US 20210210607A1

a2y Patent Application Publication o) Pub. No.: US 2021/0210607 A1

a9y United States

Hu et al. 43) Pub. Date: Jul. 8, 2021
(54) METHODS OF MANUFACTURE OF (52) U.S. CL
TERMINATION FOR VERTICAL TRENCH CPC ... HOIL 29/407 (2013.01); HOIL 29/401

SHIELDED DEVICES

(71) Applicant: Siliconix Incorporated, San Jose, CA
(US)

(72) Inventors: Jun Hu, San Bruno, CA (US); M.
Ayman Shibib, San Jose, CA (US);
Misbah Azam, San Jose, CA (US);
Kyle Terrill, San Jose, CA (US)

(21) Appl. No.: 17/203,546

(22) Filed: Mar. 16, 2021

Related U.S. Application Data

(62) Division of application No. 16/532,001, filed on Aug.

5, 2019, now Pat. No. 10,950,699.

Publication Classification

(51) Int. CL
HOIL 29/40 (2006.01)
HOIL 29/78 (2006.01)
HOIL 29/66 (2006.01)
HOIL 29/423 (2006.01)
HOIL 29/06 (2006.01)

(2013.01); HOIL 29/404 (2013.01); HOIL
29/7811 (2013.01); HOIL 29/7397 (2013.01);
HOI1L 29/4238 (2013.01); HOIL 29/0696
(2013.01); HOI1L 29/7813 (2013.01); HOIL
29/66734 (2013.01)

(57) ABSTRACT

A vertical trench shield device can include a plurality of gate
structures and a termination structure surrounding the plu-
rality of gate structures. The plurality of gate structures can
include a plurality of gate regions and a corresponding
plurality of gate shield regions. The plurality of gate struc-
tures can be disposed between the plurality of source
regions, and extending through the plurality of body regions
to the drift region. The plurality of gate structures can be
separated from each other by a first predetermined spacing
in a core area. A first set of the plurality of gate structures can
extend fully to the termination structure. The ends of a
second set of the plurality of gate structures can be separated
from the termination structure by a second predetermined
spacing. The first and second spacings can be configured to
balance charge in the core area and the termination area in
a reverse bias condition.
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METHODS OF MANUFACTURE OF
TERMINATION FOR VERTICAL TRENCH
SHIELDED DEVICES

BACKGROUND OF THE INVENTION

[0001] Referring to FIGS. 1A and 1B, perspective views
of exemplary Metal-Oxide-Semiconductor Field Effect
Transistors (MOSFETs) according to the conventional art
are shown. As illustrate the perspective view shows a corner
portion of the MOSFET 100. The MOSFET 100 can include
one or more source regions 105, one or more gate regions
110, one or more gate insulator regions 115, one or more
gate shield regions 120, one or more gate shield insulator
regions 125, one or more body regions 130, one or more drift
regions 135, one or more drain regions 140, one or more
drain contacts 145, one or more termination regions 150 and
one or more termination insulator regions 155. Other regions
not illustrated can include one or more trace layers, one or
more vias, one or more insulator layers, one or more
passivation layers, one or more gate contacts, one or more
termination contacts, one or more gate shield contacts, one
or more source/body contacts, and the like.

[0002] In one implementation, the drift region 135 can be
disposed between a drain region 140 and the body region
130. A plurality of source regions 105, a plurality of gate
regions 110, a plurality of gate insulator regions 115, a
plurality of gate shield regions 120, and a plurality of gate
shield insulator regions 125 can be disposed within the body
region 130. The gate regions 110 and gate shield regions 120
can be formed as a plurality of parallel elongated structures
(e.g., stripped cell structure). The gate insulator region 115
can surround the gate regions 110, and the gate shield
insulator region 125 can surround the gate shield regions
120. Thus, the gate regions 110 and gate shield regions 120
are electrically isolated from the surrounding source regions
105, body region 130 and drift region 135 by the gate
insulator regions 115 and gate shield insulator regions 125.
The plurality of gate regions 110 can be electrically coupled
together by one or more gate contacts (not shown). The
source regions 105 can be formed along the periphery of the
gate insulator regions 115, The source regions 105 can be
separated from the drift region 135 and drain region 140 by
the body region 130. The source regions 105 and the body
region 130 can be electrically coupled together by one or
more source/body contacts (not shown). The drain contact
145 can be disposed on the drain region 140. One or more
trace layers, one or more vias, one or more insulator layers,
one or more passivation layers not shown) can be disposed
over the gate regions 110, the source regions 105, and the
body regions 130.

[0003] Although FIGS. 1A and 1B illustrate a portion of a
MOSFETs with three parallel elongated structures of source
regions 105, gate regions 110, gate insulator regions 115,
gate shield regions 120 and gate shield insulator regions 125,
commonly referred to as cell structures, it is to be appreci-
ated that implementations of the MOSFET typically include
many more such cell structures.

[0004] In one implementation, the source regions 105 and
the drain region 140 can be heavily n-doped (N+) semicon-
ductor, such as silicon doped with phosphorous or arsenic.
The drift region 135 can be lightly n-doped (N-) semicon-
ductor, such as silicon doped with phosphorous or arsenic.
The body region 130 can be p-doped (P) semiconductor,
such as silicon doped with boron. The gate regions 110, gate
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shield regions 120 and termination region 150 can be
heavily n-doped (N+) semiconductor, such as polysilicon
doped with phosphorous. The gate insulator regions 115,
gate shield insulator regions 125 and termination insulator
region 155 can be an insulator, such as silicon dioxide.
[0005] When the potential of the gate regions 110, with
respect to the source regions 105, is increased above the
threshold voltage of the MOSFET 100, a conducting channel
can be induced in the body region 130 along the periphery
of'the gate insulator regions 115. The MOSFET 100 can then
conduct current between the drain region 130 and the source
regions 105. Accordingly, the MOSFET 100 is in its ON-
state.

