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provide a substrate [~~S300

l

form an epitaxial layer on the substrate [~S301

l

perform a base doping process to form a first doped region p~-S302

l

form a plurality of trenches in the epitaxial layer (~~S303

l

form a first-type doped region and a second-type

doped region in one of the trenches, in which the
first-type doped region has a groove and the

second-type doped region i1s filled in the groove

l

perform a source 1implantation to
implant the first doped region

l

perform a thermal diffusion process to form a source
region and a body region, in which the first-type doped
region and the second-type doped region diffuse and
respectively form a lower doped region and an upper [~-S306
doped region during the thermal diffusion process, and
a PN junction is formed between the upper doped
region and the lower doped region

~—S3304

~S305

FIG.3
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provide a substrate ~S500

l

form an epitaxial layer on the substrate (-~ S501

!

perform a base doping process to form a first doped region ~-S502

'

form a plurality of trench gate structures in the epitaxial
layer and the first doped region, in which each of the
trench gate structures includes an upper doped region
and a lower doped region to form a PN junction

'

perform a source implantation to implant the first doped
region and form a source region and a body region, in [~~S504
which the source region 1s located above the body region

~—S503

FIG.5
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TRENCH POWER MOSFET AND
MANUFACTURING METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a power metal-ox-
ide-semiconductor field-effect transistor (MOSFET) and
manufacturing method thereof; in particular, to a trench
power MOSFET and manufacturing method thereof.

[0003] 2. Description of Related Art

[0004] Power metal-oxide-semiconductor field-effect tran-
sistors (Power MOSFET) are widely implemented in the
switching devices of electric devices, such as power supply,
rectifier or low voltage motor controllers and the like. The
current power MOSFET is designed to have a vertical struc-
ture to improve the packing density. The power MOSFET
having trench gate structure not only results in higher packing
density, but also has lower on-state resistance. One of the
advantages of the trench power MOSFET is that it is capable
of controlling the operation of devices with low-power con-
sumption.

[0005] The working loss of power MOSFFT is categorized
into a switching loss and a conducting loss. In addition, an
intrinsic gate-to-drain capacitance (Cgd) is one of the impor-
tant parameters affecting the switching loss. When the intrin-
sic gate-to-drain capacitance is too high, the switching loss
increases, which may limit the switching speed of the power
trench MOSFET and may lead to the trench power MOSFET
being unfavorable to be implemented in high frequency cir-
cuits.

SUMMARY OF THE INVENTION

[0006] The object of the present invention is to provide a
trench power MOSFET and a manufacturing method thereof,
which can decrease the effective capacitance between the
gate and the drain by using a gate having a PN junction
formed therein.

[0007] In order to achieve the aforementioned objects,
according to an embodiment of the present invention, a trench
power MOSFET is provided. The trench power MOSFET
includes a substrate, an epitaxial layer and a plurality of
trench transistor units. The epitaxial layer is formed on the
substrate and the plurality of the trench transistor units is
formed in the epitaxial layer. Each of the trench transistor
units includes a trench gate structure having a trench and a
gate. The trench is formed in the epitaxial layer and an insu-
lating layer is formed on an inner wall of the trench. The gate
formed in the trench includes an upper doped region and a
lower doped region which have different types of doping to
form a PN junction.

[0008] According to another embodiment of the present
invention, a manufacturing method of the trench power MOS-
FET is provided. The manufacturing method includes the
steps of providing a substrate; forming an epitaxial layer on
the substrate; performing a base doping process to form a first
doped region; forming a plurality of trench gate structures in
the epitaxial layer and the first doped region, in which each of
trench gate structure includes an upper doped region and a
lower doped region to form a PN junction; and performing a
source implantation to implant the first doped region and form
a source region and a body region, in which the source region
is located above the body region.
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[0009] According to another embodiment of the present
invention, a manufacturing method of the trench power MOS-
FET is provided. The manufacturing method includes the
steps of providing a substrate; forming an epitaxial layer on
the substrate; performing a base doping process in the epi-
taxial layer to form a first doped region; forming a plurality of
trenches in the epitaxial layer; forming a first-type doped
region and a second-type doped region in one of the trenches,
in which the first-type doped region has a groove and the
second-type doped region is filled in the groove; performing
a source implantation to implant the first doped region; and
performing a thermal diffusion process to form a source
region and a body region, in which the first-type doped region
and the second-type doped region diffuse and respectively
form a lower doped region and an upper doped region during
the thermal diffusion process, and a PN junction is formed
between the upper doped region and the lower doped region.
[0010] To sum up, the trench power MOSFET and the
manufacturing method thereof in accordance with the present
invention make the formation of a PN junction in the gate.
Since a junction capacitance (Cj) of the PN junction is gen-
erated under reverse bias, and the junction of capacitance is in
series with the intrinsic gate-to-drain capacitance (Cgd), the
effective capacitance between the gate and the drain can be
reduced.

