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Fig.1 The physical map of CDU based on MCT
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Table 1  Electrical performance parameters of MCT
parameters test conditions measurements
Ve V V=0V, I,=100 pA >1400
I/ WA V=0V, V,=1400 V <0.1
Vakmn/ V Vik=Vek» 1i=250 pA 3.2
Viaks/ V - +25
T,/ °C - —45-85
lyon/ NS C=0.47 wF,L[=20 nH, 100
(di/dt)/ kA ps™ V=0 Vio +5V, 45
Topard A Vau=1250 vV 4000
Note: V., is the anode to cathode breakdown voltage, I, is the an-

ode-cathode off-state current, V., is the gate-cathode turn-on
threshold voltage. Vs is the continuous gate-cathode voltage, T, is
the ambient temperature, t, ., is the turn-on delay time, di/dt is the

rate of change of current, I, is the peak anode current.
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Fig.2 Schematic diagram of equivalent circuit for CDU dis-

charge process
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+
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Fig.3 Current characteristic curves for discharge of CDU
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Table 2 Testing results of discharge characteristic parameters of CDU circuit with different capacitance

capacitance storage energy  peak current  rise time rate of change of discharge time T T,-T,

/ wF / m)j / kA / ns current / kA-ps™ / ns / ns / ns

0.18 129.6 2.57 183.4 21.00 1100 256.6 198.3+4
0.22 158.4 2.68 198.8 22.46 1200 295.7 220.2+5
0.36 259.2 4.14 272.9 20.18 1500 328.3 250.1+10
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Table 3 Calculated values of inductance, resistance and period of CDU circuit with different capacitance

inductance resistance period
) standard standard deviation standard standard deviation standard standard deviation
capacitance average o o average o o average o o
deviation  coefficien deviation coefficien deviation  coefficien
/ nF / nH / mQ / ns
/ nH / % / mQ ! % / ns ! %
0.18 10.09 0.9927 9.835 114.1 31.90 27.96 276.0 17.38 6.295
0.22 10.44 0.9616 9.208 106.8 26.72 25.02 310.7 18.21 5.862
0.36 8.825 0.6304 7.144 78.55 24.56 31.27 366.7 17.40 4.745
3.0 Jato volage 20 % F R R Bl 5 TR R R O Al R 5 AR A
> N N P AY . N N7
= 25t 110 K, HHRIE(RA) BRI, Wi g)eE, b2
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15} gument 10 £ B e /M) 1 11 JE% R Bl 3O 3 2 28 H B8 i AT S P i, 2
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% 05F 130 Hb X IR 4 5 18] 3, i YA 45 SR JR) B R
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B4 A I 5 O
Fig.4 Complete waveform diagrams of electric explosion of

exploding foil
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CDU JiCHLBE 7 R 4F , AT 5 | ok e 90 9 78 43 i 0 L R T
SRR
3.3 EFMCTHCDU = AR

FEKE G S KRN 6 Ff s . CDU % H i K
W %5 WL 25 A MCT 5 48 R T 00 19 B %5 (99.6%A1,0,)
B JE N 0.60 mm, Cu B %8 (35 mQ) R ~f Ry
0.3 mm(L)X0.3 mm(W)x4.6 um(H), X —HE—
Rk (Parylene C, 1 [GHiH 3.2 GPa) KR 25 um,
&g
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Table 4 Electric explosion performance parameters of EFI

discharge peak peak peak current peak voltage burst time burst power  burst energy circuit energy
voltage / kV current / kA voltage /kV  time/ns time / ns / ns / MW / m) efficiency / %
0.60 0.8271 0.2436 156.9 259.1 228.2 0.1713 16.77 25.88
0.70 1.327 0.4782 210.0 277.2 271.0 0.4085 35.67 40.44
0.85 1.211 0.5834 276.5 317.9 307.0 0.5563 61.73 47.47
1.00 1.694 0.8363 221.4 251.5 242.5 1.150 54.34 30.19
1.20 2.032 0.9273 142.3 174.7 168.2 1.490 58.60 22.61
1.40 2.722 1.252 124.5 135.3 134.5 3.342 74.74 21.18

SU-8 fill 3# iz ] <F 2 0.425 mm (@) x0.40 mm (H) ;
HI/RG iR 44 55k 25 (Boron-Potassium Nitrate, BPN)fF 4
GJB6217-2008 By, 5 4L 25 % Bl 1.57 g-cm™,
HE5 mm, &4 mm,

TE T B R AN KT 1.30 kV R, R W % i 45 1
MCT 41 i i CDU #E4T BPN K bl 5 R ST, 2k
SERANE 5 TR . Hod o IR/ R KR R R SR
BPN i HL 25 1) die /N 0 H e, B o &2 oKCHL e Ry 3 42
TR AR BPN B HE 25 Y HRL R

