wo 20207198910 A 1 |0 0000 KO Y100 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
08 October 2020 (08.10.2020)

(10) International Publication Number

WO 2020/198910 A1l

WIPO I PCT

(51) International Patent Classification:
HO1L 29/78 (2006.01) HO1L 21/336 (2006.01)

(21) International Application Number:
PCT/CN2019/080340

(22) International Filing Date:
29 March 2019 (29.03.2019)

(72) Inventors: YANG, Hong; 4616 Breckinridge Boulevard,
Richardson, Texas 75082 (US). SRIDHAR, Seetharaman;
4424 Cedar Elm Circle, Richardson, Texas 75082 (US).
CHEN, Yaping;, No. 28, Er Huan Lu Dong Yi Duan,
Chengdu, Sichman 610051 (CN). MA, Fei, 518 Wenxin
Road, Pixian, Chengdu, Sichuan 611730 (CN). LIU, Yun-
long; 421 Taishan North Road, Pixian, Chengdu, Sichuan
610031 (CN). KIM, Sunglyong; 1516 Jamison Drive,

(25) Filing Language: English Allen, Texas 75013 (US).
(26) Publication Language: English  (74) Agent: LEE AND LI - LEAVEN IPR AGENCY LTD.;
(71) Applicant: TEXAS INSTRUMENTS INCORPORAT- Unit 2202, Tower A, Beijing Marriott Center, No. 7, Jian
ED [US/US]; 12500 Ti Boulevard, MS 3999, Dallas, Texas Guo Men South Avenue, Beijing 100005 (CN).
75243 (US). (81) Designated States (unless otherwise indicated, for every
(71) Applicant (for JP only): TEXAS INSTRUMENTS kind of national protection available). AE, AG, AL, AM,
JAPAN LIMITED [JP/JP]; 24-1, Nishi-shinjuku 6-chome, AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
Shinjuku-ku, Tokyo 160-8366 (JP). CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(54) Title: TRENCH SHIELD ISOLATION LAYER
100
h 130
138
112 1‘?’0 )
.. \ £ i
R P !
136/ [
S 104
118 i
142 // 114
128~ \b 102
T
122"/‘; /"116
16— W
120—+" | t
18— N/ P /g
| Pl
118 _//H\_E ,/’\/ 108
‘ 106

FIG. 1

(57) Abstract: A semiconductor device (100) has a semiconductor material (108) in a substrate (102). The semiconductor device (100)
has an MOS transistor (112). A trench (110) in the substrate (102) extends from a top surface (104) of the substrate (102) into the
semiconductor material (108). A shield (114) is disposed in the trench (110). The shield (114) has a contact portion (132) which extends
toward a top surface of the trench (110). A gate (122) of the MOS transistor (112) is disposed in the trench (110) over the shield (114).
The gate (122) is electrically isolated from the shield (114). The gate (122) is electrically isolated from the contact portion (132) of the
shield (114) by a shield isolation layer (136) which covers an angled surface (134) of the contact portion (132) extending toward the
top of the trench (110). Methods of forming the semiconductor device (100) are disclosed.
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TRENCH SHIELD ISOLATION LAYER

FIELD
{0001 This disclosure relates to the field of semiconductor devices. More
particularly, this  disclosure relates 1o isolation lavers in  mucroelectronic

devices/integrated circuits/semiconductor devices.

BACKGROUND

{6002} Some semiconductor devices include a transistor with a gate 1 a trench n
the semiconductor substrate, and a shield in the trench below the gate. Such a
configuration 18 common in vertical metal oxide semiconductor (MOS) transistors. A
portion of the shield extends to a top of the trench, to provide an area for an electrical
connection to the shield. Forming the shield and the gate to be electrically isolated from
each other, while maintaining the size of the transistor below a target size, has been
difficult to achieve n production.
SUMMARY

{0003] The present disclosure introduces a semiconductor device which includes
a metal oxide semiconductor (MOS) transistor having a trench i a substrate. The
substrate includes a semiconductor material extending to the trench. A shield is disposed
in the trench. A contact portion of the shield extends toward a top surface of the trench.
A gate 15 disposed in the trench over the shield. The gate 15 electrically solated from the
shield. The gate 1s electrically isolated from the contact portion of the shield by a shield
isolation laver which covers an angled surface of the shield contact portion extending
toward the top of the trench. The semiconductor device 1s formed by removing at least a
portion of a shield liner in the trench in a region for the gate, and forming the shield
1solation layer on the surface of the shield extending toward the top of the trench, prior to

formung the gate.

BRIEF DESCRIPTION OF THE VIEWS OF THE DRAWINGS

[0004] FIG. 1 1s a cross section of an example semiconductor device with a shield

and a gate separated by a shield 1solation layer.



WO 2020/198910 PCT/CN2019/080340

{B0O05] FIG. 2A through FIG. 2N are cross sections of a semiconductor device
with a shield and a gate separated by a shield solation layer, depicted i stages of an
example method of formation.

[0006] FIG 3A and FIG 3B are cross sections of a semiconductor device with a
shield and a gate separated by a shield isolation layer, depicied in stages of another

example method of formation.

DETAILED DESCRIPTION

{6067} The present disclosure 1s described with reference to the attached figures.
The figures are not drawn to scale and they are provided merely to illustrate the
disclosure.  Several aspects of the disclosure are described below with reference to
example applications for illustration. It should be understood that numerous specific
details, relationships, and methods are set forth to provide an understanding of the
disclosure. The present disclosure is not limited by the ilusirated ordering of acts or
events, as some acts may occur in different orders and/or concurrently with other acts or
events. Furthermore, not all lustrated acts or events are required to implement a
methodology in accordance with the present disclosure.

