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FIELD PLATE TRENCHMOSFET 
TRANSISTOR WITH GRADED DELECTRIC 

LNER THICKNESS 

TECHNICAL FIELD 

0001. This application is directed, in general, to a semi 
conductor device and, more specifically, to an electronic 
device employing a vertical drift region. 

BACKGROUND 

0002 Trench field plate MOSFET transistors provide a 
vertical drift region architecture to reduce the area of the 
transistor. A general objective of MOSFET design is to mini 
mize the specific on-resistance, R., of the transistor, e.g., the 
product of the device area A and its on-state resistance R. A 
lower specific on-resistance results in lower area consump 
tion and/or power dissipation during operation of the MOS 
FET. 

SUMMARY 

0003. One aspect provides an electronic device that has a 
plurality of trenches formed in a semiconducting layer. A 
vertical drift region is located between and adjacent the 
trenches. An electrode is located within each trench, the 
trench having a gate electrode section and a field plate section. 
A graded field plate dielectric is located between the field 
plate section and the vertical drift region. 
0004 Another aspect provides a method of forming aver 

tical MOSFET. The method includes providing a substrate 
that has a trench formed in a semiconductor layer. A gate 
dielectric is formed on a sidewall of the trenchata top portion 
thereof. A field plate dielectric is formed on the sidewall 
below the gate dielectric. The trench is filled with a field plate 
material. The field plate dielectric has a portion with a first 
thickness at a first depth of the trench, and a portion with a 
greater second thickness at a greater second depth of the 
trench. 
0005. Another aspect provides a vertical field plate trench 
MOSFET. The MOSFET includes an epitaxial layer having a 
first conductivity type. A drain region is located in the epi 
taxial layer and has a second different conductivity type. A 
plurality of trenches is formed in the drain region. A polysili 
confield plate is located within each of the trenches. An oxide 
field plate dielectric is located between each of the field plates 
and the drain region. A thickness of the oxide field plate liner 
is greater adjacent a bottom of the field plates than adjacent a 
top of the field plates. 

BRIEF DESCRIPTION 

0006 Inaccordance with the standard practice in the semi 
conductor industry, various features of the accompanying 
drawings may not be drawn to scale. In fact, the dimensions of 
the various features may be arbitrarily increased or reduced 
for clarity of discussion. Furthermore, in certain embodi 
ments, reference may be made to vertical or horizontal direc 
tions. No limitations regarding actual device orientation are 
implied by use of these directions. Such references take the 
horizontal direction to be generally parallel to an underlying 
substrate, and vertical to be generally normal to the horizontal 
direction. Reference is now made to the following descrip 
tions taken in conjunction with the accompanying drawings, 
in which: 
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0007 FIG. 1 is a prior art field plate trench MOSFET 
transistor, 
0008 FIG.2 shows an embodiment of the disclosed MOS 
FET transistor; 
0009 FIGS. 3A-3C illustrate electric potential and elec 

tric field profiles; and 
0010 FIGS. 4A-4J, 5A, 5B and 6A-6F illustrate methods 
of forming embodiments of the disclosure. 

