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SEMICONDUCTOR DEVICE WITH
THERMALLY GROWN OXIDE LAYER
BETWEEN FIELD AND GATE ELECTRODE
AND METHOD OF MANUFACTURING

[0001] This application claims priority to German Patent
Application No. 102014 108 966.9 filed on 26 Jun. 2014, the
content of said application incorporated herein by reference
in its entirety.

BACKGROUND

[0002] In microcell power MOSFETs (metal oxide semi-
conductor field effect transistors) a vertical current flows
through transistor cells between the source and drain elec-
trodes placed at the front and back sides of a semiconductor
body. In MOSFETs based on trench gate technology the
transistor channel is formed along vertical sidewalls of trench
gate structures extending from the front side into the semi-
conductor body. Below the gate structures, field electrodes,
which may be electrically connected to the source electrode,
decrease the gate to drain capacity and provide a counter
charge with respect to a charge resulting from the doping in
the drift zone. Smart power semiconductor devices may
include signal processing circuits integrated with the transis-
tor cells in the same semiconductor body.

[0003] It is desirable to improve reliability and to reduce
manufacturing costs of power semiconductor devices.

SUMMARY

[0004] According to an embodiment, a method of manu-
facturing a semiconductor device includes filling a first trench
and a second trench with a first fill material, wherein the first
trench and the second trench extend from a main surface into
a semiconductor substrate. The first fill material in the first
trench is selectively recessed. A mask is formed that covers
the second trench and that exposes the first trench. An oxida-
tion rate promoting material is implanted into an exposed first
section of the recessed fill material in the first trench. After
removing the mask, the first fill material is thermally oxi-
dized, wherein on the first section an oxidation rate is at least
twice as high as on non-implanted sections of the first fill
material.

[0005] According to another embodiment, a semiconductor
device includes field electrode structures extending from a
first surface into a semiconductor body. The field electrode
structures include field electrodes. Gate structures extend
from the first surface into the semiconductor body and include
field electrodes and gate electrodes between the field elec-
trodes and the first surface. A thin separation oxide of grown
silicon oxide is on the field electrodes of the field electrode
structures. A thick separation oxide of grown silicon oxide
separates the gate and field electrodes of the gate structures. A
vertical extension of the thick separation oxide is greater than
a vertical extension of the thin separation oxide.

[0006] According to a further embodiment, an electronic
circuit includes a semiconductor device including field elec-
trode structures that extend from a first surface into a semi-
conductor body. The field electrode structures include field
electrodes. Gate structures extend from the first surface into
the semiconductor body and include field electrodes and gate
electrodes between the field electrodes and the first surface. A
thin separation oxide of grown silicon oxide is on the field
electrodes of the field electrode structures. A thick separation
oxide of grown silicon oxide separates the gate and field
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electrodes of the gate structures. A vertical extension of the
thick separation oxide is greater than a vertical extension of
the thin separation oxide.

[0007] Those skilled in the art will recognize additional
features and advantages upon reading the following detailed
description and on viewing the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification. The
drawings illustrate the embodiments of the present invention
and together with the description serve to explain principles
of the invention. Other embodiments of the invention and
intended advantages will be readily appreciated as they
become better understood by reference to the following
detailed description.

[0009] FIG. 1A is a schematic cross-sectional view of a
portion of a semiconductor substrate for illustrating a method
of manufacturing a semiconductor device according to an
embodiment, after recessing a first fill material in a first
trench.

[0010] FIG. 1B is a schematic cross-sectional view of the
semiconductor substrate portion of FIG. 1A after implanting
an oxidation rate promoting material into a first section of the
recessed fill material in the first trench.

[0011] FIG. 1C is a schematic cross-sectional view of the
semiconductor substrate portion of FIG. 1B after a thermal
oxidation of exposed semiconductor material.

[0012] FIG. 2A is a schematic cross-sectional view of a
portion of a semiconductor substrate for illustrating a method
of manufacturing a semiconductor device according to
another embodiment, after recessing the first fill material in
the first trench.

[0013] FIG. 2B is a schematic cross-sectional view of the
semiconductor substrate portion of FIG. 2A after implanting
an oxidation rate promoting material into the first fill material.
[0014] FIG. 2C is a schematic cross-sectional view of the
semiconductor substrate portion of FIG. 2B after forming a
first mask.

[0015] FIG. 2D is a schematic cross-sectional view of the
semiconductor substrate portion of FIG. 2C after etching a
field dielectric layer using the first mask.

[0016] FIG. 2E is a schematic cross-sectional view of the
semiconductor substrate portion of FIG. 2D after thermal
oxidation of exposed semiconductor material.

[0017] FIG. 2F is a schematic cross-sectional view of the
semiconductor substrate portion of FIG. 2E after depositing
and recessing a second fill material.

[0018] FIG. 3A is a schematic cross-sectional view of a
portion of a semiconductor substrate for illustrating a method
of manufacturing a semiconductor device according to an
embodiment including an oxide damage implant, after
recessing a first fill material in a first trench.

[0019] FIG. 3B is a schematic cross-sectional view of the
semiconductor substrate portion of FIG. 3A after the oxide
damage implant.

