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(57) ABSTRACT

A semiconductor device comprises a drain, a body disposed
over the drain, having a body top surface, a source embed-
ded in the body, extending downward from the body top
surface into the body, a gate trench extending through the
source and the body into the drain, a gate disposed in the
gate trench, a source body contact trench having a trench
wall and an anti-punch through implant that is disposed
along the trench wall.

A method of fabricating a semiconductor device comprises
forming a hard mask on a substrate having a top substrate
surface, forming a gate trench in the substrate, through the
hard mask, depositing gate material in the gate trench,
removing the hard mask to leave a gate structure, forming a
source body contact trench having a trench wall and forming
an anti-punch through implant.

8 Claims, 12 Drawing Sheets

350
/‘

© 66,0 o
0 g0 0 0" o

° T © o9 C
'y o

B
77

o AT ";;\'z SA 7
N’ p>” /
N* Nt ONY N*

uPI Semiconductor Corp.

Exhibit 1009

uPl Semiconductor Corp.
EX1009.001



U.S. Patent Oct. 23, 2007 Sheet 1 of 12 US 7,285,822 B2

104
103

145b

1513// 151bj/ 1533// 153b// 1558// 155b//
/ L / / / [

145a

143b

143a

FIG. 1

141b

141a

180
Vi

uPl Semiconductor Corp.
EX1009.002



U.S. Patent Oct. 23, 2007 Sheet 2 of 12 US 7,285,822 B2

uPl Semiconductor Corp.
EX1009.003



US 7,285,822 B2

Sheet 3 of 12

Oct. 23,2007

U.S. Patent

~400

404
XRXHHARXKS

R

0000000060020 %6 % % %% e e e % % %
SRRHRIHLRHAILHIKHHS

%

404

AN
oo,
R

5%

410

R
!

.

X2
RS

.
9,
(682

3
X0

<5

uPl Semiconductor Corp.

410

@1 0

FIG. 3A

FIG. 3B

FIG. 3C
o

FIG. 3D

\-400

o
—
<

410

N
N
N*
N*
N-

EX1009.004



U.S. Patent Oct. 23, 2007 Sheet 4 of 12 US 7,285,822 B2

N_k__/ N —___
N+

FIG. 3E
L I U e
N+

FIG. 3F
s 432W e e
i3 I O O
N+

FIG. 3G

uPl Semiconductor Corp.
EX1009.005



U.S. Patent Oct. 23, 2007 Sheet 5 of 12

US 7,285,822 B2

440
L IR 1IN 1IN
N_\__/ UL LY
N
FIG. 3H
~ 444 f448
UL
N';< 446 LY k__)
Nt 44\12
FIG. 3l
D
N+

FIG. 3J

uPl Semiconductor Corp.

EX1009.006



U.S. Patent Oct. 23, 2007 Sheet 6 of 12 US 7,285,822 B2

450
460 460 460
460~ N / / /ﬂ _
N-
N+
FIG. 3K
610 ~610 N* 612 N*

J\\\\\\L\ ST/

"'
.
.

M .

N e

\\
N / /
P P

N+

FIG. 3L

RS \\@ E 340
0\\:? °°°o°:° - ’/-

! l
R

A D I/ -/
P N* p

FIG. 3M

uPl Semiconductor Corp.
EX1009.007



U.S. Patent Oct. 23, 2007 Sheet 7 of 12 US 7,285,822 B2

622
o e
T E l[ JI:: -
N-
N+

FIG. 3N

350
640 y_
SN

7
\:': B

uPl Semiconductor Corp.
EX1009.008



U.S. Patent Oct. 23, 2007 Sheet 8 of 12 US 7,285,822 B2

FIG. 4

uPl Semiconductor Corp.
EX1009.009



U.S. Patent Oct. 23, 2007 Sheet 9 of 12 US 7,285,822 B2

SANNNNN

9,

?

