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(57) ABSTRACT

A semiconductor device is provided. The semiconductor
device includes: a first semiconductor layer having an
N-type of conductivity; and a second semiconductor layer
that is formed on the first semiconductor layer, and including
an active region, a frame region, and a termination region,
wherein the active region includes a plurality of first P-pil-
lars and first N-pillars formed between the plurality of first
P-pillars, the frame region includes an upper frame region
formed to extend in a first direction while having a P-type of
conductivity, and a lower frame region that is formed below
the upper frame region and including a plurality of second
P-pillars and second N-pillars formed between the plurality
of second P-pillars, and the termination region includes an
upper termination region that extends in the first direction
while having the P-type of conductivity, a middle termina-
tion region having the N-type of conductivity and formed
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(51) Int. CL below the upper termination region, and a lower termination
HOIL 29/06 (2006.01) region formed below the middle termination region and
HOIL 29/10 (2006.01) including a plurality of third P-pillars and third N-pillars
HOIL 29/78 (2006.01) formed between the plurality of third P-pillars.
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SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a Continuation in part applica-
tion of U.S. patent application Ser. No. 16/716,832 filed on
Dec. 17, 2019, which claims priority to and the benefit of
Korean Patent Application No. 10-2019-0107447 filed in the
Korean Intellectual Property Office on Aug. 30, 2019, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND

(a) Technical Field

[0002] The present disclosure relates to a semiconductor
device.

(b) Description of the Related Art
[0003] A power-type metal oxide semiconductor field

effect transistor (MOSFET) may be used as a switch, and
requires low on-resistance, a high breakdown voltage, and
high switching speed. In particular, a super-junction MOS-
FET, which is a representative example of a high voltage
resistance MOSFET, is a kind of Si-MOSFET, and has a
high speed switching operation at relatively low power
compared to an insulated gate bipolar transistor (IGBT) and
a SiC-MOSFET.

[0004] By improving the fact that when the breakdown
voltage is increased, a drift layer is thickened and thus
on-resistance is increased in a planar MOSFET, the super-
junction MOSFET alternately disposes a plurality of vertical
PN junctions to reduce on-resistance, and a reduction of the
amount of gate charge required to charge the input capaci-
tance, which is the sum of the gate-source capacitance and
the gate-drain capacitance, can be realized.

[0005] However, charge imbalance resulting from pillar
structures that are alternately disposed to the drift layer of a
super-junction MOSFET (hereinafter referred to as a super-
junction semiconductor device) may result in poor break-
down characteristics and damage to the device, and accord-
ingly, a design for a structure that can balance changes is
required.

[0006] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the disclosure and therefore it may
contain information that does not form the prior art that is
already known in this country to a person of ordinary skill
in the art.

SUMMARY

[0007] The present disclosure has been made in an effort
to provide a semiconductor device that can solve a charge
imbalance problem in a super-junction semiconductor
device and assure reliability.

[0008] A semiconductor device according to an exemplary
embodiment of the present disclosure includes: a first semi-
conductor layer having an N-type of conductivity; and a
second semiconductor layer that is formed on the first
semiconductor layer, and including an active region, a frame
region, and a termination region, wherein the active region
includes a plurality of first P-pillars and first N-pillars
formed between the plurality of first P-pillars, the frame
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region includes an upper frame region formed to extend in
a first direction while having a P-type of conductivity, and
a lower frame region that is formed below the upper frame
region and including a plurality of second P-pillars and
second N-pillars formed between the plurality of second
P-pillars, and the termination region includes an upper
termination region that extends in the first direction while
having the P-type of conductivity, a middle termination
region having the N-type of conductivity and formed below
the upper termination region, and a lower termination region
formed below the middle termination region and including
a plurality of third P-pillars and third N-pillars formed
between the plurality of third P-pillars, wherein the upper
termination region may include a plurality of segmentation
area logically defined to distinguish areas having different
impurity concentrations in the upper termination region, the
plurality of segmentation area having a first segmentation
area, a second segmentation area, and a third segmentation
area, and wherein the impurity concentration of the first
segmentation area may be the highest, the impurity concen-
tration of the second segmentation area may be lower than
that of the first segmentation area, and the impurity concen-
tration of the n-th segmentation area may be the lowest.
[0009] In some exemplary embodiments of the present
disclosure, the entire lower termination region may be
covered by the upper termination region.

[0010] In some exemplary embodiments of the present
disclosure, the middle termination region and the upper
termination region may be sequentially formed on the third
P-pillar.

[0011] In some exemplary embodiments of the present
disclosure, the second P-pillar may be connected to the top
surface of the second semiconductor layer through the upper
frame region.

[0012] In some exemplary embodiments of the present
disclosure, the third P-pillar may be distanced from the top
surface of the second semiconductor layer

[0013] In some exemplary embodiments of the present
disclosure, the top surface of the middle termination region
may be distanced from the top surface of the second semi-
conductor layer.

[0014] In some exemplary embodiments of the present
disclosure, the middle termination region may be connected
with at least one of the plurality of third N-pillars of the
lower termination region.

[0015] In some exemplary embodiments of the present
disclosure, the upper termination region may be connected
with the upper frame region.

[0016] In some exemplary embodiments of the present
disclosure, the upper frame region may be connected with at
least one of the plurality of second P-pillars of the lower
frame region.

[0017] In some exemplary embodiments of the present
disclosure, impurity concentration of the upper frame region
may be higher than that of the upper termination region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a top plan view provided for description
of a semiconductor device according to an exemplary
embodiment of the present disclosure.

[0019] FIG. 2A is a cross-sectional view of one direction
for description of a semiconductor device according to an
exemplary embodiment of the present disclosure.
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[0020] FIG. 2B to FIG. 2D are cross-sectional views of the
semiconductor device of FIG. 2A in different directions.
[0021] FIG. 3 is a cross-sectional view of a semiconductor
device according to another exemplary embodiment of the
present disclosure, provided for description of the semicon-
ductor device in one direction.

[0022] FIG. 4 to FIG. 6 are provided for description of an
example of a mask layer for manufacturing a semiconductor
device according to an exemplary embodiment of the pres-
ent disclosure.

[0023] FIG. 7 and FIG. 8 are provided for description of
an example of a mask layer for manufacturing a semicon-
ductor device according to an exemplary embodiment of the
present disclosure.

[0024] FIG. 9 to FIG. 15 are provided for description of an
example of a method for manufacturing a semiconductor
device by using the mask layer of FIG. 7.

[0025] FIG. 16 is provided for description of another
example of a mask layer for manufacturing a semiconductor
device according to the exemplary embodiment of the
present disclosure.

[0026] FIG. 17 is provided for description of another
example of a mask layer for manufacturing a semiconductor
device according to the exemplary embodiment of the
present disclosure.

[0027] FIG. 18 is provided for description of another
example of a mask layer for manufacturing a semiconductor
device according to the exemplary embodiment of the
present disclosure.

[0028] FIG. 19 is a cross-sectional view provided for
description of a semiconductor device according to an
exemplary embodiment of the present disclosure.

[0029] FIG. 20 is a cross-sectional view provided for
description of a semiconductor device according to another
exemplary embodiment of the present disclosure.

[0030] FIG. 21 is a cross-sectional view provided for
description of a manufacturing step of a semiconductor
device according to another exemplary embodiment of the
present disclosure.

[0031] FIG. 22 and FIG. 23 are provided for description of
advantageous effects of the semiconductor devices accord-
ing to the exemplary embodiments of the present disclosure.
[0032] FIG. 24 is a cross-sectional view of one direction
for description of a semiconductor device according to an
exemplary embodiment of the present disclosure.

[0033] FIG. 25 illustrates a profile of a surface electric
field along line AA' of the semiconductor device of FIG. 24.
[0034] FIG. 26 is provided for description of another
example of a mask layer for manufacturing the semicon-
ductor device of FIG. 24.

[0035] FIG. 27 is a cross-sectional view of one direction
for description of a semiconductor device according to an
exemplary embodiment of the present disclosure.

