SEMICONDUCTOR DEVICE INCLUDING A

GATE INSULATION PATTERN AND A GATE ELECTRODE PATTERN

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This patent application claims priority to Korean Patent Application No.
10-2017-0108885 filed on August 28, 2017 the disclosure of which is incorporated by reference

herein in its entirety.

TECHNICAL FIELD
[0002] Exemplary embodiments of the present inventive concept relate to a semiconductor
device, and more particularly to a semiconductor device including a gate insulation pattern and a

gate electrode pattern.

DISCUSSION OF RELATED ART

[0003] Semiconductor devices may be in the electronics industry because of their
relatively small size, multi-function, and/or relatively low fabrication cost. Semiconductor
devices may be categorized as any one of semiconductor memory devices storing logic data,
semiconductor logic devices processing operations of logic data, and hybrid semiconductor
devices having both memory and logic elements.

[0004] Semiconductor devices included in electronic products may have a relatively high
operating speed and/or a relatively low operating voltage. Semiconductor devices may be
relatively highly integrated. The high integration of semiconductor devices may reduce the
reliability of semiconductor devices. However, research has been conducted for increasing the

reliability of semiconductor devices.



SUMMARY
[0005] An exemplary embodiment of the present inventive concept provides a
semiconductor device having electrical conductivity with increased accuracy and a
semiconductor device with increased reliability and a relatively low defect rate.
[0006] An exemplary embodiment of the present inventive concept provides a
semiconductor device having reduced leakage current.
[0007] According to an exemplary embodiment of the present inventive concept, a
semiconductor device includes a substrate including an active region defined by a device
isolation layer. A word line structure is in a trench formed in an upper portion of the substrate.
The word line structure includes a gate insulation pattern covering an inner surface of the trench.
A gate electrode pattern is on the gate insulation pattern. A first work function pattern is
between the gate insulation pattern and the gate electrode pattern. A second work function
pattern is on the first work function pattern and extends along a side surface of the gate electrode
pattern. The first work function pattern has a top surface at a level below that of a bottom surface
of the gate electrode pattern. The first work function pattern has a work function greater than
that of the second work function pattern.
[0008] According to an exemplary embodiment of the present inventive concept, a
semiconductor device includes a device isolation layer. An active fin region protrudes from a
top surface of the device isolation layer. A word line structure is on the device isolation layer.
The word line structure includes a gate electrode pattern. A first work function pattern is
between the gate electrode pattern and the active fin region. A second work function pattern is
between the first work function pattern and the gate electrode pattern and extends along a side
surface of the gate electrode pattern. The first work function pattern has a work function greater
than that of the second work function pattern.
[0009] According to an exemplary embodiment of the present inventive concept, a
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semiconductor device includes a device isolation layer defining a fin region. At least one
trench is formed below an upper surface of the device isolation layer. The fin region includes a
gate insulation pattern disposed on side surfaces and an upper surface of the fin region. A first
work function pattern is disposed on the gate insulation pattern. A second work function
pattern is disposed on the first work function pattern. A gate electrode pattern is disposed on
the second work function pattern. The at least one trench includes the gate insulation pattern
conformally disposed on side surfaces and a bottom surface of the at least one trench. The first
work function pattern is disposed on a portion of the gate insulation pattern disposed on the
bottom surface of the at least one trench. The second work function pattern is disposed on a
portion of the gate insulation pattern disposed on the side surfaces of the at least one trench and
on the first work function pattern on the bottom surface of the at least one trench. The gate

electrode pattern is disposed on the second work function pattern in the at least one trench

BRIEF DESCRIPTION OF THE DRAWINGS
[00010] The above and other features of the inventive concept will become more apparent
by describing in detail exemplary embodiments thereof, with reference to the accompanying
drawings, in which:
[00011] FIG. 1 illustrates a plan view of a semiconductor device according to an exemplary
embodiment of the present inventive concept.
[00012] FIG. 2 illustrates a cross-sectional view taken along lines I-I” and II-II” of FIG. 1.
[00013] FIG. 2A illustrates an enlarged view of section AA of FIG. 2.
[00014] FIG. 2B illustrates an enlarged view of section BB of FIG. 2.
[00015] FIGS. 3A, 4A, and 5A illustrate enlarged views corresponding to section AA of
FIG. 2, and illustrate a method of manufacturing a semiconductor device according to an
exemplary embodiment of the present inventive concept.
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[00016] FIGS. 3B, 4B, and 5B illustrate enlarged views corresponding to section BB of FIG.
2, and illustrate a method of manufacturing a semiconductor device according to an exemplary
embodiment of the present inventive concept.

[00017] FIG. 6A illustrates an enlarged view corresponding to section AA of FIG. 2, and
illustrates a semiconductor device according to an exemplary embodiment of the present
inventive concept.

[00018] FIG. 6B illustrates an enlarged view corresponding to section BB of FIG. 2, and
illustrates a semiconductor device according to an exemplary embodiment of the present
inventive concept.

[00019] FIG. 7A illustrates an enlarged view corresponding to section AA of FIG. 2, and
illustrates a semiconductor device according to an exemplary embodiment of the present
inventive concept.

[00020] FIG. 7B illustrates an enlarged view corresponding to section BB of FIG. 2, and
illustrates a semiconductor device according to an exemplary embodiment of the present
inventive concept.

[00021] FIG. 8A illustrates an enlarged view corresponding to section AA of FIG. 2, and
illustrates a semiconductor device according to an exemplary embodiment of the present
inventive concept.

[00022] FIG. 8B illustrates an enlarged view corresponding to section BB of FIG. 2, and
illustrates a semiconductor device according to an exemplary embodiment of the present
inventive concept.

[00023] FIG. 9 illustrates a plan view of a semiconductor device according to an exemplary
embodiment of the present inventive concept.

[00024] FIG. 10 illustrates a cross-sectional view taken along lines III-1II’, IV-IV’, and

V-V’ of FIG. 9.



[00025] FIG. 11A illustrates an enlarged view of section CC of FIG. 10.
[00026] FIG. 11B illustrates an enlarged view of section DD of FIG. 10.

[00027] FIG. 11C illustrates an enlarged view of section EE of FIG. 10.

[00028] FIG. 12A illustrates an enlarged view corresponding to section CC of FIG.

illustrates a semiconductor device according to an exemplary embodiment of the

inventive concept.

[00029] FIG. 12B illustrates an enlarged view corresponding to section DD of FIG.

illustrates a semiconductor device according to an exemplary embodiment of the

inventive concept.

[00030] FIG. 12C illustrates an enlarged view corresponding to section EE of FIG.

illustrates a semiconductor device according to an exemplary embodiment of the

inventive concept.

[00031] FIG. 13A illustrates an enlarged view corresponding to section CC of FIG.

illustrates a semiconductor device according to an exemplary embodiment of the

inventive concept.

[00032] FIG. 13B illustrates an enlarged view corresponding to section DD of FIG.

illustrates a semiconductor device according to an exemplary embodiment of the

inventive concept.

[00033] FIG. 13C illustrates an enlarged view corresponding to section EE of FIG.

illustrates a semiconductor device according to an exemplary embodiment of the

inventive concept.