[0011] In order to further the understanding regarding the
present invention, the following embodiments are provided
along with illustrations to facilitate the disclosure of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1A shows a local sectional view of a trench
power MOSFET provided in accordance with an embodiment
of the present invention;

[0013] FIG. 1B shows a local sectional view of a trench
power MOSFET provided in accordance with an embodiment
of the present invention;

[0014] FIG. 2A shows a local sectional view of a trench
power MOSFET provided in accordance with another
embodiment of the present invention;

[0015] FIG. 2B shows a local sectional view of a trench
power MOSFET provided in accordance with another
embodiment of the present invention;

[0016] FIG. 3 is a flowchart illustrating the manufacturing
method of'the trench power MOSFET provided in accordance
with an embodiment of the present invention;

[0017] FIG. 4A~FIG. 4M respectively show schematic sec-
tional views of the trench power MOSFET in different steps
of the manufacturing method provided in accordance with an
embodiment of the present invention;

[0018] FIG. 5 shows a flowchart of the manufacturing
method of'the trench power MOSFET provided in accordance
with an embodiment of the present invention; and

[0019] FIG. 6 A~FIG. 6G respectively show schematic sec-
tional view of the trench power MOSFET in different steps of
manufacturing method provided in accordance with an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0020] The aforementioned illustrations and following
detailed descriptions are exemplary for the purpose of further
explaining the scope of the present invention. Other objec-
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tives and advantages related to the present invention will be
illustrated in the subsequent descriptions and appended draw-
ings. In reference to the disclosure herein, for purposes of
convenience and clarity only, directional terms, such as, top,
bottom, left, right, up, down, over, above, below, beneath,
rear, front, distal, and proximal are used with respect to the
accompanying drawings. Such directional terms should not
be construed to limit the scope of the invention in any manner.
Inaddition, the same reference numerals are given to the same
or similar components.

[0021] FIG. 1A shows a local sectional view of a trench
power MOSFET provided in accordance with an embodiment
of'the present invention. The trench power MOSFET includes
a substrate 100, an epitaxial layer 110 and a plurality of trench
transistor units (two trench transistor units are shown in FI1G.
1A).

[0022] The substrate 100 is doped with a higher concentra-
tion of first conductivity type impurities to form a first heavily
doped region. The first heavily doped region can serve the
function of the drain of the trench power MOSFET, and may
occupy a local region or the overall region of the substrate
100. In the instant embodiment, the first heavily doped region
occupies the overall region of the substrate 100, which is only
used as an example, but not so as to limit the scope of the
invention. The aforementioned first conductivity type impu-
rities may be N-type or P-type conductivity impurities. If the
substrate 100 is silicon substrate, the N-type conductivity
impurities may be Group V ions such as phosphorus ion or
arsenic ion, and the P-type conductivity impurities may be
Group III ions such as boron ion, aluminum ion or gallium
ion.

[0023] If the trench power MOSFET is N-type, the sub-
strate 100 is doped with N-type conductivity impurities,
whereas if the trench power MOSFET is p-type, the substrate
100 is doped with P-type conductivity impurities. In the
embodiment of the present invention, the N-type trench
power MOSFET is taken as an example to describe the inven-
tion.

[0024] The epitaxial layer 110 is formed on the substrate
100 and doped with a lower concentration of the first conduc-
tivity type impurities. That is, taking the N-type trench power
MOSFET for example, the substrate 100 is a heavily N-type
doping (N*) substrate and the epitaxial layer 110 is a lightly
N-type doping (N7) layer. On the contrary, taking the P-type
trench power MOSFET for example, the substrate 100 is a
heavily P-type doping (P*) substrate and the epitaxial layer
110 is a lightly P-type doping (P7) layer.

[0025] The plurality of trench transistor units 101 are
formed in the epitaxial layer 110. Each of the trench transistor
units 101 includes a drift region 120, a body region 130 a
source region 140 and a trench gate structure 150. The body
region 130 and the source region 140 are formed in the epi-
taxial layer 110 enclosing the side wall of the trench gate
structure 150.

[0026] Furthermore, the body region 130 is formed by
implanting second conductivity type impurities into the epi-
taxial layer 110, and the source region 140 is formed in an
upper portion of the body region 130 by implanting high-
concentration first conductivity type impurities into the body
region 130. For example, in the N-type trench power MOS-
FET, the body region 130 is a P-type dopant region, i.e.,
P-well, and the source region 140 is an N-type dopant region.
Additionally, the doping concentration of the body region 130
is lower than that of the source region 140.
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[0027] Thatis to say, by doping different conductivity type
impurities in different regions and making the different
regions have different concentrations, the epitaxial layer 110
may be divided into the drift region 120, the body region 130
and the source region 140. The body region 130 and the
source region 140 are immediately adjacent to the side walls
of the trench gate structure 150, and the drift region 120 is
located nearer to the substrate 100. In other words, the body
region 130 and the source region 140 are located at an upper
portion of the epitaxial layer 110, and the drift region 120 is
located at a lower portion of the epitaxial layer 110.

[0028] Each of the trench gate structures 150 includes a
trench 151 formed in the epitaxial layer 110, an insulating
layer 154 and a gate 157. The insulating layer 154 and the gate
157 are formed at the inside of the trench 151. Specifically,
the insulating layer 154 is formed to conformally cover an
inner wall of the trench 151 so that the gate can be isolated
from the epitaxial layer 110.

