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(57) Abstract: An avalanche triode-based nanosecond pulse power supply for micro electric discharge machining, comprising: a direct
current power supply (V1), a charging circuit, a discharging circuit, a driving pulse input circuit, and a steepening waveform circuit,
wherein the charging circuit comprises a first current-limiting resistor (R1) and a diode (D1); the discharging circuit comprises an
energy storage capacitor (C1), a first avalanche triode (T1), and a control resistor (R2); the driving pulse circuit comprises a second
current-limiting resistor (R3) and a third current-limiting resistor (R4); the steepening waveform circuit comprises a second avalanche
triode (T2); the driving pulse input circuit controls on and off of the avalanche triode (T1) in the discharging circuit, a plurality of

[ L& 5]



WO 20207258640 A1 |10 000020000 0

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.

B EEE A EH, ZRE M RAERHhX
f£3) : ARIPO (BW, GH, GM, KE, LR, LS, MW, MZ,
NA, RW, SD, SL, ST, SZ, TZ, UG, ZM, ZW), EXIF (AM,
AZ, BY, KG, KZ, RU, TJ, TM), Ek¥ll (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).

KERR
—  BIEE R R (FAF21506)) .

single or continuous nanosecond discharging pulses are generated according to the type of input driving pulses, and a peak voltage can
be adjusted by means of the direct-current power supply (V1). The avalanche triode (T1) is used as a switching element in the power
supply, the switching speed is high, the switching frequency is high, nanosecond pulse width pulses can be obtained, and the micro
electric spark machining quality and the machining efficiency are effectively improved.

(57 FFE: —MIET T HE = B B K T AR b B, BIE: BREIE (VD o FEHEERE. K
FLFRLE . BB R e A R AT BELL O HL s, Hop, TR EAE. SRR (RD MZHE (DD
R EE: EREAE (CD  B—FA=WE (TD AEHEE (R2) o WPk B 5 2R
WL (R3) M =PRI (R4 5 BEAPTERERERE: B 58 =8 (T2) ; KIhkoh b A B
FERICR R T = (T REW, RIER AR ISP R T, 7 A s e 4 2 i Ab 2
R, W R B ER IR (VD . BRI T B = (TD o IF %l 37T
B, JTRIR G, A LARASNRDGUIK TRk, 2R B Gl B AN LS A I L2



10

15

20

25

30

WO 2020/258640 PCT/CN2019/115752

ETF B =8 504 B KRN R g0 ik e R

AR EIERIA X5 H
ARHEEORFE KT 2019 4E 06 H 26 HIRAH . RIHLRRNET 5 B =& 1
2N EE KA N C AR kb RS . H BB R R 5 201910559212.67 AL A6 EL

BRI,
A HT & TR BN LB ARG, Rl B Rk 55 B = A8 X R i K n L
RIZNAD Ik HEL o

HRIA

ok ek L RN TR A L KPR AR I RS R I D R AR v, AL T AR A A
ZATTHATERLRENT . — B OLE, A RAEIN T AR A AR RS0 BOE bk LY, BEfE 3R
BELFRIM LR, Eaiin L. JFH, ARkIEoR i ER b UL iR L sy, A A
TR ESE R, A A] /N B 2 o SR SON GO 2 I R R s . Pk, ARk 58
ok LA 4R R LK AN T L 2R A AR R —

R BKTE A RGO RK R FLE R A LB SR T 1Al NSKILGR KU (9K &R
THREED SR KA L, SN SRk R S L B R A AN K 2 Kk T ik RS 2
FRBE SR A RT R (BT S AT T oo PERE, B ATAvED 4 72 K 58 ik e R U594
HELLSEIL o

AT 1R P K AT P ok et FEL D ) P 5 ) A2 B PSS WL B A ST 5T RC
stsKk o A B A ST bk FLRXE LAERAS 6 75 JiK 98 (R Bk ek, i &AL RC stk
ok i LA PR B, O ELIX PR L O DAFRAS RS PR A SRk . AEIX P A
BEEFT, AT SRR AR NK TS, A BOR P AL HUR RIS = (I D 8 . AR
ST DA N3G L AR IR, A s K A i &, i B RLERAS R R 1
JK T

YR ] R T 2 K T LRI A ks R (e, K TE<25ns),  HETHSkZ A
Feml i RS R AR PR I FLIK 58 35 BN RD 4 ) bk b HLI

KA



10

15

20

25

30

WO 2020/258640 PCT/CN2019/115752

KGR ERE BRI REAR P R [ il —

b, ASHE R E BITE T 38— T 55 5 = AR RO s A0 T FH gD ikl B I
SR B S ARE RO, ST ER, RO G, Al LASRIFPD 4RIk 98 ik
M, AL AR S A KA N R E AN TR .

