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(57) ABSTRACT 
In a method of forming an isolation layer, first and second 
trenches are formed on a substrate. The first and the second 
trenches have first and second widths, respectively, and the 
second width is greater than the first width. A second isolation 
layer pattern partially fills the second trench. A first isolation 
layer pattern and the third isolation layer pattern are formed. 
The first isolation layer pattern fills the first trench, and the 
third isolation layer pattern is formed on the second isolation 
layer pattern and fills a remaining portion of the second 
trench. 

14 Claims, 11 Drawing Sheets 
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1. 

METHODS OF FORMING AN SOLATION 
LAYER AND METHODS OF 

MANUFACTURING SEMCONDUCTOR 
DEVICES HAVING AN SOLATION LAYER 

CLAIM OF PRIORITY 

This application claims priority under 35 USC S 119 to 
Korean Patent Application No. 2010-0045900, filed on May 
17, 2010 in the Korean Intellectual Property Office (KIPO), 
the contents of which are herein incorporated by reference in 
their entirety. 

BACKGROUND 

1. Field 
Example embodiments relate to methods of forming an 

isolation layer, semiconductor devices having an isolation 
layer, and methods of manufacturing the same. 

2. Description of the Related Art 
To isolate unit cells of semiconductor devices electrically, 

a trench may be formed on a Substrate and an isolation layer 
may beformed to fill the trench using a dielectric material. An 
annealing process may be performed on the isolation layer 
and the isolation layer may shrink during the annealing pro 
cess. The shrinkage of the isolation layer may cause a defect 
at the isolation layer or layers adjacent to the isolation layer, 
so that electrical characteristics of the semiconductor device 
may deteriorate. 

FIG. 1 is a microphotograph of a flash memory device 
having an isolation layer on which an annealing process has 
been performed. Referring to FIG. 1, defects are generated 
close to the isolation layer. 

SUMMARY 

Example embodiments provide a method of forming an 
isolation layer having reduced defects. 

Example embodiments provide a semiconductor device 
including an isolation layer having reduced defects. 

Example embodiments provide a method of manufacturing 
a semiconductor device having reduced defects. 

According to example embodiments, there is provided a 
method of forming an isolation layer. In the method, a first 
trench and a second trench are formed at upper portions of a 
substrate. The first and the second trenches have first and 
second widths, respectively, and the second width is greater 
than the first width. A second isolation layer pattern is formed 
to partially fill the second trench. A first isolation layer pattern 
and a third isolation layer pattern are formed. The first isola 
tion layer pattern fills the first trench, and the third isolation 
layer pattern is formed on the second isolation layer pattern 
and fills a remaining portion of the second trench. 

In example embodiments, the second isolation layer pat 
tern may be formed using a material having a thermal shrink 
age lower than those of the first and the third isolation layer 
patterns. 

In an example embodiment, the second isolation layer pat 
tern may be formed using boro-phosphor Silicate glass 
(BPSG). 

In example embodiments, the first and the third isolation 
layer patterns may be formed using a material having better 
gap-filling characteristics than those of the second isolation 
layer pattern. 

In an example embodiment, the first and the third isolation 
layer patterns may be formed using tonen silaZene (TOSZ). 
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2 
In example embodiments, when the second isolation layer 

pattern is formed, a first insulation layer may beformed on the 
substrate to fill the first and the second trenches. An upper 
portion of the first insulation layer may be planarized to form 
a first insulation layer pattern and a second insulation layer 
pattern. The first insulation layer pattern may fill the first 
trench and the second insulation layer pattern may fill the 
second trench. The first insulation layer pattern and an upper 
portion of the second insulation layer pattern may be 
removed. 

In example embodiments, when the first insulation layer is 
formed to fill the first and the second trenches, the first insu 
lation layer may be formed having a Void therein to partially 
fill the first trench. 

In example embodiments, when the first and the second 
trenches are formed on the substrate, a plurality of first struc 
tures and a plurality of second structures may be formed on 
the substrate. The first structures may be spaced apart from 
each other at a first distance, and the second structures may be 
spaced apart from each other at a second distance greater than 
the first distance. The upper portions of the substrate may be 
partially removed using the first and the second structures as 
etching masks. 

In example embodiments, when the second isolation layer 
pattern is formed, a first isolation layer may be formed on the 
substrate, the first structures and the second structures. The 
first isolation layer may fill the first and the second trenches, 
a first space between the first structures, and a second space 
between the second structures. An upper portion of the first 
insulation layer may be planarized using the first and the 
second structures as a planarization endpoint to form a first 
insulation layer pattern and a second insulation layer pattern. 
The first insulation layer pattern may be formed between the 
first structures and in the first trench, and the second insula 
tion layer pattern may be formed between the second struc 
tures and in the second trench. The first insulation layer pat 
tern and an upper portion of the second insulation layer 
pattern may be removed 

In example embodiments, when the first insulation layer is 
formed, the first insulation layer may beformed having avoid 
therein to partially fill the first trench and the first space 
between the first structures. 

In an example embodiment, the second isolation layer pat 
tern may be formed to a thickness of about four fifths of a 
depth of the second trench. 

According to example embodiments, there is provided a 
method of manufacturing a semiconductor device. In the 
method, a plurality of first structures and a plurality of second 
structures are formed on a Substrate in a first region and a 
second region, respectively. The first structures are spaced 
apart from each other at a first distance and the second struc 
tures are spaced apart from each other at a second distance 
greater than the first distance. Each of the first structures has 
a first tunnel insulation layer pattern and a first floating gate 
sequentially stacked on the Substrate, and each of the second 
structures has a second tunnel insulation layer pattern and a 
second floating gate sequentially stacked on the Substrate. 
Upper portions of the substrate are removed using the first and 
the second structures as etching masks to form a first trench 
and a second trench in the first and second regions, respec 
tively. The first trench has a first width and the second trench 
has a second width greater than the first width. A second 
isolation layer pattern is formed to partially fill the second 
trench. A first isolation layer patternanda third isolation layer 
pattern are formed. The first isolation layer pattern fills the 
first trench and the third isolation layer pattern is formed on 
the second isolation layer patternandfills a remaining portion 
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of the second trench. A first dielectric layer pattern and a 
second dielectric layer pattern are formed. The first dielectric 
layer pattern is formed on the first floating gate and the first 
isolation layer pattern and the second dielectric layer pattern 
is formed on the second floating gate. A first control gate and 
a second control gate are formed on the first and the second 
dielectric layer patterns, respectively. 

