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(57) ABSTRACT

A manufacturing method of a semiconductor super-junction
device includes the following steps: An n-type substrate is
etched in a self-aligning manner using a first insulating layer
and a second insulating layer as a mask to form a second
groove in the n-type substrate. A gate structure is formed in
the second groove.

e ~E~.s.~.—.~.-

R T T S Y I T NI



Patent Application Publication  Aug. 3,2023 Sheet 1 of 5 US 2023/0246066 A1

\\\\\\\\\\

FIG. 2



Patent Application Publication  Aug. 3,2023 Sheet 2 of 5 US 2023/0246066 A1

FIG. 3

FIG. 4



Patent Application Publication

Aug. 3,2023 Sheet 3 of 5

US 2023/0246066 A1

FIG. 6



Aug. 3,2023 Sheet 4 of 5 US 2023/0246066 A1

Patent Application Publication

SRR

‘j“«:i

Vassrsrsrsssssrt?”

“h

H
e

TRV EvRPRTRTY

by
3
S

omwsccoreececcsoiaiil
e

gorqprastorsi ity

AR AL AL A

7

FIG.

X

sove,

“enrososorrr

ot dddiid )

SIS TITII VST II ISR II SIS I

orrrrrrs

fpsssnies,

“ensososorin

FIG. 8



Aug. 3,2023 Sheet S of 5 US 2023/0246066 A1

Patent Application Publication

IRy,

s s

ST R SR RS

gt

0121022000385 e Sr0,
70007 : 7

O A
E -

3

e
7

B St s B s P s P

R R R %

45"

Y
b
b
3

3

a\\ 2

FIG. 9



US 2023/0246066 Al

MANUFACTURING METHOD OF
SEMICONDUCTOR SUPER-JUNCTION
DEVICE

TECHNICAL FIELD

[0001] The present application belongs to the field of
semiconductor super-junction device technology, and relates
to a manufacturing method of a semiconductor super-junc-
tion device.

BACKGROUND

[0002] Based on charge balance technology, semiconduc-
tor super-junction devices can reduce on-state resistance and
parasitic capacitance. With this configuration, the semicon-
ductor super-junction devices have extremely fast switching
characteristics. In this manner, switching loss can be
reduced, and higher power conversion efficiency can be
achieved. The main manufacturing process of the semicon-
ductor super-junction devices in a prior art includes the steps
described below. First, as shown in FIG. 1, a first insulating
layer 11 is formed on an n-type substrate 10. Then photo-
lithography and etching are performed. An opening is
formed in the first insulating layer 11, and a groove 12 is
formed in the n-type substrate 10. Next, as shown in FIG. 2,
the first insulating layer is removed. A p-type column 13 is
formed in the formed groove through an epitaxial process.
Then, as shown in FIG. 3, one photolithography process and
an etching process are performed to form a gate dielectric
layer 14 and a gate 15. Then a p-type body region 16 located
in the n-type substrate 10, and an n-type source region 17
located in the p-type body region 16 are formed in the n-type
substrate 10. Regardless of whether it is a planar-type
semiconductor super-junction device or a groove-type semi-
conductor super-junction device, one photolithography pro-
cess is required when the p-type columns are formed. Then
one photolithography process is required again when the
gate is formed. Due to the high cost of the photolithography
process and the risk of misalignment, the manufacturing
costs and the manufacturing risks of the semiconductor
super-junction devices are high.

SUMMARY

[0003] The object of the present application is to provide
a manufacturing method of a semiconductor super-junction
device to reduce the manufacturing costs of the semicon-
ductor super-junction device and reduce the manufacturing
risks of the semiconductor super-junction device.

[0004] To achieve the preceding object of the present
application, the present application provides a manufactur-
ing method of a semiconductor super-junction device. The
method includes the steps described below.

[0005] A first insulating layer is formed on an n-type
substrate. The first insulating layer is etched to form an
opening.

[0006] An insulating sidewall is formed in the opening.
[0007] The n-type substrate is etched using the first insu-
lating layer and the insulating sidewall as a mask to form a
first groove in the n-type substrate.

[0008] A p-type column is formed in the first groove. The
p-type column and the n-type substrate form a pn junction
structure.

[0009] A second insulating layer is formed on the surface
of the p-type column.
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[0010] Moreover, the insulating sidewall is etched off, and
the n-type substrate is etched using the first insulating layer
and the second insulating layer as the mask to form a second
groove in the n-type substrate.