NIEB| FIAR B, ARG T PR T SARE A kA I T g
Bk s, AR BRI, bRk BORRES . IXEh kb N AU BE ALY HL K

Bk e vl B 04 SR BRI HLRE R1 AT A4S DI

PR O SR fBREFEE C1. 55— = T1 Al dl R2;

Bk Bk ok b R B0 . 55 R I U BEL R3S = Ryt HaFEL R4

Bk BEA e T B s 58 =T =08 T2,

Hop, Prfss— R R1 —im 5 Bk BV RIEAETE, 51— a5 TR i e i s
C1 MPTRSE— 35 1 = T1 RIS R AEE s

Bk AR D1 MIER S 5 BTk g e AR C1 BTl 88 3 i3 AR T2 MR SR AT
AP R R2 AHE, s 5 Bk B YR BTk 55 =Rt e R4 Prd 55 BRI
PH R3. FridsE— B = T1 RRSIRATITIR 55 55 B AR T2 HAR HUARAHTE

BTk figRE AT C1 —um 75 Frid 5 — BRI HL PR R1 FIBTR S — 55 93 =4 T1 U4
W, 5 —imar A5 TR S D1 IEN . FTid 88 =55 i AR T2 BIRSHARAN BT i 45
il L PE R2 IS

FIFR 55— B =8 T1 RN ) 5 Pk 55 — IRV HBEL R3 A0k 88 = Fiim Hi e R4
M, LRSS TR E— R R AT AR A C1AE, RS M SFEE
JRHYR . TR S = PR A PE R4 BTk SE T IRVEHLFE R3. Bk R D1 AR TR 5
= ARE T2 I A AR A

Bzl i R2 —un 3 A S PTRfERE AR C1. Frid i D1 MIERAIFTR S — %
B AR T2 RS, 53— 5 TR 58 S i AR T2 IR

Bk 5 PRy FE R3 —im a3 35 A 28 = IRV HLFE R4 FIFTIARSE— B =5 T1 1Y
BERRARTE, Sy sr il S PR B . RS =R e R4 PR 55— FH B =ARE Tl
RIS AR BTk A58 D1 RS SOBRNT i 58 — 55 il AR T2 BOSE AR

Bk 55 = FR i P R4 — 43 1) 5 ik 5 IRV HIPE R3 AP 55— B =% T1 1Y
BERRARTE, Sy sr o SRR B . RS BRI R R3. PRS- EH B =ARE Tl
RIS AR BTk A58 D1 RS SOBRNT i 58 — 55 il AR T2 BOSE AR

PR 55 55 i = A8 T2 B9t ek f il i BEL R2 AHE, RS 43 )5 ik i g iU s
Cl. Frid —HAE D1 R Brid da i s BE R2 AHIE, M2 515 Frd E i il prik s

2



10

15

20

25

30

WO 2020/258640 PCT/CN2019/115752

SRR R4, FTASE ZIRHIE R3. FTREE—I B =M T1 RS, ik ke
D1 W ARAHZE .

A HE ST 1 T 55 A AR BB e I T g A Sk e, AR AR R St
4% 1 3 T 55 8 = 1) Ao Fl K TN T P g Ik v b, 78 ol e i o0t fRLE T 1 i
BRAT A, TR0 FLE R i B LA T B E AT IR A AN T ARk, IR K A N LS
TR PR SR AL IRBN S 5, BEAL T LB B BE Ak T BV (P E T o R S5 1 = A E A
FORTerE, FTFEIENR, O R, W DRI G TE ikl T AR i A ok A
TR S AN AR . i B m AR KB ik i 5 5 26, 7 AR AN B B I gD G bk,
SEAN ik RT DL T B ke TSR L, T kb AT DASE BR s T At ok e n T
TZRHA& . I HPR GNP IR /NG Rgs, 5 TR BT Al f ke in T3 &,
AR FEtkE.

A, AR A R A ST 3 T A AR AT F KA T AR ik e YRR
A LAEA BT BN B AR AE -

B, TEARMIER—ADSEIEG . Bk 7 B @ I BTk B HIE A ik 6 B
R ClL7EH.