DETAILED DESCRIPTION

[0036] The present disclosure will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the disclosure are shown.
As those skilled in the art would realize, the described
embodiments may be modified in various different ways, all
without departing from the spirit or scope of the present
disclosure. Accordingly, the drawings and description are to
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be regarded as illustrative in nature and not restrictive. Like
reference numerals designate like elements throughout the
specification.

[0037] In addition, unless explicitly described to the con-
trary, the word “comprise” and variations such as “com-
prises” or “comprising” will be understood to imply the
inclusion of stated elements but not the exclusion of any
other elements.

[0038] Although exemplary embodiments of the present
disclosure are mainly described with an example of a
super-junction semiconductor device, the technical spirit of
the present disclosure is not limited thereto, and the present
disclosure can be applied to other types of power switch
technologies including IGBT devices, Schottky rectifiers,
various types of bipolar switches, and various types of
thyristors and rectifiers. In addition, although exemplary
embodiments of the present disclosure are described using a
specific P region and N region, the technical spirit of the
present disclosure is not limited thereto, and the technical
spirit of the present disclosure may also be applied to a
semiconductor device an opposite conductivity type in the
corresponding region. Hereinafter, the term, “semiconductor
device” refers to a super-junction MOSFET and a super-
junction semiconductor device, except where specifically
noted.

[0039] FIG. 1 is a top plan view provided for description
of a semiconductor device according to an exemplary
embodiment of the present disclosure.

[0040] Referring to FIG. 1, a semiconductor device 1
according to an exemplary embodiment of the present
disclosure may include an active region AR, a frame region
FR, and a termination region TR.

[0041] The active region AR may include first P-pillars
121 and first N-pillars 122 alternately arranged along a first
direction X. That is, the active region AR may include a
plurality of first P-pillars 121 and first N-pillars 122 formed
between the plurality of first P-pillars 121.

[0042] The termination region TR may include third P-pil-
lars 127 and third N-pillars 128 alternately arranged along
the first direction X. That is, the termination region TR may
include a plurality of third P-pillars 127 and third N-pillars
128 formed between the plurality of third P-pillars 127.
[0043] The frame region FR may correspond to a transi-
tion region disposed between the active region AR and the
termination region TR. The frame region FR may include
second P-pillars 123 and second N-pillars 124 alternately
arranged along the first direction X. That is, the frame region
FR may include a plurality of second P-pillars 123 and
second N-pillars 124 formed between the plurality of second
P-pillars 123.

[0044] In the present exemplary embodiment, the frame
region FR is formed to surround the active region A and the
termination region TR is formed to surround the frame
region FR, but the range of the present disclosure is not
limited thereto.

[0045] Such a layout of the first P-pillars 121 and the first
N-pillars 122 of the active region AR, a layout of the second
P-pillars 123 and the second N-pillars 124 of the frame
region FR, and a layout of the third P-pillars 127 and the
third N-pillars 128 of the termination region TR are not
limited to the layouts shown in FIG. 1, and it can be
understood that various modifications may be made accord-
ing to specific implementation purposes, and accordingly,
characteristics of the semiconductor device 1 may vary.
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[0046] FIG. 2A is a cross-sectional view of one direction
for description of a semiconductor device according to an
exemplary embodiment of the present disclosure.

[0047] Referring to FIG. 2A, a semiconductor device 2
according to an exemplary embodiment of the present
disclosure may include a first semiconductor layer 110 and
a second semiconductor layer 120. The active region AR, the
frame region FR, and the termination region TR, which have
been described above with reference to FIG. 1, may respec-
tively include first semiconductor layers 110 and the second
semiconductor layers 120.

[0048] The first semiconductor layer 110 is formed on a
drain wiring layer 100, and may be divided into the active
region AR, the frame region FR, and the termination region
TR, which have been described above with reference to FIG.
1

[0049] The first semiconductor layer 110 may have an
N-type of conductivity. For example, the first semiconductor
layer 110 may be a part of a semiconductor substrate that is
heavily doped with an N-type impurity. Alternatively,
although not shown, the first semiconductor layer 110 may
refer to a semiconductor substrate that is heavily doped with
N-type impurities and an epitaxial layer heavily doped with
N-type impurities formed on the semiconductor substrate.

[0050] The second semiconductor layer 120 may be
divided into the active region AR, the frame region FR, and
the termination region TR, which have been described above
with reference to FIG. 1.

[0051] A portion of the second semiconductor layer 120,
corresponding to the active region AR may correspond to a
drift layer. That is, the active region AR of the second
semiconductor layer 120 may have a super-junction struc-
ture in which first P-pillars 121 including P-type impurities
and first N-pillars 122 including N-type impurities are
alternately arranged along a first direction X that is parallel
with the top surface of the first semiconductor layer 110.
That is, the active region AR of the second semiconductor
layer 120 may include a plurality of first P-pillars 121 and
first N-pillars 122 formed between the plurality of first
P-pillars 121.

[0052] The first P-pillars 121 and the first N-pillars 122
may extend in a second direction Y that is perpendicular to
the first direction X, while having a predetermined width in
the first direction X.

[0053] In some exemplary embodiments of the present
disclosure, concentration of the P-type impurity of the first
P-pillar 121 may be the same as that of the N-type impurity
of the first N-pillar 122. In addition, the width of the first
P-pillar 121 in the first direction X may be the same as that
of the first N-pillar 122 in the first direction X. In some
exemplary embodiments of the present disclosure, the
P-type impurity concentration of the first P-pillar 121 may
be higher than the N-type impurity concentration of the first
N-pillar 122, and the width of the P-pillar 121 in the first
direction X may be narrower than the width of the first
N-pillar 122 in the first direction X. Alternatively, in some
exemplary embodiments of the present disclosure, the
P-type impurity concentration of the first P-pillar 121 may
be lower than the N-type impurity concentration of the first
N-pillar 122, and the width of the P-pillar 121 in the first
direction X may be wider than the width of the first N-pillar
122 in the first direction X. In any case, the impurity
concentration and width may be appropriately adjusted so
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that the P-type charge amount and the N-type charge amount
of the active region AR of the second semiconductor layer
120 can be balanced.

[0054] A P body region 130 may be formed on the first
P-pillar 121, and a P+ region 132 may be formed in the P
body region 120. Two N+ regions 134 that are distanced
from each other while having a predetermined depth from
the top surface of the second semiconductor layer 120 may
be formed in the P+ region 132.

[0055] A gate dielectric layer 136 may be formed on the
first N-pillar 122, and an active poly gate 138 may be formed
on the gate dielectric layer 136. A spacer 140 may be
conformally formed on the active poly gate 138, and the
spacer 140 may include, for example, a silicon nitride. An
insulation layer 142 may be formed on the spacer 140. A
source electrode 144 may be formed on the insulation layer
142, and the source electrode 144 may be electrically
connected with the P+ region 132 by contacting the same.
[0056] A structure formed on the first P-pillar 121 and the
first N-pillar 122 may not be limited to the above-described
structure, and may be modified depending on specific imple-
ment purposes.

[0057] As described above with reference to FIG. 1, the
frame region FR of the second semiconductor layer 120 may
be formed to surround the active region AR of the second
semiconductor layer 120

[0058] The frame region FR of the second semiconductor
layer 120 may include second P-pillars 123 and second
N-pillars 124 that are alternately arranged along the first
direction X that is parallel with the top surface of the first
semiconductor layer 110. That is, the frame region FR of the
second semiconductor layer 120 may include a plurality of
second P-pillars 123 and second N-pillars 124 formed
between the plurality of second P-pillars 123.

[0059] Specifically, the frame region FR of the second
semiconductor layer 120 may include an upper frame region
125a and a lower frame region 1255.

[0060] The upper frame region 125a¢ has a P-type of
conductivity, and may extend in the first direction X that is
parallel with the top surface of the first semiconductor layer
110.

[0061] The lower frame region 1255 is formed below the
upper frame region 125a, and may include a plurality of
second P-pillars 123 and second N-pillars 124 formed
between the plurality of second P-pillars 123.