[0006] When the potential of the gate regions 110 is
reduced below the threshold voltage, the channel is no
longer induced. As a result, a voltage potential applied
between the drain region 140 and the source regions 105 will
not cause current to flow there between. Accordingly, the
MOSFET 100 is in its OFF-state and the junction formed by
the body region 130 and the drain region 140 can support the
voltage applied across the source and drain. The lightly
n-doped (N-) drift region 135 results in a depletion region
that extends into both the body regions 130 and the drain
region 140, thereby reducing a punch through effect in its
OFF-state. Accordingly, the lightly n-doped (N-) drift
region 135 acts to increase the breakdown voltage of the
MOSFET 100.

[0007] The channel width of the MOSFET 100 is a func-
tion of the length of the plurality of the source regions 105
along the periphery of the gate insulator regions 110. The
channel length of the MOSFET 100 is a function of the
width of the body region 130 between the source regions 105
and the drift region 135 along the periphery of the gate
insulator regions 115. Thus, the MOSFET 100 can provide
a large channel width to length ratio. The MOSFET device
100 can therefore be advantageously utilized for power
MOSFET applications, such as switching elements in a
pulse width modulation (PWM) voltage regulator.

[0008] The termination region 150 and termination insu-
lator region 155 can be disposed in a periphery region
surrounding the core region that includes the one or more
source regions 105, one or more gate regions 110, one or
more gate insulator regions 115, one or more gate shield
regions 120, one or more gate shield insulator regions 125
and one or more body regions 130, The termination region
150 can be electrically coupled (not shown) to the gate
shield region 120, the body regions 130 and the source
regions 105. In one implementation, the one or more gate
regions 110 and gate shield regions 120 extend substantially
to the surrounding termination region 150, as illustrated in
FIG. 1A. In another implementation, a gap, comprising a
portion of the one or more body regions 130, is disposed
between the ends of the one or more gate regions 110 and
gate shield regions 120 and the surrounding termination
region 150, as illustrated in FIG. 1B.

[0009] The concept of charge balancing can be utilized in
semiconductor devices such as MOSFET 100 to improve the
breakdown voltage, lower the on-resistance, increase the
switching speed, and or the efficiency of the semiconductor
device. A high doping concentration in the n-doped silicon
drift regions 135 between two adjacent gate shield regions
120 result in a low on-resistance of the devices. Meanwhile,
when a reverse voltage is applied, the charge in the n-doped
drift regions 135 between adjacent gate shield regions 120 is
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depleted from a shield effect so that a high breakdown
voltage can be achieved despite the high impurity concen-
tration in the n-doped drift regions 135. However, it
becomes more challenging to achieve charge balance with a
high cell density, a termination region 150 and a deep gate
shield region 120, especially at the edges or the corners of
the active area proximate the termination region 150.
[0010] Referring now to FIGS. 2A and 2B partial views of
an exemplary MOSFET are shown to illustrate electric fields
in mesa regions 210 proximate the gate structures 220 and
the termination region 230. The mesa regions 210 can
include the source regions body regions and portions of the
drift region, and the gate structures 220 can include the gate
regions and gate shield regions of the MOSFET. In FIG. 2A,
the gate structures 220 substantially abut the termination
region 230, and the width of the mesa regions 210 between
the gate structures 220 has a substantially uniform width of
w,,. When a reverse bias is applied to the MOSFET as
illustrated in FIG. 2A, the charge in the drift region between
the termination region 230 and the gate shield regions of the
gate structures 220 at the corners of the mesa regions 210 is
depleted faster than the charge along the mesa regions 210
away from the corners. Accordingly, the breakdown voltage
is limited at the corners by the over-shielding effect from the
termination region 230 and the gate structure 220. In FIG.
2B, the gate structures 220 are separated by a portion of the
mesa regions 210 from the termination region 230 by a gap
of width w,. Away from the ends of the gate structures 220,
the mesa regions 210 of substantially uniform width win
separate the gate structures 220. When a reverse bias is
applied to the MOSFET as illustrated in FIG. 2B, the charge
along the mesa regions 210 away from the ends of the gate
structures 220 is balanced by the opposite charge from the
parallel gate structures 220. At the ends of the gate structures
220, where it is separated from the termination region 230
by gap win of the mesa region 210, charge balance can be
achieved at location x between the ends of the gate structures
220 and the termination region 230. However, at location y
the charge in the mesa regions 210 is balanced by the shield
effect from only one side of the termination regions 230 and
the corners of the gate structures 220. Therefore, the shield
effect becomes weaker and the local breakdown voltage is
lower. In order to improve the breakdown voltage at location
. W, can be reduced with respect to w,, to enhance the shield
effect to the charge at location y in the mesa regions 210,
However, as a tradeoff, the mesa region at the location x
becomes over shielded due to the narrowing of the gap and
the local breakdown voltage at location x becomes lower.
Accordingly, both the under-shielded at location y case and
the over-shielded at location x case have a lower breakdown
voltage than the charge balanced scenario, as illustrated in
FIG. 3. Therefore, there is a continuing need for a charge
balanced termination design that can overcome the charge
imbalance problem and improve the breakdown voltage in
such devices.

SUMMARY OF THE INVENTION

[0011] The present technology may best be understood by
referring to the following description and accompanying
drawings that are used to illustrate embodiments of the
present technology directed toward termination for vertical
trench shielded devices and methods of manufacturing.

[0012] In one embodiment, a vertical trench device, such
as a Metal-Oxide-Semiconductor Field Effect Transistor
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(MOSFET), can include a plurality of gate structures and
one or more termination structures. The plurality of gate
structures can include a plurality of gate regions and a
corresponding plurality of gate shield regions. The plurality
of gate structures can be separated from each other by a first
predetermined spacing in a core area. The one or more
termination structures can surround the plurality of gate
structures. The plurality of gate structures can extend to a
first termination structure in a prescribed. pattern. In one
prescribed pattern, a first set of the gate shield regions can
extend fully to a first termination structure. A second set of
the gate shield regions can be separated from the first
termination structure by a second predetermined spacing.
The second predetermined spacing can be between approxi-
mately one hundred and forty percent and sixty percent of
the first predetermined spacing.