BE—D U, AEAHIE I AN SERE T, I T SR sl ke N FL N [ B £
SRR TR T L P TR B — S = A T (R

BE—D M, TEARMIEN—ASEIEG . PO IR Kb N BB E K (S SR, fr
IR T H L R R BT 55— 5 8 = T FTF, Bl b e st o TR0 A vl 3 LA ik
MOEFH, TR L RO R R R IR I, B b i s BE R2 7 AR HLU 22 AN 1 T
TR BEAIEE FLE T I PTIR 85 — 35 B AR T2 4T, Pk sl v e o R R SRA MK
e A K TE

BE—D M, FEARMIE—ASEIEG . R4S AR KA bk N R\ K (8
A BAAN B T 8 2 A NS SUBCR kl

BB, EARRFER—ASZREE A, WA PR B AR T I g g8
ko (R A FL S

BE—D M, TEARMIER—ADSEIEG . R B BT i % 52 B i v S s il
FE TR S8 55 8 = AR T2 I AR 5 8 bl 2 TR0 ¥ T H AR Tk 2 ol et 2 05, Finid e
P T PN T L r R A6 2 DA A BT SR 0 2 J8C P I 1) B o

BE—D M, TEARMER—ADSEREGH, K ATIR B I TR 7 R A N\, f
IRk SN IR I kR N s R R, g T AR TR AR =
MR T2 [ BEARRIEE LR F], S NIRBNME 5 J5, T AR AR TR)H 7 A B AN B 40

3



10

15

20

25

30

WO 2020/258640 PCT/CN2019/115752

FD2R 7 ik 58 ik
S R B0 G T A AR AR AR T T IR TP BB A 25 B R A T AR A R AR AR Y
W, BUBAIE AR HIE SR T R,

i el B

ACFRAE Ed AR /BRI AR TG A AT T 5 S B PRt S it 97 ) s e AR 43 1 SR A
BB, Hr.

B 1 AR AR FE — AN ST ] 14 52 T 55 8 = AR AR F K AN T FH 4R Jik v LR
2% P 5

2 MR A FRAE — AN SR A S T 55 AR = AR O F KR T T A Ik v R P
JR R R

B 3 AR A FE — AN ST 9] 1152 T 55 B = AR R i A T FH G R Jok o L 11
LYK

B 4 AR AR FE — AN S 9] 1152 T 55 B = AR R A T FH 4R R Jok o L 11
AR L,

] 5 AR A H i — A SR R 2 T2 5 = AR 0 rE KA T T A Ik i L
GG NN

BAR S5 5

N FEGI A A R R SE R, SEREB R RBIZERT B bR, et B G R A A ER
LLIFR 5 o A B AR Jo BCR A A R B D BE R e . 1 I 85 2 2% Y [ ik 1Y
SEHERRBIIER), B TR RIE, 1A SRR S A FRIE (1 R o

I I 2 B B Rl A MR i A 1 S A B ) B T = AR e kAR i
GNP Kk i LR

Pl 1A MR8 A H T — A SS9 119 B T 25 3 = 8 B At rl A8 T R g R ik o
TR

WIEET 7R, % T 5 8 = A I B4 v T8 T R g9 A0 ik o v VA0 468 DA T 25 3R
ELVRHLYR . R LR . SR R L DX Ik e N HL B R BE AL TR H B

Hop, g ofh: MR AMARIAN = KEDIL.

R HL S E . fEREHIARCL. BB I = RE TG ER2.

By ik o v O S R VA HL BE RSN EE = IR HUFA R4

BEAL BT ML B A0 4T . B8 T =R T2,

4



10

15

20

25

30

WO 2020/258640 PCT/CN2019/115752

7 P L S S L VOGS LR (0 i R L AR AT L, 0 B ORI i R L AR
B R AT 0 AT 7 AR Tk, 3R ik b N F B O TR R SR L IR B E T, BRI
FEL % 1) I A ok ol T B B0

WELET R, BT 58 =S R d ke TR Ik IR B R R N 5B
— PR PER L B R A, 51w SRR LA CIA S — 5 =RE T
AR T

THCEDIR IER 7 A g e A CLY 5 T A AR T2 K S AR A 5 il H PER2
I, SR SEMAEE. BRI EARS. 5 R AR, £ HH SHETI
[ 5 S AN B8 35 i AR T2 (0 B F AR O

i BE L CL— i 3 5 58 — PR VT BAR UM S — 5 B =R TUWE AR %, 5 —
i A B DI IER . 55 5 B B T2 R R S AR b i L BE R2AE I

BT =B TR 5 05 58— IR A R3N85 = PR L BE RAAE IE, B2 Al
A0 5 55— PR L BE R LA it B A C UM EE , R SR 43 ) 5 B il 55 =B Vit FE R4,
B RV AR3. SR DI AR AN S 25 B AR T2 B4R AR 3%

