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Improvement on Marx Type Pulse Circuits Using
Bipolar Junction Transistors as Switches
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(School of Optical-Electrical and Computer Engineering , University of Shanghai for
Science and Technology , Shanghai 200093 , China)

Abstract: The bipolar junction transistor (BJT) is widely used in pulse generators for the
advantages of high switching speed and high repetitive frequency. The ways for BJ T performing in
avalanche mode were introduced, and the working mechanism of a pulse circuit using BJT was
analyzed. In the Marx circuit based on BJTs, the functions of current-limiting resistors, the circuit
loss due to resistors and their influence on the magnitude of output pulse were analyzed
theoretically and experimentally. The improvements using diodes to replace current-limiting
resistors and using traditional Marx structure were proposed. The output pulses of four negative
Marx pulse generators with 10-stage in different schemes were compared. It is shown that, the
improved circuits have higher pulse magnitude,and the last circuit is the best method whose fall
time is shortest and magnitude is highest. Furthermore, the output power increases but the input

power decreases. The efficiency of the whole generator is improved.

Keywords: bipolar junction transistor; Marx circuit; avalanche; nanosecond pulse

WrRs B H: 2016 04 - 29
EEHE: B HRRAEE BT H (13ZR1428100, 15YF1408300) 5 I 7T.3% 4 %5 B3 H (B14002,/D14002)
E—1EHE: 5 QA972-) o, BIBER . BT 18] KPR ER . E-mail: 127209@126. com



498 TR 22 R

2016 4F 5f 38 %

Fk TR A BTz N P AE Tl 45, i B
SRR R R A s YR AR AR X S T
h T RCRI I KA » BER ko A= 25 0 i ko B
A TAES R b Th i ()4 S5 A B, 2 ST
2%, IGBT,MOSEFT i T4 . TAEMR = fa
SE M B RSE /NG A2 oy FHAE Bk o 2 2% kA
Fir R AR 3 K A L 2 ol 3 s AT Sk
JEE A o DT (5 4 s ik e P R 398 K B 2 R0, FRE
il T S e e — e U N Y BIT C= 4 ) 1Y)
T o B ) S O H AR R
T AR /N, B R AE GRS bk oh & A e . BIT
T I B Bk rh ol 28 A= g by LA s ik oo i (5
BT PR K828 . ARSI & S Bk s/ NGRS 912
o7 FFEAR TR 15 R 40 SOk ik b 3K 3 4 it 2
J7 RO R AL A A . B BIT H A=k i ik
G bkh, o TARELTREE LT TR & E
i e, 020 B SR R ST Marx 254417 Bl % 0 1R
ISR AR SR T Marx 2546, 404 T B e B
Dt FEL BELX i s i s, 4 T 3 R T & B
JE B TR Dy 58 0 TG ik o & A= 4 % Ee A A
T 4 Fp R ARSI EE R

1 BITHERHEGH

HAH i g et i BIT. 768K & AR5 i 2
I BHHTAR A2 T T s R AE S il 2 Je - S
A A SRR 11 oL A7 2 B ARG 3 BELTAR /D s 5 i
FEEIIF /N T 5 ns, RAZ AL SR I H] /N T 2 s, HOAT
A S fok et s 9 I 56 11 1 0 B BIT AT 5 19
ok o e, g e B ] BIT A A8 LR DR 2 N L R U
Vil i BRI LB Re A6 280 L L Ry, X % E B
75 C' S BI TS i 58 T8 )5 . il RE L 78 C il i

Vee

Ry

B1 Ak EREERE
Fig.1 Diagram of the pulse circuit with a BJT
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Fig.2 Avalanche characteristics of BJT
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Tab.1 Performances of output pulse in different schemes

UES TR /ns (LR /V P HTE/ns
a 3.420 870 11.030
b 3.948 930 9.525
c 3.300 966 11.730
d 2.874 1050 7.320
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Fig.10 Peak voltage value of output pulses at different pulse repetitive frequency
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Tab.1 Power and efficiency comparison of circuits

kS Py /W Ec/] Pout/W Nc/ % /%

d 8.778 7 3.612 5 1.892 1 52.38 21.55
a 9.247 2 3.612 5 1.641 7 45.44 17.75
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