{00608] A semiconductor device has a trench in a substrate. The substrate includes
a semiconductor material, which extends to the trench. The semiconductor device
includes a metal oxide semiconductor (MOS) transistor. A shield of the MOS transistor
15 disposed n the trench, along a botiom of the trench and extending toward a top of the
trench, for example, at an end of the trench. The shield 1s separated from the
senuconductor material of the substrate by a shield liner which 15 electrically
non-conductive.  An electrical connection to the shield may be located at the top of the
trench, where the shield extends toward the top of the trench. The shield has an angled
surface where the shield extends toward the top of the trench. A gate of the MOS
transistor 1s disposed in the trench, over the shield. The gate 135 separated from the angled
surface of the shield by a shield 1solation layer which includes a dielectric material.
{0009] The semiconductor device 1s formed by formung the shield liner in the
trench, and forming the shield on the shield hner, extending to a top of the trench. A

portion of the shield is removed from the trench, leaving the shield extending along a
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bottom of the trench, and extending toward the top of the trench with the angled surface.
At least a portion of the trench liner 1s removed where exposed by the shield. A shield
isolation layer 13 formed on the shield, covering the angled surface of the shield that
extends toward the top of the trench. The gate 1s formed in the trench, so that the gate 13
separated from the angled surface of the shield by the shield solation layer.

{0019} It 15 noted that terms such as top, bottom, over, and below may be used in
this disclosure.  These terms should not be construed as limiting the position or
orientation of a structure or element, but should be used to provide spatial relationship
between structures or elements.

{0011 FIG 115 a cross section of an example semiconductor device with a shield
and a gate separated by a shield 1solation laver. The semiconductor device 100 mcludes a
substrate 102 having a top surface 104 and a bottom surface 106, located opposite from
the top surface 104, The substrate 102 includes a semiconductor material 108, such as
stlicon. The semiconductor material 108 may extend from the top surface 104 io the
bottom surface 106, as depicted in FIG. 1. The substrate 102 has one or more trenches
110 extending from the top surface 104 into the semiconductor material 108. References
in the singular tense include the plural, and vice versa, unless otherwise noted. The
trenches 110 may optionally be connected at a point not shown in FIG. 1, to provide a
single trench 110, The semiconductor material 108 extends to the trenches 110. The
trenches 110 may be 0.5 microns to 2 microns wide, for example, and may have ratios of
depth to width, referred to as aspect ratios, of 3:1 to 10:1, for example.

{6012] The senuconductor device 100 includes an MOS transistor 112, The MOS
transistor 112 includes a shield 114 disposed in the trenches 110, The shield 114 15
electrically conductive, and may include, for example, polycrystalline silicon, sometime
referred to as polysilicon. The polyerystalline silicon may be doped during deposition, or
may be implanted with dopants after deposition, to reduce an electrical resistivity of the
shield 114, The shield 114 1s separated from the semuconductor material 108 by a shield
fmer 116 which 13 electrically non-conductive. In this example, the shield liner 116 may
mclude a first liner 118 of thermal stlicon dioxide, contacting the semiconductor material
108, and a second liner 120 of a depostted dielectric matenal, contacting the first liner

118 The thermal siicon dioxide in the first liner 118 may be characterized by a
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stoichiometric composition of silicon dioxide, that is, S10;, and a hydrogen content less
than 5 atomic percent. The first liner 118 may have a thickness of 20 nanometers to 200
nanometers 1o the trenches 110, for example. The first iner 118 may optionally extend
over the top surface 104 of the substrate 102, as indicated in F1G. 1. The second hiner
120 may include silicon dioxide, and may bave an eich rate, in aqueous buffered
hydrofluoric acid, that is at least twice an etch rate, in the same agueous buffered
hydrofluoric acid, of the first liner 118, The shield liner 116 may vary i thickness,
having a higher thickness proximate to a bottom of the shield 114 than proximate to a top
of the shield 114 By way of example, the shield hiner 116 may have a thickness of 200
nanometers to 400 nanometers proximate to the bottom of the shield 114, and may have a
thickness of 60 nanometers to 200 nanometers proximate to the top of the shield 114,
Having a varying thickness of the shield liner 116 may advantageously reduce an electric
field 1n the semiconductor material 108 between the trenches 110 during operation of the
MOS transistor 112, The term “proximate to” 1s understood in this context to refer to a
vertical distance that s less than a lateral widih of the trenches 110, The terms “lateral”
and “laterally” refer to a direction parallel to the top surface 104 of the subsirate 102
The terms “vertical” and “vertically” refer to a direction perpendicular to the top surface
104,

{0013] The MOS transistor 112 includes a gate 122 in the trenches 110. The
shield 114 extends under the gate 122 in the irenches 110. The gate 122 may include
polverystalline silicon, for example, with appropriate dopants to attain a desured threshold
potential during operation of the MOS transistor 112, A gate bottom surface 124 of the
gate 122 1s separated from the shield 114 by a lateral insulator 126, The lateral insulator
126 may include silicon dioxide, for example. The gate 122 extends to proxumate to a top
of the trenches 110, that 1s, proximate to the top surface 104 of the substrate 102
Proximate to the top surface 104, mm this example, 15 understood to mean a vertical
distance between a top of the gate 122 and the top surface 104 15 less than a lateral width
of one of the trenches 110, The gate 122 is separated from the semiconductor material
108 by a gate dielectric layer 128, which contacts the gate 122 and the semuconductor

