h e  trench i s  

i r r ~ p r o v e d  and the adl7esisn between the  siiiceoaas film a r ~ d  t h e  

coating film is then converted to a silicon dioxide film for curing.  Further,
the whole substrate is heated to oxidize the silicon  nitride liner film. In this
case, in general, the whole substrate  30 is placed in a curing oven or the
like and is heated, [0045 ] Curing is generally carried out using a curing
oven  or a hot plate under a steam-containing inert gas or oxygen
atmosphere. 1 he steam is important for satisfactorily  converting the
silicon-containing polymer to silicon dioxide, and 35 the concentration of
the steam is preferably not less than 30%,  more preferably not less than
S00/6, most preferably not less 1'1  than 70%. In particular, when the
steam concentration is not  less than 80%, the conversion of the
silicon-containing polymer  to silicon dioxide can easily proceed and,
consequently,  advantageously, defects such as voids are reduced and
the 5 properties of the silicon dioxide film can be improved. When  an Inert
gas is used as the atmosphere gas, for example,  nitrogen, argon, or
helium is used. [0046] Temperature conditions for curing vary depending
upon the type of the silicon-containing polymer and a  1.0 combination of
steps (which will be described later). However, when the temperature is
higher, the silicon nitride liner film is  more likely to be oxidized. As a
result, the expansion of the  film thickness is increased , and the effect of
improving the film  quality becomes better. 0n the other hand, when the 15
temperature is lower, the adverse effect of oxidation of the  silicon
substrate or a change in crystal structure on device  properties is likely to
be lowered. From this viewpoint, in the  method according to the present
invention, curing is carried out  in one stage of from 900C to 1200C,
preferably from 1000C 20 to 1200C. In this case, the temperature rise
time for- the  temperature to reach the target value is generally 1. to  1.01
C/ruin, and the curing time after the temperature reaches  the target value,
is generally 1 min to 10 hr, preferably 15 min,  to 3 hr. If necessary, the
curing temperature or the 25 composition of the curing atmosphere can be
varied stepwise.  



substrate is in~rsroved. I n  order t o  at ta in the  above effect, 

silicon n i t r ide  i s  preferably oxidized by 1.0 nrn or  more f r om the  

outer  surface, Preferably, the oxidat ion i s  aliowed to proceed 
to  up t s  90°/0 of the  th ickness sf' the silicon n i t r ide Bir?er Film, 

5 more  preferably u p  t o  80°/0 sf the thickness o f  the silicon ni t r ide 

liner Film, from t he  v iewpoint  s f  avoiding oxidat ion sf the silicon 

s~ lbs t ra te  ~,rnderlying the  silicon nitr ide l i ne r  f i lm and thus 
avoidirsg a deteriasratior~ i n  the propert ies of the device. When 

the thickness of the silicon n i t r i d e  liner film is  small, preferably, 

10 oxidation of the  silicon ni t r ide l iner film in i t s  p a r t  between the 
suk~strate and t he  posit ion which is no t  less than 1 nm From the  

substrate is  avoided, 

lo0481 Upon heating, t he  thickness of the  si l icon n i t r ide 

lines- film is increased. The film thic:kness af ter  heating is  

15 preferably no t  less than 1 .3  t imes larger, [-nore preferably not  

less than  1 . 5  t i m e s  largert than t he  film thickness before 

heating. 

[0049] W h e n  the polysi l icon film is  provided on the  silicon 

ni t r ide l iner film, the pslysii icon film is generally oxidized 
20 simu1taneousIy wi th  the silicon nitr ide i iner film. The 

polysidicon film may be oxidized either part ial ly or  entirely, The 

polysilicon film is  prefer-ably oxidized ent irely f rom the  v iewpoint  

of e n s u r i n g  insula%:ing properties. 

LO0501 I n  t h e   neth hod for  t rench isolatiora st ructure 

25 format ion accord i i~g  t o  t h e  present invention, the 
above-,described steps (A) t o  (C) a re  indispensable, I f  

necessary, f ~ l r t h e r  steps rnay be carried out  in comk~inatjorwwith 

t h e s e  steps. Steps which may  be combined with t he  above 

steps are as  faB1ows. 

30 [:085a'..] (a)  Prebaking step 
The substrate coated wi th  the sil icon-containing 

polymer so lu t ion  may be prebaked prior to  the curing step. 

'This step is carried out for completely r e m o v i n g  the so lvent  

contained i n  " c h e  si l icon-containing polymer coating f i lm and for  

35 prel iminari ly curing the silicon-containirsg polymer coating fiirn, 

I n  particular, in the  n ~ e t h o d  far trerach issIatisr~ structure 

[0047] Upon heating, the silicon-containing polymer is  converted to silicon
dioxide and thus to form a siliceous film,  and, at the same time, at least a
part of the silicon nitride liner  film is oxidized. In general, the silicon nitride
liner film is 30 oxidized from its surface on the side not in contact with the
substrate (hereinafter referred to as an outer surface). When  oxidation
proceeds, silicon nitride is oxidized to a deeper  position. Here it is
considered that the silicon nitride liner film  undergoes volume expansion
as a result of the oxidation and, 35 consequently, the denseness in the
interior of ?;he trench is  improved and the adhesion between the siliceous
film and the 12  substrate is improved, In order to attain the above effect,
silicon nitride is preferably oxidized by 1.0 nm or more from the  outer
surface. Preferably, the oxidation is allowed to proceed  to up to 900/0 of
the thickness of the silicon nitride liner film, S more preferably up to
8011/o of the thickness of the silicon nitride  liner film, from the viewpoint
of avoiding oxidation of the silicon  substrate underlying the silicon nitride
liner film and thus  avoiding a deterioration in the properties of the device.
When  the thickness of the silicon nitride liner film is small, preferably, 10
oxidation of the silicon nitride liner film in its part between the  substrate
and the position which is not less than 1 nm from the  substrate is
avoided. [0048] Upon heating, the thickness of the silicon nitride  liner film
is increased. The film thickness after heating is  15 preferably not less
than 1.3 times larger, more preferably not less than 1.5 times larger, than
the film thickness before  heating. [0049] When the polysilicon film is
provided on the silicon  nitride liner film, the polysilicon file: is generally
oxidized  20 simultaneously with the silicon nitride liner film. The
polysilicon film may be oxidized either partially or entirely, The  polysilicon
film is preferably oxidized entirely from the viewpoint  of ensuring
insulating properties. [0050] In the method for trench isolation structure  



format ion according t o  the  present invent ion usin~g the  

silicon-containirrg polymer, prebaking 1r:reatment can improve 

the denseness o f  the  siliceous film. Accordingly, preferably, the  

prebakiny step is  used in combination wi th  steps (A) t o  (C). 

5 [I00521 I n  the  prebalciny steep i n  t he  pr ior art, a method  
has been adopted i n  which Pieating is carr ied a t  a st.rbstantially 

esrrstan"ttemperature. I n  the eksnventior~al method,  the coatjr-rg 
f i lm shrinks during curing, result ing in the for-n3ation af a recess 

in  the trench isolation groove par t  and t he  scckdrrence o f  voids 

10 in the in ter ior  o f  t he  groove. 

[a0531 When the  prebaking t reatment  is carried out  in the 

method according to  the  present invention, preferably, the 

temperature i n  the  prebaking step is control led and prebaking is 

carried out  while raising t he  terrrperata.~re wi th  t ime,  I n  th is  

I 5  case, the  temperature  in the prebaking step is generally in a 

tempel-ature range o f  50°C "c 448O0C, preferably 1-00 to  3 0 O c C ,  

-!-he "erne required for the  prebalting step is ges.-rerally 10 sec to  

38 min, preferably 36 sec to  1.0 mhn,  

[0054] Met t~ods  for  raising the temperature wi th  t ime  in 
20 the prebaking step include a method i n  which the  temperature 

of the atmosphere in m~hich  the substrate is placed is  raised 

stepwise, or  a me"shod in  which the  temperature is raised 

monatorlicaIBy. The highest prebaking tenwerrature ir-1 the 
prebakislg step is gem-lerally set a t  a temperature above the 

25 boil ing point  of  the  solvent used in the polysilamane solut ion 

from the  v iewpoint  of  removing the  solvent: fror71 the film. 

