HE T T R B R Al R T OC 5 3 BL B 465

XEHE:1006-9941(2019)06-0465-08

ET-_RERRENBEMEFXSEYIE

BORVH LR R Tk e
(1I.HFERELAFMNIFR, LK Ex 210094; 2. BEREF R EXK, €4 A4 /F 230031)

7 OE: RIS R Z] AR S BB SO T AR i # T 3EF Schottky 45 T RN p-n 25 U Y T AR i
TF2E, 0 HT T 0 s AT A i B R, B R OT 5645 0.22 wF/1500 V,0.22 wF/1200 V R X2 2000 A 7247 B AR L . BP9 1 fid %
HL Y 0 ME M R A T L 2 PR 00 25 2 T R N R A O I 20 A X 5 3 M B 1 2 ), 2 IR B Ml e F A (R A B SR/ fid R TR B
T BTG 5 DR/ A 25 2 RE R B R ik ke LRI S R S8 ) T UG U 1 T v 5 B AR O IR A Sl T T A R 06 PR LG T B
TR B A i DG T L R AT KR R A R T G 10 A R R I LA D R R A g RS R A AR A )R T
R R G T AN B BRI IA T A% B B VR R AL, ST TR R A H BELASE AR 2 SR e B B fih 2 T G 1 e BELET AR A R, 9 FLRIL

ETEZ IR

REBBIA : IR TT %5 U A 5 B A AR A 5 S AL 5 r BELRSE Y RO R ST T AR

HEDES: T)45 XEPRERD: A

DOI:10.11943/CJEM2018331

1 35

il

5 T O 2 ok b 2y SR R v i G R R 2
G P BB L e A ko E A A (R TR TR
> R 2 TR FR ] B v o E 0 AR IR b T T A A
I 8 X LLAE £ 8 IR 100 WL BB bk b h R . H
BT DL B T R JE A K AEBRIF 36 2 SRR
GIR SIS RESI SNCIR - (GRS XN B 1 I P i
FHF A B AR 558 T AR | o ok P AL AR e
T A R R RS ATR Aol o 2 AR R T AT C
BA RIS RE A S B, 52 3 1 = A Ah
SN S IS S SN

2009 4, £ [ T. A. Baginski & B 4 T —
Fift 35 T 246 % A ol o0 B A B Mk 2 T 6 a1 4
TR &R UK A A R R A R

W EE: 2018-11-27; fEE HH: 2019-01-19

W 4 H iR B : 2019-04-01

EEWMAE: ILHH A ARF R4 (BK20151486)

EZ @ N : RIE(1993- ), 5B L0504, EZNF RS 7B e
AR AR WEFE . e-mail: congxu@njust.edu.cn

BEBKRA: LM 1978- ), 5 WS, BIHFFE 0, £ 2N HE K
T AR . e-mail: zhupeng@njust.edu.cn

(Parylene C,PC), Mt fiff b 7 A B S8 , Pk 8 0 3K
gE LR WITE 0.17 wF/800 VI & 1F R, 16 A H ¥ 1k 5
T 1236 A, B F-BFE 2525 100 ns. 2010 4F, Ji] 1 4
020 4T LR R e A 44 G5 A R 4 B fih 2 T 6
TE 0.47 wWF/1400 V&4 345 T 2700 A By I {E HL
Wi, EFFEE 08 370 ns. 2015 45 SR O OBESE T
B fil % FF SEAE 1000~1600 V 22 J6] (50 H 1k B8 |, 40475 16
=R 2 o1 LT 31 B TR 1 R S S S B Bl e ) 5 2 D B
WM. 2017 4F , Xu CH0¥ 5 ol & HF 56 5 48 20 9 il
PR — IR AL B, W K b 47 J T 0 H [l i RIS T I
FBH L F R B R T R R BJR AE 0.22 nF/1400 V
() % KCAET IR T 7S 36 B (HNS) 24k, 4%
T, A %ok B gk 2 T 56 S0 AL T A b BELASE 20 A1) F 5% — L
FL A THE5S , iATE BSBA A BEAE B BCA R R L AR 5
R R A2 D 5 58 A6 20 Ak 2% SO DT AR S oL i i T
i R (Micro Electro Mechanical System, MEMS) , il
F T BT Schottky 45 Z M R p-n 45 A 1 PR
filh A FF G o R 5 22 3 R 3k \Rogowski £k B I T
B fih Kz FF G A R R ST T Ml & LA Ll K HL R
FH e )2 R G X A IR 4 H o B i & T
OQ 38 TR RE A S MR AR ik K o DG Y i HL R T
2 T A T A R P A B B VR FHAILD , N T AH

SIR AT ORI W R A L T A A A A SRl A T OGS HLEE D] BE R RE, 2019,27(6):465-472.
XU Cong, HU Bo, ZHU Peng,et al. Conduction Mechanism of the Single Shot Switch Based on Electro-explosion of Diodel[J]. Chinese Journal of

Energetic Materials ( Hanneng Cailiao ) ,2019,27(6):465-472.

