wO 2016/132987 A1 [N I 0000 00000 0 0O

(12) fF%E‘FT%;’JJ%%’J(:\EO“L\’C’AFﬁ snt-EfRHRE

(19) tH SR &NBOFR A HEHLES >
EEHR g
@3) ERABE _-'9//

2016 7 8 A 25 H(25.08.2016)

10) B RES
WO 2016/132987 A1l

(51

eay)
(22)
(25)
(26)
(30)

1

(72

(74

(8D

WIPO I PCT
ERfFr o8
HOIL 29/78 (2006.01) HOIL 29/739 (2006.01)
HOIL 29/12 (2006.01)
ERHEES: PCT/JP2016/053946
ERHRER: 2016 ££ 2 A 10 H(10.02.2016)
ERRHEDEE: BAGE
ERARDERE: BAGE
BEET—4:

4%F8 2015-031789 2015 £ 2 A 20 H(20.02.2015)  JP

HEA: FRE&SIEHK£E 4 SUMITOMO
ELECTRIC INDUSTRIES, LTD.) [JP/JP]; T 5410041
KEFRETHAPRRLEMTESEI 3 S
Osaka (JP).

FEAE: NH It (UCHIDA, Kosuke); T 5540024
AEFABRTLEEREE-—TEH1%E35 X
BRIEH#ASH XIREMEMA Osaka OP). H
& BWHIYOSHL, Toru); T 5540024 K M i KR
HTEREE—TH1&%38 GREXIFHKA
i RKIREEMMA Osaka JP). FIH £ 7
(WADA, Keiji); T 6640016 EERFEFATHEFIL—
TE1&15 GREXIXHASHT FAR
{EFTN Hyogo (JP).

(84)

REAN: FrE%ENERF I E T FUKAMI
PATENT OFFICE, P.C.); T 5300005 X[ FF KR
LTRGFZ2EZTE2F75 Hz2zBtE LI
2 ) — Osaka (JP).

BEE (RTODLEWVEREY., 2 TOEFEOERNR
#EATEEE): AE, AG, AL, AM, AO, AT, AU, AZ, BA,
BB, BG, BH, BN, BR, BW, BY, BZ, CA, CH, CL, CN,
CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG, ES,
FL, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN,
IR, IS, JP, KE, KG, KN, KP, KR, KZ, LA, LC, LK, LR,
LS, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX,
MY, MZ, NA, NG, NI, NO, NZ, OM, PA, PE, PG, PH,
PL, PT, QA, RO, RS, RU, RW, SA, SC, SD, SE, SG, SK,
SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, ZA, ZM, ZW.

BEE (RTOLEWVRY ., £ TOEEDLEER
FE M EE): ARIPO (BW, GH, GM, KE, LR, LS, MW,
MZ, NA, RW, SD, SL, ST, SZ, TZ, UG, ZM, ZW), 1—
S5 7 (AM, AZ, BY, KG, KZ, RU, TJ, T™M), 3 —
B w8\ (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC,
MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, TR),
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, KM,
ML, MR, NE, SN, TD, TG).

[(fEH]

(54) Title: SILICON CARBIDE SEMICONDUCTOR DEVICE

G4 XD . RILERFBEREE
[E1]
FIG.1

18

18b
16

1
EERL \\ /

M12a

NNNRAN
st

Z

R VA, AV L £ £ AV &9 &% & 4
A S\\Zhum
14 14a i
14b . /Ny

CH

Zb} I
2
: Iy 2

12b
123}12

T T T T
20—4 4 //’//\\//H\ [ 5100

T TRl T

18a 14a 13a 12a 2a 2b 12b 13b 14b 18b

GLt

CcL2

(57) Abstract: This silicon carbide semiconductor device
(1) is provided with a silicon carbide substrate (10) and a
gate insulating film (15). The silicon carbide substrate (10)
has a first main surface (10a) and a second main surface
(10b) that is on the reverse side of the first main surface
(10a). The gate insulating film (15) is formed on the first
main surface (10a). The silicon carbide substrate (10) com-
prises a first body region (13a) that has a p-type conductiv-
ity, a second body region (13b) that has a p-type conductiv-
ity, and a JFET region (2) that has an n-type conductivity
and is arranged so as to be sandwiched between the first
body region (13a) and the second body region (13b). The
JFET region (2) comprises both a first impurity that is cap-
able of imparting the region with a p-type conductivity and a
second impurity that is capable of imparting the region with
an n-type conductivity. The concentration of the second im-
purity is higher than the concentration of the first impurity.
Consequently, the present invention provides a silicon
carbide semiconductor device (1) wherein dielectric break-
down of a gate insulating layer (15) is able to be suppressed.
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15 DEIRIEZING LoD, ZVHEMEERBT DI ENTE S,
SEHRRINEEFEOHMEBIEIIRTORTHRTH> T, HIRMNAREDT
RBEWEEZONDIRETH D, AFEPOHEIF LR LAFHATIERLTE
ROGBMHEICE > TRIh, BROMEAELHEFOREKR., BLTHBARATOTA
TOEENEEND I ENERINS,
= DERA
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1JFETHEE., 2b $2JFET4EE. 2c $3JFETHESE., 3
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. 10b H2Fm. 11 REEREFRER. 11a, 11b =RME.
12 KYZJHMESE, 12a HF1TRYIMEER 12b HE2KRY 7T ME
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Continuation of Box No.III of continuation of first sheet (2)