DETAILED DESCRIPTION 

(0011. A trench field plate MOSFET includes a number of 
field plates formed within a drain extension region. The dis 
closure benefits from the recognition that operating charac 
teristics of a trench field plate MOSFET may be improved by 
providing a dielectric between the field plates and the drain 
extension region that has a variable thickness therebetween. 
The variable thickness is expected to provide a flatter poten 
tial distribution in the direction of carrier flow during opera 
tion, resulting in increased blocking Voltage, e.g. 
0012 FIG. 1 illustrates a portion of a prior art trench field 
plate power MOSFET 100 (hereinafter referred to as the 
MOSFET 100). Coordinate axes are shown for reference. The 
illustrated portion includes a substrate 105 with a drain 110 
and a drain extension 115 located thereover. A body 120 
(sometimes referred to as a backgate) is located over the 
extension 115, with a source 125 formed over the body 120. 
The drain 110, the extension 115 and the source 125 may be 
of a first conductivity type, e.g., n-doped, while the Substrate 
105 and the body 120 may be of a second conductivity type, 
e.g., p-doped. Typically, the drain 110 is doped with a higher 
dopant concentration, e.g., about 1E19 cm, than the exten 
sion 115, e.g., about 1E16 cm. The substrate 105 may be 
highly doped, e.g., n++ or p--+ depending on the polarity of 
the MOSFET 100. 
0013 Located within the extension 115 are trenches 130 
with electrodes 135 located therein. Each electrode 135 
includes a gate electrode 140 and a field plate 145. The plate 
145 is that section of the electrode 135 below a neck region 
150 in which the thickness of the electrode 135 decreases to 
the thickness T1 of the plate 145. 
0014. A gate dielectric 155 is located between the elec 
trode 140 and the body 120, while a field plate dielectric 160 
is located between the plate 145 and the extension 115. The 
dielectric 160 has a relatively uniform thickness T2 between 
the plate 145 and extension 115. A unit cell 165 includes 
one-half of two adjacent electrodes 135. The MOSFET 100 
typically includes N unit cells extending in the +z direction 
and arranged, e.g., in a linear array. 
0015 The extension 115 may be characterized as includ 
ing a drain drift region 170 located between the plates 145, the 
body 120 and the drain 110. The region 170 is a region with a 
lower doping compared to the drain 110, e.g., in which a 
drain-source Voltage drop occurs during operation. Under 
appropriate bias conditions, the electrode 140 produces an 
inversion channel along the sidewalls of the trench 130 adja 
cent the body 120, connecting the source 125 to the extension 
115. Charge carriers may flow in the region 170 in a generally 
vertical (ty) direction. Thus, the region 170 may be regarded 
as a vertical drift region. 
0016. The plate 145 may be used to modulate the carrier 
concentration in the region 170. Under high drain voltage, the 
region 170 is effectively depleted vertically by the body 120 
and horizontally by the plate 145. This horizontal depletion of 
the region 170 allows, for a given maximum drain-source 
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Voltage, a designer to increase the doping of the region 170, or 
to reduce the thickness thereof. Either case reduces the device 
specific on-resistance compared to a vertical MOSFET that 
does not employ a trench field plate architecture. 
0017 Under some operating conditions, e.g., a sufficiently 
large drain Voltage, a maximum gate-drain Voltage is reached 
at the bottom of the trench 130, so that lateral depletion is 
maximum at this position. At the top of the region 170, deple 
tion is also important because of the combined effect of the 
body 120 and the plate 145. As a result of these two affects, 
the potential drops faster at the top of the region 170 and the 
bottom of the trench 130 than in the vertical space therebe 
tWeen. 

0018. These effects are illustrated in FIG. 3A, in which a 
computed electric potential distribution within the unit cell 
165 is shown. The spacing between electric equipotential 
lines along a path 310 is associated with the strength of an 
electric potential distribution there-along. The equipotential 
lines are initially relatively closely spaced, indicating a rela 
tively high potential gradient, and are less closely spaced 
about midway along the path 310, indicating a relatively low 
gradient. Towards the end of the path 310, the gradient is 
again more relatively greater. 
0019 FIG.3C illustrates an electric field profile 320 asso 
ciated with the potential distribution of FIG. 3A along the 
path 310. The profile 320 is characterized by two local 
maxima associated with the beginning and end of the path 
310, and a local minimum about midway along the path 310. 
The electric field at this minimum is only about half of the 
value at the maxima. 
0020. A power MOSFET may be characterized by its 
blocking Voltage, e.g., the Voltage above which source-drain 
breakdown occurs. A higher blocking Voltage is associated 
with a flatter electric field profile. Thus, the profile 320 is 
expected to be associated with a relatively low blocking volt 
age. 
0021 Turning to FIG. 2, illustrated is a trench field plate 
power MOSFET 200 (hereinafter MOSFET 200) according 
to the disclosure. The MOSFET 200 includes a substrate 205, 
drain 210, drain extension 215, a gate dielectric 220, a body 
225 and a source 230, each of which may be conventional. 
Electrodes 235 are located in trenches 240 formed within the 
extension 215. A unit cell 245 includes one-half of two adja 
cent electrodes 235. Each electrode 235 includes a gate elec 
trode 250 defined as that section of the electrode 235 above a 
neck region 255 below which the electrode 235 narrows. A 
section of the electrode 235 below the region 255 is defined as 
a field plate 260. A drift region 265 is that region of the 
extension 215 between adjacent plates 260. A field plate 
dielectric 270 is located between each plate 260 and the 
region 265. 
0022. The electrode 235 may comprise any conductive 
material. In one embodiment, the electrode 235 is doped 
polysilicon. In another embodiment, the electrode 235 is a 
metallic material. Such as tungsten or copper. In some 
embodiments, the electrode 235 may include a liner, such as, 
e.g., titanium, tantalum and/or a nitride of titanium or tanta 
lum. 