[0013] In another embodiment, a method of manufactur-
ing a vertical trench device, can include forming a plurality
of gate trenches and one or more termination trenches down
through a body region. The one or more termination trenches
can surround the plurality of gate trenches. The plurality of
gate trenches can extend to a first termination trench in a
prescribed pattern. Insulator regions can be formed in the
plurality of gate trenches and the one or more termination
trenches. A first semiconductor layer can be formed in the
plurality of gate trenches and the one or more termination
trenches after forming the insulator regions in the plurality
of gate trenches and the one or more termination trenches.
Portions of the first semiconductor layer in the plurality of
gate trenches can be removed, and then an insulator region
can be formed in the plurality of gate trenches where
portions of the first semiconductor layer have been removed.
A second semiconductor layer can be formed in the plurality
of gate trenches after forming the insulator region in the gate
trenches where portions of the first semiconductor layer
have been removed. A plurality of source regions can be
formed in the body regions between the plurality of gate
trenches.

[0014] This Summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the Detailed Description, This Summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used to limit
the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Embodiments of the present technology are illus-
trated by way of example and not by way of limitation, in the
figures of the accompanying drawings and in which like
reference numerals refer to similar elements and in which:
[0016] FIGS. 1A and 1B show perspective views of exem-
plary Metal-Oxide-Semiconductor Field Effect Transistors
(MOSFETs) according to the conventional art.

[0017] FIGS. 2A and 2B show partial views of exemplary
MOSFETs according to the conventional art.

[0018] FIG. 3 shows a relationship between shielding
proximate a termination region and a breakdown voltage of
MOSFETs according to the conventional art.

[0019] FIG. 4 shows a perspective view of an exemplary
Metal-Oxide-Semiconductor Field Effect Transistors (MOS-
FETs), in accordance with aspects of the present technology.
[0020] FIG. 5 shows a top view of the exemplary MOS-
FET, in accordance with aspects of the present technology.
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[0021] FIG. 6 shows a top view of the exemplary MOS-
FET, in accordance with aspects of the present technology.
[0022] FIG. 7 shows a side view of the exemplary MOS-
FET, in accordance with aspects of the present technology.
[0023] FIG. 8 shows a side view of the exemplary MOS-
FET, in accordance with aspects of the present technology.
[0024] FIG. 9 shows a side view of the exemplary MOS-
FET, in accordance with aspects of the present technology.

[0025] FIG. 10 shows a side view of the exemplary
MOSFET, in accordance with aspects of the present tech-
nology.

[0026] FIG. 11 shows a side view of the exemplary
MOSFET, in accordance with aspects of the present tech-
nology.

[0027] FIG. 12 shows a side view of the exemplary
MOSFET, in accordance with aspects of the present tech-
nology.

[0028] FIG. 13 shows a top view of the exemplary MOS-

FET, in accordance with aspects of the present technology.
[0029] FIG. 14 shows a top view of the exemplary MOS-
FET, in accordance with aspects of the present technology.
[0030] FIG. 15 shows a top view of the exemplary MOS-
FET, in accordance with aspects of the present technology.
[0031] FIG. 16 shows a top view of the exemplary MOS-
FET, in accordance with aspects of the present technology.
[0032] FIGS. 17A and 17B show a method of fabricating
a MOSFET, in accordance with aspects of the present
technology.

DETAILED DESCRIPTION OF THE
INVENTION

[0033] Reference will now be made in detail to the
embodiments of the present technology, examples of which
are illustrated in the accompanying drawings. While the
present technology will be described in conjunction with
these embodiments, it will be understood that they are not
intended to limit the invention to these embodiments. On the
contrary, the invention is intended to cover alternatives,
modifications and equivalents, which may be included
within the scope of the invention as defined by the appended
claims. Furthermore, in the following detailed description of
the present technology, numerous specific details are set
forth in order to provide a thorough understanding of the
present technology, However, it is understood that the pres-
ent technology may be practiced without these specific
details. In other instances, well-known methods, procedures,
components, and circuits have not been described in detail
as not to unnecessarily obscure aspects of the present
technology.

[0034] Some embodiments of the present technology
which follow are presented in terms of routines, modules,
logic blocks, and other symbolic representations of opera-
tions on data within one or more electronic devices. The
descriptions and representations are the means used by those
skilled in the art to most effectively convey the substance of
their work to others skilled in the art. A routine, module,
logic block and/or the like, is herein, and generally, con-
ceived to be a self consistent sequence of processes or
instructions leading to a desired result. The processes are
those including physical manipulations of physical quanti-
ties. Usually, though not necessarily, these physical manipu-
lations take the form of electric or magnetic signals capable
of being stored, transferred, compared and otherwise
manipulated in an electronic device. For reasons of conve-
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nience, and with reference to common usage, these signals
are referred to as data, bits, values, elements, symbols,
characters, terms, numbers, strings, and/or the like with
reference to embodiments of the present technology.
[0035] It should be borne in mind, however, that all of
these terms are to be interpreted as referencing physical
manipulations and quantities and are merely convenient
labels and are to be interpreted further in view of terms
commonly used in the art. Unless specifically stated other-
wise as apparent from the following discussion, it is under-
stood that through discussions of the present technology,
discussions utilizing the terms such as “receiving,” and/or
the like, refer to the actions and processes of an electronic
device such as an electronic computing device that manipu-
lates and transforms data. The data is represented as physical
(e.g., electronic) quantities within the electronic device’s
logic circuits, registers, memories and/or the like, and is
transformed into other data similarly represented as physical
quantities within the electronic device.