CHINESE JOURNAL OF ENERGETIC MATERIALS

N XK 2019 % %27 % %o (465-472)



466

PRIE WA R, A v g B

37 F9 L BELARE TR
2 BiIt5H&

B R T G B FE A S R A 4G R R e )R | b
LB AN & o A AR AR D B 40 I8 B
7 fih R R i A T B bR FL S C RN Tl
HLAE C, 38 B AH B Y L T 5 1] 268 % Al U AL A 1A A
(Insulated Gate Bipolar Transistor, IGBT) A #fft #% %
A=A 5~15 VI Ik i {5 5 IGBT JF 650 5 24 )
T S Y H TR R T R g i R R, AR R
] i 2, 45 X R AR VR AL A B T AR B e i s 7
BUBR oh 5 7 T, B R o 2 ] 4 2% A T 2
el g s R LA IR B U5 g b O A, B ik &k
SIS

B fih 2 TFOC I ) 25 0 K T WG A EE A2 AL
AR TUR A Z2 0 MEMS £, 200 2 an [ 2 B
No LAREEE R IR, %fﬁ@ﬂ"%&ﬁfﬁﬁfﬁf Cuﬂ;%
FIHT P 20 H A 20 il 3 7T F A FTAR ol e Ak o

capacitor C,
IGBT switch +| \'
diode 4\ ‘ trigger circuit

metal: W-Ti/Cu

capacitor C,

metal: W-Ti/Cu

dielectric layer
1 il R I SC S5 K R A R

Fig.1 Schematic diagram of the single shot switch

BT HR TSR il 4 B A A SU- 8}15*6
Vg 5 Al bR, T8 5 58 A1 O 20 1 R il 45 29 A

HLT}W)J%'J,H%gﬁﬁiﬂﬁﬁﬁﬂkﬁiﬁiﬁﬂﬁ%ﬁmm
AL USRS L& 4R L 1 R 7 o Y el s N
P RAGR 22 B A g i TR AR B b A D ik R s
A A — SR A B 2 b 5 — s T AR A AR A 2
B AR IR o i of A Gk R T B SR 2R
160 CTH AR 2 h & 1k o i 44 B9 5 filh 2 JF SR i

FYLR AR 76 T UM F IR Pcﬁﬁéﬁ%}?o ﬂﬁ@z K3 fr o
pad 2 pad1
chemical
magnetron vapor magnetron
sputterlng deposmon sputtering
uItraonet ultraviolet :
lithography bs\‘"‘\ lithography
bottom ‘3 parylene C top electrode
electrode
ultraviolet
lithography
stripline

pouring sealant

2 il TS T AR A

Fig.2 Fabrication process of the single shot switch

pad2 pad1

Al stripline

bottom electrode

pouring sealant
3 AR T OCHE A
Fig.3 Photograph of the single shot switch

SU-8 groove

Chinese Journal of Energetic Materials, Vol.27, No.6, 2019 (465—472)

welding

SU-8 groove! l

H T Schottky — 4% & Jz ) i 28 L R8I, — M
A JU AR, B 7E B o 20 58 T 28 5 O 3, M LA
f& 500 V@A EE RN Ak, Schottky A 1Y
il & FL T BRCAR BRAIG, SR I BT T AR A, I fk &
HL Y — M R TT RS R RS K AN R T AR AR Y
VANE IR < e = = N S < S s o
JE,IF H op-n 25 5 F 74k, B A BF 5% () 5 326 B —
Bl 1) < 28 #L R O 600 VO p-n 45 R AE AE R ik
B Ioetr .