0023 The dielectric 270 has a nonuniform thickness over 
its vertical extent L. As used herein, the field plate dielectric 
has a nonuniform thickness when its thickness varies by about 
20% or more over its vertical extent adjacent the plate 260. In 
the illustrated embodiment, an upper section 275 has a thick 
ness T3, and a lower section 280 has a thickness T4 that is 
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greater than T3. Other embodiments may include, e.g., more 
than two portions of uniform width, or one or more portions 
having a nonuniform width, such as a taper from a lesser 
thickness to a greater thickness with increasing trench depth. 
A taper may be linear or nonlinear. In some embodiments, the 
width is monotonic with increasing depth, e.g., the width does 
not decrease with depth at any location of the dielectric 270. 
In some preferred embodiments, the dielectric 270 is thick 
enough at the bottom of the trench 240 to sustain the maxi 
mum drain-gate Voltage expected at that location during 
device operation. 
0024. In the illustrated embodiment, the plate 260 has a 
nonuniform thickness that mirrors the nonuniform thickness 
of the dielectric 270, e.g., becomes narrower with increasing 
depth of the trench 240. In other embodiments, the thickness 
of the field plate may have different profiles, e.g., a constant or 
increasing thickness, with increasing trench depth. 
0025 FIG. 3B illustrates a computed electric potential 
distribution within the unit cell 245 for the nonlimiting case 
that the dielectric 270 includes two portions each having a 
different uniform thickness, e.g., such as illustrated in FIG. 2. 
The electric field associated with the equipotential distribu 
tion along a path 330 is plotted in FIG. 3C as an electric field 
profile 340. As was described for the profile 320, the profile 
340 is characterized by two local maxima near the beginning 
and end point of the path 330. However, the profile 340 is 
significantly more uniform than the profile 320. The local 
minimum of the profile 320 is replaced in the profile 340 by 
two local minima and a local maximum, with the electric field 
at the minima being at least about 70% of the maximum value 
near the endpoints. The different thicknesses of the dielectric 
270 provide a means to engineer a more uniform potential 
distribution in the region 265 by increasing the capacitive 
coupling of the plate 260 to the region 265 through thinner 
portions of the dielectric 270 than in the prior art case repre 
sented by FIG.1. Under high drain-source voltage, the plate 
260 is expected to more efficiently deplete the region 265 than 
in the prior art MOSFET 100. It is believed that by employing 
some of the embodiments of the disclosure, a nonuniformity 
of the electric field between the end points of path 330, e.g., 
between the top and the bottom of the region 265, may be 
limited to no greater than about 20%. In other cases, with 
careful design the nonuniformity of the electric field may be 
limited to no greater than about 10%. Use of numerical simu 
lation techniques may guide the design of a field plate profile 
having desired nonuniformity characteristics. 
(0026. The dielectric 160 of the prior art MOSFET 100 has 
a single, uniform thickness. The thickness of the oxide below 
the region 150 is typically designed to resist breakdown in a 
region350 (see FIG.3A) at the bottom of the trench where the 
electric field is high. The drain-source breakdown voltage Vb, 
and thus the blocking voltage of the MOSFET 100 is limited 
by the lack of depletion in the region 170. 
(0027. In contrast to the prior art MOSFET 100, in a device 
of the disclosure, e.g., the MOSFET 200, the dielectric 270 
has is a graded dielectric having at least two different thick 
nesses, such that the thickness of the dielectric 270 between 
the plate 260 and the region 265 increases in a stepwise or 
continuous manner toward the drain 210. As used herein, the 
term “graded field plate dielectric' includes both an abrupt 
and a gradual increase of thickness of the dielectric 270 by at 
least about 20% with increasing depth of the trench 240. In 
Some cases, process conditions may result in a flare of the 
plate 260 near the bottom of the trench 240. This flare may 
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cause a portion of the dielectric 270 to thin with depth adja 
cent such a flared section of the plate 260. In such cases, the 
definition of “graded field plate dielectric' excludes the 
thinned portion. 
0028. The novel configuration resulting from the graded 
field plate dielectric thickness is expected to result in an 
increased drain depletion effect and improved (e.g., more 
uniform) electric field distribution along the region 265 at a 
drain-source Voltage close to a device maximum operating 
Voltage and breakdown Voltage. This configuration allows the 
thickness of the extension 215 to be reduced, or for the doping 
level of the extension 215 to be increased. In both cases, the 
device R may be reduced, and the constraints on R, for a 
given V, may be relaxed. 
0029 Turning to FIG. 4A, one embodiment of a method of 
forming an electronic device 400 is illustrated. The device 
400 may be any current or future-conceived electronic device 
using an architecture that includes a vertical plate electrode 
adjacent a drift region of a semiconductor Substrate. Embodi 
ments presented herein are illustrated without limitation 
using a power MOSFET as an example electronic device. In 
FIG. 4A, a substrate 402 is provided with a semiconductor 
layer 404 thereover. Herein, “provided” means that a device, 
Substrate, structural element, etc., may be manufactured by 
the individual or business entity performing the disclosed 
methods, or obtained thereby from a source other than the 
individual or entity, including another individual or business 
entity. 
0030. An opening 408 with a sidewall 412 is formed 
within the layer 404. The substrate may be as described pre 
viously, including, e.g., a highly doped buried semiconductor 
layer in contact with the layer 404 that functions as a drain. 
The layer 404 may be a crystalline semiconductor, and in 
Some cases may be an epitaxial layer formed on a semicon 
ductor substrate. In one embodiment, the layer 404 is an 
epitaxial layer of a first conductivity type, e.g., n-type, and the 
Substrate 402 is of an opposite second conductivity type, e.g., 
p-type, with a buried layer (not shown) of the first conductiv 
ity type located therebetween. The substrate 402 may include 
a buried oxide layer, Such as semiconductor-on-insulator 
(SOI) or materials other than the primary elemental constitu 
ents of the layer 404. 
0031. The opening 408 may be formed conventionally. In 
Some embodiments, a hardmask 416 may be used to aid the 
definition of the opening 408. In some cases, a portion of the 
hardmask 416 may remain over the layer 404, as illustrated. 
In other embodiments, the hardmask 416 may be removed 
prior to the step illustrated by FIG. 4A. In some embodiments, 
the opening 408 is formed using a Deep Reactive Ion Etch 
(DRIE) process alternatinganisotropic etch and sidewall pas 
Sivation, for example using silicon fluorine or chlorine based 
etchants and oxygen-based passivation. Those skilled in the 
pertinent art are knowledgeable about forming openings Such 
as the opening 408. 
0032. In FIG. 4B, a dielectric liner 420 is formed on the 
sidewall 412. The liner 420 may be, e.g., a thermal oxide of 
the layer 404, or other dielectric formed by, e.g., a chemical 
vapor deposition (CVD) process. The liner 420 may be depos 
ited with any thickness consistent with a desired electrical 
potential distribution in the region 265, e.g., and allowed by 
the width of the opening 408, and the ability to fill the opening 
408 with a field plate material at a later step. In an example 

