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(57) ABSTRACT

A semiconductor structure includes a substrate and a buried
gate structure in the substrate. The buried gate structure
includes a gate dielectric layer formed on the sidewall and
the bottom surface of a trench in the substrate, a barrier layer
formed in the trench and on the sidewall and the bottom
surface of the gate dielectric layer, a first work function layer
formed in the trench and including a main portion and a
protruding portion, a second work function layer formed at
opposite sides of the protruding portion, and an insulating
layer formed in the trench and on the protruding portion of
the first work function layer and the second work function
layer. The barrier layer surrounds the main portion of the
first work function layer. The area of the top surface of the
protruding portion is less than the area of the bottom surface
of the protruding portion.
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SEMICONDUCTOR STRUCTURE AND
METHOD OF MANUFACTURING THE SAME

BACKGROUND

Field of the Disclosure

[0001] The present disclosure is related to a semiconduc-
tor structure and a method of manufacturing the same, and
in particular, it is related to the semiconductor structure of a
dynamic random access memory (DRAM) and a method of
manufacturing the same.

Description of the Related Art

[0002] Dynamic Random Access Memory (DRAM)
devices are widely used in consumer electronic products. In
order to increase the integration of components in a DRAM
device and improve its overall performance, the current
methods of manufacturing DRAM devices continue to
improve with respect to reducing the device size. However,
as device sizes continue to shrink, many challenges arise.
For example, how to improve gate induced drain leakage
(GIDL) is one issue of concern. Although existing methods
of manufacturing DRAM devices have generally been
adequate for their intended purposes, however, they have not
been entirely satisfactory in all respects and still have some
problems to be overcome in the methods of manufacturing
DRAM devices.

SUMMARY

[0003] In some embodiments of the disclosure, a semi-
conductor structure is provided. The semiconductor struc-
ture includes a substrate and a buried gate structure in the
substrate. In some embodiments, the buried gate structure
includes a gate dielectric layer, a barrier layer, a first work
function layer, and a second work function layer. The gate
dielectric layer is formed on sidewalls and the bottom
surface of a trench in the substrate. The trench extends
downward in the substrate. The barrier layer is in the trench
and on sidewalls and the bottom surface of the gate dielectric
layer. The first work function layer is in the trench. The first
work function layer includes a main portion, and a protrud-
ing portion. The main portion is in the lower portion of the
trench. The protruding portion is on the main portion. The
protruding portion connects the main portion. In some
embodiments, the barrier layer surrounds sidewalls and the
bottom surface of the main portion. The area of the top
surface of the protruding portion is less than the area of the
bottom surface of the protruding portion. Also, the second
work function layer is formed at opposite sides of the
protruding portion of the first work function layer. In addi-
tion, the semiconductor structure also includes an insulating
layer in the trench. The insulating layer is formed on the
protruding portion of the first work function layer and on the
second work function layer.

[0004] In some embodiments, the method of manufactur-
ing a semiconductor structure includes providing a substrate
and forming a trench extending downward in the substrate.
The method also includes forming a gate dielectric layer on
sidewalls and the bottom surface of the trench, and forming
a barrier layer on a lower portion of sidewalls and the bottom
surface of the gate dielectric layer. In some embodiments,
the method also includes forming a first work function layer
on the lower portion of the trench, wherein the first work
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function layer includes a main portion in the lower portion
of the trench, and a protruding portion on the main portion
and connecting the main portion. In some embodiments, the
barrier layer surrounds sidewalls and the bottom surface of
the main portion, and the area of the top surface of the
protruding portion is less than the area of the bottom surface
of'the protruding portion. In some embodiments, the method
also includes forming a second work function layer at
opposite sides of the protruding portion of the first work
function layer. In some embodiments, the method further
includes forming an insulating layer on the protruding
portion of the first work function layer and on the second
work function layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The present disclosure can be further understood
by reading the subsequent detailed description and examples
with references made to the accompanying drawings,
wherein:

[0006] FIG. 1A-FIG. 1M are cross-sectional views of
various stages of manufacturing a semiconductor structure
in accordance with an embodiment of the present invention.

