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DMOS TRANSISTOR WITH A SLANTED SUPER JUNCTION DRIFT STRUCTURE
[0001] The invention relates to DMOS transistors and, more particularly, to a DMOS
transistor with a slanted super junction drift structure.

BACKGROUND

[0002] A metal-oxide-semiconductor (MOS) transistor is a well-known device that
has heavily-doped source and drain semiconductor regions which are separated by a lightly-
doped channel semiconductor region of the opposite conductive type. The MOS transistor
also has an oxide layer that lies over the channel semiconductor region, and a metal gate that
touches the oxide layer and lies over the channel semiconductor region. In addition to metal,
the gate of a MOS transistor is also commonly formed with doped polysilicon.

[0003] A double-diffused MOS (DMOS) transistor is a power transistor that has a
large lightly-doped drain semiconductor region, known as a drift region, which touches the
channel semiconductor region and typically lies between the channel semiconductor region
and the heavily-doped drain semiconductor region. DMOS transistors are commonly formed
as lateral devices where the source and drain regions are horizontally spaced apart, and as
vertical devices where the source and drain regions are vertically spaced apart.

[0004] In operation, vertical DMOS transistors typically provide better performance
(e.g., a lower on-state drain-to-source resistance) than lateral DMOS transistors. Lateral
DMOS transistors, however, are usually much easier to fabricate and, therefore, are less
expensive to produce than vertical DMOS transistors.

[0005] FIG. 1 illustrates a conventional vertical DMOS transistor 100. As shown in
FIG. 1, vertical DMOS transistor 100 includes a semiconductor structure 110, such as a
substrate or an epitaxial layer. Semiconductor structure 110, in turn, has an n+ drain region
112, an n- drain (drift) region 114 that touches and lies above n+ drain region 112, and a p-

body region 116 that touches and lies above n- drift region 114.
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[0006] Semiconductor structure 110 also includes an opening 122 that extends
through p-body region 116 into n- drift region 114. Opening 122 has a bottom surface 124
and a side wall surface 125. In addition, semiconductor structure 110 includes nt source
regions 126A and 126B that touch p- body region 116. Depending on the vertical DMOS
architecture that is utilized, the source regions 126A and 126B can be spaced apart or touch
cach other as a single region. As shown, n- drift region 114 and the n+ source regions 126A
and 126B are vertically spaced apart and separated by channel regions 128A and 128B,
respectively, of p-body region 116.

[0007] As further shown in FIG. 1, vertical DMOS transistor 100 also includes a gate
oxide layer 136 that touches n- drift region 114 and p- body region 116 to line the bottom
surface 124 and the side wall surface 125 of opening 122. In addition, vertical DMOS
transistor 100 also includes a gate 142 that touches gate oxide layer 136. Gate 142, which is
conductive, lies within opening 122 and fills the remainder of opening 122.

[0008] In operation, a first positive voltage is placed on n+ drain region 112 and a
second positive voltage is placed on gate 142, while ground is placed on p- body region 116
and the n+ source regions 126A and 126B. In response to these bias conditions, the channel
regions 128A and 128B of p-body region 116 invert, and electrons flow from the n+ source
regions 126A and 126B to n+ drain region 112.

[0009] One important characteristic of a DMOS transistor is the breakdown voltage
BVdss of the transistor, which is the drain-to-body voltage at which the junction breaks down
and a current undesirably flows between the n- drift region and the p-body region. Since
DMOS transistors are power transistors, there is a need to handle larger voltages and,
thereby, a need to increase the breakdown voltage BVdss of the transistor.

Another important characteristic of a DMOS transistor is the on-state drain-to-source
resistance rpgon). As just noted, DMOS transistors are power transistors and, as a result, can
pass large currents when turned on. As a result, there is a need to reduce the on-state drain-
to-source resistance rpgon) of the transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a cross-sectional view of a conventional vertical DMOS transistor.
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[0011] FIGS. 2A-2C are cross-sectional perspective, side and plan views of an

example DMOS transistor according to principles of the invention.

[0012] FIG. 3 is a cross-sectional view of a modified form of the example DMOS
transistor of FIGS. 2A-2C.