[0020] FIG. 3C is a schematic cross-sectional view of the
semiconductor substrate portion of FIG. 3B after implanting
an oxidation rate promoting material.

[0021] FIG. 3D is a schematic cross-sectional view of the
semiconductor substrate portion of FIG. 3C after a masked
etch of a field dielectric layer.
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[0022] FIG. 3E is a schematic cross-sectional view of the
semiconductor substrate portion of FIG. 3D after thermal
oxidation of exposed semiconductor material.

[0023] FIG. 3F is a schematic cross-sectional view of the
semiconductor substrate portion of FIG. 3E after depositing
and recessing a second fill material.

[0024] FIG. 4A is a schematic illustration of masks used in
the method of FIGS. 3A to 3F.

[0025] FIG. 4B is a schematic cross-sectional view of a
portion of a semiconductor device manufactured in a process
using the masks of FIG. 4A.

[0026] FIG. 5is a schematic cross-sectional view of a por-
tion of a semiconductor device in accordance with another
embodiment.

[0027] FIG. 6A is a schematic circuit diagram of an elec-
tronic circuit including a smart FET (field effect transistor)
according to an embodiment.

[0028] FIG. 6B is a schematic circuit diagram of an elec-
tronic circuit including a half-bridge circuit according to a
further embodiment.

DETAILED DESCRIPTION

[0029] In the following detailed description, reference is
made to the accompanying drawings, which form a part
hereof and in which are shown by way of illustrations specific
embodiments in which the invention may be practiced. Itis to
be understood that other embodiments may be utilized and
structural or logical changes may be made without departing
from the scope of the present invention. For example, features
illustrated or described for one embodiment can be used on or
in conjunction with other embodiments to yield yet a further
embodiment. It is intended that the present invention includes
such modifications and variations. The examples are
described using specific language, which should not be con-
strued as limiting the scope of the appending claims. The
drawings are not scaled and are for illustrative purposes only.
For clarity, the same elements have been designated by cor-
responding references in the different drawings if not stated
otherwise.

[0030] The terms ‘“having,” “containing,” “including,
“comprising” and the like are open, and the terms indicate the
presence of stated structures, elements or features but do not
preclude additional elements or features. The articles “a,”
“an” and “the” are intended to include the plural as well as the
singular, unless the context clearly indicates otherwise.
[0031] The term “electrically connected” describes a per-
manent low-ohmic connection between electrically con-
nected elements, for example a direct contact between the
concerned elements or a low-ohmic connection via a metal
and/or highly doped semiconductor. The term “electrically
coupled” includes that one or more intervening element(s)
adapted for signal transmission may be provided between the
electrically coupled elements, for example elements that are
controllable to temporarily provide a low-ohmic connection
in a first state and a high-ohmic electric decoupling in a
second state.

[0032] The Figures illustrate relative doping concentra-
tions by indicating or “+” next to the doping type “n” or
“p”. For example, “n-"" means a doping concentration which
is lower than the doping concentration of an “n”-doping
region while an “n+”-doping region has a higher doping con-
centration than an “n”-doping region. Doping regions of the
same relative doping concentration do not necessarily have
the same absolute doping concentration. For example, two
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different “n”-doping regions may have the same or different
absolute doping concentrations.

[0033] FIG. 1A shows a semiconductor substrate 500a con-
sisting of or containing a semiconductor layer 100a of a
single-crystalline semiconductor material. The semiconduc-
tor substrate 500a may be a semiconductor wafer from which
a plurality of identical semiconductor dies is obtained. The
single crystalline semiconductor material of the semiconduc-
tor layer 100a may be silicon (Si), silicon carbide (SiC),
germanium (Ge), a silicon germanium crystal (SiGe), gallium
nitride (GaN), gallium arsenide (GaAs) or any other A, B,
semiconductor, by way of example.

[0034] A direction perpendicular to a main surface 101a of
the semiconductor layer 100q defines a vertical direction and
directions orthogonal to the vertical direction are horizontal
directions.

[0035] From the main surface 101gq, first trenches 191 and
second trenches 192 extend into the semiconductor layer
1004a. A vertical extension of the first and second trenches
191, 192 may be in a range from 1 to 10 pm, for example from
3 to 5 um A horizontal width of the trenches 191, 192 may be
in a range from 0.2 to 2 um, for example in a range from 0.8
to 1.0 um. The first and second trenches 191, 192 are stripe-
shaped trenches or portions of stripe-shaped trenches extend-
ing in a horizontal direction orthogonal to the cross-sectional
plan. The first and second trenches 191, 192 may have the
same cross-sectional area. According to other embodiments,
the second trenches 192 may be wider and deeper than the
first trenches 191. For example, a width of the second
trenches 192 exceeds a width of the first trenches 191 by 5%.
[0036] A conformal field dielectric layer 240 of uniform
layer thickness lines the first and second trenches 191, 192
and covers the main surface 101a. The field dielectric layer
240 may consist of or include a thermally grown semicon-
ductor oxide, for example a thermally grown silicon oxide in
case the semiconductor layer 100q is single crystalline sili-
con. According to another embodiment, the field dielectric
layer 240 may be a deposited semiconductor oxide, for
example deposited silicon oxide such as silicon oxide
obtained by using TEOS (tetraethyl orthosilicate) as precur-
sor material. According to other embodiments, the field
dielectric layer 240 may include a silicon nitride layer, a
silicon oxide layer or another dielectric material. A layer
thickness of the field dielectric layer 240 may be in a range
from 50 to 300 nm, for example in a range from 200 to 250
nm. A first fill material 165 fills the space between portions of
the field dielectric layer 240 lining the first and second
trenches 191, 192. The first fill material 165 consists of or
contains heavily doped polycrystalline silicon.