Oct. 21, 2010 

embodiment, the opening 408 may be about 1.5um wide and 
4 um deep, and the liner 420 may be a thermal oxide with a 
thickness of about 600 nm. 

0033 FIG. 4C illustrates the device 400 after forming a 
filler 424 in the opening 408. The filler 424 may be any 
material that may be removed at a greater rate than the liner 
420, or at a lesser rate that the liner 420, depending on con 
ditions of the removal process. Nonlimiting examples include 
photoresist, an anti-reflective coating (ARC), silicon nitride 
and polysilicon. In some embodiments, the filler 424 is com 
pletely removed in Subsequent processing steps. In this con 
text, the filler 424 is regarded as sacrificial. In some embodi 
ments, as described below, a portion of the filler 424 may be 
removed and a remaining portion left in the opening 408. In 
such cases, it is preferred that the filler 424 be a conductive or 
semiconductive material Such as, e.g., polysilicon. 
0034 FIG. 4D illustrates the device 400 after a first por 
tion of the filler 424 is removed by an etch process 428. As 
used herein, an etch process may be any process that is used 
to controllably remove a portion or an entirety of a material 
layer. Conventional processes are known to those skilled in 
the pertinent art to remove these example materials with 
selectivity to the liner 420. An etch process may include dry 
(plasma) removal, wet removal, or a combination. It is under 
stood by those skilled in the pertinent art that certain removal 
processes may include a Subsequent clean step that may or 
may not result in additional removal of the target layer. In 
FIG. 4D, the removing leaves a remaining portion 430. A 
portion 432 of the liner 420 is uncovered by the process 428. 
The process 428 may remove the first portion of the filler 424 
at a greater rate than the liner 420, and may also remove the 
first portion at a greater rate than the hardmask 416 when 
present. 
0035 FIG. 4Eillustrates the device 400 after removing the 
portion 432, by, e.g., an isotropic etch process 436. The pro 
cess 436 may be configured to remove the portion 432 at a 
greater rate than the portion 430. The process 436 may also be 
configured to result in a profile 440 of the surface of the liner 
420 that is higher where the liner 420 meets the sidewall 412 
than where the liner 420 meets the portion 430, to produce a 
gradual dielectric thickness increase from top to bottom. 
0036. In FIG. 4F, a second portion of the filler 424 is 
removed by an etch process 444. The removing leaves a 
remaining portion 450. The process 444 may be a same pro 
cess as the process 428, e.g., the same tool, chemistry and 
clean, but need not be. The process 444 may be configured to 
remove the filler 424 at a greater rate than the liner 420. In 
Some embodiments, the process 444 is configured to preserve 
the general characteristics of the profile 440. The removing of 
the portion of the filler 424 results in an uncovered portion 
448 of the liner 420. 