[0011] Optionally, the manufacturing method of a semi-
conductor super-junction device according to the present
application further includes the steps described below.
[0012] The first insulating layer and the second insulating
layer are etched off. A gate dielectric layer and a gate are
formed in the second groove. The gate is isolated from the
p-type column by the gate dielectric layer.

[0013] A p-type body region is formed in the n-type
substrate.

[0014] An n-type source region is formed in the p-type
body region.

[0015] Optionally, the first insulating layer includes a
silicon oxide layer.

[0016] Optionally, the second insulating layer is the sili-
con oxide layer.

[0017] Optionally, the insulating sidewall is a silicon
nitride layer.
[0018] Optionally, an etching method combining anisotro-

pic etching and isotropic etching is performed when the
second groove is formed by etching.

[0019] Optionally, the depth of the second groove is less
than the depth of the first groove.

[0020] In the manufacturing method of a semiconductor
super-junction device according to the present application,
the first groove is formed by one photolithography process,
and the n-type substrate is etched in a self-aligning manner
using the first insulating layer and the second insulating
layer as the mask to form the second groove in the n-type
substrate. In the manufacturing method of a semiconductor
super-junction device according to the present application,
merely one photolithography process is required to form the
gate and the p-type column. In this manner, the manufac-
turing costs of the semiconductor super-junction device can
be reduced greatly, and the manufacturing risks of the
semiconductor super-junction device can be reduced.

BRIEF DESCRIPTION OF DRAWINGS

[0021] To illustrate the solutions in the exemplary embodi-
ment of the present application more clearly, the drawings
used in the embodiment are described below.

[0022] FIGS. 1 to 3 are sectional views illustrating the
main structures in the manufacturing process of a semicon-
ductor super-junction device of the related art.

[0023] FIGS. 4 to 9 are sectional views illustrating the
main structures in the manufacturing method of a semicon-
ductor super-junction device of one embodiment of the
present application.

DETAILED DESCRIPTION

[0024] The solutions of the present application are
described in detail hereinafter through specific implemen-
tations in conjunction with the drawings in the embodiment
of the present application. Apparently, the described
embodiment is one embodiment of the present application.
At the same time, to illustrate the specific implementations
of the present application clearly, the views listed in the
drawings enlarge the thicknesses of the layers and the
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thicknesses of regions described in the present application,
and the sizes of the graphics listed do not represent actual
dimensions.

[0025] FIGS. 4 to 9 are sectional views illustrating the
main structures in the manufacturing method of a semicon-
ductor super-junction device of one embodiment of the
present application.

[0026] First, as shown in FIG. 4, the first insulating layer
30 is formed on the provided n-type substrate 20. The n-type
substrate 20 is generally a silicon substrate. The first insu-
lating layer 30 includes the silicon oxide layer. For example,
the first insulating layer 30 may be the silicon oxide layer or
the lamination of silicon oxide layer - silicon nitride layer -
silicon oxide layer. The position of the opening is defined by
the photolithography process. Then the first insulating layer
30 is etched to form the opening 41 in the first insulating
layer 30. The number of the opening 41 is determined by the
specification of the designed semiconductor super-junction
device. For example, only two openings 41 are shown in the
embodiment of the present disclosure.

[0027] Next, as shown in FIG. 5, the insulating sidewall 31
is formed in the opening. The insulating sidewall 31 may be
the silicon nitride layer. A specific process includes the steps
described below. First, a silicon nitride layer is deposited.
Then, the deposited silicon nitride layer is etched back.
Therefore, the insulating sidewall 31 is formed in the
self-aligning manner at the sidewall position of the opening.
After the insulating sidewall 31 is formed, the n-type sub-
strate 20 is etched using the first insulating layer 30 and the
insulating sidewall 31 as the mask to form the first groove
42 in the n-type substrate 20.

[0028] Next, as shown in FIG. 6, the p-type column 21 is
formed in the first groove by an epitaxial process. Generally,
a layer of p-type silicon is epitaxed first. Then the p-type
silicon is etched.

[0029] The remaining p-type silicon layer after etching
forms the p-type column 21. The p-type column 21 and the
n-type substrate form the pn junction structure. Thereafter,
the second insulating layer 32 is formed on the surface of the
p-type column 21. The second insulating layer 32 may be the
silicon oxide layer by a process of thermal oxidation.
[0030] Next, as shown in FIG. 7, the insulating sidewall is
etched off. The n-type substrate 20 is etched using the first
insulating layer 20 and the second insulating layer 32 as the
mask to form the second groove 43 in the n-type substrate
20. The depth of the second groove 43 is less than the depth
of the first groove.