P i B PR 237 43 il S5 i R HL AR C L. AR E DI IERR AN 5 = B RS T2 R 5t
WA, 53— im 5 5 5 B AR T2 1 B AR A E

5 MRIR UPAR3— 3 i) 5 A = BR VR L BARAFI S — = B =R TLR SR, 53
— s S B R R HERY . B S B EWME TR RS ). —RE DI
ORI 37 i B T2 (W B Hu AR A i

5 = PRV F PERA— i 4 Sl 5 5 PRV A PER3FISE — T i = AR TLM SR A%, 5
— g S B R S PRV HLERS . B H B EWME TR RS ). —RE DI
ORI 37 i B T2 (W B Hu AR A i

BT AR T2 A G AR %, RS R B S iERE AR CL. R
D 1A IEAR AT F2 il R PER2AH I, Rk 0 5 B R, 55 =M e PAR4. 55 IR H
FAR3. 55— g = RETIR RS M. A DI TR AH 2% .

ALV AR A2, BB B S ARCE T LI A S A 5 80 v R B ) TR o O LR, 8
il FLSELR2 ) — i A it BB HLAS C 1 03— o HURE 42, = i) FELBELR 2149 g — v 15 80 H R 1) 47
o O HLEE L . 38 T 3 = A B T2 B A 5 00 b v B 1) TR0 H o Y PR, BB
B =S T2 HE AR S 0 % o R, BB R B R T2 A AR S A L BE R2 A
oy

BE— i, E2PTR, e A LB g R A R . SO R BR AT A =
W AEAE R FE R TT A CASRAF R BE I Bk i B FE v, IR A3 T B Ao Tk . 3R s ik b i

5



10

15

20

25

30

WO 2020/258640 PCT/CN2019/115752

L % 11 P P B T B = AR R T . BEAL R R S R0 H H B S IR A, AR
51#2@%%%%5,M%%%hiﬁ%ﬁ%l#ﬁ%MﬁM%%@?h%oﬁﬁ
B N R XN ik R SR, BRI AR AN B 8 2 DGR RD SO bk o, WA R RO
o B R
o, FEAR G RS R, XSk RS R S L K AE T I, TR
WL HL B P S OB S ARE T LT T, TBOR H i A S TR AR R T B AT K T
24 A0 R OB IR AT AR L I, P PR 27 AR T 22 M TS E A AR HRL S R 1
S T CARE T2, TR R e R g, BRAS KT BV AT AR K 9
HARY, AR I AR B = AR TR DG 3R A3 4 BT A A T B
M T R A5 4 P 2 38 A IOk B8 JDk o o 7 VR R B NS i RE L AR TR R, BBl ki N FRLES B A\ IR
kA5 S, BOR L T S AT T, A A R i A e () AR R O B AT BEBE 1Y
7 QU s 2 P D NG N e S NI S R S £ 8 N I =il SN e SR ALV
117 51 AL BEAL BT v P 5 B 8 (T O, DRI T8 v e it o o R B, RAS R BE R Bk b T
B2 ¥ R A ) K B
B, AEAHAR I A SEE 3 T S sl K e e\ H i e N B K A
o ORI F B PSR — TR = AR TR
B, AEARHAR A SEREE T, AR BT bk R N i e N Bk e ) SR
A BN B TR SR 2 S AR RD Gr Bk
BE— B, AEAS R B A SR, 38 3R LU R YRR U 4R S8 T
INLES G EV RS
B, EARHAR K DS T, BEAL B 2 R A g B R, AR
TE B = T2 B S A AR TR R AR A 2 RSO T s A, BEALEOE
i I FARORT A R i A IE A A R R H I o R B
B, EARHARE A SEREE T, R B AR TE B s A, RIS
T QUKERFE PN [eai)i7 QU AN ENE: 20N PR R DS NG % SR - AN = R &= i
FERRAN G AR 2 8], A AN IKENME T 0, T URRORT A 2 TR 7 AR A B S 4R B 2
7K D8 H
HARY, L2 5 8 =08 (R K 0 g R ik b B IR B A 3 AR 2
By (1D BEBAIERATRBE R A (2) RWsh ik 5 5N sl ik
AN LR A (3) R DR RO LR NSO A it A s (4D B N BB Bkt A
T L HRUARONT A T 4 7 A A B 8 gD 90 ik T8 K o
UL IR A, B LR A AR AR CTII A B0, ] DURALE 78 A A L S5