DETAILED DESCRIPTION OF EMBODIMENTS
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[00034] FIG. 1 illustrates a plan view of a semiconductor device according to an exemplary

embodiment of the present inventive concept. FIG. 2 illustrates a cross-sectional view taken
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along lines I-I' and II-II” of FIG. 1. FIG. 2A illustrates an enlarged view of section AA of FIG. 2.
FIG. 2B illustrates an enlarged view of section BB of FIG. 2.

[00035] Referring to FIGS. 1, 2, 2A, and 2B, a semiconductor device may include a
substrate 100, word line structures 200, bit line structures 300, and data storage elements 400.
The substrate 100 may be a semiconductor substrate. For example, the substrate 100 may be a
silicon (Si) substrate, a germanium (Ge) substrate, a silicon-germanium (SiGe) substrate, or a
compound semiconductor substrate such as a gallium-arsenic (GaAs) substrate.

[00036] The substrate 100 may include active regions 110 defined by a device isolation
layer 120. The active regions 110 may be areas where electronic devices are formed. When
viewed in plan, each of the active regions 110 may have an island shape extending in a third
direction D3 crossing each of first and second directions D1 and D2. The first to third directions
D1 to D3 may cross each other while being parallel to a top surface 112 of each of the active
regions 110 and a top surface 122 of the device isolation layer 120.

[00037] When viewed in a plan view, the device isolation layer 120 may surround sidewalls
of each of the active regions 110. The device isolation layer 120 may electrically separate the
active regions 110 from each other. The device isolation layer 120 may fill spaces between the
active regions 110. The device isolation layer 120 may have a top surface 122 substantially
coplanar with the top surface 112 of each of the active regions 110 (e.g., along a direction
parallel to an upper surface of the substrate 100). The device isolation layer 120 may include an
insulating material. For example, the device isolation layer 120 may include one or more of
silicon oxide, silicon nitride, or silicon oxynitride.

[00038] A trench 130 may be provided in the substrate 100. The trench 130 may extend in
the first direction D1. A plurality of trenches 130 may be arranged in the second direction D2.
The plurality of trenches 130 arranged in the second direction D2 may be spaced apart from each
other. The trench 130 may form recesses the active regions 110 and the device isolation layer
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120. The trench 130 may include a shallow trench 132 in the active region 110 and a deep trench
134 in the device isolation layer 120. The shallow trench 132 may have a depth less than that of
the deep trench 134 (e.g., along the fourth direction D4, which may be orthogonal to an upper
surface of the substrate 100). For example, the depth of the trench 130 may refer to a depth of the
trench 130 when measured in a fourth direction D4.

[00039] The trench 130 may define a fin region 114 of the active region 110. For example,
the fin region 114 may be defined by the shallow trench 132 and the deep trench 134. The fin
region 114 may have a top surface 114u exposed to the shallow trench 132, and may have a side
surface 114s exposed to the deep trench 134. For example, the fin region 114 may have a top
surface 114u connected with a portion of the shallow trench 132, and may have a side surface
114s connected with a portion of the deep trench 134. The fin region 114 may protrude in the
fourth direction D4 from the top surface 120u of the device isolation layer 120 exposed to the
deep trench 134. The top surface 114u of the fin region 114 may be located at a level higher than
that of the top surface 120u of the device isolation layer 120.  The top surface 114u of the fin
region 114 may be located at a level higher than a bottom surface of the deep trench 134. The
fin region 114 may be referred to as an active fin region.

[00040] The word line structure 200 may be provided in the trench 130. The word line
structure 200 may extend in the first direction D1. The word line structure 200 may include a
gate insulation pattern 210, a first work function pattern 220, a second work function pattern 230,
a gate electrode pattern 240, and a gate capping pattern 250. The word line structure 200 in the
shallow trench 132 may be referred to as a first word line structure 202, and the word line
structure 200 in the deep trench 134 may be referred to as a second word line structure 204. Thus,
the word line structure 200 may continually extend from the shallow trench 132 to the deep
trench 134 (see, e.g., FIG. 2A). The first word line structure 202 may vertically overlap the
active region 110, and the second word line structure 204 may vertically overlap the device
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isolation layer 120 (e.g., along the fourth direction D4). The word line structure 200 may include
a plurality of word line structures. The plurality of word line structures 200 may be arranged in
the second direction D2.

[00041] The gate insulation pattern 210 may be provided on the active region 110 and the
device isolation layer 120. The gate insulation pattern 210 may extend along an inner surface of
the trench 130. The inner surface of the trench 130 may refer to surfaces of the fin region 114
and the device isolation layer 120 that are exposed to the trench 130. For example, the gate
insulation pattern 210 may conformally cover the inner surface of the trench 130. The gate
insulation pattern 210 may be in direct contact with the active region 110 and the device isolation
layer 120.

[00042] The gate insulation pattern 210 may be provided on the fin region 114. The gate
insulation pattern 210 may substantially cover the top surface 114u and the side surfaces 114s of
the fin region 114. For example, the gate insulation pattern 210 may conformally extend along
the top surface 114u and the side surfaces 114s of the fin region 114. The gate insulation pattern
210 may include one or more of a high-k dielectric, an oxide, a nitride, or an oxynitride. The
high-k dielectric may be an insulating material having a dielectric constant greater than those of
oxide and nitride. For example, the high-k dielectric may be a metal oxide (e.g., hafnium oxide
or aluminum oxide).

[00043] The first work function pattern 220 may be provided on the gate insulation pattern
210. The first work function pattern 220 may extend along the top surface 114u and the side
surfaces 114s of the fin region 114 and along the top surface 120u of the device isolation layer
120. For example, the first work function pattern 220 may be conformally disposed on the gate
insulation pattern 210. The first work function pattern 220 in the shallow trench 132 may have a
thickness substantially the same as that of the first work function pattern 220 in the deep trench
134. The thickness may be a distance between bottom and top surfaces of the first work function
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pattern 220. The first work function pattern 220 may extend in the first direction D1 along the
trench 130. The first work function pattern 220 may fill a lower portion of the trench 130. The
top surface of the first work function pattern 220 may be located at a level lower than that of a
bottom surface of the gate electrode pattern 240. The first work function pattern 220 may include
a material having a work function greater than those of the second work function pattern 230 and
the gate electrode pattern 240. For example, the first work function pattern 220 may include
p-type polysilicon, molybdenum (Mo), an alloy of molybdenum (Mo), tungsten nitride (WN), or
a combination thereof.

[00044] The second work function pattern 230 may be provided on the gate insulation
pattern 210 and the first work function pattern 220. The second work function pattern 230 may
fill a portion of the trench 130. The second work function pattern 230 may extend along an inner
side surface of the trench 130 and along the top surface of the first work function pattern 220.
The gate insulation pattern 210 may be disposed between the inner side surface of the trench 130
and the second work function pattern 230, and between a floor surface of the trench 130 and the
first work function pattern 220. The first work function pattern 220 may be disposed between the
floor surface of the trench 130 and the second work function pattern 230. A lowermost portion of
the second work function pattern 230 may be spaced apart from the gate insulation pattern 210.
The second work function pattern 230 may have a lowermost surface in direct contact with the
top surface of the first work function pattern 220. The second work function pattern 230 may
extend in the first direction D1.