;

g

7
/\

I"'

TR

506 -

FIG. 5

uPl Semiconductor Corp.
EX1009.010



U.S. Patent Oct. 23, 2007 Sheet 10 of 12 US 7,285,822 B2

. S
ANVRAANRS

610

FIG. 6

uPl Semiconductor Corp.
EX1009.011



U.S. Patent Oct. 23, 2007 Sheet 11 of 12 US 7,285,822 B2

FIG. 7

uPl Semiconductor Corp.
EX1009.012



U.S. Patent

Oct. 23,2007

o (o]

Sheet 12 of 12

US 7,285,822 B2

800
f-

///// IIIIIV IS IIIIIIIIIS

o]

%o o o °
0000 °
%0
o

FIG. 8

uPl Semiconductor Corp.
EX1009.013



US 7,285,822 B2

1
POWER MOS DEVICE

FIELD OF THE INVENTION

The present invention relates generally to semiconductor
devices. More specifically, a double-diffused metal oxide
semiconductor (DMOS) power device and its manufacturing
process are disclosed.

BACKGROUND OF THE INVENTION

Power MOS devices are commonly used in electronic
circuits. Depending on the application, different device
characteristics may be desirable. One common application is
a DC-DC converter, which includes a power MOS device as
a synchronous rectifier (also referred to as the low side FET)
and another power MOS device as a control switch (also
referred to as the high side FET). The low side FET typically
requires a small on-resistance to achieve good power switch
efficiency. The high side FET typically requires a small gate
capacitance for fast switching and good performance.

The value of a transistor’s on-resistance (R ,,,,) is typi-
cally proportional to the channel length (L) and inversely
proportional to the number of active cells per unit area (W).
To reduce the value of Ry, the channel length can be
reduced by using shallower source and body, and the number
of cells per unit area can be increased by reducing the cell
size. However, the channel length L is typically limited
because of the punch-through phenomenon. The number of
cells per unit area is limited by manufacturing technology
and by the need to make a good contact to both the source
and body regions of the cell. As the channel length and the
cell density increase, the gate capacitance increases. Lower
device capacitance is preferred for reduced switching losses.
In some applications such as synchronous rectification, the
stored charge and forward drop of the body diode also result
in efficiency loss. These factors together tend to limit the
performance of DMOS power devices.

It would be desirable if the on-resistance and the gate
capacitance of DMOS power devices could be reduced from
the levels currently achievable, so that the reliability and
power consumption of the power switch could be improved.
It would also be useful to develop a practical process that
could reliably manufacture the improved DMOS power
devices.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the invention are disclosed in the
following detailed description and the accompanying draw-
ings.

FIG. 1 is a cross sectional view of a double-diffused metal
oxide semiconductor (DMOS) device embodiment.

FIG. 2 is a diagram illustrating a buck converter circuit
example.

FIGS. 3A-3P are device cross-sectional views illustrating
an example fabrication process used for fabricating device
100 of FIG. 1.

FIG. 4 is a cross sectional view of another DMOS device
embodiment in which the anti-punch through implant is
continuous along the trench wall and the trench bottom.

FIG. 5 is a diagram illustrating another DMOS device
embodiment that includes a Schottky diode in the contact
trench.

FIG. 6 is a diagram illustrating another DMOS device
embodiment that includes a Schottky diode.

—_
n

30

35

45

55

65

2

FIG. 7 is a device cross sectional view illustrating a
device formed using a double contact etch process.

FIG. 8 is a cross sectional view of another DMOS device
embodiment.

DETAILED DESCRIPTION

The invention can be implemented in numerous ways,
including as a process, an apparatus, a system, a composition
of matter, a computer readable medium such as a computer
readable storage medium or a computer network wherein
program instructions are sent over optical or electronic
communication links. In this specification, these implemen-
tations, or any other form that the invention may take, may
be referred to as techniques. In general, the order of the steps
of disclosed processes may be altered within the scope of the
invention.

A detailed description of one or more embodiments of the
invention is provided below along with accompanying fig-
ures that illustrate the principles of the invention. The
invention is described in connection with such embodi-
ments, but the invention is not limited to any embodiment.
The scope of the invention is limited only by the claims and
the invention encompasses numerous alternatives, modifi-
cations and equivalents. Numerous specific details are set
forth in the following description in order to provide a
thorough understanding of the invention. These details are
provided for the purpose of example and the invention may
be practiced according to the claims without some or all of
these specific details. For the purpose of clarity, technical
material that is known in the technical fields related to the
invention has not been described in detail so that the
invention is not unnecessarily obscured.