S

www.energetic-materials.org.cn



HE T T R B R Al R T OC 5 3 BL B

467

3 ASHEAET

K H & K 22 3 8 3k (Tektronix THDP 0200) #
Rogowski £kl (CWT Mini-HF 60) , 43 5]l & H J& il H
WAF S, U, A P B R, U, WA C
ity P R 5 1, 00, 3 ) S i & T % 0 3 [ % v A RO
31 AR BEMEFXHMBERSE

2 3 ] i b H A B HL 2 C, AR ik & T DGR B
TRBARE . Mk HEE C (2.2 mF) M EHEC,
(0.22 wF) 8l & 90 V1500 V B}, 3 F Schottky 4%
NGRS B PR fh & T 56 (PC B 25 wm ) 1 CH il £
Kl 4R, M IGBT Sl J5 , 76 L2 C, Wi B s 9 7R ]
T Schottky #2878, I ik — L 51 KB F S5 &
fE | N WivE A, Schottky &5 & 4= 754k (55 B 1k, %
iof Py 981 ns; B J S C, 9 i A HL ML 1500 V

THIR T B, 222 14 ns, 4825 2 PC L 5 5 7 [l o ik
WRE LIFAG LT 76 275 ns Nk 8] T I8 (H .

MR8 25 ZE R MIL-DTL-23659D YR |, 45 B% il
H, v it e 0 28 /DA B 5 4> 4 TR] B I Y 4R Y BOE L
Vb AT DA i e el ) A5 sk e SR R B

=L (1)
472 C

R=if|n§ (2)
T

Ve

RIS SCERT1 ] i & T G MERE X L
Table 1

DL S LY I
T= yg = ’)\] =
n n 1

S L B S H 5 R R I B St
B, Qs TH TR, s O EfA CIUAE(, Fig it
AL BT B L 1, S R O 4 5 P VL A

2000 ——trigger voltage 4000
1500 / 219A main voltage [3000
I .
trigger current
U 2
> 1000 2 ——— main current '20001‘
£ 5003 1000 &
N o ©
[0
5 1000
500 detay time: 981 ns S )75
41000 —meY 2000
0 1000 2000 3000
time / ns

B4 3T Schottky &5 " HRAS Y 5 igh S TT 5C 28 SR i 2
Fig. 4 Typical discharge curves of the single shot switch
based on Schottky diode

FR A2 2V AT(2) , A5 305k [l 3 1% 45 00 Ry
100 nH, 2 & B B 9 200 mQ. 1 R 3CHk[11] A&
WFFE e g 45 5 . 2 1 AT LLE 1, 3 T Schottky 45
TR B B R OCHE IR AR R KRB AR T, 36 B A e {E
PO L SCHRL 11 ] v g 0 ) F DA AR, X 2 ol 7 8 [l
HL TR K, BUIHE i A7 A FRL 25 v 1 1B ik T 40 B Ak o
o FLBBCK, — 7 2 R S A2 C, o MR
xLOHMEBENK ;5 — om0 o 4
Rogowski £k 8| B 2 1o o] % , e el ol i e 17— B

Comparison of the electrical performance between results from the reference and our experiment

capacitor voltage current risetime resistance inductance
/ iF /V peak / A / ns / mQ / nH
ref.[11] 0.17 800 1236 100 400 16.6
single shot switch based on Schottky diode 0.22 1500 2279 275 200 100
i e e e N , 2500 : 2500
Ml & H 2 C,(0.91 WF) FA1FH 2 C,(0.22 wF) 4y 2000 2068 A trigger voliage|
” e ] U trigger current £
HIITIE 7001200 Vi, 78 815 T pon &5~ BB ) . wo] — mainvalage -1500
KIF K (PCIEEE 25 wm) M5 M Ze &1 5 fr s o XF %1000' U, I main current £ 1000 <
S 500 ~ i 5
WF 4 [ 5 AT th 96 T Schottky 25 — i FIE T g e
-n 25 A I TR R PR ik e OG0 S aE 2R AR R S 500 831 500
é[ IGBT ¥ 3¢ 738 LA 5 , Ui B 834 ns, p-n 45 & A= ML 1R -10004 --1000
-1500 . . . . -1500
YE 5 BEJE i R U, G TR, DT 14 ns, 46 2% 2 PC 500 0 500 1000 1500 2000 2500
time / ns
i % HﬂHﬁFﬂCEE{ LW LA, 159 ns Nk 2 T
" 5 T p-n A 1 B ik 2 T 6 20 S i 2%

2068 A A9 IE A HL i o

fioh Kz ¥ 2R BT A A7 RO RE B B RT LA i A {E C ISR

CHINESE JOURNAL OF ENERGETIC MATERIALS

Fig.5

on p-n diode

Typical discharge curves of single shot switch based

N XK 2019 % %27 % %o (465-472)



468

GO BT R Y

HLE U RS )
1

E =—CU’ (3)
2

2ot K, 45 5L % W : Schottky 25 4 48 1 I
Il % 454 R 2.2 mF/40 VL E,,,=1.76 );p-n 45
iy B /M il & 4548 0.91 wF / 600 V, E,,=0.16 ),
SR, JE A 0 ik e R AR .