DETAILED DESCRIPTION

[0007] The present disclosure is described in detail with
reference to the figures of the embodiments of the present
disclosure. It should be appreciated, however, that the pres-
ent disclosure can be embodied in a wide variety of imple-
ments and is not limited to embodiments described in the
disclosure. Various features may be arbitrarily drawn at
different scales for the sake of simplicity and clarity.
Throughout the various views and illustrative embodiments,
similar reference numbers are used to designate similar
features/components.

[0008] FIG. 1A-FIG. 1M are cross-sectional views of
various stages of manufacturing a semiconductor structure
in accordance with an embodiment of the present invention.
Referring to FIG. 1A, a substrate 100 is provided, and the
substrate 100 includes several trenches 103 extending down-
ward from the top surface of the substrate 100. The substrate
100 may include a semiconductor material. In some embodi-
ments, the substrate 100 includes silicon, gallium arsenide,
gallium nitride, germanium silicide, another suitable sub-
strate material, or a combination thereof. In some other
embodiments, the substrate 100 is a silicon-on-insulator
(SOI) substrate.

[0009] Next, a gate dielectric layer 112 is conformably
formed on the surface of the substrate 100, and a barrier
material layer 1150 is sequentially and conformably formed
on the gate dielectric layer 112. As shown in FIG. 1A, the
gate dielectric layer 112 covers the sidewalls 103s and the
bottom surfaces 1035 of the trenches 103 and extends to the
top surface 100a of the substrate 100. The barrier material
layer 1150 is formed on the gate dielectric layer 112.
[0010] Insome embodiments, the gate dielectric layer 112
is a single layer structure or a multilayer structure. The gate
dielectric layer 112 may include silicon oxide, silicon
nitride, silicon dioxide, another suitable material, or a com-
bination thereof. For example, the gate dielectric layer 112
may be an oxide-nitride-oxide (ONO) structure, or an oxide-
nitride-oxide-nitride-oxide (ONONO) structure. To simplify
the diagram, a single-layer gate dielectric layer 112 is
depicted for clear illustrations. Also, the gate dielectric layer
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112 can be formed by a thermal oxidation process, a
deposition process, another suitable process, or a combina-
tion thereof.

[0011] In some embodiments, the barrier material layer
1150 includes one or more conductive metals. For example,
the barrier material layer 1150 includes metal, metal alloy,
metal nitride, or metal silicide. In some embodiments, the
barrier material layer 1150 includes titanium nitride (TiN),
titanium  silicon nitride (TiSiN), tantalum nitride (TaN),
tungsten nitride (WN), tantalum (Ta), titanium (T1), tungsten
(W), ruthenium (Ru), aluminum (Al), another suitable con-
ductive material, or a combination thereof. In some embodi-
ments, the barrier material layer 1150 is formed on the gate
dielectric layer 112 by a deposition process, such as a
physical vapor deposition (PVD) process, a chemical vapor
deposition (CVD) process, or an atomic layer deposition
(ALD) process.

[0012] Next, referring to FIG. 1B, a first work function
material layer 1160 is formed on the barrier material layer
1150, and the trenches 103 are fully filled with the first work
function material layer 1160. In one embodiment, the first
work function material layer 1160 may include copper (Cu),
tungsten (W), or other suitable conductive materials. Fur-
thermore, the first work function material layer 1160 may be
a single-layer conductive metal structure or a multi-layer
conductive metal structure. In this example, the first work
function material layer 1160 includes tungsten.

