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(57) Abstract: A device for an integrated depletion junction field-eftect transistor, comprising a junction field-effect transistor (JFET)
region, a power device region, a drain electrode (310) of a tirst conductivity-type provided on the back-side of a device, and a first
conductivity-type region (309) provided on the surface of the drain electrode (310) facing the front of the device, the JFET region
and the power device region sharing the drain electrode (310) and the first conductivity-type region (309), an isolation structure being
formed at a junction between the JFET region and the power device region, the isolation structure comprising an isolation well (305)
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of a second conductivity-type and an insulating injection blocking layer (304) provided on the surface of the isolation well (305).

7 HWE: —MERFERULE NN BIEERE4, BRIFETX., hEBFBAX, B FRETENE
—FHEMPRMGL0). KR TR (310) 5 &% 40 1 R B — 5 A X (309), JFET X F1Zh &
WXL ZRBGIOFE — FHEAX (309), JFETX MR BHX AL RLBRE B EK, F5E%
FIFESE — T 2R A B 5 B BH(305)F0 1% -5 B BH(305) SR 1H R A8 23 A FHAYJZ(304)



10

15

20

WO 2018/040871 PCT/CN2017/096653

FARARA LR G HOH S IRE 0 B4

FARAR IR
AL A BFFAREEH R, R 2R —F & m AT 4R 3R R 5
A B9 254,

FEHEK

EaEILFE LERGELER T AR E (Junction Field-Effect
Transistor, JFET) % o5 fesh £ £ R W IBARE — A et AL H5HA, €
VAR KB E  E BT AMEE, AR FWHBISH @R, oY
SIF Be T B BRI 0 TAAY.

P G sk MG & R S5 AR, JFET A 508 20 T2 Tl 3L, e i 5 o & 584 44
fGB AT — S, EIAERE L, &K JFET & R TR T XBPRE T,
HE BT R EF TAEKRE, sLid &R Lo & B 08 A E RS
ML, 188 s Rt R B WA JFET, BPRrabiRd, aEe 2Rk Lnsk
T JFET B4JE, RErhdhF B o) TR RS, FPh R S4E 6 T4E
Flef Lkw, RGEANEFSEE, FFRERERR., 4H5ER JFET
491 5B 7 ik AME JFET Ao 5 B4 64 5 AL i i NS B4 TT R 93E 5
MATES K, BAEAMK M E Y HAE JFET K, Mmik3| T &k a e
R, EAP R FAATES RIREHET KW@ R KT EANERS A
mAR, ERTET, RNEEZERS, 2FRTRHEF A

EH N
ARFE AW I 0 SAT K], R BRI R R 5 dh KB 4G B
.

)
wa



10

15

20

25

WO 2018/040871 PCT/CN2017/096653

—H R AT LT G g IR 6 B, PTA B R4 JFET R A=
NEBZHR, FFEEFORE: B, AF—FELELY, F—FELEUR, &
TR R RS PTiE B E @ 69 b, PTid JFET RAsh R B4 R & F AR
MA—FREAER, ZGHHEHN, OFFHF _FUEUNES R T L
% R @A G ENTLIE A&, TAR —F R RABPTER — T KA,

bR R AR LE R 3 R SRR 04 B AF, 4 JFET R Ansh F B R 44 R
RAL R — AR F —F RN R ETIEE, AR EA B
WeskiR, THRUBRBERK K, 22T RFGREZOR, 458 PR
W& T A B RAE, KRRFAHT BN KRB ER. ZREHTAELE
Kamy RPFA RS, BPTHRA D FERM SRR 50X BHE S 1E
B0, EAEGGHEBMHG I LA ERR, LERWFING LR, RiR
HLLAEFNRMN, HAATRESROTHESEH. ElaBoei@miisg
GiENMFE, TSRS ST BHE, FNERT BTiEN, ERIE
T RAFERE B R LIRS T E B0 60T 14,