material 108,



WO 2020/198910 PCT/CN2019/080340

{0014] One or more contact portions 132 of the shield 114 extend toward the top
of that trench 110, that i1s, toward the top surface 104, The contact portions 132 of the
shield 114 may be located, for example, at ends 130 of the trenches 110, The contact
portion 132 of the shield 114 has an angled surface 134 adjacent to the gate 122 that
extends from below the gate bottom surface 124 to proximate to the top of the trench 110,
A plane of the angled surface 134 mtersects the top surface 104 of the substrate 102 at an
angle of 45 degrees to 90 degrees, with 90 degrees bemng perpendicular to the top surface
104, The angled surface 134 of the contact portion 132 of the shield 114 is separated
from the gate 122 by a shield isolation Iayer 136, which 1s electrically non-conductive.
The shield i1solation layer 136 contacts the gate 122 and the angled surface 134 of the
contact portion 132 of the shield 114, The shield 1solation layer 136 may extend laterally
between the gate bottom surface 124 and the shield 114 for a distance sutficient to
provide complete coverage of the angled surface 134 of the contact portion 132 of the
shield 114, but does not extend a length of each of the trenches 110. By way of example,
the shield isolation layer 136 may extend laterally between the gate bottom surface 124
and the shield 114 for 1 micron to 5 microns. The shield isolation layer 136 may include
stlicon dioxide, with a hydrogen content less than 15 atomic percent. The shield isolation
layer 136 may extend over the top surface 104 of the substrate, as shown in F1G. 1. The
shield isolation layer 136 may be 100 nanometers to 300 nanometers thick, for example.
The shield isolation layer 136 may advantageously reduce leakage current between the
gate 122 and the contact portion 132 of the shield 114 during operation of the MOS
transistor 112, compared to relying on an extension of the gate dielectric layer 128 to
isolate the gate 122 from the contact portion 132 of the shield 114

[0015] The shield isolation layer 136 may extend onto a top dielectric layer 138
The top dielectric layer 138 may include silicon dioxide, and may be 300 nanometers to 1
micron thick, for example. An edge of the top diclectric layer 138 adjacent to the contact
portion 132 of the shield 114 may be tapered, as depicted i FIG. 1. Contacts 140 may
extend through the top dielectric layer 138 to provide electrical connections to the contact
portion 132 of the shield 114

{0016} The MOS transistor 112 of this example includes a source 142 n the

semiconductor material 108, contacting the gate dielectric layer 128, The source 142 has

(]
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a first conductivity type, for example, n-type. The MOS transistor 112 of this example
mcludes a body 144 1n the semiconductor material 108, contacting the gate dielectric
faver 128 and the source 142, The body 144 has a second conductivity type, opposite
from the first conductivity type; in this example, the body 144 may be p-type, as
indicated mn FIG. 1. The MOS transistor 112 of this example includes a drain contact
region 146 1n the semiconductor material 108 below the trenches 110, extending to the
bottom surface 106 of the substrate 102, The dramn contact region 146 has the first
conductivity type, which 13 n-type mn this example, as indicated in FIG. 1. The
semiconductor material 108 between the body 144 and the dran contact region 146 may
have the first conductivity type, n-type n this example, and may provide a drain daft
region for the MOS transistor 112,

{6617] FI(z. 2A through FIG. 2ZN are cross sections of a semiconductor device
with a shield and a gate separated by a shield isolation laver, depicted in stages of an
example method of formation. Referring to FIG. 2ZA, formation of the semiconductor
device 200 includes acquiring a substrate 202, The substrate 202 may be implemented as
a semiconductor wafer, such as a silicon wafer, optionally with an epitaxial layer, for
example. The substrate 202 has a top surface 204 and a bottom surface 206 located
opposite from the top surface 204, The substrate 202 includes a semiconductor material
208, such as silicon. The semiconductor material 208 may extend from the top surface
204 to the bottom surface 206, as depicted in FIG. 2A.

[0018] The substrate 202 mcludes an area for an MOS transistor 212, In the area
for the MOS transistor 212, one or more trenches 210 are formed in the substrate 202,
The trenches 210 extend from the top surface 204 into the semiconductor material 208,
The one or more trenches 210 may optionally be connected at a point not shown mn FIG.
2A, to provide a single trench 210. The trenches 210 may extend to proximate to the
bottom surface 206 of the substrate 202, as depicted in FIG. 2A.  Alternatively, the
trenches 210 may extend through the semiconductor material 208 to the bottom surface
206. The trenches 210 may be 0.5 nucrons to 2 microns wide, for example, and may
have aspect ratios of 3:1 to 10:1, for example.

{6019} A first liner 218 15 formed on the semiconductor material 208 in the

trenches 210, The first liner 218 of this example 15 formed by a thermal oxidation
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process at a temperature above 800 °C, so that the first hner 218 includes primanily
thermal silicon dioxide having a stoichiometric composition of silicon dioxide, that s,
8102, and a hydrogen content less than 5 atomuc percent. The first hiner 218 may have a
thickness of 20 nanometers to 200 nanometers in the trenches 210, for example. The first
hiner 218 may extend over the top surface 204 of the substrate 202, as depicted n FIG.
2A.

{0628] Referring to FIG. 2B, a second hiner 220 1s formed on the trenches 210 on
the first hiner 218, The second liner 220 may be formed by a thermal chenucal vapor
deposition {TVID} process using tetraethyl orthosilicate {TEQORS), 81(0OC,Hs),, sometimes
referred to as tetracthoxysilane. The thermal CVD process may be implemented as a
sub-atmospheric chemical vapor deposition {(SACVD)} process, for example, or as an
atmospheric pressure chemical vapor deposition (APCVD) process.  Alternatively, the
second liner 220 may be formed by a plasma enhanced chemical vapor deposition
{PECVD) process, using TEOQS. The second liner 220 includes primarily silicon dioxide.
The second liner 220 1s formed at a temperature sufficiently low so that the second liner
220 has an etch rate, in agueous buffered hydrofluoric acid, that is at least twice an etch
rate, in the same aqueous buffered hydrofluoric acid, of the first liner 218, By way of
example, the second liner 220 may be formed below 600 °C. The second liner 220 may
be formed to have a greater thickness proximate to bottoms of the trenches 210 that
proximate to tops of the trenches 210, as depicted in FIG. 2B. The second liner 220 may
be formed in two or more steps to attain a desired thickness profile in the trenches 210
The second liner 220 may be removed from over the top surtace 204 of the substrate 202,
as indicated in FI1G. 2B, or may extend over the top surface 204, similarly to the first hiner
218, A combination of the first liner 218 and the second hiner 220 provides a shield liner
216 in the trenches 210,