0037 FIG. 4G illustrates the device 400 after removing a 
portion of the liner 420 by an etch process 452. In some 
embodiments, the process 452 is an isotropic etch process. 
The process 452 may be configured to thin the portion 448 of 
the liner 420 while retaining the general characteristics of the 
profile 440. The process 452 may optionally be configured to 
remove any remaining portions of the hardmask 416, as illus 
trated in FIG. 4G. 

0038. In FIG. 4H, the portion 450 of the filler 424 is 
removed by an etch process 456. The process 456 may be 
configured to be selective to the liner 420, thus generally 
preserving the profile 440. 
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0039. The profile of the liner 420 is configured to function 
as a field plate dielectric to cooperate with a field plate formed 
in a later process step to reduce nonuniformity of electric 
fields in a vertical drift region of the operational device 400. 
In particular, the thickness of the liner 420 is graded such that 
it includes at least an upper portion 460 with a thickness 464 
that is thinner than a lower portion 468 with a thickness 472. 
As a result, the capacitive coupling between the later-formed 
field plate and the layer 404 is increased at the level of the 
portion 460 and the lateral drain extension depletion effect is 
increased relative to the ungraded case of the prior art MOS 
FET 100. In some embodiments, the thickness 472 of the liner 
420 is at least about 20% greater than the thickness 464 of the 
portion 460. 
0040. In FIG. 4I, a gate oxide layer 476 has been formed 
by, e.g., thermal oxidation. An electrode 478 is formed in the 
opening 408. Conventional implant and anneal processes 
may be used to form a body 480, a source 484, and a body 
contact (not shown). The electrode 478 may be, e.g., a con 
ventional conductive or semiconductive material Such as 
described previously with respect to the electrode 235. The 
electrode 478 may be formed by a conventional process that 
is designed to fill narrow or high aspect-ratio trenches. Such 
processes are known to those skilled in the pertinent arts, and 
may include several deposition and etch steps. While embodi 
ments of the electrode 478 may include gaps and/or seams, 
generally it is preferred that Such imperfections are mini 
mized. When gaps do occur, such may optionally be filled by 
a dielectric such as a CVD oxide if the gap width is large 
enough. The electrode 478 may include a neck region 486 
below which is located a field plate 488 having an upper 
region 492 and a lower region 494. 
0041. The layer 404 includes a drift region 496. The 
regions 492, 494 of the plate 488 have a width reduced by 
twice the thickness of the liner 420 adjacent each respective 
region 492, 496. The region 492 and the region 496 may each 
have different thickness that is substantially uniform. The 
width of the region 492 may be at least 20% greater than the 
width of the region 494. 
0042. The thickness profile of the liner 420 provides the 
aforementioned advantageous potential and electric field dis 
tribution in the region 496. In particular, the plate 478 is 
expected to have a greater capacitive coupling to the region 
496 where the liner 420 is thinner, e.g., the portion 460, and a 
lower capacitive coupling where the liner 420 is thicker, e.g., 
the portion 468. In some embodiments, the process described 
by, e.g., FIGS. 4D though 4H may be optionally repeated to 
form more than two dielectric liner portions of substantially 
uniform thickness. 

0.043 FIG. 4J illustrates an alternate embodiment of the 
device 400 having a field plate dielectric 497, a gate electrode 
498 and a field plate 499. The dielectric 497 has a thickness 
that increases from top to bottom of the region 496, but in a 
more continuous manner than for the liner 420. In some cases, 
the dielectric 497 has a thickness that increases about linearly 
with depth adjacent the region 496. Parameters such as chem 
istry, pressure, power and temperature of an etch process may 
be determined by those skilled in the etching arts to provide a 
more isotropic etch than the process 456 to result in the more 
linear profile of the dielectric 497. The more linear profile of 
the dielectric 497 may provide a nearly uniform electric field 
over the region 496 in the direction of carrier flow. 
0044 FIG. 5A illustrates, with continuing reference to 
FIG. 4G, a device 500 in which a dielectric layer 510 is 
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formed over the portion 450 of the filler 424. Starting from the 
device 400 processed through FIG. 4G, the layer 510 is 
formed on exposed portions of the liner 420, the portion 450 
and the layer 404. The layer 510 may include a compound 
formed with the underlying composition, e.g., silicon dioxide 
over silicon or germanium dioxide over germanium. The 
layer 510 may beformed, e.g., by thermal oxidation or a CVD 
process. 
0045. In FIG.5B, an upper electrode 520 has been formed 
over the layer 510, and may be formed by the methods 
described with respect to the plate 488. The electrode 520 and 
the portion 450 may act together as an electrode 570. The 
combination of the electrode 520 below a neck region 530, the 
portion 450 and the layer 510 therebetween constitutes a field 
plate 540. In this context, the portion 450 may be referred to 
herein as the deep region of the plate 540, and the electrode 
520 below the region 530 may be referred to as the shallow 
region of the plate 540. Sources 550 and a body 560 may be 
formed in a conventional manner. 