[0037] A mask layer may be deposited and patterned by a
photolithographic method to obtain an etch mask that covers
the second trenches 192 and that exposes the first trenches
191. Using the etch mask first fill portions 165a of'the first fill
material 165 in the first trenches 191 are selectively recessed
with respect to second fill portions 1655 of the first fill mate-
rial 165 in the second trenches 192.

[0038] According to an embodiment, the etch mask for
recessing the first fill material 165 may be used as an implant
mask 410 in the following. According to other embodiments,
the implant mask 410 is another mask replacing the etch
mask. According to a further embodiment, the implant mask
410 may be formed by modifying the etch mask. An oxidation
rate promoting material 411 is implanted into portions of the
field dielectric layer 240 and into portions of the recessed first



US 2015/0380403 Al

fill portions 165a in the first trenches 191 exposed by the
implant mask 410. The oxidation rate promoting material 411
may be or may contain arsenic ions. The implant is performed
at comparatively high dose and low energy.

[0039] FIG. 1B shows the implant mask 410 that exposes
the first fill portions 165¢a in the first trenches 191 and that
covers the second fill portions 1655 in the second trenches
192 such that the oxidation rate promoting material 411 is
selectively implanted into a first section 166 of the first fill
portions 165a, whereas no oxidation rate promoting material
is implanted into the second fill portions 16564.

[0040] Then the implant mask 410 or another mask replac-
ing the implant mask 410 may be used as an etch mask for
selectively removing an exposed portion of the field dielectric
layer 240, wherein sections of the semiconductor layer 100a
are exposed. After removal of the implant mask 410 the
semiconductor substrate 500a may be subjected to a heat
treatment in an oxygen containing ambient, wherein a ther-
mal semiconductor oxide is formed on exposed semiconduct-
ing surfaces. An oxidation growth rate is higher on the
implanted first section 166 of the first fill material 165 than on
semiconducting material without implanted oxidation rate
promoting material 411, e.g., on the semiconductor layer
100a and on the second fill portions 1654.

[0041] FIG. 10 shows a first portion 240a of a resulting field
dielectric completely lining the second trenches 192. A sec-
ond portion 2405 lines bottom portions of the first trenches
191. A thin gate dielectric 242 is grown on the single crystal-
line surface in a portion of the semiconductor layer 1004,
where the field dielectric layer 240 has been removed. The
thin gate dielectric 242 lines top portions of the first trenches
191. A thick separation oxide 241 a grows on the first fill
portions 165a, whereas only a thin separation oxide 2415
grows on the second fill portions 1654 in the second trenches
192.

[0042] By masking the implant of the oxidation rate pro-
moting material 411, the implant mask 410 of FIG. 1B sup-
presses the formation of a thick oxide on the second fill
portions 1655 in the second trenches 192. The topology and
above as well as the surface in a region containing the second
trenches 192 remain flat. The flat surface simplifies subse-
quent processing. For example, when a second fill material is
deposited and recessed to fill the upper portions of the first
trenches 191, no ancillary spacers are formed above the sec-
ond trenches 192.

[0043] FIGS. 2A to 2F illustrate a method according to a
comparative example for discussing effects of the method
illustrated in FIGS. 1A to 10.

[0044] A conformal field dielectric layer 240 is formed on
a semiconductor layer 100a of a semiconductor substrate
501aq including first trenches 191 and second trenches 192. A
first fill material 165 is deposited and selectively recessed in
the first trenches 191.

[0045] FIG. 2A shows the first and second trenches 191,
192 extending from a main surface 101q into the semicon-
ductor layer 100q. The field dielectric layer 240 covers the
main surface 101a and lines the first trenches 191 and the
second trenches 192. First fill portions 1654 of the first fill
material 165 fill bottom portions of the first trenches 191.
Second fill portions 1655 of the first fill material completely
fill the second trenches 192.

[0046] An oxidation rate promoting material 411 is
implanted into exposed portions of the field dielectric layer
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240 and into exposed surfaces of the first fill material 165 in
an implant process without implant mask.

[0047] FIG. 2B shows implant portions 240x of the field
dielectric layer 240. The thickness of the implant portions
240x may be in a range from about 5 to 50 nm. Implanted first
sections 166 of the first fill material 165 contain the oxidation
rate promoting material 411.

[0048] A mask layer is deposited and patterned by photo-
lithography to form an etch mask 405 for patterning the field
dielectric layer 240.

[0049] FIG. 2C shows the etch mask 405 covering a region
of the main surface 101a including the second trenches 192
and exposing a region of the main surface 101« including the
first trenches 191.