3.2 MABERFENMEEENZE

SCHR (11145 W (1938 T Schottky 45 — #2451 2 il
IV il Kk S5 2 mF/50 VT b A 7R 2
P HA g BT A R — R 2 A
SETJROK o SRy i 2D U B R AR A K SR R
FHZME 5] 2.2,1,0.68,0.47,0.2,0.1 mF {4 fif i B 245
Gy BIHE M fi & i 28 B0 25 R i 6 T o Fe MK ik &
iR G XK« Schottky — 8% 4 Bl 52 1) o 28 AL DL
P fih 2 TF 5 =R OR BB S 0 B KL R . MR IR 6 1T
L, BE A ik R RS AR DD | R/ i R HL R 2R T
L B O &R L X 1 W Schottky 45 Ay L B KE S fE
Ao Mk A C AR I RY RE 1 A 2 L Schottky
g5k R SRR R 8S ,  A  wh E DA  2E 4
Z )2 PCY I RS & Tl

F1% W6 (Pl 30 Bl 2 R P fl & H TR 5 4 2 2 PC IR JE AR fk
M FR, B BE SR 5 k. B 7a T g, BEE
T U, BT, UG (R 300 52 2 1k g o A e 34 1 B
B fiuh & O A S L B R B, R T g N
fil % JF 56 ik I R 2 C, LA e R 2 PR Al LA ]
1k RLC 4 3% L . MR 4 Kirchhoff 22 At ,RLC i ¥
¥ 114 ] %y R A

210
o o experimental data

>
= fit curve
S
S 1404
S
g o
2
e 704
>
% o
€

0 T T T T

0.0 0.5 1.0 1.5 2.0 25

trigger capacitance / mF
Bl 6 /Ml RS il kA A 2 TR G R
Fig. 6
and the trigger capacitance
i3 AR L s LS 15 B e/ i L S e
R AR EZ B RN
0.44
=—0= (4)
G
M 6 7T LU Y fih A f A 25 {E O 2.2 mF I B/
fith 2 FiL T 5 400 T AH 28 B, 3 R TR Ol AR T 5 i
) Schottky — % 48 1) Sz ) o 28 HL R 40 VIR TG HL
JE ) 4 8 A RE e e Tl i 5
33 TREMABESRGEEEXN SE RN
A1)

Bl 7 25 T B F Schottky 45 B 48 i) B fih & JF ¢

The relationship between minimum trigger voltage

t,min

Chinese Journal of Energetic Materials, Vol.27, No.6, 2019 (465—472)

di(t) 1
—L+R-i(t)+—[i(t)dt=0 (5)
- 0+ — i
I H R e R =R
. UO . -
i(t)=—sinwt-e™ (6)
wl
3000 300
< X . 6 250
5;3_ a ° : £200 »
2000 o £150 £
3 8
= . £100 £
£ 1500+ ° o peak current
8 o £50
o 4 risetime
1000 , . : r . : 0
600 800 1000 1200 1400 1600 1800 2000
main voltage / V
a. under different main voltages
3000
—=—U,=1000 V
< 25004 —e—y,=1500V
S
g 2000 i’_",,,,_,———i”””""”’i
e
5 1500
(&)
€ 1000 {—/‘*/‘}
500 T T r T
50 60 70 80 90 100
trigger voltage / V
b. under different trigger voltages
3600
3200
<
= 28001
3
S 2400
£ 2000
pd —=—15umPC
£ 1600
g —e—25umPC
1200 —4—35umPC
800 T T r T
800 1200 1600 2000 2400 2800
main voltage / V
c. under three kinds of PC thicknesses

B 7 R R L T o 2 JRE B X i R T G I B HL IR

5]

Fig.7

Influence of the main voltage, trigger voltage and PC

thickness on the peak current of the single shot switch

Sttt

www.energetic-materials.org.cn



HE T T R B R Al R T OC 5 3 BL B

st
1 R? R
e w P
St L w B4 IR BELJR R 5 TR W T, A
i 28 0 0
=T (7)
1 R’
C 4
S, I o BELE /NI (7) 2T
T (8)