r[OCP55] En the  method i n  which the  temperature in the 
p rebak i~ lg  step is  raised stepwise, a series of procedures 

consisting sf keeping  the  t:emperature sf t he  subst:rate a t  a 

30 specific given temperature for  a given period of time, for 

example, a t  a ten-r'lperature T'1. for a few minutes a n d  a h  

temperature T'k? above il. for a Few n2ini.rtes, and f ~ ~ r t l ? e r  

keeping  the  substr-a"r a t  a giver-? ter-asperature above the  above 

temperatkeere f o r  a given period o f  time are repeated. -%^'he 

35 difference in temperature in each state i s  generally 30 to  15OQC,  

and the  t ime far which the s~nbstrate is kept a t  the given 

25 formation according to the present invention, the  above-described
steps (A) to (C) are indispensable. It  necessary, further steps may be
carried out in combination with  these steps. Steps which may be
combined with the above  steps are as follows. 30 [0051] (a) Prebaking
step The substrate coated with the silicon-containing  polymer solution
may be prebaked. prior to the curing step.  This step is carried out for
completely removing the solvent  contained in the silicon,-containing
polymer coating film and for 35 preliminarily curing the silicon-containing
polymer coating film.  In particular, in the method for trench isolation
structure 13  formation according to the present invention using the
silicon-containing polymer, prebaking treatment can improve  the
denseness of the siliceous film. Accordingly, preferably, the  prebaking
step is used in combination with steps (A) to (C), 5 [00'52] In the
prebaking step in the prior art, a method,  has been adopted in which
heating is carried at a substantially  constant temperature. In the
conventional method, the coating  film shrinks during curing, resulting in
the formation of a recess  in the trench isolation groove part and the
occurrence of voids  10 in the interior of the groove. [0053] When the
prebaking treatment is carried out in the  method according to the present
invention, preferably, the  temperature in the prebaking step is controlled
and prebaking Is  carried out while raising the temperature with time., In
this 15 case, the temperature in the prebaking step is generally in a
temperature range of 5U C to 400C, preferably 100 to 300C.  The time
required for the prebaking step is generally 10 sec to  30 min, preferably
30 sec to 1.C min. [0054] Methods for raising the temperature with time in
20 the prebaking step include a method in which the temperature  of the
atmosphere in which the substrate is placed is raised  stepwise, or a
method in which the temperature is raised  monotonically. The highest
prebaking temperature in the  



t e m p e r a t u r e  is g e n e r a l l y  18 see t o  3 rniin f o r  each t e m p e r a t u r e .  
The effect of the p r e s e n t  i n v e n t i o n  c a n  b e  s ign i f i can t ly  
d e v e l o p e d  by p r e b a k i n g  u n d e r  such c a n d i t i o n s .  
100561 For e x a m p i e ,  in t h e  c a s e  of prebak i r~g in a 

5 t w o - s t a g e  t e m p e r a t u r e  m a n n e r r  w h e n  t h e  second-stage 
p r e b a k i n g  t e m p e r a t u r e  ( h i g h e s t  p r e b a k i n g  t e m p e r a t u r e )  i s  

A("C), the  f i r s t - . s t a g e  p r e b a k i n g  t e n ~ p e r a t c d r e  is p r e f e r a b l y  in the 
r a n g e  of (%/4 )A  to (3/4),4("C). 

[SOS7] For example, in the  case o f  p r e b a k i n g  in a 
10 t h r e e - s t a g e  t empera ta - i r e  manr le r ,  w h e n  t h e  t h i r d - s t a g e  

prebakit-lg temperature ( h i g h e s t  p r e b a k i n g  t e m p e r a t ~ l r e )  is  

R( "C) ,  t h e  f i r s t - . s t a g e  p r e b a k i n g  t e m p e r a t u r e  i s  p r e f e r a b l y  in the 
r a n g e  af  (I./kgC)A t o  (5/8)A("C) w h i l e  t h e  s e c o n d - s t a g e  p r e b a k i n g  
t e m p e r a t ~ a r e  is p r e f e r a b l y  in t h e  r a n g e  of (5 /8 )A  t o  (7 /8)A("C) ,  

15 COO581 For exar-wple, w h e n  a solverst h a v i n g  a bai l ing point  

of a b o u t  150°C such a s  xylene is u s e d  in t h e  polysiiazar.se 

salut:ion a n d ,  a t  t h e  s a m e  t i m e ,  a t e m p e r a t u r e  sf 200°C is 
s e l e c t e d  a s  t h e  h i g h e s t  p r ebak ing  t e m p e r a t u r e ,  ( a )  in  t h e  c a s e  
of p r e b a k i n g  in a t w o - s t a g e  teruupera ture  rfJanner, t h e  f i r s t - s t a g e  

20 p r e b a k j n g  t e m p e r a t u r e  is p r e f e r a b l y  irsl t h e  r a n g e  sf 50 to 1.5B°C, 

a n d  ( b )  in t h e  case af  prebakirng in a t h r e e - . s t a g e  t e m p e r a t u r e  
m a n n e r ,  the f i r s t - s t a g e  p r e b a k i n g  t e m p e r a t ~ l r e  i s  50 t:o 125°C 
while  the s e c o n d - s t a g e  p r e b a k i n g  t e m p e r a t u r e  is p r e f e r a b l y  in  
the r a n g e  of 125  t o  175"6, 

25 [08S9] SpecificaIly, also in t h e  method f o r  ra is ing  the 
t e m p e r a t u r e  stepwise, m u l t i s t a g e  t e m p e r a t u r e  s e t t i n g  is c a r r i e d  
o u t  s o  t h a t ,  i n  t h e  w h o l e  p r e b a k i n g  s t e p ,  t h e  t e m p e r a t u r e  
r e a c h e s  the t a r g e t  t e m p e r a t : u r e  by a g r adua l  t e m p e r a t ~ ~ r e  r i se .  
[OOSO]  Fur the r ,  in the m e t h o d  in which  the t e m p e r a t u r e  is  

38 r a i sed  monotonically, the t e m p e r a t u r e  r i s e  s h o u l d  b e  0°C o r  
a81sve r e l a t i v e  t o  t h e  t e m p e r a t u r e  sf the point b e f o r e  t h a t  p o i n t ,  
In  this c a s e ,  t h e  d i f f e r e n c e  in t e m p e r a t t ~ r e  b e t w e e n  the c u r r e n t  
po in t  and any p a i n t  b e f o r e  t h e  curr-ertt  point  rnay b e  O (zero) 

but s h o u l d  no t  b e  r-regative. I n  other w ~ r d s ,  w h e n  t h e  
35 p r e b a k i n g  t e m p e r a t u r e  is  plotted a g a i n s t  t h e  t ime,  the slope of 

t h e  t e m p e r a t u r e  c u r v e  S ~ O U J ~  r86t be negative. Here t h e  

prebaking step is generally set at a temperature above the 25 boiling point
of the solvent used in the polysilazane solution  from the viewpoint of
removing the solvent from the film.  [0055] In the method in which the
temperature in the  prebaking step is raised stepwise, a series of
procedures  consisting of keeping the temperature of the substrate at a 30
specific given temperature for a (given period of time, for  example, at a
temperature Ti for a few minutes and at s  temperature 12 above Ti for a
few minutes, and further  keeping the substrate at a given temperature
above the above  temperature for a given period of time are repeated. The
35 difference in temperature in each state is generally 30 to 150C,  and
the time for which the substrate is kept at the given 14  temperature is
generally 10 sec to 3 min for each temperature.  The effect of the present
invention can be significantly  developed by prebaking under such
conditions. [0050] For example, in the case of prehaking in a  5 two-stage
temperature manner, w hen the second-stage  prehaking temperature
(highest prebaking temperature) is  A(C), the first-stage prehaking
temperature is preferably in the  range of (1/4)A to (3/4)A(C). [0057] For
example, in the case of prehaking in a  10 three-stage temperature
manner, when the third-stage  prebaking temperature (highest prebaking
temperature) is  A(C), the first-stage prebaking temperature is preferably
in the  range of (1/4)A to (5/8)A(C) while the second-stage prebaking
temperature is preferably in the range of (5/8)A to (7/8)A(C). 15 [0058] For
example, when a solvent having a boiling point  of about 150C such as
xylene is used in the polysilazane  solution and, at the same time, a
temperature of 2.00C is  selected as the highest prebaking temperature,
(a) in the case  of pre-baking in a two-stage temperature manner, the
first-stage 20 prehaking temperature is preferably in the range of 50 to
1.50C,  and (b) in the case of prehaking in a three-stage temperature
manner, the first-stage prebeking temperature is 50 to 125C  



substrate ten~sperature i s  generally raised a t  a temperat!-ire rise 

rate i n  the range o f  8 t o  50O0C/min, preferably I ( J  t o  38O0C/min. 

When t h e  temperature rise rate is h ig l~er ,  t he  contr ibut ion to  t he  

degree sf process t ime  shortening i s  larger. However, the  

5 temperature rise rate is preferably Isw frola7 the  wiewpoiv~ts sf 

satisfactori ly removing the solvent present w i th in  the  groove 

structure and realizing sa"cif~actoriIy polymerizat ion o f  

polysilazane, 

[086;1] The  expression "the temperature is  control led so 

18 tha t  the temperature i n  the  prebaking step i s  raised w i th  "cirme" 
does not  inc lude,  for  example ,  the case where a 

to\/v-temperature s ~ ~ b s t r a t e  is trau~sferred to  h igh-temperature 

condit ions a n d  is rapidly raised to  the same temperature as t he  

atmosphere temperature and the sgsbst:rate is prebaked wlsile 

f 5  mairntainir~g the  substrate a t  that temperature. I n  th is  case, 

a l though the  s~rbst ra te  temperaterre is raised w ~ t h  t ime, the  

ter~ lperature  rise is not  control led a n d ,  in th is  case, i n  many 

cases, the effect o f  the  present invent:ion cannot be attained. 