In an example embodiment, the second isolation layer pat 
tern may be formed using BPSG. 

In an example embodiment, the first and the third isolation 
layer patterns may be formed using TOSZ. 

In example embodiments, when the second isolation layer 
pattern is formed, a first insulation layer may beformed on the 
substrate and the first and the second structures. The first 
insulation layer may fill the first and the second trenches, a 
first space between the first structures, and a second space 
between the second structures. An upper portion of the first 
insulation layer may be planarized using the first and the 
second structures as a planarization endpoint to form a first 
insulation layer pattern and a second insulation layer pattern. 
The first insulation layer pattern may fill the first trench and 
the first space between the first structures and the second 
insulation layer pattern may fill the second trench and the 
second space between the second structures. The first insula 
tion layer pattern and an upper portion of the second insula 
tion layer pattern may be removed. 

In example embodiments, when the first insulation layer is 
formed, the first insulation layer may beformed having avoid 
therein to partially fill the first trench and the first space 
between the first structures. 

In example embodiments, when the first insulation layer 
pattern and the upper portion of the second insulation layer 
pattern are removed, a dry etching process may be performed 
using an etching gas including hydrogen fluoride (HF). 

In example embodiments, when the first insulation layer 
pattern and the upper portion of the second insulation layer 
pattern are removed, a wet etching process may be performed 
using a solution including about 80 percent by weight to about 
99.9 percent by weight of sulfuric acid, about 0.01 percent by 
weight to about 10 percent by weight of hydrogen fluoride 
and about 0.1 percent by weight to about 10 percent by weight 
of deionized water. 

According to example embodiments, there is provided a 
semiconductor device. The semiconductor device comprises 
a plurality of first gate structures, a plurality of second gate 
structures, a first isolation layer pattern, a second isolation 
layer pattern, and a third isolation layer pattern. A substrate is 
divided into a first region and a second region. The plurality of 
first gate structures includes a first tunnel insulation layer 
pattern, a first floating gate, a first dielectric layer patternand 
a first control gate sequentially stacked on the Substrate in the 
first region. The plurality of second gate structures includes a 
second tunnel insulation layer pattern, a second floating gate, 
a second dielectric layer pattern and a second control gate 
sequentially stacked on the Substrate in the second region. 
The first isolation layer pattern fills a first trench at an upper 
portion of the Substrate adjacent to the first gate structures. 
The first trench has a first width. The second isolation layer 
pattern fills a lower portion of a second trench at an upper 
portion of the Substrate adjacent to the second gate structures. 
The second trench has a second width greater than the first 
width. A third isolation layer pattern fills a remaining portion 
of the second trench. 

In an example embodiment, the second isolation layer pat 
tern may include BPSG and the first and the third isolation 
layer patterns may include TOSZ. 
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4 
According to example embodiments, a first trench having a 

relatively small width may be filled with a first material hav 
ing good gap-filling characteristics to form a first isolation 
layer having no voids therein. A second trench having a 
relatively large width may be partially filled with a second 
material having a low thermal shrinkage during an annealing 
process, and then a remaining portion of the second trench 
may be filled with a third material having good gap-filling 
characteristics, thereby to form a second isolation layer that 
may have a low thermal shrinkage and few or no voids 
therein. The first and the third materials may be substantially 
the same. Accordingly, an isolation layer structure having 
good characteristics may be efficiently formed by a simple 
process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Example embodiments will be more clearly understood 
from the following detailed description taken in conjunction 
with the accompanying drawings. FIGS. 1 to 22 represent 
non-limiting, example embodiments as described herein. 

FIG. 1 is a microphotograph of a flash memory device 
having an isolation layer on which an annealing process has 
been performed: 

FIGS. 2 to 8 are cross-sectional views illustrating a method 
of forming an isolation layer in accordance with example 
embodiments; 

FIGS. 9 to 21 are cross-sectional views illustrating a 
method of manufacturing a semiconductor device in accor 
dance with example embodiments; and 

FIG. 22 is a block diagram illustrating a system in accor 
dance with example embodiments. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

Various example embodiments will be described more 
fully hereinafter with reference to the accompanying draw 
ings, in which some example embodiments are shown. The 
present inventive concept may, however, be embodied in 
many different forms and should not be construed as limited 
to the example embodiments set forth herein. Rather, these 
example embodiments are provided so that this description 
will be thorough and complete, and will fully convey the 
scope of the present inventive concept to those skilled in the 
art. In the drawings, the sizes and relative sizes of layers and 
regions may be exaggerated for clarity. 

It will be understood that when an element or layer is 
referred to as being “on.” “connected to’ or “coupled to 
another element or layer, it can be directly on, connected or 
coupled to the other element or layer or intervening elements 
or layers may be present. In contrast, when an element is 
referred to as being “directly on.” “directly connected to’ or 
“directly coupled to another element or layer, there are no 
intervening elements or layers present. Like numerals refer to 
like elements throughout the description. As used herein, the 
term “and/or includes any and all combinations of one or 
more of the associated listed items. 

