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HNS. LA @R 58 R B, BB 58 1 9 R 8 28 2 R
MEMS N5 2, I T T2 BB B 2. ik — 4
{7 £ % K 7 R R 2 ) A AR L R DA% G5 MEMS i Tt
Tt v 52 2% A R X 57 A1 8 ) AT, B 7R 2R R ROR
R AR AR 77 A, S EFLAE Ak At B Ak i i L A F 5
K G IR 35 4% B % (Low Temperature Co-fired Ce-
ramics, LTCC)—RALAY N T T 75, B 1 e G i 4 4% 3
A 55 0 5 B BE R A LTCC R M &5 &, i T
LTCC %3 4 9 2 48 &5 B (LTCC-Exploding Foil Initia-
tion chip, LTCC-EFlc) . MM S8 T 38 AFH €
Fr I A AL — A e gl & o RO T 2%
L B R (Photon Doppler Velocimetry, PDV),
T 98 S KCHL PR I B T R X T 1 B i R AR DA
Fe W e 6 i JE B o LT AT AR PR SR R S e, T
T 7 AR BI/RS 2 40 (BPN) 25 K 0 48 S il 2 1
(HNS) 25 4F (9 52 56, 50 F T LTCC T. 20 il £ L 43 05 A
T AT

2 LTCCEEEEBERMRITSH&

2.1 LTCCEMEBERERBRERIEIT

LTCC 5 A & 4 B JK | JC VR o 14 Fn b 2+ — Rk 1y
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a. the circle barrel structure
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b. the square barrel structure

Bl 1 WAl LTCC-EFIc 45 iy m 2 A
Fig.1 Structure diagram of two kinds of LTCC-Exploding Foil
Initiation chip(LTCC-EFIc)

%1 LTCC-EFlc R~F&%

Table 1 The dimensional parameter of LTCC-EFIc
structure parameter / pm
bridge foil LXWXH =300%300%5
®dxH =400%300 (circle) or
barrel
LXWxH =300%300%300 (square)
flyer H =25 or 50
Au strip H=8-12
Pd/Ag pad H=12-15

Note: L islength. W is width. H is thickness. @ is diameter of a circle.
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a. the optical figure

b. the schematic diagram

2 LTCC-EFlc M5 I Je 45t i
Fig.2 The optical figure and schematic diagram of LTCC-EFIc
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Fig.3 The test circuit of LTCC-EFIc
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R2 AuBFLEBRS

Table 2 The parameters of electric explosion of the Au bridge foil

firing voltage Resistance current of burst peak voltage power of burst energy of burst energy utilization ratio 7,
/ kV / mQ /A /V / MW / mJ ! %
1.8 60 1733 943 1.65 143 40.12
2.0 57 1843 1051 1.94 154 35.00
2.2 59 1971 1196 2.36 179 33.62
2.4 60 1993 1318 2.63 171 26.99
2.6 61 2177 1416 2.79 181 24.34
. . 2.0 optical
20 < AFTRS voltage beam  gircylator
—current y splitter colimator ~~ flyer
<< . — 11. =" I —
= ‘burst’point power | laser '—{ amplifier )
€
g 110 = l ll
=1 = -
e = [ detector | oscilloscope |
= 5]
= 105 2
o
S \ s B 5 PDVZRSJ5HE
g 00 =194 ns 0.0 Fig.5 The schematic diagram for PDV system
0.5 . . . 0.5 2
0 500 1000 1500 P 6 T 7 B 7E AN ) & K HL TR TR, & e 3 -k [ i 2%

t/ns
B4 1.8kV/0.22 pF & KHEIET AuMFFEHRI HEMPR L

Fig. 4 The current, voltage and power curves of the Au
bridge foil at 1.8 kV / 0.22 wF firing voltage
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LTCC-EFIc iy B & & Fr iy skl Iy 8 A7 7 0F 92, A 4
KA HERIEL L ESh SR PHIEN . R
1550 nm &kﬂéﬁ'ﬁ{mﬁ;‘ﬁ%ﬁmﬁffﬂwﬁ(;‘ﬁf’ﬁﬁy‘ﬁ/ﬁ T
WAE S M E 1.29 MHZ X 1 m - s iz 3 3 J¥ .
PDV % 4 J5 # [ i 1& 5 fr s o