[0013] Referring to FIG. 1C, the first work function mate-
rial layer 1160 is recessed subsequently. In one embodiment,
the excess portions of the first work function material layer
1160 outside the trenches 103 may be removed by a chemi-
cal mechanical polishing (CMP) process, an etching back
process or another suitable process. Next, the first work
function material layer 1160 in the trenches 103 is recessed,
such as by a selective etching process. The remaining
portions 1160R of'the first work function material layer 1160
are disposed in the lower portions of the corresponding
trenches 103. After the first work function material layer
1160 is recessed, the upper portions of the sidewalls 1150s
of the barrier material layer 1150 are exposed.

[0014] Next, according to an embodiment of the present
disclosure, a mask can be formed on the remaining portions
1160R of the first work function material layer 1160 after the
first work function material layer 1160 is recessed. Then, the
remaining portions 1160R of the first work function material
layer 1160 is etched according to the mask to remove the
portion of the remaining portions 1160R of the first work
function material layer 1160 that is uncovered by the mask,
thereby forming the corresponding holes. Then, the afore-
mentioned holes are filled with a second work function
material. FIG. 1D to FIG. 1G illustrate one of the manufac-
turing methods for forming a mask on the recessed remain-
ing portions 1160R of the first work function material layer
1160. However, it should be known in the art that the details
of the steps described below are merely for illustrative
purposes, and are not intended to limit the manufacturing
process of the present disclosure.

[0015] Next, referring to FIG. 1D, a first dielectric mate-
rial layer 1170 is conformably deposited on the barrier
material layer 1150. As shown in the FIG. 1D, the first
dielectric material layer 1170 covers the top surface 1150a
of the barrier material layer 1150 and the upper portions of
the sidewalls 1150s of the barrier material layer 1150. Also,
an opening 1171 is formed in each of the trenches 103.
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Furthermore, the first dielectric material layer 1170 may
include silicon oxide, silicon nitride, silicon oxynitride,
another suitable material, or a combination thereof. In some
embodiments, the first dielectric material layer 1170 is
formed by chemical vapor deposition or another suitable
method.

[0016] The thickness t1 of the first dielectric material layer
1170 can be determined according to the size of a gap that
is between the sidewalls of the barrier material layer 1150 in
each of the trenches 103. Also, the thickness t1 of the first
dielectric material layer 1170 can be used to control the
width of the first portion 121 and the width of the second
portion 122 of the second work function layer 120 that are
formed subsequently (FIG. 1M). Specifically, the width of
the opening 1171 can be controlled by adjusting the thick-
ness tl of the first dielectric material layer 1170, thereby
controlling the width of the mask HM to be formed subse-
quently, in accordance with some embodiments of the pres-
ent disclosure. Accordingly, the width of the first portion 121
and the width of the second portion 122 of the second work
function layer 120 can be determined and controlled by
controlling the width of the mask HM to meet the require-
ments in the applications.

[0017] As shown in FIG. 1D, in some embodiments, the
width Wt of the opening 1171 is in a range of about ¥ to
about Y2 of the width W, of the trench 103. For example, in
one embodiment, the width W,J of the opening 1171 is
about Y4 of the width W, of the trench 103. However, the
present disclosure is not limited to the numerical values
provided herein. The width W, of the opening 1171 can be
adjusted, depending on the design requirements of the
application.

[0018] Next, referring to FIG. 1E, a second dielectric
material layer 1180 is formed on the first dielectric material
layer 1170, and the openings 1171 are fully filled with the
second dielectric material layer 1180, in accordance with
some embodiments of the present disclosure. In some
embodiments, the second dielectric material layer 1180 may
include silicon oxide, silicon nitride, silicon oxynitride,
another suitable dielectric material, or a combination
thereof. Also, the second dielectric material layer 1180 may
be formed by a chemical vapor deposition (CVD) process or
another suitable process.

[0019] In some embodiments, the material of the first
dielectric material layer 1170 is different from the material
of'the second dielectric material layer 1180. For example, in
one embodiment, the first dielectric material layer 1170
includes silicon oxide, and the second dielectric material
layer 1180 includes silicon nitride. In another embodiment,
the first dielectric material layer 1170 includes silicon
nitride, and the second dielectric material layer 1180
includes silicon oxide. However, this disclosure is not lim-
ited to the aforementioned materials.