Claims are classified into the following two inventions.

(Invention 1) claims 1-6

Asiliconcarbide semiconductor device whereinann-type region (214a),
which corresponds to the "JFET region", and an n' contact (214b) contain
nitrogen (N) andphosphorus (P) that serveasn-type impuritiesandaluminum
(A1) that serves as ap-type impurity is set forth in the second embodiment
of document 1. Consequently, claim 1 of this international application
is not novel over document 1, and thus does not have a special technical
feature.

However, claim 2 that is dependent on claim 1 has a special technical
feature that is "a silicon carbide semiconductor device which is provided
with a silicon carbide substrate having a first main surface and a second
main surface that is on the reverse side of the first main surface, and
a gate insulating film that is provided on the first main surface, and
wherein: the silicon carbide substrate comprises a first body region
thathasafirst conductivitytypeandisincontactwiththegate insulating
film in the first main surface, a second body region that has the first
conductivity type and is in contact with the gate insulating film in
the first main surface, and a JFET region that is arranged so as to be
sandwiched between the first body region and the second body region and
has asecondconductivitytypethatisdifferent fromthe first conductivity
type; the JFET region comprises both a first impurity that is capable
of imparting the region with the first conductivity type and a second
impurity that is capable of imparting the region with the second
conductivity type; the concentration of the second impurity is higher
than the concentration of the first impurity; and the first conductivity
type is a p-type, while the second conductivity type is an n-type", said
silicon carbide semiconductor device being configured such that "the
density of threading dislocations in the first main surface is from 100
cm? to 10,000 ecm® (inclusive)"™. Claims 3-6 that are dependent on claim
2 have the same technical feature as claim 2.

Therefore, claims 1-2 and claims 3-6 dependent onclaim?2 are classified
into Invention 1.

Further, claims 3-6 which are not dependent on claim 2 are dependent
claims of claim 1 and have an inventive relationship with claim 1, and
are therefore classified into Invention 1.

(Invention 2) claims 7-10

Claims 7-10 and claim 1 in Invention 1 have a common technical feature
that is "a silicon carbide semiconductor device which is provided with
a silicon carbide substrate having a first main surface and a second
main surface that is on the reverse side of the first main surface, and
a gate insulating film that is provided on the first main surface, and
wherein: the silicon carbide substrate comprises a first body region
thathasafirst conductivitytypeandisincontactwiththegate insulating
film in the first main surface, a second body region that has the first
conductivity type and is in contact with the gate insulating film in
the first main surface, and a JFET region that is arranged so as to be
sandwiched between the first body region and the second body region and
has asecondconductivitytypethatisdifferent fromthe first conductivity
type; and the first conductivity type is a p-type, while the second
conductivity type is an n-type".

(Continued to next extra sheet)
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Claims 7-10 and claim 1 in Invention 1 have a common technical feature
that is "a silicon carbide semiconductor device which is provided with
a silicon carbide substrate having a first main surface and a second
main surface that is on the reverse side of the first main surface, and
a gate insulating film that is provided on the first main surface, and
wherein: the silicon carbide substrate comprises a first body region
thathasa firstconductivitytypeandisincontactwiththegate insulating
film in the first main surface, a second body region that has the first
conductivity type and is in contact with the gate insulating film in
the first main surface, and a JFET region that is arranged so as to be
sandwiched between the first body region and the second body region and
hasasecondconductivitytypethatisdifferent fromthe first conductivity
type; and the first conductivity type is a p-type, while the second
conductivity type is an n-type".

However, the above-said technical feature cannot be considered to
be a special technical feature, since the technical feature does not
make acontributionover thepriorart inthe light of the contentsdisclosed
in the documents 1-2.

Further, there is no other same or corresponding special technical
feature between these inventions.

In addition, claims 7-10 are not dependent on claim 1.

Further, claims 7-10 have no relationship such that these claims are
substantially same as or equivalent to any claimclassified into Invention
1.

Consequently, claims 7-10 cannot be classified into Invention 1, and
are therefore classified into Invention 2.
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