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SEMICONDUCTOR DEVICE AND METHOD thickness of the gap - fill insulating layer , and the gate cap 
OF FORMING THE SAME ping insulating layer and the gate electrode include a com 

mon element . 
CROSS - REFERENCE TO RELATED According to another aspect of an example embodiment , 

APPLICATION ( S ) 5 there is provided a semiconductor device comprising wiring 
structures ; a contact hole disposed between the wiring 

This application is a continuation application of U.S. structures ; a lower contact pattern disposed in the contact 
application Ser . No. 16 / 523,529 , filed Jul . 26 , 2019 , which hole ; an upper contact pattern disposed on the lower contact 
claims priority from Korean Patent Application No. pattern ; insulating spacers disposed between the lower con 
10-2018-0137205 filed on Nov. 9 , 2018 in the Korean 10 tact pattern and the wiring structures , and between the upper 
Intellectual Property Office , the disclosure of which is contact pattern and the wiring structures , and an insulating 
incorporated by reference herein in its entirety . layer disposed between the upper contact pattern and the 

insulating spacers , wherein the lower contact pattern BACKGROUND includes a portion of the lower contact pattern in direct 
contact with the insulating spacers . 1. Field According to yet another aspect of an example embodi 

The present disclosure relates to a semiconductor device , ment , there is provided a method of forming a semiconduc 
and more particularly , to a semiconductor device and a tor device comprising forming a structure having an open 
method of forming the same . 20 ing ; forming a conductive layer covering the structure ; 

etching the conductive layer to form a preliminary conduc 
2. Description of Related Art tive pattern remaining within the opening ; measuring an 

etching depth of the preliminary conductive pattern within 
As semiconductor devices have become more highly the opening ; and performing , based on the etching depth , a 

integrated , the patterns forming a semiconductor device are 25 thickness control process to thin the preliminary conductive 
becoming increasingly finer . Semiconductor devices that are pattern to form a conductive pattern . 
shipped as identical products are required to include iden 
tical patterns that are identical in size in order for the BRIEF DESCRIPTION OF DRAWINGS 
semiconductor devices to provide identical levels of perfor 
mance and / or to have identical characteristics . However , 30 The above and other aspects will be more clearly under 
since the patterns forming the semiconductor device are stood from the following detailed description , taken in 
becoming increasingly finer , variations in size among these conjunction with the accompanying drawings , in which : 
patterns is becoming even greater . FIG . 1 is a plan view of a semiconductor device according 

to an example embodiment ; 
SUMMARY FIG . 2 is a cross - sectional view illustrating an example of 

a semiconductor device according to an example embodi 
It is an aspect to provide a semiconductor device having ment ; 

improved thickness characteristics . FIG . 3A is a cross - sectional view illustrating a modified 
It is another aspect to provide a method of forming a example of a semiconductor device according to an example 

semiconductor device , which can form patterns having uni- 40 embodiment ; 
form thicknesses . FIG . 3B is a cross - sectional view illustrating a modified 

According to an aspect of an example embodiment , there example of a semiconductor device according to an example 
is provided a semiconductor device comprising a gate trench embodiment ; 
crossing an active region , and a gate structure in the gate FIG . 4 is a cross - sectional view illustrating a modified 
trench . The gate structure includes a gate dielectric layer 45 example of a semiconductor device according to an example 
disposed on an inner wall of the gate trench , a gate electrode embodiment ; 
disposed on the gate dielectric layer and partially filling the FIG . 5 is a cross - sectional view illustrating a modified 
gate trench , a gate capping insulating layer disposed on the example of a semiconductor device according to an example 
gate electrode , and a gap - fill insulating layer disposed in the embodiment ; 
gate trench and disposed on the gate capping insulating 50 FIG . 6 is a cross - sectional view illustrating a modified 
layer . The gate capping insulating layer includes a material example of a semiconductor device according to an example 
formed by oxidizing a portion of the gate electrode , nitriding embodiment ; 
the portion of the gate electrode , or oxidizing and nitriding FIG . 7 is a plan view illustrating a modified example of 
the portion of the gate electrode . a semiconductor device according to an example embodi 

According to another aspect of an example embodiment , 55 ment ; 
there is provided a semiconductor device comprising a gate FIG . 8 is a plan view illustrating a modified example of 
trench crossing an active region ; a gate structure in the gate a semiconductor device according to an example embodi 
trench , wherein the gate structure includes a gate electrode ; ment ; 
a gap - fill insulating layer on the gate electrode ; a gate FIG . 9 is a cross - sectional view illustrating a modified 
capping insulating layer between the gate electrode and the 60 example of a semiconductor device according to an example 
gap - fill insulating layer ; and a gate dielectric layer inter- embodiment ; 
posed between the gate electrode and an inner wall of the FIG . 10 is a process flowchart illustrating an example of 
gate trench , between a side surface of the gate capping a method of forming a semiconductor device according to an 
insulating layer and a side wall of the gate trench , and example embodiment ; 
between a side surface of the gap - fill insulating layer and a 65 FIGS . 11A to 11C are cross - sectional views illustrating a 
side wall of the gate trench , and wherein a first thickness of modified example of a method of forming a semiconductor 
the gate capping insulating layer is less than a second device according to an example embodiment ; and 

35 
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FIGS . 12A to 12G are cross - sectional views illustrating a disposed in the gate trench 25 , and may be disposed on the 
modified example of a method of forming a semiconductor gate capping insulating layer 60 . 
device according to an example embodiment . The gate dielectric layer 30 may be interposed between an 

inner wall of the gate trench 25 and the gate electrode 50 , 
DETAILED DESCRIPTION 5 and may be interposed between a side wall of the gate trench 

25 and the gate capping insulating layer 60 , and between a 
Hereinbelow , example embodiments will be described side wall of the gate trench 25 and the gap - fill insulating 

with reference to the accompanying drawings . layer 70 . 
Referring to FIG . 1 and FIG . 2 , an example of a semi The gate dielectric layer 30 may include a silicon oxide . 