It will be understood that, although the terms first, second, 
third etc. may be used herein to describe various elements, 
components, regions, layers and/or sections, these elements, 
components, regions, layers and/or sections should not be 
limited by these terms. These terms are only used to distin 
guish one element, component, region, layer or section from 
another region, layer or section. Thus, a first element, com 
ponent, region, layer or section discussed below could be 
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termed a second element, component, region, layer or section 
without departing from the teachings of the present inventive 
concept. 

Spatially relative terms, such as “beneath.” “below.” 
“lower,” “above.” “upper” and the like, may be used hereinfor 
ease of description to describe one element or feature's rela 
tionship to another element(s) or feature(s) as illustrated in 
the figures. It will be understood that the spatially relative 
terms are intended to encompass different orientations of the 
device in use or operation in addition to the orientation 
depicted in the figures. For example, if the device in the 
figures is turned over, elements described as “below' or 
“beneath other elements or features would then be oriented 
“above' the other elements or features. Thus, the exemplary 
term “below can encompass both an orientation of above and 
below. The device may be otherwise oriented (rotated 90 
degrees or at other orientations) and the spatially relative 
descriptors used herein interpreted accordingly. 
The terminology used herein is for the purpose of describ 

ing particular example embodiments only and is not intended 
to be limiting of the present inventive concept. As used herein, 
the singular forms “a” “an and “the are intended to include 
the plural forms as well, unless the context clearly indicates 
otherwise. It will be further understood that the terms “com 
prises' and/or "comprising, when used in this specifica 
tion, specify the presence of Stated features, integers, steps, 
operations, elements, and/or components, but do not preclude 
the presence or addition of one or more other features, inte 
gers, steps, operations, elements, components, and/or groups 
thereof. 

Example embodiments are described herein with reference 
to cross-sectional illustrations that are schematic illustrations 
of idealized example embodiments (and intermediate struc 
tures). As such, Variations from the shapes of the illustrations 
as a result, for example, of manufacturing techniques and/or 
tolerances, are to be expected. Thus, example embodiments 
should not be construed as limited to the particular shapes of 
regions illustrated herein but are to include deviations in 
shapes that result, for example, from manufacturing. For 
example, an implanted region illustrated as a rectangle will, 
typically, have rounded or curved features and/or a gradient of 
implant concentration at its edges rather than a binary change 
from implanted to non-implanted region. Likewise, a buried 
region formed by implantation may result in some implanta 
tion in the region between the buried region and the surface 
through which the implantation takes place. Thus, the regions 
illustrated in the figures are schematic in nature and their 
shapes are not intended to illustrate the actual shape of a 
region of a device and are not intended to limit the scope of the 
present inventive concept. 

Unless otherwise defined, all terms (including technical 
and Scientific terms) used herein have the same meaning as 
commonly understood by one of ordinary skill in the art to 
which this inventive concept belongs. It will be further under 
stood that terms, such as those defined in commonly used 
dictionaries, should be interpreted as having a meaning that is 
consistent with their meaning in the context of the relevant art 
and this specification and will not be interpreted in an ideal 
ized or overly formal sense unless expressly so defined 
herein. 

Hereinafter, example embodiments will be explained in 
detail with reference to the accompanying drawings. 

FIGS. 2 to 8 are cross-sectional views illustrating a method 
of forming an isolation layer in accordance with example 
embodiments. 

Referring to FIG. 2, a substrate 100 that may be divided 
into a first region A and a second region B may be prepared. 
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6 
In example embodiments, the first region A may be a memory 
cell region in which memory cells are formed, and the second 
region B may be a peripheral circuit region in which periph 
eral circuits are formed. 
The substrate 100 may include a semiconductor substrate, 

Such as a silicon Substrate, germanium Substrate or a silicon 
germanium Substrate, a Substrate having a semiconductor 
layer and an insulation layer Such as a silicon-on-insulator 
(SOI) substrate or a germanium-on-insulator (GOI) substrate, 
or a single crystalline metal oxide Substrate. 
A plurality of first structures 122 spaced apart from each 

other may beformed on the substrate 100 in the first region A, 
and a plurality of second structures 124 spaced apart from 
each other may be formed on the substrate 100 in the second 
region B. In example embodiments, a first distance W1 
between the first structures 122 in the first region A may be 
less thana second distance W2 between the second structures 
124 in the second region B. 

In example embodiments, the first and the second struc 
tures 122 and 124 may be a gate structure, a layer structure, a 
wiring structure, a mask structure, etc., and may have a struc 
ture Substantially the same as each other. 
Upper portions of the substrate 100 may be removed using 

the first and the second structures 122 and 124 as etching 
masks to form first and second trenches 102 and 104 in the 
first and second regions A and B, respectively, of the Substrate 
100, 
The first distance W1 between the first structures 122 is less 

than the second distance W2 between the second structures 
124, and thus a first width of the first trench 102 in the first 
region A may be less thana second width of the second trench 
104 in the second region B. In example embodiments, the first 
and the second widths may be gradually reduced as depths of 
the trenches 102 and 104 become deeper, and may be sub 
stantially equal to the first and second distances W1 and W2 
at upper portions thereof, respectively. 
A first depth H1 of the first trench 102 may be less than a 

second depth H2 of the second trench 104. 
In example embodiments, after forming the first and the 

second trenches 102 and 104, an annealing process may be 
performed on the substrate 100 to cure damage to the sub 
strate 100 generated during the formation of the trenches 102 
and 104. 

Referring to FIG. 3, a first insulation layer 140 may be 
formed on the first and the second structures 122 and 124 and 
the substrate 100 exposed by the first and the second trenches 
102 and 104. 

In example embodiments, the first insulation layer 140 may 
be formed using an oxide having low thermal shrinkage and 
low gap-filling characteristics by a chemical vapor deposition 
(CVD) process. For example, the first insulation layer 140 
may beformed using an oxidehaving impurities, such as boro 
phospho silicate glass (BPSG). Accordingly, the first trench 
102 having a relatively small width may not be completely 
filled with the first insulation layer 140, and avoid 150 may be 
formed in the first trench 102 and between the first structures 
122. In contrast, the second trench 104 having a relatively 
large width may be sufficiently filled with the first insulation 
layer 140, and no void may be formed therein. 

