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il A TR AR I S R R SR T A B 3 A P
T S 5 B8 B AR R B B O o T & g A R T 58
Mo SEHE T 99AlL, O, B % HE 7 AF Jy S5 b, LA
A 200 mmx100 mmx0.6 mm, 9% Ji& fi 43 5 7Y B
MEBE TR AEHY 15 min 5, £ TR R T IHA
110 CHEFG ML 30 min J5 A E Y3k 48 b 4
FH o A S5 i {9 FRE 0 AR 8 4% Ry 9 [ Teeer 0 W) A=
729 UDPAS0 Y P 45 375 A1 - i 4% I 55 B AL, & il
HAERG BIFERG R RG RHR G A
f# F Advanced Energy /3 &) ) Pinnacle B i B 5 B 55
Ar AR SFH 330 mmx134 mmx12 mm [ 55 4l B
99.99% 145 J& #EBF FEAT IR AT, B R Ih KA E
9 8107 Torr B2 YLRLAGT 56 LA =350 V fii F %) 5 - v
PE 10 min, T J5 BOE & fE AR B RO BE i i o 1 A Sk
Ffi =70 V., i TAESE 0.8 Pa, MR Fir 1 19
G O A B A 4 A OB A8 (3R 1) BT Y 8 4
FEIJEE (Cu K XEE 5 pum, Cu/Au JRKETE N 4 pm
Cu-1 um Au, Cu/Al/Ni B ¥EFE R 4 pm Cu-0.3 um
Al-0.2 pm Ni)FFAETTRR . 8 B A b 75 AR 5 1R DU
5+ min” ()R S8 b Bl £ ER:

R IR LR W

Table 1 Rate of the metal film formation

membrane flow rate of  sputtering  sputtering average rate of

material argon gas pressure power deposition
/sccm /MPa /W /nm - min~'

Cu 12 7x107* 400 36

Au 12 8x107* 220 30

Al 10 8x107* 350 30

Ni 10 8x10™* 300 45

H5 K 9 A7 2 19 20 1 >R ) 78 1] Super-Dmirco650
PR B2 B0 O SO TR S8 PR AT 4 T IR B O6 21
Super-Driling 600F 't i Y 1 # FL & 48 k47 b B 5
BT FLODE, A5 B AR AR AN & 1 R

a. Cu b. Cu/Au
BT O T R A R R A A

Fig. 1 Sample figures of exploding foils under the microscope
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Fig.2 XRD figures of different exploding foils
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1) CuO = Cu, O FFFFIEIE X Ui Cu BEAE I 45 i LF-
RYEM . 78 Cu/Al/NIREKEG H, p SCRRE8 T AT AL/
Ni =GR, B2 R LA L0k, G2 5K
PR /N AT JBERRZ IR <200 nm i AL IR B) A
IE], B LA BF 580K AL/N 525 1R i J5 40138 5 o
T, SRR THE I 4 J S I 40  AT L& B Al+Ni—
AING - R A G i, 45 45 R ALUN A9 AR R 51
FPRCT A ALNG BRI EERA 30 2, ) AT R R
JE 4 300 nm , Ni LIS 200 nm, XA A] LI 2]
WA ALNI FRRAE 0 . SCPR 99 S8 Ak R F 8 ik 7 7 1l
Fd B AN T A R OC R, BT RLAE 25° I B
T U AR A ol R RGN TR R A B O AR A B
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ES AR ANE A RIS SR e Sy
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PERE IR R ] Lecroy i FE44 Sk 10 X 4% e 91 1 ity 1)
FEAS AL, B S K iy 35 2 B 0 6 [l J 1 Pl AR Ak, BT AR H
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Fig.3 Schematic diagram of electro explosive device
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Fig.4 Detonating circuit short-circuit current curve at char-

ging voltage of 3000 V
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Fig.5 Volt-ampere characteristic curves of Cu exploding foils