[0020] Next, referring to FIG. 1F, a portion of the second
dielectric material layer 1180 is removed to expose the top
surface 1170a of the first dielectric material layer 1170. In
some embodiments, the second dielectric material laver
1180 outside the openings 1171 can be removed by a
chemical mechanical polishing (CMP) process, an etching
back process, another suitable process or a combination
thereof. The remaining portions of the second dielectric
material layer 1180 form the second dielectric layers 118 in
the openings 1171. Accordingly, the top surface 1170a of the
first dielectric material layer 1170 is level with the top
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surface 118a of the second dielectric layer 118 after the
portion of the second dielectric material layer 1180 is
removed.

[0021] Next, referring to FIG. 1G, the portion of the first
dielectric material layer 1170 that is not covered by the
second dielectric layer 118 is removed. In some embodi-
ments, the portion of the first dielectric material layer 1170
that is not covered by the second dielectric layer 118 can be
removed by an etching back process. The remaining portion
of the first dielectric material layer 1170 in each of the
trenches 103 forms the first dielectric layer 117. As shown
in FIG. 1G, the sidewalls 117s of the first dielectric layer 117
are coplanar with the sidewalls 118s of the second dielectric
layer 118 in each of the trenches 103. In this embodiment,
the first dielectric layer 117 and the second dielectric layer
118 collectively define a mask HM that is used in the
subsequent processes.

[0022] Next, referring to FIG. 1H, an etching step is
performed to remove a part of the remaining portion 1160R
of the first work function material layer 1160 that is not
covered by the mask HM in the trench 103, thereby forming
the first work function layer 116 in the trench 103. In some
embodiments, the part of the remaining portion 1160R of the
first work function material layer 1160 that is not covered by
the mask HM in the trench 103 can be removed by, for
example, reactive ion etching (RIE) or another suitable dry
etching method. In this embodiment, after the etching step,
the holes 119-1 and 119-2 are formed on opposite sides of
the first work function layer 116 in the trench 103, respec-
tively. It should be noted that only the mask HM is used in
the etching step and no extra photomask is required for
etching the remaining portion 1160R of the first work
function material layer 1160. Accordingly, this etching step
can be regarded as a self-aligned etching process.

[0023] Referring to FIG. 1H again, after the etching step,
the size of each of the holes 119-1 and 119-2 is gradually
reduced from the top surface of the remaining portion 1160R
of the first work function material layer 1160 toward the
direction of entering the remaining portion 1160R of the first
work function material layer 1160, in accordance with some
embodiments of the present disclosure. As shown in FIG.
1H, the sidewall 119-s1 of the hole 119-1 and the sidewall
119-52 of the hole 119-2 are respectively slanted to the
sidewall 11505 of the barrier material layer 1150. In one
embodiment, the sidewall 119-5s1 of the hole 119-1 and the
sidewall 119-52 of the hole 119-2 are arc-shaped sidewalls.

[0024] Next, referring to FIG. 11, the mask HM is
removed. In some embodiments, the first dielectric layer 117
and the second dielectric layer 118 in each of the trenches
103 are removed to expose the first work function layer 116.
As shown in FIG. 1], the first work function layer 116
includes a main portion 116M and a protruding portion 116P.
In this embodiment, the main body 116M is positioned in the
lower portion of the corresponding trench 103, and the
protruding portion 116P is disposed on the main body 116 M.
[0025] Next, referring to FIG. 1], a portion of the barrier
material layer 1150 is removed, and the remaining portion of
the barrier material layer 1150 forms a barrier layer 115. In
one embodiment, the upper portion of the barrier material
layer 1150 can be removed. For example, as shown in FIG.
1], in each of the trenches 103, the portions of the barrier
material layer 1150 that are higher than the bottom surfaces
of the hole 119-1 and the hole 119-2 are removed. The
remaining barrier layer 115 surrounds the side surface
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116M-s and the bottom surface 116 M-b of the main portion
116M, in accordance with some embodiments of the present
disclosure. In addition, the top surface 1154 of the barrier
layer 115 may be substantially level with the bottom surface
116P-b of the protruding portion 116P. In one embodiment,
the removal of the portion of the barrier material layer 1150
can be performed by, for example, a dry etching process, a
wet etching process, another suitable process, or a combi-
nation thereof.