Referring to FIG.4, an upper portion of the first insulation 
layer 140 may be removed by a planarization process. In an 
example embodiment, the planarization process may be per 
formed using top surfaces of the first and the second struc 
tures 122 and 124 as a planarization endpoint. Accordingly, a 
first insulation layer pattern 142 including the void 150 
therein may beformed in the first trench 102 and between the 
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first structures 122, and a second insulation layer pattern 144 
may be formed in the second trench 104 and between the 
second structures 124. 

Referring to FIG. 5, an upper portion of the second insu 
lation layer pattern 144 and the first insulation layer pattern 
142 may be removed. In an example embodiment, the upper 
portion of the second insulation layer pattern 144 and the first 
insulation layer pattern 142 may be removed by a dry etching 
process. The dry etching process may be performed using an 
etching gas having an etch selectivity between the first and the 
second structures 122 and 124 versus the first and the second 
insulation layer patterns 142 and 144. In another example 
embodiment, the upper portion of the second insulation layer 
pattern 144 and the first insulation layer pattern 142 may be 
removed by a wet etching process. The wet etching process 
may be performed using an etching Solution having an etch 
selectivity between the first and the second structures 122 and 
124 versus the first and the second insulation layer patterns 
142 and 144. 
The first insulation layer pattern 142 has the void 150 

therein, and thus the first insulation layer pattern 142 may be 
sufficiently removed when the upper portion of the second 
insulation layer pattern 144 is removed in the etching process. 
Accordingly, the first trench 102 may be exposed again. The 
remaining portion of the second insulation layer pattern 144 
may be referred to as a second isolation layer pattern 145. In 
an example embodiment, the second isolation layer pattern 
145 may be formed to a thickness of about four fifths of a 
depth of the second trench 104. 

Referring to FIG. 6, a second insulation layer 160 may be 
formed on the second isolation layer pattern 145, the first and 
the second structures 122 and 124, and the substrate 100 
exposed by the first trench 102. 

In example embodiments, the second insulation layer 160 
may be formed using an oxide having good gap-filling char 
acteristics by a CVD process. 

For example, the second insulation layer 160 may be 
formed using tonen silaZene (TOSZ), flowable oxide (FOX), 
spin on glass (SOG), and/or the like. Accordingly, the first 
trench 104 having a relatively small width may be sufficiently 
filled with the second insulation layer 160 with no void 
therein. 

Referring FIG. 7, an upper portion of the second insulation 
layer 160 may be removed by a planarization process. In an 
example embodiment, the planarization process may be per 
formed using the top Surfaces of the first and the second 
structures 122 and 124 as a planarization endpoint. Accord 
ingly, a third insulation layer pattern 162 may beformed in the 
first trench 102 and between the first structures 122, and a 
fourth insulation layer pattern 164 may be formed on the 
second isolation layer pattern 145 in the second trench 104 
and between the second structures 124. 

Referring to FIG. 8, upper portions of the third and the 
fourth insulation layer patterns 162 and 164 may be removed 
to form a first isolation layer pattern 166 and a third isolation 
layer pattern 168. In example embodiments, the first and the 
third isolation layer patterns 166 and 168 may have top sur 
faces substantially equal to or higher than that of the substrate 
100. Hereinafter, the second and the third isolation layer 
patterns 145 and 168 may be referred to as a second isolation 
layer structure. 
By performing the aforementioned processes, the first iso 

lation layer pattern 166 may beformed on the substrate 100 in 
the first region A, and the second isolation layer structure may 
be formed on the substrate 100 in the second region B. No 
void may be formed in the first isolation layer pattern 166 and 
the second isolation layer structure. Additionally, the second 
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8 
isolation layer pattern 145 having relatively low thermal 
shrinkage characteristics occupies a large portion of the sec 
ond isolation layer structure, so that the second isolation layer 
structure may not shrink much during a Subsequent annealing 
process. Meanwhile, the first and the third isolation layer 
patterns 166 and 168 may have relatively high thermal shrink 
age characteristics; however, the total Volume shrinkage of 
the first and third isolation layer patterns 166 and 168 during 
the Subsequent annealing process may not be large because 
the total volume of the first and third isolation layer patterns 
166 and 168 is not very large when compared to that of the 
second isolation layer pattern 145. Therefore, the first isola 
tion layer pattern 166 and the second isolation layer structure 
may not result in high stress on the substrate 100 and layers 
adjacent thereto, and defects may not be generated therein. 

Accordingly, in accordance with example embodiments, 
isolation layers having good characteristics may be formed 
effectively by a simple process. 

In the above illustrated method, the first and the second 
trenches 102 and 104 are formed using the first and the second 
structures as etching masks, and the first and the second 
insulation layers 140 and 160 are formed on the substrate 100 
and the first and the second structures to fill the first and 
second trenches 102 and 104, thereby forming isolation lay 
ers. However, in other embodiments, after removing the first 
and the second structures, the first and the second insulation 
layers 140 and 160 may be formed on the substrate 100 to 
form isolation layers. 

FIGS. 9 to 21 are cross-sectional views illustrating a 
method of manufacturing a semiconductor device in accor 
dance with example embodiments. In the method of manu 
facturing the semiconductor device, processes Substantially 
the same as or similar to those illustrated with reference to 
FIGS. 2 to 7 may be performed, and thus detailed explana 
tions thereon are omitted. 

Referring to FIG. 9, a substrate 200 that may be divided 
into a first region A and a second region B may be prepared. 
In example embodiments, the first region A may be a memory 
cell region in which memory cells are formed, and the second 
region B may be a peripheral circuit region in which periph 
eral circuits are formed. A tunnel insulation layer 210, a 
floating gate layer 220, and a hard mask layer 230 may be 
sequentially formed on the substrate 200. 