[0029] Notably, the trench transistor unit 101 of the
embodiment of the present invention has deep trench struc-
ture. That is, the trench 151 extends from a top surface of the
epitaxial layer 110 to a depth greater than that of the body
region 130, i.e., into the drift region 120 so that the bottom of
the trench 151 is closer to the substrate 110.

[0030] The aforementioned deep trench structure helps
increase the breakdown voltage of the trench transistor unit,
whereas the deep trench structure may increase the intrinsic
gate-to-drain capacitance (Cgd). Accordingly, the gate 157 in
accordance with the embodiment of the present invention has
anupper doped region 155 and a lower doped region 156, and
a PN junction 102 is formed between the upper doped region
155 and the lower doped region 156. In other words, the upper
doped region 155 and the lower doped region 156 respec-
tively include different conductivity-type impurity ions so as
to form the PN junction 102 therebetween. In one embodi-
ment, the PN junction 102 is located at a level just below the
lowest edge of the body region 130. In another embodiment,
the upper doped region 155 is filled in an upper portion of the
trench 151 and the lower doped region 156 is filled in a lower
portion of the trench 151 so that the PN junction 102 is
substantially located at a middle of the trench 151. The posi-
tion of the PN junction 102 may be associated with the effec-
tive capacitance of the trench power MOSFET, and can be
determined according to the characteristic demands of the
device. For example, the PN junction 102 located at a level
near to or just below the lowest edge of the body region 130
may result in the attenuation of the effective capacitance. As
such, the accumulation of the gate-to-drain charge (Qgd) may
be reduced and the switching loss can be minimized.

[0031] Additionally, it is worth nothing that wherever the
PN junction 102 is located relative to the body region 130, the
existence of PN junction 102 can result in a junction capaci-
tance in series with the intrinsic gate-to-drain capacitance so
as to reduce the effective capacitance between the gate and the
drain of'the trench power MOSFET. In addition, although the
position or the shape of the PN junction 102 may be slightly
changed due to the implantation or diffusion process, the
existence of the PN junction 102 is capable of reducing the
effective capacitance between the gate and the drain.

[0032] Please refer to FIG. 1B, which shows a local sec-
tional view of a trench power MOSFET provided in accor-
dance with an embodiment of the present invention. As shown
in FIG. 1B, because of the deep trench structure, the intrinsic
gate-to-drain capacitance Cgd is caused by a parallel connec-
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tion of a first capacitor C1, a second capacitor C2 and a third
capacitor C3. That is, the value of the intrinsic gate-to-drain
capacitance is equivalent to a sum of the values of the first
capacitor C1, the second capacitor C2 and the third capacitor
C3, i.e., Cgd, C1, C2 and C3 satisfy the following relation:
Cgd=C1+C2+C3.

[0033] Asmentioned previously, the switching speed of the
power trench MOSFET may be attenuated due to a too high
value of the intrinsic gate-to-drain capacitance. Accordingly,
in the embodiment of the present invention, the PN junctionis
formed in the gate 157. Since a junction capacitance (Cj) of
the PN junction can be generated under a reverse bias and in
series with the intrinsic gate-to-drain capacitance (Cgd), the
effective capacitance (Ct), the intrinsic gate-to-drain capaci-
tance (Cgd) and the junction capacitance (Cj) satisty the
following relation: Ct=(Cgd*C;j)/(Cgd+Cj). Because the
value of the effective capacitance (Ct) is smaller than that of
the intrinsic gate-to-drain capacitance (Cgd), the switching
loss of the trench power MOSFET can be reduced.

[0034] In addition, in order to generate the junction capaci-
tance (Cj) at the PN junction 102 of the gate 157 when the
trench power MOSFET is in the ON state, the conductivity
type of the impurities in the upper doped region 155 is the
same as that of the impurities in the source region 140,
whereas different from that of the impurities in the body
region 130. Take the N-type trench power MOSFET for
example, both of the source region 140 and the upper doped
region 155 are doped N-type conductivity impurities,
whereas both of the body region 130 and the lower portion
156 are doped P-type conductivity impurities.

[0035] When a positive bias is applied to the upper doped
region 155 of the gate 157, the electrons in the body region
130 are accumulated at the side walls of the trench 151 and
form a channel between the source region 140 and the drain
region so that the trench transistor unit is in ON state. How-
ever, a depletion region is caused at the PN junction 102 ofthe
gate 157 by the reverse bias, and thus generating the junction
capacitance (Cj). Conversely, take the P-type trench power
MOSFET for example, both of the source region 140 and the
upper doped region 155 are doped P-type conductivity impu-
rities, whereas both of the body region 130 and the lower
portion 156 are doped N-type conductivity impurities.

[0036] Taking a lowest plane of the body region 130 as a
reference plane, the trench 151 may be substantially divided
into anupper portion and a lower portion. In one embodiment,
the insulating layer 154 includes an upper insulating layer
152 and a lower insulating layer 153. The upper insulating
layer 152 is formed along an upper portion of an inner wall of
the trench 151, and the lower insulating layer 153 is formed
along a lower portion of the inner wall of the trench 151.
Additionally, the lower doped region 156 of the gate 157 is
filled in the lower portion of the trench 151 and the upper
doped region 155 is filled in the upper portion of the trench
151. The upper insulating layer 152 is used to isolate the
upper doped region 155 from the body region 130 and the
source region 140, and the lower insulating layer 153 is used
to isolate the lower doped region 156 from the drift region
120.

