
US 20040110358A1 

(12) Patent Application Publication (10) Pub. No.: US 2004/0110358 A1 
(19) United States 

Lee (43) Pub. Date: Jun. 10, 2004 

METHOD FOR FORMING ISOLATION FILM 
FOR SEMICONDUCTOR DEVICES 

(54) 

(76) Inventor: Joon Hyeon Lee, Chungcheongbuk-do 
(KR) 

Correspondence Address: 
LADAS & PARRY 
224 SOUTH MICHIGAN AVENUE, SUITE 
1200 
CHICAGO, IL 60604 (US) 

(21) 10/622,351 

(22) 

Appl. No.: 

Filed: Jul. 18, 2003 

(30) Foreign Application Priority Data 

Dec. 9, 2002 ..................................... .. 2002-77969 

Publication Classi?cation 

(51) Int. Cl? .. .. 

(52) US. Cl. ............................................................ ..43s/437 

260a 

(57) ABSTRACT 

The present invention relates to a method for forming an 
isolation ?lm for semiconductor devices. This method com 
prises the steps of: successively forming a ?rst oxide ?lm 
and a nitride ?lm on a semiconductor substrate; patterning 
the nitride ?lm and the ?rst oxide ?lm to expose a portion 
of the semiconductor substrate, Which corresponds to an 
isolation region; implanting impurity ions into the exposed 
portion of the semiconductor substrate to form an impurity 
ion-implanted layer; forming a spacer at the sideWall of the 
patterned nitride ?lm, and at the same time, etching the 
ion-implanted layer using the spacer as a mask; etching a 
portion of the semiconductor substrate exposed by the 
etching of the ion-implanted layer, using the spacer as a 
mask, thereby forming a trench; removing the spacer; 
annealing the trench so that the corner of the trench is 
rounded; forming a second oxide ?lm along the inner Wall 
of the trench; depositing a polarizing oxide ?lm on the entire 
surface of the resulting substrate in such a manner as to gap 
?ll the trench; subjecting the polarizing oxide ?lm to chemi 
cal mechanical polishing (CMP) using the nitride ?lm as a 
polishing stopper ?lm, thereby polarizing the polarizing 
oxide ?lm; and removing the nitride and ?rst nitride ?lms 
remaining after the polarizing step. 
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METHOD FOR FORMING ISOLATION FILM FOR 
SEMICONDUCTOR DEVICES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method for 
forming an isolation ?lm for semiconductor devices, and 
more particularly, to a method for forming an isolation ?lm 
for semiconductor devices, Which prevents the formation of 
an edge moat. 

[0003] 2. Description of the Prior Art 

[0004] With the advancement of semiconductor technol 
ogy, the high speed and high integration level of semicon 
ductor devices are rapidly increased, and at the same time, 
requirements for a ?ne pattern are gradually increased. 
These requirements are also applied to an isolation region, 
Which occupies a relatively large area in a semiconductor 
substrate. 

[0005] Currently, as an isolation ?lm providing the isola 
tion betWeen semiconductor devices, there is generally used 
a LOCOS oxide ?lm. This LOCOS isolation ?lm is formed 
by local oxidation of silicon (LOCOS). 

[0006] HoWever, the LOCOS isolation ?lm is disadvan 
tageous in hat a bird’s beak is formed at the edge of the 
isolation ?lm such that the area of the isolation ?lm is 
increased and leakage current is induced. 

[0007] Thus, in an attempt to solve the problem occurring 
in the LOCOS isolation ?lm, there Was proposed a method 
Wherein an isolation ?lm having reduced Width and excel 
lent isolation characteristics is formed using shalloW trench 
isolation (STI). 

[0008] FIG. 1 is a cross-sectional vieW illustrating a 
method for forming an isolation ?lm for semiconductor 
devices according to a general STI technology. As shoWn in 
FIG. 1, a pad oxide ?lm and a pad nitride ?lm are formed 
on a semiconductor substrate and patterned to expose a 
portion of the substrate, Which corresponds to a ?eld region. 
Then, the exposed portion of the substrate is etched to a 
given depth to form a trench 17. Next, the resulting substrate 
is subjected to sacri?cial sideWall oxidation and liner oxi 
dation, after Which a high-density plasma oxide ?lm as a 
?eld oxide ?lm is formed on the substrate in such a manner 
as to ?ll the trench. Thereafter, the resulting substrate is 
subjected to chemical mechanical polishing (CMP) to com 
plete the formation of a ?eld oxide ?lm 20 ?lling the trench, 
and then the pad nitride ?lm is removed. 