1

Jie

B i 22 T G R BEL e JEORICH [l (2 0 E Y
TEOLT 508 R B 4R 35 A 400 25 0 H SR I 35 S 2%
A B b T AL AR AN . i B 7b Al A, Y
HL R U, 1000 V F1 1500 V I, Bifi % fil & TR 89 T+
1R L8 T T O R IR 1, 0 W S B T L 6l &
fi i B = L Schottky 45 fo MR VE IS 55 5 TR e,
G R =S R UG RN AN DA S ST il e o
7K (A S AN = N e S I R D s R A
Ko HE 7c ] LLE W R — EHBIE U, T B #E 4%
J2 PC R JE 1, Ui 28 B0 fioh S T G (A VLA 1, 8 /0N | 106 B
B fish 2 T P F BEL Bl 5 45 5% 2 P R G R T 0 K
3.4 WZ_REHBKEMTSEMENTIE

M PLHAS Schottky AR AR A filh & oo ki, iR 42
2 (4 2 fh %2 JF 5 (PC JREE 35 wm) B L3 il 26 T %1 8 irr
7N AR Schottky il A8 & A ] S5 7 B2 HEL R A L SR
FPIAR 2 C 43 B o X B2 T B4~ Schottky
MR O PR ik 2 O 5 Y HL IR £R L #E 0.22 wF/1500 V
B2 1F T R G (A 2 T 2218 A, LT # = 300 A
A OF B b o BE B R s r SR L I R R %
1, U BT A~ Schottky — M 45 [A] I %2 A& SR 4, 76 5 fih
S FF 5 30 I P B T PR A% S AE T s R fh
TF 5 B H BH FE T 20 Schottky — 8% 4 B 8 fish 42 JT 56 14
HLBH /) . R HI Mathematica 844 %t it 46 B s 14847 05
FLfBUE S OC H BH A R, 2 B T X Schottky 4%
1 Bk i O A HLBEL 4300 R 200,90 mQ B HL G
GG I AT A, U0 B il & O i rLBEL AT LA
WA B0, I HLBAE AE Z B, B R F 24 S
JEER S, 5 filh & JF 5 i H B AT DA e O35 e BT B30
KT

CHINESE JOURNAL OF ENERGETIC MATERIALS

469
3000
——single diode(experiment)

2000 ——double diode(experiment)
< wy o e single diode(fit)
‘g 1000 ,' ----j--double diode(fit)
§ I o Py N
£ 0
£

-1000

-2000 y ,

0 1000 2000 3000 4000
time / ns

8 T H XU Schottky — AR AE B FAfil kT 56 4 B UL £k
U5 B i LA

Fig.8 Comparison between the experimental curves and fit
curves of the single shot switches based on the single Schott-
ky diode and double Schottky diodes

4 SENNESHBEER

41 ZHREBBEENE

TR A LR B B T L4 o BT 5 L Schottky
S5 p-n S5 VR LA K AR Ak o 2 A T i i 2
Y HL R T A R Il R O AR g P
B AR 4G Bl RE , i — 0 (0 2 ] o ey XY AR 5 B
Tk, 77 AT 2 B B, BT RE S R AR A Ok B BE
HZ XY m g, ok R A 9 s o

deletion layer

= >
OSSO @ —
E
¢° @° &@° a.ﬂe’

O O O
v @ @ —
p-type n-type

|
L

- +

B9 WTEHmRER
Fig.9 Schematic diagram of electron avalanche

A p-n 45 0 ] U 1, 5 5 p-n S5 p-n S50
R R, T 45 X AR AR A . i Q vl Ll
b g Ak A L R U, R HL R 1 R AT AR R
i

Q=[u, -1 -dt (9)
p-n 5 AR AL AT KL X (10) L (1) R4S

AT=?V (10)
P

N XK 2019 % %27 % %o (465-472)



470 RO, WL, R, A A DR
C,=pVC, (1) SR ™ b T HL R 2 1T A R iy DU 4R v A U

K, C IR Rk E A A ) kg™ - KT G IR ik 19 58 Fe R
) kg KT p BAEEME B kg m” s VIR p-n 545 IX
FARER, m? . Y B AR Ak O e A A, p-n B B R AR
KA L B 3 85 A, 7 A ohdi i
42 HBENRETFHER
MR EE TS S R
RN RE i T s o1 e O N N 1 e S I O T N e
TALRE R phd PR e et R, Y Bs Rk S PC
FEAL R A B SSRGS IR R Bk bR
THT BN F T A A R 7 A 1 A S AR B AN
T2 St 3 PR B3R, Ry i i 9 o Y i i 3 EE | PC
SRR RG I T A e S L A A e |k N PSR D A RS = AN [E1 R s
Al SR
2d,
T = DT
X, doh B AR, m; D, R shs 3 78 b A A
PG RE B, mes™' s WA A, 4e 2% 2 22T LT
LY