[00045] The second work function pattern 230 may include a material having a work
function less than that of the first work function pattern 220. For example, the second work
function pattern 230 may include titanium nitride (TiN). The second work function pattern 230
may adjust a threshold voltage.

[00046] The gate electrode pattern 240 may be provided on the second work function
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pattern 230. The gate electrode pattern 240 may fill a portion of the trench 130 (e.g., a portion of
the trench not filled by the gate insulation pattern 210, the first work function pattern 220 and the
second work function pattern 230 and below the gate capping pattern 250 described below in
more detail). The gate insulation pattern 210 and the second work function pattern 230 may be
disposed between the gate electrode pattern 240 and the inner side surface of the trench 130. The
gate electrode pattern 240 may be spaced apart from the gate insulation pattern 210 by the
second work function pattern 230. The gate insulation pattern 210 and the first and second work
function patterns 220 and 230 may be disposed between the gate electrode pattern 240 and the
floor surface of the trench 130. The gate electrode pattern 240 may be spaced apart from the gate
insulation pattern 210 by the first and second work function patterns 220 and 230. The gate
electrode pattern 240 may extend in the first direction D1 along the second work function pattern
230.

[00047] The gate electrode pattern 240 may include a relatively low resistance material. For
example, the gate electrode pattern 240 may include one or more of a doped semiconductor (e.g.,
doped silicon, or doped germanium), a conductive metal nitride (e.g., titanium nitride, or
tantalum nitride), a metal (e.g., tungsten, titanium, or tantalum), or a metal-semiconductor
compound (e.g., tungsten silicide, cobalt silicide, or titanium silicide).

[00048] The gate capping pattern 250 may fill a remaining portion of the trench 130 (e.g., a
portion of the trench 130 not filled by the gate insulation pattern 210, the first work function
pattern 220, the second work function pattern 230 and the gate electrode pattern 240). The gate
capping pattern 250 may be provided on the second work function pattern 230 and the gate
electrode pattern 240. For example, the gate capping pattern 150 may fill a portion of the recess
130 above the second work function pattern 230 and the gate electrode pattern 240). The gate
capping pattern 250 may have a top surface substantially coplanar with a top surface of the
substrate 100 (e.g., along a direction parallel to an upper surface of the substrate 100). The gate
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capping pattern 250 may include an insulating material. For example, the gate capping pattern
250 may include silicon oxide, silicon nitride, and/or silicon oxynitride.

[00049] Each of the active regions 110 may be provided therein with first source/drain
regions 142 and a second source/drain region 144. The first and second source/drain regions 142
and 144 may have substantially a same conductivity as each other. The first and second
source/drain regions 142 and 144 may have a different conductivity from that of the active
region 110. For example, the active region 110 may have a p-type conductivity, and the first and
second source/drain regions 142 and 144 may have an n-type conductivity.

[00050] The second source/drain region 144 may be provided in the active region 110
between a pair of word line structures 200 running across one active region 110. In the active
region 110, the first source/drain regions 142 may be spaced apart from each other (see, e.g., FIG.
2).

[00051] The substrate 100 may be provided thereon with a first interlayer dielectric layer
510, a second interlayer dielectric layer 520, and a protection layer 550 that are sequentially
stacked. The first and second interlayer dielectric layers 510 and 520 and the protection layer 550
may each include an insulating material. For example, the first and second interlayer dielectric
layers 510 and 520 and the protection layer 550 may include silicon oxide, silicon nitride, and/or
silicon oxynitride.

[00052] The bit line structure 300 may be provided in the second interlayer dielectric layer
520. The bit line structure 300 may extend in the second direction D2. The bit line structure 300
may include a bit line electrode pattern 310, a bit line capping pattern 320, and a bit line spacer
330. The bit line structure 300 may include a plurality of bit line structures. The plurality of bit
line structures 300 may be arranged in the first direction D1.

[00053] The bit line electrode pattern 310 may include a conductive material. For example,
the bit line electrode pattern 310 may include one or more of a doped semiconductor (e.g., doped
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silicon, or doped germanium), a conductive metal nitride (e.g., titanium nitride, or tantalum
nitride), a metal (e.g., tungsten, titanium, or tantalum), or a metal-semiconductor compound (e.g.,
tungsten silicide, cobalt silicide, or titanium silicide).

[00054] The bit line capping pattern 320 may be provided on the bit line electrode pattern
310 and may cover a top surface of the bit line electrode pattern 310. The bit line capping pattern
320 may include an insulating material. For example, the bit line capping pattern 320 may
include silicon oxide, silicon nitride, and/or silicon oxynitride.

[00055] The bit line spacer 330 may be provided on a side surface of the bit line electrode
pattern 310 and a side surface of the bit line capping pattern 320 directly adjacent to the bit line
electrode pattern 310. The bit line spacer 330 may include an insulating material. For example,
the bit line spacer 330 may include silicon oxide, silicon nitride, and/or silicon oxynitride.
[00056] A first contact 530 may be provided in the first interlayer dielectric layer 510. The
first contact 530 may electrically connect the bit line electrode pattern 310 and the second
source/drain region 144 to each other. The first contact 530 may include a conductive material.
For example, the first contact 530 may include one or more of a doped semiconductor (e.g.,
doped silicon, or doped germanium), a conductive metal nitride (e.g., titanium nitride, or
tantalum nitride), a metal (e.g., tungsten, titanium, or tantalum), or a metal-semiconductor
compound (e.g., tungsten silicide, cobalt silicide, or titanium silicide).

[00057] The data storage elements 400 may be provided on the protection layer 550. The
data storage elements 400 may is not limited to a particular shape, and may have various shapes,
as desired). For example, each of the data storage elements 400 may be a capacitor. The
capacitor may include a bottom electrode, a dielectric layer, and a top electrode. Second contacts
540 may penetrate the first and second interlayer dielectric layers 510 and 520 and the protection
layer 550 and may thus electrically connect the data storage elements 400 to the first
source/drain regions 142. The second contact 540 may include a conductive material. For
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example, the second contact 540 may include one or more of a doped semiconductor (e.g., doped
silicon, or doped germanium), a conductive metal nitride (e.g., titanium nitride, or tantalum
nitride), a metal (e.g., tungsten, titanium, or tantalum), or a metal-semiconductor compound (e.g.,
tungsten silicide, cobalt silicide, or titanium silicide).

[00058] According to an exemplary embodiment of the present inventive concept, the first
work function pattern 220 may have a work function greater than that of the gate electrode
pattern 240. The first work function pattern 220 may cause a channel to have an increased
threshold voltage to prevent leakage current flowing through the channel. The prevention of
leakage current may increase accuracy of desired electrical conductivity of semiconductor
devices (e.g., may increase electrical conductivity of semiconductor devices).