[0037] Inoneembodiment, the thickness of the lower insu-
lating layer 153 is larger than that of the upper insulating layer
152. In such a circumstance, as shown in FIG. 1A, the width
of the upper doped region 155 is wider than that of the lower
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doped region 156. The material for forming the insulating
layer 154 is such as silicon dioxide. The gate 157 may be a
polysilicon gate.

[0038] In the instant embodiment, the lower doped region
156 extends beyond the top end of the lower insulating layer
153 from a bottom of the trench 151, and then extends toward
directions normal to the side walls of the trench 151 to par-
tially overlap with the top end of the lower insulating layer
153. Additionally, the top end of the lower insulating layer
153 and the PN junction 102 are respectively located at the
levels near to the lowest edge of the body region 130. In the
embodiment shown in FIG. 1A, the top end of the lower
insulating layer 153 and the PN junction 102 are located
respectively at the levels slightly lower than the lowest edge
of the body region 130.

[0039] Please refer to FIG. 2A and FIG. 2B, which show a
local sectional view of a trench power MOSFET provided in
accordance with another embodiment of the present inven-
tion. In the instant embodiment, the gate 157" has an upper
doped region 155 and a lower doped region 156" to form the
PN junction 102. A difference between the instant embodi-
ment and the previous embodiment is the lower doped region
156" extends beyond the top end of the lower insulating layer
153" from the bottom of the trench 151, but doesn’t extend
toward the directions normal to the side walls of the trench
151 to overlap the top end of the lower insulating layer 153".
However, the top end of the lower doped region 156" is
located at a level near to the lowest edge of the body region
130. In another embodiment, the top end of the lower doped
region 156" is located at a level just below the lowest edge of
the body region 130.

[0040] In addition, the insulating layer 154' of the instant
embodiment includes not only the lower insulating layer 153"
but also an upper insulating layer 152. The lower insulating
layer 153" has a multi-layered structure, which includes a first
insulating layer 153a, a second insulating layer 1535 and a
third insulating layer 153c¢. The second insulating layer 1535
is sandwiched between the first insulating layer 1534 and the
third insulating layer 153¢. The material of the first insulating
layer 1534, the second insulating layer 1536 and the third
insulating layer 153¢ may be oxide or nitride. For example,
both of the first insulating layer 153« and the third insulating
layer 153¢ may be oxide layers, and the second insulating
layer 1535 may be a nitride layer so as to prevent the impu-
rities doped in the lower doped region 156" from diffusing
into the drift region 120 and then avoid affecting the operation
of'the trench power MOSFET. Furthermore, the top end ofthe
lower insulating layer 153" is located at a level near to the
lowest edge of the body region 130. In the embodiments
shown in FIG. 2A and FIG. 2B, the top end of the lower
insulating layer 153" is located at a level just below the lowest
edge of the body region 130.

[0041] In addition, a manufacturing method of the trench
power MOSFET is provided in the embodiment of the present
invention. Please refer to FIG. 3 and FIGS. 4A to 4M. FIG. 3
is a flowchart illustrating the manufacturing method of the
trench power MOSFET provided in accordance to an embodi-
ment of the present invention. FIG. 4A~FIG. 4M respectively
show schematic sectional views of the trench power MOS-
FET in different steps of the manufacturing method provided
in accordance to an embodiment of the present invention.
[0042] In step S300, a substrate 100 is provided. In step
S301, an epitaxial layer 110 is formed on the substrate 100.
Please refer to FIG. 4A. FIG. 4A illustrates the substrate 100
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and the epitaxial layer 110 is disposed on the substrate 100.
The substrate 100 is such as a silicon substrate doped with a
higher concentration of first conductivity type impurities to
form a first heavily doped region to serve the function of the
drain of the trench power MOSFET. The epitaxial layer 110
has a lower doping concentration.

[0043] Subsequently, in step S303, a base doping process is
carried out in the epitaxial layer 110 to form a first doped
region 130" which is formed at one side far from the substrate
100 and may serve as a body region 130 in the following steps,
as shown in FIG. 4A. In addition, the other region of the
epitaxial layer 110 may serve the function of the drift region
120 of the trench power MOSFET, as shown in FIG. 4A
[0044] Subsequently, in step S303, a plurality of trenches
are formed in the epitaxial layer 110 after the formation of the
first doped region 130", as shown in FIG. 4B.

[0045] Please refer to FIG. 4B. A plurality of trenches 151
is formed in the epitaxial layer 110. In one embodiment, a
mask (not shown in FIG. 4B) is used to define the positions of
the trenches 151 in advance, and the trenches 151 may be
formed in the epitaxial layer 110 by performing dry etching or
wet etching. Notably, in the instant embodiment, before the
trench gate structure 150 is formed, the epitaxial layer 110
can be doped with conductivity impurities to form a first
doped region 130" in preparation for forming the body region
130. After the formation of the trench gate structure 150, the
body region 130 corresponding to the trench gate structure
150 can be defined in the first doped region 103'. As such, the
impact of the thermal diffusion process, which is performed
during the formation of the body region 130, on the doped
region of the gate may be attenuated.