[0013] FIGS. 4A-4C are views corresponding to those of FIGS. 2A-2C of another
form of the DMOS transistor.

[0014] FIGS. 5A and 5B are views corresponding to those of FIGS. 2B and 2C of
another form of the DMOS transistor.

[0015] FIGS. 6A and 6B are like views of another form of the DMOS transistor.
[0016] FIGS. 7 and 8 are cross-sectional views of other forms of the DMOS
transistor.

[0017] FIGS. 9A-9L are cross-sectional view illustrating steps in an example method

of forming the DMOS transistor in accordance with principles the invention.

[0018] FIG. 10 is a cross-sectional view illustrating an example method of forming
the DMOS transistor..

[0019] FIGS. 11A-11E are plan views illustrating an example method of forming the
DMOS transistor.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0020] FIGS. 2A-2C illustrate an example embodiment of a DMOS transistor 200 in
accordance with the invention. As described in greater detail below, DMOS transistor 200
increases the breakdown voltage BVdss and reduces the on-state drain-to-source resistance
rpscon) by utilizing a slanted super junction drift structure.

[0021] As shown in FIGS. 2A-2C, DMOS transistor 200 has a semiconductor
structure 210 that includes a semiconductor region 211, such as a substrate or an epitaxial
layer. As further shown in FIGS. 2A-2C, semiconductor structure 210 has a top surface 212
and an opening 214 that extends from top surface 212 into semiconductor structure 210.
Opening 214, in turn, has a bottom surface 216 and a slanted side wall surface 218.

[0022] Semiconductor structure 210 also has an n+ drain region 220 that touches the

bottom surface 216 of opening 214, and a slanted super junction drift structure 222 that
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touches the side wall surface 218 of opening 214. Drift structure 222, in turn, includes a p-
type layer 224 and an n-type layer 226 that touches and lies over p-type layer 224.

[0023] N-type layer 226 touches n+ drain region 220 and has a surface 2268 that lies
substantially in parallel with the slanted side wall surface 218 of opening 214. P-type layer
224 has a surface 2248 that touches surface 226S of n-type layer 226, and therefore, also lies
substantially in parallel with the side wall surface 218 of opening 214.

[0024] When n-type layer 226 touches p-type layer 224, a depletion region 228 is
formed across the junction between the layers. Depletion region 228 has a depletion width
(measured normal to the junction surface) that depends on the relative dopant concentrations
of the layers. In the present example, the thicknesses and dopant concentrations of p-type
layer 224 and n-type layer 226 are selected to maximize the width of depletion region 228.
[0025] Further, semiconductor structure 210 has a p-type body region 230 that
touches p-type layer 224 of super junction drift region 222 and the top surface 212 of
semiconductor structure 210, an n+ source region 232 that touches p-type body region 230,
and a channel region 234 of the p-body region 230 that lies horizontally between and touches
super junction drift structure 222 and n+ source region 232. Semiconductor structure 210
also has a p+ contact region (not shown) that touches p-type body region 230.

[0026] As further shown in FIGS. 2A-2C, DMOS transistor 200 also includes a non-
conductive structure 240, such as a layer of gate oxide, that touches and lies above p-body
region 230, and a gate 242 that touches non-conductive structure 240 and lies over the
channel region 234 of p-body region 230. In addition, DMOS transistor 200 includes a non-
conductive region 244, such as a region of oxide, which fills opening 214, and a metal drain
contact 246 that extends through non-conductive region 244 to make an electrical connection
with n+ drain region 220.

[0027] In operation, when a first positive voltage, such as 700V, is placed on n+ drain
region 220, and ground is placed on p-body region 230 (by way of the p+ contact region) and
n+ source region 232, DMOS transistor 200 turns off when ground is placed on gate 242. In
this case, no electrons flow from n+ source region 232 to n+ drain region 220. One of the

advantages of the invention is that depletion layer 228 increases the breakdown voltage
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BVdss of DMOS transistor 200 which, in turn, allows DMOS transistor 200 to operate with
higher drain voltage levels.