(12)

pouring sealant

parylene C

B 10 by dfl fh s EIE
Fig.10 Schematic representation of shockwave propagation
4 PCAE T 3 R A I oty 3 mT LA fige 8 Sy — 4 i
PRIV A — eSS YT . 4 PCHE AR LU
HT T e 4 A0 5T U1 o3 B 22 18] B9 G, T2 T BT S8 VRS
Wt B B R A U Y B o AT L Z2 W D) e ot 3 T
VAT Al S i S7 e 16 09 T 48 o 78 SRR B BE PC YR A D
J7-I 78 5 Z AT LA i 3 (7)) 43
o= =20 (13)
d
A, ERW IR i, MPa; d o PCIRERE , um . 224 0 -
PC ()4 [R5 2 3200 MPa, Jit IR 38l 69 MPa, 4
R B R 7 AR Y b oy TR A B 69 MPaif, PC K
AT VAR R R 25 wm JE4E & 24.46 wm.
T PC IR IR 4 B A U470, L PR R 8 THT 14 R i o sk

Chinese Journal of Energetic Materials, Vol.27, No.6, 2019 (465—472)

B X8 IO A7 AR B O T OGS 3E DA, B T HLR T A
R HL S AR AR, 4 2% 2 AT Rl LA A )2 R R A
AR A AR A LA S C oy
c=— -4 (14)

4akd U
A, e A LR B A H B S H A R A Y T X T
L, m? s kR T H R N m - C o 2 AR ) R
B, m; g A AR A T, C g U 2 HL 2 A PR A (]
MHL R, V. M4 2 PC R EMEZIE UG B M
b A A M A R K A DX I AU Y AR fOK
G, W BT b AR A ST TR 1/10°, LA (E C
FIFERA1/10°, fEHfir e QAR , U 2N
R 1048, PCHELLZR 32 107 V 2 20 = 1R, IR T &
4.3 RkMKEBIREFABE

Mo 2 Ay 52 PC T 2 5, B il 2 O OGSl . X
T A R R & IE /Y Spitzer 23 207 A] £k 55 3
EHSFo 0.

3.1 x107°T)°

o= (15)
In(1 +2.2x10"T,°/n,)

A, TN TR E IR K n W T3, m™
HL B T, AT e U e 0l vk A B L B n AT
R FHOV A7 o A AR 3R 00 A 2 o e A B A B TR T G
T LAIEAR r, RI RT3 5 45 8 A T A L R -

bl
Rp_ppg_

(16)

o.mr’
2, p, R 55 B A (9 FL B R, Qe my SR JE EE 1Y
B AL, m?,

Wt (15) M (16) v LATEA 45 B 7R 8 GE 1Y
HLBH , Se b b 45 B M0 o S AR, BB R AR /DN,
=S, R (16) IR LLFE I, b 5 4 2 )2 5 1
S I - S N TR (= R = =N 2 N i NI S T A S
FHE U, T, 15 2] 09 0505 f 2 i/ X 5 B 7 A1y
B o X T HET X Schottky — B 45 #4984 filh & JT 56T &
T30 IR 3 T A R A R S AR O 22 Y 2 4%, T R
BHAL T /)N 3x 5 & 8 MW 6 o

5 % it

(1) % F Schottky 45 | p-n 45 — #2819 0 Fl 5. fink &
FF K43 I 4E 0.22 wF/1500 V.0.22 wF/1200 V T ik |
72000 A Zc AT B AR HL I, B FHIRFIR] 2 200~300 ns,

Sttt

www.energetic-materials.org.cn



HE T T R B R Al R T OC 5 3 BL B

471

CIRDR PRY - GReF - n 3 QUIBYI B T UL R (e 0
B 1Y e/ il & 48R 2.2 mF/40 V, 75 B0 fil & g
A RIS TR TAE 5 & B R/ M il & SR
0.91 wF/600 V, 75 Z Y filk & BE ot 32 1% , (H 2 e 08 1 2
500 V& PEE K

