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SHIELDED GATE TRENCH FET WITH
MULTIPLE CHANNELS

BACKGROUND OF THE INVENTION

The present invention relates in general to semiconductor
technology, and more particularly to structures and methods
for forming shielded gate trench FETs having multiple chan-
nels along each trench sidewall.

Shielded gate trench field effect transistors (FETs) are
advantageous over conventional FETs in that the shield elec-
trode reduces the gate-drain capacitance (Cgd) and improves
the breakdown voltage of the transistor without sacrificing the
transistor on-resistance. FIG. 1 is a simplified cross-sectional
view of a conventional shielded gate trench MOSFET 100.
N-type epitaxial layer 102 extends over highly doped n-type
substrate 101. Substrate 101 serves as the drain contact
region. Highly doped n-type source regions 108 and highly
doped p-type heavy body regions 106 are formed in p-type
well region 104 which is in turn formed in epitaxial layer 102.
Trench 110 extends through well region 104 and terminates in
the portion of epitaxial layer 102 bounded by well region 104
and substrate 101, which is commonly referred to as the drift
region.

Trench 110 includes shield electrode 114 below gate elec-
trode 122. Gate electrode 122 is insulated from well region
104 by gate dielectric 120. Shield electrode 114 is insulated
from the drift region by shield dielectric 115. Gate and shield
electrodes 122,114 are insulated from each other by inter-
electrode dielectric (IED)layer 116. IED layer 116 must be of
sufficient quality and thickness to support the difference in
potential that may exist between shield electrode 114 and gate
electrode 122 during operation. Dielectric cap 124 overlays
gate electrode 122 and serves to insulate gate electrode 122
from topside interconnect layer 126. Topside interconnect
layer 126 extends over the structure and makes electrical
contact with heavy body regions 106 and source regions 108.

While inclusion of shield electrode 114 under gate elec-
trode 122 has improved certain performance characteristics
of the transistor (such as the breakdown voltage and Cgd),
further improvements in these and other electrical and struc-
tural characteristics (such as the transistor on-resistance
Rdson and unclamped inductive switching UIS characteris-
tic) have been difficult to achieve. This is because, most
known techniques for improving certain electrical character-
istics of the FET often adversely impact other electrical char-
acteristics or require significant changes to the process tech-
nology.

Thus, there is a need for cost effective techniques where
various electrical characteristics of a trench gate FET can be
improved without compromising other electrical characteris-
tics.

BRIEF SUMMARY OF THE INVENTION

A field effect transistor (FET) includes a pair of trenches
extending into a semiconductor region. Each trench includes
a first shield electrode in a lower portion of the trench and a
gate electrode in an upper portion of the trench over but
insulated from the shield electrode. First and second well
regions of a first conductivity type laterally extend in the
semiconductor region between the pair of trenches and abut
sidewalls of the pair of trenches. The first and second well
regions are vertically spaced from one another by a first drift
region of a second conductivity type. The gate electrode and
the first shield electrode are positioned relative to the first and
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second well regions such that a channel is formed in each of
the first and second well regions when the FET is biased in the
on state.

In one embodiment, when the FET is biased in the on state,
two separate channels are formed along portions of each
trench sidewall where the first and second well regions abut.

In another embodiment, the first well region is laterally
directly next to the gate electrode in each trench, and the
second well region is laterally directly next to the first shield
electrode in each trench.

In another embodiment, the first well region is above the
second well region. The FET further includes a third well
region of the first conductivity type laterally extending in the
semiconductor region between the pair of trenches. The third
well region abuts sidewalls of the pair of trenches, and is
vertically spaced from the second well region by a second
drift region of the second conductivity type.

In yet another embodiment, the first well region is above
the second well region. The FET further includes a third well
region of the first conductivity type laterally extending in the
semiconductor region between the pair of trenches. The third
well region abuts sidewalls of the pair of trenches and is
vertically spaced from the second well region by a second
drift region of the second conductivity type. A second shield
electrode is disposed in the trench below the first shield elec-
trode. The first and second shield electrodes are insulated
from one another.