at different charging voltages
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HE S A (3) ~(5) 73 Cu B IEMHLEA R 7
HAEETHBEESE LR 2, gE2 A/ (1) Cu
FE KT 0 1 % LR BEAR K LR B T 107 A - em Tt
BORE AR H A ERE I AR T S
HL AR X, T ELBE & 75 F L s A 4 K, B S i i (R
Tt R A VR AL I K R M I TRD 47 R 1EL R I 1 0 I 2
TACA K . (2) FuHLHLEALE 3000 VN H 48 & i 21
T F P (L I 20, 24 g ok e v 9 DL B 2 79 1 /5 ~
174 Jv LA KE G618 KE J5 , H 45 5 25 70 L 1Y) RE it B 1
TR B AE 8] % b g A A B A S BORE A AR
A AR FE L HL R, 7E 2500,2000 VB HE R 06 95 42 i
T H U A I 2] P S AT X AR e A, X U B R R
JE 5 4% MR 91 DG T 82 0 v, MR E T 8 R S H i R R
Fedii 2k i RE fE 40/, BB B P R A v o AR SE PR AR
JEAE 1500 V5 X 50 23 76 v it 04 (70 5 Ak & A vl 1
K, B JE A XA AN T8 4, T o IR ME SR 18 A FL B, AN A
TR TSN . AT UL A& B 21 5 H I 0 (L A 220
Pk, R A T 38 s, e PR E Fe L R 2000,2500 V
T =R AT R R SR, TR A R SR X
MR RRVEE R R S8 45 3k 3.

H1 ¢ 3 AL, ZEAH Al A SEHL LR R, Cu/Al/Ni
YT 0948 K H I B A I 20 9 B %2 KT Cu/Au Cu
YEA , SR M R AE 2500 VN Cu/Al/Ni 48 % WL it L
Cu BEYESEHE K T 36% ,2000 V K Cu/Al/Ni ## %
mtk Cu BEIEE R K T 15%., 20 0 Jit X ] g
Cu/Al/NIEEFETE RGNk K £ 2 Al/NI 45 BEAE SF 5t
W S DR HL G R SR T 7 A T R AR SN 3B Y
JCAPETE — 7 FEBE b 1 HG fl g 1 i, 5 BOHR A T 0%
o R Y =N TR 78 = o D E O {0 SN i
HLHL T, Cu/Au H E 96 19 4 fa i s K T Cu B JE
61,2500 V FEHLHL RS Cu/Au AL Cu 3K T
4% ,2000 V' Cu/Au JE R HEHH Culi K T 3%,
AT IR AT RE A Cu/Au J KRS I R 1w 5 T — )2 &
J& Au,Au & T A 0 IR R (R B AR BB (E AR
1 42 B A, S BRI T rh s LG v B R A B Y o
BUE R ARE, Au L Cu T3S A 5 AR A S 1k . o

A fe A oH 2014 % %22 % %44 (514-520)



518

O, PR, B, X

IR P X R A A AR A B S R A A )
filt b, 7T AR 0L R R R G AR R S R Y T A R X
Au  Cu BB 85 1 TEHEAT BT 53, 15 31 76 A7 7] ke 4R
SR Au BB R R G 0 R R e R T Cu, 558
a5 Ao 4 g5, il Cu/Al/Ni Cu/Au, Cu

R2 RS CofEAF TR AT RS

2 T (%) 48 F it 78 AR TR) ) 8 B B Cu/Al/Ni>
Cu/Au>Cu, H 5 ¥ #8 K 7E 2500 V I [t 2000 V
Cu/Al/ Nt KE S 1R A J A T Cu 43 4 9 35 K15
W, A% JE 2500 VR X = Fh R LR R
FR I 7 A 1 4 B AR AT HE— 2P 5T

Table 2  Electro explosive parameters of Cu exploding foils at different charging voltages
Uy /V I/A T/us Ty /s U, /v I, /A jo /A - cm™? P, /MW Ww/) Energy utilization efficiency
3000 1472 0.472 0.384 2421 1302 8.7x107 3.2 0.13 13%
2500 1280 0.471 0.395 2036 1205 8.0x107 2.5 0.11 18%
2000 1073 0.476 0.423 1645 1017 6.8x107 1.7 0.06 15%
1500 907 0.473 0.397 1201 845 5.7x107 1.0 0.03 12%

Note: U, is charging voltage; I is peak current; T is peak moment; T is burst moment; Uy is burst voltage; I is burst current; jy is current ampere density; Py is peak

power; W is depositional energy.

£ 3 FHHEER 2000 V Hl 2500 V T =RV I B E S8

Table 3 Electro explosive parameters of three kinds of exploding foils at charging voltage of 2000,2500 V

sample u/v I/A T/us Ty /s U, /v Iy /A Py /MW

Cu 2000 1076 0.476 0.423 1645 1017 1.67
2500 1280 0.471 0.395 2036 1205 2.45

Cu/Au 2000 1086 0.457 0.411 1658 1048 1.74
2500 1288 0.439 0.401 2045 1259 2.57

Cu/Al/Ni 2000 1297 0.420 0.388 1698 1167 1.98
2500 1709 0.424 0.386 2093 1632 3.42