{6021} A shield 214 1s formed in the trenches 210 on the shield hiner 216,
extending to proximate to the top surface 204 of the substrate 202, The shield 214 13
electrically conductive, and 1s electrically 1solated from the semiconductor material 208
by the shield liner 216, The shield 214 may be formed by thermal or plasma
decomposition of silane or disilane, so that the shield 214 may wmclude primarily

polycrystalling silicon.  The shield 214 may be formed at a temperature that 1s
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sufficiently low so as to maintain the etch rate of the second liner 220, in aqueous
buffered hyvdrofluoric acid, above twice the etch rate of the first iner 218. By way of one
example, the shield 214 may be formed of undoped polycrystalline silicon at 600 °C to
620 °C, and subsequently mmplanted with dopants and anvealed to provide a deswred
electrical resistivity in the shield 214, By way of another example, the shield 214 may be
formed of doped polycrystaliine silicon at 500 °C to 380 °C by including dopant reagents
with the silane or disilane.

[0022] Referring to FIG. 2C, a top dielectric layer 238 1s formed over the top
surface 204 of the substrate 202, The top dielectric layer 238 18 patterned to expose the
shield 214 m the trenches 210, The top dielectric layer 238 may mclude silicon dioxide,
and may be 300 nanometers to T micron thick, for example. The top dielectric layer 238
may be formed by a thermal CVE process using TEOS, or by a PECVD process using
TEOS, at a temperature that is sufficiently low so as to maintain the etch rate of the
second hiner 220, in aqueous buffered hydrofluoric acid, above twice the etch rate of the
first liner 218 An edge of the top dielectric layer 238 adjacent to the shield 214 may be
tapered, as depicted in FIG. 2C, using an erodable etch mask, and etching the top
dielectric layer 238 using an isotropic plasma etch process.

{0023] Referring to FIG. 2D, a shield etch mask 248 is formed over the top
surface 204 of the substrate 202, covering one or more contact portions 232 of the shield
214, which may be located, for example, at ends 230 of the trenches 210, and exposing
the shield 214 past the contact portion 232, The shield etch mask 248 may mclude
photoresist, and may be formed by a photolithographic process. The shield etch mask
248 may include hard mask materials, such as silicon nitride or amorphous carbon. In an
alternate version of this example, the shield etch mask 248 may be used to provide an
etch mask for both the top dielectric layer 238 and the shield 214, advantageously
reducing fabrication cost and complexity of the semuconductor device 200.

[0024] A portion of the shield 214 1s removed where exposed by the shield etch
mask 248, leaving the shield 214 along a bottom portion of the trenches 210, The portion
of the shield 214 may be removed by a reactive ion etch (RIE) process using chlorine or
bromime. The portion of the shield 214 may be removed by a timed etch process, to

remove a desired amount of the shield 214, The process of removing the portion of the
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shield 214 leaves the contact portion 232 with an angled surface 234 extending proximate
to the top surface 204 of the substrate 202. The process of removing the portion of the
shield 214 also leaves at least a portion of the shield liner 216 in the trenches 210,
extending to the top surface 204, as depicted in FIG. 2D,

{0025] Referring to FIG. 2E, the shield etch mask 248 of FIG. 2D 15 removed.
The shield etch mask 248 may be removed by an oxygen plasma process, such as an
asher process or a downstream asher process, or an ozone process, followed by a wet
clean process using an aqueous mixture of sulfuric acid and hydrogen peroxide. Other
methods for removing the shield etch mask 248 are within the scope of this example.
The shield etch mask 248 may be used to provide an etch mask for the top dielectric laver
238, before being removed, as noted above.

{06026] Referring to FI(G. 2F, the second liner 220 1s removed from the trenches
210 where exposed by the shield 214, The second liner 220 may be removed by a wet
etch using an aqueous solution of buffered hydrofluoric acid, for example a 1 percent
solution of buffered hydrofluoric acid. At least a portion of the first liner 218 remains in
the trenches 210, extending up to the top surface 204 of the substrate 202, due to the
lower etch rate of the first liner 218 in the buffered hydrofluoric acid solution than the
second hiner 220. The wet etch to remove the second liner 220 may be a timed etch
process, to remove the second liner 220 where exposed by the shield 214, while reducing
etching of the second liner 220 between the shield 214 and the first liner 218, Forming
the second liner 220 to have an etch rate at least twice that of the first liner 218 may
advantageously enable complete removal of the second liner 220 where exposed by the
shield 214 while leaving a continuous portion of the first liner 218 on the semiconductor
material 208 in the trenches 210, preventing erosion of the semiconductor material 208,
The process of removing the second liner 220 where exposed by the shield 214 may
result in grooves 250 1o the second hiner 220 along the angled surface 234 of the contact
portion 232 of the shield 214, between the contact portion 232 and the first liner 218, as
depicted 1n FIG. 2F. The grooves 250 may expose edges of the contact portion 232 of the
shield 214 along the angled surface 234, These edges may be difficult to electrically
isolate from a subsequently-formed gate 222, shown in FIG. 2N, by a subsequently-

formed gate diclectric layer 228, shown m FIG. 2L, alone.

Nel
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{6627] Referring to FIG 2G, a conformal layer 252 is formed over the top
dielectric laver 238 and the top surface 204 of the substrate 202, extending wnto the
trenches 210 and covering the shield 214, mcluding the angled surface 234 of the contact
portion 232 of the shield 214, The conformal layer 252 fills in the grooves 250 of FIG.
2F i the second liner 220 along the angled surface 234 of the contact portion 232 of the
shield 214, The conformal laver 252 includes primarily silicon dioxide, and 1s formed, in
this example, by a thermal CVD process using TEQS, such as an SACVD process or an
APCVD process, or a PECVD process using TEQOS, at a temperature sufficiently low so
that the conformal fayer 252 has an etch rate, m aqueous buffered hydrofluoric acid, that
1s at least twice an etch rate, 10 the same aqueous buffered hydrofiuoric acid, of the first
hiner 218, By way of example, the conformal laver 252 may be formed at approximately
600 °C. The conformal layer 252 is formed to be conformal in the trenches 210, that 15,
an average thickness of the conformal layer 252 on angled surfaces of the trenches 210 15
50 percent to 125 percent of an average thickness of the conformal layer 252 on
horizontal surfaces in the trenches 210.