[0026] Referring to FIG. 1J again, the width of the pro-
truding portion 116P of the first work function layer 116
gradually increases from the top surface 116P-a of the
protruding portion 116P toward the bottom surface 116P-b
of the protruding portion 116P. In one embodiment, the
width W, of the top surface 116P-a of the protruding portion
116P of the first work function layer 116 is in a range of
about % to about 2 of the width W, of the trench 103, in
accordance with some embodiments of the present disclo-
sure. In some embodiments, the width W, of the top surface
116P-a of the protruding portion 116P of the first work
function layer 116 is in a range of about ¥4 to about 2 of the
width W, of the trench 103. In one example, the width W,
of the top surface 116P-a of the protruding portion 116P is
about ¥4 of the width W, of the trench 103.

[0027] Next, referring to FIG. 1K, a second work function
material layer 1200 is formed on the barrier layer 115 and
the first work function layer 116, in accordance with some
embodiments of the present disclosure. The second work
function material layer 1200 covers the barrier layer 115 and
fills the trenches 103. The second work function material
layer 1200 further fills the holes 119-1 and 119-2 at opposite
sides of the protruding portion 116P of the first work
function layer 116. In some embodiments, the second work
function material layer 1200 includes doped or undoped
polysilicon, metal, metal alloy, metal nitride, or metal sili-
cide. In some embodiments, the second work function
material layer 1200 includes polysilicon, titanium nitride
(TiN), titanium silicon nitride (TiSiN), tantalum nitride
(TaN), tungsten nitride (WN), tantalum (Ta), titanium (T1),
tungsten (W), ruthenium (Ru), aluminum (Al), another
suitable conductive material, or a combination thereof. In
some embodiments, the second work function material layer
1200 can be formed by a deposition process, such as a
physical vapor deposition (PVD) process, a chemical vapor
deposition (CVD) process, an atomic layer deposition
(ALD) process, another suitable process, or a combination
thereof.

[0028] In some embodiments, the material of the second
work function material layer 1200 is different from the
material of the barrier layer 115. Also, the material of the
second work function material layer 1200 is different from
the material of the first work function layer 116. In addition,
the work function of the second work function material layer
1200 is less than the work function of the barrier layer 115,
and the work function of the barrier layer 115 is less than the
work function of the first work function layer 117, in
accordance with some embodiments of the present disclo-
sure.

[0029] Next, referring to FIG. 1L, a part of the second
work function material layer 1200 is removed until the first
work function layer 116 is exposed, and a second work
function layer 120 is formed. In one embodiment, for
example, a part of the second work function material layer
1200 can be removed by an etching back process. As shown
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in FIG. 1L, the second work function layer 120 includes a
first portion 121 and a second portion 122 positioned at
opposite sides of the protruding portion 116P of the first
work function layer 116. The top surface 116P-a of the
protruding portion 116P is level with the top surfaces 121a
and 1224 of the second work function layer 120, in accor-
dance with some embodiments of the present disclosure. In
addition, in one embodiment, the second work function layer
120 covers the top surface 115q of the barrier layer 115. For
example, as shown in FIG. 1L, the bottom surface 1215 of
the first portion 121 and the bottom surface 1225 of the
second portion 122 of the second work function layer 120
contact and cover the barrier layer 115.