[0036] In this application, the use of the disjunctive is
intended to include the conjunctive. The use of definite or
indefinite articles is not intended to indicate cardinality. In
particular, a reference to “the” object or “a” object is
intended to denote also one of a possible plurality of such
objects. It is also to be understood that the phraseology and
terminology used herein is for the purpose of description and
should not be regarded as limiting, As used herein, alpha-
betic portions of a given reference number identify different
or related portions or instances of a given element or feature.
[0037] Referring now to FIG. 4, a perspective view of an
exemplary vertical transistor, in accordance with aspects of
the present technology, is show. one implementation, the
vertical transistor can be a Metal-Oxide-Semiconductor
Field Effect Transistors (MOSFETs) 400. The MOSFET 400
can include one or more source regions 405, one or more
gate regions 410, one or more gate insulator regions 415, one
or more gate shield regions 420, one or more gate shield
insulator regions 425, one or more body regions 430, one or
more drift regions 435, one or more drain regions 440, one
or more drain contacts 445 one or more termination regions
445, and one or more termination insulator regions 450.
Other regions not illustrated can include one or more trace
layers, one or more vias, one or more insulator layers, one
or more passivation layers, one or more gate contacts, one or
more ring structure contacts, one or more source/body
contacts, and the like.

[0038] In one implementation, a drift region 435 can be
disposed between a drain region 440 and the body region
430. A plurality of source regions 405, a plurality of gate
regions 410, a plurality of gate insulator regions 415, a
plurality of gate shield regions 420 and a plurality of gate
shield insulator regions 425, can be disposed within the body
region 430 and drift region 435. The gate region 410 and
gate shield region 420 can be formed as a plurality of
parallel elongated cell structures. The gate insulator region
415 can surround the gate regions 410 and the shield
insulator region 425 can surround the gate shield regions
415. Thus, the gate regions 410 and gate shield regions 420
are electrically isolated from the surrounding source regions
405, body region 430 and drift region 435 by the gate
insulator regions 415 and gate shield insulator regions 425.
The source regions 405 can be formed along the periphery
of'the gate insulator regions 415. The source regions 405 can
be separated from the drift region 435 and drain region 440
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by the body region 430. The source regions 405, the body
region 430 and the gate shield region 420 can be electrically
coupled to the termination region 450 (not shown). The
drain contact 445 can be disposed on the drain region 440.
One or more trace layers, one or more vias, one or more
insulator layers, one or more passivation layers (not shown)
can be disposed over the gate regions 410, the source regions
405, the body regions 430, and the one or more termination
region 450.

[0039] The termination region 450 and termination insu-
lator region 455 can be disposed in a periphery region
surrounding the core region that includes the one or more
source regions 405, one or more gate regions 410, one or
more gate insulator regions 415, one or more gate shield
regions 420, one or more gate shield insulator regions 425
and one or more body regions 430. The gate regions 410 and
gate shield regions 420 can extend to the termination region
450 in a prescribed pattern. In one implementation, a first set
of the gate shield regions 420a can extend fully to the
termination region 450, and a predetermined gap can be
disposed between a second set of the gate shield regions
42056 and the termination region 450. For example, every
other gate shield region 420a can extend to the termination
region 450, while the other gate shield regions 4205 can be
separated from the termination region 450 by a predeter-
mined width w,,,.

[0040] Referring now to FIG. 5, a top view of the exem-
plary MOSFET, in accordance with aspects of the present
technology, is show. Again, the MOSFET 400 can include
one or more source regions 405, one or more gate regions
410, one or more gate shield regions 420, and one or more
termination region 450. As illustrated in FIG. 5, the gate
shield regions 420 can be brought up at the end of the gate
regions 410. A first set of the gate shield regions 420a can
extend fully to the termination region 450, and a. predeter-
mined gap can be disposed between a second set of the gate
shield regions 42056 and the termination region 450.

[0041] FIG. 5, also illustrated a plurality of source body
contacts 460 for making a low impedance contact to the
source regions 405 and body regions 430. The plurality of
source-body contacts 460 can be electrically coupled to a
source pad (not shown). In addition, a plurality of gate
contacts 465 for making a low impedance contact to the gate
regions 410 are illustrated. The plurality of gate contacts 465
can be electrically coupled to a gate line trace (not shown).
The MOSFET 400 can also include a plurality of termination
contacts 470, a plurality of source/body contacts 475 and a
plurality of gate shield contacts 480. The terminations
contacts 470, plurality of source/body contacts 475 and
plurality of gate shield contacts 480 can be electrically
coupled to a termination/source/body/gate shield pickup
trace (not shown).

[0042] Referring now to FIG. 6, a top view of the exem-
plary MOSFET, in accordance with aspects of the present
technology, is show. FIG. 6 substantially illustrate the same
MOSFET as illustrated in FIG. 5. In addition, FIG. 6
illustrates the source pad 485, the gate line trace 490 and the
termination/source/body/gate shield pickup trace 495 for
electrically coupling the respective sets of contacts (not
shown). The termination/source/body/gate shield pickup
trace 495 electrically connects the gate shield region 415, the
source region 405, the body region 425, termination region
445, and source pad 485 via the source region 405.
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[0043] Referring now to FIG. 7, a side view of the
exemplary MOSFET, in accordance with aspects of the
present technology, is shown, FIG. 7 illustrates the MOS-
FET along cutline A-A in FIG. 5, that includes one or more
gate region 410, one or more gate insulator regions 415, one
or more gate shield regions 420, one or more gate shield
insulator regions 425, one or more drift regions 435, one or
more termination region 450 and one or more termination
insulator regions 455. As illustrated in FIG. 7, the given gate
shield region 420q along cutline A-A extends hilly to the
termination region 450. The given gate shield region 420aq is
brought up to the surface and connects to the termination/
source/body/gate shield pickup trace 495 via the gate shield
contact 480. FIG. 7 also illustrates the source pad 485, and
the gate contact 465 and gate line trace 490.

