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SUITE 1200 A dielectric layer is formed by depositing a ?rst dielectric 
ARLINGTON, VA 22201 (Us) layer above a semiconductor substrate including recessed 

regions, etching the ?rst dielectric layer to remove any voids 
( * ) Notice; This is a publication of a continued pros- and to loWer the aspect ratio of the recessed regions, and 

ecution application (CPA) ?led under 37 depositing a second dielectric layer on the ?rst dielectric 
CFR 1_53(d)_ layer in the recessed regions. The method is particularly 

useful When the aspect ratios are high for recessed regions 
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Fig. 1D 
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Fig. 2A 
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Fig. 2c 
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METHOD FOR FORMING A DIELECTRIC LAYER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to a method 
of fabricating a semiconductor device, and more particularly 
to a method of forming a dielectric layer in an integrated 
circuit. 

[0003] 2. Description of the Related Art 

[0004] As the integration density of semiconductor 
devices has been increasing, the pattern siZe of semicon 
ductor devices has been decreasing. As an example, it is 
clear that design rules of less than 0.18 micrometers Will be 
used for Giga DRAMs. When the minimum design rule of 
a memory cell array is scaled doWn, the aspect ratios of the 
structures Within the cell array are increased. Such scaling 
doWn may also increase the aspect ratio of recessed regions 
betWeen the structures. The small siZe of the recessed 
regions causes them to be insuf?ciently ?lled by a ?lling 
material, such as a dielectric, Which is deposited on them. As 
a result, a void is created as described in Silicon Processing 
for the VLSI Era, Vol. II, pp. 194-199 and US. Pat. No. 
5,494,854. The void can cause a bridge betWeen subse 
quently created conductive patterns. 

[0005] The dielectric layer is typically selected from a 
group consisting of USG (Undoped Silicate Glass), BPSG 
(BoroPhosphoSilicate Glass), and HDP (High Density 
Plasma) oxide. The use of each of these materials has its 
limitations. A BPSG layer can ?ll the recessed regions 
completely Without void formation. HoWever, a BPSG layer 
requires a high temperature (greater than about 800° C.) 
re?oW process immediately after depositing the BPSG layer. 
Such a high temperature re?oW undesirably causes diffusion 
of impurity ions around the junction, making it dif?cult to 
fabricate highly integrated devices With short channel 
lengths. In addition, a BPSG layer is etched quickly in a Wet 
chemical (it has a relatively high etch rate With respect to a 
Wet chemical) and thereby causes a poor vertical contact 
hole pro?le. As a result, it is difficult to form a contact hole 
With a small siZe. Also, due to a poor contact hole pro?le, a 
subsequently deposited conductive layer Will have poor 
uniformity. 

[0006] Although not requiring the above-mentioned high 
temperature re?oW process, a USG layer formed by chemi 
cal vapor deposition (CVD) does not completely ?ll the 
recessed regions. Such incomplete ?lling causes voids, and 
is not compatible With highly integrated devices. 

[0007] An HDP oXide has advantages of both BPSG and 
USG. HDP advantageously ?lls recessed regions With a 
small thermal budget due to its loW temperature process and 
With relatively good recessed region-?lling characteristics. 
HoWever, When the aspect ratio is high, it is dif?cult to ?ll 
up a recessed region completely. In particular, an HDP oXide 
is not suitable for recessed regions having an aspect ratio of 
3:1 or more. 

[0008] FIGS. 1A-1C are cross-sectional vieWs of a semi 
conductor device, taken at selected stages of a process of 
forming a dielectric layer according to the prior art. FIG. 1D 
is a perspective vieW of a portion of the semiconductor 
device. 
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[0009] Referring to FIG. 1A, a device isolation layer 4 is 
formed to de?ne an active region 2 and an inactive region 
(not designated) in and on a semiconductor substrate 1. The 
device isolation layer 4 is made by a shalloW trench isolation 
technique. A gate insulating layer 6, gate electrode 8, and 
gate etching mask 9 are sequentially formed on the active 
region 2. The gate electrode 8 is formed by sequentially 
depositing a polysilicon layer and a silicide layer. The gate 
etching mask 9 is made of a silicon nitride layer to a 
thickness in the range of 1000 A to 2000 Then, impurity 
ions With loW concentration are implanted into the active 
region 2 to form a loW concentration source/drain region. 