6



10

15

20

25

30

WO 2020/258640 PCT/CN2019/115752

B, T8CH bk B A LU

7o HL LI P A B R D URIE M RE R AR CIAT IR 7 L, HLRRRIE A Ll i vp T
H AR 5 AR AS S, 80 i 7% o B o T A 1) T

I FEL FL B R 5 A Sk F B A S B AR T R AR, AT RARAIE Bk b R
NN GIUSHIER T

WEBFEARTR, B3R T 3T 5 8 =R (0 5l i K A8 T g RD bk o reL I 1)
S, B4R T TS B SRS O K A0 A gh AR Ikt B VR ) B AR 1R T
B, (1D KB ERHIEE N B A, BRI A AETV-150V; (2D
e e SN ERERIE S PN i8] 7 UL AN -3 PN P il i i) SUIE E RSN 3 G v
ik vh S SR N 5-10V, #ZE1KHz-100MHZz T (3) 4 T B s A RN T4 42 N T8 FL He
it (4 ST NSBOREIER v BB (RD : 10E4-1000
BRI, =il fE (R2) = 2BKES-50RKAE, 25 PRI HEE (R3) : 10BKEN-200BK 4, 55
PR AR (R4 : 10BKAE-200Wk 4%, fif e HLZE (C1) : 3pF-1000pF, &8 =& (T1)
MET g =g (T2) « FE BN =RE, A5 MCH32450IMMBT2222;  (5)
By N TE B IX BN Ik o E T, T AR ORT T (R 7 AR A O UK TR R s R T N A K
A TR, T AR T AL A A A3 K T

s fs, i AR EEE, A3 —AEEL15.4V. KT E 10ns 8 42 K TR
JHk i TR0 HEL o

MR8 A H 3 St A1 B2t 00 B T 25 A = A8 IO ok AR N T AR AD ik b LR, A
H PR R HL B P A R L S AT AR, O R A AR S TP R AT SO AT
A bk, BRSO\ R O R L BR AR L ER B M T, BEAL BT H B B BEAL Bk b
PEIRIER o RS B =S e NI, TR R, R m, Al L3RI 9N
F0 2 ik T8 Bkt P AR A R K RN TR S RN TR o 2% H Y5 TR R K B ik
B TR, PR BRI Gk, BN bk R AR T S e A8 N R L
WL, SRk h AT LA SEBR B A T gl ik 480 T L 2 e e & v o IF H g0Fb 4 ik o o Y5
LN R, ST RERT AR N TS, AR, g,

TEARIGE R, TR AL, AREeofoLr, ghmr, <wmr, RKEr, “TRE.
CEEEL c by TR CHIS CJETS AT Ty CIREL KT CTITL SR CAh
o SN U I 2 1 e o 1 iy il TR 2 = N R VAL R A= AW B S S i waN 1]
TIPTEAT B RR, N TETHER AR BERMRLHER, AR /R SRS 7R T e 6 2 B ok
ToF AR AR BT DAREE 7 ORI AR, DR AN BRI ARt A% FR A (14 B il

AN, REHE— “F TR B R, WA SRR a8 B 7~ A B 2 B

7



10

15

20

25

WO 2020/258640 PCT/CN2019/115752

B B T HR R B FE B = . Htl, BREA - <55 " MRHIER] DU R B [
AR D MZFE . AR PIERRR S, 28 SGRERDTRA, FlmA, =
ANGE, BRAES A A BARI R E .

FEARBED, BRAESA B EMIRE, N2, MiEr. <@, “HE-ER
BN SCEME, BN, PTLORIE E R, WA DR RTRENER:, BN — s TDUENL
B, WATDOEHIER: FTUUREEAE, Wnr DU R A A S, TR T
PN BB T A AR DGR, BRAEDTA IR B E o X T AU i R
NG E, AT LIRS B AR SO R ARTE LA HE i Bk S

FEARES, BRAESANEARKIE MR E, 55— 4 AEAE S 4k < B e~ nl g

I 1= 7 = Al e 159 B o s R S T 228 2 L WTITINE N A 5
ﬁf%*%ﬁzi; LﬁimﬂETE“ %ﬁf%*%ﬁﬁﬁﬁ%ﬂiﬁ 54X
RN E B KT m ST 5 e B EE S Rk T “ R M« T