[0030] In addition, as shown FIG. 1L, the two opposite
sides of the second work function layer 120, that is, the first
side surface 116P-s1 and the second side surface 116P-s2 of
the protruding portion 116P in FIG. 1L, are slanted to the top
surfaces 121a and 122a of the second work function layer
120, in accordance with some embodiments of the present
disclosure. In one example, the two opposite side surfaces of
the second work function layer 120 have arc-shaped side
surfaces, as shown in FIG. 1L.

[0031] Next, referring to FIG. 1M, an insulating layer 124
is formed in the trenches 103. The insulating layer 124
covers the top surface 116P-a of the protruding portion 116P
and the top surfaces 121a and 122a of the second work
function layer 120. In one embodiment, for example, an
insulating material is deposited on the substrate 100 as a
blanket layer. The insulating material covers the top surface
of the gate dielectric layer 112 and fills the trenches 103.
Then, the excess portions of the insulating material and the
gate dielectric layer 112 outside the trenches 103 are
removed until the top surface 100a of the substrate 100 is
exposed. After the excess portions of the insulating material
and the gate dielectric layer 112 are removed, an insulating
layer 124 is formed in each of the trenches 103. The material
of the insulating layer 124 includes, for example, silicon
nitride or another suitable insulating material. The insulating
layer 124 may be formed by a chemical vapor deposition
process or another suitable process. In addition, the top
surface 124a of the insulating layer 124 is substantially level
with the top surface 1124 of the gate dielectric layer 112 and
the top surface 100q of the substrate 100, in accordance with
some embodiments of the present disclosure.

[0032] As shown in FIG. 1M, the insulating layer 124 is
formed on the protruding portion 116P of the first work
function layer 116 and on the second work function layer
120, in accordance with some embodiments of the present
disclosure. The insulating layer 124 covers and contacts the
top surface 121a of the first portion 121 and the top surface
122a of the second portion 122 of the second work function
layer 120. Also, the insulating layer 124 covers and contacts
the top surface 116P-a of the protruding portion 116P of the
first work function layer 116.

[0033] According to the aforementioned descriptions, in
the semiconductor structure and its manufacturing method
as provided in some embodiments of the present disclosure,
the second work function layer 120 is provided at opposite
sides of the protruding portion 116P of the first work
function layer 116. Therefore, when a channel region of a
memory device is switched on, the intensity of the electric
field (for example, the electric field E2 in FIG. 1M) gener-
ated by the second work function layer 120 that is adjacent
to the doped regions on can be reduced. In addition, referring
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to FIG. 1M again, when a channel region of a memory
device is switched on, an electric field F1 is generated near
the side of the main portion 116M of the first work function
layer 116 (which is adjacent to the doped region of the
substrate 100 as a drain region of the memory device), and
an electric field E2 is generated near the side of the pro-
truding portion 116P (which is also adjacent to the doped
region of the substrate 100 as a drain region of the memory
device), in accordance with some embodiments of the pres-
ent disclosure. The intensity of the electric field E2 is less
than the intensity of the generated electric field E1, thereby
solving the conventional problem of the gate induced drain
leakage current (GIDL).

[0034] In addition, in some embodiments, the area of the
top surface of the protruding portion 116P of the first work
function layer 116 is less than the area of the bottom surface
of the protruding portion 116P of the first work function
layer 116. For example, the width of the protruding portion
116P of the first work function layer 116 gradually increases
from the top surface 116P-a of the protruding portion 116P
toward the bottom surface 116P-b of the protruding portion
1116P. When a channel region of a memory device is
switched on, the intensity of the electric field E2 shown in
FIG. 1M can be less than the intensity of the electric field E1,
and the electric field E2 also forms gradually increasing
electric field intensity from top to bottom. Thus, the differ-
ence in the electric field intensity at the junction of the
electric field E2 and the electric field E1 can be reduced,
thereby greatly suppressing the gate induced drain leakage
current (GIDL), in accordance with some embodiments of
the present disclosure. If the intensity difference between the
electric field E2 and the electric field E1 is too large, the
tunneling effect on the electrons (e) leads to the gate induced
drain leakage current (GIDL). Specifically, the sudden
increase of the electric field intensity in the electric field E1
may pull the electrons that originally stayed in the electric
field E2 into the electric field E1, and a large leakage current
would be generated, so that the gate induced drain leakage
current (GIDL) problem cannot be effectively improved.