[ 0 0 6 2 1 -%he temperature contra! in  ' the p r ebak ing  step is 

20 carried out  for preventing a rapid temperature rise in the 

coating film in the prebaking step and for raising the  

temperature a t  a Bower tempera1:ure r ise rate than prebaking by 

conventional single-stage heating. The reason why, for  

example,  the  voids wi th in  the groove are reduced by the 
25 method according t o  the presen"cnvention has no t  heen fully 

elucidated yet, bu t  is  believed $0 reside in that,  when the 

temperaterre o f  the substrate is  rapidly raised, t he  surface is 

excessively cured before the solvent is  complete!y removed 

f rom the  r i r  of t he  trench isolatiors groove and, 

30 consecjuently, the vapor o f  the solvent stays within the groove. 

) h e  present inventjosa can salve the  above probier-1-9 by 

controilir1g the "temperature ir'r the  prebakisag step, 

[QO63] When the method according t o  the present 

invel-ltion is carried out in cornbination wi th  t he  prebaking step, 

35 preferably, before the temperature is low~ered, t he  substrate 

kvi-lick h a s  been b r o i ~ g h t  to  a high temperature by prebalcing i s  

while the second-stage prebaking temperature is preferably in  the range
of 125 to 175`C, 25 [0059] Specifically, also in the method for raising the
temperature stepwise, multistage temperature setting is carried  out so
that, in the whole prebaking step, the temperature  reaches the target
temperature by a gradual temperature rise,  [0060] Further, in the method
in which the temperature is 30 raised monotonically, the temperature rise
should be 0C or  above relative to the temperature of the point before that
point.  in this case, the difference Jr temperature between the current
point and any point before the current point may he 0 (zero)  but should
not he negative. In other words, when the 35 prebaking temperature is
plotted against the time, the slope; of  the temperature curve should not
be negative. "Here the '15  substrate temperature is generally raised at a
temperature rise  rate in the range of 0 to 500C/ruin, preferably 1.0 to
300C/min.  When the temperature rise rate is higher, the contribution to
the  degree of process time shortening is larger. However, the 5
temperature rise rate is preferably low from the viewpoints of  satisfactorily
removing the solvent present within the groove  structure and realizing
satisfactorily polymerization of  polysilazane. [0()61] The expression "tire
temperature is controlled so  10 that the temperature in the prehaking step
is raised with time"  does not include, for example, the case where a
low-temperature substrate is transferred to high--temperature  conditions
and is rapidly raised to the same temperature as the  atmosphere
temperature ,and the substrate is prehaked while 15 maintaining the
substrate at that temperature. In this case,  although the substrate
temperature is raised with time, the  temperature rise is not controlled and,
in this case, in many  cases, the effect of the present. invention cannot he
attained.  [0062] The temperature control in the prebaking step is 20
carried out for preventing a rapid temperature rise in the  coating film in
the prebaking step and for raising the  



subjected t o  the  cur ing step in such a state $:hat the 
temperature of  the substrate is  preferably 50°C or  above and 

the highest temperature i n  the  prebaking and a temperature  

below the highest t e n ~ p e r a t c ~ r e  in the prebalcing, When the 

5 s~ ibs t ra te  is subjected to the curing step before the temperature 

o f  the substrate is  lowered, the energy a n d  time necessary for  

raising the  temperature again car1 be saved. 

[0064] (b) Polishing step 
.After the sil icon-containing polymer coating filrri is 

10 cured, the  cured S ~ ~ ~ C C I T S  dioxide film ills i ts unnecessary par t  1s 

preferably rervoved. 7-0 this end, the  pslysilazane c o a t i r ~ g  f i lm 

provided on the  surface o f  the substrate is f i rs t  removed by 

polishing. ""This step is a polishing step. The polislsing step 

may be carried ou t  a f ter  the curing t reatment.  AIters-satjvely, 

15 when the  prebaking step is carried ou t  in combinat ion wi th  the  

polishing step, t h e  polishing step rnay be carried out  

immediately af ter  prebaking. 

[SSSS] The polishing is carried out  by chemical 

ulechsnical polishing (hereinafter referred to as "CMP"), This 

264 po l~sh ing  by GMP can be carried out  by  conventional polishing 

agent and polishing apparatus. Specifically, for exai-raple, an 

aqueotls solut ion prepared by  dispersing a polishing !material 

such as silica, alumiraa, or ceria and optisrlal ly s ther  adc-ditive 

snag, be used as a pol ishing agent ,  7-he polishing apparat~,ns 
25 may  b e  a commercial ly availaksle conventional CMP apparah~as. 

[0066] (c) Etching step 

117 t h e  polishing step, the silicon dioxide film 

derived f rom the  si l icon-containing polyrwer an t he  surface o f  

the substrate is r-nastly removed. 113 order to remove the  

30 remaining silicon dioxide film, preferably, etching treatn-slent i s  

fur ther  carr ied out.  I t  i s  common practice to  use a n  etching 
solution for the etching treatment:.  The  etching solution is not  

part icular ly l imi ted sa far as the s i l i co r~  dioxide Fi1ra-r can he 

removed. Irl general, an  aqueoijs 1;lydrofluoric acid solut ion 

35  containing amn~on iu rn  flanoride is i.jsed. The concentration o f  

ammonium fluoride ira this aqueous soiutisn is pre$erably not. 

temperature at a lower temperature rise rate than prebaking by
conventional single-stage heating. The reason why, for  example, the
voids within the groove are reduced by the 25 method according to the
present invention has not been fully  elucidated yet, but is believed to
reside in that, when the  temperature of the substrate is rapidly raised, the
surface is  excessively cured before the solvent is completely removed
from the interior of the trench isolation groove and, 30 consequently, the
vapor of the solvent stays within the groove.  The present invention ran
solve the above problem by  controlling the temperature in the prehaking
step. [0063] When the method according to the present  invention is
carried out in combination with the prebaking step,  35 preferably, before
the temperature is lowered, the Substrate which has been brought to a
high temperature by prebaking is i6  subjected to the curing step in such a
state that the  temperature of the substrate,. is preferably 50C or above
and  the highest temperature in the prebaking and a temperature  below
the highest temperature in the prehakinq. When the 5 substrate is
subjected to the curing step before the temperature  of the substrate is
lowered, the energy and time necessary for  raising the temperature again
can be saved. [0064] (h) Polishing step After the silicon-containing
polymer coating film is  10 cured, the cured silicon dioxide film in its
unnecessary part is  preferably rerrroved. To this end, the polysilazane
coating film  provided on the surface of the substrate is first removed by
polishing. This step is a polishing step The polishing step  may be carried
out after the curing treatment. Alternatively, 15 when the prebaking step is
carried out in combination with the  polishing step, the polishing step may
be carried out  immediately after prebaking. [0065] The polishing is carried
out by chemical  mechanical polishing (hereinafter referred to as "CMP").
This  20 polishing by CMP can be carried out by conventional polishing 



less than ~O/CI ,  mare preferably no t  less than 30° /~ .  

C00671 When a silicon ni t r ide film is Formed an the silicon 

dioxide filn-r a d j a c e n t  direc~tly t o  t h e  surface of the substrate, 

subsequer-rtly to the etching step (c), t h e  silicon ni t r ide film i s  

5 also removed by etching. 7'he silicon nitride I jner f i lm Formed 

wi th in  the groove 1s buried in the  silicon dioxide and t h u s  is not  
removed, Also in this etching t reatment,  i t  is commorr practice 

to  use a n  etching soIutirsn. / h e  efc:bgi~qg s o i u t i ~ r ~  is n o t  
part icular ly l imited so Far as t h e  silicon ni t r ide film can be 

1.8 ren-ioved. I n  general, however ,  an aqueous phosphoric acid 
solut ion having a concentration o f  no t  less than  70°/i is used, 
and t he  temperatkdre is general ly regulated t o  a b o u t  80°C. 

[0868] Base n ~ a t e r i a l  w i th  sd&-eous f i lm  

The base mat:eria% wi th  a siliceous Film according to  

1 5  the present invention can be produced, for  e x a m p l e ,  by the  

method For t rench isolation st ructure formatiol-'1, One of  the  

features o f  " r h e  base mater ia l  with a siliceo~ss film i s  tha t  a t  least 

part ial ly oxidized silicon nitride l iner film is  provided between 

the  siliceous f i lm and t h e  base mater ia l .  