(2) PAFETF Schottky 25 — M 45 19 5 il & FF & M Al
B 5 fith 22 P25 25 A A 38, Joe /)M ik kv PR 2 TR A, —
HZE K FE A LR R U, =044 2 FHTE il
e FL R T e R 4 5 5 TR AR LR ST I R Dl g e
P I 8 184 K 5 Y A flh ke T OG5 I i A 5 2 A A
B VR GE 0 (E FL U s T

(3) AR 4 B ik & JF G B9 4 FHARE A5, o G ) o
3 Ry R MR A8 R A 2 o 2 R bk oo H O
T AR B, I ELVR A BB T A B B VR FH AL
7T R N Y R BELRSE R 4% SR SR Y B ek 2 G B4 H BH AT
DARE A %5, 9 H BB 7E ZE BR DL .

SE Xk

[1] Chu KW, Scott G L. A comparison of high-voltage switches,
SAND99-0154[R]. Sandia National Laboratories, 1999.

(2] W PCHF, 225F B, 2 LAl , 55 . A GRS i JE T C R 5T

JEL)]. %4 5 W54, 2011, 11(1): 202-205.
ZENG Qing-xuan, LI Shou-dian, YUAN Shi-wei, et al. Re-
search progress of high-voltage switches in exploding foil initi-
ators [J]. Journal of Safety and Environment, 2011, 11(1) :
202-205.

[3] Lv J, Zeng Q, Li M. Metal foil gap switch and its electrical
properties[J]. Review of Scientific Instruments, 2013, 84(4):
150-154.

(41 B, RN, ORER, 55 . BIOE Fr a0 ke 7 R A5 25 B P T T 56

WESEHEREL)). & RERTRE, 2018, 27(2): 167-176.
YANG Zhi, ZHU Peng, XU Cong, et al. Review on micro
chip exploding foil initiator and its planar high-voltage switch
[J]. Chinese Journal of Energetic Materials (Hanneng Cail-
iao), 2018, 27(2): 167-176.

(51 B . A it M G kL % 8 55 1 1T = vl A JE T DG B R BIFFE [ D .

ma: WAtHR %, 2018,
CHEN Kai. Research on the technique of micro chip exploding
foil initiator and planar three electrodes high voltage switch
[D]. Nanjing: Nanjing University of Science and Technology,
2018.

(6] BBr, KM, fREE, 55 . 36T MOS ¥ il &b i B 1Y & FE L 25 il

Rtk )] S RER R, 2019: 27(5): 417-425.
QIN Xin, ZHU Peng, XU Cong, et al. Characterization of
high-voltage capacitor discharge unit based on MOS con-
trolled thyristor [J]. Chinese Journal of Energetic Materials
(Hanneng Cailiao), 2019: 27(5): 417-425.

(7] bAX, IS, XUAR . T 3 20 R A 4 K s [ 15 P 4 1) R (A
WO RBOE SR, 2017, 29(2): 77-82.

DU Shu, SUN Qi-zhi, LIU Wei. Numerical simulation of im-
plosion of solid liner driven by disk explosive magnetic genera-
tor[J]. High Power Laser and Particle Beams, 2017, 29(2) :

CHINESE JOURNAL OF ENERGETIC MATERIALS

[12]

[16]
[17]

[18]

[19]

[22]

S

77-82.

Zhu P, Chen K, Xu C, et al. Development of a monolithic mi-
cro chip exploding foil initiator based on low temperature
co-fired ceramic[)]. Sensors & Actuators A Physical, 2018,
276: 278-283.

AR, A7 ] . ik b Dl S HOR W F 5 IR AN R SR gk ()] Bl
TR, 2008, 25(4): 1-4.

ZHENG Jian-yi, HE Wen. Review of research actuality and de-
velopment directions of pulsed power technology[]]. Mechani-
cal and Electrical Engineering Magazine, 2008, 25(4): 1-4.
Tasker D G, Lee R J, Gustavson P K. An explosively actuated
electrical switch using Kapton insulation [R]. Nasa Sti/recon
Technical Report N, 1993, 93.

Baginski T A, Thomas K A. A robust one-shot switch for
high-power pulse applications[J]. IEEE Transactions on Power
Electronics, 2009, 24(1): 253-259.

Zhou Z, Ding G, Yang Z, et al. A micro-machined pulsed
power switch based on Kapton films[ C]//International Confer-
ence on Advanced Technology of Design and Manufacture.
Beijing, China, 2010: 439-442.