[0050] Using the etch mask 405 an exposed portion of the
field dielectric layer 240 is removed. After patterning the field
dielectric layer 240 the first mask 405 is removed, wherein the
implanted first sections 166 of the first fill material 165 are
exposed.

[0051] FIG. 2D shows the patterned field dielectric 240a,
2405 with a first portion 240a covering a first region of the
main surface 101a and lining the second trenches 192. A
second portion 2405 lines bottom portions of the first trenches
191. The oxidation rate promoting material 411 also damages
the material of the field dielectric layer 240 such that the etch
results in a smooth edge of the first portion 240a of the field
dielectric on the main surface 101a. An HFB (buffered aque-
ous solution of hydrogen fluoride) etch that lasts for several
minutes removes the implanted portions 240x to avoid an
undesired outdiffusion of the oxidation rate promoting mate-
rial 411 at a later process stage.

[0052] The semiconductor substrate 500a is subjected to a
heat treatment in an oxygen-containing atmosphere, wherein
the oxidation rate promoting material promotes the oxidation
of'the semiconductor material on the exposed surfaces of the
first sections 166 of the first fill material 165.

[0053] FIG. 2E shows separation oxides 241 grown at high
oxidation rate on the first and second fill portions 165a, 1655.
A thin gate dielectric 242 is grown on exposed portions of the
semiconductor layer 100a. The separation oxide 241 grown
on the second fill portion 1655 protrudes from an exposed
edge of the field dielectric 240a by several nanometers, for
example by about 150 nm.

[0054] A second fill material 155 is deposited and recessed
such that the second fill material 155 is removed from por-
tions outside the first trenches 191. When the second fill
material 155 is deposited, the vertical extension of the depos-
ited second fill material is greater in areas around steps and
protrusions in the underlying surface, e.g., around the protru-
sions formed by the separation oxide 241 above the second
trenches 192. The recess of the second fill material 155 is
mainly anisotropic with a high removal rate along the vertical
direction. As aresult, ancillary spacers 155a of the second fill
material 155 may be formed along the vertical sidewalls of the
separation oxides 241 above the second trenches 192.
Increasing the process time for reliably removing the ancil-
lary spacers 155q also further recesses the portions of the
second fill material 155 forming the gate electrode, such that
a distance between the main surface 101a and the second fill
material 155 in the first trenches 191 may become too large
for shallow source implants.

[0055] FIGS. 3Ato 3F referto an embodiment including an
oxide damage implant. The description of details described
with reference to FIGS. 1A to 10 is omitted.
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[0056] Usinga first mask as an etch mask, first trenches 191
and second trenches 192 are formed that extend in a cell area
610 from a main surface 101a into a semiconductor layer
1004 of a semiconductor substrate 500a. A conformal field
dielectric layer 240 is formed, for example by growing a
semiconductor oxide on the semiconductor layer 100q.
[0057] FIG. 3A shows the conformal field dielectric layer
240 formed on the main surface 1014 in the cell area 610 and
in a logic area 620. The logic area 620 may be devoid of any
patterned structures such as gate electrodes at this stage. The
conformal field dielectric layer 240 lines the first trenches 191
and the second trenches 192. A first fill material 165, for
example heavily doped polycrystalline silicon, is deposited
and locally recessed using a second mask as an etch mask.
The second mask may be removed after the recess.

[0058] FIG. 3A shows locally recessed first fill portions
165a of the first fill material 165 in the first trenches 191 and
unrecessed second fill portions 1655 in the second trenches
192. The field dielectric layer 240 lines at uniform thickness
the first and second trenches 191, 192 and covers the main
surface 101a in both the cell area 610 and the logic area 620.
[0059] An oxide damage material 412, for example argon
(Ar) atoms may be implanted at an implant energy of about 40
keV and an implant dose of about 4E+13 cm ™.

[0060] FIG. 3B shows an implant portion 240y of the field
dielectric layer 240. The implant portion 240y contains the
oxide damage material 412, which does not or only to a very
low degree affect an oxidation rate of the first fill material 165.
[0061] A third mask layer is deposited and patterned by
photolithography to form a third mask 430. The material of
the third mask 430, for example a photoresist, can be recessed
or etched with high selectivity against the material of the field
dielectric layer 240. An oxidation rate promoting material
411, for example arsenic (As) atoms, are implanted, wherein
the third mask 430 is effective as an implant mask and shields
a covered region against the implant of the oxidation rate
promoting material 411.

[0062] FIG. 3C shows the third mask 430 covering a first
region in the cell area 610 containing the second trenches 192
and exposing, in the cell area 610, a second region containing
the first trenches 191. The third mask 430 may also cover
further regions in the logic area 620. Implanted first sections
166 of the first fill portions 165a in the first trenches 191
contain the oxidation rate promoting material 411. No oxida-
tion rate promoting material 411 is implanted into the second
fill portions 1655 in the second trenches 192, which are
shielded against the implant by the second mask 420.