[00059] Referring to FIGS. 1, 2A and 2B, according to another exemplary embodiment of
the present inventive concept, a semiconductor device may include the device isolation layer 120
defining the fin region 114. At least one trench (e.g., 132 or 134) may be formed below the
upper surface 122 of the device isolation layer 120. The gate insulation pattern 210 may be
disposed on side surfaces and an upper surface of the fin region 114. The first work function
pattern 220 may be disposed on the gate insulation pattern 210. The second work function
pattern 230 may be disposed on the first work function pattern 220. The gate electrode pattern
240 may be disposed on the second work function pattern 230. The gate insulation pattern 210
may be conformally disposed on side surfaces and a bottom surface of the at least one trench
(e.g., 132 or 134). The first work function pattern 220 may be disposed on a portion of the gate
insulation pattern 210 disposed on the bottom surface of the at least one trench (e.g., 132 or 134).
The second work function pattern 230 may be disposed on a portion of the gate insulation pattern
210 disposed on the side surfaces of the at least one trench (e.g., 132 or 134) and on the first
work function pattern 220 on the bottom surface of the at least one trench (e.g., 132 or 134).
The gate electrode pattern 240 may be disposed on the second work function pattern 230 in the at
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least one trench (e.g., 132 or 134).

[00060] FIGS. 3A, 4A, and 5A illustrate enlarged views corresponding to section AA of
FIG. 2, and illustrate a method of manufacturing a semiconductor device according to an
exemplary embodiment of the present inventive concept. FIGS. 3B, 4B, and 5B illustrate
enlarged views corresponding to section BB of FIG. 2, and illustrate a method of manufacturing
a semiconductor device according to an exemplary embodiment of the present inventive concept.
[00061] Referring to FIGS. 1, 3A, and 3B, a substrate 100 may be provided. The substrate
may include active regions 110. The substrate 100 may include a semiconductor material. For
example, the substrate 100 may be a silicon (Si) substrate, a germanium (Ge) substrate, a
silicon-germanium (SiGe) substrate, or a compound semiconductor substrate such as a
gallium-arsenic (GaAs) substrate.

[00062] The formation of the active regions 110 may include forming on the substrate 100 a
mask pattern defining the active regions 110 and performing an etching process to etch the
substrate 100 using the mask pattern as an etch mask. The mask pattern may vertically overlap
the active regions 110 (e.g., along the fourth direction D4). Each of the active regions 110 may
be implanted with impurities to form first source/drain regions 142 and the second source/drain
region 144.

[00063] The device isolation layer 120 may be formed on the substrate 100. The formation
of the device isolation layer 120 may include filling an insulating material (e.g., one or more of
silicon oxide, silicon nitride, or silicon oxynitride) into an area where the substrate 100 is
removed when the etching process is performed.

[00064] The trench 130 may be formed in the active regions 110 and the device isolation
layer 120. The formation of the trench 130 may include forming a mask pattern on the active
regions 110 and the device isolation layer 120, and then performing an etching process to etch
the active regions 110 and the device isolation layer 120 using the mask pattern as an etch mask.
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When the etching process is performed, the device isolation layer 120 may be etched deeper than
the active regions 110 (e.g., along the fourth direction D4). This step may form the shallow
trench 132 recessing the active regions 110 and the deep trench 134 recessing the device
isolation layer 120. The shallow trench 132 may have a depth less than that of the deep trench
134 (e.g., along the fourth direction D4). The deep trench 134 may expose a side surface of the
active region 110.

[00065] Referring to FIGS. 4A and 4B, a gate insulation pattern 210 may be formed in the
trench 130. The formation of the gate insulation pattern 210 may include performing chemical
vapor deposition (CVD), atomic layer deposition (ALD), thermal oxidation, plasma oxidation, or
a combination thereof to deposit an insulating material on the active region 110 and the device
isolation layer 120, and then removing the insulating material provided on an uppermost top
surface of the active region 110 and an uppermost top surface of the device isolation layer 120.
The gate insulation pattern 210 may include one or more of high-k dielectric, oxide, nitride, or
oxynitride. The high-k dielectric may be an insulating material having a dielectric constant
greater than that of silicon oxide. For example, the high-k dielectric may be metal oxide (e.g.,
hafnium oxide and aluminum oxide).

[00066] The first work function pattern 220 may be formed in a lower portion of the trench
130. The formation of the first work function pattern 220 may include forming on the active
region 110 and the device isolation layer 120 a first work function layer to fill a lower portion of
the trench 130, and then performing an etch-back process on the first work function layer to
partially remove the first work function layer. The removal of the first work function layer may
be performed until exposing the gate insulation pattern 210 on an inner side surface of the trench
130. A remainder of the first work function layer may remain in the lower portion of the trench
130. The remainder of the first work function layer may be referred to as the first work function
pattern 220. The first work function pattern 220 may include a material having a work function
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greater than that of a gate electrode pattern 240 which is discussed in more detail below. For
example, the first work function pattern 220 may include p-type polysilicon, molybdenum (Mo),
an alloy of molybdenum (Mo), tungsten nitride (WN), or a combination thereof.

[00067] Referring to FIGS. 5A and 5B, the second work function pattern 230 and the gate
electrode pattern 240 may be formed on the first work function pattern 220. The formation of the
second work function pattern 230 and the gate electrode pattern 240 may include sequentially
depositing a second work function layer and a gate electrode layer on the active region 110 and
the device isolation layer 120, and then performing an etch-back process on the second work
function layer and the gate electrode layer to partially remove the second work function layer
and the gate electrode layer. The removal of the second work function layer and the gate
electrode layer may be executed until exposing the top surface 112 of the active region 110, the
top surface 122 of the device isolation layer 120, and an upper portion of the inner side surface
of the trench 130. A remainder of the second work function layer may substantially cover top
surfaces of the first work function pattern 220 and the gate insulation pattern 210. The remainder
of the second work function layer may be referred to as the second work function pattern 230. A
remainder of the gate electrode layer may fill an area defined by the second work function
pattern 230. The remainder of the gate electrode layer may be referred to as the gate electrode
pattern 240. The second work function pattern 230 may include a material having a work
function less than that of the first work function pattern 220. For example, the second work
function pattern 230 may include titanium nitride (TiN), tantalum nitride (TaN), tungsten nitride
(WN), or a combination thereof. The gate electrode pattern 240 may include a conductive
material. For example, the gate electrode pattern 240 may include one or more of a doped
semiconductor (e.g., doped silicon, or doped germanium), a conductive metal nitride (e.g.,
titanium nitride, or tantalum nitride), a metal (e.g., tungsten, titanium, or tantalum), or a
metal-semiconductor compound (e.g., tungsten silicide, cobalt silicide, or titanium silicide).
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[00068] Referring back to FIGS. 1, 2, 2A, and 2B, the gate capping pattern 250 may be
formed in an upper portion of the trench 130. The gate capping pattern 250 may be formed on
the second work function pattern 230 and the gate electrode pattern 240. The formation of the
gate capping pattern 250 may include forming on the active region 110 and the device isolation
layer 120 a gate capping layer to fill the trench 130, and then partially removing the gate capping
layer to expose the top surface 112 of the active region 110 and the top surface 120u of the
device isolation layer 120. The gate capping pattern 250 may include an insulating material. For
example, the gate capping pattern 250 may include one or more of silicon oxide, silicon nitride,
or silicon oxynitride.

