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Fig. 1 Schematic diagram of McEFI structure with silicon
MEMS technology'®’
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RS EEAR A A R TR o & A R BT B TR R 2 MR
o N BB R 5 1R SR A A P ORL A REOR W) R B
SETE SCEE o A T2 AR R B R PR A, I B0 AR
— R AR TR AT LR S A i EE-DU B (HNS-IV ) .
0 AE BT 0T BLARSEH SR T R R (40~55 um)
Xof L HINS-IV 24 4 4 5% e B

reflector
g -
/bridge foil

L insulating layer

silicon substrate
(containing flyer and barrel

B2 fE MEMS T 2000 B e 4 A 45 s 2y el
Fig.2 Physical map of McEFI with silicon MEMS technology'”
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K 6 F £ 3% 0 I # { (Photonic Doppler Velome-
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AN G5 B0 i ) AN 3 T MEMS T2 9 McEFICR
PCAE & R T SU-8 1 M Jit ) () "% v i 32, il 6 4%
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Fig.3 Preparation process of McEFI based on SU-8 accelera-

tion barrel''!
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Fig.4 Component photos of McEFI with MEMS technology

[15]

YR TF e T M 96 MR Rk R 6O T R
R R HNS A 56 BF gT o BOhn Gk B R SF R
1.00 mm(@)x0.40 mm(H),kH PDV B 5% & K HL &
(1.25~2.5 kV)XF PC/Cu & 45 & J 3 B 1) 52 i B AL, 25
AU AR ZON S e RSE TR, TR 118 R R g
R KH R R KM K, #E1.25 kV IR KT,
BA Gl 227 ns i B 5 K EE 2240 mes™ i #E
2.5 kV R KFMET , C7 insl 2] 5 K 3430 mes™' H
175 nsy B A € I 10 - (] il 2k E AT R n] A
SN O7 R -0 ] 2k 6N TR R K RS I 2 A
AR SNy W O VA 2 N B 1B W O =S
H=0.395 mm (S0 &5 B ) , BRI R s e o1 e, 3 2
IR B R R R, AT A %O AR DA i G B e R
M HNS. IEAh, % McEFI ] B 2 2 4 HNS, 3% 3 B %
FHPC/Cufd & KA 5 SU-8 6% i . SUEX T st 45 35y 711
R R % McEFI & T 171 .

zi b, B N A2 NEE MEMS T2 5 4k ik MEMS
TG AS 7 T, AL T AR DS T AT A ] McEFT Y
T2
2.2 EFLTCC T McEFI

T MEMS T2 1 % McEFIL, T 13 McEFI i 45 i
AR B R RIS AT DL SE AL AR T B T
B —BOPE , BEAIR T 2 BUAS | (EL I 1) 4 ook 0 5 8 R M
He2 AR BB, LTCC $ AR J& 3T 4F ok 2%
R ) — Tl 2 24 38 SO A R AR, AR S A o 7
HUAR S #40Re 1, LR K 5k F - T 1 4 Ak B A e Ak
EON=107iy = W R P20 [0 31 e - 1) 1 B B R
K P AL S AL 22 W B S e 2R R R R e Y Y
LTCC T. 20 A Dh — 1A £k 4% 45 il & B A7 2l A 4549 1
MCEFI, & 4k T il 5 2 #2 , [7] B BT 4% McEF1 A LA Ak 3

N XK 2019 % $ 274 %248 (167-176)



170

BRI AR Ak, BT, b B

FEBCR AT MEMS T2 201l 25 1 McEF Iy, B2 H A& T
LTCC 4% AR 1l 5 McEFI Y AR 5 /&7 , I FL 78 AH R 3t 2%
P, B 18 McEFIFH T 8 ok Bl B 42 I 9 K R B A
I, AT T 5% & kB TR BE . Mz, R B iR
LTCC T. 2 il % McEFI — S it o5, HIUAS 2 Sy — Ffp ] R
FH 28 T2 Ja 30038 3 AR W el tE i 1 S 80, B 2 %
PR RE DL R Y MCEFI

2018 4F  RJATS RO AE T ORI LTCC T2
R B 5 MCEFIL B SR B IR AN KL 5 Bs .

explosive  flyer/barrel

Pd/Ag Pad groove Au strip/bridge foil
barel \-ﬁ-¢tamper

* (1-8 layers) <D06mm¢,4mm
% ceramic flyer
— (9th layer)
P Pd/Ag Pad 4 mm
- bridge foi
ridge foi
- ¢ ~——13mm -

>  metal conductor
~ ceramic tamper
(10-20 layers)

a. schematic representation  b. specific structure and size

of laminated process
B 5 %?LTCCEi%ﬂ%ﬁé’wiJﬂ%i’ﬁ?ﬁ;ﬁ%%%“"'
Fig.5 Fabrication of McEFI based on LTCC technology''”’
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R TR AE JTAEIERES %
R LA R IF G AE CDU i TAEPERE S BK
Table 1 Working performance parameters of several planar high voltage switches in CDU

. . pulse life operating voltage  peak current rise time trigger
type of planar high-voltage switch . .