In accordance with another embodiment of the invention, a
method of forming a FET includes the following steps. A pair
of trenches extending into a semiconductor region of a first
conductivity type is formed. A shield electrode is formed in a
lower portion of each trench. A gate electrode is formed in an
upper portion of each trench over but insulated from the shield
electrode. First and second well regions of a second conduc-
tivity type are formed in the semiconductor region between
the pair of trenches such that the first and second well regions
are vertically spaced from one another and laterally abut
sidewalls of the pair of trenches. The gate electrode and the
first shield electrode are formed relative to the first and second
well regions such that a channel is formed in each of the first
and second well regions when the FET is biased in the on
state.

In one embodiment, the first well region is laterally directly
next to the gate electrode in each trench, and the second well
region is laterally directly next to the first shield electrode in
each trench.

In another embodiment, the method further includes the
following steps. A shield dielectric lining lower sidewalls and
bottom of each trench is formed. A gate dielectric lining upper
sidewalls of each trench is formed. Source regions of the
second conductivity type flanking upper sidewalls of each
trench are formed. A heavy body region of the first conduc-
tivity type extending in the first well region is formed.

In yet another embodiment, the first well region extends
over the second well region, and the first region is formed
before the second well region.

In still another embodiment, the first well region extends
over the second well region, and the method further includes
the stop of forming a third well region of the first conductivity
type in the semiconductor region between the pair of
trenches. The third well region abuts sidewalls of the pair of
trenches and is vertically spaced from the second well region.

Further features of the invention, its nature and various
advantages will be more apparent from the accompanying
drawings and the following detailed description of embodi-
ments of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified cross-section view of a conventional
shielded gate MOSFET;

FIG. 2A is a simplified cross-section view ofa dual channel
shielded gate MOSFET in accordance with an exemplary
embodiment of the invention;

FIG. 2B is an circuit equivalent of the MOSFET in FIG.
2A,;

FIGS. 3A-3C are simplified cross-section views of various
multiple channel shielded gate trench MOSFETs in accor-
dance with exemplary embodiments of the invention;

FIGS. 4A-4E are simplified cross-section views of a pro-
cess for fabricating a dual channel shielded gate trench FET in
accordance with an exemplary embodiment of the invention;

FIGS. 5A-5F are simplified cross-section views of another
process for fabricating a dual channel shielded gate trench
FET in accordance with an exemplary embodiment of the
invention;

FIG. 6 is a plot of simulation results showing the electric
field profile along the depth of a dual channel shielded gate
FET;

FIG. 7 is a plot of simulation results showing the drain
current versus the drain voltage for each of a conventional
shielded gate FET and a dual channel shielded gate FET;

FIG. 8 is a plot of simulation results showing the gate-drain
charge Qgd versus the voltage on the shield electrode for a
conventional shielded gate FET and a dual channel shielded
gate FET; and

FIG. 9 is a plot of simulation results showing the drain-
source breakdown voltage BVdss for a conventional shielded
gate FET versus a dual channel shielded gate FET.

DETAILED DESCRIPTION OF THE INVENTION

In accordance with embodiments of the present invention,
shielded gate trench FETs having multiple channels along
each trench sidewall and methods of manufacturing the same
are described. As will be seen, such FETs substantially
improve upon certain performance characteristics of prior art
FET structures without sacrificing other performance charac-
teristics of the transistor. These improvements include higher
BVdss, lower Rdson, lower gate charge, and improved UIS
and snap back characteristic. A first exemplary embodiment
of the invention will be described with reference to FIG. 2A.

FIG. 2A is a simplified cross-section view ofa dual channel
shielded gate power MOSFET in accordance with an exem-
plary embodiment of the invention. A lower drift region 210
extends over a semiconductor substrate 205a4. Both lower
drift region 210 and substrate 205a are n-type. A p-type shield
well region 215 overlies lower drift region 210. An upper drift
region 220 of n-type conductivity overlies shield well region
215. A gate well region 225 of p-type conductivity overlies
upper drift region 220.