H B BLAA

AT BIHEE AL EEO RN FARF GFERTE, TafFafsx
ARG A T PTE ZAL 6 W AR R AR, R B ke, TG A
B AU A AL 8 — 2L ), 2 FAAUREE AT kot R A4
M AART, LT AARYE X S P R A b KA 69 T

B 1 52— 6] R P @A My oG AR LE R 39 SR dn ik 0 B
oy 2w = E A,

B 2 & —5Rae M) T R A AR LE M) 0 SR AR R B R I RO an KT 89 35

Heg 2 TER;
B 3 2 —Fr % e £ JFET ¢ VDMOS 5 Lk & R FERAA 27 3530 5
SRS 0 B F B R E



10

15

20

25

WO 2018/040871 PCT/CN2017/096653

K TARFREMBALY, T @A BB AR K I B 5 A B 4T B A\ a4k
W F 5 T AR A EREAG], 24, KLPTUAFE REGH kR
FI, FARETF AL ATHEL G E6], AR K, R LHE4]69 B 69214
3 AL GG TN B R AeiE A

AR A A Z L, APTER G PR B ARFo A FE RE 5 BT AL
ARATIREGHARA R 28 F AR 092 NARF) . AP AL 49U F5 & ATAE R
G RIBR RN T RE EARG KB E 49, R ETRAIALIA., KILAT
R ARE R/ R SIE—ANRE AR TR E GEZ A PTAR 4948
&

FEVWR L, BAMMMSY “BET” AU, ETUHEELES
— A EREF AT UAFLEET AN, G— DA S R “EE F—
AT, BT AR AR 7 — AU R TR AT AL F U4, AL
A& 6 Riz “B A 697, “RFa97. “L7. “FTr. “E7. “h&” AR R
FRARA T A B 6,

A BTAL R 4 3 SR AR 338 VL A ARATIRIARNA T & A 493 AR5, 44
ST PAANAE LR, ARSERKRE, FH00H PHARETSERRESP
B, PREREAFTSHERENGPAE, PEAREABSELRENPE, NHEREAE
BB N A, NEREFHLREN N E, NEREZBLRES N
A,

B 1 R— el F R T A A 6 AR LR T an R 69 2
Hrey M TER, ERFERGT, TANEAZ—FREE, PEALFE
ZFR AR, ARG E ahiRE (Junction Field-Effect Transistor, JFET) &
RAEE ARG 4B BA F 4K 3% B dh AR & ( Vertical Double-diffused
MOSFET, VDMOS ) L. 4= 1 # FFw, B B 434454 JFET K 4= VDMOS
X, JFET E#= VDMOS REF X FTEMHF @ (Br@E | FHT4E) 49 N A
BB 310, FR TR 310 @ (BPE 1 ## Lehdm) o9 N AKX 309, £

3



10

15

20

25

WO 2018/040871 PCT/CN2017/096653

AFHB P, B 310 H N+RE, N A X 309 4 N-Sht & (feH A 52561
Pl Tl HAEEH N B ATR ), 4545 VDMOS 4924 X, £ K540+, JFET
X F= VDMOS X 89 AL RA [ 55 4E 4, 14 1% B 44 @45 P AL 6913 & B 305
FoiZ T 183 B 305 & @ 64502 N FLES & 304,

Lk B RARA LR G S KT 6 BAF, £ JFET R F B R 69
AR —ABIRH G LR AW B 305 #7185, AL E
FIRB IR, IARBBAERKIK, £3)7 BFNRERR., ZEE 0
305 $9AEEBE B T MRS, KRF YT ENEREMER, EfaH
305 TAGLLET RBEAMES, FTHANREEIMHNGLERGFE T
KABHEA TR E I 305, AHRGHFE R TLEMETR, LEGIH
Sheg IR, RRGIEZEFHRA, AATRZ SO TH ST, £
B 305 AR TMIXELLIENLILE 304, TG ILEREISH EHE, F
BT B TiEN, ERIET RAFOIE BRI ISR 5 T HF BT M.