[0044] Referring now to FIG. 8, a side view of the
exemplary MOSFET, in accordance with aspects of the
present technology, is shown. FIG. 8 illustrates the MOS-
FET along cutline B-B in FIG. 5, that includes one or more
source regions 405, one or more body regions 430, one or
more drift regions 435, one or more termination regions 450
and one or more termination insulator region 455. FIG. 8
also illustrates the source-body contact 460 and source pad
485, the gate line trace 490, and the source-body contact 475
and termination/source/body/gate shield pickup trace 495.
[0045] Referring now to FIG. 9, a side view of the
exemplary MOSFET, in accordance with aspects of the
present technology, is shown. FIG. 9 illustrates the MOS-
FET along cutline C-C in FIG. 5, that includes one or more
gate region 410, one or more gate insulator regions 415, one
or more gate shield regions 420, one or more gate shield
insulator regions 425, one or more body regions 430, one or
more drift regions 435, one or more termination region 450
and one or more termination insulator regions 455. As
illustrated in FIG. 9, the given gate shield region 420 along
cutline C-C does not extend fully to the termination region
450. There is a mesa gap between the given gate shield
region 420 and the termination region 450. The gate shield
region 420 is brought up to the surface at the end of the gate
region 410 and connects to the termination/source/body/gate
shield pickup trace 495 via the gate shield contact 480. FIG.
9 also illustrates the source pad 485, the gate contact 460 and
gate line trace 490.

[0046] Referring now to FIG. 10, a side view of the
exemplary MOSFET, in accordance with aspects of the
present technology, is shown. FIG. 10 illustrates the MOS-
FET along cutline D-D in FIG. 5, that includes one or more
source regions 405, one or more gate shield regions 420, one
or more gate shield insulator regions 425, one or more body
regions 430, one or more drift regions 435, one or more
termination regions 450 and one or more termination insu-
lator regions 455. The gate shield region 420 is brought up
to the surface and connect to the termination/source/body/
gate shield pickup trace 495 via the gate shield contact 480
no matter if the gate shield regions 420 are fully extended to
the termination region 450 or not. FIG. 10 also illustrates the
plurality of termination contacts 470 and source/body con-
tacts 475 coupled to the termination/source/body/gate shield
pickup trace 495.

[0047] Referring now to FIG. 11, a side view of the
exemplary MOSFET, in accordance with aspects of the
present technology, is shown. FIG. 11 illustrates the MOS-
FET along cutline E-E in FIG. 5, that includes one or more
source regions 405, one or more gate regions 410, one or
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more gate insulator regions 415, one or more gate shield
regions 420, one or more gate shield insulator regions 425,
one or more body regions 430, one or more drift regions 435,
one or more termination regions 450 and one or more
termination insulator regions 455. FIG. 11 also illustrates the
plurality of gate contacts 465 and the gate line trace 490,
[0048] Referring now to FIG. 12, a side view of the
exemplary MOSFET, in accordance with aspects of the
present technology, is shown. FIG. 12 illustrates the MOS-
FET along cutline F-F in FIG. 5, that includes one or more
source regions 405, one or more gate regions 410, one or
more gate insulator regions 415, one or more gate shield
regions 420, one or more gate shield insulator regions 425,
one or more body regions 430, one or more drift regions 435,
one or more termination regions 450 and one or more
termination insulator regions 455. FIG. 12 also illustrates the
plurality of source-body contacts 470 and the source pad
485.

[0049] In the above described exemplary implementation
of the MOSFET 400, every other gate shield region 420a
extends fully to the inner termination region 450 surround-
ing the active area and forms a T-shaped connection.
Between every two fully extended gate shield regions 420a,
the other gate shield regions 4205 end with a gap w, to the
adjacent perpendicular termination region 450.

[0050] Referring now to FIG. 13, a top view of the
exemplary MOSFET, in accordance with aspects of the
present technology, is shown. FIG. 13 illustrates an enlarged
view of an edge or a corner of the active area including a
gate shield region 4204 that ends with a gap to the adjacent
termination region 450 and a portion of two adjacent gate
shield regions 420a that fully extends to the termination
region 450. The gate shield region 4205 that does not extend
fully to the termination region 450 is brought up to the
surface at the end of the gate region 4105. In one imple-
mentation, the corners of the gate shield region 4205 that
end with a gap to the adjacent termination region 450 can be
rounded with a radius r,. In addition, the inside corners of
where gate shield regions 420a extend fully to the termina-
tion region 450 can be rounded with a radius r,. The gap
between the gate shield region 4205 that do not extend fully
to the adjacent termination region 450 can be w,. The width
of the gate regions 410 can be w,, and the width between two
adjacent gate region 410 can be w,,. When a reverse bias is
applied to the MOSFET, the doped semiconductor between
the gate shield regions 420 can be depleted under the shield
effect from the gate shield regions 420 with a net charge of
Qn. Corresponding, there is an opposite charge Q, in the gate
shield regions 420 adjacent the gate shield insulator region
425. Because the gate shield region 420 is highly doped with
a low resistivity, the charge Q, can be evenly distributed
along the length of the gate shield regions 420. The MOS-
FET can reach a maximum breakdown voltage when the two
types of charges Q, and Q,, are balanced.

[0051] At the diagonal separation y between the corners of
the gate shield region 42054 that do not extend to the
termination region 45( )and the corners between the perpen-
dicular termination region 450 and the gate shield regions
420q that fully extend to the termination region 450, the
charge in the doped semiconductor between the gate shield
regions is balanced by the shield effects from surrounding
termination region 450 and gate shield regions 420a and
4205 that extend to the termination region 450. When the
separation y on the diagonal direction is increased, the shield
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effect from the corners of gate shield regions 4205 that does
not fully extend to the termination region 450 becomes
weak, while the shield effect from the perpendicular termi-
nation region 450 and the gate shield regions 4204 that fully
extend to the termination region 450 increases, and vice
versa. Therefore, the under-shield or over-shield problem in
the convention art is reduced or eliminated.