PDV FI| F it 2% 22 35 8 50 g 20 A7 38 B0 6, LA
TRk R Y OGRS 250, O i B Lk
B BOCAE R AF 50, R S5O0 & R T3 I, FI R
W E8 A 2 Z MG S e ZM T WA S A HER
P L e 3 2 SO 5 B B F 5 B e 4, O Hh 80
TN AR R AR IC SR HL AR T, I T A PRl el B e A e b
B T ARA W 6 e D A
3.21 EABEENKHEENZIE

Y& IR 98 R SF 9 300 wm X300 wmx5 pm. KA
JE R R 50 wm Hoim e i ROSF 2 BB #9 @=400 wm .
H=300 pm ¥ LTCC-EFlc, #] /| PDV il 3# & %t , il & 7¥
TR B & kTR KR B R RO Ak B AT 4R A5 n
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Fig.6 The velocity-time curves and displacement-time curves

of ceramic flyer under different firing voltages
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SRR BRI AR, BB R, v B

B 5 i g R v, = 41 B R R B BN 82
18, I 5 22 90 ns A i 3 3] HE B R
3 NN e R T Y B R RO AR S R
Je R B RE AR R R . MER 3 AT, AR A KL R
2.0 KV ORI ) A R T R ) 62 A% 0N Tk e
f75 B H=300 wm, RI& 5 76 i B 11 ) S8R Gk
B dg KA B 25 & KR R R T 2.0 kV I, &R 78 0 3
JBE LT AR A T R TR B R R M RN R R

R3 AFLJOLTET W d I E2 8

S B T iR AT Y PR R R B 7 A R R
45 B T R B X TR RO IR Bl O A
AE I3 B T A ) R e R K B G0 {5 (R R TR
iR B4R v I SR 1) TR Sl BE A9 AN A2 LR A
AE A A AL FE , I AE 2.0 kV IS R KRR, A I BE
I DES & NA R u R NI DS Bus e E s |
R 14 R R R AR R KR T R A AR LA R ORI
L JRE TR T R T, AT PRI T R S A B R

Table 3 The parameters of ceramic flyer under different firing voltages

firing voltage / kV acceleration time / ns

acceleration distance / wm  maximum velocity / m-s™

energy utilization ratio / %

2.0 173 274
2.2 187 331
2.4 201 401

2178 11.36
2340 10.78
2583 10.92

3.2.2  fnEERRRS R EE R

X T/ 6O B K AR R AR T S L SR B R
BB EAEF J7, FEER IR T A AR 7 AR I A S
TR Bk 09 PR T o PRI , A7 9 H A 7 2 10 A R T AR Y
B RE AT A K 23 e A5 S R N Y R ) A A AT 23 0
QORI AL P A ) B R S o R A EF AR O
B R EREY) A MY R EE FIRMGER, BN
O 3 i Y RO EF L6 R B 1 52 ) TR A I 9 A
Ao B FEAS N R BE R SR SE O 300 pm X
300 pmx5 pm . &R JEE K 50 wm JE# LTCC-EFIc il
LB FE T T RO R T IR =400 pm B ] ik i
PL K LXW=300 wmx300 wm J5 & il i Jie % % R
B2 e KL S5 2R L3R 4.

R4 R TR B T R Y 5

Table 4 Effects of barrel shape on the velocity of ceramic flyer

velocity of ceramic flyer / m-s™

firing voltage / kV circle barrel square barrel
(©=400 pm) (LXW=300 pmx300 pm)
2.0 2178 2314
2.2 2340 2653
2.4 2583 2689

2 4 AT, RO 2 O B i N S S Y
PR BB I S 106~313 mesT. Mk K
FE 2R 2.2 kv i, P9 A 0 s ROSE TR AR R (]
LR N B B[] il 2 an 181 7 FT s o AR 4 RTE 7 W1 LS
N AEAE R SR TR o sk J 1) A B o 3 O
T 77 T8 00 3o b ) 3 T 3 T R o A A LT IR R
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TEAEA AT I AR P AR, DT % A e iy ¢
AR 5 X T B i ok i, i b AR S A 9 b
DY, ELA 9 A g X O IO DR, PR 7 I
Bl R, AN 2 B AT - e 1 Gk Ak B 2R il
75T A U6 Y B AT 5 BB S E el TR R E
52 AU I B A 2 5T 0], TR AR i i A v 2 a2 B s
AR T L D A5 S A R R A I 55, A5 L A
ENIVE SRR 2 QIR ISLE 3 BNITE S W
B Jon o JBE e (H A S AR A