{0028] Referring to FIG. 2H, an isolation etch mask 254 15 formed over the
conformal layer 252 The isolation etch mask 254 extends over the contact portion 232
of the shield 214 and into the trenches 210 past the angled surface 234 of the contact
portion 232, The isolation etch mask 254 does not cover the shield 214 throughout the
trenches 210. The isolation etch mask 254 may extend over the shield 214 past the
angled surface 234 a lateral distance of 1 micron to 5 nucrons, for example, to allow for
undercut of the conformal layer 252 while maintating complete coverage of the angled
surface 234. The isolation etch mask 254 may include photoresist, and may be formed by
a photolithographic process. Alternatively, the isolation etch mask 254 may include a
polymer, and may be formed by an additive process, such as an ink jet process or a
material extrusion process.

{0029] Referring to FIG. 21, the conformal laver 252 of FIG 2H is removed
where exposed by the 1solation etch mask 254 to form a shield isolation layer 236 of the
conformal layer 252 covered by the 1solation etch mask 254, The conformal layer 252
may be removed by a wet etch using an aqueous solution of buffered hydrofluoric acid,

for example a 1 percent solution of butfered hydrofluoric acid. The conformal layer 252
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may be removed by a wet etch similar to that used to remove a portion of the second liner
220 as disclosed in reference to FIG. 2F. The process of removing the conformal layer
252 1s performed so as to leave at least a portion of the first liner 218 in the trenches 210,
extending up to the top surface 204 of the substrate 202, due to the lower etch rate of the
contormal layer 252 in the buffered hydrofluoric acid solution than the second liner 220.
The wet etch to remove the conformal layer 252 may be a timed etch process, to reduce
undercut of the conformal layer 252 and to reduce etching of the second liner 220
between the shield 214 and the first liner 218 Forming the conformal layer 252 to have
an etch rate at least twice that of the first liner 218 may advantageously enable complete
removal of the conformal laver 252 where exposed by the isolation etch mask 254 while
feaving a continuous portion of the first hner 218 on the semuconductor materal 208 in
the trenches 210, preventing erosion of the semiconductor material 208,

{0030] Referring to FIG. 23, the 1solation etch mask 254 of FIG. 21 s removed.
The 1solation etch mask 254 may be removed by an oxygen plasma process followed by a
wet clean process, such as the process described for removal of the shield etch mask 248,
disclosed in reference to FIG. 2F.

{0031} The shield 1solation layer 236 may optionally be heated after the isolation
etch mask 254 1s removed, to reduce an etch rate of the shield isolation laver 236 in an
aqueous solution of buftered hydrofluoric acid, prior to removing the first liner 218
where exposed by the second liner 220 and the shield 1solation layer 236, For example,
the shield isolation laver 236 may be heated to 800 °C to 900 °C, for 5 nmunutes to 60
minutes.  Alternatively, formation of the semiconductor device 200 may be contimued
without heating the shield isolation layer 236,

[60632] The shield isolation layer 236 covers the angled surface 234 of the contact
portion 232 of the shield 214, and extends into the grooves in the second hiner 220 along
the angled surface 234 of the contact portion 232 of the shield 214, The shield solation
layer 236 may be formed to extend laterally on the shield 214 for a distance sufficient to
provide complete coverage of the angled surface 234

[0033] Referring to FIG. 2K, the first hiner 218 1s removed in the trenches 210
where exposed by the second liner 220 and by the shield 1solation layer 236, The first

limer may be removed by an aqueous solution of buffered hydrofluornic acid, which may
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also remove a portion of the second liner 220 and a portion of the shield isolation layer
236. The top surface 204 of the substrate 202 may remamn covered by silicon dioxide
after the first liner 218 s removed mm the trenches 210, as depicted n FIG. 2K.
Alternatively, removal of the first liner 218 in the trenches 210 may result in removal of
stlicon dioxide from a portion or all of the top surface 204 where exposed by the shield
isolation layer 236 and the top dielectric laver 238, Formung the first liner 218 to be
thinner than the second hiner 220 and thinner than the shield solation layer 236 may
advantageously enable removal of the first liner 218 without significant degradation of
the second hiner 220 and the shield 1solation layer 236,

{0034] Referring to FIG. 2L, a gate dielectric layver 228 15 formed on the
semiconductor material 208 in the trenches 210 where exposed by the first iner 218, The
gate dielectric layer 228 may be formed by a thermal oxidation process, and may have a
thickness of 5 nanometers to 500 nanometers, for example. Other methods for forming
the gate dielectric layer 228 are within the scope of this example. Forming the gate
dielectric layer 228 may result in forming a dielectric layer, not shown in FIG. ZL, on the
shield 214 n the trenches 210.

{0035] Referring to FIG. 2M, a lateral insulator 226 may be formed over the
shield 214 in the trenches 210. The lateral insulator 226 electrically isolates the shield
214 from a subsequently-formed gate 222, shown in FIG. 2N,

{0036] Referring to FIG. 2N, the gate 222 15 formed in the trenches 210,
contacting the gate dielectric layer 228 The gate 222 may include polycrystalline
stlicon, and may be formed by thermal or plasma decomposition of silane or disilane, for
example. The gate 222 may be formed by a process similar to that used to form the
shield 214. The gate 222 15 1solated from the contact portion 232 of the shield 214 by the
shield solation layer 236. The shield isolation layer 236 may limit a low leakage current
between the gate 222 and the shield 214 to a desired value during operation of the MOS
transistor 212, Formation of the semiconductor device 200 18 continued by formung a
source, body, drain contact region, and contacts, not shown in FIG. 2N, to provide a
structure sumilar to the semiconductor device 100 of FIG. 1.