[0009] Then, the surface of the substrate is cleaned With a 
cleaning solution containing HF, HF/HZO, buffer oxide 
etchant (BOE) or the like, before deposition of a gate oxide 
?lm. 

[0010] In other Words, since the deposition of the gate 
oxide ?lm is very critical to the characteristics of semicon 
ductor transistors, the remaining foreign substances are 
removed With HF or a mixture of HF and other substances, 
before deposition of the gate oxide ?lm. 

[0011] HoWever, during this cleaning process, an edge 
moat can be formed. If this edge moat occurs, sub-threshold 
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current (Hump) and inverse narroW Width effect (INWE) 
Will occur to cause the abnormal operation of semiconductor 
devices. 

SUMMARY OF THE INVENTION 

[0012] Accordingly, the present invention has been made 
to solve the above-mentioned problems occurring in the 
prior art, and an object of the present invention is to provide 
a method for forming an isolation ?lm for semiconductor 
devices, Which can maximiZe the corner rounding of a trench 
and improve device characteristics, such as Hump and 
INWE. 

[0013] To achieve the above object, the present invention 
provides a method for forming an isolation ?lm for semi 
conductor devices, Which comprises the steps of: succes 
sively forming a ?rst oxide ?lm and a nitride ?lm on a 
semiconductor substrate; patterning the nitride ?lm and the 
?rst oxide ?lm to expose a portion of the semiconductor 
substrate, Which corresponds to an isolation region; implant 
ing impurity ions into the exposed portion of the semicon 
ductor substrate to form an impurity ion-implanted layer; 
forming a spacer at the sideWall of the patterned nitride ?lm, 
and at the same time, etching the ion-implanted layer using 
the spacer as a mask; etching a portion of the semiconductor 
substrate exposed by the etching of the ion-implanted layer, 
using the spacer as a mask, thereby forming a trench; 
removing the spacer; annealing the trench; forming a second 
oxide ?lm at the inner Wall of the trench; depositing a 
polariZing oxide ?lm on the entire surface of the resulting 
substrate in such a manner as to gap ?ll the trench; subject 
ing the polariZing oxide ?lm to chemical mechanical pol 
ishing (CMP) using the nitride ?lm as a polishing stopper 
?lm, thereby polariZing the polariZing oxide ?lm; and 
removing the nitride and ?rst nitride ?lms remaining after 
the polariZing step. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The above and other objects, features and advan 
tages of the present invention Will be more apparent from the 
folloWing detailed description taken in conjunction With the 
accompanying draWings, in Which: 

[0015] FIG. 1 is a cross-sectional vieW illustrating a 
method for forming an isolation ?lm for semiconductor 
devices according to prior art; and 

[0016] FIGS. 2A to 2] are cross-sectional vieWs illustrat 
ing a method for forming an isolation ?lm for semiconductor 
devices according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0017] Hereinafter, a preferred embodiment of the present 
invention Will be described in detail With reference to the 
accompanying draWings. 

[0018] As shoWn in FIG. 2A, a pad oxide ?lm 120, a pad 
nitride ?lm 140 and a photoresist ?lm are formed on a 
semiconductor substrate 100, after Which the photoresist 
?lm is patterned to form a photoresist pattern 150 de?ning 
an isolation region. 

[0019] Then, as shoWn in FIG. 2B, the nitride ?lm 140 
and the pad oxide ?lm 120 are dry-etched to expose a 
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portion of the semiconductor substrate 100, Which corre 
sponds to the isolation region. In this case, the nitride ?lm 
140 and the pad oxide ?lm 120 are dry-etched With an 
activated plasma of a gas mixture consisting of CHF3, CF4, 
Ar and 02. Alternatively, the nitride ?lm 140 and the pad 
oxide ?lm 120 may also be dry-etched With an activated 
plasma consisting of a gas mixture of CHF3, CF4, Ar, 02 and 
CXFy 
[0020] Next, as shoWn in FIG. 2C, impurity ions are 
implanted into the exposed portion of the semiconductor 
substrate 100 to form an impurity ion-implanted layer 180. 
In this case, pentavalent phosphorus (P) or trivalent boron 
(B) is preferably used as the impurity ions. 