[0035] Furthermore, when the memory device is operated,
if the intensity difference between the electric field E2 and
the electric field E1 is too large, it affects not only the
stability of the operation performance of each word line, but
also the overall electrical performance of the memory
device. For example, a memory device typically contains
60) to 900 (or even more) word lines. When the word line
is turned on, if there is a sudden change in the electric field
intensity between the aforementioned electric field E2 and
the electric field E1, it would cause the problem of current
leakage, and the amounts of the leakage current of each of
the word lines cannot be controlled stably. This would
further affect the overall operation speed of the device (for
example, the response time of the word line having the
lowest operation speed determines the overall response time
of the memory device). Therefore, the semiconductor struc-
ture and its manufacturing method according to some
embodiments of the present disclosure can not only effec-
tively reduce the gate induced drain leakage current (GIDL),
but also achieve the electrical uniformity of each of the word
lines, thereby improving the electronic characteristics of the
devices in the applications and increasing the stability of the
operation performance of the devices in the applications.

[0036] In addition, according to the manufacturing method
proposed in some embodiments, the thickness of the first
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dielectric material layer can be adjusted according to the
actual requirements of the application to determine the width
of the mask that is subsequently formed. The mask can be
used for etching the first work function material layer
underneath, so that the positions and sizes of the holes
formed for disposing another work function material (such
as polysilicon) can be controlled. This etching step can be
regarded as a self-aligned etching process since no extra
mask is required for etching the first work function material
layer. Therefore, according to the manufacturing method
proposed in some embodiments, the manufacturing steps
can be simplified, the number of the masks used in the
manufacturing method can be reduced, and the manufactur-
ing cost can be decreased. Also, the manufacturing method
proposed in some embodiments of the present disclosure is
compatible with the current manufacturing process, and has
economic values in the applications.

[0037] It should be understood that the disclosure has been
described by way of example and in terms of the preferred
embodiments is not limited to the disclosed embodiments
and preferred embodiments. On the contrary, it is intended
to cover various modifications and similar arrangements (as
would be apparent to those skilled in the art). Therefore, the
scope of the appended claims should be accorded the
broadest interpretation so as to encompass all such modifi-
cations and similar arrangements.

What is claimed is:

1. A semiconductor structure, comprising:

a substrate;

a buried gate structure in the substrate, wherein the buried

gate structure comprises:

a gate dielectric layer formed on sidewalls and a bottom
surface of a trench in the substrate, wherein the
trench extends downward in the substrate;

a barrier layer in the trench and on sidewalls and a
bottom surface of the gate dielectric layer;

a first work function layer in the trench, wherein the
first work function layer comprises:

a main portion in a lower portion of the trench,
wherein the barrier layer surrounds sidewalls and
a bottom surface of the main portion; and

a protruding portion on the main portion and con-
necting the main portion, wherein an area of a top
surface of the protruding portion is less than an
area of a bottom surface of the protruding portion;

a second work function layer at opposite sides of the
protruding portion of the first work function layer;
and

an insulating layer in the trench, wherein the insulating

layer is formed on the protruding portion of the first

work function layer and on the second work function
layer.

2. The semiconductor structure as claimed in claim 1,
wherein a width of the protruding portion of the first work
function layer gradually increases from the top surface of the
protruding portion toward the bottom surface of the pro-
truding portion of the first work function layer.

3. The semiconductor structure as claimed in claim 1,
wherein the top surface of the protruding portion of the first
work function layer is level with a top surface of the second
work function layer.

4. The semiconductor structure as claimed in claim 1,
wherein the second work function layer covers a top surface
of the barrier layer.
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5. The semiconductor structure as claimed in claim 1,
wherein an area of a top surface of the second work function
layer is greater than an area of a bottom surface of the second
work function layer.