[0046] Subsequently, in step S304, a first-type doped
region and a second-type doped region are formed in one of
the trenches 151. The first-type doped region has a groove 170
formed therein, and the second-type doped region is filled in
the groove 170. Please refer to FIGS. 4C to 4L, in which the
detail steps is illustrated.

[0047] Firstly, in FIGS. 4C to 4H, a lower insulating layer
153, which is also shown in FIG. 1A, is formed along a lower
portion of the inner wall of the trench 151. Specifically, as
shownin FIG. 4C, an oxide layer 153' is blanket formed on the
epitaxial layer 110. The oxide layer 153' may be a silicon
dioxide (SiO,) layer and may be formed by performing a
thermal oxidation process. In another embodiment, the oxide
layer 153" may be formed by physical vapor deposition (PVD)
or chemical vapor deposition (CVD). The oxide layer 153' is
formed on a surface of the epitaxial layer 110 and covers the
inner walls and the bottom of the trench 151.

[0048] Please refer to FIG. 4D, a polysilicon structure 160
is formed on the oxide layer 153' and filled in the trench 151.
The polysilicon structure 160 may be a doped polysilicon
structure or non-doped polysilicon structure. Subsequently,
as shown in FIG. 4E, a portion of the polysilicon structure 160
covering the oxide layer 153' on the outside of the trench 151
and located in the upper portion of the trench 151 is removed
by performing an etch back process, and the residual poly-
silicon structure 160 is left in the lower portion of the trench
151. As shown in FIG. 4E, the top end of the polysilicon
structure 160 left in the lower portion of the trench 151 is
located at a level higher than the lowest edge of the first doped
region 130'.

[0049] Please referto FIG. 4F. An etching process is carried
out using the residual polysilicon structure 160 as a mask to
thin the thickness of the oxide layer 153' covering the surface
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of the epitaxial layer 110 and the upper portion of the inner
walls of the trench 151. It is worth noting that the thickness of
the oxide layer 153' covering the lower portion of the inner
walls of the trench 151 barely becomes thinner because the
polysilicon structure 160 in the lower portion of the trench
151 is not removed during the previous step.

[0050] Subsequently, the residual polysilicon structure 160
in the trench 151 is removed, as shown in FIG. 4G. Mean-
while, the thicknesses of the oxide layer 153' respectively
covering the upper and lower portions of the inner walls of the
trench 151 are different so that an interior space at the inside
of'the trench can be divided into a larger first space 151a and
a smaller second space 1515. The first space 151a is located
above and in communication with the second space 1515. The
step may be carried out by selectively etching to selectively
remove the polysilicon structure 160 in the trench 151 with-
out etching the oxide layer 153"

[0051] Please refer to FIG. 4H. A portion of the oxide layer
153" having thinner thickness is completely removed in this
step. That is to say, a portion of the oxide layer 153' covering
the surface of the epitaxial layer 110 and the upper portion of
the inner walls of the trench 151 is completely removed.
Notably, while this step is performed, the oxide layer 153'
covering the lower portion of the inner walls of the trench 151
may also be slightly removed. However, the thickness of the
oxide layer 153' covering the lower portion of the inner walls
of the trench is thicker, even though the portion of the oxide
layer 153' covering the upper portion of the inner walls of the
trench 151 is removed, the other portion of the oxide layer
153' covering the lower portion of the inner walls of the trench
151 still can be remained. In this step, the oxide layer 153'
covering the lower portion of the inner walls of the trench is
the lower insulating layer 153 shown in FIG. 1A. Addition-
ally, the top end of the lower insulating layer 153 is located at
a level just below the lowest edge of the first doped region
130"

[0052] Please refer to FIG. 41. An upper insulating layer
152 is formed above the oxide layer 153'. That is to say, the
upper insulating layer 152 covers the upper portion of the
inner walls of the trench 151 and the surface of the epitaxial
layer 110. The process for forming the upper insulating layer
152 may be the same as that for forming the oxide layer 153'
shown in FIG. 4C. For example, the upper insulating layer
152 and the oxide layer 153' may be formed by performing the
thermal oxidation process. In another embodiment, the pro-
cess for forming the upper insulating layer 152 may be dif-
ferent from the process for forming the oxide layer 153'
shown in FIG. 4C. In the embodiment of the present inven-
tion, the upper insulating layer 152 and the oxide layer 153'
may have different thicknesses. The thickness of the upper
insulating layer 152 is smaller than that of the oxide layer
153'. Additionally, the upper insulating layer 152 and the
oxide layer 153" are mated with each other to form the insu-
lating layer 154 as shown in FIG. 1A.