[0052] The gate shield region 420 can extend to the
termination region 450 in various prescribed pattern. Refer-
ring now to FIG. 14, a top view of the exemplary MOSFET,
in accordance with aspects of the present technology, is
show. As illustrated in FIG. 14 another prescribed pattern
can include a plurality of gate regions 410 and gate shield
regions 420 arranged in parallel in the core area. In the area
proximate the termination region 450. a given gate region
410¢ and gate shield region 420¢ can be surrounded by one
or more other gate regions 4104 and gate shield regions. The
gap between the end of the given gate shield region 420c¢ and
the surrounding other gate region 4104 and gate shield
region can be substantially equal to the distance between the
adjacent parallel portions in the core area. The pattern of
surrounding gate structures can also be combined with the
alternating pattern of fully extending gate shield region 420a
and non-fully extending gate shield regions 4205 as
described above with reference to FIGS. 4-12, and/or the
rounded comers described above with reference to FIG. 13.

[0053] Referring now to FIGS. 15 and 16, a top view of
the exemplary MOSFET, in accordance with aspects of the
present technology, is shown. As illustrated in FIG. 15
another prescribed pattern can include a curved termination
region 450 and one or more curved gate regions 410e, 4107,
and curved gate shield regions 420e, 420f, in corner regions
of'the MOSFET. The curved termination region 450 and one
or more curved gate shield regions 420e, 420f, can be
configured to reduce electric field crowding in device cor-
ners. The gap between adjacent gate shield regions 420, and
between gate shield regions 420 and adjacent portions of the
termination region 450 can be configured to be substantially
equal at both the ends of the gate shield regions 420 and
along the lengths of the gate shield regions 420. In one
implementation, the curved gate regions 410¢, 4107, and the
curved gate shield regions 420e, 420f in the corner regions
can be arranged in an alternating pattern of extending fully
and not extending fully to another one of the gate region
410g and gate shield region, as illustrated in FIG. 15. In
another implementation, the curved gate regions 410/, 410,
4105 and curved gate shield regions in the corner regions can
be arranged in surrounding patterns, as illustrated in FIG. 16.
The pattern of curved gate regions 410, curved gate shield
regions 420 and curved termination region 450 at the corner
regions of the MOSFET can be combined with the alternat-
ing pattern of fully and non-fully extending gate structures
described above with reference to FIGS. 4-12 the pattern of
curved corners described above with reference to FIG. 13,
and or the pattern of surrounding gate structures as described
above with reference to FIG. 14.

[0054] Referring now to FIGS. 17A and 17B, a method of
fabricating a MOSFET, in accordance with aspects of the
present technology, is shown. The method can begin with
various initial processes upon a semiconductor wafer , such
as cleaning, depositing, doping, etching and or the like. In
one implementation, the wafer can be a heavily n-doped
(N+) semiconductor, such as silicon doped with phospho-
rous or arsenic that forms a drain region. At 1750, a drift
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region can be formed on the drain region. In one implemen-
tation, the drift region can be formed by epitaxially depos-
iting a moderately or lightly n-doped (N or N-) semicon-
ductor, such as silicon doped with phosphorous or arsenic on
the drain region.

[0055] At 1710, a body region can be formed on the drift
region. In one implementation, a dopant such as boron can
be implanted in an upper portion of the epitaxial deposited
semiconductor layer to form a p-doped (P) semiconductor
body region above the optional drift region.

[0056] At 1715, a plurality of gate trenches and one or
more termination trenches can be formed through the body
region. The plurality of gate trenches and the one or more
termination trenches can extend partially into the drift
region. In one implementation, a trench mask can be formed
on the body region. The portions of the body region exposed
by the trench mask can be etched to form the plurality of gate
trenches and the one or more termination trenches in the
body region. In another implementation, separate gate and
termination trench mask and etching processes can be used
to form gate and termination trenches with different widths
and or different depths. In one implementation, the width
and or depth of the termination trench can be between one
hundred percent and one hundred and twenty percent of the
gate trenches.

[0057] The plurality of gate trenches can be arranged as a
plurality of parallel trenches separated from each other by a
first predetermined spacing Wm, In one implementation, a
termination trench can be formed in a ring surrounding the
plurality of gate trenches. In one implementation, a first set
of the plurality of gate trenches extend fully to the termi-
nation trench and the ends of a second set of the plurality of
trenches can be separated from the termination trench by a
second predetermined spacing w,. The trenches of the first
set and second set can be arranged in an alternating pattern.
In one implementation, the second predetermined spacing
w, can be between 100 and 60 percent of the first predeter-
mined spacing w,,. The alternating pattern of fully and
non-fully extending gate trenches can result in gate regions
as illustrated in FIGS. 4-12

[0058] In another implementation, the corners at the ends
of the gate trenches that do not fully extend to the termina-
tion trench can be rounded. In addition, the inside corners of
the intersection of the termination trench and the gate
trenches that fully extend to the termination trench can be
rounded The rounded corner of the trenches can result in the
combination of gate regions and termination region as
illustrated in FIG. 13.

[0059] In another implementation, the plurality of gate
trenches can be arranged in parallel in a core area. In the area
proximate the termination trench each of first set of gate
trenches can be surrounded by one or more of a second set
of gate trenches. The pattern of surrounding gate trenches
can result in gate regions as illustrated in FIG. 14.