[0010] Gate spacers 10 are formed on the side Walls of 
both the gate electrode 8 and the gate etching mask 9, 
thereby completely forming the gate structures. The gate 
spacers 10 are formed by an etching process such as an 
etch-back process after depositing a silicon nitride layer 
having a thickness in the range of 300 A to 1500 

[0011] As shoWn in FIG. 1B, silicon oXide as a dielectric 
layer 16 is deposited over the substrate 1. 

[0012] Finally, as shoWn in FIGS. 1C-1D, the top surface 
of the inter-layer dielectric 16 is planariZed by a CMP 
(chemical mechanical polishing) process. 

[0013] HoWever, the foregoing method of forming a 
dielectric layer has the draWback of also forming voids 18 
Within the dielectric layer 16 as shoWn in FIG. 1B. Accord 
ingly, When a polysilicon layer, for eXample, Which is used 
to form pad electrodes is deposited over the semiconductor 
device, the polysilicon layer also penetrates into the voids 18 
Which are eXposed by the CMP process, as shoWn in FIGS. 
1C-1D. As a result, a bridge betWeen pad electrodes occurs. 
In addition, When a void occurs in a device isolation region, 
a bridge betWeen gate electrodes can occur. 

[0014] Therefore, there is a need for a process of depos 
iting a void-free dielectric layer or removing a void already 
formed in a dielectric layer. 

SUMMARY OF THE INVENTION 

[0015] The present invention Was made in vieW of the 
above problems. Therefore, a feature of the present inven 
tion is directed toWard providing a method of forming a 
void-free dielectric layer in a highly integrated device. 

[0016] In accordance With one aspect of the present inven 
tion, there is provided a method of forming a void free 
dielectric layer on a semiconductor topology having 
recessed regions. A ?rst dielectric layer is deposited over the 
semiconductor topology. The ?rst dielectric layer is etched 
to leave a part of the ?rst dielectric layer at bottom portions 
of the recessed regions. A second dielectric layer is depos 
ited over the semiconductor topology to ?ll up remainders of 
the recessed regions. 

[0017] In accordance With another aspect of the present 
invention, there is provided a method of forming a dielectric 
layer in spaces betWeen spaced apart gate lines With an 
insulating layer thereon, the gate lines having been formed 
on a semiconductor substrate. A ?rst inter-layer dielectric 
layer is deposited over the semiconductor substrate to ?ll the 
spaces. The ?rst inter-layer dielectric layer is etched to leave 
a part of the ?rst inter-layer dielectric on the spaces. A 
second inter-layer dielectric layer is deposited over the 
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semiconductor substrate to ?ll up the remainders of the 
spaces. Each of the ?rst and second inter-layer dielectric 
layers includes material having an etch selectivity With 
respect to the insulating layer. 

[0018] In accordance With another aspect of the present 
invention, there is provided a method of forming a dielectric 
layer. A trench is formed in a semiconductor substrate by 
etching. A?rst dielectric layer is deposited over the substrate 
including the trench. The ?rst dielectric layer is etched to 
leave part of the ?rst dielectric layer on a bottom of the 
trench. Finally, a second dielectric layer is deposited over the 
substrate to ?ll up the remainder of the trench. 

[0019] In accordance With another aspect of the present 
invention, there is provided a method of forming a dielectric 
layer. A ?rst dielectric layer is deposited over a semicon 
ductor substrate including a recessed region. The ?rst dielec 
tric layer is deposited by using helium gas as a sputtering 
gas. The ?rst dielectric layer is dry etched to leave a part of 
the ?rst dielectric layer on a bottom of the recessed region. 
A second dielectric layer is deposited over the semiconduc 
tor substrate to ?ll up a remainder of the recessed region 
With the second dielectric layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The above features and advantages of the invention 
Will become more apparent upon reference to the folloWing 
description of speci?c embodiments and the attached draW 
ings, Wherein: 

[0021] FIGS. 1A-1C are cross-sectional vieWs of a semi 
conductor device, taken at selected stages of a process of 
forming a dielectric layer according to the prior art; 