[0028] On the other hand, DMOS transistor 200 turns on when a second positive
voltage, such as 12V, is placed on gate 242 while maintaining the remaining bias conditions.
In this case, the channel region 234 of p-body region 230 inverts, and electrons flow from
source region 232 through channel region 234 and slanted super junction drift structure 222
to drain region 220.

[0029] Another advantage of the invention is that depletion layer 228 has a lower
resistance than a conventional n- drift region. Thus, the invention provides two significant
advantages: a greater breakdown voltage BVdss when DMOS transistor 200 is turned off,
and a lower on-state drain-to-source resistance rpgony when DMOS transistor 200 is turned
on.

[0030] FIG. 3 illustrates an example DMOS transistor 300 in accordance with
principles of the invention. DMOS transistor 300 is similar to DMOS transistor 200 and, as a
result, utilizes the same reference numerals to designate the structures which are common to
both transistors.

[0031] As shown in FIG. 3, DMOS transistor 300 differs from DMOS transistor 200
in that DMOS transistor 300 utilizes a slanted super junction drift structure 310 in licu of
slanted super junction drift structure 222. Slanted super junction drift structure 310, in turn,
is the same as slanted super junction drift structure 222, except that slanted super junction
drift structure 310 also includes a p-type layer 324 that touches and lies over n-type layer
226, and an n-type layer 326 that touches and lies over p-type layer 324.

[0032] As noted above, when n-type layer 226 touches p-type layer 224, depletion
region 228 is formed across the junction between the layers with a width that depends on the
relative dopant concentrations of the layers. Similarly, when n-type layer 326 touches p-type
layer 324, a depletion region 332 is formed across the junction between the layers with a
width that depends on the relative dopant concentrations of the layers. In the present
example, the thicknesses and dopant concentrations of p-type layer 224, n-type layer 226, p-
type layer 324, and n-type layer 326 are selected to maximize the widths of depletion region
228 and depletion region 332.
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[0033] DMOS transistor 300 operates the same as DMOS transistor 200. One of the
advantages of DMOS transistor 300 is that the depletion layers 228 and 332 of DMOS
transistor 300 further increase the breakdown voltage of the transistor, and further reduce the
on-state drain-to-source resistance rpson) of the transistor.

[0034] FIGS. 4A-4C illustrate an example DMOS transistor 400. DMOS
transistor 400 is similar to DMOS transistor 200 and, as a result, utilizes the same reference
numerals to designate the structures which are common to both transistors.

[0035] As shown in FIGS. 4A-4C, transistor 400 differs from transistor 200 in that
transistor 400 utilizes a slanted super junction drift region 410 in lieu of slanted super
junction drift region 222. Slanted super junction drift region 410, in turn, differs from
slanted super junction drift region 222 in that drift region 410 utilizes a lower layer 412 of
alternating p-type strips 414 and n-type strips 416 in lieu of p-type layer 224.

[0036] In addition, super junction drift region 410 utilizes an upper layer 422 of
alternating n-type strips 424 and p-type strips 426 in licu of n-type layer 226. Further, the
lower and upper layers 412 and 422 are aligned so that the n-type strips 424 touch and
overlie the p-type strips 414, and the p-type strips 426 touch and overlie the n-type strips 416.
[0037] Each p-type strip 414 has a surface 414S, each n-type strip 424 has a surface
4248, and each p-type strip 426 has a surface 4268 that lies substantially in parallel with the
side wall surface 218 of opening 214. Further, surface 414S of p-type strip 414 touches
surface 424S of n-type strip 424.

[0038] When each n-type strip 416 and 424 touches an adjoining p-type strip 414 and
426, a depletion region 430 is formed across the junction between the regions with a width
that depends on the relative dopant concentrations of the strips. In the present example, the
thicknesses and dopant concentrations of the n-type strips 416 and 424 and the p-type strips
414 and 426 are selected to maximize the width of depletion region 430. Further, DMOS
transistor 400 operates the same as DMOS transistor 200, except that depletion region 430

provides a different breakdown voltage and a different on-state drain-to-source resistance

I'DS(ON)-
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[0039] FIGS. 5A and 5B illustrate an example DMOS transistor 500. DMOS
transistor 500 is similar to DMOS transistor 200 and, as a result, utilizes the same reference
numerals to designate the structures which are common to both transistors.