20 [Q06911 -The part ial ly oxidized si l icon nitride l iner  Film car1 
be formed by oxidizing the  siiicon n i t r ide l iner f i lm 

simultaneously wi th  the conversion sf the silicon-,containing 

g~olymer to  si l icon dioxide.  I t  is considered that th is  ox ida t~on  

causes expansion o f  the silicon ni t r ide lirmer f i lm tha"l:ir-nproves 

25 the densiness wi th in  the trench and can suppress t he  

oecklrrence of s t r ~ ~ c t ~ ~ r a l  defects. Pi-eferably, the  oxiat ion 

degree of the part ial ly oxidized si l icon n i t r ide l iner fi1r-n is no t  

less t h a n  1.0 nrn From the  outer  surface, and the  film thickness 

after the  oxidat ion is preferably n o t  less than 1 ,3  t imes, more 

30 preferably not less than 1 . 3  times, the film thickr-ress before the 

oxidat ion. When the polysilicg-rn Film is formed srr the silicon 
ni t r ide l iner f i lm, the polysi l icon film may be oxidized part ial ly 

or  entirely, preferably ent irely f rom the viewpoint o f  ensuring 

the ins~dlat ing properties. 

35  [0070'1 The oxidized si l icon nitride liner .film contains 

oxygen becaa~se o f  i t s  part ial ly oxidized state.  When the 

agent and polishing apparatus. Specifically, for example, an  aqueous
solution prepared by dispersing a polishing material  such as silica,
alumina, or ceria and optionally other additive  may be used as a polishing
agent, The polishing apparatus 25 may be a commercially available
conventional CMP apparatus.  [0066] (c) Etching step In the polishing
step, the silicon dioxide film  derived from the silicon-containing polymer
on the surface of  the substrate is mostly removed. In order to remove the
30 remaining silicon dioxide film, preferably, etching treatment is  further
carried out. It is common practice to use an etching  solution for the
etching treatment, The etching solution is not  particularly limited so far as
the silicon dioxide film can be  removed. In general, an aqueous
hydrofluoric acid solution 35 containing ammonium fluoride is used. The
concentration of  ammonium fluoride in this aqueous solution is preferably
not 1 7 less than 5%, more preferably not less than 30%. [0067] When a
silicon nitride film is formed on the silicon  dioxide film adjacent directly to
the surface of the substrate,  subsequently to the etching step (c), the
silicon nitride film is 5 also removed by etching. The silicon nitride liner film
formed  within the groove is buried in the silicon dioxide and thus is not
removed. Also in this etching treatment, it is common practice  to use an
etching solution. The etching solution is not  particularly limited so far as
the silicon nitride film can be 10 removed. In general, however, an
aqueous phosphoric acid  solution having a concentration of not less than
70% is used,  and the temperature is generally regulated to about W0C.
[0068] Base material with siliceous film The base material with a siliceous
film according to  15 the present invention can be produced, for example,
by the  method for trench isolation structure formation. One of the
features of the base material with a siliceous film is that. at least  partially
oxidized silicon nitride liner film is Provided between  the siliceous film and
the base material, 



oxygen conterat i s  high ,  t he  densiness wi th in the trenclr is likely 

to be enhanced. However, excessive oxidat ion somet imes 

causes the sil icon substrate per se t o  be oxidized, resu/t i r%g in 

deteriorated device propert ies, I n  order t s  prever.r"i:this 

5 unfavorable phenomenon, complete oxidat ion o f  the  silicon 

sdtride l iner f i lm should be avoided. Specifically, t he  si l icon 

n i t r ide ! ins$  film is preferably not oxidized by a thickness o f  no t  

less than 1 nm, more  preferably not  less than 2 nm, f rom the 
s u  bstra%:e. 

10 [0071] The silicon ni t r ide l iner film is  preferably th ick f rom 

the  v iewpo i r~ t  o f  prevent ing the  oxidat ion of the substrate a n d  

the like, When the thickness o f  the silicon ni t r ide l iner  film is 

excessively large, however, the format ion o f  a n  even f i lm,  far 

example, w i th in  the  groove is di f f icul t .  Accordingly, t he  

IS 617ickness of the sil icon ni t r ide  liner- film before the  oxidat ion is 

preferably 8 to  50 nm, more preferably 10 to 30 nm.  
l863721 ~'"Pe estri~ctu1-e other than the  st ructure o f  the  

silicon ni t r ide l iner f i lm  [may be the  same as the  conventional 

base mater ia l  wit12 a siliceous f i lm. Such structures are 

28 described, for  example, in paten"l:doc~in?ents 1 and 2. 

EXAM PI-ES 

[00'73l The fol lowing Examples Further i I l~ i s t ra te  the 

present inventioi?, 

[OC374,] B g a r a t i o n d .  polysjjazane solution 

25 PalysiIazawe solut ion A was prepared by the 

following r r ~ e t h o d .  
[0075]  ( I )  Bichlarosilane (48 g )  having a pur i ty  of 99% or  

higher was poured in to  500 g of  dehydrated pyridine of 0°C w i th  

s t i r r ing ,  
30 [007G] (2) Subsequently, anlmonia (27 g) having a pur i t y  

of 99,9% was poured in to  the solution witla sorr ing over a 

period of three h s  while holding the solution temperature a t  0°C. 

[10077:1 (3)  After the cornpletillin s f  pouring sf ammonia, 

the prodslced ammonit~r-n chloride was removed by filtrat:ion, 

35 [007'8] (4) T'he filtl-ai:e af ter  the removal o f  ammonium 

chloride was heated t : : ~  5OoC, and the remaining ammonia W ~ S  

20 [0069]  The partially oxidized silicon nitride liner film can  be formed by
oxidizing the silicon nitride liner film  simultaneously with the conversion of
the silicon-containing  polymer to silicon dioxide. It is considered that this
oxidation  causes expansion of the silicon nitride liner film that improves
25 the densiness within the trench and can suppress the  occurrence of
structural defects. Preferably, the oxiation  degree of the partially oxidized
silicon nitride liner film is not  less than 1.0 nm from the outer surface, arid
the film thickness  after the oxidation is preferably not less than 1.3 times,
more 30 preferably not less than 1.5 times, the film thickness before the
oxidation. When the polysilicon film is formed on the silicon  nitride liner
film, the polysilicon film may be oxidized partially  or entirely, preferably
entirely from the viewpoint of ensuring  the insulating properties. 3"5
[0070] The oxidized silicon nitride liner film contains  oxygen because of
its partially oxidized state. When the 18  oxygen content is high, the
densiness within the trench is likely  to be enhanced. However, excessive
oxidation sometimes  causes the silicon substrate per se to be oxidized,
resulting in  deteriorated device properties. In order to prevent this 5
unfavorable phenomenon, complete oxidation of the silicon  nitride liner
film should be avoided. Specifically, the silicon  nitride liner film is
preferably not oxidized by a thickness of not  less than 1 nm, more
preferably not less than 2 nm, from the  substrate. 10 [0071] The silicon
nitride liner film is preferably thick from  the viewpoint of preventing the
oxidation of the substrate and  the like. When the thickness of the silicon
nitride liner film is  excessively large, however, the formation of an even
film, for  example, within the groove is difficult. Accordingly, the 15
thickness of the silicon nitride liner film before the oxidation is  preferably 8
to 50 rim, more preferably 10 to 30 nn [0072] The structure other than the
structure of the  silicon nitride liner film may be the same as the
conventional  



r c ~ n ~ v e d .  The f i l t rate cor,~$ained a produced polysilazane 

having a weight average molecular weight  of  2006. 

[$879] ( 5 )  Xylene was mixed into the f i l t rate af ter  the 

removal of  ar-nnlsnia, and t he  mix ture  was dist i l led a t  58°C 

5 under a reduced pressure s f  20 mmHg t o  remove pyr jd ine arid 

to  regulate the polyr~7er concentra$:ian to  20°/0 by w e i g h t .  
jIOQgOj (6) T h e  polymer solution t h u s  obtair-aed was purif ied 

by circulat ion f i l t rat ion through a f i l ter  w i th  a Filtration accuracy 

sf 0.1 prn,  The number sf  particles having a size of  not: less 

10 than 0.2 L1r-n csntajr3ed in the  polymer solution was measured 

with  a part ic le counter KS46-3-BF manufactured by  RION Co, ,  Ltd. 

and was found t o  be 3 particles/cc. 

[O081] P r e o a r a t i n  o f  silsesquioxane hydride so isntm 

As described belowr, silsesqa~isxane hydride was 

1.5 prepared by a method described in patent  document 3, a n d  a 
sjlsesquioxane hydride solution B was prepared. 