[0031] The etching method combining anisotropic etching
and isotropic etching is performed when the second groove
43 is formed by etching. In this manner, the width of the
second groove 43 may be increased. As a result, the width
of the second groove 43 is greater than the width of the
insulating sidewall. At this time, the upper part of the p-type
column 21 may be partially etched off. Therefore, the width
of the upper part of the p-type column 21 is less than the
width of the lower part of the p-type column 21. The width
of the gate formed later may be increased with the arrange-
ment in which the width of the second groove 43 is
increased. Therefore, the gate is more easily extracted, and
the reliability of the semiconductor super-junction device is
improved.

[0032] Next, as shown in FIG. 8, the first insulating layer
and the second insulating layer are etched off. The gate
dielectric layer 23 and gate 24 is formed in the second
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groove. The gate 24 is isolated from the p-type column 21
by the gate dielectric layer 23. Optionally, the gate dielectric
layer 23 and the gate 24 are formed in the second groove
first. Then the first insulating layer and the second insulating
layer are etched off.
[0033] Next, as shown in FIG. 9, the p-type body region
34 is formed in the n-type substrate 20. The n-type source
region 25 is formed in the p-type body region 34.
[0034] Finally, the semiconductor super-junction device
can be obtained with the arrangement in which an isolation
dielectric layer, a metal layer, and the like are formed
according to a conventional process.
[0035] In the manufacturing method of a semiconductor
super-junction device according to the present application,
the first groove is formed by one photolithography process;
the p-type column is formed in the first groove, and the
second insulating layer is formed on the surface of the p-type
column; then the n-type substrate is etched in the self-
aligning manner using the first insulating layer and the
second insulating layer as the mask to form the second
groove in the n-type substrate; and the gate dielectric layer
and the gate are formed in the second groove. Therefore, in
the manufacturing method of a semiconductor super junc-
tion device according to the present application, merely one
photolithography process is required to form the gate and the
p-type column. In this manner, the manufacturing costs of
the semiconductor super-junction device can be reduced
greatly, and the manufacturing risks of the semiconductor
super-junction device can be reduced.
[0036] The preceding implementations and the preceding
embodiment are concrete supports for the technical idea of
the present application, and thus do not limit the protection
scope of the present application. The protection scope of the
present application is subject to the claims.
What is claimed is:
1. A manufacturing method of a semiconductor super-
junction device, comprising:
forming a first insulating layer on an n-type substrate and
etching the first insulating layer to form an opening;
forming an insulating sidewall in the opening;
etching the n-type substrate using the first insulating layer
and the insulating sidewall as a mask to form a first
groove in the n-type substrate;
forming a p-type column in the first groove such that the
p-type column and the n-type substrate form a pn
junction structure;
forming a second insulating layer on a surface of the
p-type column; and
etching off the insulating sidewall; and etching the n-type
substrate using the first insulating layer and the second
insulating layer as a mask to form a second groove in
the n-type substrate.
2. The manufacturing method of the semiconductor super-
junction device of claim 1, further comprising:
etching off the first insulating layer and the second insu-
lating layer, and then forming a gate dielectric layer and
a gate in the second groove such that the gate is isolated
from the p-type column by the gate dielectric layer;
forming a p-type body region in the n-type substrate; and
forming an n-type source region in the p-type body
region.
3. The manufacturing method of the semiconductor super-
junction device of claim 1, further comprising:
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forming a gate dielectric layer and a gate in the second
groove such that the gate is isolated from the p-type
column by the gate dielectric layer, and then etching off
the first insulating layer and the second insulating layer;

forming a p-type body region in the n-type substrate; and

forming an n-type source region in the p-type body
region.

4. The manufacturing method of the semiconductor super-
junction device of claim 1, wherein the first insulating layer
comprises a silicon oxide layer.

5. The manufacturing method of the semiconductor super-
junction device of claim 1, wherein the second insulating
layer is a silicon oxide layer.

6. The manufacturing method of the semiconductor super-
junction device of claim 1, wherein the insulating sidewall
is a silicon nitride layer.

7. The manufacturing method of the semiconductor super-
junction device of claim 1, wherein an etching method
combining anisotropic etching and isotropic etching is per-
formed when the second groove is formed by etching.

8. The manufacturing method of the semiconductor super
junction device of claim 1, wherein a depth of the second
groove is less than a depth of the first groove.
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