In example embodiments, the tunnel insulation layer 210 
may be formed by thermally oxidizing or radically oxidizing 
a top surface of the substrate 200 or by depositing an oxide 
layer thereon. In an example embodiment, the tunnel insula 
tion layer 210 may be formed to a thickness of about 50 A to 
about 100 A. 

In example embodiments, the floating gate layer 220 may 
be formed using doped polysilicon and/or a metal. In an 
example embodiment, the floating gate layer 220 may be 
formed by a low pressure chemical vapor deposition 
(LPCVD) using polysilicon, and impurities may be doped 
thereinto in-situ or ex-situ. 

In example embodiments, the hard mask layer 230 may be 
formed using a nitride Such as an oxynitride. 

Referring to FIG. 10, the hard mask layer 230 may be 
patterned by a photolithography process to form first and 
second hard masks 232 and 234. The floating gate layer 220 
and the tunnel insulation layer 210 may be patterned using the 
first and the second hard masks 232 and 234 as etching masks 
to form a first floating gate 222 and a first insulation layer 
pattern 212 in the first region A and a second floating gate 224 
and a second insulation layer pattern 214 in the second region 
B. 
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Hereinafter, the first tunnel insulation layer pattern 212, the 
first floating gate 222, and the first hard mask 232 may be 
referred to as a first structure, and the second tunnel insulation 
layer pattern 214, the second floating gate 224, and the second 
hard mask 234 may be referred to as a second structure. In 5 
example embodiments, a plurality of first structures spaced 
apart from each other may be formed along a first direction 
substantially parallel to a top surface of the substrate 200, and 
each of the first structures may be formed to have a linear 
shape extending along a second direction Substantially per- 10 
pendicular to the first direction. 

Likewise, in example embodiments, a plurality of second 
structures spaced apart from each other may be formed along 
the first direction, and each of the second structures may be 
formed to have a linear shape extending along the second 15 
direction. Alternatively, the second structures may be formed 
to have an island shape. 

In example embodiments, a first distance W1 between the 
first structures 122 in the first region A may be less than a 
second distance W2 between the second structures 124 in the 20 
second region B. 

Referring to FIG. 11, upper portions of the substrate 200 
may be removed using the first and the second structures as 
etching masks to form first and second trenches 202 and 204 
on the substrate 200 in the first and second regions A and B, 25 
respectively 
The first distance W1 between the first structures may be 

less than the second distance W2 between the second struc 
tures, and thus a first width of the first trench 202 in the first 
region. A may be less than a second width of the second trench 30 
204 in the second region B. In example embodiments, the first 
and the second widths may be gradually reduced as depths of 
the trenches 202 and 204 become deeper, and may be sub 
stantially equal to the first and second distances W1 and W2 
at upper portions thereof, respectively. In an example 35 
embodiment, the first width may be about 30 nm and the 
second width may be about 60 nm. Additionally, a first depth 
H1 of the first trench 202 may be less than a second depth H2 
of the second trench 204. 

In example embodiments, after forming the first and the 40 
second trenches 202 and 204, an annealing process may be 
performed on the substrate 200 to cure damage to the sub 
strate 200 generated during the formation of the trenches 202 
and 204. 

Referring to FIG. 12, a first insulation layer 240 may be 45 
formed on the first and the second structures and the substrate 
200 exposed by the first and the second trenches 202 and 204. 
In an example embodiment, the first insulation layer 240 may 
be formed using an oxide having impurities, such as boro 
phospho silicate glass (BPSG). A void 250 may be formed in 50 
the first trench 202 and between the first structures. The 
second trench 204 may be sufficiently filled with the first 
insulation layer 240, and no void may be formed therein. 

Referring to FIG. 13, an upperportion of the first insulation 
layer 240 may be removed by a planarization process. In an 55 
example embodiment, the planarization process may be per 
formed using top surfaces of the first and the second hard 
masks 232 and 234 as a planarization endpoint. Accordingly, 
a first insulation layer pattern 242 including the void 250 
therein may beformed in the first trench 202 and between the 60 
first structures, and a second insulation layer pattern 244 may 
be formed in the second trench 204 and between the second 
Structures. 

Referring to FIG. 14, the first insulation layer pattern 242 
and an upper portion of the second insulation layer pattern 65 
244 may be removed. In an example embodiment, the first 
insulation layer pattern 242 and the upper portion of the 

10 
second insulation layer pattern 244 may be removed by a dry 
etching process. The dry etching process may be performed 
using an etching gas, such as hydrogen fluoride (HF) having 
an etch selectivity between the first and the second tunnel 
insulation layer patterns 212 and 214 versus the first and the 
second insulation layer patterns 242 and 244. The etching gas 
may further include deionized water (DIW) vapor. The etch 
ing process may be performed in an adjustable pressure 
chamber at room temperature or a temperature of below about 
1000 C. 

In another example embodiment, the etching process may 
be performed using buffered oxide etch (BOE) solution 
including hydrogen fluoride (HF). Particularly, the etching 
process may be performed using a solution including about 
80 percent by weight to about 99.9 percent by weight of 
organic solvents, about 0.01 percent by weight to about 10 
percent by weight of hydrogen fluoride and about 0.1 percent 
by weight to about 10 percent by weight of deionized water. 
The organic solvents may include polar solvents, such as 
Sulfuric acid, alcohol, carboxylic acid, carbonyl ether orester, 
and/or the like. The etching process may be performed at 
room temperature or at a temperature of below about 100° C. 
The first insulation layer pattern 242 may be sufficiently 

removed when the upper portion of the second insulation 
layer pattern 244 is removed in the etching process. Herein 
after, the remaining portion of the second insulation layer 
pattern 244 may be referred to as a second isolation layer 
pattern 245. In an example embodiment, the second isolation 
layer pattern 245 may be formed to a thickness of about four 
fifths of a depth of the second trench 204. 