LA %ﬁﬁ%:%ﬁEFﬁﬁﬂFﬁ,ﬂﬁﬂ%ﬁ%~%ﬁm$%g¢?%:
FHE

TEAR UL P RIRA b, SEARE— ) L5 ), om, < EAR R,
Bl BRI S IR AR R A O i SE R I BRI A () AR . 254, AMORLEE R i
BT ARER R DAL SR . ARG, X FIRARE R IR B R R A A0
B 0T (1) 22 AH [R] 1) S e 49 B 1 , WA R EARERE . 2580, MR ECE R ST DR —
A BZ AL BRI DL A MEﬁ%ﬁo%%,EKEE%E%%RF,imﬁ%&
AN AT LA AR 1 W] =4 v i PR A (7] S5 B9 LA SCA [R] SE A7) B9 IR R AR 3R AT 45
A

S BT O AN AR 7AW ST, n] DAERAR A, TR S s PR,
AR TR o A HAE IR SR, AR ST P A AR N 57 A AR T TR G P AT DA S it 41
BT, B BHRAIARAY,



10

15

20

25

30

WO 2020/258640 PCT/CN2019/115752

BRI EER A5

1. — RT3 = AR IO A s ke TR gD Bk e, HORRAEAE T, B4E: HiR
Hids e B, JBORRE . BXB kA N LS AN BE A T L i

Bk e vl B 04 SR BRI HLRE R1 AT A4S DI

PR O SR fBREFEE C1. 55— = T1 Al dl R2;

Bk Bk ok b R B0 . 55 R I U BEL R3S = Ryt HaFEL R4

Bk BEA e T B s 58 =T =08 T2,

Hop, Prfss— R R1 —im 5 Bk BV RIEAETE, 51— a5 TR i e i s
C1 MPTRSE— 35 1 = T1 RIS R AEE s

Bk AR D1 MIER S 5 BTk g e AR C1 BTl 88 3 i3 AR T2 MR SR AT
AP R R2 AHE, s 5 Bk B YR BTk 55 =Rt e R4 Prd 55 BRI
PH R3. FTASE— M =R T1 MRS TR 88 — 35 il AR T2 IO A ARAH %

BTk figRE AT C1 —um 75 Frid 5 — BRI HL PR R1 FIBTR S — 55 93 =4 T1 U4
WA, Sh—wmar S5 PR A DLW IEMN . Pl 58 55 i ARE T2 (R ST BT R #
il L PE R2 IS

FIFR 55— B =8 T1 RN ) 5 Pk 55 — IRV HBEL R3 A0k 88 = Fiim Hi e R4
M, LRSS TR E— R R AT AR A C1AE, RS M SFEE
JRHYR . TR S = PR A PE R4 BTk SE T IRVEHLFE R3. Bk R D1 AR TR 5
= ARE T2 I A AR A

Bzl i R2 —un 3 A S PTRfERE AR C1. Frid i D1 MIERAIFTR S — %
B AR T2 RS, 53— 5 TR 58 S i AR T2 IR

Bk 5 PRy FE R3 —im a3 35 A 28 = IRV HLFE R4 FIFTIARSE— B =5 T1 1Y
BERRARTE, Sy sr il S PR B . RS =R e R4 PR 55— FH B =ARE Tl
RIS AR BTk A58 D1 RS SOBRNT i 58 — 55 il AR T2 BOSE AR

Bk 55 = FR i P R4 — 43 1) 5 ik 5 IRV HIPE R3 AP 55— B =% T1 1Y
FERARIE, Sl 5 PTR BRI s R A R3. Frid S —F A =ARE T
RIS AR BTk A58 D1 RS SOBRNT i 58 — 55 il AR T2 BOSE AR

PR 55 55 i = A8 T2 B9t ek f il i BEL R2 AHE, RS 43 )5 ik i g iU s
Cl. Frid —HAE D1 R Brid da i s BE R2 AHIE, M2 515 Frd E i il prik s
=R R4 PR s IR AR R3. PR — B =8 T1 M. Pk iR
D1 (5 RARIE .