BEHF =TGP, BEENTLIE 304 ¢9M R H —RAsz, AR
VKR 3 BB A G E N TR & 304,

HEB 1 Prrkes P, JFET R @4E0 R 307, JFET MWHAABKAE3EAE 308
AE A X 306; VDMOS X #4350 X 307. VDMOS AL 302 VA B K43 ik
X 303, £+ B X 307 4 P B, P+&9 JFET AL RK A4 /i% 308 3K T P B+#, JFET
AR T JFET AR BR 442 fik 308 . N+#974i8 X 306 1% T JFET X &9 % 48
ARHEIX 307 2 18], N+49 VDMOS 78 4% 302 Fo P+44 B4 A% X 303 3% F VDMOS
RegBEX 307 A . @A ag AR 301 49 #ss 2284 £ — VDMOS JRAR 302 49
A&,

1R ERE T, 1HEB 305 9BHEKTHR 307 69BHE. & TR
JEN TR 307 693 T IRE.

wt—H R, A B 305 89ENRE A 1.5E13 ecm™~2.2E13 cm?, BHEA
8.5 MKk~13.5 Bk,

B 3 & —A4E%egE R JFET 49 VDMOS 5 ik £ A RH 470 3530 5
4



10

WO 2018/040871 PCT/CN2017/096653

e E G BT R, PR A R TFHGEH, WA B AT E
A RAERA LA G ah AR 69 B F, A AARA R E VA, RAFE A R
Mo R Id. MBSy F B ERIRHE A 600V 49 VDMOS 2% 7 JFET &, &
FRETHZ 450V Ak, sSELEAERTRRXY®, f LikfmaRrE
R G R E SmRE G B, FF AT, FHF WETUREE 600V,

B 2 A& — e KR A AR A A 60 B AR 4 A R AR 09 B
e m T ER. EZEEGT, RIEXTFTHRABLE VDMOS RALE & AL
PIETREHRMEF —FHEHK,

VA B P SRR IR T RLZ B A 367 X, L3458 A BARFai¥
m, A2 A B shf 2 A 2T R B F AT E GG IRA], B SR, AT A
ARG FEEARAT R, ETPLE RLAMEHGATIR T, LT UBEFT
TR Fepitt, XA T AL HRPELE. B, RAAFF R TTE
JLVA BT AR F) B R A



10

15

20

25

WO 2018/040871 PCT/CN2017/096653

1. —At ERAART R G2 ah ARG G B4, PTEBHHXI4 4 JFET
RAFnzh BB R, Pk B4 4%

F— 0 R B R

F—gRERURX, BFHAEE —F R LR R ET, ik JFET R fa3)
FRMNREZHAEE —FOLRA R E —FHLERR; &

W B sH, QiEF 9 RSB AR THLRS ARG LLE
N E, Pt —Fa X0 fepiid s — G X040,

2. ARBAAVER | Prid ey B4, RAFMEAET, Pridg iz N4 R a4
JR A AR,

3. REAFER | Prid e B, H45IE4E T, PTE JFET RAesh F B4
R¥O3FEH —FREVGHR, PR S B PR X TATER R 6 BHR LR
BB TFREDTAARR 8B FRA.

4. RIBBA)ZR 3 PR o) B0, HAFEAET, PrARBEBPESY 8.5
AR ~13.5 fok.

5. ARIEAK| B R 3 PTiE e BAF, HAFIEA T, PrA B E A Ny e
J& B F-FAR I B R ARE

6. MRIERF)IR 5 AT LM B, LA T, A EENRL O

AR

#—F 8w E£E VDMOS B, X TFHhEEHRGHEA;

B oS R AR NERR, R TFHEBHRGHEA.