[0063] Thefield diclectric layer 240 may be patterned using
the third mask 430 or another mask replacing the third mask
430 as an etch mask. The third mask 430 may be removed
after patterning the field dielectric layer 240. An HFB etch for
removing remnants including arsenic atoms may follow.
Since the patterning of the field dielectric layer 240 removes
all portions of the field dielectric layer 240 containing arsenic
atoms, which are effective as undesired dopant in the semi-
conductor material of the semiconductor layer 100a, when
they diffuse out from the field dielectric layer 240 into the
semiconductor layer 100a during further processing, the HFB
time may be shortened to not more than approximately one
minute without adversely affecting the device characteristics.
[0064] FIG. 3D shows the patterned field dielectric with
first portions 240a covering the main surface 101a and lining
the second trenches 192 in a first region and with second
portions 2405 separating the first fill portions 165a from the
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semiconductor layer 100a in a second region. The damage
implant in the implant portion 240y containing the argon
atoms results in smooth edges of the first portions 240a on the
main surface 101a. For example, transitions TR at the edges
of the first portions 240a may have a slope angle a with
respect to the main surface 1014 in a range from 30 degree to
40 degree.

[0065] According to the illustrated embodiment, the
implant of the oxidation rate promoting material 411 and the
etch of the field dielectric layer 240 use the same mask such
that the oxidation rate promoting material is only formed
where the field dielectric is removed. The oxide damaging
implant is performed before the shared mask is applied.
According to other embodiments, the oxidation rate promot-
ing implant may share the same mask as the recess of the first
fill material 165 such that the oxidation promoting material is
only implanted where the first fill material 165 is recessed.
The oxide damaging implant may be performed maskless,
e.g., before the shared mask or the mask for etching the field
dielectric layer 240 is applied.

[0066] A thermal oxidation process is performed, wherein
an oxidation rate in semiconductor materials containing the
oxidation rate promoting material 411 is higher, e.g., at least
twice or at least four times as high as in semiconductor mate-
rials without oxidation rate promoting material.

[0067] As illustrated in FIG. 3E, thick separation oxides
241a are exclusively formed on the recessed first fill portions
165a, whereas only thin separation oxides 2415 are formed
onthe second fill portions 1655. The oxidation process further
forms a thin gate dielectric 242 on exposed portions of the
semiconductor layer 100a. A second fill material 165 is
deposited and recessed.

[0068] FIG. 3E shows the recessed second fill material 165
in the upper portions of the first trenches 191. Since no high
and steep edges and transitions are formed on the front side,
no ancillary spacers are formed as a side effect. Gate elec-
trodes 158 of lateral transistors may be formed in the logic
area 620. Further, heavily doped source zones 110 and
source/drain zones 111 of a first conductivity type as well as
body and termination zones 115, 116 of a second, comple-
mentary conductivity type may be formed in the semiconduc-
tor layer 100a, which may be of the n-conductive in the rest.
[0069] FIG. 3F refers to a device including DMOS power
transistor cells with p-conductive body regions, n-conductive
source zones 110 and an n-conductive drift region 121. Pn-
junctions formed between the body regions 115 and the drift
region 121 may be adjusted to the transition between the gate
dielectric 242 and the second portions 2405 of the field dielec-
tric. Formation of the source zones 110 may be combined
with the formation of source/drain zones 110 of lateral tran-
sistor cells in the logic area 620. Third portions 240c of the
field dielectric in the logic area 620 may form field dielectrics
ot high-voltage transistors, by way of example.

[0070] The masked implant of the oxidation rate promoting
material 411 avoids ancillary spacers above the second
trenches 192 and reduces the residence time for the HFB etch
significantly with respect to the comparative example illus-
trated in FIGS. 2A to 2F. The shorter HFB avoids the forma-
tion of steps at edges of the first portions 2405 of the field
dielectric and also the formation of further ancillary spacers,
which may be formed during the recess of the second fill
material 155 along such edges.

[0071] FIG. 4A shows masks used in the method as
described in FIGS. 3A to 3F. A first mask 702 exposes regu-
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larly spaced parallel stripes, portions of which form the first
and second trenches 191, 192. A second mask 704 exposes a
first region where the first fill material is recessed and covers
a second region, where the first fill material is not recessed.
Portions of the stripe-shaped trenches covered by the second
mask 704 are second trenches 192 and portions of the stripe
shaped trenches exposed by the third mask 706 are first
trenches 191. A third mask 706 covers the first portions of the
field dielectric layer and exposes regions where a thin gate
dielectric replaces the field dielectric layer. An overlap of the
third mask 706 with respect to termination trenches at the
edges of a field of parallel stripe-shaped trenches is at least
250 nm such that the field dielectric transitions or edges are
reliably spaced from the trench edges. Either the second or the
third mask 704, 706 may be used as the implant mask for the
oxidation rate promoting implant.