6. The semiconductor structure as claimed in claim 1,
wherein two opposite side surfaces of the second work
function layer are slanted to a top surface of the second work
function layer.

7. A method of manufacturing a semiconductor structure,
comprising:

providing a substrate, and forming a trench extending

downward in the substrate;

forming a gate dielectric layer on sidewalls and a bottom

surface of the trench;

forming a barrier layer on a lower portion of sidewalls and

a bottom surface of the gate dielectric layer;

forming a first work function layer on a lower portion of

the trench, wherein the first work function layer com-

prises:

a main portion in the lower portion of the trench,
wherein the barrier layer surrounds sidewalls and a
bottom surface of the main portion; and

a protruding portion on the main portion and connect-
ing the main portion, wherein an area of a top surface
of the protruding portion is less than an area of a
bottom surface of the protruding portion;

forming a second work function layer at opposite sides of

the protruding portion of the first work function layer;

and

forming an insulating layer on the protruding portion of

the first work function layer and on the second work

function layer.

8. The method of manufacturing the semiconductor struc-
ture as claimed in claim 7, wherein forming the barrier layer
and forming the first work function layer comprise:

forming a barrier material layer on the gate dielectric

layer;

forming a first work function material layer on the barrier

material layer;

recessing the first work function material layer to form a

recessed first work function material layer;

forming a mask on the recessed first work function

material layer, wherein the mask exposes a portion of

a top surface of the recessed first work function mate-

rial layer;

performing an etching step by using the mask to remove

the portion of the recessed first work function material

layer that is not covered by the mask, thereby forming
the first work function layer; and

removing the mask.

9. The method of manufacturing the semiconductor struc-
ture as claimed in claim 8, wherein an upper portion of
sidewalls of the barrier material layer is exposed in the
trench after the first work function material layer is recessed,
and wherein forming the mask comprises:

conformably depositing a first dielectric material layer on

a top surface and the upper portion of sidewalls of the

barrier material layer, wherein the first dielectric mate-

rial layer forms an opening in the trench;

filling the opening with a second dielectric material layer;

and

removing a portion of the first dielectric material layer

that is not covered by the second dielectric layer to

form the mask,
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wherein the mask comprises a portion of the second
dielectric material layer that fills the opening and a
remaining portion of the first dielectric material layer.

10. The method of manufacturing the semiconductor
structure as claimed in claim 9, wherein the mask comprises:

a first dielectric layer on the recessed first work function

material layer; and

a second dielectric layer on the first dielectric layer,

wherein sidewalls of the first dielectric layer are level

with sidewalls of the second dielectric layer.

11. The method of manufacturing the semiconductor
structure as claimed in claim 9, wherein one of the first
dielectric material layer or the second dielectric material
layer is an oxide material layer, and the other of the first
dielectric material layer or the second dielectric material
layer is a nitride material layer.

12. The method of manufacturing the semiconductor
structure as claimed in claim 8, wherein after the first work
function layer is formed, a portion of the barrier material
layer is removed, and the remaining portion of the barrier
material layer forms a barrier layer, and
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wherein a top surface of the barrier layer is level with the
bottom surface of the protruding portion of the first
work function layer.

13. The method of manufacturing the semiconductor
structure as claimed in claim 7, wherein a width of the
protruding portion of the first work function layer gradually
increases from the top surface of the protruding portion
toward the bottom surface of the protruding portion of the
first work function layer.

14. The method of manufacturing the semiconductor
structure as claimed in claim 7, wherein the top surface of
the protruding portion of the first work function layer is level
with a top surface of the second work function layer.

15. The method of manufacturing the semiconductor
structure as claimed in claim 7, wherein the second work
function layer covers the top surface of the barrier layer.

16. The method of manufacturing the semiconductor
structure as claimed in claim 7, wherein two opposite side
surfaces of the second work function layer are slanted to a
top surface of the second work function layer.
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