/shots 1A% capability/A /ns requirements/V
planar-electric explosion switch!?' 1 1200 635-940 - 1000-2500
planar high-voltage switch with SBD trigger 1 80022723 123623 10023 5023
1500!024] 1730024 178l24] 90[24]

planar triggered spark gap switch about 1000 23! 1250-2250!¢ 1870-3470!1¢) 120-15311°] 3000'"¢!

PRI & R R e e A B R AR F
A 0 T A5 A 9 00 ) S e R S 3 1 — b R ik K
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g i eE S S REAT A R A R A R AR B TR o
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20124 R 7T IF il £ T 7S TS [R) 28 1 A
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MCEFI £f R 20 g p 45 D 3 H 8% L 75 1.0~2.5 kV fill & 1
FEF W8 5% FR AR [0 BT [l fi e ey R 9 S ey, &5 SR 3%
WY AE [R]—fioh & F R, R OCAE FH B[R] B 2 0] B B B 1Y)
Bl AE K s MCEF I J & H 3E Bl 5 ) Bt BE 5 17 34 K
M /N . Baginski T A %5 Sk 44 i HRL g K T O 11 i Pl
TR SEE BT T 2 AT BRI KE R TS R 1 TG,
[] B 22 HE R OG5 McEFI AR BRI A AR . AR 3LS it
Pl 152 11235 F R B2 3 JF SC A L AR 8 L (H H AR WL i —
R E .

2015 451 2016 4F , i 1812072 F B [ 4] 8 155 F i
PR A TR T DG A SR Bl b o Mok e E B B XS ALY
CuO & A & RE W I LUAR = P e Mk 8, JF R &5 M st
&l 6 T 7 o

VE#5 R 0 ELER AR AR AR T JF G s b &5 480, 43 #r L
BT R[] 4548 1) TF SR 78 A T8 29 ORI PR AT Al Il
FEFR A FE ST T A MERE  WF ST 45 SRR B E A HOR
AR M ¢ 3 0] #E 5 L R O 1.5 kV B JF 56 32 (0]
BB LI 29 0 1.14 KA, b 2 SR 28 T #Y 06 {8 o 0
29 53% , [F I 46 J6 T HL i TR ] FE L HOIRES TR
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I — 2 HL A N, RO B AL/CuO & A 1 1Y 45
I VT B 6% 4 v 0 A PR A, O L AR R A i R
BRI H AR B R T A HOIRAS TR A AR XS
W R P 30 114 5 T S

main composite-energetic
electrode film zone

=
:
/

Cu0 Al Al/CuO

trigger Cu

electrode
B 6 ULF AI/CuO i1 F- If HL AR K iy FE T 50
Fig.6 Planar-electric explosion switch deposited with Al/CuO™

(2) AR A8 B UK fish & i FE I Az 6 R = R
ik, FE M ER . E TN EEBRZE LN R &
M A JE 4 &2 T A (Schottky-barrier diode, SBD) 41
Ao FE OB AE R AL R 58 o8 %) SBD Jiti fin Bz [ H, Hs it
Howd B v 2, 7 A R ko R P A R A A R 2
P KRR |, PR ) A 1) A5 B8 A5 I O o 2 48 % A T, AT
{1 S 1 N S Ao i Sl o 1 e
2009 4F , Baginski T A %% 31 7 SBD HL ik fil & FF
KRR BERIANE 7 s o i F R 2 A5 1

c 400 mils >

Schottk
Diode d (7&)
Metal: Ti/W/Ti/Cu/Au

P Dislecii
Metal: Cu/W

400 mils

Kapton Film
Bl 7 I R U A T G R B
Fig.7 Schematic diagram of Planar High-voltage Switch with
SBD trigger**’
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Review on Micro Chip Exploding Foil Initiator and Its Planar High-voltage Switch

YANG Zhi, ZHU Peng, XU Cong, ZHANG Qiu, QIN Xin, SHEN Rui-qi
(School of Chemical Engineering , Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Each technology upgrading of Exploding Foil Initiator system (EFIs) is accompanied with the innovation of design con-
cepts and manufacture processes, especially the technologies of Micro Electro Mechanical System (MEMS) and Low Tempera-
ture Co-fired Ceramics (LTCC) greatly promote the development of Micro Chip Exploding Foil Initiator system (McEFls). The ad-
vantages and disadvantages of Micro Chip Exploding Foil linitiator (McEFI) fabricated by two kinds of processes were briefly ana-
lyzed. The working performances of several planar high-voltage switches in Capacitor Ddischarge Unit (CDU) were listed, and
the feasibility of manufacture idea and research method of the switch is obtained. The research progress at home and abroad
based on the preparation of MEMS process and LTCC process, and the study of McEFI, planar high-voltage switch as well as pla-
nar high-voltage switch integrated with McEFI was summarized respectively. Key research directions were put forward. In-depth
research of the fabrication of McEFI and its planar high-voltage switch by the MEMS process will achieve engineering application.
The planar high-voltage switch & McEFI with monolithic structure can be fabricated by LTCC technology.

Key words: Micro Chip Exploding Foil Initiator system (McEFIs) ; capacitor discharge unit; Micro Chip Exploding Foil Initiator
(MCcEFI) ;planar high-voltage switch;research progress
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