[00069] The first interlayer dielectric layer 510 may be deposited on the active region 110
and the device isolation layer 120, and then the first contact 530 may be formed to penetrate the
first interlayer dielectric layer 510. The formation of the first contact 530 may include forming a
first contact hole to penetrate the first interlayer dielectric layer 510 and filling the first contact
hole with a conductive material.

[00070] The bit line structure 300 may be formed on the first contact 530. The bit line
structure 300 may include the bit line electrode pattern 310, the bit line capping pattern 320, and
the bit line spacer 330. The formation of the bit line electrode pattern 310 and the bit line
capping pattern 320 may include sequentially depositing a bit line electrode layer and a bit line
capping layer on the first contact 530 and the first interlayer dielectric layer 510, and sequentially
partially etching the bit line capping layer and the bit line electrode layer. A bit line spacer layer
may be formed to cover surfaces of the first interlayer dielectric layer 510, the bit line electrode
pattern 310, and the bit line capping pattern 320, and then anisotropically etching the bit line
spacer layer to form the bit line spacer 330.

[00071] The second interlayer dielectric layer 520 and the protection layer 550 may be
formed on the first interlayer dielectric layer 510. The second interlayer dielectric layer 520 and
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the protection layer 550 may cover side and top surfaces of the bit line structure 300. The
formation of the second interlayer dielectric layer 520 and the protection layer 550 may include
performing a deposition process to deposit an insulating material on the first interlayer dielectric
layer 510 and the bit line structure 300. The first and second interlayer dielectric layers 510 and
520 and the protection layer 550 may include one or more of silicon oxide, silicon nitride, or
silicon oxynitride.

[00072] The second contact 540 may be formed in the first and second interlayer dielectric
layers 510 and 520. The formation of the second contact 540 may include etching the first and
second interlayer dielectric layers 510 and 520 to form a second contact hole and filling the
second contact hole with a conductive material. The first and second contacts 530 and 540 may
include a conductive material. For example, the first and second contacts 530 and 540 may
include one or more of a doped semiconductor (e.g., doped silicon, or doped germanium), a
conductive metal nitride (e.g., titanium nitride, or tantalum nitride), a metal (e.g., tungsten,
titanium, or tantalum), or a metal-semiconductor compound (e.g., tungsten silicide, cobalt
silicide, or titanium silicide).

[00073] The data storage element 400 may be formed on the second contact 540. The data
storage element 400 may be electrically connected to the second contact 540. For example, the
data storage element 400 may be a capacitor.

[00074] FIG. 6A illustrates an enlarged view corresponding to section AA of FIG. 2, and
illustrates a semiconductor device according to an exemplary embodiment of the present
inventive concepts. FIG. 6B illustrates an enlarged view corresponding to section BB of FIG. 2,
and illustrates a semiconductor device according to an exemplary embodiment of the present
inventive concept. Descriptions of components that are the same or substantially the same as
those discussed above with reference to FIGS. 1 to 5B may be omitted below.

[00075] Referring to FIGS. 1, 2, 6A, and 6B, each of the first and second word line
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structures 202 and 204 may further include a barrier pattern 260 and a third work function
pattern 270. The barrier pattern 260 and the third work function pattern 270 may be sequentially
stacked between the gate capping pattern 250 and the gate electrode pattern 240 and between the
gate capping pattern 250 and the second work function pattern 230. The barrier pattern 260 and
the third work function pattern 270 may extend in the first direction D1.

[00076] The barrier pattern 260 may be provided on the second work function pattern 230
and the gate electrode pattern 240. The barrier pattern 260 may substantially cover an uppermost
top surface of the second work function pattern 230 and a top surface of the gate electrode
pattern 240. The barrier pattern 260 may prevent the third work function pattern 270 from
receiving a material (e.g. tungsten (W)) diffused from the gate electrode pattern 240. For
example, the barrier pattern 260 may include titanium nitride (e.g., TiN).

[00077] The third work function pattern 270 may include a material having a work function
less than those of the first and second work function patterns 220 and 230. For example, the third
work function pattern 270 may include n-type polysilicon. The third work function pattern 270
may prevent field concentration between the gate electrode pattern 240 and one or both of the
first and second source/drain regions 142 and 144, thus blocking or reducing gate induced drain
leakage.

[00078] The gate insulation pattern 210 may be disposed between the barrier pattern 260
and the inner side surface of the trench 130 and between the third work function pattern 270 and
the inner side surface of the trench 130. The gate insulation pattern 210 may be disposed
between the gate capping pattern 250 and the device isolation layer 120.

[00079] According to an exemplary embodiment of the present inventive concept, the gate
induced drain leakage may be blocked or reduced to cause a semiconductor device to have
desired electrical conductivity with increased accuracy.

[00080] A method of forming the barrier pattern 260 and the third work function pattern 270
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will be described in more detail below.

[00081] The formation of the barrier pattern 260 may include forming the second work
function pattern 230 and the gate electrode pattern 240 (see, e.g., FIGS. 5A and 5B), depositing a
barrier layer on the active region 110 and the device isolation layer 120, and then performing an
etch-back process on the barrier layer to partially remove the barrier layer. A remainder of the
barrier layer may remain on the second work function pattern 230 and the gate electrode pattern
240. The remainder of the barrier layer may be referred to as the barrier pattern 260.

[00082] The formation of the third work function pattern 270 may include depositing a third
work function layer on the active region 110 and the device isolation layer 120 and performing
an etch-back process on the third work function layer to partially remove the third work function
layer. A remainder of the third work function layer may remain on the barrier pattern 260. The
remainder of the third work function layer may be referred to as the third work function pattern
270.

[00083] According to an exemplary embodiment of the present inventive concept, the third
work function pattern 270 may block or reduce gate induced drain leakage, and the first work
function pattern 220 may increase a threshold voltage of a channel to prevent leakage current
flowing through the channel. Accordingly, the prevention of leakage current may increase
accuracy of desired electrical conductivity of semiconductor devices.

[00084] FIG. 7A illustrates an enlarged view corresponding to section AA of FIG. 2, and
illustrates a semiconductor device according to an exemplary embodiment of the present
inventive concept. FIG. 7B illustrates an enlarged view corresponding to section BB of FIG. 2,
and illustrates a semiconductor device according to an exemplary embodiment of the present
inventive concept. Descriptions of components that are the same or substantially the same as
those discussed above with reference to FIGS. 1 to 5B may be omitted below.

[00085] Referring to FIGS. 1, 2, 7A, and 7B, the first work function pattern 220 need not be
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provided on the top surface 114u of the fin region 114. For example, the first work function
pattern 220 need not be provided in a lower portion of the shallow trench 132. The word line
structure 200 may include the gate insulation pattern 210, the second work function pattern 230,
the gate electrode pattern 240, and the gate capping pattern 250 that fill the shallow and deep
trenches 132 and 134, and may further include the first work function pattern 220 locally
provided in the deep trench 134. The first word line structure 202 need not include the first work
function pattern 220. The second work function pattern 230 and the gate insulation pattern 210
may be in direct contact with each other either on the fin region 114 or in a lower portion of the
shallow trench 132.