McEFI

oo

BPM

’MMWW“ |
== tl \

Q Q 1 0N 411 14

i

O

B 6 MK T A B A 0L
Fig.6 The component photo of exploding foil igniter

RS5O/ RN Rk AR

Table 5 Ignition results of BPN
. minimum stable storage energy

capacitance . .
/o discharge discharge under the stable

" voltage / kV voltage / kV discharge voltage /|
0.18 - - -
0.22 1.20 1.30 0.18
0.36 1.05 1.20 0.26

2% 5 0] DL, B 2 250 1, $5c /D> A5k R AR
SEOKCHL R B0 N E 0.18 wF HLA R R
1.30 kV I L #E47 = K BPN g k5288, BPN 2k
SRR TR R R MCT B R R 1.40 kV, 80K R R
H10.18 pF B A 2 DL S BE BPN AR BF 5% R H 3t T
MCT 4 CDU S i 7Y 48 10 008 F 0L 0 95 B ]
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FE S BEBPN (RS 1.50 wm, K252 1.57 g-cm ™) Y
fig o 0.26 ), 1 A B B4R H s B S kO AR
BPN (il #3/1.40 wm, J& 25 % B£/1.60 g-cm™) B I 15
50% & K& A4 0.665 ), Ut B 3T MCT (1) CDU FliL
Y K 6 P 2 R B 48 HE T K R A EE SR Y K
eI .

4 i

-~

(D) &I E T 2 7 B 5= MCT F B % 25 1
CDU, &L K 40 mm(L)x25 mm(W)x8 mm(H);
FEArHT T CDU MY R-L-C HL %y R, % 80 [ JH 0 L W 35t
5 R 2 PR R R S S OEAH G, 5 [l e JERORT B
B,

(2)AR 45 CDU [l ¥ 7 i v 3t ith 2, 30 UE 1 25 {5 F
JCFEL HL 6T C DU R AR 1) 5 i R, [ B 15 4 ]
PEHLEZ 10 nH, LB 29 100 mQ. Bl & R B R T
[ I3 (= M S S T B N L1 B NS Y U B
FL 22 25 (B 78 K, A 7 il 068 {1 P A 722 K 5 P s i) R
WA P PR 9 T e ) B K

(3) M 35 mQ B FEFHF5E T CDU AY il L P .
K 0.36 wWF HLZE, 7E 1.00~1.40 KV L H T, 45
] [ 05 (B FL U R 1.694~2.722 KA, W B FE IR U6 {8 Ha
JE 4E 3R W E] R 10.8~32.4 ns, 8 & S0 %1k 134.5~
242.5 ns, B K SN 1.150~3.342 MW ; 78 HL 25 i
P o AR v [l O gl 2 R A 6 00 B AT 9 R A
JE B T AR EFEINS X5 CDU [l L IE [0 5%
FEVEAR G

(4)FR 454 FHZEFR 19 BPN 5 35 mQ 84 6 10 1E
T CDU 55 K BE F1 . CDU fiE ] ¢ 45 8% BPN FIF 5 g
HZ00.26 ), P WI T MCT A9 CDU I8 0 48 K $ 8
2R R K 9 A K A — S Y N IS
&g A %51
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Characterization of High-Voltage Capacitor Discharge Unit Based on MOS Controlled Thyristor

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

Abstract: A capacitor discharge unit (CDU) , consisting of domestic Metal-Oxide-Semiconductor (MOS) controlled thyristor
(MCT) and high-voltage ceramic capacitor, was designed and prepared in order to study the discharge characteristics of CDU.
The volume of the CDU is 40 mm(L)x25 mm (W)x8 mm(H). The CDU circuit inductance is about 10 nH, and the resistance is
about 100 m). The R-L-C zero input response equation of CDU circuit was analyzed, and was verified by the experiment of
short-circuit discharge of CDU load. It is found that the key parameters of CDU, such as the peak current, rise time of peak cur-
rent and discharge time of high-voltage capacitor all increase with the increase in capacitance value; the peak current increases
with the increase of discharge voltage, and the peak current rise time remains constant. The function efficiency of CDU was veri-
fied by micro-chip exploding foil initiator(Cu bridge foil 35 mQ) and boron-potassium nitrate pellet(B/1.50 wm, pressing densi-
ty/1.57 g-cm™), under the condition of 0.36 wF/1.20 kV, the measured peak current of circuit is 2.032 kA, the voltage at both
ends of the bridge foil is 0.9273 kV, the delay time between peak current and voltage is 32.4 ns, the burst time is 168.2 ns, and
the burst point power is 1.490 MW, and the CDU can reliably ignite BPN pellet by flyer impact. Results show that the CDU
based on the domestic MCT and high voltage ceramic capacitors is basically suitable for high-current pulsed initiating devices
such as exploding foil initiator, but its comprehensive performance still needs to be improved.

Key words: Metal-Oxide-Semiconductor (MOS) controlled thyristor; capacitor discharge unit; exploding foil initiator; boron-
potassium nitrate pellet
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