[0021] By this implantation of phosphorus (P) or boron 
(B) ions, the semiconductor substrate 100 has Si—P bonds 
or Si—B bonds such that the oxidation rate of the substrate 
in the subsequent oxidation process is more increased. 
Generally, in an oxidation process, a silicon substrate con 
taining impurity is easily oxidiZed as compared to a silicon 
substrate containing no impurity. 

[0022] Impurity ions, Which can be used to accelerate the 
oxidation of the semiconductor substrate 100, are not limited 
only to pentavalent phosphorus or trivalent boron. 

[0023] Next, as shoWn in FIG. 2D, a spacer 200 is formed 
on a sideWall of the nitride ?lm 140, and at the same time, 
the ion-implanted layer 180 is dry-etched using the spacer 
200 as a mask, thereby forming an ion-implanted residual 
layer 180a. In this case, the spacer 200 is made of polymer, 
and the ion-implanted layer 180 is dry-etched With an 
activated plasma consisting of a gas mixture of CHF3, CF4, 
Ar and CXFy. Alternatively, the ion-implanted layer 180 may 
also be dry-etched With an activated plasma consisting of a 
gas mixture of CHF3, CF4, Ar, C F N2 and H2. X y, 

[0024] As a result of the dry-etching of the ion-implanted 
layer 180, the ion-implanted residual layer 180a remains 
beloW the spacer 200. By the formation of the ion-implanted 
residual layer 180a, in the subsequent vacuum-hydrogen 
annealing process, silicon in the ion-implanted residual layer 
180a ?oWs at a larger amount than silicon in a portion of the 
substrate, Which Was not implanted With impurity ions. This 
makes a corner of the trench round. This corner rounding 
becomes an important factor of preventing an edge moat. 
Hereinafter, the process of dry-etching the ion-implanted 
layer 180, including forming the spacer 200, is referred to as 
top corner rounding (TCP) dry etching process. 

[0025] Although the ion-implanted residual layer 180a 
may be formed by a single-step TCR dry etching process 
using the spacer 200 as a mask, this layer 180a is preferably 
formed by a multi-step TCR dry etching process using a gas 
containing a given amount of ?uorine as a main component. 
This is because the multi-step TCR dry etching process is 
more effective in making the trench corner round in the 
subsequent annealing process. 

[0026] Hereinafter, the multi-step TCR dry etching pro 
cess Will be described in more detail. 

[0027] First, polymer is deposited on the sideWall of the 
nitride ?lm 140 to form a ?rst spacer, and at the same time, 
a ?rst TCR dry etching step of etching the ion-implanted 
layer 180 using the ?rst spacer as a mask is carried out. This 
?rst TCR dry etching step is carried out using a given ?oW 
rate of ?uorine 
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[0028] Then, polymer is deposited on the sideWall of the 
spacer to form a second spacer, and at the same time, a 
second TCR dry etching step of the ion-implanted layer 180 
is carried out. This second TCR dry etching step is carried 
out using ?uorine having an increased ?oW rate as 
compared to the ?rst TCR dry etching process. 

[0029] When the multi-step TCR dry etching process is 
carried out at gradually increasing ?oW rates of ?uorine as 
described above, a portion of the semiconductor substrate, 
Which Was not masked, is etched to a given thickness 
together With the ion-implanted layer 180 in a ?nal TCR dry 
etching step. Thus, the ion-implanted residual layer 180a 
remaining after dry-etching the ion-implanted layer 180 is 
slightly rounded. 

[0030] As described above, in order to increase an ef? 
ciency of rounding the trench corner, there can be used a 
method Wherein the How rate of ?uorine is gradually 
increased as the multi-step TCR dry etching process is 
progressed. On the contrary, there may also be used a 
method Wherein the How rate of ?uorine is gradually 
reduced as the multi-step TCR dry etching process is pro 
gressed. The latter method attributes to a facet phenomenon. 