0046. In some embodiments, the portion 450 is left elec 
trically floating. In such cases, the portion 450 is capacitively 
coupled to the electrode 520 of the plate 540 by the layer 510. 
In other embodiments a conductive path may be made 
between the electrode 520 and the portion 450 in later process 
steps that may be conventional. In one embodiment, a portion 
of the filler 424 is masked to remain unetched at one or more 
locations of the device 400 thereby providing a connection 
between the electrode 520 and the portion 450. 
0047. In some embodiments, the portion 450 of the field 
plate is connected to a node different from the gate. For 
example, to reduce gate-to-drain capacitance it may be 
advantageous to connect the portion 450 to a Voltage node 
other than the gate. For example, the portion 450 may be 
connected to the power Supply ground. In this case, capacitive 
loading on the channel is expected to be reduced. Thus, when 
the drain or the gate is Switched from one Voltage state to 
another, charging effects that may slow channel operation are 
expected to be reduced relative to the case in which the 
portion 450 is not grounded. It is expected that these and 
similar embodiments may reduce the parasitic capacitance 
between the layer 404 and the plate 540, relative to the con 
figuration of FIG. 4I. Such a reduction of capacitance may 
allow a greater switching speed of the device 500 relative to 
the device 400. 

0048 Turning to FIGS. 6A-6H, an alternate embodiment 
of forming an electronic device 600 is illustrated. In FIG. 6A, 
a substrate 605 is provided with a semiconductor layer 610 
thereover. The substrate 605 may be, e.g., a silicon handle 
wafer of a first conductivity type, and the layer 610 may be, 
e.g., an epitaxial layer having of a second conductivity type. 
The characteristics of the layer 610 may be as described for 
the layer 404. A buried layer, not shown, of the second con 
ductivity type, may be located between the layer 610 and the 
Substrate 605. 
0049. An opening 615 with a depth D1 is formed in the 
layer 610. The opening 615 may be one of a periodic array of 
Such openings, such as, e.g., a linear array of trenches. The 
opening may be formed conventionally using, e.g., photore 
sist and plasma etch. A hard mask and/or antireflective coat 
ing (ARC), not shown, may optionally be used during forma 
tion of the opening 615 at an earlier process step. 
0050 First mask layers 620 are located on the sidewalls of 
the opening 615. The layers 620 are formed of a material that 
may be selectively removed at a later processing step without 
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significantly eroding a later-formed field plate dielectric. In a 
nonlimiting example, when the field plate dielectric is silicon 
dioxide, the layers 620 may be silicon nitride or silicon oxyni 
tride. The layers 620 may be formed by depositing a confor 
mal layer of a spacer material by a CVD process. After depo 
sition of the spacer material, the layer 610 may be exposed by 
removing the spacer material at the bottom of the opening 
615. Such removal may be done by an anisotropic etch such 
as, e.g., DRIE. Those skilled in the pertinent art may deter 
mine etch process conditions appropriate for the pitch, den 
sity and depth of the opening 615 and neighboring openings 
(not shown). 
0051. In FIG. 6B, the device 600 has been further pro 
cessed with an etch process 625 to remove an additional 
portion of the layer 610. The removing may be done by a 
conventional DRIE process configured to selectively remove 
the layer 610 at a greater rate than other exposed material 
layers such as, e.g., photo resistora hard mask. The additional 
removal of the layer 610 deepens the opening 615 to a depth 
D2. 

0052. In FIG. 6C, second mask layers 630 have been 
formed over the layer 620 and the sidewalls of the opening 
615 exposed by the process 625. The layers 630 may be 
conventionally formed as for the first mask layers, e.g., a 
conformal silicon nitride or silicon oxynitride layer followed 
by a DRIE etch. In some cases, the layers 620, 630 are formed 
of the same material, while in other cases they are formed of 
different materials. 