[S082] ( I )  Benzenesbnlfonic acid hydrate (50.0 g ) ,  1.50,0 g 

of a 4S0/o aqaleakls hyg%ro~h/or ic  acid S Q I U ~ ~ B ~ ,  and 650.G g c?f 

toluene w e r e  placed irr a one-.liter tht-ee-.necked flask, and 2063 g 

20 of a solkition o f  2 5 %  by weight  o f  t:richlorosilane in toluene was 

added dropwise wi th st i rr ing at4400 rpm over a period of 50  min, 

"'The mixture w a s  stirred For addit ional two  hr, 

jI0083] (2) This reaction product w a s  poured into a 
separatsry funnel, and the organic layer w a s  separated, ""[.he 

25 separated organic layer was washed twice wi th 100 rnl sf %7O/0 

sulfuric acid and was then washed twice wi th ICIO rnl of  

deionized water, Subsequently, about  20 g af  ca Ic i~sm 

carbonate was added t o  the organic layer, a n d  the  mixture w a s  
st irred far  10 min. -$hereafterf -,about 20 g s f  magr..resium 

38 sulfate was added thereto, and the rn~x.tadre was st irred for 18 

min. The solutia~..r w a s  fi ltered, and the sa:,lver~t w a s  stripped 

f rom the  f i l t rate. n-kiexane was added to  1.7.4 g of t h e  solid to  
d i ~ s o l v e  the resinous material, and the residual crystalline 
material was separated and recovered as a solid.  

35 [0084] (3)  The silsesquiaxane hydride thus tsk~tained was 

dissolved in xyierrre to  prepare a s ~ ~ L . B $ : ~ ~ ; , Y B  hav i r~g  a [ ~ o l y r r ~ e r  

base material with a siliceous film. Such structures are  20 described, for
example, in patent documents 1 and 2. EXAMPLES  [0073] The following
Examples further illustrate the  present invention. [0074] Preparation 25
Polysilazane solution A was prepared by the  following method. [0075] (1)
Dichlorosilane (48 g) having a purity of 990/6 or  higher was poured into
500 g of dehydrated pyridine of 0C with  stirring. 3r0 [0076] (2)
Subsecuently, ammonia (27 g) having a purity  of 99.9% was poured into
the solution with stirring over a  period of three hr while holding the
solution temperature at 0C.  [.0077] (3) After the completion of pouring of
ammonia,  the produced ammoniurn chloride was removed by filtration. 35
[0073] (4) The filtrate after the removal of ammonium  chloride was heated
to 50C, and the remaining ammonia was 19  removed. The filtrate
contained a produced polysilazane  having a weight average molecular
weight of 2000. [0070] (5) Xylene was mixed into the filtrate after the
removal of ammonia, and the mixture was distilled at .50C  5 under a
reduced pressure of 20 mmHg to remove pyridine and  to regulate the
polymer concentration to 20% by weight. [0080] (6) The polymer solution
thus obtained was purified  by circulation filtration through a filter with a
filtration accuracy  of 0.1 m. The. number of particles having a size of not
less 10 than 0.2 urn contained in the polymer solution was measured  with
a particle counter K540-BF manufactured by RION Co., Ltd.  and was
found to be 3 particles/cc. [0081] Preparation of silsesquioxane hydride
solution As described below, silsesquloxane hydride was  15 prepared by
a method described in patent document 3, and a  silsesquioxane hydride
solution f3 was prepared. [0082] (1) Benzenesulfonic acid hydrate (50,0
g), 150.0 g  



corscentratjon o f  20% b y w e i g h t ,  and the solution was puri f ied 

by cil-cbslation f i l t rat ion through a Filter w i th  a Filtration accuracy 

of 8.1 c~m. The number sf particles having a size of  riot less 

than 8.2 prn eontai r~ed in the  poiyiner S B I U ~ ~ O ~ ~  was measured 

5 witl-s a particle counter KS4.I)-BF manufactured by RION Ca., btd,  

and was found ts be 3 particles/cc, 

[00853 "'orrnation of  trerlch isoiati812 -groove 

Trench isolation grooves were forrned in  a silicon 

subsha te  as fol laws according to  "second e ~ ~ ~ b o d i r n e n t "  i n  

10 PaterntNo. 31784.j-2. 

[S086:] ( I )  A silicon dioxide f i lm was formed by thermal  

oxidat ion on a surface sf a silicon substrate, arrd a si l icon 

nitr ide filrn was formed on the  silice)~~ dioxide Film by CVD. 

[0087] (2) A photoresist was coated onto the  formed 

15 silicon ni t r ide f i lm, and the  asserr~bly was exposed a n d  

developed by photol i thography for patterning, The pattern was 

formed so t h a t  the final pat tern  is linear grooves of 4, prn, (3.05 

prn, O,% pm, 0,2 j,m, 0,s prn, and 1 prn, 

[ ~ o ~ ~ ~ ~  (3)  The siiicon n i t r ide  film and the  silicara dioxide 
20 film were s~eccessiveIy dry  etched using the patterned 

photoresist film as a mask. Holes passed through t he  si i icar~ 

rlitride film and t he  s~ l i con  dioxide Film were formed by the dry 

etching, and t he  silicon substrate was l inearly exposed, 

[0089] (4) "Phe p h o t o r e s i s t  w a s  removed, and  the silicon 

25 ni t r ide film was exposed, The silicon substrate was etched 

using the silicon nitr ide filn-9 as a mask t o  form a groove 

structure i n  the  silicon substrate. Fnjrthea; a silicon dioxide film1 

was also formed wi th in  the  groove by 8:hermal oxidation. "['he 

format ion of  ei ther a silicon ni t r ide l iner f i lm or a s i l~con  ni t r ide 

30 l iner film a n d  a prdlysilicol-a film was the!% carried out by CVB aia 

the whole substrate surface t o  form trench isolation grooves. 

I n  th is  case,  when only the  s i l i cor~  n i t r ide liner f i lm war; forrned, 

the thickness o f  the silicor2 n i t r ide liner film was 1.0 nm. On t h e  
o the r  h a n d ,  w h e n  the sil icon ni t r ide liner film a n d  the pslysi/icor.i 

-35 film were formed,  the t:%-ijckness of t he  siiican ni t r ide l iner f i lm  

and the thickness of the podysi8is:on film were 10 nrn and 5 nm, 

of a 35% aqueous hydrochloric acid solution, and 650.0 g of  toluene were
placed in a one-liter three-necked flask, and 2003 g 20 of a solution of
25% by weight of trichlorosilane in toluene was  added dropwise with
stirring at 400 rpm over a period of 50 min.  The mixture was stirred for
additional two hr. [008.3] (2) This reaction product was poured into a
separatory funnel, and the organic layer was separated. The  25
separated organic layer was washed twice with 100 ml of 47% sulfuric
acid and was then washed twice with 100 ml of  deionized water.
Subsequently, about 20 g of calcium  carbonate was added to the organic
layer, and the mixture was  stirred for 10 min. Thereafter, about 20 g of
magnesium 30 sulfate was added thereto, and the mixture was stirred for
10  min. The solution was filtered, and the solvent was stripped,  from the
filtrsate. n-Hexane was added to 17.4 g of the solid to  dissolve the
resinous material, and the tesidual crystalline  material was separated and
recovered as a solid. 35 [0084] (3) The silsesquioxane hydride thus
obtained was  dissolved in xylene to prepare a solution having a polymer
20  concentration of 20% by weight, and the solution was purified  by
circulation filtration through a filter with a filtration accuracy  of 0.1 pm. The
number of particles having a size of not less  than 0.2 pm contained in the
polymer solution was measured  with a particle counter KS40-5F
manufactured by RION Co., Ltd.  and was found to he 3 particles/cc.
[0085] Formation of trench-isolation--g m Trench isolation grooves were
formed in a silicon  substrate as ..3 "second ollows according to "second
embodiment" in 10 Patent No. 3178412. [0086] (1) A silicon dioxide film
was formed by thermal  oxidation on a surface of a silicon substrate, and a
silicon  nitride filar was formed on the silicon dioxide film by CVD.  (0087]
(2) A photoresist was coated onto the formed 15 silicon nitride film, and
the assembly was exposed and  developed by photolithography for
patterning. The pattern was  



respectively. 

[009Q] ExampIe 1 
A trench isolat ion st ructure w a s  fo rmed by the  

f ~ l l o w i r ? g  rwethod in a silicon substrate having t rench isolation 

5 grooves formed by the  above method (a si l icon substrate having 

a silicon ni t r ide l iner filn.1 thickness of 10 nm and no t  provided 

wi th  a polysilicon Film), 

[:0091.] (1) Polysilazane s o l u t ~ o n  A described above was 

coated onto the silicon substrate lay s p i n  coating under coating 

1 Q condit ions 0 8  spinning speed 1080 rpm and s p i n r ~ i n g  t ime  20 sec, 
When coating was carried o u t  on a bare si l icon s~ ibs t ra te  under 

the  same conditions, the th ickr~ess o f  the coat ing w a s  608 nrn. 

I;0892] (2) The coated substrate was prebaked by heating 
a t  I5O0C for 3 min. 