7. WRABAA|ER 6 Frikeg B4, LAFIEET, PTEMIA-F @A, Arid
DEBZMROFEL Y AANPTESE —F B KA VDMOS B, BT 6% 7 5%
Zitth 2 — % —F KA VDMOS BiReG R &,

8. ARIBALF|ZR 6 PTikeg B4k, HAFAEA T, Pk mts A A g4, Prik

HEBZNHR QLY RANOPTES —F 8 KA VDMOS RAL, kX FRAiB48 5
6



WO 2018/040871 PCT/CN2017/096653

—F W AR VDMOS RALI &4 I MR & F R F Prik ot R £ P74 % —F %
AKX,

9. HRIBRAEZR 3 TR B, HAFELT, PIEIFET R QFEE VA
NPTEM R, & @4ER T AARARPT AR R 8] 69 % —F i KRG AE X,

10, ARBARAIZR | FREMH, AT, IEASZ—FRXEAN
B, AR e XA A PR, AR —FRXERANAESEE,



WO 2018/040871 PCT/CN2017/096653

/77301

308 307 306 305 304

i

JFET VDMOS

310 309

1/3



WO 2018/040871

PCT/CN2017/096653

JFET

2/3



WO 2018/040871 PCT/CN2017/096653

1.2x107

1.0x107 - A

8.0x10° -

6.0x10° -

Id (current)

4.0x10° - 8

2.0x10° -

T \I

&
s
¥

Sune—»n

ety i ¥ R = i B T J
0 100 200 300 400 500 600 700

Vd (voltage)

3/3



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2017/096653

IA. CLASSIFICATION OF SUBJECT MATTER

HO1L 21/76 (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)

HO1L

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, EPODOC, WPIL, CNKI, IEEE: ££hk, 4578, 5308 & k%,

FR, ERENYT K, BB, B2, B integrate,

junction, field effect transistor, FET, power, metal oxide semiconductor, isolate, dope, well

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

(11.02.2010), entire document

Y CN 103022035 A (CHENGDU MONOLITHIC POWER SYSTEMS, INC.), 03 April 2013
(03.04.2013), description, paragraphs[0022]-[0025], and figure 3

Y US 6111283 A (UNITED SEMICONDUCTOR CORP.), 29 August 2000 (29.08.2000),
description, column 1, paragraph 5 from the bottom to column 2, paragraph 3, column 3,
[paragraph 3 to column 4, paragraph 2,claim 5, and figures 1-2

A US 2010032728 Al (TEXAS INSTRUMENTS INCORPORATED), 11 February 2010

A US 2014374773 Al (CREE, INC.), 25 December 2014 (25.12.2014), entire document

[ Further documents are listed in the continuation of Box C.

X See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not

considered to be of particular relevance

“E” earlier application or patent but published on or after the
international filing date

“L”  document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or

other means

“P” document published prior to the international filing date
but later than the priority date claimed

“T” later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

invention

“X” document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to involve

an inventive step when the document is taken alone

“Y” document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such
documents, such combination being obvious to a person

skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

27 September 2017

Date of mailing of the international search report

31 October 2017

IName and mailing address of the ISA

State Intellectual Property Office of the P. R. China
No. 6, Xitucheng Road, Jimengiao

Haidian District, Beijing 100088, China

[Facsimile No. (86-10) 62019451

Authorized officer
YANG, Yan
Telephone No. (86-10) 61648463

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/CN2017/096653
Patent I?ocuments referred Publication Date Patent Family Publication Date
in the Report

CN 103022035 A 03 April 2013 CN 103022035 B 14 October 2015
CN 203071074 U 17 July 2013
US 2013187160 A1 25 July 2013
US 8723178 B2 13 May 2014
TW 201342582 A 16 October 2013
TW 1524509 B 01 March 2016

US 6111283 A 29 August 2000 TW 406362 B 21 September 2000

US 2010032728 Al 11 February 2010 US 7939863 B2 10 May 2011

US 2014374773 Al 25 December 2014 US 9184237 B2 10 November 2015
WO 2014209475 Al 31 December 2014