[0022] FIG. 1D is a perspective vieW of a portion of a 
semiconductor device, according to the prior art; 

[0023] FIGS. 2A-2D are cross-sectional vieWs of a semi 
conductor device, taken at selected stages of a process of 
forming a dielectric layer according to a ?rst embodiment of 
the present invention; and 

[0024] FIG. 3 is a cross-sectional vieW of a semiconductor 
device fabricated by a method of forming a dielectric layer 
according to a second embodiment of the present invention. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

[0025] Korean Application Nos. 98-31287, ?led on Jul. 
31, 1998, and 99-15624, ?led on Apr. 30, 1999, are hereby 
incorporated by reference as if fully set forth herein. 

[0026] The preferred embodiment of the present invention 
Will noW be described With reference to the accompanying 
draWings. Referring to FIGS. 2 and 3, a novel method of 
forming a dielectric layer according to the present invention 
provides a dielectric layer Which is suf?ciently free of voids 
to prevent bridges betWeen conductive patterns. According 
to the method, a ?rst dielectric layer is deposited over an 
underlying region (i.e., a semiconductor substrate or one or 
more layers formed on the semiconductor substrate) includ 
ing recessed regions formed therein. The ?rst dielectric layer 
is then etched to leave a part of the ?rst dielectric layer at the 
respective bottoms of the recessed regions. Asecond dielec 
tric layer is then deposited over the underlying region 
including the ?rst dielectric layer to ?ll up the recessed 
regions. 
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[0027] When a certain layer is described to be “on” or 
“above” another layer or substrate, the certain layer may be 
directly on the other layer or substrate, and one or more 
additional layers may be interposed betWeen the certain 
layer and the other layer or substrate. An analogous de?ni 
tion is intended for the Words “beloW” and “under.” 

[0028] First Embodiment 

[0029] A ?rst embodiment of the present invention Will be 
described With reference to the accompanying draWings in 
FIGS. 2A-2D Which shoW cross-sectional vieWs of a semi 
conductor substrate at selected stages of a process of form 
ing a dielectric layer. Referring to FIG. 2A, a device 
isolation layer 102 is formed to de?ne an active region 101 
and an inactive region (not designated) on a semiconductor 
substrate 100. The device isolation layer 102 is formed by, 
for example, a LOCOS (LOCal Oxidation of Silicon) 
method or a trench isolation method. In this embodiment, 
the trench isolation method is used to form the device 
isolation layer 102. After a gate insulating layer 104 is 
formed on the active region 101, gate structures 110 are 
formed on the gate insulating layer 104. 

[0030] As a result, a recessed region is formed betWeen 
each set of tWo adjacent gate structures. For example, for 
0.18 micrometer devices, an upper Width and a loWer Width 
of the recessed regions are 0.08 micrometers and 0.1 
micrometers, respectively, and a height of the recessed 
regions is 0.4 micrometers. 

[0031] Formation of the gate structures 110 includes 
depositing a conductive layer for gate electrodes 106 on the 
gate insulating layer 104. The conductive layer for the gate 

electrodes 106 is deposited to a thickness of about 2500 In this embodiment, the conductive layer for the gate elec 

trodes 106 is made of a multi-layer structure. Apolysilicon 
layer 106a having a thickness of about 1000 A, and a silicide 
layer 106b having a thickness of about 1500 A, are formed, 
in this order, over the gate insulating layer 104. A dielectric 
layer, also called a gate capping layer, Which is used to create 
a gate capping mask 107, is deposited on the conductive 
layer for the gate electrodes 106. The dielectric layer for the 
gate capping mask 107 has an etch selectivity With respect 
to subsequent inter-layer dielectrics 114, 116. For example, 
the dielectric layer for the gate capping mask 107 can be 
silicon nitride, silicon oxide, silicon oxy-nitride, or any 
combination of these materials. For example, When the 
dielectric layer is deposited to a thickness in the range of 
about 1600 A to 3600 A (preferably about 2600 A), it may 
be formed of a silicon nitride layer having a thickness of 
1000 A to 2000 A (preferably about 1500 A), a silicon oxide 
layer having a thickness of 200 A to 800 A (preferably about 
500 A0), and a silicon oxynitride layer having a thickness of 
400 A to 800 A (preferably about 600 A). The silicon 
oxy-nitride layer serves as an anti-re?ective layer. 