[0040] As shown in FIGS. 5A and 5B, transistor 500 differs from transistor 200 in
that transistor 500 utilizes a slanted super junction drift region 510 in licu of slanted super
junction drift region 222. Slanted super junction drift region 510, in turn, includes an n-type
region 512 and a number of rod-shaped p-type regions 514 that are formed in n-type region
512.

[0041] When n-type region 512 touches a rod-shaped p-type region 514, a depletion
region 530 is formed across the junction between the regions. In the present example, the
thickness of n-type region 512 and the size, placement, and dopant concentrations of the rod-
shaped p-type regions 514 are selected to maximize the width of depletion region 530.
DMOS transistor 500 operates the same as DMOS transistor 200, except that depletion
region 530 provides a different breakdown voltage and a different on-state drain-to-source
resistance rpgony.

[0042] Further, in an alternate embodiment, n-type region 512 can also be thicker so
that multiple levels of rod-shaped p-type regions 514 can be used, e.g., additional rod-shaped
p-type regions 514 can be used so that each rod-shaped p-type region 514 has a spaced-apart,
overlying rod-shaped p-type region 514, thereby enlarging depletion region 530.

[0043] FIGS. 6A and 6B illustrate another DMOS transistor 600. DMOS transistor
600 is similar to DMOS transistor 200 and, as a result, utilizes the same reference numerals
to designate the structures which are common to both transistors.

[0044] As shown in FIGS. 6A-6B, DMOS transistor 600 differs from DMOS
transistor 200 in that DMOS transistor 600 utilizes a slanted super junction drift region 610
in lieu of slanted super junction drift region 222. Slanted super junction drift region 610, in
turn, includes an n-type region 612 and a number of p-type spherical regions 614 that are
formed in n-type region 612.

[0045] When n-type region 612 touches a p-type spherical region 614, a depletion
region 630 is formed across the junction between the regions. In the present example, the

thickness of n-type region 612 and the size, placement, and dopant concentrations of the p-

-7-
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type spherical regions 614 are selected to maximize the width of depletion region 630.
DMOS transistor 600 operates the same as DMOS transistor 200, except that depletion
region 630 provides a different breakdown voltage and a different on-state drain-to-source
resistance rpgon).

[0046] Further, in an alternate embodiment, n-type region 612 can also be thicker so
that multiple levels of p-type spherical regions 514 can be used, e.g., additional p-type
spherical regions 614 can be used so that each p-type spherical region 614 has a spaced-apart,
overlying p-type spherical region 614, thereby enlarging depletion region 630.

[0047] FIG. 7 illustrates another DMOS transistor 700. DMOS transistor 700 is
similar to DMOS transistor 200 and, as a result, utilizes the same reference numerals to
designate the structures which are common to both transistors.

[0048] As shown in FIG. 7, DMOS transistor 700 differs from DMOS transistor 200
in that DMOS transistor 700 utilizes a non-conductive layer 710 and a gate 712 in lieu of
non-conductive layer 240 and gate 242, respectively. Layer 710 and gate 712, in turn, are the
same as layer 240 and gate 242, except that layer 710 and gate 712 extend part way into
opening 214.

[0049] In addition, a non-conductive region 714 touches n+ drain region 220 to fill
up the remainder of opening 214. Transistor 700 operates the same as transistor 200, except
that gate 712 attracts electrons to the region of the top edge of opening 214. The increased
electrons reduce the effect of the corner where the current transitions from a lateral to a
downward angled flow. The gate structure of transistor 700 can also be used with DMOS
transistors 300, 400, 500, 600, and 800.

[0050] FIG. 8 illustrates another DMOS transistor 800. DMOS transistor 800 is
similar to DMOS transistor 200 and, as a result, utilizes the same reference numerals to
designate the structures which are common to both transistors.