Form PCT/ISA/210 (patent family annex) (July 2009)




E R E R E [ F g =

PCT/CN2017/096653

A A E
HOIL 21/76(2006. 01)1

2R PR LA 2028 (TPC) B R i 452 8 I 22 2 JS RN TPC T A 7328

B.  MERWE
FER KR ARBRBEUR (B 2R R SR K5)
HO1L

BB AL FR TR A B4 B 5 R PR BE SRR LA A M AR 2R SCR

TERE A 2 2 () A7 it e (Rl e A9, A0 TR RAA) (e A )

CNPAT, EPODOC, WPT, CNKI, IEEE: #Ef%, 48, BN HE@E, &, SRENY LS4, BE, B b integrate,
junction, field effect transistor, FET, power, metal oxide semiconductor, isolate, dope, well
C. HEXH
iy SIH M, ER, JEIHMSCEE FHE FIACRE SR
Y CN 103022035 A (AR RSARAT) 20135 47 3H (2013 - 04 - 03) 1-10
TLHA 558 [0022]-[0026] B, FHEIS
Y US 6111283 A (UNITED SEMICONDUCTOR CORP.) 20004F 84 29H (2000 - 08 - 29) 1-10
TLHAF S VREBISEE0B-2 5 3Bk, SEME A SRAR o, BUFIERS, M
1-2
A US 2010032728 A1 (TEXAS INSTRUMENTS INCORPORATED) 20104F 28 11H (2010 - 1-10
02 - 11)
AL
A US 2014374773 Al (CREE, INC.) 20144F 12H 25H (2014 - 12 - 25) 1-10
£

[ scoprrecrassmispm . LI R

“T’E$mﬁ&%%ﬂEZF“ﬁ 5 RiEARIRAL, (E0h TR

Pk f EL R A,
* BRI AR R ERER B £ e L

wnr WA BV TR TIUA B — R A i

X SEBIRKETEH, BEEEEC, W B R
wpr FERRRI AR A7 S e ) VoS st =
o A R Ll ST SRR T B S — B S A A
L R e R ﬂ”wmuﬁfﬁﬁﬁﬁmAﬁﬁiﬁﬁmﬁ”gﬁﬁ#mﬁ

P ) HAAL S

WROSR AT A BN EANTT AT RIS “g” RIRERIEIOH

AT H 58T B g 0 AR T BT R R (oo A H S

“n”
“p»

[ PR &R S Fm s i H A
20174E 98 27H

PRt =18 &5 %y 5 1
20174 108 31H

TSA/CNH) 42 FR AR 25 H ik

A A BCAEANE [E Z AR AR (ISA/CN)
o [ Ak 5 AT R X TS T 6 S 100088

HHEZ (86-10)62019451

W

LI5S (86-10)61648463

= PCT/ISA/210 (5E270) (20094E7H)




BRI F RS EEIT

TR HIRES PCT/CN2017/096653

K 8] R Wi ARG R s
CN 103022035 A 20134F 44 3H CN 103022035 B 20154F 10H 14H
CN 203071074 U 20134 7TH 17H
us 2013187160 Al 20134 7TH 25H
Us 8723178 B2 2014%F 54 13H
W 201342582 A 20134 108 16H
W 1524509 B 20164F 3H 1H
Us 6111283 A 20004 87 29H TW 406362 B 20004F 94 21H
Us 2010032728 Al 20104 28 11H Us 7939863 B2 20114 5 10H
Us 2014374773 Al 20144F 128 25H uUs 9184237 B2 20154 114 10H
WO 2014209475 Al 20144F 12H 31H

#F PCT/ISA/210 (FIEEFIMIH) (200947 H)




	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 - claims
	Page 9 - claims
	Page 10 - drawings
	Page 11 - drawings
	Page 12 - drawings
	Page 13 - wo-search-report
	Page 14 - wo-search-report
	Page 15 - wo-search-report
	Page 16 - wo-search-report