An improved DMOS device and an associated fabrication
process are disclosed. The device includes a drain, a body
and a source. The gate of the device is disposed in a gate
trench that extends through the source and the body into the
drain. In proximity of the gate trench and adjacent to the
source, there is a source body contact trench with an
anti-punch through implant disposed along the trench wall.
The top surface of the gate extends substantially above the
top surface of the body, thus insuring gate-source overlap
and allowing source region to be shallow. The process for
fabricating the device includes forming a hard mask on a
substrate, forming a gate trench in the substrate through the
hard mask, depositing gate material in the gate trench,
removing the hard mask to leave a gate trench, forming a
source body contact trench having a trench wall, and form-
ing an anti-punch through implant.

For the purpose of example, N-channel devices with
source and drain made of N-type material and body made of
P-type material are discussed in detail throughout this speci-
fication. The techniques and structures disclosed herein are
also applicable to P-channel devices. FIG. 1 is a cross
sectional view of a double-diffused metal oxide semicon-
ductor (DMOS) device embodiment. In this example, device
100 includes a drain that is formed on a N*-type semicon-
ductor substrate 103, extending into an epitaxial (epi) layer
104 of N™-type semiconductor that is formed on substrate
103. Gate trenches such as 111, 113, and 115 are etched in
epi layer 104, and gate oxide layers such as 121, 123 and 125
are formed inside the gate trenches. Gates 131, 133 and 135
are disposed inside gate trenches 111, 113 and 115, respec-
tively, and are insulated from the epi layer by the oxide
layers. The gates are made of a conductive material such as
polycrystalline silicon (poly) and the oxide layers are made
of an insulating material such as thermal oxide.
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Source regions 151, 153 and 155 are embedded in body
regions 141, 143 and 145, respectively. The source regions
extend downward from the top surface of the body into the
body itself. In the embodiment shown, gate 131 has a gate
top surface that extends substantially above the top surface
of the body where the source is embedded. Such a configu-
ration guarantees the overlap of the gate and the source,
allowing the source region to be shallower than a source
region in a device with a recessed gate, and increases device
efficiency and performance. The amount by which the gate
poly top surface extends above the source-body junction
may vary for different embodiments. The structure is also
applicable to devices with gates that do not extend above the
top surface of the body.

A set of source body contact trenches 112, 114 and 116 are
formed between the gates. For example, contact trench 112
penetrates through source region 151 forming regions 151a
and 1515 adjacent to the gate and through body region 141
forming regions 141a and 1415 adjacent to the trench.
During operation, the drain and body regions together act as
a diode, referred to as the body diode. A dielectric material
layer is disposed over the gate to insulate the gate from
source-body contact. Appropriate dielectric material
includes thermal oxide, low temperature oxide (LTO), boro-
phospho-silicate glass (BPSG), etc. The dielectric material
forms insulating regions such as 132, 134 and 136 on top of
the gates as well as on top of the body and source regions.

In the example shown, the FET channel is formed along
the gate trench sidewall between the source and body
junctions. In a device with a short channel region, as the
voltage between the source and the drain increases, the
depletion region expands and may eventually reach the
source junction. This phenomenon, referred to as punch
through, limits the extent to which the channel may be
shortened. To prevent punch through, regions such as 161a,
1615, 163a, 1635, 165a and 1655 along the walls of the
source body contact trench are heavily doped with P type
material to form P*-type regions. The P*-type regions pre-
vent the depletion region from encroaching upon the source
region. Thus, these implants are sometimes referred to as
anti-punch through implants. In some embodiments, to
achieve pronounced anti-punch through effects, the P*
regions are disposed as close as possible to the channel
region and/or as close as it is allowed by manufacturing
alignment capability and P* sidewall dopant penetration
control. In some embodiments, the misalignment between
the trench contact and the gate trench is minimized by
self-aligning the contact, and the trench contact is placed as
closely centered between gate trenches as possible. With
these structural enhancements, it is possible to shorten the
channel such that the net charge in the channel per unit area
is well below the minimum charge needed to prevent punch
through in an ideal unprotected structure. The anti-punch
through implants makes it possible to construct very shallow
trench short-channel devices, thus improving on-resistance
R, and reducing the gate capacitance. The anti-punch
through implants also improve body contact resistance.