conductor device according to an example embodiment will 10 In another example , the gate dielectric layer 30 may include 
be described . FIG . 1 is a plan view of a semiconductor a silicon oxide and a high - k dielectric material with a higher 

dielectric constant than a dielectric constant of the silicon device according to the example embodiment , and FIG . 2 is oxide . a cross - sectional view illustrating regions taken along lines In example embodiments , the gate dielectric layer 30 , the I - I ' and II - II ' of FIG . 1 to illustrate examples of a semicon 15 gate electrode 50 , and the first and second impurity regions ductor device according to the example embodiment . 15a and 15b may form a transistor . Referring to FIG . 1 and FIG . 2 , a semiconductor substrate At least a portion of the gate electrode 50 may be formed 5 may be provided . For example , the semiconductor sub of a silicon material . For example , in some example embodi strate 5 may be a silicon substrate . ments , the entire gate electrode 50 may be formed of a 
A field region 10 may be disposed in the semiconductor 20 silicon material . In other example embodiments , a portion of 

substrate 5 to define an active region 12. The field region 10 the gate electrode 50 adjacent to the gate capping insulating 
may be a shallow trench isolation ( STI ) . For example , the layer 60 may be formed of a silicon material . 
field region 10 may include a field trench formed in the The gate capping insulating layer 60 may include a 
semiconductor substrate 5 , and an insulating material filling material formed by oxidizing and / or nitriding a portion of 
the field trench , for example , a silicon oxide . The field region 25 the gate electrode 50. For example , the gate capping insu 
10 may be referred to as “ isolation region ’ . The active region lating layer 60 may include a silicon oxide formed by 
12 may be a first conductivity - type region . The first con- oxidizing the silicon material of the gate electrode 50 , a 
ductivity - type may be P - type conductivity or N - type con- silicon nitride formed by nitriding the silicon material of the 
ductivity . gate electrode 50 , or a silicon oxynitride ( SION ) formed by 
A gate trench 25 may cross the active region 12 and 30 oxidizing and nitriding the silicon material of the gate 

extend into the field region 10. A bottom surface of a portion electrode 50. The gate capping insulating layer 60 and the 
of the gate trench 25 located in the active region 12 may be gate electrode 50 may include a common element . The 
disposed at a level higher than a bottom surface of a portion common element may be silicon ( Si ) . 
of the gate trench 25 located in the field region 10. For Next , various modified examples of a semiconductor 
example , a difference in heights between a top surface of the 35 device according to an example embodiment will be 
active region 12 and the bottom surface of the gate trench 25 described with reference to FIG . 3A , FIG . 3B , FIG . 4 , FIG . 
located in the field region 10 may be greater than a differ- 5 , and FIG . 6. In detail , FIG . 3A , FIG . 3B , FIG . 4 , FIG . 5 , 
ence in heights between the top surface of the active region and FIG . 6 are cross - sectional views illustrating portions 
12 and the bottom surface of the gate trench 25 located in the taken along lines I - I ' and II - II ' of FIG . 1 to illustrate various 
active region 12 . 40 modified examples of a semiconductor device according to 
A first impurity region 15a and a second impurity region various example embodiments . In the description that fol 

15b may be disposed in the active region 12. The first and lows , the same reference designators are used for the same 
second impurity regions 15a and 15b may be source / drain elements , and repeated descriptions of the features from 
regions . Accordingly , the first impurity region 15a may be FIGS . 1 and 2 will be omitted for conciseness . 
referred to as ' first source / drain region ' , and the second 45 In a modified example , referring to FIG . 3A , the gate 
impurity region 15b may be referred to as “ second source / electrode 50 may include a lower gate electrode 40 and an 
drain region ’ . The first impurity region 15a and the second upper gate electrode 45a disposed on the lower gate elec 
impurity region 15b may be separated and spaced apart from trode 40. A thickness of the upper gate electrode 45a may be 
each other by the gate trench 25 . less than a thickness of the lower gate electrode 40 . 

In an example , the first and second impurity regions 15a 50 The upper gate electrode 45a may be formed of a silicon 
and 15b may have an asymmetric source / drain structure . For material . For example , the upper gate electrode 45a may be 
example , the first impurity region 15a may have a junction formed of a doped polysilicon material . The lower gate 
depth shallower than a junction depth of the second impurity electrode 40 may be formed of a metallic material having a 
region 15b . For example , the depth from the top surface of resistivity lower than a resistivity of a material of the upper 
the active region 12 to the bottom of the first impurity region 55 gate electrode 45a . For example , the lower gate electrode 40 
15a may be less than the depth from the top surface of the may be formed of a metal nitride ( e.g. , TiN and WN ) or a 
active region 12 to the bottom of the second impurity region metal ( e.g. , W ) . 
15b . In a modified example , referring to FIG . 3B , the gate 
A gate structure 80 may be disposed in the gate trench 25 . electrode 50 may include a lower gate electrode 40a and an 
The gate structure 80 may include a gate dielectric layer 60 upper gate electrode 45a disposed on the lower gate elec 

30 , a gate electrode 50 , a gate capping insulating layer 60 , trode 40a . 
and a gap - fill insulating layer 70 . The lower gate electrode 40a may include a first lower 

The gate dielectric layer 30 may cover an inner wall of the gate electrode 34 and a second lower gate electrode 36. The 
gate trench 25. The gate electrode 50 may be disposed on the first lower gate electrode 34 may be disposed between the 
gate dielectric layer 30 and partially fill the gate trench 25. 65 second lower gate electrode 36 and an inner wall of the gate 
The gate capping insulating layer 60 may be disposed on the trench 25. The first lower gate electrode 34 may cover a 
gate electrode 50. The gap - fill insulating layer 70 may be bottom surface and a side surface of the second lower gate 
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electrode 36. The first lower gate electrode 34 may be FIG . 8 is a plan view of a modified example of a semicon 
formed of a metal nitride ( e.g. , TiN and WN ) , and the second ductor device according to an example embodiment , and 
lower gate electrode 36 may be formed of a metal ( e.g. , W ) . FIG . 9 is a cross - sectional view taken along lines III - III ' and 