[6637] FIG. 3A and FIG. 3B are cross sections of a semiconductor device with a

shield and a gate separated by a shield solation layer, depicted n stages of another
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example method of formation. Referring to FIG. 3A, the semiconductor device 300 15
formed in and on a substrate 302 having a top surface 304 and a bottom surface 306
located oppostte from the top surface 304, and a semiconductor material 308 between the
top surface 304 and the bottom surface 306. One or more trenches 310 are formed in the
substrate 302 in an area for an MOS transistor 312. The trenches 310 extend into the
senuconductor material 308 from the top surface 304, A shield liner 316 15 formed in the
trenches 310, including a first liner 318 and a second hiner 320, A shield 314 15 formed o
the trenches 310; m this example, the shield 314 may mclude two or more separate
pieces, arranged vertically in the trenches 310, A contact portion 332 of the shield 314
extends to proximate to the top suwrface 304, while a remainder of the shield 314 1s
recessed vertically in the trenches 310 from the top surface 304, to allow room for a
subsequently-formed gate in the trenches 310. The contact portion 332 of the shield 314
has an angled surface 334 that is exposed in the trenches 310, A top dielectric layer 338
may be formed over the top surface 304 cutside of the trenches 310, as depicted in FIG.
3A.

{0038] In this example, a shield isolation layer 336 is formed on the angled
surface 334 by an additive process. For the purposes of this disclosure, an additive
process may be understood to dispose nanoparticles in an area for the shield isolation
layer 336, and not dispose the nanoparticles outside of the area for the shield isolation
laver 336, so that 1t 15 not necessary to remove a portion of the disposed nanoparticies to
produce a final desired shape of the shield 1solation layer 336, Additive processes may
enable forming films in desired areas without photolithographic processes and subsequent
etch processes, thus advantageously reducing fabrication cost and complexity. Examples
of additive processes include binder jetting, matenal jetting, directed energy deposition,
material extrusion, powder bed fusion, sheet lamination, vat photopolymerization, direct
laser deposition, electrostatic deposition, laser sintering, electrochemical deposttion, cold
spraying, thermal spraying, and photo-polymerization extrusion. By way of example, the
additive process may use an ink jet apparatus 356 to dispense a dieleciric precursor 358
onto the semiconductor device 300, In one example, the dielectric precursor 358 may
mclude nanoparticles of silicon dioxide, n a ligund binder including TEOS. In another

example, the dielectric precursor 358 may include nanoparticles of silicon dioxide,
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silicon nitride, aluminum oxide, titanium dioxide, or other dielectric material, in a solvent
binder. The dielectric precursor 358 may include materials which have a low etch rate in
aqueous buffered hydrofluoric acid, such as silicon nitride, to reduce degradation of the
shield isolation layer 336 during subsequent removal of the first liner 318, The shield
isolation layer 336 may be formed to extend over the top dielectric layer 338 to a lateral
perimeter of the semiconductor device 300, as indicated in FIG. 3A. Alternatively, the
shield 1solation layer 336 may be formed to extend partway onto the top dielectric layer
338, similar to the shield solation layer 236 of FIG. 2N,

{0039] Referring to FIG. 3B, the shield 1solation layer 336 1s heated to remove
volatile material such as binders or solvents, and to adhere nanoparticles in the shield
isolation layer 336 to each other. The shield 1solation layer 336 may be heated by a
radiant heating process 360, as depicted schematically in FIG. 3B, Alternatively, the
shield isolation layer 336 may be heated by a furnace process, a forced air convection
heating process, or a hot plate process. Formation of the semiconductor device 300 is
continved as disclosed in reference to FIG. ZK through FIG. 2N

{0040] Varigus features of the examples disclosed herein may be combined in
other manifestations of example semiconductor devices. For example, the MOS
transistor 112 of FIG. 1 may have a single part shield similar to the shield 214 of FIG 2B
or a multiple part shield similar to the shield 314 of F1G. 3A. The MOS transistor 112 of
FIG. 1 may have a shield isolation layer similar to the shield isolation layer 236 of FIG.
2J or the shield isolation layer 336 of FIG. 3A.

[0041] While various embodiments of the present disclosure have been described
above, 1t should be understood that they have been presented by way of example only and
not limitation.  Numerous changes to the disclosed embodiments can be made in
accordance with the disclosure herein without departing from the spirit or scope of the
disclosure. Thus, the breadth and scope of the present invention should not be limited by
any of the above described embodiments. Rather, the scope of the disclosure should be

defined i accordance with the following claims and their equivalents.
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What s claimed 1s:

1. A senuconductor device, comprising:

a substrate having a top surface and a bottom surface located opposite from the
top surface, the substrate having a semiconductor material between the top surface and
the bottom surface;

a shueld 10 a trench i the substrate, the trench extending from the top surface, the
shield being electrically conductive, wherein the semiconductor matenal extends to the
trench, wherein the shield 1s separated from the semiconductor material by a shield liner
i the trench, the shield liner being electrically non-conductive;

a metal oxide semiconductor (MOS) transistor, the MOS transistor including:

a gate in the trench, the shield extending under the gate, wherein the gate
is electrically 1solated from the shield; and

eate dielectric laver in the trench, the gate dieleciric layer separating the
gate from the semiconductor material; and

a shield isolation layer which separates the gate from an angled surface of a
contact portion of the shield, the angled surface extending toward the top surface of the
substrate, the shield isolation layer being electrically non-conductive, wherein the shield

1solation layer does not extend the length of the trench.

2. The semiconductor device of clamm 1, wheremn the shield isolation laver

mcludes siticon dioxade.