A layer of metal suitable for making Schottky contact
with the lightly doped drain (such as titanium (T1), platinum
(Pt), palladium (Pd), tungsten (W) or any other appropriate
material) is deposited on the bottom of source body contact
trenches 112, 114 and 116, to form contact electrodes 122,
124 and 126, respectively. Since the punch-through implants
are disposed along the walls of the trenches but not along the
bottoms of the trenches, the contact electrodes are in contact
with N~ drain region 104. Together, the contact electrodes
and the drain region form Schottky diodes that are in parallel
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with the body diode. The Schottky diodes reduce the body
diode forward drop and minimize the stored charge, making
the MOSFET more efficient. A layer of metal 180 is depos-
ited over the Schottky metal to form source body contact. In
some embodiments, metal layer 180 is made of aluminum
(Al) or made of a Ti/TiN/Al stack.

In some embodiments, a single metal that is capable of
simultaneously forming a Schottky contact to the N~ drain
and forming good ohmic contact to the P* body and N*
source (e.g. platinum) is used. Thus, the Schottky metal is
not necessarily placed in the form of a plug at the bottom of
the source-body contact trench. On the other hand, placing
the bottom Schottky metal in the form of a plug at the bottom
of the source-body trench can be useful for blocking the
anti-punch through implant from getting into the N~ drain
region.

FIG. 2 is a diagram illustrating a buck converter circuit
example. In this example, circuit 200 is shown to employ a
high side FET device 201 and a low side FET device 207.
High side device 201 includes a transistor 202 and a body
diode 204. Low side device 207 is with structures similar to
the one shown in FIG. 1, includes a transistor 208, a body
diode 210 and a Schottky diode 212. The load includes an
inductor 214, a capacitor 216 and a resistor 218. During
normal operation, device 201 is turned on to transfer power
from the input source to the load. This causes the current to
ramp up in the inductor. When device 201 is turned off, the
inductor current still flows and commutates to body diode
210 of device 207. After a short delay, the control circuit
turns on device 207, which turns on the channel of transistor
208 and dramatically reduces the forward drop across the
drain-source terminals of device 208. Without Schottky
diode 212, the body diode conduction loss and the losses
from removing the stored charge in body diode 210 of
device 207 can be substantial. However, if Schottky diode
212 is built into device 207 and if the Schottky diode has a
low forward drop, the conduction loss is greatly reduced.
Since the low forward drop across the Schottky diode is
lower than the junction drop of the body diode, no stored
charge is injected while the Schottky diode conducts, further
improving the losses related to diode recovery.

FIGS. 3A-3P are device cross-sectional views illustrating
an example fabrication process used for fabricating device
100 of FIG. 1. In this example, an N type substrate (i.e., an
N* silicon wafer with an N~ epi layer grown on it) is used
as the drain of the device. In FIG. 3A, a SiO, layer 402 is
formed on N type substrate 400 by deposition or thermal
oxidation. The thickness of the silicon oxide ranges from
500 A to 30000 A in some embodiments. Other thicknesses
are used in other embodiments. The thickness is adjusted
depending on the desired height of the gate. A photoresist
layer 404 is spun on top of the oxide layer and patterned
using a trench mask.

In FIG. 3B, the SiO, in the exposed areas is removed,
leaving a SiO, hard mask 410 for silicon etching. In FIG.
3C, the silicon is etched anisotropically, leaving trenches
such as 420. The gate material is deposited in the trenches.
The gate that is later formed within the trench has sides that
are substantially perpendicular to the top surface of the
substrate. In FIG. 3D, SiO, hard mask 410 is etched back by
an appropriate amount so that the trench walls remain
approximately aligned with the edge of the hard mask after
later etching steps. SiO, is the mask material used in this
embodiment because etching using a SiO, hard mask leaves
relatively straight trench walls that mutually align with the
sides of the mask. Other material may be used as appropri-
ate. Certain other types of material traditionally used for
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hard mask etching, such as Si;N,, may leave the etched
trench walls with a curvature that is less desirable for gate
formation in the following steps.

In FIG. 3E, the substrate is etched isotropically to round
out the bottoms of the trenches. The trench is approximately
between 0.5-2.5 pm deep and approximately between 0.2-
1.5 um wide in some embodiments; other dimensions can
also be used. To provide a smooth surface for growing gate
dielectric material, a sacrificial layer of SiO, 430 is grown in
the trenches. This layer is then removed by the process of
wet etching. In FIG. 3G, a layer of SiO, 432 is grown
thermally in the trenches as dielectric material.