3000 0.6
]
o
2 2000 10.4 =
= =
g g
£ 1000} 102 &
——circle barrel A
——square barrel
0 : . . . 0.0
0 50 100 150 200 250

t/ns
B 7 PO BT A B RO B R - ) I £ AN -
£k (2.2 kv /0.22 wF)
Fig. 7 The velocity - time curves and displacement - time

curves of ceramic flyer under two kinds of barrel at 2.2 kV /
0.22 uF
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WM, TRIE LTCC-EFIc PLSE 58 i KA R sk i 11,
IFfE N —% B A5, R P LTCC-EFIc, Biflut A OB
RS2 400 wm X400 wm X5 m, I g TR 2415
1A BEDE (0=560 pm) 1€ & FE W 43 54 25 wm F
50 wm. BT AR PDV I L B SE R R Y
JE X HAs SRR . K184 1.8 kVv/0.22 wF 41
T PR B R 1 S R 2k

3500 ! i 25 um ceramic flyer| 1

Sped:
1524 ms' | 1
o oy

‘ phh i e "uu.;u-.n'.‘..a:‘lmi il i AV
0 051 15 2 25 3 35 4 45
time / us

a. 25 pm thickness flyer velocity vs time curve

3500 [Tt e L

[ Mty il '.."".
50 um CERAMIC FLYER|
W
f -

somplele fiyerflew |\
outthebarral ;o

—
o
o
(=]
I S

0 05 1 15 2 25 3
time / pm
b. 50 pwm thickness flyer velocity vs time curve

8 25 pm FI 50 pm FFP R JE E R PDV S E R (1.8 kV/
0.22 wF)
Fig.8 The Photon Doppler Velocimetry spectrograms of the
ceramic flyer with thickness of 25 wm and 50 pm at 1.8 kV/
0.22 pF

i 8a il DITE ZE AU A I, 25 wm & B9 F 2 R
— PR LSS R BT UT Ok R R B R
TR 2970 0.046 mm, Fifi J5 5¢ & 1 P 88 6 7 T 4R ik
Z A/ R BORE T RS /N TG 2748k 16 TR
HAR) , H A5 /N R BORL 7 A7 7R — i 19 RO FI Y 22
5o HARE N ESAE 2 (LBES T AA
22 5 (4 s R BORD) R flEAR A PDV R Sk
X A DN O TR RS S8 LA B9 2203z 2l F AR [R] I 2R A7
JEM i 22 A B R T A ORE 1 2l A R I (]t £ 4n
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Kl 8a i . H T B % il i sOk T AU B 2 ARSI
FERUSE QAT A R 3 T B A A 25 55 HL RSB K
B AE AT IR P S PRI AR I AN R
S, RIEB ) HbRi 2 5l B IR BRI T — 4%
A B EE A o T R L 8b T, 50 pm JE 1 B
BT AT R — AR RS s IR
KZJ1975 m-s™ (438 B2 & Ik fie 11

SI BT AEASTR) (4 2 kLR R (1.6~2.2 kV) B % € H
B PDV B % &, A5 01 25 wm JEEBE Y 6 R 78 T fhe py 3
FAET A BEREAI LS 1 50 wm J5 A B R
FoER . MIMTUEEE T M % R R H7e ©ar i f
PGS 2 R EE AR 2 8 . RS B AT 25 ok B L &
TR ER T R R A, R A AR T T U
WP % € Mk T B R AR B . 3R] DAE it
PR TR B 4L A BRARIE KR SR R M RB AR K
J TRE AT e AR A % B
3.3 AAREEBRREIE

A3 5 R A /40 R B (BPND) o5k 25 DL J2 HNS KE 24
X LTCC-EFlc #E47 & K PERR S UE . JLrp, BPN AT K 24
AR A A AN TR A1 60 wm, Y 1.50 wm, 2625 % 1 h
1.57 g-cm”; HNS ¥E 25 0L & D,,;=1196.6 nm, %% 24 %
JE R 1.60 g-cm™, 41 4 99.46%. ¥ LTCC-EFIc 4
15 BPN R HNS 41 & K e 41, 45 R L3 5.

%R 5 LTCC-EFIc s K A 452k
Table 5 The results of ignition and initiation of LTCC-EFIc

minimum ignition and initiation voltage / kV

) 50 pm thick- A
explosive 25um thickness flyer
ness flyer
circle barrel circle barrel square barrel
BPN 1.4 2.2 1.5
HNS 2.5 - -
Note: “—=" indicates that the HNS explosive has not been successfully deto-

nated under the ignition voltage below 2.8 kV.