[0072] FIG. 4B shows a vertical cross-section along line
A-B-C-D in FIG. 4A. As shown on the right hand side, in
transition trenches 193 between first and second trenches 191,
192, which form portions of the same stripe-shaped trench,
only thin separation oxides 241c¢ are formed where both thick
field dielectrics 240a are formed and the first fill portions
195a are recessed. When the third mask 706 for etching the
field dielectric layer also shields the transition trench 193
against the implant of the oxidation rate promoting material,
only the thin separation oxides 241¢ are formed between the
first fill material 165 and the second fill material 155 in the
transition trenches 193. With respect to break-through reli-
ability a possible negative impact of the thin separation
oxides 241¢ may be at least partly compensated by the con-
tiguous thick field dielectric along the trench sidewalls.
[0073] FIG. 5 refers to a semiconductor device 500 includ-
ing transistor cells TC and manufactured by the method as
described with regard to the previous Figures. The semicon-
ductor device 500 may be or may include an IGFET (insu-
lated gate field effect transistor), for example a MOSFET
(metal oxide semiconductor FET) in the usual meaning
including FETs with metal gates as well as FETs with non-
metal gates, by way of example. Another embodiment may
refer to an IGBT (insulated gate bipolar transistor). The semi-
conductor device 500 may integrate further signal processing
circuits, e.g., logic circuits, driver circuits, sensor circuits and
control circuits in a logic area 620 separated from a cell area
610 that includes the transistor cells TC. The semiconductor
device 500 may integrate transistors in DMOS(diffusion
metal oxide semiconductor) technology and CMOS(comple-
mentary metal-oxide semiconductor) technology and may be
a smart FET, e.g. a smart low-side or high-side switch or a
smart power IC (integrated circuit), e.g. a multi-channel
switch or a CAN (controller area network) transceiver.
[0074] The semiconductor device 500 is based on a semi-
conductor body 100 from a single-crystalline semiconductor
material such as silicon (Si), silicon carbide (SiC), germa-
nium (Ge), a silicon germanium crystal (SiGe), gallium
nitride (GaN), gallium arsenide (GaAs) or any other A,;B,
semiconductor.

[0075] The semiconductor body 100 has a first surface 101
which may be approximately planar or which may be defined
by a plane spanned by coplanar surface sections as well as a
mainly planar second surface 102 parallel to the first surface
101. A distance between the first and second surfaces 101,
102 is selected to achieve a specified voltage blocking capa-
bility of the transistor cells TC and may be at least 40 um, by
way of example. In a plane perpendicular to the cross-sec-
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tional plane, the semiconductor body 100 may have a rectan-
gular shape with an edge length in the range of several milli-
meters.

[0076] The semiconductor body 100 includes a drift region
121 of'a first conductivity type as well as a drain layer 130 of
the first conductivity type between the drift region 121 and the
second surface 102.

[0077] A dopant concentration in the drift region 121 may
gradually or in steps increase or decrease with increasing
distance to the first surface 101 at least in portions of its
vertical extension. According to other embodiments, the
dopant concentration in the drift region 121 may be approxi-
mately uniform. A mean dopant concentration in the drift
region 121 may be between SE12 cm™ and 1E15 cm™>, for
example in a range from 5E13 cm™ to 5E14 cm™>. The drift
region 121 may include further doped zones of the first and/or
second conductivity type.

[0078] A dopant concentration in the drain layer 130 along
the second surface 102 is sufficiently high to form an ohmic
contact with a metal directly adjoining the second surface
102. In case the semiconductor body 100 is based on silicon
Si, along the second surface 102 a dopant concentration in an
n-conductive drain layer 130 may be at least 1E18 cm™>, for
example at least 5E19 cm™ and in a p-conductive drain layer
130 at least 1E16 cm™>, for example at least SE17 cm ™.
[0079] A field stop layer 128 of the first conductivity type
may separate the drift region 121 from the drain layer 130,
wherein a mean dopant concentration in the field stop layer
128 may be at least five times as high as a mean impurity
concentration in the drift region 121 and at most one-fifth of
a maximum impurity concentration in the drain layer 130.
[0080] Field electrode structures 160 and gate structures
150 extend from the first surface 101 into the semiconductor
body 100 in the cell area 610. The gate structures 150 include
gate electrodes 155 in top portions oriented to the first surface
101 and field electrodes 165 in bottom portions oriented to the
second surface 102. The field electrode structures 160 include
field electrodes 165 but do not contain gate electrodes 155.
Thick field dielectrics 240a, 2405 separate the field electrodes
165 from the surrounding semiconductor material of the
semiconductor body 100. A thin gate dielectric 242 separates
the gate electrodes 155 from the semiconductor material of
the semiconductor body 100.

[0081] A thick separation oxide 241a separates the gate
electrodes 155 from the field electrodes 165. A thin separation
oxide 2415 from the same material as the thick separation
oxide 241a may be formed on a surface of the field electrodes
165 in the field electrode structures 160. The separation
oxides 341a, 2415b are silicon oxides thermally grown on a
polycrystalline substrate. A vertical extension of the thick
separation oxide 241a exceeds at least twice the vertical
extension of the thin separation oxide 2415. According to an
embodiment, the maximum vertical extension of the thick
separation oxide 241q is at least five times as large as the
vertical extension of the thin separation oxide 2415.

[0082] The field dielectrics 240qa, 2405 may be conformal
layers of grown semiconductor oxide, for example grown
silicon oxide in case the semiconductor body 100 is made
from single crystalline silicon. According to other embodi-
ments, the field dielectrics 2404, 2405 may include a silicon
nitride layer or a silicon oxide resulting from a deposition
process.