In FIG. 3H, poly 440 is deposited to fill up the trenches.
In this case, the poly is doped to obtain the appropriate gate
resistance. In some embodiments, doping takes place as the
poly layer is deposited (in situ). In some embodiments, the
poly is doped after the deposition. In FIG. 31, the poly layer
on top of the SiO, is etched back to form gates such as 442.
At this point, top surface 444 of the gate is still recessed
relative to top surface 448 of the SiO,; however, top surface
444 of the gate is higher than top layer 446 of the silicon. In
some embodiments, no mask is used in poly etch back. In
some embodiments, a mask is used in poly etch back to
eliminate the use of an additional mask in the following
body implanting process. In FIG. 3J, the SiO, hard mask is
removed. In some embodiments, dry etch is used for hard
mask removal. The etching process stops when the top
silicon surface is encountered, leaving the poly gate extend-
ing beyond the substrate surface where source and body
dopants will be implanted. In some embodiments, the gate
extends beyond the substrate surface by approximately
between 300 A to 20000 A. Other values can also be used.
A Si0O, hard mask is used in these embodiments since it
provides the desired amount of gate extension beyond the
substrate surface in a controllable fashion. A screen oxide
may then be grown across the wafer.

In FIG. 3K, a photoresist layer 450 is patterned on the
body surface using a body mask. The unmasked regions are
implanted with body dopant. Dopant material such as boron
ions is implanted by bombarding the substrate surface with
the dopant material, or any other appropriate implantation
methods. The photoresist is then removed and the wafer is
heated to thermally diffuse the implanted body dopant via a
process sometimes referred to as body drive. Body region
460 is then formed. In some embodiments, the energy used
for implanting the body dopant is approximately between
30-200 Kev, the dose is approximately between SE12-4E13
ions/cm?®, and the resulting body depth is approximately
between 0.3-2.4 pum. Other depths can be achieved by
varying factors including the implant energy and dose. In
some embodiments, a mask is not used in body implantation.

In FIG. 3L, a photoresist layer 610 is patterned to allow
source dopant to be implanted in region 612. In this
example, arsenic ions penetrate the silicon in the unmasked
areas to form N* type source. In some embodiments, the
energy used for implanting the source dopant is approxi-
mately between 5-80 Kev, the dose is approximately
between 1E15-1E16 ions/cm?® and the resulting source
depth is approximately between 0.05-0.5 um. Further depth
reduction can be achieved by varying factors such as the
doping energy and dose. The photoresist is then removed
and the wafer is heated to thermally diffuse the implanted
source dopant via a source drive process. Other implant
processes may also be used as appropriate. In FIG. 3M, a
dielectric (e.g. BPSG) layer 620 is disposed on the top
surface of the device after source drive, and densified if
needed. An etch mask 614 is then formed.
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In FIG. 3N, contact trench etch is performed to form
trenches such as 622, 624 and 626. Sections of the source
implant and the body implant are etched away in the
appropriate areas. In FIG. 30, punch-through prevention
implants 630 and 632 are formed along the vertical walls of
contact trenches 622 and 624. In some embodiments, the
implants are deposited by bombarding ions at an angle onto
the sidewalls of the trenches. In other embodiments,
implants 630 and 632 are formed using a contact etch
process, which is described in more details below. In FIG.
3P, a metal stack such as Ti+TiN+Al—Si—Cu is disposed to
form a contact. A mask etch 640 separates the gate metal
contact from the source-body contact. Since the trench such
as 624 serve as contact openings where the metal and the
semiconductor meet, sharp curvature in corner regions may
lead to high electric fields and degrade device breakdown. In
device 350 shown, the trenches have round and smooth
shapes without sharp corners, thus avoiding low breakdowns
due to high electric fields.

FIG. 4 is a cross sectional view of another DMOS device
embodiment in which the anti-punch through implant is
continuous along the trench wall and the trench bottom. In
this example, a layer of P* material 402 is formed along the
source-body contact trenches of device 490. In some
embodiments, the P* layer is formed by bombarding the
trench surface with P*-type material. In some embodiments,
the trench and the P* layer are formed by disposing P*-type
material in the body region before the trench is formed and
then etching away the P*-type material appropriately. A
layer of contact metal 404 (such as Ti or TiN) is disposed in
the trenches as well as on top of the gate oxide. The trenches
are filled with material such as W. A layer of contact metal
(such as Al-—Si—Cu) is disposed. The depth of the trench
may vary and can exceed the depth of the gate in some
embodiments. Deeper trench can provide better shielding of
the channel area. Although no Schottky diode is formed in
this device, the device has low R, and is used as a high
side FET in some circuits.