The upper gate electrode 45a may be in contact with a top IV - IV of FIG . 8 . 
surface of the first lower gate electrode 34 and a top surface 5 Referring to FIGS . 7 to 9 , the active regions 12 ' , the field 
of the second lower gate electrode 36. The upper gate region 10 ' defining the active regions 12 ' , the gate trenches 
electrode 45a may be formed of a silicon material . For 25 ' crossing the active regions 12 ' and extending to the field example , the upper gate electrode 45a may be formed of a region 10 ' , and the gate structures 80 ' disposed in the gate doped polysilicon material . trenches 25 ' , as described with reference to FIG . 7 , may be In a modified example , referring to FIG . 4 , an insulating 10 disposed on a semiconductor substrate 5. The active region layer 65 may be disposed on the surface of the gate dielectric 10 may be substantially identical to the field region ( indi layer 30 adjacent to the gate capping insulating layer 60 and cated as 10 in FIG . 1 and FIG . 2 ) illustrated in FIG . 1 and the gap - fill insulating layer 70. The insulating layer 65 may FIG . 2 . be formed by nitriding at least a portion of the gate dielectric 
layer 30. For example , the insulating layer 65 may be formed 15 Each of the gate structures 80 ' may include a gate dielec 
of a silicon oxynitride ( SION ) . tric layer 30 ' , a gate electrode 50 ' , a gate capping insulating 

In a modified example , referring to FIG . 5 , the gate layer 60 ' , and a gap - fill insulating layer 70 ' . Each of the gate 
dielectric layer 30 ' may include a first portion 30a and a structures 80 ' may be substantially identical to one of the 
second portion 306 ' . The first portion 30a may cover the gate structures 80 described with reference to FIG . 2 , FIG . 
bottom surface and side surface of a portion of the gate 20 3A , FIG . 3B , FIG . 4 , FIG . 5 , and FIG . 6. For example , the 
electrode 50 , and the second portion 30b may extend from gate dielectric layer 30 ' may be identical to the gate dielec 
the first portion 30a and cover the remaining side surface of tric layer 30 described with reference to any one of FIGS . 2 
the gate electrode 50 , a side surface of the gate capping to 6 , the gate electrode 50 ' may be substantially identical to 
insulating layer 60 , and a side surface of the gap - fill insu- the gate electrode 50 described with reference to any one of 
lating layer 70 . 25 FIGS . 2 to 6 , the gate capping insulating layer 60 ' may be 

The second portion 30b of the gate dielectric layer 30 ' substantially identical to the gate capping insulating layer 60 
may be a portion having a positive fixed charge . Such a described with reference to any one of FIGS . 2 to 6 , and the 
positive fixed charge may serve to improve the device gap - fill insulating layer 70 ' may be substantially identical to 
characteristics of a transistor . In an example , the second the gap - fill insulating layer 70 described with reference to 
portion 30b of the gate dielectric layer 30 ' may further 30 any one of FIGS . 2 to 6. Since the gate dielectric layer 30 ' , 
include a nitrogen element , as compared to the first portion the gate electrode 50 ' , the gate capping insulating layer 60 ' , 
30a . As illustrated in FIG . 4 , the insulating layer 65 may be and the gap - fill layer 70 ' may be substantially identical to the 
disposed on the surface of the second portion 30b of the gate gate dielectric layer the gate electrode 50 , the gate 
dielectric layer 30 ' adjacent to the gate capping insulating capping insulating layer 60 , and the gap - fill layer 70 , respec 
layer 60 and the gap - fill insulating layer 70 . 35 tively , described above with reference to FIGS . 2 to 6 , 

In a modified example , referring to FIG . 6 , the gate detailed descriptions thereof will be omitted for increased 
capping insulating layer 60 ' may include a portion having a conciseness . 
first thickness t1 , and a portion having a second thickness t2 First and second impurity regions 15a ' and 156 ' may be 
larger than the first thickness tl . For example , the gate disposed in the active regions 12 ' . The first and second 
capping insulating layer 60 ' may include a center portion 40 impurity regions 15a ' and 156 ' may be source / drain regions . 
having the first thickness t1 , and an edge portion having the Similar to the first and second impurity regions ( indicated as 
second thickness t2 larger than the first thickness t1 . The 15a and 15b in FIG . 2 ) described with reference to FIG . 2 , 
edge portion of the gate capping insulating layer 60 ' may be the first impurity region 15a ' may have a junction depth 
a portion adjacent to the gate dielectric layer 30 . shallower than a junction depth of the second impurity 

Although the description above is given with regard to a 45 region 155 . 
single active region 12 and a single gate structure 80 , the The gate dielectric layer 30 ' , the gate electrode 50 ' , and 
scope of the inventive concept is not limited thereto . As an the first and second impurity regions 15a ' and 156 ' may form 
example , a modified example of a semiconductor device cell transistors . 
according to an example embodiment will be described with Wiring structures 130 may be disposed in parallel with 
reference to FIG . 7 . 50 each other . For example , in some example embodiments , the 

In a modified example , referring to FIG . 7 , a plurality of wiring structures 130 may be disposed on the active regions 
active regions 12 ' spaced apart from each other may be 12 ' , the field regions 10 ' , and the gate structures 80 ' . The gate 
disposed , a field region 10 ' defining the active regions 12 ' structures 80 ' may have a line shape , and the wiring struc 
may be disposed , and a plurality of gate structures 80 ' tures 130 may have a line shape extending in a direction 
crossing the active regions 12 ' and extending to the field 55 crossing over the gate structures 80 ' . 
region 10 ' may be disposed . For example , the gate structures Each of the wiring structures 130 may include a portion 
80 ' may be disposed in gate trenches 25 ' crossing the active overlapping the active regions 12 ' and a portion overlapping 
regions 12 ' and extending to the field regions 10 ' . In FIG . 7 , the field region 10 ' . 
each of the regions taken along lines I - I ' and II - II ' may be the Each of the wiring structures 130 may include a contact 
same as one of the cross - sectional views in FIG . 2 , FIG . 3A , 60 interconnection pattern 118 , a middle wiring pattern 121 , an 
FIG . 3B , FIG . 4 , FIG . 5 , and FIG . 6. Accordingly , each of upper wiring pattern 124 , and a wiring capping insulating 
the gate structures 80 ' may be substantially identical to one pattern 127 , sequentially stacked in the portion overlapping 
of the gate structures 80 described with reference to FIG . 2 , the active regions 12 ' . Each of the wiring structures 130 may 
FIG . 3A , FIG . 3B , FIG . 4 , FIG . 5 , and FIG . 6 . include a lower wiring pattern 115 , the middle wiring pattern 
Next , referring to FIG . 8 and FIG . 9 in conjunction with 65 121 , the upper wiring pattern 124 , and the wiring capping 