Referring to FIG. 15, a second insulation layer 260 may be 
formed on the second isolation layer pattern 245, the first and 
the second structures, and the substrate 200 exposed by the 
first trench 202. For example, the second insulation layer 260 
may be formed using tonen silaZene (TOSZ), flowable oxide 
(FOX), spin on glass (SOG), and/or the like. Accordingly, the 
first trench 202 having a relatively small width may be suffi 
ciently filled with the second insulation layer 260 having no 
void therein. 

Referring to FIG. 16, an upper portion of the second insu 
lation layer 260 may be removed by a planarization process. 
In an example embodiment, the planarization process may be 
performed using the top surfaces of the first and the second 
hard masks 232 and 234 as a planarization endpoint. Accord 
ingly, a third insulation layer pattern 262 may beformed in the 
first trench 202 and between the first structures, and a fourth 
insulation layer pattern 264 may be formed on the second 
isolation layer pattern 245 in the second trench 204 and 
between the second structures. 

Referring to FIG. 17, upper portions of the third and the 
fourth insulation layer patterns 262 and 264 may be removed 
to form a first isolation layer pattern 266 and a third isolation 
layer pattern 268. Hereinafter, the second and the third isola 
tion layer patterns 245 and 268 may be referred to as a second 
isolation layer structure. 

In an example embodiment, the first and the third isolation 
layer patterns 266 and 268 may have top surfaces substan 
tially equal to those of the first and the second tunnel insula 
tion layer patterns 212 and 214. Alternatively, the first and the 
third isolation layer patterns 266 and 268 may have top sur 
faces substantially equal to or higher than that of the substrate 
200. FIG. 17 shows the case in which the top surfaces of the 
first and the third isolation layer patterns 266 and 268 are 
between those of the first and the second tunnel insulation 
layer patterns 212 and 214 and that of the substrate 200. 
The first and the second hard mask patterns 232 and 234 

may be removed. 
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Referring to FIG. 18, a dielectric layer may be formed on 
the first and the second floating gates 222 and 224, the first 
and the second tunnel insulation layer patterns 212 and 214. 
and the first and the third isolation layer patterns 266 and 268. 
The dielectric layer may be formed using an oxide and/or a 

nitride. In an example embodiment, the dielectric layer may 
beformed to have an ONO layer structure including an oxide 
layer/nitride layer/oxide layer. Alternatively, the dielectric 
layer may be formed using a metal oxide having a high 
dielectric constant, Such as, hafnium oxide, titanium oxide, 
tantalum oxide, Zirconium oxide, and/or aluminum oxide. In 
an example embodiment, the dielectric layer may be formed 
to have a thickness of about 100 A to about 200 A. 

In example embodiments, the dielectric layer may be par 
tially removed to form a first dielectric layer pattern 272 and 
a second dielectric layer pattern 274. 

Particularly, a portion of the dielectric layer on the second 
floating gate 224 may be partially removed and a portion of 
the dielectric layer on the third isolation layer pattern 268 may 
be removed, so that a second dielectric layer pattern 274 may 
be formed on the second floating gate 224. A portion of the 
dielectric layer in the first region A may be referred to as the 
first dielectric layer pattern 272. 
A control gate layer may be formed on the first and the 

second dielectric layer patterns 272 and 274, the second float 
ing gate 224, and the third isolation layer pattern 268. 
The control gate layer may be formed using doped poly 

silicon, a metal, a metal nitride and/or a metal silicide. In an 
example embodiment, the control gate layer may be formed 
to have a multi-layered structure including a doped polysili 
con layer, an ohmic layer, a diffusion barrier layer, an amor 
phous layer and/or a metal layer sequentially stacked. 

For example, the ohmic layer may be formed using tita 
nium (Ti), tantalum (Ta), tungsten (W), molybdenum (Mo) 
and/or an alloy of thereof. The diffusion barrier layer may be 
formed using tungsten nitride, titanium nitride and/or tanta 
lum nitride. The amorphous layer may be formed using a 
refractory metal silicide. Such as amorphous tungstensilicide 
(WSix), amorphous titanium silicide (TiSix), amorphous 
molybdenum silicide (MoSix), and/or amorphous tantalum 
silicide (TaSix). The metal layer may be formed using tung 
Sten, titanium, tantalum, molybdenum and/or an alloy of 
thereof. In an example embodiment, the control gate layer 
may beformed to a thickness of about 500 A to about 1000 A. 
By patterning the control gate layer, a first control gate 282 

may be formed on the first dielectric layer pattern 272, and a 
second control gate 284 may be formed on the second dielec 
tric layer pattern 274 and the second floating gate 224. The 
first and the second dielectric layer patterns 272 and 274, the 
first and the second floating gates 222 and 224, and the first 
and the second tunnel insulation layer patterns 212 and 214 
may be patterned while or after the first and the second control 
gates 282 and 284 are formed. 

In example embodiments, a plurality of first control gates 
282 spaced apart from each other along the second direction 
may be formed, and each of the first control gates 282 may be 
formed to have a linear shape extending along the first direc 
tion. Likewise, a plurality of first dielectric layer patterns 272 
spaced apart each from other along the second direction may 
be formed, and each of the first dielectric layer patterns 272 
may beformed to have a linear shape extending along the first 
direction. Additionally, a plurality of first floating gates 222 
and a plurality of first tunnel insulation layer patterns 212 may 
be formed to have an island shape, respectively. The first 
tunnel insulation layer 212, the first floating gate 222, the first 
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dielectric layer pattern 272, and the first control gate 282 
sequentially stacked on the substrate 100 may define a first 
gate structure. 

In example embodiments, a plurality of second control 
gates 284, a plurality of second dielectric layer patterns 274, 
a plurality of second floating gates 224, and a plurality of 
second tunnel insulation layer patterns 214 may be formed to 
have an island, respectively. 