[0051] As shown in FIG. 8, DMOS transistor 800 differs from DMOS transistor 200
in that DMOS transistor 800 utilizes, in licu of contact 246, a non-conductive structure 810
that touches semiconductor region 211, and a metal back side contact 812 that touches non-
conductive structure 810 and extends into semiconductor region 211 to make an electrical

connection with n+ drain region 220. Thus, FIG. 8 illustrates DMOS transistor 200 with a

-8-
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back side drain connection. The back side electrical connection of transistor 800 can also be
used with DMOS transistors 300, 400, 500, 600, and 700.

[0052] FIGS. 9A-9L illustrate steps in an example method of forming DMOS
transistor 200 in accordance with principles the invention. As shown in FIG. 9A, the
method, which utilizes a conventionally-formed n-type semiconductor structure 910, such as
a substrate or an epitaxial layer, begins by forming a hard mark 912 on the top surface of
semiconductor structure 910.

[0053] Hard mask 912 can be formed in a conventional manner. For example, in one
common approach, a layer of silicon nitride is deposited onto semiconductor structure 910 by
low-pressure chemical vapor deposition (LPCVD). Following this, a patterned photoresist
layer is formed on the top surface of the layer of silicon nitride.

[0054] The patterned photoresist layer is also formed in a conventional manner,
which includes depositing a layer of photoresist, and projecting a light through a patterned
black/clear glass plate known as a mask to form a patterned image on the layer of photoresist.
The light softens the photoresist regions exposed to the light. Following this, the softened
photoresist regions are removed.

[0055] After the patterned photoresist layer has been formed, the exposed regions of
the silicon nitride layer are etched in a conventional manner to expose regions on the surface
of semiconductor structure 910, and thereby form hard mask 912. Thus, hard mask 912 has a
pattern that is defined by the etch of the silicon nitride layer. After the etch of the silicon
nitride layer, the patterned photoresist layer is removed.

[0056] As shown in FIG. 9B, after hard mask 912 has been formed, the exposed
regions of structure 910 are anisotropically wet etched in a conventional manner to form a
number of drain openings 914 in structure 910. (Only one drain opening 914 is shown for
clarity.) Each drain opening 914 extends into structure 910 from a substantially planar top
surface 916 of structure 910.

[0057] Structure 910 is wet etched with an etchant, such as Tetra Methyl Ammonium
Hydroxide (TMAH), Potassium Hydroxide (KOH), or KOH/Ethanol, that provides
significantly different etch rates along the crystal planes. (KOH and KOH/ethanol may not

be favored because of potential potassium contamination of the equipment.)
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[0058] As further shown in FIG. 9B, the etch of structure 910 forms cach of the drain
openings 914 to have an inverted pyramid shape with a flat bottom surface 918 and slanted
sidewall surface 920. For example, an anisotropic wet etch of a <100> silicon wafer etches
along the crystallographic planes to form drain opening 914 with a flat-bottomed inverted
pyramid shape that has a side wall angle a equal to 54.7°. Following the etch, hard mask 912
is removed in a conventional manner.

[0059] As shown in FIG. 9C, following the removal of hard mask 912, a patterned
photoresist layer 922 is formed on structure 910 in a conventional manner. After this, a p-
type dopant, such as boron, is implanted into the side wall surface 920 of drain opening 914
to form a p-type layer 924. The implant can be vertical, angled, or as shown in FIG. 9C, a
combination of both vertical and angled implants. Following this, patterned photoresist layer
922 is removed in a conventional manner.

[0060] Once patterned photoresist layer 922 has been removed, as shown in FIG. 9D,
an n-type epitaxial layer 926 is grown on structure 910 to line drain opening 914. Following
this, a patterned photoresist layer 930 is formed on n-type epitaxial layer 926 in a
conventional manner to expose the portion of n-type epitaxial layer 926 that lies over the
bottom surface 918 of drain opening 914.

[0061] Next, as shown in FIG. 9E, an n-type dopant, such as phosphorous, is
implanted into n-type epitaxial layer 926 and semiconductor structure 910 to form an n+
drain region 932 that touches the bottom surface 918 of drain opening 914. For example, the
implant can be formed with a dose of 5x10" atoms/cm’ and an implant energy of 80KeV.
Following this, patterned photoresist layer 930 is removed in a conventional manner.