FIG . 7 , a modified example of a semiconductor device insulating pattern 127 , sequentially stacked in the portion 
according to an example embodiment will be described . overlapping the field region 10 ' . 
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The contact interconnection pattern 118 , the lower wiring lapping a portion of each of the wiring capping insulating 
pattern 115 , the middle wiring pattern 121 , and the upper patterns 127 of the wiring structures 130. A width of each of 
wiring pattern 124 may form a " conductive wiring pattern ’ . the wiring capping insulating patterns 127 located at the 
Of each of the wiring structures 130 , the middle wiring same height as the upper insulating pattern 179 ( i.e. , a 

pattern 121 and the upper wiring pattern 124 may extend 5 portion of the wiring capping insulating pattern 127 adjacent 
continuously from the portion overlapping the active regions to a portion of the upper insulating pattern 179 ) may be less 
12 ' to the portion overlapping the field regions 10 ' . than a width of each of the wiring capping insulating 
Of each of the wiring structures 130 , the middle wiring patterns 127 located under the upper insulating pattern 179 pattern 121 may cover top surfaces of the contact intercon ( i.e. , a portion of the wiring capping insulating pattern 127 nection pattern 118 and the lower wiring pattern 115 . below the upper insulating pattern 179 ) . The contact interconnection pattern 118 may be electri Insulating spacers 140a may be disposed between the cally connected to the first impurity region 15a ' . In an wiring structures 130 and the contact structures 173. The example , the contact interconnection pattern 118 may be 

formed of polysilicon . The lower wiring pattern 115 may be insulating spacers 140a may include a first spacer layer 131 , 
formed of polysilicon , the middle wiring pattern 121 may be 15 an air gap 134a , a second spacer layer 137 , a third spacer 
formed of a metal silicide ( for example , tungsten silicide , layer 149 , and an upper spacer 161. The first to third spacer 
etc. ) and / or a metal nitride ( for example , TiN or WN , etc. ) , layers 131 , 137 , and 149 , and the upper spacer 161 may be 
the upper wiring pattern 124 may be formed of a metal formed of a nitride - based insulating material , for example a 
material ( for example , tungsten , etc. ) . The wiring capping silicon nitride . 
insulating pattern 127 may be formed of a silicon nitride . The first spacer layer 131 may cover a top surface of the 

Insulating fences 143 spaced apart from each other may interlayer insulating layer 109 and cover side surfaces of the 
be disposed between the wring structures 130. The insulat- wiring structures 130 . 
ing fences 143 may overlap the gate structures 80 ' . The The upper spacer 161 may be disposed between the upper 
insulating fences 143 may be formed of a silicon nitride . contact patterns 170 and upper regions of the wiring capping 
An interlayer insulating layer 109 may be disposed on the 25 insulating patterns 127 . 

gate structures 80 ' and the field region 10. The interlayer The second spacer layer 137 may be disposed between the 
insulating layer 109 may include a first interlayer insulating upper contact patterns 170 and the first spacer layer 131 on 
layer 103 and a second interlayer insulating layer 106 the interlayer insulating layer 109 , and may be disposed 
disposed on the first interlayer insulating layer 103. The first between the insulating fences 143 and the first spacer layer 
interlayer insulating layer 103 may be formed of a silicon 30 131. The air gap 134a may be disposed between the first 
oxide , and the second interlayer insulating layer 106 may be spacer layer 131 and the second spacer layer 137. At least a 
formed of a silicon nitride . portion of the air gap 134a may be disposed between the 

The interlayer insulating layer 109 may be disposed lower contact pattern 152c and the wiring str ctures 130 . 
between the gate structures 80 ' and the wiring structures The third spacer layer 149 may be interposed between the 
130 ' , between the gate structures 80 ' and the insulating 35 contact structure 173 and the second spacer layer 137 and 
fences 143 , and between the wiring structures 130 and the extend between the interlayer insulating layer 109 and the 
field region 10 ' . lower contact pattern 152c . 

Contact structures 173 may be disposed between the An insulating layer 167 may be disposed on surfaces of 
wiring structures 130 and extend upwardly , as illustrated in the insulating spacers 140a adjacent to the upper contact 
FIG . 9. The contact structures 173 may be spaced apart from 40 pattern 170. The insulating layer 167 may extend onto top 
each other . Each of the contact structures 173 may include surfaces of the wiring capping insulating patterns 127 over 
a lower contact pattern 152c and an upper contact pattern lapping the upper contact pattern 170 . 
170 disposed on the lower contact pattern 152c . The lower The first to third spacer layers 131 , 137 , and 149 , the 
contact pattern 152c may be formed of silicon , for example , upper spacer 161 , and the wiring capping insulating patterns 
polysilicon . The second impurity region 15b ' may be dis- 45 127 may be formed of a nitride - based insulating material , for 
posed underneath the lower contact pattern 152c and elec- example a silicon nitride . The insulating layer 167 may be a 
trically connected to the lower contact pattern 152c . The material formed by oxidizing the nitride - based insulating 
upper contact pattern 170 may be formed of a metallic material , for example a silicon nitride . For example , the 
material , and for example , may be formed of a metal silicide insulating layer 167 may be formed of a silicon oxynitride 
( e.g. , TiSi , NiSi , and CoSi ) , a metal nitride ( e.g. , Ti ) , a metal 50 ( SION ) formed by oxidizing a silicon nitride . The insulating 
( e.g. , W ) , or a combination thereof . layer 167 may be interposed between the upper contact 
The upper contact pattern 170 may include a lower pattern 170 and the insulating spacers 140a , and may extend 