W, ZEAY, R, % LT Parylene C Y B fis & T 5 PR RE 5L 56
fFgel) ], SOt S AT, 2015, 27(6): 233-237.

HU Bo, LI Jie, ZHU Peng, et al. Experimental investigation of
one-shot switch based on Parylene C[J].
and Particle Beams, 2015, 27(6): 233-237.

Xu C, Zhu P, Chen K, et al. A highly integrated conjoined sin-

High Power Laser

gle shot switch and exploding foil initiator chip based on
MEMS technology [J]. IEEE Electron Device Letters, 2017, 38
(11): 1610-1613.

Ebenh6ch S, Nau S, Héring I. Validated model-based simula-
tion tool for design optimization of exploding foil initiators[]].
Journal of Defense Modeling & Simulation, 2014, 12(2) :
189-207.

MIL-DTL-23659D, Hi2HE& & i HMLE[S]. 2003.

wrete, AR, VT, SRR ol o A S O A
PERERZ WML L) ). S REABE, 2014, 22(6): 1-6.

HAN Ke-hua, ZHOU Jun, REN Xi, et al. Effect of high voltage
pulse power source equivalent parameter on exploding perfor-
mance of bridge [J]. Chinese Journal of Energetic Material
(Hanneng Cailiao), 2014, 22(6): 1-6.

Hu B, Xu C, Zhu P, et al. Characteristics testing of one-shot
switch [C]//2016 China Semiconductor Technology Interna-
tional Conference (CSTIC). Shanghai, China, 2016.

R, ARIRET, 5K DURT . Bt ) R EORZERE M ] JE T AR R
AL, 2010 37-45.

HAN Min, ZOU Xiao-bing, ZHANG Gui-xin. Basic pulsed
power technology [M].
2010: 37-45.

Baginski T A, Thomas K A, Smith S L. A high-voltage sin-
gle-shot switch implemented with a MOSFET current source

Beijing: Tsinghua University Press,

and avalanche diode[J]. IEEE Transactions on Industrial Elec-
tronics, 1997, 44(2): 167-172.

F U AR RS Y R A B S LD ). AT
BheEgR A, 2017,

WANG Bo. Research on stress waves of phase transition mate-
rial and polymer under combined stress[ D ]. Hefei: University
of Science and Technology of China, 2017.

5 WEM LK o e S5 A RE A P i WL BESE (D). R AT T

2019 % %27 % %o (465-472)



472 PRIE WA R, A v g B

SR, 2008. [D]. Aot M atH TR, 2016.

FANG Ye-lin. Preliminary study on electromagnetic properties HU Bo. Research on the electro-explosive plasma switch ap-
of pulsed discharge plasmal[D]. Nanjing: Nanjing University plied for explosive foil initiator[ D ]. Nanjing: Nanjing Univer-
of Science and Technology, 2008. sity of Science and Technology, 2016.

(23] W L3 P T 8 o G A k0 9 L BB X S T AT G ORI

Conduction Mechanism of the Single Shot Switch Based on Electro-explosion of Diode

XU Cong', HU Bo’, ZHU Peng', YE Ying-hua', SHEN Rui-qi'
(1. School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 2. Chinese People's Liberation Army Artillery
Air Defense Academy , Hefei 230031, China)

Abstract: Using microelectromechanical system (MEMS) technologies including magnetron sputtering, ultraviolet lithography
and chemical vapor deposition, two kinds of high-voltage switches based on Schottky diode and p-n diode were designed and
fabricated. Electrical characterizations were performed to investigate their performances under no-load condition, which showed
that the current peaks of the two switches reached up to about 2000 A at 0.22 wF/1500 V and 0.22 wF/1200 V, respectively. The
influence of trigger capacitor, trigger voltage, main voltage, dielectric film thickness and bi-diode structure on the conduction
performance of single shot switch was studied. It is revealed that the minimum trigger voltage decreased gradually with the in-
crease of capacitance. Reducing the thickness of dielectric film, increasing the trigger voltage and main voltage are all beneficial
to improve the current peak. Besides, bi-diode structure can also improve the current peak. Finally, according to the electrical
curves of single shot switch, its action process can be divided into three stages, namely the electro-explosion of diode, the
breakdown of dielectric film and the rise of pulse current. The conduction mechanism and resistance model of single shot switch
were also established. The results indicate that the resistance of single shot switch is very low, almost negligible.

Key words: high-voltage switch; single shot; electro-explosion of diode; conduction mechanism; electrical resistance model;
MEMS
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