Impurities may be doped into upper portions of the Sub 
strate 200 adjacent to the first and second gate structures by an 
ion implantation process to form a low concentration impu 
rity region (not shown). 
A first spacer 292 and a second spacer 294 may be formed 

on sidewalls of the first and the second gate structures, respec 
tively. Particularly, after a spacer layer covering the first and 
the second gate structures is formed on the substrate 200 and 
the first and the third isolation layer patterns 266 and 268, the 
spacer layer may be etched by an anisotropic etching process 
to form the first and second spacers 292 and 294. In example 
embodiments, the spacer layer may be formed to a thickness 
of about 500A using middle temperature oxide (MTO). 

Impurities may be doped into upper portions of the Sub 
strate 200 adjacent to the first and second gate structures by an 
ion implantation process using the first and the second gate 
structures and the first and the second spacers 292 and 294 as 
ion implantation masks to form a high concentration impurity 
region (not shown). The low concentration impurity region 
and the high concentration impurity region may formalightly 
doped drain (LDD) structure, and may serve as a source/drain 
region. 

Referring to FIG. 19, a first insulating interlayer 300 cov 
ering the first and the second gate structures and the first and 
the second spacers 292 and 294 may be formed on the sub 
strate 200 and the first and the third isolation layer patterns 
266 and 268. The first insulating interlayer 300 may be 
formed using an oxide by a CVD process. 

In example embodiments, the first insulating interlayer 300 
may be formed by a high density plasma chemical vapor 
deposition (HDP-CVD) process. Particularly, a first HDP 
CVD process may be performed to form a layer having a 
thickness of about 2000 A, and etched by a wet etching 
process. A second HDP-CVD process may be performed to 
form a layer having a thickness above about 6000 A, and 
planarized to form the first insulating interlayer 300. In an 
example embodiment, the first insulating interlayer 300 may 
be formed to have a multi-layered structure. A capping layer 
(not shown), an organic layer (not shown), and an anti-reflec 
tion layer (not shown) may be further formed on the first 
insulating interlayer 300. 

Referring to FIG.20, the first insulating interlayer 300 may 
be partially removed to form a first opening (not shown) 
exposing the second control gate 284 and the third isolation 
layer pattern 268. A first conductive layer filling the first 
opening may be formed on the second control gate 284, the 
third isolation layer pattern 268, and the first insulating inter 
layer 300. An upper portion of the first conductive layer on the 
first insulating interlayer 300 may be removed to form a first 
plug. 312 and a second plug 314. The first conductive layer 
may beformed using a metal. Such as aluminum, tungstenand 
copper, and/or doped polysilicon. 
A second conductive layer may be formed on the first 

insulating interlayer 300 and the first and the second plugs 
312 and 314, and patterned to form a first wiring 320. The 
second conductive layer may beformed using a metal. Such as 
aluminum, tungsten, and/or copper, and/or doped polysili 
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con. In an example embodiment, the first wiring 320 may be 
formed to have a linear shape extending along the first direc 
tion, and serve as a bit line. 

Referring to FIG. 21, a second insulating interlayer 330 
covering the first wiring 320 may be formed on the first 
insulating interlayer 300. In example embodiments, the sec 
ond insulating interlayer 330 may beformed using a material 
Substantially the same as that of the first insulating interlayer 
300. The second insulating interlayer 330 may be partially 
removed to form a second opening (not shown) exposing the 
first wiring 320. A third conductive layer filling the second 
opening may beformed on the first wiring 320 and the second 
insulating interlayer 330. An upper portion of the third con 
ductive layer on the second insulating interlayer 330 may be 
removed to form a third plug 340. The third conductive layer 
may be formed using a metal. Such as aluminum, tungsten 
and/or copper, and/or doped polysilicon. 
A fourth conductive layer may be formed on the second 

insulating interlayer 330 and the third plug 340. A second 
wiring 350 may be formed by patterning the fourth conduc 
tive layer. The fourth conductive layer may be formed using a 
metal. Such as aluminum, tungsten and/or copper, and/or 
doped polysilicon. In an example embodiment, a plurality of 
second wirings 350 may be formed, and the second wirings 
350 may beformed to have an island shape. A protection layer 
360 covering the second wiring 350 may be formed on the 
second insulating interlayer 330 to complete the semiconduc 
tor device. 

Methods of manufacturing a floating gate type flash 
memory device have been illustrated; however, the scope of 
the present inventive concept may be applied to other types of 
memory devices, e.g., a charge trapping type flash memory 
device, a NOR flash memory device, a PRAM device, a 
DRAM device, etc. The charge trapping type flash memory 
device may have a gate structure including a tunnel insulation 
layer pattern, a charge trapping layer pattern, a blocking layer 
pattern and a gate electrode sequentially stacked on a Sub 
Strate. 

FIG. 22 is a block diagram illustrating a system in accor 
dance with example embodiments. 

Referring to FIG. 22, a system 400 may include a memory 
410 and a memory controller 420 electrically connected to 
each other. 
The memory 410 may be a flash memory device or a 

DRAM device including isolation layers in accordance with 
example embodiments described above. The flash memory 
may be a NAND flash memory or a NOR flash memory. 
The memory controller 420 may provide signals to control 

the operation of the memory 410. For example, when the 
memory 410 is the NAND flash memory, the memory con 
troller 420 may provide command (CMD) and address 
(ADD) signals to the memory 410. When the memory 410 is 
the NOR flash memory, the memory controller 420 may pro 
vide CMD, ADD, DQ and VPP signals to the memory 410. 
Accordingly, the memory controller 420 may control the 
memory 410 by providing various kinds of control signals. 
The foregoing is illustrative of example embodiments and 

is not to be construed as limiting thereof. Although a few 
example embodiments have been described, those skilled in 
the art will readily appreciate that many modifications are 
possible in the example embodiments without materially 
departing from the novel teachings and advantages of the 
present inventive concept. Accordingly, all Such modifica 
tions are intended to be included within the scope of the 
present inventive concept as defined in the claims. In the 
claims, means-plus-function clauses are intended to cover the 
structures described herein as performing the recited function 
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and not only structural equivalents but also equivalent struc 
tures. Therefore, it is to be understood that the foregoing is 
illustrative of various example embodiments and is not to be 
construed as limited to the specific example embodiments 
disclosed, and that modifications to the disclosed example 
embodiments, as well as other example embodiments, are 
intended to be included within the scope of the appended 
claims. 