[0062] In some exemplary embodiments of the present
disclosure, the width of the second P-pillar 123 and the
second N-pillar 124 in the first direction X and the impurity
concentration of the second P-pillar 123 and the second
N-pillar 124 may be the same as the width of the first
direction of the first P-pillar 121 and the first N-pillar 122 of
the active region AR in the first direction X and the impurity
concentration of the first P-pillar 121 and the first N-pillar
122. Alternatively, the width of the second P-pillar 123 and
the second N-pillar 124 in the first direction X and the
impurity concentration of the second P-pillar 123 and the
second N-pillar 124 may be different from the width of the
first direction of the first P-pillar 121 and the first N-pillar
122 of the active region AR in the first direction X and the
impurity concentration of the first P-pillar 121 and the first
N-pillar 122, and the impurity concentration and width may
be appropriately adjusted so that the balance between the
P-type charge amount and the N-type charge amount
included in the frame region FR may be maintained,
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[0063] A spacer 140 and an insulation layer 142 may be
disposed on the upper frame region 125a. At least a part of
the insulation layer 142 may correspond to a region where
the source electrode 144 and a gate electrode 150 are not
formed. That is, the source electrode 144 and the gate
electrode 150 may be formed apart from each other. In
addition, a region that contacts the source electrode 144 and
thus forms an electrical connection with the source electrode
144 may exist on the upper frame region 125a.

[0064] A structure formed on the upper frame region 125a
may be variously modified depending on detailed imple-
mentation purposes rather than being limited to the above-
stated structure. For example, a field oxide layer 146 may be
additionally formed before the insulation layer 142 is
formed, or the spacer 140 may be formed with a shape that
is different from the shape shown in FIG. 2A.

[0065] In the present exemplary embodiment, the second
P-pillar 123 may be connected to the top surface of the
second semiconductor layer 120 through the upper frame
region 125a. Accordingly, a plurality of second P-pillars 123
may contact the source electrode 144 through the upper
surface of the second semiconductor layer 120 to form an
electrical connection.

[0066] Meanwhile, in the present exemplary embodiment,
the upper frame region 1254 may be connected to at least
one of the plurality of second P-pillars 123 of the lower
frame region 125b. Accordingly, the plurality of second
P-pillars 123 may be electrically connected to each other
through the upper frame region 125a. For example, three
second P-pillars 123 are connected with the upper frame
region 1254 and thus they may have the shape as shown in
2A, but the number and specific shape of the second
P-pillars 123 may vary rather than being limited to the
number and specific shape shown in FIG. 2A.

[0067] As previously described with reference to FIG. 1,
the termination region TR of the second semiconductor layer
120 may be formed to surround the frame region FR of the
second semiconductor layer 120.

[0068] The termination region TR of the second semicon-
ductor layer 120 may include third P-pillars 127 and third
N-pillars 128 that are alternately arranged along the first
direction X that is parallel with the top surface of the first
semiconductor layer 110. That is, the termination region TR
of the second semiconductor layer 120 may include a
plurality of third P-pillars 127 and a plurality of third
N-pillars 128 formed between the plurality of third P-pillars
127.

[0069] Specifically, the termination region TR of the sec-
ond semiconductor layer 120 may include an upper termi-
nation region 126a, a middle termination region 1265, and
a lower termination region 126¢.

[0070] The upper termination region 126a may have a
P-type of conductivity, and may extend in the first direction
X that is parallel with the top surface of the first semicon-
ductor layer 110.

[0071] The middle termination region 1265 may have an
N-type of conductivity, and may be formed below the upper
termination region 126a.

[0072] The lower termination region 126¢ is formed below
the middle termination region 1265, and may include a
plurality of third P-pillars 127 and a plurality of third
N-pillars 128 formed between the plurality of third P-pillars
127. The lower termination region 126¢ has a super-junction
structure in which the third P-pillars 127 including a P-type
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of impurity and the third N-pillars 128 including an N-type
of impurity are alternately arranged along the first direction
X that is parallel with the top surface of the first semicon-
ductor layer 110 such that a breakdown voltage of the
semiconductor device 2 can be increased.

[0073] In some exemplary embodiments of the present
disclosure, the width of the third P-pillar 127 and the third
N-pillar 128 in the first direction X and the impurity con-
centration thereof may be the same as the width of the first
P-pillar 121 and the first N-pillar 122 in the first direction X
of the active region AR and the impurity concentration
thereof. Alternatively, the first direction (X) width and the
impurity concentration of the third P-pillar 127 and the third
N-pillar 128 may be different from the first direction (X)
width and the impurity concentration of the first P-pillar 121
and the first N-pillar 122 of the active region AR, and the
impurity concentration and width may be appropriately
selected so that the P-type charge amount and the N-type
charge amount included in the termination region TR can be
balanced.

[0074] The field oxide layer 146 may be formed on the
upper termination region 126a, and the spacer 140 and the
insulation layer 142 may be formed on the field oxide layer
146. In particular, in some area on the upper termination
region 126a, a field plate 148 may be formed on the field
oxide layer 146, and the spacer 140 and the insulation layer
142 may be formed on the field plate 148. A gate electrode
150 may be formed on the insulation layer 142, and the gate
electrode 150 may be electrically connected with the field
plate 148 by contacting the same.

[0075] In some exemplary embodiments of the present
disclosure, the field plate 148 may extend to the frame area
FR so as to form an electrical connection with the upper
frame region 1254, but the range of the present disclosure is
not limited thereto.

[0076] Meanwhile, a floating electrode 152 may be
formed at a distance from the gate electrode 150 on the field
oxide layer 146. The floating electrode 152 is located at the
end of the termination region TR, and can serve as a field
stop layer to stop the electric field. Although the floating
electrode 150 is referred to as a floating electrode 150 in the
sense that it is not connected with an outer terminal of a chip
included in the semiconductor device 2, it does not mean
that the floating electrode 150 is electrically floating. For
example, the silicon (Si) region formed in some areas of the
chip of the floating electrode 150 may be electrically con-
tacted.

[0077] The structure formed on the upper termination
region 1264 is not limited to the above-described structure,
and may be modified as much as the specific implementation
purpose.

[0078] In the present exemplary embodiment, the upper
termination region 126a may be connected with the upper
frame region 125a of the frame region FR. Accordingly, the
upper termination region 126a may be electrically connected
with the plurality of second P-pillars 123 of the frame region
FR, and may form an electrical connection with the source
electrode 144 by contacting the source electrode 144
through the top surface of the semiconductor layer 120.
[0079] In the present exemplary embodiment, an impurity
concentration of the upper frame region 125a of the frame
region FR may be higher than that of the upper termination
region 126a. That is, both the upper frame region 125a and
the upper termination region 126a of the frame region FR
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are doped with a P-type impurity, but the upper frame region
125a of the frame region FR may be more heavily doped
with the P-type impurity. However, the range of the present
disclosure is not limited thereto.

[0080] Meanwhile, in the present exemplary embodiment,
the top surface of the middle termination region 1265 may
be distanced from the top surface of the second semicon-
ductor layer 120. That is, the top surface of the middle
termination region 1265 may be distanced from the bottom
surface of the field oxide layer 146. In addition, the bottom
surface of the upper termination region 126a and the top
surface of the middle termination region 1266 may form a
PN junction.

[0081] In the present exemplary embodiment, the middle
termination region 1265 may be connected with at least one
of the plurality of third N-pillars 128 of the lower termina-
tion region 126¢. Accordingly, the plurality of third N-pillars
128 may be electrically connected with each other through
the middle termination region 1265.

[0082] Meanwhile, in the present exemplary embodiment,
the entire lower termination region 126¢ may be covered by
the upper termination region 126a. That is, the upper ter-
mination region 1264 may be formed to wholly cover the top
surface of the termination region TR.

[0083] Referring to a region U1, in the present exemplary
embodiment, the middle termination region 1265 and the
upper termination region 126a may be sequentially formed
on the third P-pillar 127. In addition, the third P-pillar 127
may be formed to be distanced from the top surface of the
second semiconductor layer 120.