15 [ 0093 ]  (3 )  After prebaking, the  prebaked subs5:rate was 
introduced in to  a cure oven under a pure oxygerl atmosphere 

while maintaining the final terr-tperature of t he  prebaking, was 

heated t o  1050°C a t  a temperature r ise rate of l.Q°C/rnin, and 

was heated under an oxygen atmosphere conta in i r~g a s team 

28 cosscentration o f  8O0/0 for 30 m i n  for curing. 

P0941 For a f i lm formed by coat ing the  polysilazane 
solastion on t he  bare silicon and curing the  coat ing u n d e r  the 

s a m e  conditions, the ci-eernical structure was examined by F-I-IR, 

As a resu!t, only absorption sf an Si -O band  attribut:able to  

25 waver~unsber 1080 ern-:' w a s  observed, nei ther  absorptiois o f  

N-H bond  att r ibutable t s  wavenumber 3380 cm-%or absorpt ion 

of S-.H bond a t t r i b~ i t ab le  t o  bli lavenur~ber sf 2200 cm-'" was 

observed, indicat ing that, in this state, the palysilazane as  the 

start ing mater ia l  had been ent:irely c-.or~verted to  silicon dioxide. 

38 COO951 (4) The silicon dioxide film or% the surface a$ the  

si/ir,un s~abstrate was polishecl by CMP unt i l  %!-re sjlicorl n i t r ide 

Film was exposed. 

[0096] ( 5 )  The silicon ni t r ide film exposed or1 the surface 

was removed by etching wi th  an ayajeous phosphoric acid 

35 soiiitiou% sf 80°G. 
[:6)097] (6) The silicon dioxide film was etched wi th  an 

formed so that the final pattern is linear grooves of 1 prn, 0.05  um, 0.1
i.am, 0.2 prn, 0.5 um, and 1. p.rn. [00r88] (3) The silicon nitride film and
the silicon dioxide  20 film were successively dry etched using the
patterned  photoresist film as a mask. Holes passed through the silicon
nitride film and the silicon dioxide film were formed by the dry  etching,
and the silicon substrate was linearly exposed. [0089] (4) The photoresist
was removed, and the silicon  25 nitride film was exposed. The silicon
substrate was etched  using the silicon nitride film as a mask to form a
groove  structure in the silicon substrate. Further, a silicon dioxide film
was also formed within the groove by thermal oxidation. The  formation of
either a silicon nitride liner film or a silicon nitride. 30 liner film and a
polysilicon film was then carried out by CVD on  the whole substrate
surface to form trench isolation grooves.  In this case, when only the
silicon nitride liner film was formed,  the thickness of the silicon nitride liner
film was 10 nm. On the  other hand, when the silicon nitride liner film and
the polysilicon 35 film, were formed, the thickness of the silicon nitride
liner film  and the thickness of the polysilicon film were 1.0 rim and 5 nrn,
21  respectively, [0090] Fxamnle_-!_.. A trench isolation structure was
formed by the  following method in a silicon substrate having trench
isolation  5 grooves formed by the above method (a silicon substrate
having a silicon nitride liner film thickness of 10 nm and not Provided  with
a polysilicon film), [()091] (1) Polysilazane solution A described above was
coated onto the silicon substrate by spin coating under coating  10
conditions of spinning speed 1000 rpm and spinning time 20 sec. When
coating was carried out on a bare silicon substrate under  the same
conditions, the thickness of the coating was 600 nm,  [0092] (2) The
coated substrate was prebakesd by heating  at 150C for 3 min. 15 [0093)
(3) After prebaking, the prebaked substrate was  



a q u e o u s  S O I L B ~ ~ O ~ I  c o n t a i n i n g  3(a0/' by weight of a m m o n i u m  
f luor ide  a n d  fO/o sf hydroflkaoric acid to  a posit ion n e a r  t h e  
silicon s u b s t r a t e  to f o r m  a t r e n c h  isolation ~ t r b d c t u r e ,  
[0098] Example 2 

r- J The  p r o c e d u r e  of Exanlple 1 was r e p e a t e d ,  except 
that  p~B\gsi/azai?e s o l u t i o n  A was changed $0 silsesquioxane 

h y d r i d e  s o l u t i o n  8 .  

[SO991 Example 3 
The p r o c e d u r e  of f x a r ~ > p % e  1 was r e p e a t e d ,  e x c e p t  

IQ tha t  the prebaking step i n  Example 1 was c a r r i e d  out  by hea t ing  

the coated s u b s t r a t e  a t  100"C, 1 5 0 ° C  a n d  200°C successively 

e a c h  for 2 rnin, 

T h e  procedal re  of E x a m p l e  3 was r e p e a t e d ,  e x c e p t  
1.5 tha t  p o l y s i I a z a r ~ e  s o l u t i o n  A w a s  c h a n g e d  to s i s s e s q u i o x a n e  

hydride solut ion 8 .  

I : O l O l ~  Exar17pBe 5 
'The p r o c e d u r e  of  f x a r r ~ p l e  3 was r e p e a t e d ,  e x c e p t  

t h a t  the heat!  ng  t e u l p e r a t u r e  was changed ts l.POO°C. 

20 [01021 Exanlple 6- 
T"F'-I~ p r o c e d u r e  sf Exan-glple 5 w a s  repeat :ed ,  except 

that p ~ l y s i l a z a n e  s s t u t i s n  A w a s  c h a n g e d  $a s i l s e s q u i o x a n e  
hydride solution B, 

25 The p r o c e d u r e  of Example 3 was r e p e a t e d ,  e x c e p t  

t ha t ,  ins tead o f  the silicon substrate used in Example 3 ,  a 
sil icon substrate eornpr i s ing  a 5 nm-,thick polysi l icon fiIn% 

prov ided  o n  a P O  nm-thick si l icon n i t r ide  liner f i lm w a s  ~ ~ s e d ,  

343 The p r o c e d u r e  of Exalnple 7 was r e p e a t e d ,  e x c e p t  
t h a t  polysilazane s o l u t i o n  A was changed to  s i l s e s q u i o x a n e  
h y d r i d e  solution B. 

/:0105] Exarr~p!e.-g. 
The p r o c e d u r e  o f  Example 7 w a s  r e p e a t e d ,  except 

35 t h a t  the h e a t i n g  ternperata-jrs  was  char~ged to  1100°6. 

[,.0106:j Exan~ple 3 - 0  

introduced into a cure oven under a pure oxygen atmosphere  while
maintaining the final temperature of the prebaking, was  heated to 1050C
at a temperature rise rate of 10C/min, and  was heated tinder an oxygen
atmosphere containing a steam  20 concentration of 80% for 30 rain foil
curing. [0094] For a film formed by coating the polysilazane  solution an
the bare silicon and curing the coating under the  same conditions, the
chemical structure was examined by FTIR,  As a result, only absorption of
an Si-C) bond attributable to 25 wavenumber 1080 cm-1 was observed,
neither absorption of  N-H bond attributable to wavenumber 3380 cm-1
nor absorption  of S-1t bond attributable to wavenumber of 2200 cm-' was
observed, indicating that, in this state, the polysilazane as the,  starting
material had been entirely converted to silicon dioxide. 30 [0095] (4) The
silicon dioxide film on the surface of the  silicon substrate was polished by
CMP until the silicon nitride  film was expos'd. [00913] (5) The silicon
nitride film exposed on the surface  was removed by etching with an
aqueous phosphoric acid  35 solution of 130C. [0097] (6) The silicon
dioxide film was (-Ached with an 22  aqueous solution containing 3011/6
by weight of ammonium  fluoride and 1% of hydrofluoric acid to a position
near the  silicon substrate to form a trench isolation structure, [0098]
Example 2 5 The procedure of Example 1 was repeated, except  that
polysilazane solution A was changed to siisesquioxane  hydride solution
E. [0109'9] impkz' 1 3 The procedure of Example 1 was repeated, except
10 that the prebaking step in Example 1 was carried out by heating  the
coated substrate at 100C, 150C and 200C successively  each for 2 ruin,
[0100] Example 4 The procedure of Example 3 was repeated, except  



The procedure of  Example 9 was repeated, except 
tha t  pslysilazane solutisr~ A was ehar~ged  t o  silsesqujoxane 
hydride solution 8, 
[6107:] EX~EDIQ 11 

5 The p r o c e d u r e  of Example 1 w as  repeated ,  except 
that the steam concentrat ion was changed t o  40% by weight.  

,01081 E x a m p l e a  

The procedure sf Example I. was repeated, except 

t h a t  the thickness o f  the  sjlicon nitride l iner film was changed to  
1.0 5 nm.  

101,09;\ Exarnpje 13 

"f"he procedure of Example 1 was repeated, except 

t h a t  the thickness sf the silicon ni t r ide l iner film was c t~anged  ts 
2 nm. 