Lower drift region 210, shield well region 215, upper drift
region 220 and gate well region 225 form a semiconductor
stack. Trench 230 extends through this semiconductor stack
and terminates within lower drift region 210. Highly doped
n-type source regions 245q extend in gate well region 225 and
flank upper trench sidewalls. Highly doped p-type heavy
body region 249 extends in gate well region 249 between
adjacent source regions 245a.

Trench 230 includes shield dielectric layer 242 (e.g., com-
prising one or both oxide and nitride layers) lining lower
sidewalls and bottom of trench 230. Shield electrode 235a
(e.g., comprising doped or undoped polysilicon) is disposed
in a lower portion of trench 230. Shield electrode 2354 is
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insulated from the adjacent semiconductor regions by shield
dielectric 242. In one embodiment, shield dielectric 242 has a
thickness in the range of 300-1,000 A.

An inter-electrode dielectric 238 (e.g., comprising oxide)
laterally extends over shield electrode 235a. A gate dielectric
244 (e.g., comprising gate oxide) lines the upper trench side-
walls. In one embodiment, gate dielectric 244 and IED 238
are of the same thickness. In another embodiment, IED 238 is
thicker than gate dielectric. A recessed gate electrode 240a
(e.g., comprising doped or undoped polysilicon) is disposed
over IED 238 in an upper portion of trench 230. A topside
interconnect layer 248 electrically contacts source regions
245q and heavy body region 249. A backside interconnect
layer 202 electrically contacts the bottom surface of substrate
205a. In one embodiment, the topside and backside intercon-
nect layers 248, 249 comprise a metal.

As can be seen, shielded gate FET 200 is structurally
similar in many respects to conventional shielded gate FETs
except that an additional well region 215 is embedded in the
drift region adjacent to shield electrode 2354. Because of the
proximity of well region 215 to shield electrode 2354, well
region 215 is herein referred to as “shield well region,” and
because of the proximity of well region 225 to gate electrode
240a, well region 225 is herein referred to as the “gate well
region.” Shield well region 215 laterally extends the full
width of the mesa region and abuts sidewalls of two adjacent
trenches, thus breaking up the drift region into an upper drift
region 220 and a lower drift region 210.

During operation, with source regions 2454 and drain
region 205a biased to proper voltages, upon applying an
appropriate positive voltage to each of gate electrode 240q ad
shield electrode 2354, channels 244 and 217 are respectively
formed in gate well region 225 and shield well region 215
along the trench sidewalls. Thus, a current path is formed
between source regions 245a and drain region 2054 through
gate well region 227, upper drift region 220, shield well
region 215 and lower drift region 210. By embedding shield
well region 215 in the drift region directly next to shield
electrode 235a, in effect, two transistors serially connected
between the drain and source regions are formed. This is more
clearly shown in the equivalent circuit diagram in FIG. 2B. In
FIG. 2B, gate terminal 2405 of upper transistor 260, shield
terminal 23554 of lower transistor 270, source terminal 2455,
and drain terminal 2055 correspond to gate electrode 240a,
shield electrode 235a, source regions 245q and drain region
205q in FIG. 2A, respectively.

FIGS. 3A-3C are cross section views of three exemplary
variations of the dual channel shielded gate FET in FIG. 2A.
FET 3004 in FIG. 3A is similar to FET 200 in FIG. 2A except
that two shield well regions 31541, 31542 are embedded in
the drift region instead of one. Both shield well regions
31541, 31542 are directly next to shield electrode 335a and
thus, a channel is formed in each of shield well regions 31541
and 31542 when FET 300 is turned with a positive voltage
applied to shield electrode 3354. Accordingly, a total of three
channels 31741, 31742, 327 are formed along each trench
sidewall when FET 300a is turned on. Note that the two shield
well regions 31541, 31542 breakup the drift region into three
regions: upper drift region 320q, middle drift region 313a,
and lower drift region 310.