[00086] The first work function pattern 220 may be provided on the side surface 114s of
the fin region 114 and the top surface 120u of the device isolation layer 120. For example, the
second word line structure 204 may include the first work function pattern 220. The first work
function pattern 220 may be provided in a lower portion of the deep trench 134. The first work
function pattern 220 may fill the lower portion of the deep trench 134. The gate insulation
pattern 210, the first work function pattern 220, and the second work function pattern 230 may
be sequentially provided on the side surface 114s of the fin region 114. In the deep trench 134,
the first work function pattern 220 may extend along the side surface 114s of the fin region 114
and the top surface 120u of the device isolation layer 120. For example, the first work function
pattern 220 may horizontally extend along the top surface 120u of the device isolation layer 120,
and may vertically extend on the side surface 114s of the fin region 114. The first work function
pattern 220 may include a plurality of first work function patterns. The plurality of first work
function patterns 220 may be arranged along the first direction D1. A pair of first work function
patterns 220 directly adjacent to each other may be spaced apart from each other along the first
direction D1 across the fin region 114.

[00087] In an exemplary embodiment of the present inventive concept, the word line
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structure 200 may further include the barrier pattern and the third work function pattern
discussed in more detail above with reference to FIGS. 6A and 6B. The barrier pattern and the
third work function pattern may be provided between the gate capping pattern 250 and the gate
electrode pattern 240, and may extend between the gate capping pattern 250 and the second work
function pattern 230.

[00088] In an exemplary embodiment of the present inventive concept, the formation of the
first work function pattern 220 may include, when removing the first work function layer
discussed in more detail above with reference to FIGS. 4A and 4B, substantially simultaneously
removing the first work function layer provided on the top surface 114u of the fin region 114.
For example, an anisotropic etching process may be performed to remove the first work function
layer on the top surface 114u of the fin region 114.

[00089] According to an exemplary embodiment of the present inventive concept, the first
to third work function patterns may block or reduce gate induced junction leakage and gate
induced drain leakage, thus increasing accuracy of desired electrical conductivity of
semiconductor devices.

[00090] FIG. 8A illustrates an enlarged view corresponding to section AA of FIG. 2, and
illustrates a semiconductor device according to an exemplary embodiment of the present
inventive concept. FIG. 8B illustrates an enlarged view corresponding to section BB of FIG. 2,
and illustrates a semiconductor device according to an exemplary embodiment of the present
inventive concept. Descriptions of components that are the same or substantially the same as
those discussed above with reference to FIGS. 1 to 5B, and 7A, and 7B may be omitted below.
[00091] Referring to FIGS. 1, 2, 8A, and 8B, the first work function pattern 220 need not be
provided on the top surface 120u of the device isolation layer 120. The gate insulation pattern
210 and the second work function pattern 230 may be sequentially stacked on the top surface
120u of the device isolation layer 120. The second work function pattern 230 and the gate
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insulation pattern 210 may be in direct contact with each other either on the top surface 120u of
the device isolation layer 120 or in a lower portion of the deep trench 134. Referring to FIG. 8B,
each of the first and second word line structures 202 and 204 need not include the first work
function pattern 220. Referring to FIG. 8A, the second word line structure 204 may include the
first work function pattern 220 at an area directly adjacent to the side surface 114s of the fin
region 114. The first work function pattern 220 may vertically extend (e.g., along the fourth
direction D4). The first work function pattern 220 may be provided in a pair spaced apart from
each other along the first direction D1 in the deep trench 134. The pair of first work function
patterns 220 may be correspondingly provided on facing side surfaces 114s of a pair of fin
regions 114 directly adjacent to the deep trench 134. The gate insulation pattern 210, the first
work function pattern 220, and the second work function pattern 230 may be sequentially
stacked on the top surface 114u of the fin region 114.

[00092] In an exemplary embodiment of the present inventive concept, the word line
structure 200 may further include the barrier pattern and the third work function pattern
discussed in more detail above with reference to FIGS. 6A and 6B. The barrier pattern and the
third work function pattern may be provided between the gate capping pattern 250 and the gate
electrode pattern 240, and may extend between the gate capping pattern 250 and the second work
function pattern 230.

[00093] In an exemplary embodiment of the present inventive concept, the formation of the
first work function pattern 220 may include, when removing the first work function layer
discussed in more detail above with reference to FIGS. 4A and 4B, substantially simultaneously
removing the first work function layer provided on the top surface 114u of the fin region 114 and
the top surface 120u of the device isolation layer 120. For example, an anisotropic etching
process may be performed to remove the first work function layer on the top surface 114u of the
fin region 114 and the top surface 120u of the device isolation layer 120.
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[00094] According to an exemplary embodiment of the present inventive concept, gate
induced junction leakage and gate induced drain leakage may be blocked or reduced, thus
increasing accuracy of desired electrical conductivity of semiconductor devices.

[00095] FIG. 9 illustrates a plan view of a semiconductor device according to an exemplary
embodiment of the present inventive concept. FIG. 10 illustrates a cross-sectional view taken
along lines III-1I’, IV-IV’, and V-V’ of FIG. 9. FIG. 11A illustrates an enlarged view of section
CC of FIG. 10. FIG. 11B illustrates an enlarged view of section DD of FIG. 10. FIG. 11C
illustrates an enlarged view of section EE of FIG. 10. Descriptions of components that are the
same or substantially the same as those discussed above with reference to FIGS. 1 to 5B may be
omitted below.

[00096] Referring to FIGS. 9, 10, 11A, 11B, and 11C, the deep trench 134 may include a
first deep trench 136 and a second deep trench 138 having a width greater than that of the first
deep trench 136. The width may be a distance between facing side surfaces 114s of the fin
regions 114 directly adjacent to each other along the first direction D1. The first deep trench 136
may be the deep trench 134 between a pair of fin regions 114 relatively close to each other, and
the second deep trench 138 may be the deep trench 134 between a pair of fin regions 114
relatively distant from each other.

[00097] The first work function pattern 220 may be provided in the first and second deep
trenches 136 and 138. In the first deep trench 136, the first work function pattern 220 may
substantially fill an area defined by the side surface 114s of the fin regions 114 and the top
surface 120u of the device isolation layer 120.

[00098] In the second deep trench 138, the first work function pattern 220 may extend along
the side surface 114s of the fin region 114 and the top surface 120u of the device isolation layer
120. For example, the first work function pattern 220 may horizontally extend along the top
surface 120u of the device isolation layer 120, and may vertically extend on the side surface 114s
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of the fin region 114.

[00099] The first work function pattern 220 in the first deep trench 136 may have a first
thickness T1, and the first work function pattern 220 in the second deep trench 138 may have a
second thickness T2 less than the first thickness T1. The first and second thicknesses T1 and T2
may be a distance between the top and bottom surfaces of the first work function pattern 220.
The first work function pattern 220 in the first deep trench 136 may have a top surface at a level
higher than that of a top surface of the first work function pattern 220 in the second deep trench
138.