[0053] Please refer to FIGS. 4] to 4L.. The gate 157 as
shown in FIG. 1A is formed in the trench 151. The gate 157
includes an upper doped region 155 and a lower doped region
156. The upper doped region is located above the lower doped
region 156, and a PN junction is formed between the upper
doped region 155 and the lower doped region 156. Take the
polysilicon gate as an example to describe the formation of
the gate 157 as follows.

[0054] Specifically, as shown in FIG. 47, a first polysilicon
structure 156' is conformally deposited on the upper insulat-
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ing layer 152 and filled in the second space 1515 of the trench
151. In addition, the first polysilicon structure 156' has a
groove 170 formed therein. In the instant embodiment, the
first polysilicon structure 156" has a first-type doped region.
For example, during the fabrication of the N-type trench
power MOSFET, the first polysilicon structure 156' is doped
with P-type conductivity impurities, such as boron ion, alu-
minum ion or gallium ion, to form the first-type doped region.
The first polysilicon structure 156' may be formed by in-situ
doping CVD process. Notably, the time and cost for an ion
implantation and annealing process can be saved by using the
in-situ doping CVD process to deposit the polysilicon struc-
ture. In another embodiment, the formation of the first poly-
silicon structure 156' may include the steps of forming a
non-doped polysilicon structure, performing an ion implan-
tation to the non-doped polysilicon structure and subse-
quently annealing the doped polysilicon structure.

[0055] Please refer to FIG. 4K. A second polysilicon struc-
ture 155' is formed to blanket cover the first polysilicon struc-
ture 156' and fill in the groove 170. In the instant embodiment,
the second polysilicon structure 155' is formed by performing
an in-situ doping CVD process. The second polysilicon struc-
ture 155' has a second-type doped region. As mentioned
above, during the fabrication of the N-type trench power
MOSFET, the first-type doped region and the second-type
doped region are respectively P-type doped region and
N-type doped region.

[0056] Please refer to FIG. 4L.. An etching back process is
subsequently performed to remove the first polysilicon struc-
ture 156' and the second polysilicon structure 155' over the
first doped region 130", and then a residual first polysilicon
structure 156' and a residual second polysilicon structure 155'
are remained in the trench 151.

[0057] Please refer to FIG. 3 and FIG. 4M. In step S305, a
source implantation is performed to implant the first doped
region 130'. Thereafter, in step S306, a thermal diffusion
process is carried out to form the source region 140 and the
body region 130, as shown in FIG. 4M. During the thermal
diffusion process, the impurities in the first-type doped region
are driven to diffuse and then form a lower doped region 156.
Similarly, the impurities in the second-type doped region are
driven to diffuse and form an upper doped region 155 during
the thermal diffusion process. The lower doped region 156
and the upper doped region 155 form a PN junction 102 in the
trench 151.

[0058] Please refer to FIG. 5 and FIGS. 6A to 6G. FIG. 5
shows a flowchart of the manufacturing method of the trench
power MOSFET provided in accordance to an embodiment of
the present invention. FIG. 6 A~FIG. 6G respectively show
schematic sectional view of the trench power MOSFET in
different steps of a manufacturing method provided in accor-
dance to an embodiment of the present invention. The sche-
matic sectional view of the trench power MOSFET shown in
FIG. 6A is relative to the steps S500~S502 and similar to FIG.
4A. The similar descriptions in these embodiments are omit-
ted to avoid redundancy. In addition, the same reference
numerals in the instant embodiment are given to the same
components in the previous embodiment.

[0059] Proceed to step S503 after the formation of the first
doped region 130" as shown in FIG. 6A. In step S503, a
plurality of the trench gate structures are formed in the epi-
taxial layer 110. Each of the trench gate structures includes an
upper doped region 155 and a lower doped region 156 to form

Sep. 24, 2015

a PN junction 102. Please refer to FIGS. 6B to 6F which
illustrates in detail the fabrications in step S503.

[0060] As shown in FIG. 6B, a plurality of the trenches 151
are formed in the epitaxial layer 110. Subsequently, please
refer to FIG. 6C, an insulating layer 180 is conformally
formed on a surface of the epitaxial layer 110 and covers the
inner walls and the bottom of each of the trenches 151 after
the formations of the trenches 151. In the instant embodi-
ment, the first insulating layer 180a, the second insulating
layer 1805 and the third insulating layer 180c are sequentially
formed. That is to say, the second insulating layer 1805 is
sandwiched between the first insulating layer 180a and the
third insulating layer 180c. In one embodiment, both of the
first insulating layer 180a and the third insulating layer 180¢
may be silicon dioxide layers, and the second insulating layer
1805 may be a nitride layer. The first insulating layer 180aq,
the second insulating layer 1805 and the third insulating layer
180¢ may be formed by physical vapor deposition (PVD) or
chemical vapor deposition (CVD).