That which is claimed: 
1. A method of forming an isolation layer, comprising: 
forming a first trench and a second trench at upper portions 

of a Substrate, the first and the second trenches having 
first and second widths, respectively, and the second 
width being greater than the first width: 

forming a first isolation layer pattern filling the first trench; 
forming a second isolation layer pattern partially filling the 

second trench; and 
forming a third isolation layer pattern on the second isola 

tion layer pattern and filling a remaining portion of the 
second trench; 

wherein forming the first and the second trenches on the 
Substrate comprises: 

forming a plurality of first structures and a plurality of 
second structures on the Substrate; 

wherein forming the second isolation layer pattern com 
prises: 

forming a first insulation layer on the Substrate, the first 
structures and the second structures, the first insulation 
layer filling the first and the second trenches, a first space 
between the first structures, and a second space between 
the second structures; 

planarizing an upper portion of the first insulation layer 
using the first and the second structures as a planariza 
tion endpoint to form a first insulation layer pattern and 
a second insulation layer pattern, the first insulation 
layer pattern being formed between the first structures 
and in the first trench, and the second insulation layer 
pattern being formed between the second structures and 
in the second trench; and 

removing the first insulation layer pattern and an upper 
portion of the second insulation layer pattern; 

whereinforming the first insulation layer comprises: 
forming the first insulation layer having a Void therein to 

partially fill the first trench and the first space between 
the first structures. 

2. The method of claim 1, wherein the second isolation 
layer pattern comprises a material having athermal shrinkage 
lower than those of the first and the third isolation layer 
patterns. 

3. The method of claim 2, wherein the second isolation 
layer pattern comprises boro-phosphor silicate glass (BPSG). 

4. The method of claim 1, wherein the first and the third 
isolation layer patterns comprise a material having gap-filling 
characteristics better than those of the second isolation layer 
pattern. 

5. The method of claim 4, wherein the first and the third 
isolation layer patterns comprise Tonen SilaZene (TOSZ). 

6. The method of claim 1, wherein 
the first structures are spaced apart from each other at a first 

distance, and the second structures are spaced apart from 
each other at a second distance greater than the first 
distance; and wherein forming the first and second 
trenches on the substrate further includes: 

partially removing the upper portions of the Substrate using 
the first and the second structures as etching masks. 
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10. The method of claim 8, wherein the first and the third 
isolation layer patterns comprise Tonen Silazene (TOSZ). 

15 
7. The method of claim 1, wherein the second isolation 

layer pattern is formed to a thickness of about four fifths of a 
depth of the second trench. 11. The method of claim 8, wherein forming the second 

8. A method of manufacturing a semiconductor device, isolation layer pattern comprises: 
comprising: s forming a first insulation layer on the substrate and the first 

forming a plurality of first structures and a plurality of 
Second structures on a substrate in a first region and a 
Second region, respectively, the first structures being 
spaced apart from each other at a first distance, the 

and the second structures, the first insulation layer filling 
the first and the second trenches, a first space between 
the first structures, and a second space between the sec 
ond structures; 

planarizing an upper portion of the first insulation layer 
Second structures being spaced apart from each other at 10 using the first and the second structures as a planariza 
a second distance greater than the first distance, each of tion endpoint to form a first insulation layer pattern and 
the first structures having a first tunnel insulation layer a second insulation layer pattern, the first insulation 
Patter and a first floating gate sequentially stacked on ETEEEEEEEE 
the substrate, and each of the second structures having a s laver pattern filling the secoind trench and the second 
Second tunnel insulation layer pattern and a second S. E. the i.d structures; and 
floating gate sequentially stacked on the substrate; s 

removing upper portions of the substrate using the first and rsing thisRN an upper 
the second structures as etching masks to form a first i. 
trench and a second trench in the first and second inity.the claim 11, wherein forming the first 
regions, respectively, the first trench having a first width formin R first Ration laver having a void therein to 
and the s trench having a second width greater than REE fill the first TEd the E.st space between 
the first width: 

forming ? isolation layer pattern filling the first trench; 1 hisSt E. im 11. wherei ing the fi 
forming d E. isolation layer pattern partially filling the is insRation E. R. R thers Sys, R 

second trench; r art . 

forming a third isolation layer pattern on the second isola- into layer patter Spril hin 
tion layer pattern and filling a remaining portion of the Pros, S.ENSERS1ng an etching gas 

d trench; 
for in Fielectric layer pattern and a second dielec- 14. The method of claim 11, wherein removing the first 30 

tric layer pattern, the first dielectric layer pattern being invasion E. RN to suppet portion of the second 
f d on the first floati te and the first isolati 
its instd E". i.ct layer p NY performing a wet etching process using a solution includ 
being formed on the second floating gate; and ing about 80 percent by weight to about 99.9 percent by 

forming a first control gate and a second control gate on the is weight of sulfuric acid, about 0.01 percent by weight to 
first and the second dielectric layer patterns, respec 
tively. 

9. The method of claim 8, wherein the second isolation 
layer pattern comprises boro-phosphor silicate glass (BPSG). 

about 10 percent by weight of hydrogen fluoride and 
about 0.1 percent by weight to about 10 percent by 
weight of deionized water. 
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