50&%



10

15

20

WO 2020/258640 PCT/CN2019/115752

2 HUEAURIZER 1 Ik (T 55 3 = AR5 I e KA S g R ik ok A, HLRpAiE
FET, Prik7e i KIS T i B IR OV A i RE LR C1 e .

3. MRAEBURMIZER 1 A (5T 55 B8 = AR RO R AE N g R bk b v i, HLARRAE
FET, I ik s bk b e AN B K S S R R P A B P iR o
B =R T1 B

4 MERURIZER 1 Ik (T 55 3 = A5 I He KA S g R ik ok A, HLRpAik
FET, Prd sl ki A B Eei N LBk R (5 5w, DR goa A o i R e — 55 = AR
T1 15, Fridjsct At At o 2 1) 7 A i IS L AT kb i, = P e pL it 0B T
A7 IR, Prid fa ] fiRE R2 7 AR v s 22 A 3 FIid BEAL B HL i T I I 58 — 5 i —
BB T2 $1F, ik e AL ey i Sm A i, SRASAKOR T BRI AR K 58

5 MRAEBUMZSR 1 rd (9 5E T 55 B8 = AR AT K AE N g R bk b v il HLARRAIE
FET, AR PITIA ah k i A\ P gt i A I v ) SR 2 7 AR A B R R 2 S AN RD B Ik

6 MRAEBUFIZR 5 PIrid (5T 55 B8 = A RO K AE N g R bk b v il HLARRAIE
FET, SRS i LU A PR OR YR 5 P g RD T L K R (K Ve L S

7 HAEBUCRIZER 1 Ik (T 55 3 = AR5 I e KA S g R ik ok A, HLRpAiE
FET, ik BEAL I it 52 P i T30 R s e edas i, AE PR 38 — 1 i =R T2 AR S 4R
HLAR 2 18] ) R HUAROR A (SO e 5 i, I BEAL B iR R HUARORT AR it A
BEAL P SR D 0Bk o ) B

8 RIEAUANEER 1 Jridk 12T 8 = AR (K el 2 Fia KA 00 RN RD ik b e, HLARP AR
2T, Rk L IR ik 78 W s A A\ S, R BN AK A 5 R N PR SR Bl ik i A\
HL S A\ s R L AR AR A TR S8 T B = AR T2 (AR R HUAR 2 A), i A Bl
e Ia, LR A 2 [8)RE ™ AL B A B SR gN R 20 7% JiK 98 ki o

10



WO 2020/258640

£ R4

wdoe

i
.3
k3
4

PCT/CN2019/115752

\‘\*‘\' ( ;i‘x k|

F®
*“w‘:\ S Q:\*“.
t\., ¥ < R3

st

¥ o

SINE

K 2

1/3




PCT/CN2019/115752

WO 2020/258640

3

&

™,

e

JECCITCETeeTtesTeeTerTeTTReTeTe RO

" \.

errrrrrres

Ry

R

ot

*,

~ oy

errrrrrrrrrrere

N

R N

rrrrrrrrrr__r—.

poeolits” o
e s,

sl ey
.‘W\H.u Pt

g
w4

ot

S ——

e

-, o+

prrrrrrr.,

S

H
g

errrrrrrrs?

2/3



WO 2020/258640 PCT/CN2019/115752

K5




INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2019/115752

A. CLASSIFICATION OF SUBJECT MATTER

HO3K 3/335(2006.01)i

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

B. FIELDS SEARCHED

HO3K

Minimum documentation searched (classification system followed by classification symbols)

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)

CNKI, CNPAT, WPL EPODOC: £/, ‘&, FEr, iU, EFHE, Jiie, TR, JFIG, Pk AR, 4980, avalanche, transistor,
nanosecond, pulse, power, charge, discharge, rising, advancing, edge, falling, negative

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
PX CN 110247644 A (TSINGHUA UNIVERSITY) 17 September 2019 (2019-09-17) 1-8
claims 1-8
A CN 204068898 U (WANG, Yibing et al.) 31 December 2014 (2014-12-31) 1-8
description, paragraphs 0013-0018, and figure 2
A CN 104941064 A (SOUTH CHINA UNIVERSITY OF TECHNOLOGY et al.) 30 September 1-8
2015 (2015-09-30)
entire document
A CN 204885822 U (PREMIER OPTO-ELECTRONICS TECHNOLOGY CO.,LTD.) 16 1-8
December 2015 (2015-12-16)
entire document
A JP 2014045909 A (FUSION TECHS CORP.) 17 March 2014 (2014-03-17) 1-8
entire document
A ZEIRF % (LI, Chaojiang et al.). " ZIAL AL XEIN TS EUML L ERZ IS FEI &5 1-8
%% (Process Parameters Optimization of Film Cooling Holes and Measurement Experiment of
Recast Layer Thickness in EDM)"
#HinT S5EA (Electromachining & Mould), No. no. 02, 20 April 2016 (2016-04-20),

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

See patent family annex.