[0062] As shown in FIG. 9F, once patterned photoresist layer 930 has been removed,
a non-conductive layer 934, such as oxide, is formed on n-type epitaxial layer 926 to fill up
drain opening 914. Following the formation of non-conductive layer 934, as shown in FIG.
9G, non-conductive layer 934 and epitaxial layer 926 are planarized to remove the portions
of non-conductive layer 934 and epitaxial layer 926 that lic over the top surface 916 of
structure 910. As further shown in FIG. 9G, the planarization forms a non-conductive region
940 that lies in drain opening 914. Non-conductive layer 934 and epitaxial layer 926 can be

planarized in a conventional manner, such as with chemical-mechanical polishing.
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[0063] Next, as shown in FIG. 9H, a patterned photoresist layer 942 is formed on
structure 910 in a conventional manner to expose a portion of the top surface 916 of structure
910. After this, a p-type dopant, such as boron, is implanted into the top surface 916 of
structure 910. For example, an implant can be made with a dose of 2.2x10"* atoms/cm’ and
an implant energy of 50KeV. Following this, patterned photoresist layer 942 is removed in a
conventional manner. The dopant is then driven in and activated in a conventional manner to
form a lightly-doped p-body region 944. (The drive in also drives in and activates p-type
layer 924, n-type layer 926, and n+ drain region 932, which each can also be driven in and
activated after each implanted region is formed.)

[0064] As shown in FIG. 91, after patterned photoresist layer 942 has been removed,
a non-conductive layer 952, such as a gate oxide, is formed on the top surface 916 of
structure 910. Following the formation of non-conductive layer 952, a polysilicon layer 954
is formed to touch gate oxide layer 952.

[0065] Once polysilicon layer 954 has been formed, polysilicon layer 954 is doped
using, for example, an n-type blanket implant with a dose of 1.79x10'® atoms/cm’ and an
implant energy of 30KeV. After this, a patterned photoresist layer 956 is formed on
polysilicon layer 954 in a conventional manner.

[0066] Following this, as shown in FIG. 9], the exposed regions of polysilicon layer
954 are removed to form a gate 960. Patterned photoresist layer 956 is then removed. After
this, as shown in FIG. 9K, a patterned photoresist layer 962 is formed over structure 910 in a
conventional manner.

[0067] Next, an n-type dopant, such as arsenic, is implanted into the top surface 916
of structure 910 to form an n+ source region 964 in p-body region 944. For example, the
implant can be formed with a dose of 5x10" atoms/cm’ and an implant energy of 80KeV.
Depending on the DMOS architecture employed, n+ source region 964 can be formed as a
single n+ region (e.g., that laterally surrounds opening 914), or as spaced apart n+ source
regions (e.g., on opposite sides of a trench).

[0068] Following this, as shown in FIG. 9L, patterned photoresist layer 962 is
removed in a conventional manner. (A p+ contact region is formed in the same manner as n+

source region 964, i.c., by forming a patterned photoresist layer, implanting a p-type dopant
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into the top surface 916 of structure 910 to form a p+ contact region 964 in p-body region
944, and removing the patterned photoresist layer.)

[0069] Following the implants, a conventional rapid thermal process is used to drive
in and activate n+ source region 964 (which further drives in and activates the other
implanted regions). Once n+ source region 964 has been activated, the method continues
with conventional back end processing steps to complete the formation of DMOS transistor
200.

[0070] FIG. 10 illustrates an example method of forming DMOS transistor 300.
DMOS transistor 300 is formed in the same manner that DMOS transistor 200 is formed,
except that after n-type epitaxial layer 926 has been grown on structure 910 to line drain
opening 914 as shown in FIG. 9D, a p-type epitaxial layer 1010 is grown on n-type epitaxial
layer 926, and an n-type epitaxial layer 1012 is grown on p-type epitaxial layer 1010.