3. The semiconductor device of claim 1, wherein the shield liner inchides a first
liner contacting the semiconductor material of the substrate, and a second liner contacting
the shield, the first liner having a stoichiometric composition of silicon dioxide (510},
wherein the second liner mcludes silicon dioxide, and has an etch rate, in aquecus
buffered hydrofluoric acid, that 1s at least twice an etch rate, in the same aqueous

buffered hydrofluoric acid, of the first liner.

[U—
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4. The semiconductor device of claim 1, wherein the shield includes

polycrystaliine silicon.

5. The semiconductor device of claim 1, wherein the gate includes polyerystalhine

silicon.

6. The semiconductor device of claim 1, wherein the shield 1solation layer extends

onto the top surface of the substrate.

7. The semiconductor device of claim 1, wherein the shield 1solation layer extends

nto a groove between the contact portion of the shield and the semiconductor material.

16
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8. A method of forming a semiconductor device, comprising:

acquiring a substrate having a top surface and a bottom surface located opposite
from the top surface, the substrate having a semuconductor material between the top
surface and the bottom surface;

forming a trench in the substrate into the semiconductor material from the top
surface;

forming a shield liner in the trench on a surface of the semiconductor material, the
shield liner being electrically non-conductive;

forming a shield of a metal oxide semiconductor (MOS} transistor n the trench on
the shueld liner, the shield being electrically conductive,

removing a portion of the shield from the trench from the top surface, so that the
shield extends toward the top surface of the substrate at a contact portion of the shield,
the contact portion having an angled surface extending toward the top surface of the
substrate;

forming a shield isolation layer on the shield, the shield isolation layer covering
the angled surface of the contact portion of the shield, the shield isolation layer being
electrically non-conductive, wherein the shield 1solation layer does not extend the length
of the trench;

forming a gate dielectric layer of the MOS transistor in the trench on the
semiconductor material; and

forming a gate of the MOS transistor n the trench, the gate contacting the gate
dielectric layer, the gate being separated from the angled surface of the contact portion of

the shield by the shield isolation layer.
9. The method of claim 8, wherein forming the shield isolation layer includes
forming a conformal layer covering the angled surface of the contact portion of the

shield, the conformal layer being electrically non-conductive.

10. The method of claim 9, wherein forming the shield solation layer includes

forming an etch mask over the conformal layer.

17
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11. The method of claim 10, wherein forming the shield isolation layer includes
removing the conformal layer where exposed by the etch mask using aqueous buftered

hydrofluoric acid.

12. The method of claim 8, wherein forming the shield liner includes formung a

first liner on the semiconductor material by a thermal oxidation process.

13. The method of claim 12, wherein forming the shield hiner includes forming a
second hiner on the first hner using a thermal chemical vapor deposition (CVD) process

using tetracthyl orthosilicate (TEQS),

14. The method of claim 8, wherein forming the shield isolation layer leaves a

portion of the shield liner in the trench on the semiconductor material.

15. The method of claim 8, further including removing at least a portion of the
shield hiner from the trench where exposed by the shield, after removing the portion of

the shield from the trench, and prior to forming the shield isolation layer.

16. The method of claim 8, wherein forming the shield isolation layer includes

heating the shield isolation laver at a temperature above 800 °C.

17. The method of claim 16, wherein heating the shield isolation layer s

performed concurrently with forming the gate dielectric layer.

18. The method of claim 8, wherem forming the gate includes forming

polyerystaliine silicon in the trench on the gate dielectric layer.

19. The method of claim &, wherein:
removing the portion of the shigld liner forms a groove along the angled surface,
between the contact portion of the shield and the semiconductor matenal; and

forming the shield 1solation layer fills the groove with dielectric material.

18
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20. The method of claim 8, wherein formung the shield isolation layer is

performed using an additive process.

19



PCT/CN2019/080340

WO 2020/198910

177

¢0L <

I ' Dld

obl
OLL
N
901 8l
m@{\ ///, N o
. ! y g1
A e
n 4 Ny D2
1 A Ve 9zl
o 1 S\ 2T
\ A
4 7
, N ‘RAY
” BN\ mwwk\,mm/wﬁ T 8e
e N N
I R . Zhl
” ) g
b0l 27 Tl |
/ / 9l
‘vr:/
4%
X



WO 2020/198910 PCT/CN2019/080340

217

- 202

208

(
204

206

=

FI1G. 2A

212

200
N\




WO 2020/198910 PCT/CN2019/080340

3/17

- 202

(
204
208

206

214
M g

FIG. 2B

212

200




PCT/CN2019/080340

WO 2020/198910

802 \/X\

4/17

TAVTA

¥0e

80¢

ale—

Piz—

S LT L L & L L

%

VA A S A A S A AN, A S A

Fle—

777

¢lé

00¢




PCT/CN2019/080340

WO 2020/198910

gL

912

812
022

clé

00e

W 1z
907 P
R
. N
{ &
mwwa\%mﬁ m \
R Ry
S ‘9l ”
S 207 - Vg P \
prz— B \
BN AT -
1
voz 8 L U4 ¢
SIS |
NN -/
o m
\ | il i
8ve 0€Z 06z 087



PCT/CN2019/080340

WO 2020/198910

6/17

HE "OIA
012
e 2 A\
R
By
aLz— \
N
Ry
I
207 - \
Pz .
m vz
" 77
\ m
e
o | S
ram m 7212
8te 0€Z 087 0z "



PCT/CN2019/080340

WO 2020/198910

717

80¢

L
—
O

802 \/N\
oLz—

202 -
phz—

Tmmn s s =
VA S S AR A S A A I/%;\




PCT/CN2019/080340

WO 2020/198910

&17

0 Hid
0L2
e 2 A\
R
A pLz—
4
9Lz A
N
%,
202 5 \!
NN £
pLZ— i}
. AN
8¢z
02 \
)
) /
o
7 W
csie 0€Z 0£Z 02

ATA

00¢




PCT/CN2019/080340

WO 2020/198910

917

902 jt
mmw&\ //M
R
4
9L7— A
R
WI
202 5 \!
Pz L.
N AN
7
p0Z mwm
/ WA
“ | X
| | AYA
0€Z 062 062 b