portion disposed between the wiring structures 130 and in onto a top surface of the wiring capping insulating pattern 
contact with the lower contact pattern 152c , and may include 127. The lower contact pattern 152c may include a portion 
an upper portion extending upwardly from the lower portion 55 in direct contact with the insulating spacers 140a . 
and extending onto a top surface of one of the wiring Next , referring FIG . 10 and FIGS . 11A to 11C , a method 
structures 130 that is adjacent to the upper contact pattern of forming a semiconductor device according to an example 
170 , as illustrated in FIG . 9. Accordingly , one such upper embodiment will be described . FIG . 11A to FIG . 11C are 
contact pattern 170 may include a portion overlapping a top cross - sectional views illustrating portions taken along lines 
surface of one of the wiring structures 130 adjacent to each 60 I - I ' and II - II ' of FIG . 1 . 
other , and may extend between the wiring structures 130 and Referring to FIG . 1 , FIG . 10 , and FIG . 11A , a structure 
come in contact the second impurity region 15b ' . having an opening may be formed in S10 . For example , a 
An upper insulating pattern 179 may be located at a higher gate trench 25 may be formed by forming a field region 10 

level than the lower contact patterns 152c and extend defining an active region 12 , forming a mask pattern 20 , and 
downwardly , filling between the upper contact patterns 170 65 etching the active region 12 and the field region 10 by using 
located at a higher level than the wiring structures 130. The the mask pattern 20 as an etching mask . Accordingly , the 
upper insulating pattern 179 may extend downwardly , over- opening may be the gate trench 25 . 
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Before forming the gate trench 25 , an ion implantation greater than a difference in height D1 between a top surface 
process may be performed to form the first impurity region of the active region 12 and a top surface of the preliminary 
15a and the second impurity region 15b in the active region conductive pattern 45 . 
12. The gate trench 25 may be formed to cross between the In example embodiments , the thickness control process 
first and second impurity regions 15a and 15b . 5 55 may be an oxidization process , a nitriding process , or a 

Referring to FIG . 1 , FIG . 10 , and FIG . 11B , a gate process of performing both an oxidization process and a 
dielectric layer 30 may be formed to conformally cover an nitriding process . The oxidation process and / or nitriding 
inner wall of the gate trench 25. Subsequently , a conductive process of the thickness control process 55 may precisely 
layer may be formed to cover a structure in S20 . Subse control the thickness of the preliminary conductive pattern 
quently , the conductive layer may be etched to form a 10 ( indicated as 45 in FIG . 11B ) to form the upper gate 
preliminary conductive pattern within the opening in S30 . electrode 45a having a reference thickness . 

The preliminary conductive pattern ( indicated as 45 in For example , a first lower gate electrode 34 and a second FIG . 11B ) may be oxidized and / or nitrided by the thickness lower gate electrode 36 within the gate trench 25 may be 
formed by conformally forming a first lower conductive 15 Accordingly , the gate capping layer 60 may be formed of a control process 55 to form the gate capping layer 60 . 
layer on the gate dielectric layer 30 , forming a second lower silicon oxide , a silicon nitride , or a silicon oxynitride . For 
conductive layer on the first lower conductive layer to fill the example , when the preliminary conductive pattern ( indi 
gate trench 25 , and etching the first and second lower cated as 45 in FIG . 11B ) is thinned through an oxidation 
conductive layers . The first lower gate electrode 34 may be process , the gate capping layer 60 may be formed of a silicon 
formed to cover a bottom surface and a side surface of the 20 oxide . When the preliminary conductive pattern ( as indi 
second lower gate electrode 36. Subsequently , a preliminary cated 45 in FIG . 11B ) is thinned through a nitriding process , 
conductive pattern 45 within the gate trench 25 may be the gate capping layer 60 may be formed of a silicon nitride . 
formed by forming an upper conductive layer on the first and When the preliminary conductive pattern ( indicated as 45 in 
second lower gate electrodes 34 and 36 , and etching the FIG . 11B ) is thinned through both an oxidation process and 
upper conductive layer . 25 a nitriding process , the gate capping layer 60 may be formed 

Next , an etching depth of the preliminary conductive of a silicon oxynitride . 
pattern within the opening may be measured in S40 . For Referring to FIG . 1 and FIG . 3B , the gap - fill insulating 
example , an etching depth D1 of the preliminary conductive layer 70 may be formed on the gate capping insulating layer 
pattern 45 within the gate trench 25 may be measured . The 60 , and the gap - fill insulating layer 70 may be planarized . By 
etching depth D1 may be a recessed depth in the preliminary 30 planarizing the gap insulating layer 70 , the gap - fill insulat 
conductive pattern 45 that is recessed from an upper surface ing layer 70 may remain in the gate trench 25. The mask 
of the active region 12 into the gate trench 25 . pattern ( indicated as 20 in FIG . 11C ) may be removed . 

Referring to FIG . 1 , FIG . 10 , and FIG . 11 a thickness Accordingly , the gate structure 80 may be formed to include 
control process may be performed , based on the measured the gate dielectric layer 30 , the gate electrode 50 , the gate 
etching depth , to thin the preliminary conductive pattern to 35 capping insulating layer 60 , and the gap - fill insulating layer 
form a conductive pattern in S50 . For example , a thickness 70 , described above . 
control process 55 may be performed , based on the mea- Next , referring to FIG . 12A to FIG . 12G , a method of 
sured etching depth D1 , to thin the preliminary conductive forming a semiconductor device according to an example 
pattern ( indicated as 45 in FIG . 11B ) to form a conductive embodiment will be described . FIG . 12A to FIG . 12G are 
pattern having a reference thickness , for example , an upper 40 cross - sectional views of portions taken along lines III - III ' 
gate electrode 45a . For example , in some cases , the mea- and IV - IV of FIG . 8 . 
sured etching depth may be within a tolerance range of the Referring to FIG . 8 and FIG . 12A , a method described 
reference thickness , but in others , due to process variations , with reference to FIG . 11A to FIG . 11C , may be used to 
the measured etching depth may indicate that additional form , on a semiconductor 5 ' , the field region 10 ' defining the 
thinning is to be performed using the thickness control 45 active regions 12 ' , the gate trenches 25 ' crossing the active 
process . regions 12 ' and extending into the field region 10 ' , and the 

The preliminary conductive pattern ( indicated as 45 in gate structures 80 ' in the gate trenches 25 ' . Each of the gate 
FIG . 11B ) may be formed of a silicon material , for example trenches 25 ' may include the gate dielectric layer 30 ' , the 
a polysilicon material . Accordingly , the upper gate electrode gate electrode 50 ' , the gate capping insulating layer 60 ' , and 
45a may be formed of a silicon material . 50 the gap - fill insulating layer 70 ' . 