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

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

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)

document referring to an oral disclosure, use, exhibition or other
means

> document published prior to the international filing date but later than
the priority date claimed

«1> 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

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

> 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

D&

g

Date of the actual completion of the international search

11 March 2020

Date of mailing of the international search report

26 March 2020

Name and mailing address of the ISA/CN

China National Intellectual Property Administration

No. 6, Xitucheng Road, Jimengiao Haidian District, Beijing
100088

China

Facsimile No. (86-10)62019451

Authorized officer

Telephone No.

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




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/CN2019/115752

Patent document
cited in search report

Publication date
(day/month/year)

Patent family member(s)

Publication date
(day/month/year)

CN 110247644 A 17 September 2019 None
CN 204068898 U 31 December 2014 None
CN 104941064 A 30 September 2015 None
CN 204885822 U 16 December 2015 None

JP 2014045909 A 17 March 2014 None

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




EFrRRRE Il P iR 5
PCT/CN2019/115752

A ESIRbaES
HO3K 3/335(2006. 01) i

FZIR PR R 23 3% (TPC) B ] 4% 8 ] 28 7 SRR TPC P ok 702K

B. AENTbE
o3 AR B S0k (bR 2R R AR 285
HO3K

AR AL TR AU 10 o o I PR B SR L AR AR R 2R STk

76 [E s 2 i 2 R 1 T HOE I (R R A RR, AUER M ZRE CnfER)D )
CNKI, CNPAT, WPI, EPODOC: A8, &, 7oHL, MH, LW, miWy, TG, G, BRebEdE, 9%, avalan-

che, transistor, nanosecond, pulse, power, charge, discharge, rising, advancing, edge, falling, negative

C. AR

% AU SIS, BERN, IERMHEEETE A == BRI B SR

PX CN 110247644 A (GEHKZ) 20194F 95 17H (2019 -09 - 17) 1-8
BRIER1-8

A CN 204068898 U (F#Epk ) 20144F 128 31H (2014 - 12 - 31) 1-8
15 B F5 550013-001 8B A [ &2

A CN 104941064 A (FEEFH T K% £5) 20154 97 30H (2015 - 09 - 30) 1-8
=0'8

A CN 204885822 U (FUITT B CEAE B R AT 20154F 128 16H (2015 - 12 - 16) 1-8
=0'8

A JP 2014045909 A (FUSION TECHS CORP.) 20144F 38 17H (2014 -03-17) 1-8
=0'8

A Zal & RSB AR LS E A R B R R I S 1-8

M T 5ME, 028, 20164F 48 20H (2016 - 04 - 20),

[Nacssepprecms: b . TR R
* Bl CrFE R AR wrr ERE MR O 2 S AT, 5 HE A, (5% TR
“pr PCHAER B R T I A — BRR A RSO 2 B T S S
“g” EE%$%E%%%&ZE®E%E%$%&%% X GHESHIH, BERERTE, URERRPHZATR
LY AT BRI A TSR R BRSO, B S — RS F S pman Stk X
x B VSRR S AT e
E%E?ﬁ%%mﬁﬁl LR KB i | PR RSO LA PR SHLitS R BEEERuAT e
“07 WROSATF. . BB R A TR “”ﬁfﬁﬁ@‘f
«pr A 46 R i EER T BRI R (s A (S0 & BRI SOr
[l P 2 SERR 5 R 1 H #A | BrrAdr 2 40 25 1R 2 H 29
20204F 38 11H 20204 38 26H
TSA/CNF 42 5 Rl 25 H SRE R
e [ [] 5¢ 1R A=A R (ISA/CN) Ik
[ b 5T M X B TR IR BG5S 100088 A
£E5S (86-10)62019451 15515 86-(10)-53961451

PCT/1SA/210 3 (58271) (20154E1 1)



Bl s 18 5

XTREERNESR PCT/CN2019/115752

W B 3 PR S SO el 7 e el
CN 110247644 A 20194F 98 17H T
CN 204068898 U 20144F 128 31H T
CN 104941064 A 20154 98 30H T
CN 204885822 U 20154 128 16H T
JP 2014045909 A 20144 38 17H T

PCT/1SA/210 R (FMIREFMM) (201551 )




	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 - claims
	Page 12 - claims
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - wo-search-report
	Page 17 - wo-search-report
	Page 18 - wo-search-report
	Page 19 - wo-search-report