FIG. 5 is a diagram illustrating another DMOS device
embodiment that includes a Schottky diode in the contact
trench. In device 500 shown in this example, P*-type mate-
rial is disposed at an angle such that the anti-punch through
implants 502 and 504 are formed along the trench walls and
not in the trench bottom. Contact metal layer 506 and drain
508 form a Schottky diode with a low forward drop voltage.

FIG. 6 is a diagram illustrating another DMOS device
embodiment that includes a Schottky diode. In this example,
plugs 602 and 604, which may be made of poly, oxide or like
material, are disposed in the contact trench of device 600.
Implants 606 and 608 are formed along the trench wall by
bombarding the trench wall with P*-type material. Plugs 602
and 604 prevent the bombarded P* ions from extending
much below the top surfaces of the plugs, allowing the
implants to form along the trench walls but not in the trench
bottom. Schottky diodes are formed by contact electrode
610 and drain 612.

FIG. 7 is a device cross sectional view illustrating a
device formed using a double contact etch process. In this
example, contact trench etch process is performed on a
structure similar to 340 of FIG. 3M to form device 700. After
etch mask 614 is formed on the structure, contact trench etch
is performed to form trench 625. The depth of the trench
may vary for different implementations. In the example
shown, the bottom of trench 625 is controlled to be sub-
stantially coplanar to the source bottom. P*-type material is
implanted to the bottom of the trench and then activated to
form P* region 607. A second contact trench etch is per-
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formed to etch the trench through the body region to the N~
drain. Metal layers are then deposited to form structures
such as 350 of FIG. 3P, 500 of FIG. 5 or 600 of FIG. 6. A
Shottky diode is formed between the trench metal and N~
drain.

FIG. 8 is a cross sectional view of another DMOS device
embodiment. In the example shown, the double contact etch
technique is used to etch the trench substantially through the
P* implant region 607. The residual P* implant region forms
ohmic contact with metal layers deposited inside the trench.
Similar to the device 490 of FIG. 4, DMOS device 800 does
not include an integrated Schottky diode. The residual P*
region provides good punch through shield. Since there is no
P* region at the bottom, the device has lower injection
efficiency therefore the body diode stored charge is greatly
reduced.

A DMOS device and its fabrication have been disclosed.
The techniques are also applicable to other semiconductor
device types such as Insulated Gate Bipolar Transistors
(IGBTs) and MOS-Controlled Thyristors (MCTs) where
shielding the channel area using a punch through prevention
implant is desirable.

Although the foregoing embodiments have been
described in some detail for purposes of clarity of under-
standing, the invention is not limited to the details provided.
There are many alternative ways of implementing the inven-
tion. The disclosed embodiments are illustrative and not
restrictive.

What is claimed is:

1. A semiconductor device comprising:

a drain;

abody disposed over the drain, having a body top surface;

a source embedded in the body, extending downward

from the body top surface into the body;

a gate trench extending through the source and the body

into the drain;

a gate disposed in the gate trench; and

a source body contact trench having a trench wall, a

trench bottom, and an anti-punch through implant that
is disposed along the trench wall; wherein:
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the source body contact trench includes conductive mate-
rial that is disposed within the source body contact
trench;

the conductive material is at least in part in contact with

the source and at least in part in contact with the body;
and

the anti-punch through implant is disposed along at least

a section of the trench wall but not along the trench
bottom.

2. A semiconductor device as recited in claim 1, wherein
the source body contact trench is in proximity of the gate
trench and adjacent to the source.

3. A semiconductor device as recited in claim 1, wherein
the gate has a gate top surface that extends substantially
above the body top surface.

4. A semiconductor device as recited in claim 1, wherein
the source body contact trench extends through the body to
the drain.

5. A semiconductor device as recited in claim 1, wherein
the source body contact trench is formed to have a smooth
shape.

6. A semiconductor device as recited in claim 1, wherein
the anti-punch through implant includes a region heavily
doped with P type material.

7. A semiconductor device as recited in claim 1, wherein
the source is no more than 0.5 um deep.

8. A semiconductor device as recited in claim 1, wherein:

the anti-punch through region has a cross sectional depth

measured in the direction perpendicular to the trench
wall of the source body contact trench, and a cross
sectional length that is measured in the direction along
the source body contact trench wall; and

the cross sectional depth is substantially less than the

cross sectional length.
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