In the thickness control process 55 , a difference in thick- An interlayer insulating layer 109 may be formed on the 
ness between the a thickness of the final upper gate electrode gate structures 80 ' , the active regions 12 ' , and the field region 
45a and a thickness of the preliminary conductive pattern 10 ' . The interlayer insulating layer 109 may include a first 
( indicated as 45 in FIG . 11B ) may be obtained using interlayer insulating layer 103 and a second interlayer insu 
information on the recessed depth ( indicated as D1 in FIG . 55 lating layer 106 , sequentially formed . 
11B ) . That is , the thickness of the final upper gate electrode The wiring structures 130 may be formed in parallel to 
45a may be the reference thickness . each other . Forming the wiring structures 130 may include 

In example embodiments , the preliminary conductive forming a lower wiring layer on the interlayer insulating 
pattern ( indicated as 45 in FIG . 11B ) may be formed with a layer 109 , forming a contact interconnection pattern 118 
thickness larger than a reference thickness of the final upper 60 passing through the lower wiring layer and the interlayer 
gate electrode 45a , and then , by using the thickness control insulating layer 109 and electrically connected to the first 
process 55 , the preliminary conductive pattern ( indicated as impurity region 15a , forming a middle wiring layer , an 
45 in FIG . 11B ) may be thinned to form the upper gate upper wiring layer , and a wiring capping layer , sequentially 
electrode 45a having the reference thickness . The reference stacked on the lower wiring layer and the contact intercon 
thickness may be set in advance . Accordingly , a difference 65 nection pattern 118 , and patterning the lower wiring layer , 
in height D2 between a top surface of the active region 12 the contact interconnection pattern 118 , the middle wiring 
and a top surface of the upper gate electrode 45a may be layer , the upper wiring layer , and the wiring capping insu 
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lating layer . The wiring capping insulating layer may be liminary spacer ( indicated as 140 ' in FIG . 12D ) may be 
formed into a wiring capping insulating pattern 127 , the formed into a preliminary spacer 140 " further including the 
upper wiring layer may be formed into an upper wiring upper spacer 161 . 
pattern 124 , the middle wiring pattern may be formed into Referring to FIG . 8 and FIG . 12F , as a sacrificial capping 
a middle wiring pattern 121 , and the lower wiring layer may 5 layer 164 is formed through the thickness control process 
be formed into a lower wiring pattern 115. Accordingly , each ( indicated as 55 in FIG . 11C ) illustrated in FIG . 11C , the 
of the wiring structures 130 may include , in a portion thereof thinned preliminary conductive pattern ( indicated as 152b in 
overlapping the active regions 12 ' , the contact interconnec FIG . 12E ) may be further thinned to form a thinned con 
tion pattern 118 , the middle wiring pattern 121 , the upper ductive pattern , a lower contact pattern 152c . 
wiring pattern 124 , and the wiring capping insulating pattern The sacrificial capping layer 164 may be formed of a 
127 that are sequentially stacked . Each of the wiring struc silicon oxide . An insulating layer 167 may be formed as the 

sacrificial capping layer 164 is formed . The insulating layer tures 130 may include , in a portion thereof overlapping the 167 may be formed on a silicon nitride surface exposed field region 10 ' , the lower wiring pattern 115 , the middle through the thickness control process and located at a higher wiring pattern 121 , the upper wiring pattern 124 , and the 15 level than the lower contact pattern 152. Accordingly , the wiring capping insulating pattern 127 that are sequentially insulating layer 167 may be formed on the surface of the 
stacked . third spacer layer 149 , the surface of the upper spacer 161 , 
Next , a first spacer layer 131 and a sacrificial spacer layer the surface of the wiring capping insulating pattern 127 , and 

134 may be sequentially stacked on side surfaces of the the surfaces of the insulating fences 143 , which may be 
wiring structures 130. Sequentially , a second spacer layer 20 formed of a silicon nitride and located at a higher level than 
137 may be formed conformally on the semiconductor the lower contact pattern 152. The insulating layer 167 may 
substrate having the first spacer layer 131 and the sacrificial be formed of a silicon oxynitride ( SION ) which can be 
spacer layer 134 . formed through the oxidation of a silicon nitride . 

Referring to FIG . 8 and FIG . 12B , insulating fences 143 Referring to FIG . 8 and FIG . 12G , the sacrificial capping 
may be formed on the gate structures 80 ' and between the 25 layer 164 may be removed . Subsequently , by forming , on the 
wiring structures 130. Contact holes 146 , which are the lower contact patterns 152c , an upper conductive layer 
openings between the wiring structures 130 and the insu- covering the wiring structures 130 , and by patterning the 
lating fences 143 , may be formed . Forming the contact holes upper conductive layer to form openings 176 , upper contact 
146 include forming the third spacer layer 149 confor patterns 170 may be formed . The sacrificial spacer ( indi may 
mally , and performing an etching process to penetrate the 30 cated as 134 in FIG . 12F ) of the preliminary spacer ( indi 
interlayer insulating layer 109 to have the second impurity cated as 140 " in FIG . 12F ) may be exposed as portions of the 
region 15b ' exposed . Accordingly , the first spacer layer 131 , preliminary spacer ( indicated as 140 " in FIG . 12F ) and the 

wiring capping insulating patterns 127 are being etched . the sacrificial spacer layer 134 , the second spacer layer 137 , 
and the third spacer layer 149 may form a preliminary spacer 35 134 in FIG . 12F ) may be removed to form an air gap 134a . Subsequently , the exposed sacrificial spacer ( indicated as 
140 ' . Accordingly , the preliminary spacer indicated as 140 " in 
A preliminary conductive pattern 152 may be formed to FIG . 12F ) may be formed into a spacer 140a including the partially fill the contact holes 146. The preliminary conduc air gap 134a . 