FET 3005 in FIG. 3B is similar to FET 3004 in FIG. 3A
except that two shield electrodes 33561, 33562 are disposed
in trench 33054 instead of one. Each of the shield electrodes
335b1 and 33552 has a corresponding shield well region
315561, 31552 adjacent thereto. Thus, to form a channel in
each shield well region 31561 and 31552, an appropriate
positive voltage needs to be applied to each shield electrode
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335b1 and 33552, respectively. While shield electrodes
335b1 and 335562 are shown being insulated form one
another, they can be extended in a dimension into the page and
routed up and out of the trench where they can be electrically
tied together. Alternatively, shield electrodes 33561 and
33552 can be tied to two different voltage sources.

FET 300C in FIG. 3C is similar to FET 3005 in FIG. 2C
except that a total of four shield well regions 315¢11, 315¢12,
315¢21,315¢22 are embedded in the drift region, two for each
oftwo shield electrodes 335¢1, 335¢2. A total of five channels
31711, 31712, 31721, 317¢22, 327 are thus formed when
FET 300C is turned on with proper positive voltages applied
to each of the three electrodes 340, 335¢2 and 335¢1. As can
be seen from the exemplary variations in FIGS. 3A-3C, many
combinations and permutations of shield electrodes and
shield well regions are possible, and as such the invention is
not limited to the particular combinations shown and
described herein.

Next, two exemplary process techniques for forming the
FET structure similar to that in FIG. 2A will be described.
Modifying these process techniques to arrive at the FET
structure variations in FIGS. 3A-3C or other permutations
and combinations of shield well regions and shield electrodes
would be obvious to one skilled in the art in view of this
disclosure.

FIGS. 4A-4E are cross section views at various stages of a
process for forming a dual channel shielded gate trench FET
in accordance with an exemplary embodiment of the inven-
tion. In FIG. 4A, epitaxial region 410q is formed over semi-
conductor substrate 405 using known techniques. Epitaxial
region 410a and semiconductor substrate 405 may be doped
with an n-type dopant, such as, arsenic or phosphorous. Inone
embodiment, semiconductor substrate 405 is doped to a con-
centration in the range of 1x10'°~1x10?! cm™>, and epitaxial
region 410a is doped to a concentration in the range of
1x10"%-1x10"" ecm™.

In FIG. 4B, trenches 430 are formed in epitaxial region
410a using known silicon etch techniques. In an alternate
embodiment, trenches 430 are etched deeper to terminate
within substrate 405. In FIG. 4C, the various regions and
layers in trenches 430 are formed using conventional tech-
niques. Shield dielectric 442 (e.g., comprising one or both
oxide and nitride layers) lining lower sidewalls and bottom of
trenches 430 is formed using such known techniques as
chemical vapor deposition (CVD) of silicon nitride, CVD
oxide, or thermal oxidation of silicon. Shield electrode 435
(e.g., comprising doped or undoped polysilicon) is formed in
a lower portion of each trench 430 using, for example, con-
ventional polysilicon deposition and etch back techniques.

IED 438 (e.g., comprising thermal oxide and/or deposited
oxide) is formed over shield electrode 435 using, for example,
conventional thermal oxidation and/or oxide deposition tech-
niques. Gate dielectric 444 (e.g., comprising oxide) lining
upper trench sidewalls is formed using, for example, known
thermal oxidation methods. Recessed gate electrode 440 is
formed over IED 438 using, for example, conventional poly-
silicon deposition and etch back methods. While IED 438 is
shown to be thicker than gate dielectric 444, in an alternate
embodiment, they are formed simultaneously and thus have
the same thickness. If additional shield electrodes are to be
formed in trenches 430 (as in FIGS. 3B and 3C), the above
process steps for forming the shield electrode and the IED can
be repeated the requisite number of times.