[000100] 1In an exemplary embodiment of the present inventive concept, the word line
structure 200 may further include the barrier pattern and the third work function pattern
discussed in more detail above with reference to FIGS. 6A and 6B. The barrier pattern and the
third work function pattern may be provided between the gate capping pattern 250 and the gate
electrode pattern 240, and may extend between the gate capping pattern 250 and the second work
function pattern 230.

[000101]  The formation of the first work function pattern 220 may be substantially the same
as that discussed with reference to FIGS. 4A and 4B. When a material is deposited to form the
first work function pattern 220 having a greater work function than that of the gate electrode
pattern 240, a deposited amount of the material may be larger than that in the case discussed with
reference to FIGS. 4A and 4B, thus increasing a channel threshold voltage.

[000102] According to an exemplary embodiment of the present inventive concept, gate
induced junction leakage and gate induced drain leakage may be blocked or reduced, thus
increasing desired electrical conductivity of semiconductor devices.

[000103] FIG. 12A illustrates an enlarged view corresponding to section CC of FIG. 10, and
illustrates a semiconductor device according to an exemplary embodiment of the present
inventive concept. FIG. 12B illustrates an enlarged view corresponding to section DD of FIG. 10,
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and illustrates a semiconductor device according to an exemplary embodiment of the present
inventive concept. FIG. 12C illustrates an enlarged view corresponding to section EE of FIG. 10,
and illustrates a semiconductor device according to an exemplary embodiment of the present
inventive concept. Descriptions of components that are the same or substantially the same as
those discussed above with reference to FIGS. 1 to 5B, and 9 to 11C may be omitted below.
[000104] Referring to FIGS. 9, 10, 12A, 12B, and 12C, the first work function pattern 220
need not be provided on the top surface 114u of the fin region 114. For example, the first work
function pattern 220 need not be provided in a lower portion of the shallow trench 132. The first
word line structure 202 need not include the first work function pattern 220.

[000105] A bottom surface of the second work function pattern 230 and a top surface of the
gate insulation pattern 210 may be in direct contact with each other either on the fin region 114
or in a lower portion of the shallow trench 132.

[000106]  The first work function pattern 220 may be provided on the side surface 114s of the
fin region 114 and the top surface 120u of the device isolation layer 120. The first work function
pattern 220 may be provided in lower portions of the first and second deep trenches 136 and 138.
For example, the second word line structure 204 may include the first work function pattern 220.
[000107]  In the first deep trench 136, the first work function pattern 220 may substantially
fill the first deep trench 136. The first work function pattern 220 may have a substantially flat top
surface. The first work function pattern 220 may have a first thickness T1. The first work
function pattern 220 in the first deep trench 136 may have a top surface at a level higher than that
of a top surface of the first work function pattern 220 in the second deep trench 138. In the
second deep trench 138, the first work function pattern 220 may extend along the side surface
114s of the fin region 114 and the top surface 120u of the device isolation layer 120. For
example, the first work function pattern 220 may horizontally extend along the top surface 120u
of the device isolation layer 120, and may vertically extend on the side surface 114s of the fin
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region 114. The first work function pattern 220 may have a second thickness T2 less than the
first thickness T1.

[000108]  The first work function pattern 220 may include a plurality of first work function
patterns. The plurality of first work function patterns 220 may be arranged along the first
direction D1. A pair of first work function patterns 220 directly adjacent to each other may be
spaced apart from each other along the first direction D1 across the fin region 114.

[000109] In an exemplary embodiment of the present inventive concept, the word line
structure 200 may further include the barrier pattern and the third work function pattern
discussed in more detail above with reference to FIGS. 6A and 6B. The barrier pattern and the
third work function pattern may be provided between the gate capping pattern 250 and the gate
electrode pattern 240, and may extend between the gate capping pattern 250 and the second work
function pattern 230.

[000110] In an exemplary embodiment of the present inventive concept, the formation of the
first work function pattern 220 may include, when forming the first work function pattern 220
discussed in more detail above with reference to FIGS. 11A to 11C, substantially simultaneously
removing the first work function pattern 220 provided on the top surface 114u of the fin region
114. For example, an anisotropic etching process may be performed to remove the first work
function layer on the top surface 114u of the fin region 114.

[000111]  FIG. 13A illustrates an enlarged view corresponding to section CC of FIG. 10, and
illustrates a semiconductor device according to an exemplary embodiment of the present
inventive concept. FIG. 13B illustrates an enlarged view corresponding to section DD of FIG. 10,
and illustrates a semiconductor device according to an exemplary embodiment of the present
inventive concept. FIG. 13C illustrates an enlarged view corresponding to section EE of FIG. 10,
and illustrates a semiconductor device according to an exemplary embodiment of the present
inventive concept. Descriptions of components that are the same or substantially the same as
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those discussed above with reference to FIGS. 1 to 5B, 9 to 11C, and 12A to 12C may be omitted
below.

[000112] Referring to FIGS. 9, 10, 13A, 13B, and 13C, the first work function pattern 220 in
the first deep trench 136 may be substantially the same as that discussed above with reference to
FIGS. 12A to 12C.

[000113] In the second deep trench 138, the first work function pattern 220 need not be
provided on the top surface 120u of the device isolation layer 120. Referring to FIG. 13B, the
second word line structure 204 in the second deep trench 138 need not include the first work
function pattern 220. Referring to FIG. 13A, the second word line structure 204 in the second
deep trench 138 may include the first work function pattern 220 at an area directly adjacent to
the side surface 114s of the fin region 114. The first work function pattern 220 may vertically
extend. In this configuration, the gate insulation pattern 210 and the second work function
pattern 230 may be sequentially stacked on the top surface 120u of the device isolation layer 120.
A bottom surface of the second work function pattern 230 and a top surface of the gate insulation
pattern 210 may be in direct contact with each other in a lower portion of the second deep trench
138.

[000114]  The first work function pattern 220 may be provided on the side surface 114s of the
fin region 114. Accordingly, the first work function pattern 220 may be provided in a pair spaced
apart from each other along the first direction D1 in the second deep trench 138. In the second
deep trench 138, the pair of first work function patterns 220 may be correspondingly provided on
facing side surfaces 114s of a pair of fin regions 114 directly adjacent to each other. In an
exemplary embodiment of the present inventive concept, the word line structure 200 may further
include the barrier pattern and the third work function pattern discussed in more detail above
with reference to FIGS. 6A and 6B. The barrier pattern and the third work function pattern may
be provided between the gate capping pattern 250 and the gate electrode pattern 240, and may
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extend between the gate capping pattern 250 and the second work function pattern 230.

[000115] In an exemplary embodiment of the present inventive concept, the formation of the
first work function pattern 220 may include, when forming the first work function pattern 220
discussed in more detail above with reference to FIGS. 4A and 4B, substantially simultaneously
removing the first work function pattern 220 provided on the top surface 114u of the fin region
114 and the top surface 120u of the device isolation layer 120. For example, an anisotropic
etching process may be performed to remove the first work function layer on the top surface
114u of the fin region 114 and the top surface 120u of the device isolation layer 120.