tive pattern 152 may be formed of polysilicon . Again , referring to FIG . 8 and FIG.9 , the upper insulating 
Referring to FIG . 8 and FIG . 12C , the thickness control 40 pattern 179 may be formed to fill the opening ( indicated as 

process ( indicated as 55 in FIG . 11C ) illustrated in FIG . 11C 176 in FIG . 12G ) and seal an upper portion of the air gap 
may be performed to form the sacrificial layer 155 and thin 134a . 
the preliminary conductive pattern 152 , thus forming a According to example embodiments , a method of forming 
thinned preliminary conductive pattern 152a . a semiconductor device may include forming a structure 

The sacrificial capping layer 155 may be formed of a 45 having an opening , forming a conductive layer to cover the 
silicon oxide . As the sacrificial capping layer 155 is formed , structure , etching the conductive layer to form a preliminary 
an insulating layer 158 may be formed . The insulating layer conductive pattern remaining within the opening , measuring 
158 may be formed on a silicon nitride surface exposed by an etching depth of the preliminary conductive pattern 
the thickness control process and located at a higher level within the opening , and performing a thickness control 
than the preliminary conductive pattern 152. Accordingly , 50 process to thin the preliminary conductive pattern to form a 
the insulating layer 158 may be formed on the surface of the conductive pattern . 
third spacer layer 149 , the surface of the wiring capping In a case in which the conductive pattern is a gate 
insulating pattern 127 , and the surfaces of the insulating electrode , the opening may be the gate trench 25 described 
fences 143 , which may be formed of a silicon nitride and with reference to FIG . 11A , the structure having an opening 
located at a higher level than the preliminary conductive 55 may be the active region 12 and the field region 10 described 
pattern 152 . with reference to FIG . 11A , the preliminary conductive 

Referring to FIG . 8 and FIG . 12D , the third spacer layer pattern may be the preliminary conductive pattern 45 
149 , the second spacer layer 137 , and the sacrificial spacer described with reference to FIG . 11B , and the thickness 
layer 134 , located in the contact holes 146 and at a higher control process may be the thickness control process 55 
level than the preliminary conductive pattern 152a having 60 described with reference to FIG . 11C . 
been thinned as the sacrificial capping layer 155 is removed , Similarly , the lower contact pattern 152c described above 
may be removed . may be formed to have a reference thickness by using a 

Referring to FIG . 8 and FIG . 12E , an upper spacer 161 method similar to the one used for forming the gate elec 
may be formed on side surfaces of upper regions of the trode . For example , in a case in which the conductive pattern 
wiring structures 130. Subsequently , the thinned preliminary 65 is the lower contact pattern 152c , the opening may be the 
conductive pattern 152a may be etched to form a thinned contact hole 146 described with reference to FIG . 12B ; the 
preliminary conductive pattern 152b . Accordingly , the pre- structure having an opening may include the wiring struc 
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tures 130 , the preliminary spacers 140 ' , and the insulating lower than a bottom surface of the first impurity region and 
fences 143 , described with reference to FIG . 12B ; the is disposed higher than a bottom surface of the second 
preliminary conductive pattern may be a preliminary con- impurity region . 
ductive pattern 152 described with reference to FIG . 12B , 3. The semiconductor device of claim 1 , wherein the gate 
and / or a preliminary conductive pattern 152b described with 5 capping insulating layer includes a first gate capping insu 
reference to FIG . 12E ; and the thickness control process may lating layer disposed on the second gate electrode and a 
be a process of forming the sacrificial capping layer 155 second gate capping insulating layer that is disposed on the 
described with reference to FIG . 12C , and / or a process of first gate capping insulating layer , forming the sacrificial capping layer 164 described with the first gate capping insulating layer of the gate capping reference to FIG . 12F . Accordingly , in the case in which the 10 insulating layer includes silicon oxide , silicon nitride , conductive pattern is the lower contact pattern 152c , the or silicon oxynitride , and upper contact pattern 170 described above may be formed 
on the lower contact pattern 152c . the second gate capping insulating layer of the gate 

Even when the etching depth ( indicated as D1 in FIG . capping insulating layer includes silicon nitride . 
11B ) formed through an etching process of etching the 15 4. The semiconductor device of claim 3 , wherein a 
conductive layer varies for each wafer forming a semicon thickness of the first gate capping insulating layer of the gate 
ductor device , by using the thickness control process 55 capping insulating layer is less than a thickness of the second 
described above , the final upper gate electrode 45a may be gate capping insulating layer of the gate capping insulating 
formed to have a reference thickness , thus improving wafer layer . 
variation characteristics . 5. The semiconductor device of claim 3 , wherein the first 

According to various example embodiments , by using a gate capping insulating layer of the gate capping insulating 
thickness control process using an oxidation and / or nitriding layer includes a center portion and an edge portion that is 
process , preliminary conductive patterns thinned through an disposed adjacent to the center portion , and 
etching process may be further thinned to form conductive a thickness of the center portion of the first gate capping 
patterns having reference thicknesses . Such conductive pat- 25 insulating layer of the gate capping insulating layer is 
terns having reference thicknesses may be used for gate less than a thickness of the edge portion of the first gate 
electrodes or contact structures . Accordingly , semiconductor capping insulating layer of the gate capping insulating 
devices be continuously produced with gate electrodes layer . 
having uniform thicknesses and / or contact structures having 6. The semiconductor device of claim 3 , wherein a top 
uniform thicknesses , and thus , variations in thickness char- 30 surface of the first gate capping insulating layer of the gate 
acteristics among the semiconductor devices may be capping insulating layer is concave , and a bottom surface of 
improved . the first gate capping insulating layer of the gate capping 