[0032] The dielectric layer for the gate capping mask 107 
and the conductive layer for the gate electrodes 106 are 
sequentially etched using a gate forming mask to form the 
gate capping mask 107 and the gate electrodes 106. Then 
impurity ions With loW concentration are implanted into the 
active region 101 at both sides of the gate electrodes 106 to 
form source/drain regions of loW concentration. Alterna 
tively, the gate electrodes 106 may be formed by etching the 
dielectric layer for the gate capping mask 107 to form a 
patterned layer, and thereafter etching the conductive layer 
using the patterned layer as the gate forming mask. 



US 2001/0046777 A1 

[0033] Next, a dielectric layer for the gate spacers 108 
may be deposited on the substrate 100. The dielectric layer 
for the gate spacers 108 may be made of silicon nitride, 
silicon oxide, silicon oxy-nitride, or a combination of these 
materials, such as in the gate capping mask 107, and is 
preferably made to a thickness in the range of about 300 A 
to 1500 A. The dielectric layer for the gate spacers 108 is 
preferably etched by an etch-back process to form gate 
spacers 108 on the side Walls of a laminated layer Which 
includes the gate electrode 106 and the gate capping mask 
107. 

[0034] If required, an etch stopping layer 112 may be 
deposited over the resulting semiconductor structure (see 
also reference numeral 14 of FIG. The etch stopping 
layer 112 is preferably made of silicon nitride deposited to 
a thickness in the range of 50 A to 200 The etch stopping 
layer 112 is used to prevent the device isolation layer 102 
and the active region 101 from being etched during the step 
of etching the later formed dielectric betWeen gate elec 
trodes doWn to the top surface of the substrate to form an 
opening. 

[0035] A ?rst inter-layer dielectric 114 is deposited over 
the etch stopping layer 112 such that it almost ?lls a recessed 
region betWeen adjacent gate structures 110. The ?rst inter 
layer dielectric 114 is preferably made of a silicon oxide 
such as BPSG, USG, PE-TEOS, HDP oxide, or a combina 
tion thereof. The ?rst inter-layer dielectric 114 is deposited 
to a thickness in the range of 300 A to 3000 A, preferably 
2000 If HDP oxide formed by a CVD method is used, an 
inert gas such as argon or helium (He) may be used as 
a sputtering gas. 

[0036] When the ?rst inter-layer dielectric 114 is formed 
using He gas as a sputtering gas, it can be deposited under 
the folloWing conditions: a loW frequency poWer (400 kHZ) 
in the range of 2000 W to 4000 W, a high frequency poWer 
(13.56 MHZ) in the range of 500 W to 3000 W, and using a 
process gas including silane (SiH4) gas With a How rate in 
the range of 40 sccm to 120 sccm and 02 gas With a How rate 
in the range of 40 sccm to 300 sccm. Preferably, the loW 
frequency poWer is 3000 W, the high frequency poWer is 
1300 W, the SiH4 gas has a How rate of 80 sccm, and the 02 
gas has a How rate of 120 sccm. 

[0037] When He gas having a How rate in the range of 20 
sccm to 600 sccm is used as a sputtering gas, the ?rst 
inter-layer dielectric 114 may have an improved deposition 
pro?le, as shoWn by reference numeral 115 in FIG. 2A. This 
is because re-sputtering of the ?rst inter-layer dielectric 114 
is loW due to the fact that helium has an atomic mass of 4. 

[0038] Next, the inter-layer dielectric 114 is etched to 
leave part of the inter-layer dielectric 114 on the bottoms of 
the recessed regions betWeen the gate structures 110, as 
shoWn in FIG. 2C. The etching process can be a Wet etch. 
Wet etch is advantageously used because the space betWeen 
adjacent recessed regions can be expanded further not only 
in a vertical direction, but also in a horiZontal direction. The 
Wet etch process may be performed by using a typical oxide 
etchant such as 200:1 HF, LAL (mixture of NH4F and HF), 
or BOE (buffered oxide etchant). 