Note: U is charging voltage; I is peak current; T is peak moment; Ty is burst moment; Uy is burst voltage; I, is burst current; Py is peak power.
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K R B % AL REDLAKE HG-100K, 148 3 2
20000frames - s~ , F{ W0 WL I 48 4 9 1O Fe gk B, K 4
i Cu/Al/Ni Cu/Au, Cu = Fft 45 ¥ 96 76 7o L L FE
2500 V T HUER AR OC T H B A R Y A A e ), ik B
N RTESE — ik, b B poRd 48 BE 7 B[R] TRIBG 50 s

H13E 4 W] UL, 7€ 2500 V 75 HL R R AR B = Fi g
FEE W DX BBl 11 28 (] L0 T — A~ i1 A58 11 45
B UAOR R R 4 2 B S R, R 50 ps B SE R
A3 B F A, HL Cu/AL/N P2 A i 25 B 1 1R Pk
F Cu/Au.Cu, 7100 ps i, Cu/Al/Ni 4 4E 56X T
A A 1 G R T B B A K AR BE B 7 kL
TR, H St a] H Cu/Au Cu £ 100 ps, (H
FE 2, R2FHH) o 05 RGeSk 5 Al
4 B WA R AR HE , AL/NT 90K 9 22 )22 53 4 I A6 0 g
PR R ARAL K2 T 5 Bl 4 g v JE A R A () A 4y B
11T B A WA 4 T A 22 18] A N, 7 Ak v RE BE 1Y
T B B B0t AR A B 0 RE L, il 45 76 2500 VR AT
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Cu/Al/Ni By ZEPEREN] AL T Cu/Au Cu BIEH .

F4 2500 V FEEL LR MO AR I R AR IS
Table 4
ploding foils at charging voltage of 2500 V

Electro explosive phenomenon of three kinds of ex-
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time/ps  Cu

Cu/Al/Ni
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(1) R FH A1 G 37 1 M 1 455 D S 85— B B AR R B
FRBOGHOIN TR 48, 6l % & BA LR i g e ) Cu
PRVEGE (RN 5 pm) , Cu/Au SBETE (JEEE N 4 um
Cu/1 pm Au), Cu/Al/Ni BIEHE (EE N 4 um
Cu/0.3 pm Al/0.2 pm Ni) = F R 45, I H XRD
For i - B AL 7 o3 #E AT 1 0 b, 45 B4R A T 1 4l
JEAR R, K BE Cu Au ALNI SRR AR 06, A A6 0 31 1]
i) CuO 5 Cu, O SFFFIEIE

(2) F FH B il A 42 1] i Xof 45 X 0 1 v 3 14 RE E 47
THgE, SRR R B AT T 107 A - em T R
%%, FEHLHL AR 2000,2500 VI, K & i %) 55 H i 6
(BN 20 B3, R A R i . TR R BN
AT T =R R G B P RE X LG K, 45 2 AE A A ) 7S
HHL T Cu/Al/Ni Cu/Au, Cu 4 XE 98 B9 4 & B it
Cu/Al/Ni>Cu/Au>Cu, 7 7t #2500 V i Cu/Al/
NigAEHERE Cul KT 36% ,2000V T kb Cu #E K
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Preparation and Electrical Performance of Exploding Foil in Slapper Detonator

HUANG Na', TANG Hong-pei’, HUANG Yin-sheng', HE Yi'
(1. School of Chemical Engineering , Nanjing University of Science and Technology, Nanjing 210094, China; 2. Guangdong HongDa Blasting Co,Ltd Guang-
Zhou 510623, China)

Abstract: In order to improve energy utilization ratio of initiation system, three kinds of exploding foils Cu, Cu/Au and Cu/Al/Ni
were prepared by the closed-field unbalanced magnetron sputtering iron plating technology and pico-second laser micromachining
system. And their electro explosive performances were studied by designed test circuit. It is found when charging voltage are
2000 V or 2500 V, initiation voltage can match with Cu exploding foil in high energy utilization rate. And the electrical explosion
performances in three kinds of exploding foils were also tested at 2000 V and 2500 V. which indicates that Cu/Al/Ni burst current
is much higher than the Cu/Au and Cu with an increase of 36% compared with Cu at charging voltage of 2500 V, and 15%
compared with Cu at 2000 V. The plasma plumes generated during the explosion in three kinds of exploding foils were observed
by high-speed photography when the charging voltage is 2500 V. Results show that the size of the plasma plumes Cu/Al/Ni>
Cu/Au>Cu. Finally, Cu/Al/Ni exploding foil is more conducive to low energy exploding foil initiator systems under the same initi-
ating condition.

Key words: military chemistry and pyrotechnics; slapper detonators; magnetron sputtering; laser micromachining; electro
explosive performance
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