ST A5 B LTCC T2 i 4 9 8 9 i
HROE R AT T HNS I 0588 BPN, AT 36 3E TR H
Au 8 F0 R B TR O ) A R S R T AT . A
2 5] LA 70 3 TR AR A R 9 254K, 50 pm J&
() P % KA G BE L I 5 R BPN (Y e /N LT S 1.4 KV,
1M 25 wm JE Y B R /b ki R & 2.2 kv, )
B G O R EE R B I, vh i SR B/ KNO, 1Y BE 1 B
7 A o A AT B, RO DA — A Y B
BPN, 24 i1 3% 11 A2 3] i o i 049 4 T 7 25 24 5] JS0R [] Y
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SRR BRI AR, BB R, v B

iz gy, [F I 254 P A FL B 2 A2 B A R 4, 5 BUARE
RAE TAR/ING R T30 T A R T, Sk
KA o X T 25 wm B KA, T KA
5 FS M L I8 30 3K N T e el oot B P T UGHCTR B L A
T A A5 28 500 93 ) Ak 22 B AS e RREL AT . D3 4 L 7
TR R 25 wm BN BT, 5 R i i 1 BPN
AN KR EE IR in 2/ 700V, AT B IE T K
28 7 T8 I B 0 S S R T R TR AR O R R
O I A KCRE T A R R
HEAE H AT HNS R 25 AT LA, 50 pm JE /Y
P e R R HNS Y e /N R 2.5 KV, 1T 25 um J&
B B 6 BT A R N B R 2 AN
HH A i T kT NS . HR P Al 44 F . ik F
BIELGTE oV EA ) B E RN E & R i s
5, il R SRR KR 2 Ak BN g R R A B, R

AN T T P B I8 () I 2 3 O SR B R R Ak
J5 IS B A1 A 7 04 B 1 B Al B A% PRI R 4R

FAFVAAL o FE T phi B AR HNS A F2 b, R Y
R FE S 0 A b U R T, R R D e
JIFFEEWI R 50 pm PR K B T HEE R, Wi
Jo B OR, TROR R M AR T 5 O AR IE R A R
HNS-IV & Ak 0 b i He 7 R a8 i, F5 S48 = & KR =

i€ R BB LA T v A R 2
4 4
R FAAG IR S e B 3 5 AR B TH i 48 T L Au PE R
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Design, Fabrication and Ignition Performance of LTCC Exploding Foil Initiation Chip

ZHANG Qiu', CHEN Kai*, ZHU Peng', XU Cong', QIN Xin', YANG Zhi', SHEN Rui-qi'

(1. School of Chemical Engineering , Nanjing University of Science and Technology, Nanjing 210094, China; 2. Beijing Institute of Aerospace Systems
Engineering , Beijing 100076, China)

Abstract: Low-temperature co-fired ceramic (LTCC) technology was employed to realize the integrated fabrication of exploding
foil initiation chip. 5 wm thick Au bridge foil (300 pumx300 wm) was prepared by screen printing, using raw porcelain sheets of
25 pm and 50 pm thickness as the flyers for the chip. Two kinds of chips with the barrel shape of circular (#=400 wm) and
square (LXW=300 umx300 wm) were obtained. The electrical explosion characteristics of Au bridge foil were studied under the
discharge of 0.22 wF capacitor. The velocity characteristics of the ceramic flyer and its morphology in motion process were ana-
lyzed by photon Doppler velocimetry. Results show that the maximum energy utilization rate of Au bridge foil at 1.8 kV, and the
final speed of flyer increases with the increase of the firing voltage. Besides, the outlet velocity of flyer in square barrel is
106-313 m-s™', which is higher than that in circular barrel at the same firing condition. In addition, the thicker of the ceramic
flyer, the more complete it will be during the course of flying. The exploding foil initiation chip prepared by the LTCC technolo-
gy can successfully detonate the HNS explosive and ignite the BPN ignition powder. The minimum detonation voltage and mini-
mum ignition voltage of LTCC exploding foil initiation chip (50 wm thick ceramic flyer, circular barrel) are 2.5 kV and 1.4 kV,
respectively.

Key words: low-temperature co-fired ceramic(LTCC); exploding foil initiation chip; Au bridge foil; ceramic flyer
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