While example embodiments have been shown and insulating layer is convex . 
described above , it will be apparent to those skilled in the art 7. The semiconductor device of claim 3 , wherein a bottom 
that modifications and variations may be made without 35 surface of the second gate capping insulating layer of the 
departing from the scope of the present inventive concept as gate capping insulating layer is convex , and a top surface of 
defined by the appended claims . Therefore , the example the second gate capping insulating layer of the gate capping 
embodiments described above should be understood only as insulating layer is substantially coplanar with a top surface 
examples without limiting the present disclosure . of the substrate . 
What is claimed is : 8. The semiconductor device of claim 1 , further compris 
1. A semiconductor device comprising : ing an insulating layer that is disposed between the gate 
a substrate including an active region ; capping insulating layer and the gate dielectric layer , 
a gate trench disposed in the substrate and crossing the wherein the insulating layer includes silicon oxynitride . 

active region ; 9. The semiconductor device of claim 1 , wherein the gate 
a gate dielectric layer disposed in the gate trench ; 45 dielectric layer includes a first portion that is disposed on a 
a first gate electrode disposed on the gate dielectric layer bottom surface and a side surface of the first gate electrode , 

and including titanium nitride , the first gate electrode and a second portion that is disposed on a side surface of the 
including a center portion and an edge portion that is second gate electrode and the side surface of the gate 
adjacent to the center portion ; capping insulating layer , and 

a second gate electrode disposed on the first gate electrode 50 the second portion of the gate dielectric layer includes 
and including a doped polysilicon material ; nitrogen . 

a gate capping insulating layer disposed on the second 10. The semiconductor device of claim 1 , wherein the 
gate electrode and filling the gate trench ; and bottom surface of the second gate electrode is more flat than 

a first impurity region and a second impurity region the top surface of the second gate electrode . 
disposed in the substrate , the first impurity region being 55 11. A semiconductor device comprising : 
disposed opposite to the second impurity region with a substrate including an active region ; 
respect to the gate trench , a gate trench disposed in the substrate and crossing the 

wherein a top surface of each of the center portion and the active region ; 
edge portion of the first gate electrode contacts a a gate dielectric layer disposed in the gate trench ; 
bottom surface of the second gate electrode , a first gate electrode disposed on the gate dielectric layer 

a top surface of the second gate electrode is concave , and including titanium nitride , the first gate electrode 
a bottom surface of the gate capping insulating layer is including a center portion and an edge portion that is 

convex , and adjacent to the center portion ; 
a side surface of the gate capping insulating layer contacts a second gate electrode disposed on the first gate electrode 

the gate dielectric layer . and including a doped polysilicon material ; 
2. The semiconductor device of claim 1 , wherein the a gate capping insulating layer disposed on the second 

bottom surface of the second gate electrode is disposed gate electrode ; and 
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a first impurity region and a second impurity region 16. The semiconductor device of claim 12 , wherein the 
disposed in the substrate , the first impurity region being bottom surface of the second gate electrode is more flat than 
disposed opposite to the second impurity region with the top surface of the second gate electrode . 
respect to the gate trench , 17. The semiconductor device of claim 12 , wherein a top 

wherein a top surface of each of the center portion and the 5 surface of the second gate capping insulating layer is sub 
edge portion of the first gate electrode contacts a stantially coplanar with a top surface of the substrate . 
bottom surface of the second gate electrode , 18. The semiconductor device of claim 12 , wherein the a top surface of the second gate electrode is concave , first gate capping insulating layer includes a center portion a bottom surface of the gate capping insulating layer is and an edge portion that is disposed adjacent to the center 
convex , 

a side surface of the gate capping insulating layer contacts portion , and 
a thickness of the center portion of the first gate capping the gate dielectric layer , and 

the bottom surface of the second gate electrode is dis insulating layer is less than a thickness of the edge 
posed lower than a bottom surface of the first impurity portion of the first gate capping insulating layer . 
region and is disposed higher than a bottom surface of 15 19. The semiconductor device of claim 12 , wherein the 
the second impurity region . gate dielectric layer includes a first portion that is disposed 

12. A semiconductor device comprising : on a bottom surface and a side surface of the first gate 
a substrate including an active region ; electrode , and a second portion that is disposed on side 
a gate trench disposed in the substrate and crossing the surface of the second gate electrode , the side surface of the 

active region ; 20 first gate capping insulating layer and a side surface of the 
a gate dielectric layer disposed in the gate trench ; second gate capping insulating layer , and 
a first gate electrode disposed on the gate dielectric layer the second portion of the gate dielectric layer includes 

and including titanium nitride , the first gate electrode nitrogen . 
including a center portion and an edge portion that is 20. A semiconductor device comprising : 
adjacent to the center portion ; a substrate including an active region ; 

a second gate electrode disposed on the first gate electrode a gate trench disposed in the substrate and crossing the 
and including a doped polysilicon material ; active region ; a first gate capping insulating layer disposed on the a gate dielectric layer disposed in the gate trench ; 
second gate electrode and including silicon oxide , a first gate electrode disposed on the gate dielectric layer ; silicon nitride , or silicon oxynitride ; and a second gate electrode disposed on an inner side surface a second gate capping insulating layer disposed on the and an inner bottom surface of the first gate electrode ; first gate capping insulating layer and filling the gate a third gate electrode disposed on a top surface of the first trench , 

wherein a top surface of each of the center portion and the gate electrode and a top surface of the second gate 
edge portion of the first gate electrode contacts a 35 electrode , the third gate electrode including a doped 
bottom surface of the second gate electrode , polysilicon material ; 

a top surface of the second gate electrode is concave , and a first gate capping insulating layer disposed on the 
a side surface of the first gate capping insulating layer second gate electrode and including silicon oxide , 

contacts the gate dielectric layer . silicon nitride , or silicon oxynitride ; and 
13. The semiconductor device of claim 12 , wherein the 40 a second gate capping insulating layer disposed on the 

second gate capping insulating layer includes silicon nitride . first gate capping insulating layer and filling the gate 
14. The semiconductor device of claim 12 , wherein at trench , the second gate capping insulating layer includ 

least one of a bottom surface of the first gate capping ing silicon nitride , 
insulating layer and a bottom surface of the second gate wherein a top surface of the third gate electrode is 
capping insulating layer are convex . concave , and 

15. The semiconductor device of claim 12 , wherein a a side surface of the first gate capping insulating layer 
thickness of the first gate capping insulating layer is less than contacts the gate dielectric layer . 
a thickness of the second gate capping insulating layer . 
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