[000116]  According to an exemplary embodiment of the present inventive concept, gate
induced junction leakage and gate induced drain leakage may be blocked or reduced to increase
accuracy of a desired electrical conductivity of semiconductor devices.

[000117] A semiconductor device according to an exemplary embodiment of the present
inventive concept may reduce or substantially eliminate a leakage current.

[000118]  While the inventive concept has been particularly shown and described with
reference to exemplary embodiments thereof, it will be understood by those of ordinary skill in
the art that various changes in form and detail may be made therein without departing from the

spirit and scope of the inventive concept.
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WHAT IS CLAIMED IS:

1. A semiconductor device, comprising:

a substrate including an active region defined by a device isolation layer; and

a word line structure in a trench formed in an upper portion of the substrate,

wherein the active region comprises a fin region protruding from a top surface of the
device isolation layer and connected to at least a portion of the trench;

wherein the word line structure comprises:

a gate insulation pattern covering an inner surface of the trench;

a gate electrode pattern on the gate insulation pattern;

a first work function pattern between the gate insulation pattern and the gate
electrode pattern, wherein the first work function pattern is provided on a side surface of the
fin region; and

a second work function pattern on the first work function pattern, extending
along a side surface of the gate electrode pattern, and extending along a top surface and side
surface of the fin region and along the top surface of the device isolation layer; and

wherein the first work function pattern has a top surface at a level below that
of a bottom surface of the gate electrode pattern, and has a work function greater than that of

the second work function pattern.

2. The semiconductor device of claim 1, wherein a side surface of the gate

insulation pattern is in direct contact with the second work function pattern along a side

surface of the trench.
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3. The semiconductor device of claim 1, wherein the first work function pattern
includes a plurality of first work function patterns, wherein the plurality of first work function
patterns are each provided on opposite side surfaces of the fin region, and wherein the
plurality of first work function patterns are provided along a first direction parallel to a top

surface of the substrate.

4. The semiconductor device of claim 1, wherein the second work function
pattern and the gate insulation pattern are in direct contact with each other on the top surface

of the device isolation layer and the top surface of the fin region.

5. The semiconductor device of claim 1, wherein the first work function pattern

extends along the top surface of the device isolation layer.

6. The semiconductor device of claim 5, wherein the first work function pattern

extends along the top surface of the fin region.

7.  The semiconductor device of claim 1, wherein the fin region includes plurality
of fin regions, and the plurality of fin regions comprise a first pair of fin regions directly
adjacent to each other and a second pair of fin regions directly adjacent to each other, the first
pair of fin regions being relatively closer to each other than the second pair of fin regions,

wherein a portion of the first work function pattern between the first pair of fin
regions substantially fills a space between the first pair of fin regions and has a flat top

surface.

8. The semiconductor device of claim 7, wherein the second work function

pattern and the gate insulation pattern are in direct contact with each other between the

31



second pair of fin regions.

9. The semiconductor device of claim 7, wherein the first work function pattern
between the second pair of fin regions extends along opposite side surfaces of the first pair of
fin regions and along the top surface of the device isolation layer between the second pair of

fin regions.

10. The semiconductor device of claim 9, wherein the first work function pattern
between the first pair of fin regions has a first thickness greater than a second thickness of the

first work function pattern between the second pair of fin regions.

11. The semiconductor device of claim 1, wherein the word line structure further
comprises a barrier pattern and a third work function pattern sequentially stacked on the gate
electrode pattern,

wherein the third work function pattern has a work function less than that of the

second work function pattern.

12. A semiconductor device, comprising:
a device isolation layer;
an active fin region formed by a recess region of the device isolation layer, and
protruding from a top surface of the device isolation layer; and
a word line structure buried in a trench on the device isolation layer,
wherein the word line structure comprises:
a gate electrode pattern;
a first work function pattern between the gate electrode pattern and the active

fin region, wherein the first work function pattern is provided on a side surface of the
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fin region; and
a second work function pattern between the first work function pattern and the
gate electrode pattern, extending along a side surface of the gate electrode pattern, and
extending along a top surface and side surface of the fin region and along the top surface of
the device isolation layer,
wherein the first work function pattern has a work function greater than that of

the second work function pattern.

13. The semiconductor device of claim 12, wherein the active fin region includes
a plurality of active fin regions, wherein the plurality of active fin regions comprise a first
pair of active fin regions directly adjacent to each other and a second pair of active fin
regions directly adjacent to each other, wherein a distance between the first pair of active fin
regions is less than a distance between the second pair of active fin regions, and
wherein the word line structure comprises:
a first word line structure between the first pair of active fin regions; and
a second word line structure between the second pair of active fin regions,
wherein a portion of the first work function pattern in the first word line structure is
provided between the gate electrode pattern in the first word line structure and the device
isolation layer directly adjacent to the first word line structure, and extends along the top

surface of the device isolation layer.

14. The semiconductor device of claim 13, wherein

a portion of the first work function pattern in the second word line structure is
provided between the gate electrode pattern in the second word line structure and the device
isolation layer directly adjacent to the second word line structure, and extends along the top

surface of the device isolation layer, and
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the first work function pattern in the first word line structure has a thickness greater

than that of the first work function pattern in the second word line structure.

15. The semiconductor device of claim 14, wherein the first work function pattern
in the first word line structure has a top surface at a level higher than that of a top surface of

the first work function pattern in the second word line structure.

16. The semiconductor device of claim 14, wherein the first work function pattern
in the first word line structure has a top surface at a substantially uniform level with respect

to the top surface of the device isolation layer.

17. The semiconductor device of claim 14, wherein

the second work function pattern in the first word line structure extends along a top
surface of the first work function pattern in the first word line structure, and

the second work function pattern in the second word line structure extends along the

top surface of the device isolation layer directly adjacent to the second word line structure.

18. A semiconductor device, comprising:

a device isolation layer defining a fin region; at least one trench formed below an
upper surface of the device isolation layer,

wherein the fin region protrudes from a top surface of the device isolation layer;

a gate insulation pattern disposed on side surfaces and an upper surface of the fin
region;

a first work function pattern disposed on the gate insulation pattern;

a second work function pattern disposed on the first work function pattern; and

a gate electrode pattern disposed on the second work function pattern,
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wherein the gate insulation pattern is conformally disposed on the side
surfaces and a bottom surface of the at least one trench;

wherein the first work function pattern is disposed on a portion of the gate
insulation pattern disposed on the bottom surface of the at least one trench and on a side
surface of the fin region;

wherein the second work function pattern is disposed on a portion of the gate
insulation pattern disposed on the side surfaces of the at least one trench and on the first work
function pattern on the bottom surface of the at least one trench, and extends along a top
surface and side surface of the fin region and along the top surface of the device isolation
layer; and

wherein the gate electrode pattern is disposed on the second work function

pattern in the at least one trench.

19. The semiconductor device of claim 18, wherein the first work function pattern

has a work function greater than that of the second work function pattern.
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