[0060] In another implementation, the termination trench
can be curved in the corner regions of the MOSFET. The
plurality of gate trenches can also be curved in the corner
regions. In one implementation, the gate trenches in the
corner regions can be curved in an alternating pattern of
fully extending and non-fully extending trenches to another
one of the gate trenches The alternating pattern of curved
fully extending and non-fully extending trenches in the
corner regions can result in the gate regions and termination
region as illustrated in FIG. 15. In another implementation,
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the gate trenches in the corner regions can be arranged as
one or more gate trenches that surround one or more other
trenches in the corner regions. The surrounding gate
trenches in the corner regions can result in the combination
of gate regions and termination region as illustrated in FIG.
16,

[0061] At 1720, a first insulator regions can be formed on
the walls and floor of the plurality of gate trenches and the
one or more termination trenches. In one implementation,
the surface of the gate trenches and one or more termination
trenches can be oxidized to form a gate shield insulator
region in the plurality of gate trenches and a termination
insulator region in the one or more termination trenches,
[0062] At 1725, a first semiconductor layer can be formed
on the insulator region in the plurality of gate trenches and
one or more termination trenches. In one implementation, a
heavily n-doped (N+) semiconductor, such as polysilicon
doped with phosphorous or arsenic, can be deposited in the
plurality of gate trenches, the one or more termination
trenches and on the surface of the body region. Excess
portions of the deposited semiconductor and the oxide layer
formed over the surface of the body region can then be
removed by etching until the portions of the deposited
semiconductor and the oxide layer disposed in the gate
trenches remain.

[0063] At 1730, a portion of the first semiconductor layer
in a core area of the plurality of gate trenches can be
removed. In one implementation, a photo resist is deposited
and patterned to form a gate region mask exposing an area
of'the first semiconductor layer in the core area. A portion of
the first semiconductor layer in the core area exposed by the
mask can etched back to form a gate shield region in the
plurality of gate trenches in the core area and extending to
the top of the gate trenches proximate the termination trench.
The gate region mask can be removed after the first semi-
conductor layer in the core area is etched back.

[0064] At 1735, a second insulator region can be formed
on the remaining portion of the first semiconductor layer. In
one implementation, a relatively thick insulator can be
formed on the surface of the remaining portion of the first
semiconductor layer and on the walls of the exposed portion
of the trench. The relatively thick insulator can be removed
from the wall of the exposed portion of the trench and then
a relatively thin insulator region can be formed on the side
wall to form the gate insulator region.

[0065] At 1740, a second semiconductor layer can be
formed on the second insulator region where the portion of
the first semiconductor layer in a core area of the plurality
of gate trenches was removed. In one implementation, a
heavily n-doped (N+) semiconductor, such as polysilicon
doped with phosphorous or arsenic, can be deposited in the
plurality of gate trenches where the portion of the first
semiconductor layer in a core area was removed, on the
termination regions and on the surface of the body region.
Excess portions of the second semiconductor and the second
oxide layer can then be removed by etching until the
portions of the deposited second semiconductor and the
oxide layer disposed in the portions of the gate trenches
remain. The portion of the second semiconductor layer
remaining in the plurality of gate trenches where the portion
of the first semiconductor layer in a core area was removed
can form a plurality of gate regions.

[0066] At 1745, a plurality of source regions can be
formed in the body region adjacent the gate regions. The
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source regions can be separated from the gate regions by the
gate insulator regions. The source regions can also be
separated from the drift region by a portion of the body
region. In one implementation, a dopant such as phospho-
rous or arsenic can be implanted in an upper portion of the
body region to form heavily n-doped (+N) semiconductor
source regions.

[0067] The method of fabricating the MOSFET can con-
tinue with various subsequent processes upon the wafer,
such as cleaning, depositing, doping, etching and or the like.
The subsequent process can form various other structures of
the MOSFET, such as contacts, traces, vias, encapsulation
layers and the like. The additional subsequent process are
not necessary for an understanding of aspects of the present
technology and therefore are not further described herein,
[0068] Embodiments of the present technology advanta-
geously achieve charge balance in the active area and the
termination area of the MOSFET device simultaneously.
Therefore, the breakdown voltage of the MOSFET device is
advantageously increased. The on-resistance of the MOS-
FET can also be advantageously reduced by the achieved
charge balance. The switching speed can also be increased
by the achieved charge balance. The efficiency of the MOS-
FET can also be increase by the achieved charge balance.
The present technology and its embodiments can also be
applied to vertical trenched power devices including trench
diodes, trench IGBTs. etc.

[0069] The foregoing descriptions of specific embodi-
ments of the present technology have been presented for
purposes of illustration and description. They are not
intended to be exhaustive or to limit the invention to the
precise forms disclosed, and obviously many modifications
and variations are possible in light of the above teaching.
The embodiments were chosen and described in order to
best explain the principles of the present technology and its
practical application, to thereby enable others skilled in the
art to best utilize the present technology and various
embodiments with various modifications as are suited to the
particular use contemplated. It is intended that the scope of
the invention be defined by the claims appended hereto and
their equivalents.

1. A method of fabricating a MOSFET device comprising:

forming a plurality of gate trenches and one or more
termination trenches down through a body region,
wherein the one or more termination trenches surround
the plurality of gate trenches, wherein the plurality of
gate trenches are separated from each other by a first
predetermined spacing in a core area, wherein a first set
of the plurality of gate trenches extend fully to a first
termination trench, and wherein ends of a second set of
the plurality of gate trenches are separated from the first
termination trench by a second predetermined spacing;

forming insulator regions in the plurality of gate trenches
and the one or more termination trenches;

forming a first semiconductor layer in the plurality of gate
trenches and the one or more termination trenches after
forming the insulator regions in the plurality of gate
trenches and the one or more termination trenches;

removing portions of the first semiconductor layer in the
plurality of gate trenches;

forming an insulator region in the plurality of gate
trenches where portions of the first semiconductor layer
have been removed;
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forming a second semiconductor layer in the plurality of
gate trenches after forming the insulator region in the
plurality of gate trenches where portions of the first
semiconductor layer have been removed; and

forming a plurality of source regions in the body regions
between the plurality of gate trenches.