[0039] Alternatively, a dry etch process can be performed, 
or Wet and dry etch processes can be performed by in-situ. 
The dry etch process is preferably performed by using an 
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etch gas based on at least one material selected from the 

group consisting of Ar, CF4, CHF3, He, CHZFZ, and O2. It 
should also be clear that the etching may be performed by 
using tWo separate Wet etch processes. Alternatively, a 
combination of dry and Wet etch processes can be employed. 

[0040] FIGS. 2B and 2C schematically shoW in detail the 
process of etching the ?rst inter-layer dielectric 114 using a 
combination of dry and Wet etch processes, more particu 
larly by ?rst dry etching and then Wet etching. 

[0041] Referring noW to FIG. 2B, part of the ?rst inter 
layer dielectric 114 is removed by dry etching. The depth of 
the etching of the ?rst inter-layer dielectric 114 is in the 
range of 150 A to 500 A, preferably 300 The dry etching 
process can be performed With the folloWing conditions. 
Both the loW frequency poWer (400 kHZ) and the high 
frequency poWer (13.56 MHZ) preferably have a range of 
2000 W to 4500 W. The etch gas may be helium gas, 02 gas, 
or a mixture thereof. Preferably, a mixture gas is used. When 
helium gas is used, it preferably has a How rate of 390 sccm. 
When 02 gas is used, it preferably has a How rate of 30 sccm. 

[0042] As shoWn in FIG. 2B, after the dry etch process the 
pro?le of the ?rst inter-layer dielectric 114 is improved. 
Therefore, deposition of a second inter-layer dielectric 116 
can be performed immediately Without performing a Wet 
etch process. HoWever, so as to increase the likelihood of a 
void-free inter-layer dielectric, it is desirable that a Wet etch 
process be performed immediately after the dry etch process. 

[0043] The Wet etch process Which is performed immedi 
ately after the dry etch process can be performed With the 
folloWing conditions. The ?rst inter-layer dielectric 114 is 
etched in the range of 100 A to 400 A, preferably 200 A, in 
depth. The Wet etch process is then performed by using a 
typical oxide etchant such as 200:1 HF, LAL, or BOE. As a 
result of this Wet etch process, as shoWn in FIG. 2C, a top 
surface of the substrate 100 is smoothed, and the recessed 
portion betWeen gate electrodes has a loW aspect ratio Which 
provides a good surface topology for a later-formed second 
inter-layer dielectric. 

[0044] Subsequently, as shoWn in FIG. 2D, 21 second 
inter-layer dielectric 116 is deposited over the substrate 100, 
including the ?rst inter-layer dielectric 114, to ?ll up the 
recessed regions. As a result, a void free inter-layer dielectric 
118, a combination of the ?rst and second inter-layer dielec 
trics 114 and 116, is formed as shoWn in FIG. 2D. The 
second inter-layer dielectric 116 can be made of the same 
material as that of the ?rst inter-layer dielectric 114, such as 
an HDP oxide. Alternatively, the second inter-layer dielec 
tric 116 can be made of a material different from that of the 
?rst inter-layer dielectric 114, such as USG or PE-TEOS. 

[0045] The second inter-layer dielectric 116 is deposited to 
a thickness in the range of 300 A to 3000 A, preferably 2800 
A. Deposition of the second inter-layer dielectric 116 can be 
performed under the folloWing conditions. The loW fre 
quency poWer has a range of 2000 W to 4000 W and the high 
frequency poWer has a range of 500 W to 4000 W. As 
process gases, silane (SiH4) gas has a How rate in the range 
of 40 sccm to 120 sccm and 02 gas has a How rate in the 
range of 40 sccm to 300 sccm. As a sputtering gas, helium 
gas is used. Preferably, the loW frequency poWer is 3000 W, 
the high frequency poWer is 2000 W, the How rate of silane 
is 120 sccm, and the How rate of helium is 390 sccm. 
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[0046] According to the ?rst embodiment of the present 
invention, the aspect ratio of the recessed regions can be 
reduced because part of the ?rst inter-layer dielectric 114 is 
left behind in the recessed regions. Therefore, a void is not 
produced during the deposition of the second inter-layer 
dielectric 116. 

[0047] Subsequently, the top surface of the second inter 
layer dielectric 116 is planariZed by using an etch-back 
process or a CMP process. 