15  [ O I I O ]  Comparat ive Exam~ple 1 

The procedure of Example 1 was  repeated, except 

t i - ]a t  the silicon ni t r ide Zir-rer film was ns"a:formed in  the 

preparat ion sf  the silicorq substrate having a t r e n c h  isola%:ion 

structure. 
20 [Ol-:bl]Cg ample  2 

The  procedure of Comparat ive Example 1 was 

repeated, except t h a t  polysilazane solut ion A was char~ged ts 
silsesqknioxane hydr ide solut ion B,  

[OI12:] Comgarative E-xaj~~pIe 3 

25 The proced~ l re  of Example 1 was repeated, except 

that, in the  p r e p a r a t i o n  of' the si l icon subs t ra te  having a trench 

isolat ion structsnre, a si l icon oxide $ism was Formed instead o f  

t h e  silicon ni t r ide liner filrm, 

C81. 131 

30 The  p roc :edure  of $:orr~parative Example 3 was 
repeated, except t h a t  polysilazane soiutior-8 A was c h a n g e d  to  
silsesquioxane hydr ide solb~tii3r3 W .  

[:Of 141 C&k:dr.ative E~arnple  5 

The procedure o f  Example 1 was repeated, except 
35 that the heatirsg tempelmature in the  curing was changed ,to 

80OVC, 

1.5 that polysilazane solution A was changed to silsesquioxane  hydride
solution S. [01.01.] Example 5 The procedure of Example 3 was repeated,
except  that the heating temperature was changed to 1.1.00C. 20 [0102]
Example 6 T lie procedure of Example 5 was repeated, except  that
polysilazane solution A was changed to siisesquioxane  hydride solution
B. [0103] Example 25 The procedure of Example 3 was repeated, except
that, instead of the silicon substrate used in Example 3, a  silicon
substrate comprising a .5 nm-thick polysilicon film  provided on a 10
nm-thick silicon nitride liner film was used.  [0104] Example 3 30 The
procedure of Example 7 was repeated, except  that polysilazane solution
A was changed to silsesquioxane  hydride solution B. [0105 ] Esc rripie.
Via, -i he procedure of Example 7 was repeated, except  35 that the
heating temperature was changed to 13.00C. [0106] E:xampie 1_Q. 23
The procedure of Example 9 was repeated, except that polysilazane
solution A was changed to silsesquioxane  hydride solution B. [0107]
Exampi _11 5 The procedure of Example 1 was repeated, except  that the
steam concentration was changed to 40% by weight.  [01U] Ex3rnqle_12
The procedure of Example I was repeated, except  that the thickness of
the silicon nitride liner film was changed to  10 5nm. [01.03]x moral _53 F
he procedure of Example 1 was repeated, except  that the thickness of the
silicon nitride liner film was changed to  



[ O l l 5 ]  k m g a r a t i v e  Example 6 

The procedure s f  Example 2 was repeated, except 

tha t  the heatirfg temperature in t h e  curing was c h a n g e d  t o  

800°C. 

5 [8116] k y a l u a t i o n  

The following evaluation was carried o u t  for  the  

shrbstrates having a trenc8.1 isolation s t r~ rc tu re  prepared in each 

Example. 
[O 1. 1.71 (I.) The s ta te  o f  the  substrate surface was observed 

10 under an electron scanning microscope (hereinafter referred t o  

as "SEM") fo r  visual evaluation of  the smoothness of the t rench 

part .  

[Or 181 (2) The substrate was  cut  i1-i a direction 

perpendicular to the longitudinal d i r e c t i o n  of the groove, was 

1.5 immersed irs an aqueous solution containing O.SO/o by weight  o f  

hydrofluoris: acid and sO/O by weight  o f  ammrsniurn f luoride a t  

23°C for 30 sec, was then well washed wi th  p u r e  water! a n d  was 

dried. The groove par t  in t h e  cross sect is r~  was observed under 

SEM a t  a magnif icat ion of 580630 t:irnes f r o m  above a t  an 

28 elevation angle  of 30 degrees t o  t h e  direct ion perpendicular ta 
the  crass section and was photographed. The rat io between 

the etching ra te  in the  surface par t  in the  cross sectior-1 of t he  

s u b s t r a t e  and the  e t c h ~ n g  d e p t h  in the surface p a r t  of t:he cross 

section sf the substrate and t he  deepest par t  0%: the  groove was 

25 calculated based o n  the Bersgth on t he  photograph by 

t r~gonsmet ry ,  

[ O f l 9 ]  W h e n  the siliceous film wi th in the  groove is even, 

the above rat io i s  close to  1 \Nher-i the  densiness o f  the 

si l iceous f i lm i n  t he  deepest par t  o.f the groove is low, t he  above 

SO rat io is  lower than 1, 

[o 1203 (3)  For the  substrate in each Example, the 

th ickness of t he  si l icon n i t r ide Biner Film not  skrbjecteci t o  

oxidatisrr was rneas~~recd by observat ion under SfM, The 

thickness o f  t t ie  s i l i cor~  n i t r ide liner film in its oxidized part, the 

35 th ickr~ess o f  the  silicon dioxide fiirw derived f rom t h e  silicon 

nitr ide l iner film after  the oxidation, and the csefficierst of 

2 nm. 15 [t 110] Cgm arativeExarnol.e 1. The procedure of Example 1 was
repeated, except  that the silicon nitride liner film was not formed in the
preparation of the silicon substrate having a trench isolation  structure, 20
[0111] Comparative Example 2 The procedure of Comparative Example, I
was  repeated, except that polysilazane solution A was changed to
silsesquioxane hydride solution B. [0112] Comparative Example 3 25 The
procedure of Example I was repeated, except  that, in the preparation of
the silicon substrate having a trench  solation structure, a silicon oxide film
was formed instead of  the silicon nitride liner film. [0113] coo pgrative
Example 4 30 The procedure of Comparative Example 3 was  repeated,
except that polysilazane solution A was changed to  silsesquioxane
hydride solution E. 10114] r1n.par_tive ExarnDle 5 The procedure of
Example 1. was repeated, except  357 that the heating temperature in the
curing was changed to  800-0. 24  [01.1 5] (:.'' ,rnparat ve Example 6 The
procedure of Example 2 was repeated, except  that the heating
temperature in the curing was changed to  800:C, 5 [0116] Evaluation The
following evaluation was carried out for the  substrates having a trench
isolation structure prepared in each  Example. [0117] (1) The state of the
substrate surface was observed  10 under an electron scanning
microscope (hereinafter referred to  as "SEM") for visual evaluation of the
smoothness of the trench  part 



theru-nal expansiorrr of the silicon nitride l iner  fiIm w e r e  
determined by this measurement. 

i ;OI%l . I  The results were as  s h o w n  ~n Tables 1 t o  4, 

[0122] [Tbie I ]  

Tiable 1 Visual  evaiuiation o f  substrate ss.lrface 

Evaluat ion cr i ter ia 

@ : Srnsoth s \ ~ r f a c e  

Srnoothnes:.; smair"l"6nid adthough s8ight 
1-0 separat ion was  observed. 

A : Separat ion was sIiy htiy observed.  
X :  Tmrneaskrrable d u e  to  severe separatiors 

A X :  Defornr>7ed trench s h a p e  due to oxidat ion o f  

subst ra te  
I. 5 

[0118] (2) The substrate was cut in a direction  perpendicular to the
longitudinal direction of the groove, was  15 immersed in an aqueous
solution containing 0.5% by weight of hydrofluoric acid and 5% by weight
of ammonium fluoride at  23C for 30 sec, was then well washed with pure
water, and was  dried. The groove part in the cross section was observed
under  SEM at a magnification of 50000 times from above at an 20
elevation angle of 30 degrees to the direction perpendicular to  the cross
section and was photographed. The ratio between  the etching rate in the
surface part in the cross section of the  substrate and the etching depth in
the surface part of the cross  section of the substrate and the deepest part
of the groove was 25 calculated based on the length on the photograph by
trigonometry. [0119] When the siliceous film within the groove is even,  the
above ratio is close to 1. When the densiness of the  siliceous film in the
deepest part of the groove is low, the above  30 ratio is lower than 1,
[0120] (3) For the substrate in each Example, the  thickness of the silicon
nitride liner film riot subjected to  oxidation was measured by observation
under SEM. The  thickness of the silicon nitride liner film in its oxidized
part, the 35 thickness of the silicon dioxide film derived from the silicon
nitride liner film after the oxidation, and the coefficient of 25  thermal
expansion of the silicon nitride liner filar were  determined by this
measurement. [0121.] The results were as shown in Tables 1 to 4.  [0122]
[Table 1] 5 Table 1. Visual evaluation of substrate surface   0. ,m o a m 1
'MI  width 0,05 krn U1 ~~ Example 1 Example 2 I ( rl iJ (;  Example 3 9 1  