2. The method according to claim 1, wherein:

forming the plurality of gate trenches and the one or more
termination trenches includes forming a trench mask
and etching the body region exposed by the trench
mask to form the plurality of gate trenches and the one
or more termination trenches;

forming the insulator region in the plurality of gate
trenches and one or more termination trenches includes
oxidizing surfaces of the plurality of gate trenches and
one or more termination trenches to form a gate shield
insulator region in the plurality of gate trenches and a
termination insulator region in the one or more termi-
nation trenches;

forming the first semiconductor layer in the plurality of
gate trenches and the one or more termination trenches
includes depositing a heavily n-doped semiconductor
on the gate insulator region in the plurality of gate
trenches and on the termination insulator region in the
one or more termination trenches;

removing portions of the first semiconductor layer in the
plurality of gate trenches includes etching back a
portion of the first semiconductor layer in the core area
to form a gate shield region;

forming the insulator region in the plurality of gate
trenches where portions of the first semiconductor layer
have been removed includes forming a relatively thick
insulator layer on the surface of a remaining portion of
the first semiconductor layer and on walls of the
exposed portion of the gate trenches, removing the
relatively thick insulator layer from the walls of the
exposed portion of the gate trenches and forming a
relatively thin insulator layer on the walls of the
exposed portion of the gate trenches to form a gate
insulator region;

forming a second semiconductor layer includes deposit-
ing a heavily n-doped semiconductor on the insulator
region where portion of the first semiconductor layer
have been removed to form a plurality of gate regions;
and

forming a plurality of source regions includes implanting
in an upper portion of a p-doped (P) semiconductor
body region to form heavily n-doped semiconductor
source regions.

3. The method according to claim 1, wherein:

one or more gate structures of a third set of the plurality
of gate trenches surround ends of each respective one
of the second set of the plurality of gate trenches in the
termination area; and

the third set of the plurality of gate trenches are separated
from adjacent ones of the first and second set of the
plurality of gate trenches and adjacent portions of a first
termination trench by the second predetermined spac-
ing.

4. The method according to claim 1, wherein:

a first termination trench includes rounded corners;

ends of a third set of the plurality of gate trenches are
curved to fully extend to a respective one of the first set
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of the plurality of gate trenches adjacent a respective
corner of the first termination trench; and

ends of a fourth set of the plurality of gate trenches are

curved toward but separated by the second predeter-
mined spacing from the respective one of the first set of
the plurality of gate trenches adjacent the respective
corner of the first termination trench.

5. The method according to claim 1, wherein:

a first termination trench include rounded corners;

one or more gate trenches of a third set of the plurality of

gate structures surround ends of each respective one of
a fourth set of the plurality of gate trenches adjacent a
respective corner of the first termination trench,
wherein the third set of the plurality of gate trenches are
separated from adjacent ones of the fourth set of the
plurality of gate trenches and adjacent portions of the
first termination trench by the second predetermined
spacing.

6. A method of manufacturing a Metal-Oxide-Semicon-
ductor Field Effect Transistor (MOSFET) device compris-
ing:

forming a plurality of gate structures including a plurality

of gate regions and a corresponding plurality of gate
shield regions, wherein the plurality of gate structures
are parallel to each other and separated from each other
in a core area; and

forming one or more termination structures surrounding

the plurality of gate structures in a termination area,
wherein the plurality of gate shield regions extend to a
first termination structure in a predetermined pattern
configured to balance charge in the core area and a
termination area in a reverse bias condition, wherein
the predetermined pattern includes a first set of the
plurality of gate shield regions that extend fully to the
first termination structure and ends of a second set of
the plurality of gate shield that are separated from the
first termination structure.

7. The method according to claim 6, wherein forming the
plurality of gate structure includes:

forming a plurality of gate regions disposed between a

plurality of source regions and body regions;
forming a plurality of gate shield regions disposed
between the plurality of gate regions and a drift region;

forming a plurality of gate shield insulator region dis-
posed between the plurality of gate shield regions and
the drift region; and

forming a plurality of gate insulator region disposed

between the plurality of gate regions and the plurality
of gate shield regions, and between the plurality of gate
regions and the source regions and body regions.

8. The method according to claim 6, wherein forming the
first termination structures includes;
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forming a first termination region surrounding a plurality
of source regions, a plurality of body regions and the
plurality of gate structures; and

forming a first termination insulator region disposed about
the first termination region.

9. The method according to claim 6, wherein a spacing
between the plurality of gate structure is approximately
equal to a spacing between ends of the second set of the
plurality of gate shield regions and the first termination
structure.

10. The method according to claim 6, wherein a spacing
between the ends of the second set of the plurality of gate
shield regions and the first termination structure is approxi-
mately one hundred and forty percent to sixty percent of a
spacing between the plurality of gate structures.

11. The method according to claim 6, wherein the width
of the first termination structure is approximately between
one hundred percent and one hundred and twenty percent of
the gate structure.

12. The method according to claim 6, wherein the depth
of the first termination structure is approximately between
one hundred percent and one hundred and twenty percent of
the gate structure.

13. The method according to claim 6, wherein:

the ends of the second set of the plurality of gate shield
regions are rounded; and

corners at intersections of the first set of the plurality of
gate shield regions with the first termination structure
are rounded.

14. The method according to claim 6, wherein:

the first termination structure is rounded in corners of the
MOSFET;

a third set of the plurality of gate structures are curved to
fully extend to a respective one of the first set of the
plurality of gate structures adjacent a respective corner
of the MOSFET; and

a fourth set of the plurality of gate structures are curved
toward but separated from the respective one of the first
set of the plurality of gate structures adjacent the
respective corner of the MOSFET.

15. The method according to claim 6, wherein:

the first termination structure is rounded in corners of the
MOSFET; and

one or more gate structures of a third set of the plurality
of gate structures surround ends of each respective one
of a fourth set of the plurality of gate structures adjacent
a respective corner of the MOSFET, wherein the third
set of the plurality of gate structures are separated from
adjacent ones of the fourth set of the plurality of gate
structures and adjacent portions of the first termination
structure.