InFIG. 4D, a first p-type well region 425 (gate well region)
is formed in epitaxial layer 410qa by implanting and driving in
p-type dopants in accordance with known techniques. In one
embodiment, gate well region 425 may be doped with
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dopants, such as, Boron to a concentration in the range of
1x107-1x10'® cm™. A high energy implant of p-type
dopants is then carried out to form a second p-type well region
415 (shield well region) deeper in epitaxial layer 410a
directly next to shield electrode 435 using known techniques.
In one embodiment, shield well region 415 may be doped
with dopants, such as, Boron to a concentration in the range of
1x10'5-1x10"® cm™.

The implant parameters for shield well region 435 need to
be carefully selected to ensure that shield well region 415,
upon completion of processing, is properly aligned with
shield electrode 435 so that a channel can be formed therein
when shield electrode 435 is biased in the on state. In the
embodiments where multiple shield electrodes are formed in
each trench, multiple shield well implants with different
implant energies may be carried out to form multiple shield
well regions, each being directly next to a corresponding
shield electrode. Note that the implant for forming shield well
region 415 is carried out after the implant for gate well region
425 in order to avoid out-diffusion of shield well region 415
during the gate well region 425 drive-in. However, with care-
fully controlled implant and drive-in processes, the order of
the two implants may be reversed.

In FIG. 4E, a conventional source implant is carried out to
form a highly doped n-type region laterally extending through
anupper portion of gate well region 425 and abutting trenches
430. None of the implants up to this point in the process
requires a mask layer, at least in the active region of the die. In
one embodiment, a dielectric layer is formed over gate elec-
trodes 440 prior to the three implants.

Dielectric caps 446 (e.g., comprising BPSG) extending
over gate electrodes 440 and laterally overlapping the mesa
regions adjacent trenches 430 are formed using known meth-
ods. Dielectric caps 446 thus form an opening over a middle
portion of the mesa region between adjacent trenches. A
conventional silicon etch is carried out to form a recess in the
n-type region through the opening formed by dielectric caps
446. The recess extends to below a bottom surface of the
n-type region and into gate well region 425. The recess thus
breaks up the n-type region into two regions, forming source
regions 445.

A conventional heavy body implant is carried out to form
heavy body region 449 in body region 425 through the recess.
A topside interconnect layer 448 is then formed over the
structure using known techniques. Topside interconnect layer
448 extends into the recess to electrically contact source
regions 445 and heavy body region 449. A backside intercon-
nect layer 402 is formed on the backside of the wafer to
electrically contact substrate 405. Note that the cell structure
in FIG. 4E is typically repeated many times in a die in a closed
cell or an open cell configuration.

FIGS. 5A-5F depict an alternate process for forming a dual
channel shielded gate trench FET in accordance with another
exemplary embodiment of the invention. In FIG. 5A, similar
to FIG. 4A, n-type epitaxial layer 510q is formed over sub-
strate 505 using known techniques. In FIG. 5B, p-type shield
well region 515 is formed either by forming a p-type epitaxial
layer over n-type epitaxial layer 510a or by implanting p-type
dopants into n-type epitaxial layer 510a to convert an upper
layer of epitaxial layer 510q to p-type. Shield well region 515
may be capped with a thin layer of arsenic doped epi (not
shown) to prevent up-diffusion of the dopants in shield well
region 514 during subsequent heat cycles.

InFIG. 5C, n-type drift region 520 is formed by forming an
n-type epitaxial layer over shield well region 510a. In FIG.
5D, using conventional techniques, trenches 530 are formed
extending through the various semiconductor layers and ter-
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minating within bottom-most drift region 51056. Alternatively,
trenches 530 may be extended deeper to terminate within
substrate 505. In FIG. 5E, shield dielectric layer 442, shield
electrode 435, IED 438, gate dielectric 444, and gate elec-
trode 440 may be formed in trenches 530 in a similar manner
to those described above in reference to FIG. 4C, and thus will
not be described.