[0071] As a result, patterned photoresist layer 930 is formed on n-type epitaxial layer
1012 rather than n-type epitaxial layer 926 in a conventional manner to expose the portions
of layers 924, 926, 1010, and 1012 that lie over the bottom surface 918 of drain opening 914.
In addition, the epitaxial formation of p-type layer 1010 illustrates that p-type layer 924 can
alternately be formed by epitaxial growth instead of as an implanted region.

[0072] FIGS. 11A-11E illustrate steps in an example method of forming DMOS
transistor 400. DMOS transistor 400 is formed in the same manner that DMOS transistor
200 1s formed except that, as shown in FIG. 11A, a patterned photoresist layer 1110 is
formed on structure 910 in lieu of forming patterned photoresist layer 922 shown in FIG. 9C.
[0073] As shown in FIG. 11B, after patterned photoresist layer 1110 has been
formed, the exposed regions of semiconductor structure 910 are implanted with a p-type
dopant to form a pattern of p-type strips 1112 in lieu of forming p-type layer 924. Following
the implant, patterned photoresist layer 1110 is removed in a conventional manner.

[0074] Thus, since structure 910 is n-type, the implant also forms a layer of
alternating p-type and n-type strips. Alternately, a patterned photoresist layer can be formed
on semiconductor structure 910 to expose the n-type regions that lie between the p-type strips

1112. After this, an n-type dopant can be implanted into the n-type regions that liec between
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the p-type strips 1112 to form a layer of alternating p-type and n-type strips. The patterned
photoresist layer is then removed.

[0075] As shown in FIG. 11C, once the patterned photoresist layer has been removed,
n-type epitaxial layer 926 is grown on structure 910 to line drain opening 914 in the same
manner as in FIG. 9D. Following this, as shown in FIG. 11D, a patterned photoresist layer
1120 is formed on n-type epitaxial layer 926 in a conventional manner.

[0076] As shown in FIG. 11E, after patterned photoresist layer 1120 has been
formed, the exposed regions of n-type epitaxial layer 926 are implanted with a p-type dopant
to form a pattern of p-type strips 1122. Following the implant, patterned photoresist layer
1120 is removed in a conventional manner.

[0077] Thus, since epitaxial layer 926 is n-type, the implant also forms a layer of
alternating p-type and n-type strips. Alternately, a patterned photoresist layer can be formed
on n-type epitaxial layer 926 to expose the n-type regions that lie between the p-type strips
1122. After this, an n-type dopant can be implanted into the n-type regions that liec between
the p-type strips 1122, followed by the removal of the patterned photoresist layer. Once the
patterned photoresist layer has been removed, the method continues in the same manner as
with transistor 200 with the formation of photoresist layer 930 on n-type epitaxial layer 926
and the p-type strips 1122.

[0078] DMOS transistor 500 can be formed in the same manner as DMOS transistor
400, except that patterned photoresist layer 1110 is modified to have a number of rod-shaped
patterns, and no p-type material is implanted into n-type epitaxial layer 926. Similarly,
DMOS transistor 600 can be formed in the same manner as DMOS transistor 400, except that
patterned photoresist layer 1110 is modified to have a number of sphere-shaped patterns, and
no p-type material is implanted into n-type epitaxial layer 926.

[0079] In addition, DMOS transistor 700 can be formed in the same manner that
DMOS transistor 200 is formed, except that the formation of isolation layer 934 shown in
FIG. 9F is omitted, and the pattern in patterned photoresist layer 956 is adjusted to allow a
portion of gate 960 to extend partially into opening 914.

[0080] Further, DMOS transistor 800 can be formed in the same manner as DMOS

transistor 200, except that backside contact 812 is formed in lieu of drain contact 246.

13-



WO 2012/142382 PCT/US2012/033473

Backside contact 812, in turn, can be formed by performing any necessary backgrinding,
forming an opening in the backside of semiconductor structure 910 to expose n+ drain region
220, lining the opening with a non-conductive material, etching to again expose n+ drain
region 220, and forming drain metal contact 812 in the opening to make an electrical
connection with n+ drain region 220.