[0031] Although not shoWn in the draWings, it is under 
stood that, as the multi-step TCR dry etching process is 
progressed, the thickness of the spacer is gradually increased 
and the etch rate of the ion-implanted layer 180 at the trench 
corner is ?nely controlled, so that an effect of rounding the 
trench corner is increased. 

[0032] Thereafter, as shoWn in FIG. 2E, the semiconduc 
tor substrate 100 is etched to a given depth to form a trench 
220. The trench 220 is formed by dry-etching the substrate 
100 With an activated plasma consisting of a gas mixture of 
HBr, C12, 02 and H2. 

[0033] In forming the trench 220, the spacer 200 acts as an 
etch barrier. Thus, a portion of the ion-implanted layer 180 
beloW the spacer 200, i.e., the ion-implanted residual layer 
180a, is not etched, and the surface portion A of the 
ion-implanted residual layer 180a and the loWer corner B of 
the trench 220 are rounded. 

[0034] Then, a cleaning process of removing the spacer 
200 is carried out. In this cleaning process, a solution 
containing HF or HZSO4 is used as a cleaning solution. 

[0035] Thereafter, as shoWn in FIG. 2F, the entire upper 
surface of the resulting substrate is subjected to a vacuum 
hydrogen annealing process at high temperature. 

[0036] By this vacuum-hydrogen annealing process, sili 
con (Si) reacts With hydrogen (H), so that the bonding force 
betWeen silicon atoms is reduced and unstable hydrogen 
(H)-silicon (Si) bonds are formed. Thus, the substrate has 
unstable energy conditions Where the bonding betWeen 
hydrogen and silicon is easily cleaved. 

[0037] By a tendency to convert from unstable energy 
conditions into stable energy conditions, the How phenom 
enon of the upper corner A and the loWer corner B of the 
trench 220 occurs so that the upper corner A and the loWer 
corner B are rounded. Such unstable energy conditions 
mainly occur at the upper corner A and loWer corner B. 

[0038] Furthermore, the upper corner A having Si—B or 
Si—P bonds, Which corresponds to the surface of the ion 
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implanted residual layer 180a, is more unstable than a region 
having Si—Si bonds. Thus, When the vacuum-hydrogen 
annealing process is carried out, the upper cornerAhas more 
unstable energy conditions so that the ?oW phenomenon 
more rapidly occurs and the upper cornerAof the trench 240 
is more effectively rounded. This becomes a critical factor to 
prevent the formation of an edge moat in the subsequent 
process. 

[0039] Next, as shoWn in FIG. 2G, the upper portion of 
the resulting substrate is subjected to a sacri?cial oxidation 
process to form a sacri?cial oxide ?lm 240 Within the trench 
220. This sacri?cial oxide ?lm 240 acts to compensate for 
the damage of the trench inner Wall damaged by the etching 
process and the vacuum-hydrogen annealing process. 

[0040] Then, as shoWn in FIG. 2H, a polarizing oxide ?lm 
260 is deposited on the upper portion of the resulting 
substrate in such a manner that the trench 220 is ?lled With 
the polariZing oxide ?lm 260. 

[0041] Thereafter, as shoWn in FIG. 21, the nitride ?lm 
140 and the polariZing oxide ?lm 260 are polariZed by a 
CMP process using the nitride ?lm as a polishing stopper 
?lm. Thus, an isolation ?lm 260a and a nitride ?lm 140a are 
formed. 

[0042] After this, as shoWn in FIG. 2], the remaining pad 
oxide 120 and the remaining nitride ?lm 140a are removed 
by phosphoric acid dipping, so that an isolation ?lm 260a is 
formed Within the trench along the rounded portion A of the 
trench corner. 

[0043] Then, in order to remove foreign substances 
remaining on the surface of the silicon substrate, the silicon 
substrate is subjected to a HF cleaning process before 
deposition of a gate oxide ?lm. In this cleaning process, even 
if the loss of the isolation ?lm 260a occurs, a ?nal isolation 
?lm 260b having no edge moat region can be obtained. 

[0044] As described above, according to the present 
invention, the corner of the trench is rounded and the 
isolation ?lm is formed along the rounded corner. Thus, the 
formation of an edge moat caused by the cleaning process is 
prevented to improve device characteristics, such as Hump, 
INWE and the like, thereby securing the reliability of 
devices. 