[0083] The gate dielectric 242 is thermally grown semicon-
ductor oxide, for example thermally grown silicon oxide. The
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separation oxide 241 is a semiconductor oxide thermally
grown on the material of the field electrodes 165. Gate and
field electrodes 155, 165 consist of or contain heavily doped
polycrystalline silicon.

[0084] In mesa portions of the semiconductor body 100
between the gate structures 150 and field electrode structures
160, doped source zones 110 of the first conductivity type
may directly adjoin the first surface 101. Body zones 115 of
the second conductivity type form first pn-junctions with the
source zones 110 and second pn-junctions with the drift
region 121. The body zones 115 separate the source zones 110
from the drift region 121. Outside the semiconductor body
100 an interlayer dielectric 245 separates the gate electrodes
155 from a first load electrode 310. The interlayer dielectric
245 may include one or more dielectric layers from silicon
oxide, silicon nitride, silicon oxynitride, doped or undoped
silicon glass, for example BSG (boron silicate glass), PSG
(phosphorus silicate glass) or BPSG (boron phosphorus sili-
cate glass), by way of example.

[0085] The interlayer dielectric 245 is a homogeneous or
layered conformal structure with uniform cross-section
above the gate structures 150 and above the field electrode
structures 160.

[0086] The first load electrode 310 may form or may be
electrically coupled or connected to a first load terminal, for
example the source terminal S in case the transistor cells TC
form an n-channel IGFET. Contact structures 315 extend
through the interlayer dielectric 245 and electrically connect
the first load electrode 310 with the body zones 115 and the
source zones 110.

[0087] A second load electrode 320, which directly adjoins
the second surface 102 and the drain layer 130, may form or
may be electrically connected to a second load terminal,
which may be the drain terminal D in case the transistor cells
TC form an n-channel IGFET.

[0088] Each ofthe first and second load electrodes 310,320
may consist of or contain, as main constituent(s), aluminum
(Al), copper (Cu), or alloys of aluminum or copper, for
example AlSi, AlCu or AlSiCu. According to other embodi-
ments, at least one of the first and second load electrodes 310,
320 may contain, as main constituent(s), nickel (Ni), titanium
(Ti), tungsten (W), tantalum (Ta), vanadium (V), silver (Ag),
gold (Au), platinum (Pt), and/or palladium (Pd). For example,
at least one of the first and second load electrodes 310, 320
may include two or more sub-layers, wherein each sub-layer
contains one or more of Ni, Ti, V, Ag, Au, Pt, W, and Pd as
main constituent(s), e.g., a silicide, a nitride and/or an alloy.
[0089] In the logic area 620 the semiconductor device 500
may include a signal processing circuit, for example a logic
circuit, a sense circuit, a control circuit, or a driver circuit such
as a gate driver circuit. The signal processing circuit may
include lateral transistors TCL with planar gate electrodes
158 and shallow source/drain zones 111, which may be
formed contemporaneously with the source zones 110 in the
cell area 610, wherein the source zones 110 and the source/
drain zones 111 may have the same vertical extension. The
logic area 620 may further include high voltage transistors
including further portions of the field dielectric used for
decoupling low-doped lateral drain extensions.

[0090] Since no thick separation oxide is formed in the
vertical projection of the field electrode structures 160, no
conductive spacer remnants that may result from the forma-
tion of the gate electrodes 155 and that may adversely affect
device reliability appear in the interlayer dielectric 245.
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[0091] FIG. 6A refers to an electronic circuit 591 including
a semiconductor device 500 as described in the previous
figures. The semiconductor device 500 may be a smart FET
usable as a low-side switch and including a power FET 505
and a signal processing circuit 506. A drain terminal D is
electrically connected to a drain electrode of the power FET
505 and may be connected to aload LD which may be a motor
winding, a coil or a transformer winding, by way of example.
The load LD is electrically arranged in series between the
anode of a battery BAT and the drain terminal D. A source
terminal S of the semiconductor device 500 is electrically
connected to a source electrode of the power FET 505 and
may be connected to a cathode of the battery BAT. Further
power terminals Vdd, Gnd may provide the supply voltage for
the internal signal processing circuit 506. A gate control
circuit 510 may be electrically connected to an input terminal
IN and may supply a signal for controlling the switching cycle
of the semiconductor device 500.

[0092] The power FET 505 includes a microcell power
transistor in a DMOS portion of the semiconductor device
500. The signal processing circuit 506 includes transistors of
another technology, e.g., CMOS transistors, low-voltage
FETs, lateral high-voltage FETs and/or bipolar transistors in
afurther portion, e.g.,a CMOS portion. The signal processing
circuit 506 may provide overvoltage protection, ESD protec-
tion, current limitation, overload protection and/or short-cir-
cuit protection, by way of example. Other embodiments refer
to smart high-side switches.