[0048] Second Embodiment 

[0049] FIG. 3 is a cross-sectional vieW of a semiconductor 
substrate depicting a method of forming a dielectric layer in 
accordance With a second embodiment of the present inven 
tion. Referring to FIG. 3, a pad oxide 202, a pad nitride 
204a, and an HTO oxide 204b are deposited sequentially on 
a semiconductor substrate 200 and then patterned by using 
a photolithography process Which is Well-known in this art. 
As a result, a trench etch mask 204 is formed Which 
comprises the pad nitride 204a and the HTO oxide 204b. 
The substrate 200 is etched using the trench etch mask 204 
to form a trench 206 therein. Thermal oxidation is then 
performed to form an oxide ?lm on both sideWalls and the 
bottom of the trench 206. 

[0050] A ?rst trench isolation layer 208 is deposited over 
the substrate 200 including the trench 206. The ?rst trench 
isolation layer 208 is preferably made of USG or HDP oxide. 

[0051] Next, the ?rst trench isolation layer 208 is etched 
so as to leave part of it on the bottom of the trench 206. Thus, 
a void can be removed that may be formed during and after 
depositing the ?rst trench isolation layer 208. The etching of 
the ?rst trench isolation layer 208 is performed by a dry etch 
process, a Wet etch process, or a combination of dry and Wet 
etch processes. 

[0052] A second trench isolation layer 210 is deposited to 
?ll up the trench 206. The second trench isolation layer 210 
can be made of the same material as that of the ?rst trench 
isolation layer 208. Alternatively, the second trench isolation 
layer 210 can be made of a material different from that of the 
?rst trench isolation layer 208, such as PE-TEOS. As a result 
of depositing the second trench isolation layer 210, a void 
free trench isolation layer 212 is completely formed. 

[0053] The processes of depositing the ?rst and the second 
trench isolation layers 208, 210 are preferably performed by 
using a sputtering gas such as argon gas or helium gas. 

[0054] Thus, a method of forming a dielectric layer has 
been described according to the present invention. While the 
invention is susceptible to various modi?cations and alter 
native forms, speci?c embodiments have been shoWn by 
Way of example in the draWings and described in detail 
herein. HoWever, it should be understood that the invention 
is not limited to the particular forms disclosed as these are 
to be regarded as illustrative, rather than restrictive. Rather, 
the invention covers all modi?cations, equivalents, alterna 
tives, processes, and structures falling With the spirit and 
scope of the invention as de?ned in the appended claims. For 
example, the invention is applicable to all processes of 
?lling up a recessed region, a narroW space, or a recessed 
portion With a material layer, such as a conductive layer, or 
a dielectric layer. 
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What is claimed is: 
1. A method of forming a void free dielectric layer on a 

semiconductor topology having recessed regions, the 
method comprising: 

depositing a ?rst dielectric layer over the semiconductor 
topology; 

etching the ?rst dielectric layer to leave a part of the ?rst 
dielectric layer at bottom portions of the recessed 
regions; and 

depositing a second dielectric layer over the semiconduc 
tor topology to ?ll up remainders of the recessed 
regions. 

2. The method according to claim 1, Wherein etching the 
?rst dielectric layer is performed by using a process selected 
from the group consisting of a dry etch process, a Wet etch 
process, and a combination thereof. 

3. The method according to claim 1, Wherein etching the 
?rst dielectric layer is performed by using a dry etching after 
a Wet etching. 

4. The method according to claim 1, Wherein each of the 
?rst and second dielectric layers comprises an HDP oxide 
formed by CVD. 

5. The method according to claim 4, Wherein depositing 
the ?rst dielectric layer is performed by using a ?rst sput 
tering gas selected from the inert gas group consisting of 
argon and helium (He), and depositing the second 
dielectric layer is performed by using a second sputtering 
gas selected from the inert gas group consisting of argon and 
helium. 

6. The method according to claim 2, Wherein the dry etch 
process is performed by using a sputtering gas selected from 
the group consisting of argon and helium, and using oxygen 
gas as a process gas. 

7. The method according to claim 1, Wherein etching the 
?rst dielectric layer is performed by using a Wet etch process 
after a dry etch process. 

8. The method according to claim 1, Wherein etching the 
?rst dielectric layer is performed by using tWo separate Wet 
etch processes. 