[0084] FIG. 2B to FIG. 2D are cross-sectional views of the
semiconductor device of FIG. 2A in different directions.

[0085] Specifically, FIG. 2B is a cross-sectional view of
the semiconductor device of FIG. 2A, taken along a virtual
line that penetrates the upper termination region 126a in a
first direction X, that is, a cross-section viewed from a third
direction Z that is perpendicular to the first direction X and
the second direction Y.

[0086] Referring to FIG. 2B, P body regions 130 and
surface N regions formed between the P body regions 130
are alternately arranged in the active region AR. Here, as
previously described with reference to FIG. 2A, the P body
region 130 may include a P+ region 132 and an N+ region
134. In addition, the upper frame region 1254 is disposed in
the frame region FR, and the upper terminal region 126« is
disposed in the termination region TR. That is, the upper
termination region 126q in the termination region TR may
wholly cover the termination region TR, and for example,
may cover the plurality of third P pillars 127 of the lower
termination region 126¢.

[0087] FIG. 2C is a cross-sectional view of the semicon-
ductor device of FIG. 2A, taken along a virtual line that
penetrates the middle termination region 1264 in the first
direction X, that is, a cross-section viewed from the third
direction Z.

[0088] Referring to FIG. 2C, P body regions 130 and the
surface N regions formed between the P body regions 130
are alternately arranged in the active region AR. In addition,
the upper frame region 125a is disposed in the frame region
FR, and the middle terminal region 1265 is disposed in the
termination region TR.

[0089] FIG. 2D is a cross-sectional view of the semicon-
ductor device of FIG. 2A, taken along a virtual line that
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penetrates the lower termination region 126¢ in the first
direction X, that is, viewed from the third direction Z.
[0090] Referring to FIG. 2D, the first P-pillar 121 and the
first N-pillar 122 are alternately arranged in the active region
AR. In addition, the lower frame region 1254 is formed in
the frame region FR and thus the second P-pillar 123 and the
second N-pillar 124 are alternately arranged, and the lower
termination region 126¢ is formed in the termination region
TR and thus the third P-pillar 127 and the third N-pillar 128
are disposed.

[0091] According to the present exemplary embodiment
described with reference to FIG. 2A to FIG. 2D, a charge
imbalance problem in which the balance between the P-type
charge amount and the N-type charge amount is broken in a
corner portion of the termination region of the semiconduc-
tor device 2 can be solved. In addition, the expansion speed
of the depletion region can be adjusted to be uniform in all
directions of the termination region surface to prevent
damage caused by high electric fields, and to reduce an
electric field level applied to the surface of the termination
region and facilitate profile adjustment, thereby assuring
reliability and improving performance of the semiconductor
device 2.

[0092] FIG. 3 is a cross-sectional view of a semiconductor
device according to another exemplary embodiment of the
present disclosure, provided for description of the semicon-
ductor device in one direction.

[0093] Referring to FIG. 3, a semiconductor device 3
according to another exemplary embodiment of the present
disclosure may include a first semiconductor layer 110 and
a second semiconductor layer 120, each having a similar
structure as described with reference to FIG. 2A.

[0094] The first semiconductor layer 110 is formed on a
drain wiring layer 100, and may be divided into an active
region AR, a frame region FR, and a termination region TR,
which are described above with reference to FIG. 1.

[0095] The second semiconductor layer 120 is formed on
the first semiconductor layer 110, and may be divided into
an active region AR, a frame region FR, and a termination
region TR, which are described above with reference to FIG.
1

[0096] The active region AR of the second semiconductor
layer 120 may have a super-junction structure in which first
P-pillars 121 including P-type impurities and first N-pillars
122 including N-type impurities are alternately arranged
along a first direction X that is parallel with the top surface
of the first semiconductor layer 110. That is, the active
region AR of the second semiconductor layer 120 may
include a plurality of first P-pillars 121 and first N-pillars
122 formed between the plurality of first P-pillars 121.

[0097] A P body region 130 is formed on the first P-pillar
121, and a P+ region 132 may be formed in the P body
region 130. Two N+ regions 134 that are distanced from
each other while having a predetermined depth from the top
surface of the second semiconductor layer 120 may be
formed in the P+ region 132.

[0098] A gate diclectric layer 136 is formed on the first
N-pillar 122, and an active poly gate 138 may be formed on
the gate dielectric layer 136. A spacer 140 may be confor-
mally formed on the active poly gate 138, and the spacer 140
may include, for example, a silicon nitride. An insulation
layer 142 may be formed on the spacer 140. A source
electrode 144 may be formed on the insulation layer 142,
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and the source electrode 144 may be electrically connected
with the P+ region 132 by contacting the same.

[0099] A structure formed on the first P-pillar 121 and the
first N-pillar 122 may not be limited to the above-described
structure, and may be modified depending on specific imple-
ment purposes.

[0100] The frame region FR of the second semiconductor
layer 120 may include an upper frame region 125q and a
lower frame region 1255. The upper frame region 1254 has
a P-type of conductivity, and may extend in the first direc-
tion X that is parallel with the top surface of the first
semiconductor layer 110. The lower frame region 1256 is
formed below the upper frame region 1254, and may include
a plurality of second P-pillars 123 and second N-pillars 124
formed between the plurality of second P-pillars 123.
[0101] A spacer 140 and an insulation layer 142 may be
formed on the upper frame region 125a. At least a part of the
insulation layer 142 may correspond to a region where the
source electrode 144 and the gate electrode 150 are not
formed. That is, the source electrode 144 and the gate
electrode 150 may be formed apart from each other. In
addition, a region that contacts the source electrode 144 and
thus forms an electrical connection with the source electrode
144 may exist on the upper frame region 125a.

[0102] A structure formed on the upper frame region 125a
may be variously modified depending on detailed imple-
mentation purposes rather than being limited to the above-
stated structure. For example, a field oxide layer 146 may be
additionally formed before the insulation layer 142 is
formed, or the spacer 140 may be formed with a shape that
is different from the shape shown in FIG. 3.

[0103] In the present exemplary embodiment, the second
P-pillar 123 may be connected to the top surface of the
second semiconductor layer 120 through the upper frame
region 125a. Accordingly, a plurality of second P-pillars 123
may contact the source electrode 144 through the upper
surface of the second semiconductor layer 120 to form an
electrical connection.

[0104] Meanwhile, in the present exemplary embodiment,
the upper frame region 1254 may be connected to at least
one of the plurality of second P-pillars 123 of the lower
frame region 125b. Accordingly, the plurality of second
P-pillars 123 may be electrically connected to each other
through the upper frame region 125a. For example, three
second P-pillars 123 are connected with the upper frame
region 1254, and thus may have a shape as shown in FIG.
2A, but the number and specific shape of the second P-pillar
123 are not limited to FIG. 2A and may vary.

[0105] The termination region TR of the second semicon-
ductor layer 120 may include an upper termination region
126a, a middle termination region 1265, and a lower termi-
nation region 126¢. The upper termination region 1264 has
a P-type of conductivity and may extend in a first direction
X parallel to the top surface of the first semiconductor layer
110. The middle termination region 1265 may have an
N-type of conductivity, and may be formed below the upper
termination region 126a. The lower termination region 126¢
is formed below the middle termination region 1265, and
may include a plurality of third P-pillars 127 and a plurality
of a plurality of third N-pillars 128 formed between the
plurality of third P-pillars 127. The lower termination region
126¢ has a super-junction structure in which the third
P-pillars 127 including a P-type of impurity and the third
N-pillars 128 including an N-type of impurity are alternately
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arranged along the first direction X that is parallel with the
top surface of the first semiconductor layer 110 such that a
breakdown voltage of the semiconductor device 2 can be
increased.

[0106] A field oxide layer 146 may be formed on the upper
termination region 1264, and a spacer 140 and an insulation
layer 142 may be formed on the field oxide layer 146. In
particular, in some area on the upper termination region
126a, a field plate 148 may be formed on the field oxide
layer 146, and the spacer 140 and the insulation layer 142
may be formed on the field plate 148. A gate electrode 150
may be formed on the insulation layer 142, and the gate
electrode 150 may be electrically connected with the field
plate 148 by contacting the same.