[01.23] [TBble 23 

Table 2 Evaluation of substrate etching 

Eramle 4 Example 5  Example 6  Example 7 Example Example 10 <) ` /
Example 1].~ 0.017, pa ratlve Example 1  Comparative  3 h.xamplP 2
Comparative  Example 3 Comparative Example -d > z Comparative n L~
Example 5 C omparative ~, Example 5 Evaluation criteria  Smooth surface
Smoothness maintained although slight  10 separation was observed.
Separation was slightly observed. x: Innrj-eassurable due to severe
separation xv: Deformed trench shape due to oxidation of  rsubstr~.te 1.5
26  [0123] [Table 2] -Iable2- Evaluation of substrate etching 0 part of
groove in each trenc  Etchin, ~~e e Jest rate, width/surface etching rate
ratio nrri min 0 05 arm 0.1 m 0 7 Lm 0.5 Ltim 1 m  Example 1 10 0 7.0 1,
1.0 Example 2 12 1 2 1 1 11 0 1.0 



Example 3 9 1.0 1,0 1.0 1.0 1.0  Example 4 1,1 1.1 1.1 1.0 1.0 7Ex le 5 so
1,0 1. 0 to a.a 1.0  Example, b 10 L 1,1. 1J 1.1 1.(I 1.0  Exam le 7 80 1.0
]..0 7._b 1.0 i ~0 _  Example-3_ 1.1 1.1 1 1.0 1.0  Example 9 1 1.0 1 1.0
1.0 '.0 1.0  Example 9 1. 1.0 1.0 1.0  10 1. 0 1ElxampFe 15 1.1 1.1 1.1
~1.0 1.0  xampTa' 3 10 1.0 1..0 1,0 1,0 1.0  Example 10 1.0 1.0 1.G 1,0
1.0  1.3 f Corr parativ Fa Example 10 1.0 1.0 1.0 1.0 1.0  1 Corn Pa ratiV
Example 11. 1. 1, 1.1 .1.1 1.0 1.0  2 ;omparat.iv  e Example 10 1.0 1.0 1.0
1.0 1.0  3 Corn parativ a Example 11 J., 1 1.1 1.1 1'0 1.0  LF ativ  e
Example Imrneas Irnmeas 3 _,  128 urable urable .5 Z. " 1.3  Ccrn~ardfav
,- e Fxampl- 0 1'mnbil~as irnme 3.4 1 t3 ?.3  urable 



The polysilictsn film was in a n  entirely oxidized 
state, and the si l icon nitr ide l iner  film was also in an oxidized 

state. 
5 
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CI-AIMS 

[ I ]  A method fa r  f a rm ing  a t rench  iso lat ion stri.~c%l.jre, 

csrnpris ing the  steps sf: 

forming,  on  a si l icon subst ra te ,  t rench isslation 

groove(s)  having a surface con"cnuously coated wi th  a 

si l icon rsitride l iner  f i i ~n ;  

coat ing the substrate wi th  a su lut ion o f  a 

si l icon-containing polymer, selected f r o m  t h e  g r o u p  

consist ing o f  polysilazanes, s i lsesquiaxane hydrides, and 

lrlslixtures thereof, in an organic so lvent  t o  forrw a 

s i l i c o n - c o n t a i n i q  p o l y r ~ ~ e r  f i lm;  and 

cur ing by heat  t rea t ing  t h e  coated s ~ l b s t r a t e  a t  a 
t empera tu re  $if fr6n3 900°C t o  1280°C to carlvert  t h e  

si l icon-.containing po lymer  film t o  a sil icon d iox ide film. 

1: 2 11 The method f o r  t rench iso lat ion s t ruc ture  fo rmat ion  

according t o  claim 1, where in  t h e  thickness of the  si l icon 

n i t r ide  l iner  film is 8 tca 50 nrn, 

C ~ I  The m-slethod f o r  t rench isolation s t ruc ture  fo rmat ion  

according t o  c la im 1 or  2, wherein t h e  heating 

tempera tu re  in the cur ing step is  f r o m  1800°C t o  1280°C. 

[41 The ~ n e t h s d  fo r  t rer lch iso lat ion s t ruc ture  fo rmat ion  

accordir%g to  a n y  one sf claims I t o  3, where in  t h e  heating 

t r e a t m e n t  is carr ied o u t  in an inert gas or  oxygen  

a tn~osphere  having a steam concer \ t rat ion of not  less than 

5 0 O/o . 
151 The method f o r  t rench  iso la t io r~  s t ruc ture  Forn~natisrs 

according t o  any  one of  cJain7~hl~ 1 to  4.! which fairther 

compr ises a step of prebaking the  coated substrate a t  a 

tempera tu re  af  400°C o r  below pr io r  t o  the heat  

t rea t rnentp  

[ 6 1 T13e method fo r  t rench isola"risn s t ruc ture  Formation 

according t~ any one of  cdairns 1 t o  5, wherein a 

p(i ly~il icor1 fi1r-r~ is  Formed on  the silicon nitr ide l iner  f i lm  

by CVD, 

I71  The method  for  trench isolation strucf:ure Formation 

according t o  any one o f  a.:lairns 1 tc. 6, wherein t h e  

(N , . . . ! N I W E x 3 0 is Lr) 28  The polysilicon film was in an entirely
oxidized state, and the silicon nitride finer film was also in an oxidized
state. 5 29  CLAIMS [J ] A method for forming a trench isolation structure,
comprising the steps of: forming, on a silicon substrate, trench isolation
groove(s) having a surface continuously coated with a  silicon nitride liner
filar; coating the substrate with a solution of a  silicon-containing polymer,
selected from the group  consisting of polysilazanes, silsesquioxane
hydrides, and  mixtures thereof, in an organic solvent to form a  silicon-
containing polymer film; and curing by heat treating the coated substrate
at a  temperature of from 900C to 1200C to convert the  silicon-containing
polymer film to a silicon dioxide film: [2.] The method for trench isolation
structure formation  according to claim 1, wherein the thickness of the
silicon  nitride liner film is 8 to 50 non. [3] The method for trench isolation
structure formation  according to claim 1 or 2, wherein the heating
temperature in the curing step is from 1000C: to 1200C. (4 The method for
trench isolation structure formation  according to any one of claims 1 to
wherein the heating  treatment is carried out in an inert gas or oxygen
atmosphere having a steam concentration of riot less than  5CdO/n. [5]
The method for trench isolation structure formation  according to any one
of claims 1 to 4, which further  



thickness of the siljajcorr n i t r ide  Diner Filrn is increased by 

1 .3  "dimes or r-nsre by the heat kreatrnent, 

1 a 1 A base  rrlaterial wj th  a silisesus film, comprising: 

a substrate w i t h  a t  least  one groove; 
a siliceous film provided so a s  to  f i l l  the groove; a n d  
a continuous silicon n i t r ide l iner film provided 

between the substrate and the siliceous f i lm, 

wherein a t  least a par t  of  the sjlicon n i t r ide liner 

Film having been oxidized. 

L 9 1 The base rnater ia i  with a siliceous f i ln~ according ts 
c la im 8, wherein said sil icon rlrtride liner film has been 

oxidized by heating, 

[ l a ]  The base material with a siliceous film according t o  

clairn 8 or 9, wherein said silicon nitride l iner film has 

beer) heat oxidized up to  ns3tIless than 1.8 urn from "khe 

surface of the si l icon n i t r i d e  l ine r  film on i t s  s ide not in 

contact  w i th  t h e  substrate. 

[ I l l  The base material wi th a S ! / ~ C ~ O U S  Film according to 
a n y  one o f  claims 8 t o  10, wherein a polysilicon f i lm  is  

fcrrther provided between the sil iceous film and the si l icon 

n i t r ide liner film. 

[I  21 A semiconductor device c o m p r i s i n g  a base material 
wi th  a siliceous film according to any  one of c laims 8 t o  
11 

comprises a step of prebaking the coated substrate at a  temperature of
400C or below prior to the heat  treatment. [6] The method for trench
isolation structure formation  according to any one of claims 3. to 5,
wherein a  polysilicon film is formed on the silicon nitride liner film  by
CVD. j7] The method for trench isolation structure formation  according to
any one of claims 1 to 6, wherein the 30  thickness of the silicon nitride
liner film is increased by  1.3 times or more by the heat treatment. [8] A
base material with a siliceous film, comprising:  a substrate with at least
one groove; a siliceous film provided so as to fill the groove; and  a
continuous silicon nitride liner film provided  between the substrate and
the siliceous film, wherein at least a part of the silicon nitride liner  film
having been oxidized. [9] The base material with a siliceous film according
to  claim 8, wherein said silicon nitride liner film has been  oxidized by
heating. [10] The base material with a siliceous film according to  claim 8
or 9, wherein said silicon nitride liner film has  been heat oxidized up to
not less than 1.0 nm from the  surface of the silicon nitride liner film on its
side not in  contact with the substrate. [11] The base material with a
siliceous film according to  any one of claims 8 to 10, wherein a polysilicon
film is  further provided between the siliceous film and the silicon  nitride
liner film. [121 A semiconductor device comprising a base material  with a
siliceous film according to any one of claims 8 to  11, 