[0093] Inthe electronic circuit 592 of FIG. 6B the semicon-
ductor device 500 is a monolithically integrated half-bridge
circuit and includes two power FETs 505 and a signal pro-
cessing circuit 506. The source of the high-side switch is
connected to a high-side output terminal OutH and the drain
of the low-side switch is connected to a low-side output
terminal OutL.. A motor winding may be electrically arranged
between the high-side output terminal OutH and the low-side
output terminal OutL.. The signal processing circuit 506 may
provide pulse width modulation, gate driving, overvoltage
protection, ESD protection, current limitation, overload pro-
tection and/or short-circuit protection, by way of example.

[0094] Although specific embodiments have been illus-
trated and described herein, it will be appreciated by those of
ordinary skill in the art that a variety of alternate and/or
equivalent implementations may be substituted for the spe-
cific embodiments shown and described without departing
from the scope of the present invention. This application is
intended to cover any adaptations or variations of the specific
embodiments discussed herein. Therefore, it is intended that
this invention be limited only by the claims and the equiva-
lents thereof.

What is claimed is:

1. A method of manufacturing a semiconductor device, the
method comprising:

filling a first trench and a second trench, which extend from
amain surface into a semiconductor layer, with a first fill
material and selectively recessing the first fill material in
the first trench;

forming a mask covering the second trench and exposing
the first trench;

implanting an oxidation rate promoting material into an
exposed first section of the recessed fill material in the
first trench; and
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thermally oxidizing, after removing the mask, the first fill
material, wherein on the first section an oxidation rate is
atleast twice as high as on non-implanted sections of the
first fill material.

2. The method of claim 1, further comprising:

forming, by thermal oxidation and before forming the
mask, a field dielectric layer lining the first and second
trenches and covering the first surface.

3. The method of claim 2, further comprising:

removing a section of the field dielectric layer exposed by
the mask.

4. The method of claim 3, further comprising:

acleaning etch using a buffered aqueous solution of hydro-
gen fluoride, the cleaning etching being performed after
removing a section of the field dielectric layer and before
oxidizing the recessed first fill material.

5. The method of claim 2, further comprising:

implanting, before forming the mask, an oxide damaging
material into the field dielectric layer, wherein the oxide
damaging material does not affect oxide growth on the
first fill material.

6. The method of claim 5, wherein

the oxide damaging material comprises argon atoms.

7. The method of claim 1, wherein

a gate dielectric is formed on exposed sidewall portions of
the first trench during thermally oxidizing the recessed
first fill material in the first trench.

8. The method of claim 1, further comprising:

depositing and recessing, after thermally oxidizing the
recessed first fill material, a second fill material in the
first trench.

9. The method of claim 8, further comprising:

forming, after recessing the second fill material, gate elec-
trodes of signal processing circuits in a logic area out-
side a cell area that comprises the first and second
trenches.

10. The method of claim 1, wherein

a plurality of the first and second trenches are formed,
respectively.

11. The method of claim 10, wherein

the first trenches are central portions of stripe-shaped
trenches and end portions of the stripe-shaped trenches
are second trenches.

12. The method of claim 10, further comprising:

forming, in mesa sections of the semiconductor layer
between neighboring first trenches, source zones adjoin-
ing the main surface and body zones forming first pn
junctions with the source zones.

13. The method of claim 1, wherein

thermally oxidizing the first fill material forms a thin sepa-
ration oxide of grown silicon oxide on the non-im-
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planted sections of the first fill material in the second
trenches and a thick separation oxide of grown silicon
oxide on the implanted first section of the first fill mate-
rial in the first trench, wherein a vertical extension of the
thin separation oxide is smaller than a vertical extension
of the thick separation oxide.

14. The method of claim 1, further comprising:

forming, after thermally oxidizing the first fill material an
interlayer dielectric on the main surface, wherein the
interlayer dielectric has a uniform homogenous or lay-
ered configuration in a cell area comprising the first and
second trenches.

15. The method of claim 14, wherein

the interlayer dielectric is devoid of thermally grown sili-
con oxide.

16. A semiconductor device comprising:

field electrode structures extending from a first surface into
a semiconductor body and comprising field electrodes;

gate structures extending from the first surface into the
semiconductor body and comprising field electrodes
and gate electrodes between the field electrodes and the
first surface;

a thin separation oxide of grown silicon oxide on the field
electrodes of the field electrode structures; and

a thick separation oxide of grown silicon oxide separating
the gate and field electrodes of the gate structures,
wherein a vertical extension of the thick separation
oxide is greater than a vertical extension of the thin
separation oxide.

17. The semiconductor device of claim 16, wherein

the thick separation oxide is at least twice as thick as the
thin separation oxide.

18. The semiconductor device of claim 16, further com-

prising:
lateral transistors comprising planar gate electrodes.
19. An electronic circuit comprising a semiconductor
device, the semiconductor device comprising:

field electrode structures extending from a first surface into
a semiconductor body and comprising field electrodes;

gate structures extending from the first surface into the
semiconductor body and comprising field electrodes
and gate electrodes between the field electrodes and the
first surface;

a thin separation oxide of grown silicon oxide on the field
electrodes of the field electrode structures; and

a thick separation oxide of grown silicon oxide separating
the gate and field electrodes of the gate structures,
wherein a vertical extension of the thick separation
oxide is greater than a vertical extension of the thin
separation oxide.
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