[0107] In some exemplary embodiments of the present
disclosure, the field plate 148 may extend to the frame area
FR so as to form an electrical connection with the upper
frame region 1254, but the range of the present disclosure is
not limited thereto.

[0108] Meanwhile, a floating electrode 152 may be
formed at a distance from the gate electrode 150 on the field
oxide layer 146. The floating electrode 152 is located at the
end of the termination region TR and can serve as a field stop
layer to stop the electric field. Although the floating elec-
trode 150 is referred to as a floating electrode 150 in the
sense that it is not connected with an outer terminal of a chip
including the semiconductor device 2, it does not mean that
the floating electrode 150 is electrically floating. For
example, the silicon (Si) region formed in some areas of the
chip of the floating electrode 150 may be electrically con-
tacted.

[0109] The structure formed on the upper termination
region 1264 is not limited to the above-described structure,
and may be modified as much as the specific implementation
purpose.

[0110] In the present exemplary embodiment, the upper
termination region 126a may be connected with the upper
frame region 125a of the frame region FR. Accordingly, the
upper termination region 126a may be electrically connected
with the plurality of second P-pillars 123 of the frame region
FR, and may form an electrical connection with the source
electrode 144 by contacting the source electrode 144
through the top surface of the semiconductor layer 120.
[0111] In the present exemplary embodiment, an impurity
concentration of the upper frame region 125a of the frame
region FR may be higher than that of the upper termination
region 126a. That is, both the upper frame region 125a and
the upper termination region 126a of the frame region FR
are doped with a P-type impurity, but the upper frame region
125a of the frame region FR may be more heavily doped
with the P-type impurity. However, the range of the present
disclosure is not limited thereto.

[0112] In the present exemplary embodiment, the middle
termination region 1265 may be connected with at least one
of the plurality of third N-pillars 128 of the lower termina-
tion region 126¢. Accordingly, the plurality of third N-pillars
128 may be electrically connected with each other through
the middle termination region 1265.

[0113] In particular, in the present exemplary embodi-
ment, at least a part of the lower termination region 126¢ is
covered by the upper termination region 1264, and at least
another part of the lower termination region 126¢ may not be
covered by the upper termination region 126a. That is,
unlike the semiconductor device 2 of FIG. 2, in which the
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upper termination region 126a wholly covers the top surface
of the termination region TR, the upper termination region
126a of the semiconductor device 3 may partially cover the
top surface of the termination region TR.

[0114] Accordingly, in the present exemplary embodi-
ment, a part of the middle termination region 12656 may
extend to a height where the upper termination region 126a
is formed.

[0115] In addition, accordingly, in the present exemplary
embodiment, at least a part of the middle termination region
1264 contacts the top surface of the second semiconductor
layer 120, and at least another part of the top surface of the
middle termination region 1265 may be distanced from the
top surface of the second semiconductor layer 120.

[0116] Further, accordingly, referring to a region U2, in
the present exemplary embodiment, a part of the upper
terminal region 126a and a part of the middle termination
region 1265 may be formed on the third P-pillar 127.

[0117] According to the present exemplary embodiment, a
charge imbalance problem in which balances between
P-type charges and N-type charges in a corner portion of the
termination region of the semiconductor device 3 can be
solved. In addition, the expansion speed of the depletion
region can be adjusted to be uniform in all directions of the
termination region surface to prevent damage caused by
high electric fields, and to reduce an electric field level
applied to the surface of the termination region and facilitate
profile adjustment, thereby assuring reliability and improv-
ing performance of the semiconductor device 3.

[0118] FIG. 4 to FIG. 6 are provided for description of an
example of a mask layer for manufacturing a semiconductor
device according to an exemplary embodiment of the pres-
ent disclosure.

[0119] Referring to FIG. 4, a mask layer MLL1 for manu-
facturing a semiconductor device according to an exemplary
embodiment of the present disclosure may include an active
region AR, a frame region FR, and a termination region TR.

[0120] The mask layer MLL1 may include a first pillar
mask pattern P1, a second pillar mask pattern P2, and a third
pillar mask pattern P3.

[0121] The first pillar mask pattern P1 may be a pattern
used for implantation of a P-type impurity into an epitaxial
layer to form a first P-pillar 121 formed in the active region
AR, a second P-pillar 123 formed in the frame region FR,
and a third P-pillar 127 formed in the termination region TR.

[0122] The second pillar mask pattern P2 may be a pattern
used for implantation of a P-type impurity into the epitaxial
layer for forming the first P pillar formed in the active region
AR, the second P-pillar 123 formed in the frame region FR.

[0123] The third pillar mask pattern P3 may be a pattern
used for implantation of a P-type impurity into the epitaxial
layer to form an upper frame region 1254 connected with the
second P-pillar 123 formed in the frame region FR, and an
upper terminal region 1264 formed in the terminal region TR
s0 as to be connected with the upper frame region 125a.

[0124] In some exemplary embodiments of the present
disclosure, the upper frame region may be further ion
implanted after ion implantation using the third pillar mask
pattern P3 according to a specific implementation purpose.
For example, after forming and etching the field oxide layer
146, high concentration ion implantation may be further
performed on the upper frame region 125a.
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[0125] In the present exemplary embodiment, in the mask
layer ML1, the pattern of the third pillar mask pattern P3
may extend in one direction, similar to the first pillar mask
pattern P1.

[0126] In this case, the pitch of the third pillar mask
pattern P3 of the surface of the termination region TR may
be formed to be smaller than the pitch of the first pillar mask
pattern P1. For example, the pitch of the third pillar mask
pattern P3 of the surface of the termination region TR may
be formed to be half the pitch of the first pillar mask pattern
P1.

[0127] The term pitch may refer to a distance between a
center and a center. That is, in the present exemplary
embodiment, a distance between a center and a center of the
third pillar mask pattern P3 may be formed to be smaller
than a distance between a center and a center of the first
pillar mask pattern P1.

[0128] However, the important thing here is to keep the
area ratio of the first pillar mask pattern P1 and the area ratio
of the third pillar mask pattern P3 the same.

[0129] As described above, the pattern corresponds to an
open region where a P-type impurity such as boron B can be
implanted into the epitaxial layer, and it is possible to
improve the charge imbalance even more clearly in all
regions by keeping the pattern of the area occupied in the
area of the unit cell constant.

[0130] Thus, as long as the area ratio of the first pillar
mask pattern P1 and the area ratio of the third pillar mask
pattern P3 remain the same, the shape of the first pillar mask
pattern P1 and the shape of the third pillar mask pattern P3
may be changed in various ways, and the pitch of the first
pillar mask and the pitch of the third pillar mask pattern P3
may also vary.

[0131] Referring to FIG. 5 and FIG. 6, each illustrates the
unit cell marked by “A” in FIG. 4, and the area ratio of the
first pillar mask pattern P1 and the area ratio of the third
pillar mask pattern P3 can be calculated.

[0132] Referring to FIG. 5, the area of the unit cell is axb,
and the area of the first pillar mask pattern P1 is cxb, and
thus the area ratio of the first pillar mask pattern P1 can be
calculated as cb/ab. Here, a may correspond to the pitch of
the unit cell of the first pillar mask pattern P1.

[0133] Next, referring to FIG. 6, the area of the unit cell
is (a/2)xb, and the area of the third pillar mask pattern P3 is
dxb, and thus the area ratio of the third pillar mask pattern
P3 can be calculated as db/(ab/2). Here, (a/2) may corre-
spond to the pitch of the unit cell of the third pillar mask
pattern P3, and may be half the pitch of the unit cell of the
first pillar mask pattern P1.

[0134] From this, in order for the area ratio of the first
pillar mask pattern P1 and the area ratio of the third pillar
mask pattern P3 to be the same, a conclusion that it is
necessary to satisfy d=c/2 from db/(ab/2)=(cb)/(ab) can be
obtained.