PCT/CN2019/080340

WO 2020/198910

1/i7

1 DA
0L2
90¢ i A\
R
A pLz—
e
9Lz A
N
2\
202 5 \!
2\
pLZ— )
N AN
/
02
( |
\ “ M _
gee 0£Z 0€Z 0£2




PCT/CN2019/080340

WO 2020/198910

11717

fZ DI

902
R
i
aLz— \
N
Ry
[
202 - ,
Pz -
AN
vie /e
" N _ S
e 5 | AR
8EC 0£Z 0€Z 0£2 "



PCT/CN2019/080340

WO 2020/198910

12/17

AT DA

0Lz

90¢ A A\
\ A oz
R J—
A pLZ— Oce
i
9Lz—" \
N
Ry
[
NQN 3 Ry g A NN
Pz -
AN
A , 9cZ
) /
" N _ S
7 2 AR
QEZ X ! :
0EZ ez 0£Z Ny
007



PCT/CN2019/080340

WO 2020/198910

13/17

812

—81Z
—0¢C

~—8¢c

1C "DId
01z
e 2| A\
N
A yiz—
K
9Lz ,
N
\ 822
202 5 ,
Pz -
AN
b0z ,
) VAR
" | _ X
e a A
8€e 0£2 0£2 0£7 "
002



PCT/CN2019/080340

WO 2020/198910

14/17

T 'OlId 017
0Lz N
e < A\
e VX\ L'é\ smw\\\,mwm
Pl ”\\\ —8le
R J—
9L7— ” ] fxw\\
N
4
” mmms\\\\ | Ne—gry
NQN 3 Ry N k&. Y
Pz -
AN
A \
) /e
" N _ S
7 2 AR
8EC 082 08z 082 "
007



PCT/CN2019/080340

WO 2020/198910

15/17

TAVTA

N¢T DId

0Lz
0Lz N .
912
\ .. \ P o JO—
P o
\ Lz 4 MM
g |
9Lz— , | %
l -
, 77 e
\ gze— 1 s
pLZ— 1
Y
0z “
w m 96z
/ /
— . ﬁ
} V \ \/ = v Nm\m
8ez otz e s ;

J
00e



PCT/CN2019/080340

WO 2020/198910

i
90¢e _
o> e
N T e
o A pe—_ | e
Py /A o
are—| 2% 2
K N
B y lAf
Frowy < MI III
W 20t y //l - N
- pre—h | N
//m NN
gee \
pog o° o \N\ 7 e
X Ty X W R R R W, R Ry W o w/
g6e-
o858 AR
o 95€
< m—
"\ agg N

00t



WO 2020/198910

-~ ~ o~
—— \\/./ “’ N e

312

PCT/CN2019/080340
i17/17
£d
[en]
[ag
4 o0
fen]
(o]
~ g
[
oo <o)
[
. /" po

K\\LX\\%\}XK

FIG. 3B




INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2019/080340

A. CLASSIFICATION OF SUBJECT MATTER
HO1L 29/78(2006.01)i; HO1L 21/336(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HOIL

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNPAT, WPL, EPODOC, CNKI, [EEE: MOS, metal, oxide, semiconductor, trench, groove, isolat+, dielectric, insulator, shield
+, poly+, silicon, gate, thermal, oxidation

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X CN 103887342 A (SILERGY SEMICONDUCTOR TECHNOLOGY HANGZHO) 25 June 1-20
2014 (2014-06-25)
paragraphs [0038]-[0067], figures 1-11b

A CN 102130169 A (SHANGHAI HUAHONG NEC ELECTRONICS CO., LTD.) 20 July 2011 1-20
(2011-07-20)
the whole document

A CN 109216452 A (CSMC TECHNOLOGIES FAB2 CO., LTD.) 15 January 2019 1-20
(2019-01-15)
the whole document

A CN 102610568 A (ALPHA & OMEGA SEMICONDUCTOR INC.) 25 July 2012 1-20
(2012-07-25)
the whole document

A CN 104022043 A (AIR CHINA CHONGQING MICROELECTRONICS CO., LTD.) 03 1-20
September 2014 (2014-09-03)
the whole document

Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority
«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention
«g” earlier application or patent but published on or after the international «X» document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive step
«1» document which may throw doubts on priority claim(s) or which is when the document is taken alone
cited to establish the publication date of another citation or other «y» document of particular relevance; the claimed invention cannot be
special reason (a§ specified) ) o considered to involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination

means being obvious to a person skilled in the art
“p»  document published prior to the international filing date but later than ~ « & document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
12 December 2019 02 January 2020
Name and mailing address of the ISA/CN Authorized officer

National Intellectual Property Administration, PRC
6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing

100088 LUO,Huijing
China
Facsimile No. (86-10)62019451 Telephone No. 86-(10)-53961204

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

PCT/CN2019/080340

C.

DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A

US 8642425 B2 (SEMICONDUCTOR COMPONENTS INDUSTRIES, LLC) 04 February
2014 (2014-02-04)
the whole document

1-20

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/CN2019/080340

Patent document

Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)

CN 103887342 A 25 June 2014 CN 103887342 B 02 November 2018

CN 102130169 A 20 July 2011 CN 102130169 B 23 October 2013

CN 109216452 A 15 Janmary 2019 None

CN 102610568 A 25 July 2012 us 8476676 B2 02 July 2013
™ 1445161 B 11 July 2014
us 2013299872 Al 14 November 2013
CN 102610568 B 10 December 2014
us 2012187472 Al 26 July 2012
us 8772828 B2 08 July 2014
™ 201232760 A 01 August 2012

CN 104022043 A 03 September 2014 CN 104022043 B 16 June 2017

uUs 8642425 B2 04 February 2014 us 2013323921 Al 05 December 2013

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - wo-search-report
	Page 40 - wo-search-report
	Page 41 - wo-search-report