[0045] Although a preferred embodiment of the present 
invention has been described for illustrative purposes, those 
skilled in the art Will appreciate that various modi?cations, 
additions and substitutions are possible, Without departing 
from the scope and spirit of the invention as disclosed in the 
accompanying claims. 

What is claimed is: 
1. A method for forming an isolation ?lm for semicon 

ductor devices, Which comprises the steps of: 

successively forming a ?rst oxide ?lm and a nitride ?lm 
on a semiconductor substrate; 

patterning the nitride ?lm and the ?rst oxide ?lm to 
expose a portion of the semiconductor substrate, Which 
corresponds to an isolation region; 

implanting impurity ions into the exposed portion of the 
semiconductor substrate to form an impurity ion-im 
planted layer; 
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forming a spacer at the sideWall of the patterned nitride 
?lm, and at the same time, etching the ion-implanted 
layer using the spacer as a mask; 

etching a portion of the semiconductor substrate exposed 
by the etching of the ion-implanted layer, using the 
spacer as a mask, thereby forming a trench; 

removing the spacer; 

annealing the trench so that the corner of the trench is 

rounded; 

forming a second oxide ?lm along the inner Wall of the 
trench; 

depositing a polariZing oxide ?lm on the entire surface of 
the resulting substrate in such a manner as to gap ?ll the 

trench; 

subjecting the polariZing oxide ?lm to chemical mechani 
cal polishing (CMP) using the nitride ?lm as a polish 
ing stopper ?lm, thereby polariZing the polariZing 
oxide ?lm; and 

removing the nitride and ?rst nitride ?lms remaining after 
the polariZing step. 

2. The method of claim 1, Wherein the step of patterning 
the nitride ?lm and the ?rst oxide ?lm is carried out by 
dry-etching With an activated plasma consisting of a gas 
mixture of CHF3, CF4, Ar and O2. 

3. The method of claim 1, Wherein the step of patterning 
the nitride ?lm and the ?rst oxide ?lm is carried out by 
dry-etching With an activated plasma consisting of a gas 
mixture of CHF3, CF4, Ar, 02 and CXFy. 

4. The method of claim 1, Wherein the impurity ions are 
phosphorus or boron ions. 

5. The method of claim 1, Wherein the spacer is made of 
polymer. 

6. The method of claim 1, Wherein the etching of the 
ion-implanted layer provides an ion-implanted residual 
layer, Which is formed by a multi-step dry etching process 
using the spacer as a mask. 

7. The method of claim 6, Wherein the surface of the 
ion-implanted residual layer is rounded. 

8. The method of claim 6, Wherein the multi-step dry 
etching process is carried out using a gas containing ?uorine 
of a given amount as a main component. 

9. The method of claim 8, Wherein the ?oW rate of ?uorine 
is gradually increased as the multi-step dry etching process 
is progressed. 

10. The method of claim 8, Wherein the ?oW rate of 
?uorine is gradually reduced as the multi-step dry etching 
process is progressed. 

11. The method of claim 1, Wherein the step of etching the 
ion-implanted layer is carried out by dry etching With an 
activated plasma consisting of a gas mixture of CHF3, CF4, 
Ar and O2. 

12. The method of claim 1, Wherein the step of etching the 
ion-implanted layer is carried out by dry etching With an 
activated plasma consisting of a gas mixture of CHF3, CF4, 
Ar, CXFy, N2 and H2. 

13. The method of claim 1, Wherein the step of forming 
the trench is carried out by dry-etching the substrate With an 
activated plasma consisting of a gas mixture of HBr, C12, 02 
and H2. 
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14. The method of claim 1, wherein the step of removing 
the spacer is carried out With a cleaning solution containing 
HF or H2504. 

15. The method of claim 1, Wherein the second oxide ?lm 
is a sacri?cial oxide ?lm acting to compensate for the 
damage of the trench inner Wall. 
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16. The method of claim 1, Wherein the remaining nitride 
?lm is removed by phosphoric acid dipping. 

17. The method of claim 1, Wherein the isolation ?lm is 
formed along the rounded corner of the trench. 

* * * * * 