P-type gate well region 525 is formed next by implanting
p-type dopants into n-type drift region 520 to thereby convert
an upper layer of drift region 520 to p-type. In FIG. 5F,
dielectric cap 546, source regions 545, heavy body region
549, topside interconnect layer 548 and backside intercon-
nect layer 502 are all formed in a similar manner to those
described above in reference to FIG. 4E and thus will be not
described.

In accordance with embodiments of the invention, the one
or more shield electrodes in the trenches may be biased in a
number of different ways. For example, the one or more
shield electrodes may be biased to a constant positive voltage,
may be tied to the gate electrode (so that the shield and gate
electrodes switch together), or may be tied to a switching
voltage independent of the gate voltage. The means for bias-
ing of the one or more shield electrodes may be provided
externally or generated internally, for example, from avail-
able supply voltages. In the embodiments where the shield
electrode is biased independent of the gate electrode biasing,
some flexibility is obtained in terms of optimizing various
structural and electrical features of the FET.

In one embodiment where the gate electrode is switched
between 20V (on) and OV (off), the shield electrode is
switched between 20V (on) and 10V (off). This limits the
maximum voltage across IED 238 (FIG. 2A) to 10V, thus
allowing a relatively thin IED to be formed. Simulation
results for this embodiment show a 45% improvement in
Rdson, a BVdss of about 30V, and a substantially low gate
charge Qg. In another embodiment where gate electrode 240a
is switched between 20V (on) and OV (off), shield electrode
235a is biased to 20V during both the on and off states.
Simulation results for this embodiment have shown a 25%
improvement in Rdson, a BVdss of about 30V, and a substan-
tially low Qg.

Thus, the desired operational voltages to be applied to gate
electrode 240a and shield electrode 2354 determine the thick-
ness and quality of IED 238. In the embodiments where a
smaller voltage differential appears across IED 238 (FIG.
2A), athinner IED 238 may be formed which advantageously
enables forming a thinner upper drift region 220 thus obtain-
ing a lower Rdson. A further reduction in Rdson is obtained
by the virtue of forming a second channel along each trench
sidewall. These and other advantages and features of the
various embodiments of the invention are described more
fully with reference to the simulation results shown in FIGS.
6-9.

FIG. 6 is a plot of simulation results showing the electric
field profile along the depth a dual channel shielded gate FET
600. As shown, two electric field peaks occur at locations 617
and 627 corresponding to the pn junctions formed by each of
well regions 625 and 615 and their underlying drift regions
620 and 604, respectively. In contrast, in conventional single
channel shielded gate FETs such as FET 100 in FIG. 1, only
one peak occurs at the pn junction between well region 104
and its underlying drift region. Thus, the dual channel FET
structure 600 advantageously increases the area under the
electric field curve which increases the transistor breakdown
voltage. It can be seen that upon embedding additional shield
well regions in the drift region, additional peaks would be
induced in the electric field profile thus further increasing the
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transistor breakdown voltage. The improvement in break-
down voltage enables increasing the doping concentration in
drift regions 604 and 620 thereby reducing the Rdson. That is,
for the same breakdown voltage as the prior art FET, a higher
Rdson can be obtained.

FIG. 7 is a plot of simulation results showing the drain
current versus the drain voltage for each of a conventional
shielded gate FET (curve 610 marked as “control”) and a dual
channel shielded gate FET (curve 620 marked as
“improved”). As is readily apparent, a significant increase in
the drain current is realized by the dual channel shielded gate
FET.

In the conventional shielded gate FETs, the depletion
charges in the lightly doped drift region is a significant con-
tributor to Qgd. However, in the multi-channel shielded gate
FET in accordance with the invention, the impact of charges
in the drift region on Qgd is substantially minimized because
the positive charges in the multiple drift regions are compen-
sated by the negative charges in their adjacent multiple well
regions. FIG. 8 is plot of simulation results showing the
gate-drain charge Qgd versus the voltage on the shield elec-
trode for each of a conventional shielded gate FET (curve
810) versus a dual channel shielded gate FET (curve 820). A
bias voltage applied to shield electrode 235a (FIG. 2A) is
varied from about 6-20V and Qgd is measured. As is appar-
ent, a significant reduction in the gate-drain capacitance C,,
(approximately 40% reduction at low shield bias) is realized
by the dual channel shielded gate FET.