[0135] FIG. 7 and FIG. 8 are provided for description of
an example of a mask layer for manufacturing a semicon-
ductor device according to an exemplary embodiment of the
present disclosure.

[0136] Referring to FIG. 7, unlike the exemplary embodi-
ment of FIG. 4, in the mask layer ML2, a pattern of the third
pillar mask pattern P3 for forming the upper frame region
125a connected to the second P-pillar 123, which is formed
in the frame region FR, and the upper termination region
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126a formed in the termination region TR to be connected
to the upper frame region 125a, may have a circular shape.
[0137] In this case, the pitch of the third pillar mask
pattern P3 of the surface of the termination region TR may
be formed to be smaller than the pitch of the first pillar mask
pattern P1. For example, the pitch of the third pillar mask
pattern P3 of the surface of the termination region TR may
be formed to be the half the pitch of the first pillar mask
pattern P1.

[0138] As previously described with reference to FIG. 5§
and FIG. 6, the charge imbalance can be more surely
improved in all regions where the pillar is formed by
keeping the area ratio of the area occupied in the unit cell
area constant.

[0139] Referring to FIG. 8 illustrating the unit cell marked
by “A” in FIG. 7, the area ratio of the first pillar mask pattern
P1 and the area ratio of the third pillar mask pattern P3 can
be calculated.

[0140] Referring to FIG. 8, the area of the unit cell is
(a/2)xb and the area of the third pillar mask pattern P3 can
be calculated as *(R/2)*. Accordingly, the area ratio of the
third pillar mask pattern P3 can be calculated as {n*(R/2)
21/(ab/2).

[0141] From this, in order for the area ratio of the third
pillar mask pattern P3 to be equal to the area ratio of the first
pillar mask pattern P1, a conclusion that it is necessary to
satisfy R=v(2cb/r) from {n*(R/2)2}/(ab/2)=(cb)/(ab), R=V
(2¢cb/m) can be obtained.

[0142] Hereinafter, a method for manufacturing a semi-
conductor device 1 using, for example, a mask layer ML.2
according to an exemplary embodiment of the present
disclosure, will be described.

[0143] FIG. 9 to FIG. 15 are provided for description of an
example of a method for manufacturing a semiconductor
device by using the mask layer of FIG. 7.

[0144] A mask layer ML.21 shown in FIG. 9, a mask layer
ML22 shown in FIG. 11, and a mask layer M1.23 shown in
FIG. 13 are implementation examples of the mask layer
ML2 described with reference to FIG. 7. That is, a first
P-pillar 121 may include only a first pillar mask P1 for
forming an active region AR of the mask layer ML21, a
second P-pillar 123 formed in the frame region FR, and a
third P-pillar 127 formed in the termination region TR, the
mask layer M22 may include only a second pillar mask
pattern P2 for forming the first P-pillar 121 formed in the
active region AR and the second P-pillar 123 formed in the
frame region FR, and the mask layer MIL.23 may include
only a third pillar mask pattern P3 for forming an upper
frame region 125a connected with the second P-pillar 124
formed in the frame region FR and an upper termination
region 126 formed in the termination region TR so as to be
connected with the upper frame region 125a.

[0145] Referring to FIG. 9 and FIG. 10, a first epitaxial
layer 120a may be formed on a first semiconductor layer 110
divided into the active region AR, the frame region FR, and
the termination region TR, and the mask layer MI.21 may be
disposed on the first epitaxial layer 120q. Here, the first
semiconductor layer 110 may be a part of a semiconductor
substrate doped with an N-type impurity. Alternatively, the
first semiconductor layer 110 may include a semiconductor
layer doped with an N-type impurity and an epitaxial layer
formed on the semiconductor substrate and doped with an
N-type impurity.
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[0146] The first epitaxial layer 120a may include an
N-type impurity. For example, the first epitaxial layer 120a
may be grown by being doped with an N-type impurity such
as arsenic (As) or phosphorus (P).

[0147] In some exemplary embodiments of the present
disclosure, the first epitaxial layer 120a may be formed by
ion implantation of the N-type impurity into an epitaxial
layer that is not doped or grown at low concentration, or,
alternatively, the first epitaxial layer 120a may be formed by
ion implantation of the N-type impurity only in a region
where the N-pillar will be formed after patterning the region
where the N-pillar is to be formed by using a mask on the
epitaxial layer which is not doped or grown through low
concentration doping, or may be formed in various other
ways. In addition, the description is equally applicable to
any epitaxial layer mentioned in this specification. The mask
layer ML21 exposes a top surface that corresponds to an
active region AR, a frame region FR, and a termination
region TR of the first epitaxial layer 120a according to the
shape shown in FIG. 9, and may implant a P-type impurity
such as boron (B) with respect to a region not covered by the
mask layer ML21 in the top surface of the first epitaxial
layer 120a by performing an ion implantation process 11.
[0148] Accordingly, a preliminary active pillar layer PA1,
a preliminary frame pillar layer PF1, and a preliminary
termination pillar layer PT1 may be formed, respectively on
upper sides of the active region AR, the frame region FR,
and the termination region TR of the first epitaxial layer
120a. Next, the mask layer M.21 may be removed.
[0149] Next, a second epitaxial layer 12054 is formed on
the first epitaxial layer 120a where the preliminary active
pillar layer PA1, the preliminary frame pillar layer PF1, and
the preliminary termination pillar layer PT1 are formed, and
then a preliminary active pillar layer PA1, a preliminary
frame pillar layer PF1, and a preliminary termination pillar
layer PT1 may be formed using the same method as
described above on upper sides of the active region AR, the
frame region FR, and the termination region TR of the
second epitaxial layer 1205. Here, the second epitaxial layer
1205 may have the same thickness as that of the first
epitaxial layer 1204, but the range of the present disclosure
is not limited thereto.

[0150] Such a process is repeated with respect to a third
epitaxial layer 120c to a fifth epitaxial layer 120e such that
a structure as shown in FIG. 10 can be acquired.

[0151] Next, referring to FIG. 11 and FIG. 12, a sixth
epitaxial layer 120/ may be formed on the fifth epitaxial
layer 120e.

[0152] The mask layer MIL.22 exposes a top surface that
corresponds to an active region AR and a frame region FR
of the sixth epitaxial layer 120f according to the shape
shown in FIG. 1, and performs an ion implantation process
12 such that a P-type impurity such as boron (B) can be
implanted with respect to a region that is not covered by the
mask layer ML.22 in the top surface of the sixth epitaxial
layer 120f.

[0153] Accordingly, a preliminary active pillar layer PA2
and a preliminary frame pillar layer PF2 may be respectively
formed on upper sides of the active regions AR and the
frame region FR of the sixth epitaxial layer 120f. Next, the
mask layer ML.22 can be removed.

[0154] Next, referring to FIG. 13 and FIG. 14, a seventh
epitaxial layer 120g may be formed on the sixth epitaxial
layer 120f.
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[0155] The mask layer MIL.23 exposes a top surface that
corresponds to a frame region FR and a termination region
TR of the seventh epitaxial layer 120g according to the
shape shown in FIG. 13, and performs an ion implantation
process 13 such that a P-type impurity such as boron (B) can
be implanted with respect to a region that is not covered by
the mask layer ML23 in the top surface of the seventh
epitaxial layer 120g.

[0156] Accordingly, a preliminary upper frame region
layer PU1 and a preliminary upper termination region layer
PU2 may be respectively formed on upper sides of the frame
region FR and the termination region TR of the seventh
epitaxial layer 120g.

[0157] In some exemplary embodiments of the present
disclosure, the preliminary upper frame region layer PU1
and the preliminary upper termination region layer PU2 may
be smaller than the preliminary active pillar layer PA1, the
preliminary frame pillar layer PF1, the preliminary termi-
nation pillar layer PT1, the preliminary active pillar layer
PA2, and the preliminary frame pillar layer PF2 in size, that
is, in width and height, but the range of the present disclo-
sure is not limited thereto, and may be variously changed
depending on an implementation purpose.