[0061] Subsequently, as shown in FIGS. 6D to 6F, the gate
is deposited in each of the trenches 151 by the in-situ doping
CVD process; or by forming non-doped polysilicon structure,
performing an ion implantation to the non-doped polysilicon
structure and subsequently annealing the doped polysilicon
structure. Specifically, the first polysilicon structure 156' is
blanket deposited on the third insulating layer 180c¢ by the
in-situ doping CVD process and filled in each of the trenches
151, as shown in FIG. 6D. In next step, a portion of the first
polysilicon structure 156' covering on the third insulating
layer 180c¢ and located in the upper portion of the trench 151
is taken off by performing an etch back process, and the other
portion ofthe first polysilicon structure 156' filled in the lower
portion of the trench 151 is remained. Accordingly, the first
polysilicon structure 156' remained in the lower portion of the
trench 151 will become the lower doped region 156 shown in
FIGS. 1A and 2A in the following steps. Furthermore, the top
end of the first polysilicon structure 156' is located at the level
near to an interface between the first doped region 130" and
the drift region 120, i.e., the lowest edge of the first doped
region 130'.

[0062] Please refer to FIG. 6E. The second insulating layer
1804 and the third insulating layer 180¢ are partially removed
by using the first polysilicon structure 156' as a mask. Spe-
cifically, the second and third insulating layer 18054, 180c¢
located above the first doped region 130' and covering the
upper portion of the inner walls of the trench 151 are taken off.
The second and third insulating layer 1805, 180c covering the
lower portion of the inner walls of the trench 151 may be
remained. Notably, though the insulating layer 180 located in
the lower portion of the trench 180 has a similar function to
the lower insulating layer 153 shown in FIG. 1A, it has dif-
ferent structure from that of the lower insulating layer 153.
The first insulating layer 180a covering the upper portion of
the inner walls of the trench 151 has the same function and
similar structure as the upper insulating layer 152 shown in
FIG. 2. In the instant embodiment, the insulating layer 180
located at the lower portion of the trench 151 is used to serve
as the lower insulating layer and has a nitride layer interposed
therein, i.e., the second insulating layer 1806 formed in the
previous step is a nitride layer. As shown in FIG. 6E, the top
ends of the second and third insulating layer 1805, 180c are
located at a level just below the lowest edge of the first doped
region 130'.
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[0063] Thereafter, as shown in FIG. 6F, a second polysili-
con structure 155' is formed in each of the trenches 151.
Specifically, the second polysilicon structure 155' formed by
in-situ doping CVD process blanketly covers the first insu-
lating layer 1804 and fills in the trench 151. Additionally, the
second polysilicon structure has a second-type doped region.
During the fabrication of the N-type trench power MOSFET,
the first-type doped region of the first polysilicon structure
156' is a P-type doped region, whereas the second-type doped
region of the second polysilicon structure 155' is an N-type
doped region. In the following step, a portion of the second
polysilicon structure 155' located above the first doped region
103' is taken off by performing another etch back process, and
the other portion of the second polysilicon structure 155'
filled in the trench 151 is remained.
[0064] Subsequently, proceed the step S504. In step S504,
a source implantation is performed to implant the first doped
region 130", thereafter a thermal diffusion process is per-
formed to form the source region 140 and the body region
130. The source region 140 is located above the body region
130, as shown in FIG. 6G. During the thermal diffusion
process, the impurities in the first-type doped region are
driven to diffuse outward to form a lower doped region 156.
Similarly, the impurities in the second-type doped region are
driven to diffuse outward to form an upper doped region 155
during the thermal diffusion process. The lower doped region
156 and the upper doped region 155 form a PN junction 102
in the trench 151. According to the descriptions of the above-
mentioned embodiments, the other details of the structures
can be deduced by one of ordinary skill in the art and so are
omitted herein.
[0065] In summary, in the trench power MOSFET and the
manufacturing method thereof in the embodiments of the
present invention, a PN junction is formed in the gate. Since
a junction capacitance (Cj) of the PN junction is generated
under reverse bias, and the junction of capacitance is con-
nected to the intrinsic gate-to-drain capacitance (Cgd) in
series, the effective capacitance (Ct) can be reduced. As such,
during the operation of the power trench MOSFET, the
switching speed of the device may increase due to the attenu-
ation of the effective capacitance.
[0066] The descriptions illustrated supra set forth simply
the preferred embodiments of the present invention; however,
the characteristics of the present invention are by no means
restricted thereto. All changes, alterations, or modifications
conveniently considered by those skilled in the art are deemed
to be encompassed within the scope of the present invention
delineated by the following claims.

What is claimed is:

1. A trench power MOSFET comprising:

a substrate;

an epitaxial layer formed on the substrate; and

aplurality of trench transistor units formed in the epitaxial

layer, wherein each of the trench transistor units
includes a trench gate structure comprising:

a trench formed in the epitaxial layer, wherein an insu-
lating layer is formed on an inner wall of the trench;
and

a gate filled in the trench, wherein the gate includes an
upper doped region and a lower doped region to form
a PN junction.

2. The trench power MOSFET according to claim 1,
wherein each of the trench transistor unit further comprises:
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a source region formed in the epitaxial layer and adjacent to

side walls of the trench gate structure; and

abody region formed in the epitaxial layer under the source

region and adjacent to side walls of the trench gate
structure and;

wherein the PN junction is located at a level equal to or

lower than a lowest edge of the body region.

3. The trench power MOSFET according to claim 1,
wherein the upper doped region is located above the lower
doped region and the PN junction is substantially located ata
middle of the trench.