[0081] Those skilled in the art will appreciate that modifications may be made to the
described example embodiments, and also that many other embodiments are possible,

without departing from the scope of the claimed invention.
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CLAIMS

What is claimed is:

1. A DMOS transistor, comprising:
a semiconductor structure having:

a top surface;

an opening that extends from the top surface into the semiconductor structure,
the opening having a bottom surface and a side wall surface;

a drain region of a first conductivity type that touches the bottom surface of
the opening;

a body region of a second conductivity type that touches the top surface;

a drift structure that touches the side wall surface of the opening, the drift
structure having a first region of the first conductivity type and a second region of the second
conductivity type, the first region touching the drain region and having a first region surface
that lies substantially in parallel with the side wall surface of the opening, the second region
touching the body region and having a second region surface that touches the first region
surface;

a source region of the first conductivity type that touches the body region; and

a channel region of the body region that lies horizontally between and touches

the drift structure and the source region.

2. The DMOS transistor of claim 1, wherein the side wall surface is slanted.

3. The DMOS transistor of claim 1, further comprising:

a non-conductive structure that touches and lies above the channel region of the body
region; and

a gate that touches the non-conductive structure and lies over the channel region of

the body region.
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4. The DMOS transistor of claim 1, wherein the first region of the drift structure

is an epitaxial layer that touches the side wall surface of the opening.

5. The DMOS transistor of claim 1, wherein the drift structure includes a third
region of the second conductivity type that touches the first region, and a fourth region of the

first conductivity type that touches the third region.

6. The DMOS transistor of claim 1, wherein the second region has a rod shape.

7. The DMOS transistor of claim 1, wherein the second region has a spherical
shape.

8. The DMOS transistor of claim 1, further comprising a non-conductive

material that touches the drain region.

9. The DMOS transistor of claim 2, wherein a portion of the gate lies within the

opening.

10.  The DMOS transistor of claim 5, wherein the third region and the fourth

region of the drift structure are epitaxial layers.

11. A DMOS transistor comprising:
a semiconductor structure having:
a top surface;
an opening that extends from the top surface into the semiconductor structure,
the opening having a bottom surface and a side wall surface;
a drain region of a first conductivity type that touches the bottom surface of
the opening;

a body region of a second conductivity type that touches the top surface;
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a drift structure that touches the side wall surface of the opening, the drift
structure having a plurality of spaced-apart first regions of the first conductivity type and a
plurality of spaced-apart second regions of the second conductivity type, each first region
touching the drain region and having a first region surface that lies substantially in parallel
with the side wall surface of the opening, each second region touching the body region and
having a second region surface that touches the first region surface;

a source region of the first conductivity type that touches the body region; and

a channel region of the body region that lies horizontally between and touches

the drift structure and the source region.

12. The DMOS transistor of claim 11, wherein the side wall surface is slanted.

13. The DMOS transistor of claim 11, and further comprising:

a non-conductive structure that touches and lies above the channel region of the body
region; and

a gate that touches the non-conductive structure and lies over the channel region of

the body region.

14. The DMOS transistor of claim 11, wherein the drift structure further includes
a plurality of spaced-apart third regions of the second conductivity type that lie between and
touch the plurality of spaced-apart first regions, each third region touching the drain region
and having a third region surface that lies substantially in parallel with the side wall surface

of the opening.

15. A method of forming a DMOS transistor, comprising:

forming an opening in a top surface of a semiconductor structure, the opening
extending from the top surface into the semiconductor structure, the opening having a bottom
surface and a side wall surface;

forming a drain region of a first conductivity type that touches the bottom surface of

the opening;
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forming a body region of a second conductivity type that touches the top surface;

forming a drift structure that touches the side wall surface of the opening, the drift
structure having a first region of the first conductivity type and a second region of the second
conductivity type, the first region touching the drain region and having a first region surface
that lies substantially in parallel with the side wall surface of the opening, the second region
touching the body region and having a second region surface that touches the first region
surface; and

forming a source region of the first conductivity type that touches the body region.
16. The method of claim 15, wherein the side wall surface is slanted.

17. The method of claim 15, ,further comprising:

forming a non-conductive structure that touches and lies above the channel region of

the body region; and

forming a gate that touches the non-conductive structure and lies over the channel

region of the body region.
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