9. A method of forming a dielectric layer in spaces 
betWeen spaced apart gate lines With an insulating layer 
thereon, the gate lines being formed on a semiconductor 
substrate, the method comprising: 

depositing a ?rst inter-layer dielectric layer over the 
semiconductor substrate to ?ll the spaces; 

etching the ?rst inter-layer dielectric layer to leave a part 
of the ?rst inter-layer dielectric on the spaces; and 

depositing a second inter-layer dielectric layer over the 
semiconductor substrate to ?ll up the remainders of the 
spaces, 

Wherein each of the ?rst and second inter-layer dielectric 
layers is made of a material having an etch selectivity 
With respect to the insulating layer. 

10. The method according to claim 9, Wherein the ?rst and 
second inter-layer dielectric layers comprise silicon oxide 
and the insulating layer formed on the respective conductive 
structures comprises silicon nitride. 

11. The method according to claim 9, Wherein etching the 
?rst inter-layer dielectric layer comprises a dry etching and 
a subsequent Wet etching. 
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12. The method according to claim 11, wherein the dry 
etching uses a gas comprising helium With a How rate of 
about 390 sccm and oxygen With a How rate of about 30 
sccm, at a loW and high frequency poWer of about 2000 W 
to 4500 W, and the Wet etching uses an etchant selected from 
the group consisting of HF (200: 1), LAL (mixture of HF and 
NH4F), and BOE (buffered oXide etchant). 

13. The method according to claim 9, Wherein etching the 
?rst inter-layer dielectric layer comprises a dry etch process 
and a Wet etch process. 

14. The method according to claim 9, Wherein the ?rst and 
second inter-layer dielectric layers comprise an HDP oXide 
formed by CVD. 

15. The method according to claim 9, further comprising 
depositing an etch stopper prior to the step of depositing a 
?rst inter-layer dielectric layer, Wherein the etch stopper has 
an etching selectivity With respect to the ?rst and second 
inter-layer dielectric layers. 

16. A method of forming a dielectric layer, comprising: 

forming a trench in a semiconductor substrate by etching 
thereof, the trench de?ning a bottom portion and both 
sideWalls; 

depositing a ?rst dielectric layer over the substrate includ 
ing the trench; 

etching the ?rst dielectric layer to leave part of the ?rst 
dielectric layer on the bottom portion of the trench; and 

depositing a second dielectric layer over the substrate to 
?ll up the remainder of the trench. 

17. A method of forming a dielectric layer, comprising: 

depositing a ?rst dielectric layer over a semiconductor 
substrate including a recessed region, the ?rst dielectric 
layer being deposited by using helium gas as a sput 
tering gas; 

dry etching the ?rst dielectric layer to leave part of the 
?rst dielectric layer on a bottom of the recessed region; 
and 
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depositing a second dielectric layer over the semiconduc 
tor substrate to ?ll up a remainder of the recessed 
region With the second dielectric layer. 

18. The method according to claim 17, Wherein: 

depositing the ?rst dielectric layer includes creating a 
plurality of voids in the ?rst dielectric layer, 

dry etching the ?rst dielectric layer includes removing the 
plurality of voids and leaving enough of the ?rst 
dielectric layer so that the aspect ratio of the recessed 
region is loWered, and 

depositing the second dielectric layer is performed With 
out creating any voids capable of creating a bridge 
betWeen underlying electrodes. 

19. The method according to claim 18, further compris 
mg: 

depositing a gate insulating layer on the semiconductor 
substrate; 

depositing a polysilicon layer on the gate insulating layer, 
the polysilicon layer having a thickness of about 1000 

a 

depositing a silicide layer on the polysilicon layer, the 
silicide layer having a thickness of about 1500 A; 

depositing a gate capping layer on the silicide layer, the 
gate capping layer comprising silicon nitride having a 
thickness of about 1500 A, silicon oXide having a 
thickness of about 500 A, and silicon oXy-nitride hav 
ing a thickness of about 600 A; 

etching the gate capping layer, the silicide layer, and the 
polysilicon layer to form a gate capping mask and a 
gate electrode; and 

forming gate spacers along the sideWalls of the gate 
capping mask and the gate electrode. 

* * * * * 