4. The trench power MOSFET according to claim 3,
wherein both of the upper doped region and the source region
are N-type and the lower doped region is P-type.

5. The trench power MOSFET according to claim 3,
wherein both of the upper doped region and the source region
are P-type and the lower doped region is N-type.

6. The trench power MOSFET according to claim 1,
wherein the upper doped region is located above the lower
doped region, and a width of the upper doped region is wider
than that of the lower doped region.

7. The trench power MOSFET according to claim 1,
wherein the insulating layer includes an upper insulating
layer and a lower insulating layer, the upper insulating layeris
located above the lower insulating layer, and a thickness of
the lower insulating layer is larger than a thickness of the
upper insulating layer, wherein a top end of the lower insu-
lating layer is located at a level lower than a lowest edge of a
body region of the trench transistor unit.

8. The trench power MOSFET according to claim 1,
wherein the insulating layer includes:

an upper insulating layer isolating the upper doped region

from the epitaxial layer; and

a lower insulating layer isolating the lower doped region

from the epitaxial layer, wherein the lower insulating
layer has a nitride layer interposed therein, and a top end
of the lower insulating layer is located at a level lower
than a lowest edge of a body region of the trench tran-
sistor unit.

9. The trench power MOSFET according to claim 1,
wherein each of the trench transistor units further comprises
a drift region, and the trench gate structure extends from a top
surface of the epitaxial layer into the drift region.

10. A manufacturing method of a trench power MOSFET
comprising:

providing a substrate;

forming an epitaxial layer on the substrate;

performing a base doping process to form a first doped

region;
forming a plurality of trench gate structures in the epitaxial
layer and the first doped region, wherein each of the
trench gate structures includes an upper doped region
and a lower doped region to form a PN junction; and

performing a source implantation to implant the first doped
region and form a source region and a body region,
wherein the source region is located above the body
region.

11. The manufacturing method of the trench power MOS-
FET according to claim 10, wherein the PN junction is
located at a level lower than a lowest edge of the body region.

12. The manufacturing method of the trench power MOS-
FET according to claim 10, wherein the step of forming each
of the trench gate structures comprises:
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forming a trench in the epitaxial layer;

forming an insulating layer to cover an inner wall of the

trench; and

forming a gate in the trench, wherein the gate includes the

upper doped region and the lower doped region, and the
upper doped region is located above the lower doped
region so that the PN junction is formed in the trench.

13. The manufacturing method of the trench power MOS-
FET according to claim 12, wherein the step of forming the
insulating layer comprises:

forming a lower insulating layer along a lower portion of

the inner wall of the trench to isolate the lower doping
portion from the epitaxial layer; and

forming an upper insulating layer above the lower insulat-

ing layer to isolate the upper doped region from the
epitaxial layer, wherein a thickness of the lower insulat-
ing layer is larger than a thickness of the upper insulating
layer, and a top end of the lower insulating layer is
located at a level lower than a lowest edge of the body
region.

14. The manufacturing method of the trench power MOS-
FET according to claim 13, wherein the step of forming the
lower insulating layer comprises forming a nitride layer so
that the nitride layer is interposed within the lower insulating
layer.

15. The manufacturing method of the trench power MOS-
FET according to claim 12, wherein the step of forming the
gate comprises performing in-situ doping CVD process to
form the upper doped region or the lower doped region.

16. The manufacturing method of the trench power MOS-
FET according to claim 10, wherein both of the source region
and the upper doped region are N-type, and the lower doped
region is P-type.

17. The manufacturing method of the trench power MOS-
FET according to claim 10, wherein both of the source region
and the upper doped region are P-type, and the lower doped
region is N-type.

18. The manufacturing method of the trench power MOS-
FET according to claim 10, wherein each of the trench gate
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structures extends from a top surface of the epitaxial layer to
a depth greater than that of the body region.

19. A manufacturing method of a trench power MOSFET
comprising:

providing a substrate;

forming an epitaxial layer on the substrate;

performing a base doping process in the epitaxial layer to

form a first doped region;

forming a plurality of trenches in the epitaxial layer;

forming a first-type doped region and a second-type doped

region in one of the trenches, wherein the first-type
doped region has a groove and the second-type doped
region is filled in the groove;

performing a source implantation to implant the first doped

region; and

performing a thermal diffusion process to form a source

region and a body region, wherein the first-type doped
region and the second-type doped region diffuse and
respectively form a lower doped region and an upper
doped region during the thermal diffusion process, and a
PN junction is formed between the upper doped region
and the lower doped region.

20. The manufacturing method of the trench power MOS-
FET according to claim 19, after the step of forming a plu-
rality of trenches in the epitaxial layer, further comprising:

forming a lower insulating layer along a lower portion of an

inner wall of the trench to isolate the lower doped region
from the epitaxial layer, wherein the lower insulating
layer has a multi-layered structure having at least one
nitride layer; and

forming an upper insulating layer above the lower insulat-

ing layer to isolate the upper doped region from the
epitaxial layer, wherein a thickness of the lower insulat-
ing layer is larger than that of the upper insulating layer,
and a top end of the lower insulating layer is located at a
level lower than a lowest edge of the body region.
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