0053 FIG. 6D illustrates the device 600 after an additional 
portion of the layer 610 has been removed at the bottom of the 
opening 615 by an etch process 635. The removing results in 
a depth D3 of the opening 615. The process 635 process may 
be a DRIE process or other suitable anisotropic etch process. 
0054) In FIG. 6E, a first dielectric portion 640 has been 
formed on the sidewall of the opening 615 exposed by the 
process 635. The formation process may be a conventional 
thermal oxidation, e.g. The forming process is configured to 
result in a thickness T1. After forming the portion 640, the 
layers 630 are removed using a conventional process selective 
to the portion 640. Those skilled in the pertinent art may 
configure an isotropic etch process, e.g., to remove the layers 
630 at a greater rate than the portion 640. For example, when 
the layers 630 are formed of silicon nitride and the portion 
640 is formed of silicon dioxide, a conventional etch process 
with high selectivity to silicon dioxide may remove the sili 
con nitride layers 630. The removing exposes that portion of 
the sidewall of the opening 615 that was in contact with the 
layers 630. 
0055. The device 600 is illustrated in FIG. 6F after a sec 
ond dielectric portion 645 has been formed on the sidewall of 
the opening 615 exposed by the removal of the layers 630. 
The combined portions 640, 645 are referred to as field plate 
dielectric 650. The portion 645 may again be formed by a 
conventional thermal oxidation process. The forming process 
is configured to result in a thickness T2 of the portion 645. 
The portion 640 also typically becomes thicker during this 
thermal oxidation step, with a thickness T3. In an example 
embodiment, the thickness T2 is about 300 nm, and the thick 
ness T3 is about 600 nm. One skilled in the pertinent art can 
determine appropriate process conditions to produce Such 
thicknesses. 

0056. A corner 655 at the step from the smaller to the 
larger width of the opening 615 can be rounded by the second 
substrate etch process. With appropriate choice of the spacer 
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and spacer thickness, the oxide at the transition from the 
portion 640 to the portion 645 is expected to relatively smooth 
and defect-free. Thus, an electric field produced at the corner 
during operation of the completed device 600 will be reduced 
relative to the case of a sharper corner, and the dielectric 
adjacent the corner is expected to have a high breakdown 
strength. 
0057. In some embodiments, the dielectric 650 may be 
formed with more than one dielectric material layer. For 
example, the dielectric 650 may include a layer of silicon 
dioxide and a layer of silicon nitride. In one embodiment, a 
layer of CVD silicon nitride is formed over a layer of ther 
mally grown oxide. Such a configuration may be advanta 
geous when a greater capacitive coupling is desired between 
the plate 260 and the extension 215 (see FIG. 2). 
0058 Turning to FIG. 6G, the layer 620 have been 
removed by an isotropic etch process that may, but need not 
be, the same process as that used to remove the layers 630. 
The removing exposes the sidewall of the opening 615 in 
contact with the layer 620. The device 600 is again exposed to 
a conventional thermal oxidation process. The oxidation pro 
cess grows a gate oxide layer 660 that is a continuous exten 
Sion of the dielectric 650. 
0059. In FIG. 6H, a field plate 665 has been formed in the 
opening 615. The plate 665 may have the same general char 
acteristics of the plate 488. As was described with respect to 
the electronic device 400, the profile of the dielectric 650 is 
expected to result in a more uniform electric field distribution 
in a drift region 670 adjacent the dielectric 650. The process 
sequence described by FIGS. 6B through 6F may be option 
ally repeated to form a greater number of liner thickness when 
desired. In some cases, such a configuration may result in 
greater uniformity of the electric field in the region 670. 
0060 Those skilled in the art to which this application 
relates will appreciate that other and further additions, dele 
tions, Substitutions and modifications may be made to the 
described embodiments. 

What is claimed is: 
1. An electronic device, comprising: 
a plurality of trenches located within a semiconducting 

layer; 
a vertical drift region between and adjacent said trenches; 
an electrode located within each trench, said electrode 

having a gate electrode section and a field plate section; 
and 

a graded field plate dielectric located between said field 
plate section and said vertical drift section. 

2. The electronic device recited in claim 1, wherein said 
second thickness is at least about 20% greater than said first 
thickness. 

3. The electronic device recited in claim 1, whereina thick 
ness of said field plate dielectric increases about linearly with 
increasing depth of said trench. 

4. The electronic device recited in claim 1, whereina thick 
ness of said field plate dielectric increases in a stepwise fash 
ion from said top of said field plate to said bottom of said field 
plate. 

5. The electronic device recited in claim 1, wherein said 
field plate includes two or more regions, each region having a 
Substantially uniform thickness. 

6. The electronic device recited in claim 1, wherein an 
electric field in said drift region in varies by less than about 
30% of a maximum value in a direction parallel to said field 
plate. 
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7. The electronic device recited in claim 1, further com 
prising an insulating layer located between a deep section of 
said field plate and a shallow section of said field plate. 