[0158] Next, referring to FIG. 15, the mask layer ML.23
can be removed. Subsequently, an annealing process is
performed on a structure formed up to the seventh epitaxial
layer 120g such that impurities implanted into the prelimi-
nary active pillar layer PA1, the preliminary frame pillar
layer PF1, the preliminary termination pillar layer PT1, the
preliminary upper frame region layer PU1, and the prelimi-
nary upper termination region layer PU2 formed in the
structure can be diffused by a predetermined distance in the
horizontal direction and/or in the vertical direction.

[0159] Accordingly, in the active region AR, the prelimi-
nary active pillar layers PA1 of the first epitaxial layer 120a
to the fifth epitaxial layer 120e and the preliminary active
pillar layer PA2 of the sixth epitaxial layer 120f are con-
nected with each other in the vertical direction such that a
first P-pillar 121 that extends in a vertical direction can be
formed. In addition, a portion disposed between two adja-
cent first P-pillars 121 may correspond to a first N-pillar 122.

[0160] Meanwhile, in the frame region FR, the prelimi-
nary frame pillar layers PF1 of the first epitaxial layer 120a
to the fifth epitaxial layer 120e and the preliminary frame
pillar layer PF2 of the sixth epitaxial layer 120f are con-
nected with each other in the vertical direction such that a
P-pillar 123 that extends in the vertical direction can be
formed. In addition, a portion disposed between two adja-
cent second P-pillars 123 may correspond to a second
N-pillar 124. Here, the corresponding region may form the
above-described lower frame region 1256.

[0161] Further, the preliminary frame pillar layer PF2 of
the sixth epitaxial layer 120f and the preliminary upper
frame region layer PU1 of the seventh epitaxial layer 120g
may be connected to each other to form the above-described
upper frame region 125a.

[0162] Meanwhile, in the termination region TR, the pre-
liminary frame pillar layers PF1 of the first epitaxial layer
120a to the fitth epitaxial layer 120e may be connected to
each other in the vertical direction to form a third P-pillar
127 extending in the vertical direction. In addition, a portion
disposed between two adjacent third P-pillars 127 may
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correspond to a third N-pillar 128. Here, the corresponding
region may form the above-described lower termination
region 126¢.

[0163] In addition, the preliminary upper frame region
layer PU1 of the seventh epitaxial layer 120g and the
preliminary upper termination region layer PU2 are con-
nected with each other to form an upper termination region
126a connected with the above-described upper frame
region 1254 in the first direction (X). Here, a region corre-
sponding to the termination region TR in the sixth epitaxial
layer 120f may correspond to the above-described middle
termination region 1265.

[0164] Next, an additional ion implantation process may
be performed to form a P body region 130, a P region 132,
and an N region 134, an oxidation process to form a gate
dielectric layer 136 and a field oxide layer 146, a deposit and
patterning process to form an active poly gate 138 and a field
plate 148, a deposit and patterning process to form a spacer
140 and an insulation layer 142, a deposit and patterning
process to form a source electrode 144, a gate electrode 150,
and a floating electrode 152, and the like are further per-
formed before and after the ion implantation process, or
between the ion implantation processes such that a super-
junction semiconductor device can be manufactured.
[0165] FIG. 16 is provided for description of another
example of a mask layer for manufacturing a semiconductor
device according to the exemplary embodiment of the
present disclosure.

[0166] Referring to FIG. 16, a pattern shape of a third
pillar mask pattern P3 of a mask layer M3 may be a square.
However, the range of the present disclosure is not limited
thereto, and the pattern may have various shapes such as an
oval, a quadrangle, a rectangle, a square, a rhombus, a
triangle, a pentagon, a hexagon, and an octagon.

[0167] FIG. 17 is provided for description of another
example of a mask layer for manufacturing a semiconductor
device according to the exemplary embodiment of the
present disclosure.

[0168] Referringto FIG. 17, a pattern of a third pillar mask
pattern P3 of a mask layer M4 has a circular shape, and the
pitch of the third pillar mask pattern P3 may have various
sizes according to positions. In the case of the mask layer
MLA, the pitch of the third pillar mask pattern P3 is shown
to decrease as the size of the circular shape decreases toward
the outside of the termination region TR, but the range of the
present disclosure is not limited thereto.

[0169] FIG. 18 is provided for description of another
example of a mask layer for manufacturing a semiconductor
device according to the exemplary embodiment of the
present disclosure.

[0170] Referring to FIG. 18, a pattern of a frame region FR
of'a second pillar mask pattern P2 in a mask layer ML5 has
a circular shape, and a pattern corresponds to an active
region AR has a shape extending in one direction. However,
the range of the present disclosure is not limited thereto, and
may be variously modified according to a specific imple-
mentation purpose.

[0171] As described above with examples of the mask
layers ML1 to ML5, the shape of the first pillar mask pattern
P1 and the third pillar mask pattern P3 and the pitch of the
first pillar mask pattern P1 and the pitch of the third pillar
mask pattern P3 are variously adjusted to maintain the area
ratio of the first pillar mask pattern P1 and the area ratio of
the third pillar mask pattern P3 to be the same such that it
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is possible to refine the charge imbalance more precisely in
all regions where the pillar is formed.

[0172] FIG. 19 is a cross-sectional view provided for
description of a semiconductor device according to an
exemplary embodiment of the present disclosure.

[0173] Referring to FIG. 19, a semiconductor device 5
according to an exemplary embodiment of the present
disclosure may correspond to the semiconductor device 2 of
FIG. 2A.

[0174] FIG. 20 is a cross-sectional view provided for
description of a semiconductor device according to another
exemplary embodiment of the present disclosure.

[0175] Referring to FIG. 20, a semiconductor device 6
according to an exemplary embodiment of the present
disclosure may correspond to the semiconductor device 3 of
FIG. 3.

[0176] FIG. 21 is a cross-sectional view provided for
description of a manufacturing step of a semiconductor
device according to another exemplary embodiment of the
present disclosure.

[0177] Referring to FIG. 21, a corresponding structure of
a semiconductor device 7 according to an exemplary
embodiment of the present disclosure may correspond to the
structure described with reference to FIG. 15.

[0178] FIG. 22 and FIG. 23 are provided for description of
advantageous effects of the semiconductor devices accord-
ing to the exemplary embodiments of the present disclosure.
[0179] Referring to FIG. 22, when a pillar mask as a
design shown in FIG. 22, a corner C1 may experience a
charge imbalance problem and thus the P-type charge
amounts and the N-type charge amount may not be bal-
anced, and it is difficult to design a pillar mask for balancing
charges in consideration of process dispersion.

[0180] Referring to FIG. 23, when the pillar mask has a
design shown in FIG. 23, since a pillar shape in the hori-
zontal direction and the vertical direction of the termination
region is different, the depletion region expands quickly in
the vertical direction and thus an end region C2 is vulnerable
to a high electric field.

[0181] The largest influences on the expansion speed of
the depletion region of the termination region or on the
electric field applied to the termination region surface are the
upper termination region corresponding to a type P, and the
middle termination region corresponding to a type N. The
larger the P-type charge of the upper termination region, the
faster the expansion speed of the depletion region, and the
larger the N-charge of the middle termination region, the
slower the expansion speed of the depletion region. As a
result, the peak of the electric field moves backward or
forward.

[0182] Referring back to FIG. 2B and FIG. 2C, the upper
termination region 126a and the middle termination region
1264 of the semiconductor device of the exemplary embodi-
ment according to the present disclosure are identically
formed in upper, lower, left, and right sides of the drawing.
Accordingly, it is possible to uniformize the expansion speed
of'the depletion region and distribution of electric fields over
the entire region of the super-junction semiconductor
device.

[0183] That is, a charge imbalance problem in which the
balance between the P-type charge amount and the N-type
charge amount is broken in a corner portion of the termi-
nation region of the super-junction semiconductor device
can be solved according to the above-described variously
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exemplary embodiments of the present disclosure. In addi-
tion, the expansion speed of the depletion region can be
adjusted to be uniform in all directions of the termination
region surface to prevent damage from high electric fields,
and the reliability of the super-junction semiconductor
device can be secured and the performance can be improved
by lowering the electric field level applied to the surface of
the termination region and facilitating profile adjustment.