FIG. 9 is another plot of simulation results showing the
drain-source breakdown voltage BV, . for each of a conven-
tional shielded gate FET (curve 910) and a dual channel
shielded gate FET (curve 920). As can be seen, a significant
increase in BV, is realized by the dual channel shielded gate
FET. This provides additional flexibility in adjusting the
thickness of various dielectric layers in the trench to improve
other characteristics of the FET.

A further feature of the multiple well shielded gate FETs is
the improved UIS and snap back characteristics. The multiple
well regions result in formation of a number of back to back
connected pn diodes which function similar to the well-
known multiple ring zener structure that provides superior
UIS and snap back characteristics.

Thus, as can be seen, with relatively minimal changes to
the manufacturing process (e.g., adding s shield well
implant), the multiple channel shielded gate FET in accor-
dance with embodiments of the invention improves various
performance characteristics of the transistor without
adversely impacting its other characteristics. As set forth
above, the improvements that are achieved include lower
Rdson, lower gate charge, higher BVdss, and improved UIS
and snap back characteristic.

While the above provides a complete description of various
embodiments of the invention, many alternatives, modifica-
tions, and equivalents are possible. For example, various
embodiments of the invention have been described in the
context of n-channel shielded gate MOSFETs, however the
invention is not limited only to such FETs. For example,
p-channel counterparts of the various shielded gate MOS-
FETs shown and described herein may be formed by merely
reversing the conductivity type of the various semiconductor
regions. As another example, n-channel IGBT counterparts of
the MOSFETs described herein may be formed by merely
reversing the conductivity type of the substrate, and p-chan-
nel IGBT counterparts may be formed by reversing the con-
ductivity type of the various semiconductor regions except for
the substrate. Further, although implantation has generally
been used in the exemplary embodiments to form doped
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regions, one skilled in the art would recognize that other
means for forming doping regions, such as diffusion, could be
substituted or combined with the implantation steps
described herein. Therefore, the above description should not
be taken as limiting the scope of the invention, which is
defined by the appended claims.

What is claimed is:

1. A field effect transistor (FET) comprising:

a pair of trenches extending into a semiconductor region;

a first shield electrode in a lower portion of each trench;

a gate electrode in an upper portion of each trench over but
insulated from the shield electrode by an inter-electrode
dielectric; and

first and second well regions of a first conductivity type
laterally extending in the semiconductor region between
the pair of trenches, each of the first and second well
regions abutting sidewalls of the pair of trenches, the
first and second well regions being vertically spaced
from one another by a first drift region of a second
conductivity type,

wherein the gate electrode and the first shield electrode are
positioned relative to the first and second well regions
such that a channel is formed in each of the first and
second well regions when the FET is biased in the on
state.

2. The FET of claim 1 wherein when the FET is biased in
the on state, two separate channels are formed along portions
of each trench sidewall where the first and second well
regions abut.

3. The FET of claim 1 wherein the first well region is
laterally adjacent to the gate electrode in each trench, and the
second well region is laterally adjacent to the first shield
electrode in each trench.

4. The FET of claim 1 further comprising:

a shield dielectric lining lower sidewalls and bottom of

each trench;

a gate dielectric lining upper sidewalls of each trench;

source regions of the second conductivity type flanking
upper sidewalls of each trench; and

aheavy body region of the first conductivity type extending
in the first well region.

5. The FET of claim 1 wherein the first well region is above
the second well region, the FET further comprising a third
well region of the first conductivity type laterally extending in
the semiconductor region between the pair of trenches, the
third well region abutting sidewalls of the pair of trenches, the
third well region being vertically spaced from the second well
region by a second drift region of the second conductivity
type.