8. The electronic device recited in claim 1, wherein said 
field plate comprises polycrystalline silicon. 

9. A method of forming a vertical MOSFET, comprising: 
providing a semiconductor layer over a Substrate, said 

semiconductor layer having a trench formed therein; 
forming a gate dielectric on a top portion of a sidewall of 

said trench; 
forming a field plate dielectric on a bottom portion of said 

sidewall, said field plate dielectric having a first portion 
with a first thickness at a first depth of said trench, and a 
second portion with a greater second thickness at a 
greater second depth of said trench, and 

filling said trench with a field plate material. 
10. The method recited in claim 9, wherein forming said 

field plate dielectric comprises removing a portion of a dielec 
tric layer formed over said sidewall. 

11. The method recited in claim 10, whereinforming said 
field plate dielectric further comprises removing a portion of 
a filler material thereby exposing said removed portion of said 
dielectric layer. 

12. The method recited in claim 9, wherein forming said 
field plate dielectric includes forming a mask layer over a 
portion of said sidewall that blocks formation of a dielectric 
layer on said sidewall. 

13. The method recited in claim 9, wherein forming said 
field plate dielectric comprises: 

forming a dielectric layer on said sidewall; 
filling said trench with a sacrificial filler material; 
removing a first portion of said sacrificial filler material, 

thereby exposing an upper portion of said dielectric 
layer; and 

at least partially removing said exposed upper portion of 
said dielectric layer. 

14. The method recited in claim 13, further comprising: 
removing a second portion of said sacrificial filler material, 

thereby exposing a lower portion of said dielectric layer 
and leaving a remaining portion of said sacrificial filler 
material; 

partially removing said exposed lower portion of said 
dielectric layer, leaving a remaining portion of said 
dielectric layer on said sidewalls; and 

removing said remaining portion of said sacrificial filler 
material. 

15. The method recited in claim 12, further comprising 
deepening said trench after forming said mask layer. 

16. The method recited in claim 11, further comprising 
removing said mask layer after at least partially forming said 
second portion. 

17. The method recited in claim 10, further comprising 
removing a portion of said field plate dielectric after forming 
said portions with different thicknesses, thereby increasing a 
linearity of a change of thickness of said field plate dielectric 
with increasing depth of said trench. 
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18. The method recited in claim 9, further comprising 
forming a gate oxide on said sidewall after forming said 
portions of said field plate dielectric. 

19. The method recited in claim 13, further comprising 
forming an insulating layer on an exposed surface of a 
remaining portion of said filler material; and 

filling said trench with a field plate material. 
20. The method recited in claim 19, further comprising 

forming a conductive path between said remaining portion 
and said field plate material. 

21. The method recited in claim 9, further comprising 
forming a first mask layer over sidewalls of said trench 

22. The method of claim 21, further comprising a first 
deepening of said trench after forming said first mask layer. 

23. The method of claim 22, further comprising forming a 
second mask layer over sidewalls of trench exposed by first 
deepening. 

24. The method of claim 23, further comprising a second 
deepening of said trench after forming said second mask 
layer. 

25. The method of claim 24, further comprising: 
forming a first oxide layer over a surface of said semicon 

ductor layer exposed by said second deepening; 
removing said second mask layer; 
forming a second oxide liner over a Surface of said semi 

conductor layer exposed by said first deepening; and 
removing said first mask layer 
26. A vertical MOSFET comprising: 
an epitaxial layer located over a Substrate, including: 

a body region adjacent an upper surface of said epitaxial 
layer and doped to have a first conductivity type; 

a drain region located between said body region and said 
Substrate and being doped to have a second conduc 
tivity type: 

a buried region located between said drain region and 
said Substrate and being doped to have said second 
conductivity type; and 

a source region located within said body region and 
being doped to have said second conductivity type; 

two trenches formed in said epitaxial layer, 
polysilicon field plates, one field plate located within each 

of said trenches; 
a drift region located within said drain region and between 

said field plates: 
oxide liners located between each of said field plates and 

said drift region, a lower portion of each of said oxide 
liners having a thickness greater than a thickness of an 
upper portion of said oxide liners. 

27. The vertical MOSFET recited in claim 26, wherein said 
thickness of said lower portion is at least about 20% greater 
than said thickness of said upper portion. 

28. The vertical MOSFET recited in claim 26, wherein said 
thickness of said lower portion is substantially uniform over a 
Vertical extent of said lower portion, and said thickness of said 
upper portion is substantially uniform over a vertical extent of 
said upper portion. 