[0184] FIG. 24 is a cross-sectional view of one direction
for description of a semiconductor device according to an
exemplary embodiment of the present disclosure.

[0185] Referring to FIG. 24, a semiconductor device 9
according to an exemplary embodiment of the present
disclosure may have a structure similar to that of the
semiconductor device 2 in FIG. 2A. Accordingly, the
description of the semiconductor device of FIG. 2 may be
applied to the present embodiment as it is, to the extent that
it does not correspond to the present embodiment.

[0186] The termination region TR of the second semicon-
ductor layer 120 may include an upper termination region
126a, a middle termination region 1265, and a lower termi-
nation region 126c¢.

[0187] The upper termination region 126a may have a
P-type of conductivity, and may extend in the first direction
X that is parallel with the top surface of the first semicon-
ductor layer 110. The impurity concentration of the upper
termination region 126a may be designed to be non-uniform
in the horizontal direction, i.e., the first direction X. The
impurity concentration of the upper termination region 1264
is highest on the left side and may decrease as it goes to the
right side according to the first direction X.

[0188] Specifically, the upper termination region 126a
may have a plurality of segmentation area 1261a to 126na,
which can be logically defined to distinguish areas having
different impurity concentrations in the upper termination
region 126a. The impurity concentration of the first seg-
mentation area 1261a may be the highest, the impurity
concentration of the second segmentation area 1262a may
be lower than that of the first segmentation area 1261a, the
impurity concentration of the third segmentation area next to
the second segmentation area 1262q in the first direction X
may be lower than that of the second segmentation area
12624, . . . , and the impurity concentration of the n-th
segmentation area 126rza may be the lowest. According to
this structure, it is possible to implement a very stable
electric field profile.

[0189] In some embodiments of present disclosure, the
depth from the second semiconductor device 120 to the
second direction Y, of the first segmentation area 1261q is
the deepest, the depth of the second segmentation area
12624 may be shallower than that of the first segmentation
area 1261a, the depth of the third segmentation area next to
the second segmentation area 1262q in the first direction X
may be shallower than that of the second segmentation area
1262a, . . . , and the depth of the n-th segmentation area
126na may be the shallowest.

[0190] FIG. 25 illustrates a profile of a surface electric
field along line AA' of the semiconductor device of FIG. 24.
[0191] Referring to FIG. 25, the profile is a surface electric
field profile under reverse bias condition between the drain
and the source, along line AA' of the semiconductor device
9. ‘a’, ‘b’, °¢’, ‘d’, and ‘e’ refers to doping concentration
change rates (i.e., doping concentration decrease rates) from
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the first segmentation area 1261a to the n-th segmentation
area 126na according to the first direction X.

[0192] The cases of ‘a’ and ‘e’ are not preferable because
the electric field peak value on the termination surface side
is high, which may make operational characteristics of the
semiconductor device unstable. Therefore, it is preferable
that the doping concentration change rates be determined as
in ‘b’, ‘c’, and ‘d’. To this end, an example method for
adjusting the doping concentration will be described here-
after with reference to FIG. 26.

[0193] FIG. 26 is provided for description of an example
of a mask layer for manufacturing the semiconductor device
of FIG. 24.

[0194] Referring to FIG. 26, a part of the mask layer ML4
of FIG. 17 is described. A pattern of a third pillar mask
pattern P3 of a mask layer ML4 has a circular shape, and a
diameter of the third pillar mask pattern P3 is shown to
decrease as the size of the circular shape decreases toward
the outside of the termination region TR. In FIG. 26, R, is
a diameter of the third pillar mask pattern P3 corresponding
to first segmentation area 1261q, R, is a diameter of the third
pillar mask pattern P3 corresponding to second segmenta-
tion area 1262a, and R, is a diameter of the third pillar mask
pattern P3 corresponding to second segmentation area
126na.

[0195] In some embodiments of present disclosure, it can
be designed so that the diameter R,, R,, . . ., R, decreases
linearly by AR, as follows:

R1 —Rz = AR;
Ry— Ry = AR;
R,_1 —R,=AR.

[0196] Herein, the decreasing step may be (R,—R,)/R;x
100(%).

[0197] In some embodiments of present disclosure, let A,
be an area of the third pillar mask pattern P3 corresponding
to first segmentation area 1261a, A, be an area of the third
pillar mask pattern P3 corresponding to second segmenta-
tion area 1262a, and A,, be an area of the third pillar mask
pattern P3 corresponding to second segmentation area
126na, and it can be designed so that the area A, A,. . . .,
A,, decreases linearly by AA, as follows:

Ay — Ay = Ad;
Ay — Ay = Ad;
Ay — A, = AA.

[0198] Herein, the decreasing step may be (A;—A,)/A ;X
100(%).

[0199] By adjusting the decreasing step in these way, it is
possible to adjust the termination surface electric field
profile. In particular, ‘a’, ‘b’, ‘c’, ‘d’, and ‘e’ of FIG. 25
indicate cases where the decreasing step is d %, 2d %, 3d %,
4d %, and 5d %, respectively. As a result, a stable electric
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field profile can be implemented by adjusting the decreasing
step to be 2d %, 3d %, and 4d %.

[0200] While this disclosure has been described in con-
nection with what is presently considered to be practical
exemplary embodiments, it is to be understood that the
disclosure is not limited to the disclosed embodiments. On
the contrary, it is intended to cover various modifications
and equivalent arrangements included within the spirit and
scope of the appended claims.

What is claimed is:

1. A semiconductor device comprising:

a first semiconductor layer having an N-type of conduc-

tivity; and

a second semiconductor layer that is formed on the first

semiconductor layer, and including an active region, a
frame region, and a termination region,

wherein the active region comprises a plurality of first

P-pillars and first N-pillars formed between the plural-
ity of first P-pillars,
the frame region comprises an upper frame region formed
to extend in a first direction while having a P-type of
conductivity, and a lower frame region that is formed
below the upper frame region and including a plurality
of second P-pillars and second N-pillars formed
between the plurality of second P-pillars, and
the termination region comprises an upper termination
region that extends in the first direction while having
the P-type of conductivity, a middle termination region
having the N-type of conductivity and formed below
the upper termination region, and a lower termination
region formed below the middle termination region and
including a plurality of third P-pillars and third N-pil-
lars formed between the plurality of third P-pillars,

wherein the upper termination region comprises a plural-
ity of segmentation area logically defined to distinguish
areas having different impurity concentrations in the
upper termination region, the plurality of segmentation
area having a first segmentation area, a second seg-
mentation area, and a third segmentation area, and

wherein the impurity concentration of the first segmen-
tation area is the highest, the impurity concentration of
the second segmentation area is lower than that of the
first segmentation area, and the impurity concentration
of the n-th segmentation area is the lowest.

2. The semiconductor device of claim 1, wherein the
entire lower termination region is covered by the upper
termination region.

3. The semiconductor device of claim 1, wherein the
middle termination region and the upper termination region
are sequentially formed on the third P-pillar.

4. The semiconductor device of claim 1, wherein the
second P-pillar is connected to the top surface of the second
semiconductor layer through the upper frame region.

5. The semiconductor device of claim 1, wherein the third
P-pillar is distanced from the top surface of the second
semiconductor layer.

6. The semiconductor device of claim 1, wherein the top
surface of the middle termination region is distanced from
the top surface of the second semiconductor layer.

7. The semiconductor device of claim 1, wherein the
middle termination region is connected with at least one of
the plurality of third N-pillars of the lower termination
region.
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8. The semiconductor device of claim 1, wherein the
upper termination region is connected with the upper frame
region.

9. The semiconductor device of claim 1, wherein the
upper frame region is connected with at least one of the
plurality of second P-pillars of the lower frame region.

10. The semiconductor device of claim 1, wherein impu-
rity concentration of the upper frame region is higher than
that of the upper termination region.
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