6. The FET of claim 5 wherein the gate and first shield
electrodes are positioned relative to the first, second and third
well regions such that a channel is formed in each of the first,
second and third well regions when the FET is biased in the on
state.

7. The FET of claim 5 wherein when the FET is biased in
the on state, three separate channels are formed along por-
tions of each trench sidewall where the first, second and third
well regions abut.

8. The FET of claim 5 wherein the first well region is
laterally adjacent to the gate electrode in each trench, and the
second and third well regions are laterally adjacent to the first
shield electrode in each trench.

9. The FET of claim 1 wherein the first well region is above
the second well region, the FET further comprising:

a third well region of the first conductivity type laterally

extending in the semiconductor region between the pair
of trenches, the third well region abutting sidewalls of
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the pair of trenches, the third well region being vertically
spaced from the second well region by a second drift
region of the second conductivity type; and

a second shield electrode in the trench below the first shield
electrode, the first and second shield electrodes being
insulated from one another.

10. The FET of claim 9 wherein the gate electrode, the first
shield electrode and the second shield electrode are posi-
tioned relative to the first, second and third well regions such
that a channel is formed in each of the first, second and third
well regions when the FET is biased in the on state.

11. The FET of claim 9 wherein when the FET is biased in
the on state, three separate channels are formed along por-
tions of each trench sidewall where the first, second and third
well regions abut.

12. The FET of claim 9 wherein the first well region is
laterally adjacent to the gate electrode in each trench, the
second well region is laterally adjacent to the first shield
electrode in each trench, and the third well region is next
adjacent next to the second shield electrode in each trench.

13. A field effect transistor (FET) comprising:

a stack of, from the top to bottom, a first well region of a
first conductivity type, a first drift region of a second
conductivity type, a second well region of the first con-
ductivity type, and a second drift region of the second
conductivity type, laterally extending between and abut-
ting sidewalls of two trenches, each trench having a
stack of, from the top to bottom, a gate electrode and a
first shield electrode insulated from one another by an
inter-electrode dielectric,

wherein the gate electrode and the first shield electrode are
positioned relative to the first and second well regions
such that a channel is formed in each of the first and
second well regions when the FET is biased in the on
state.

14. The FET of claim 13 wherein when the FET is biased in
the on state, two separate channels are formed along portions
of each trench sidewall where the first and second well
regions abut.

15. The FET of claim 13 wherein the first well region is
laterally adjacent to the gate electrode in each trench, and the
second well region is laterally adjacent to the first shield
electrode in each trench.

16. The FET of claim 13 further comprising:

a shield dielectric lining lower sidewalls and bottom of
each trench;

a gate dielectric lining upper sidewalls of each trench;

source regions of the second conductivity type flanking
upper sidewalls of each trench; and

aheavy body region of the first conductivity type extending
in the first well region.

17. The FET of claim 13 further comprising a third well
region of the first conductivity type laterally extending
between and abutting the two trenches, the third well region
extending below the second drift region.

18. The FET of'claim 17 wherein when the FET is biased in
the on state, three separate channels are formed along por-
tions of each trench sidewall where the first, second and third
well regions abut.
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19. The FET of claim 17 wherein the first well region is
laterally adjacent to the gate electrode in each trench, and the
second and third well regions are laterally adjacent to the first
shield electrode in each trench.

20. The FET of claim 13 further comprising:

a third well region of the first conductivity type laterally
extending between and abutting the two trenches, the
third well region extending below the second drift
region; and

asecond shield electrode in the trench below the first shield
electrode, the first and second shield electrodes being
insulated from one another.

12

21. The FET of claim 20 wherein when the FET is biased in
the on state, three separate channels are formed along por-
tions of each trench sidewall where the first, second and third
well regions abut.

22. The FET of claim 20 wherein the first well region is
laterally adjacent to the gate electrode in each trench, the
second well region is laterally adjacent to the first shield
electrode in each trench, and the third well region is laterally

10 adjacent to the second shield electrode in each trench.
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