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Abstract:  [Background] The quasi-square wave output characteristic of a PFN-Marx generator is a pair of
contradictions with the compactness of the setup. With the higher requirement of the compactness of the setup, the
inter stage electromagnetic coupling of PFN wave transmission becomes increasingly significant, which has a
significant effect on the pulse modulation characteristics of the PFN and further affects the quasi-square wave output
characteristics of the generator. [Purpose] It is necessary to investigate the electromagnetic coupling during the wave
transmission process of the PFN-Marx generator and derive the corresponding calculation formulas. This allows for
the avoidance of specific electromagnetic couplings during the design phase, ensuring both the quality of the output
waveform and the compactness of the device. [Methods] This paper presents an electromagnetic coupling analysis of
the PFN during the discharging process of PFN Marx generator. Firstly, the electromagnetic coupling phenomena in
the PFN and between the PFNs are analyzed by theoretical derivation, and the calculation formulas are obtained. Then,
the 3D model of the typical PFN Marx generator is built up for field circuit simulation. Finally, a single-stage
generator and a multi-stage generator are built for experimental verification. [Results] The experimental results verify
the theoretical analysis and simulation results, showing good consistency. The preliminary design optimization
directions for the PFN-Marx generator can be outlined as follows: 1. Maintain appropriate inter-wire spacing;
2. Increase design redundancy to compensate for electromagnetic coupling; 3. Keep the transmission lines neat and
regular to minimize unnecessary electromagnetic coupling. [Conclusions] Based on the above results, the
understanding of electromagnetic coupling in the wave transmission of PFN-Marx generator can be improved, so as to
avoid partial electromagnetic coupling in design and improve the square wave output ability of PFN-Marx generator.

This paper can provide technical reference for the development of quasi-square wave technology and compact
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Fig.2 Schematic diagram of the position of copper strips

Fig. 1 Schematic diagram of a PFN in a single-stage PFN
Pel 1 45 FL 2 LK PRN /R 3518 P2 BAZg PEN AR A A (o B A 7 B 1A

045002-2



XK, Z: PFN-Marx &4 2% W HLBERE & 2 BT i 70

A ROl 130 nH 247 . MBS SR %1, PRN 0 1 s i RS A AR K
1.2 PFNREB#BE

A (2) $ A 10 5 8 2 1) i LSRR e o 2 o R A 2 D 0 R, L T R I B 2R S ] i
TR, 2 S EO TR S T T b kT ] 0 Rk 2 O v A A 5 % (] 2 ], 7E PFN-Marx 7
TR TAT R = 18 1 T, AR PEN 2 A 1 195 AR 445 7 10 2 5 2 Tl 8, 731580 PEN 4 W 1 Pl AT 25 0 e
KMIRIE . 5 HEAT R FEE 1 B AR 5 P AT RS 2 1 1 TR A A T, A SR S s AL S 5 P A T 4 22 e
W R A, Sl SR S A S A R 3, SR S T % S 40 2L A 1 Y T AR A5 B A A, WA T A R

T 4% PEN [ (1 46 7% 25 P A Il 3 7 7%, LA AR (2) T 2
HEST AR, A (2)38 p R, B AE xy L2 i
HE R 6 AN G 0, A6 R T A AR T 1 e . A @)
FH 6 BB fR R i, A B AR R b — A By 1 5 |
B H

X

CF=

) e e e

Mol o ()X“;: X X X XOXTXTX X current X X

ix = sin(6)do (4) XL A X X X X X X X X X X X X
4—7EbjX 6, L

X X X X XX X X X X 0 X X

X X X X X X X X X X X X X X X

L, —
K, 6 :arctan(J y)’ szn—arctan(l a
x

X

),x,y%B}ﬁﬁé

Fig. 3 Magnetic field intensity at an external point of

Fro R (4)XF & 3 A i 204 JE DR 1 AR 47 1 AR 4, 7l LA a finite-length copper strip
ot B A 7 H A LR (2) BE T R A RETE W, [R) BT LA 3 P AT BRA B 2R A — ol 9 7 8
AT R AR (1) T A REIE Vi, HX A28 J5 19 A0 K o
(el Holix (o .
Y = L fo Iy, s sin()dédydx (5)
(e (e by (.
Vo = Ld . T J, i@ (6)

P iy S G T SR OB R Mg =(P— W) G T RATHSEA5 3 004 S5 15 AT B 2 DA T . M
SRS PEN Z 8] A6 fEk, AT RATHEAR 234~ PEN SN2 J5 A9 HLJE Lppx, N
Lppnz = 2Lppni — 2Mppny ( 7 )
’fﬁ%:*‘F, %/i djx=25 mm H?J‘, MPFN1=13~9 nH, ﬁﬁ*ﬁ IS%*/I\ PFN E’\JZIETJ E"J%l%%%@yy MPFN2=5~2 nH, ﬁf@lﬁ%ﬁ%‘t
FAHBR P PEN DL E BOHE 5 B AR 3 /0, 7042 T R AT 5 ok Z20m%

2 BEthERE

F I CST i T8 = v 1 3 i W3 [) {5 B mT LA ASE 40
PFN ¢ [ HL #G KB A5 6F 0 T8 (52 i . Hor, PEN H 3D A
dar, DI I A i R R s R Ay R 3D
FORIER AL 0 A F VR RO IR R 3k . dE o — A =
PFN-Marx % *E &%, PEN K B 22 8] (4 58 dj, 38 23 331 ol
5 mm F| 25 mm, Q1E 4 FT7R . 2 BF A A5 A A Ak Ok 2
it 6 nF ML 25 19l UL 28 8% o HL 28 A 19 PR o P AR Y Fig.4 Model of a three-stage PFN-Marx

S PRAR S AR B 9 R S R T AR B R, FL AR RO Pl 4 =% PFN-Manx R

PR FZN T 4245 6 nF MY HLZE . HLEK O TE W 5 TR o [ 4 H i ER 11 6 /3 11 (port 1~port 6) 5 &l 5 H 11 Ha i
B o5 LR XTI o port 1, 3. 5 B3 T4 A MRS, T port 2. 4. 6 B A& L TF ST P 71 4% 7 Q, # 2¢
PFN 75 HL H BRI, 5% 5 N8 Sk P1RIT P2 FH T K6 00 5 Fi, mi s 5 JE AR o o I ik o

Sy i O [F) 47 B AR YRS 5 BT AR B, H A5 T O (D AT IF, =50 kV B HL IR JT 45 24 3D LAY PFN st i .
[, F 42 1 56 (2) 6P, #E 1000 ns B 2, H 228 a0 G (2) 938, 4% 1 56 (1) 7, SR J5 K PEN i e 21 BHLPE
Tk, P1icsR Il B, P2 0 S A 1 .

g o )45 B P R 2% R PEN Z Al (U FE B o S mm. 15 mm A1 25 mm BYFE . #8556l o R A0 6 i, RN

045002-3



2\ n
T
T 1F ’,‘ 2
= T) |
2 :\ TJ.
T
K
- e b -
(02 | (i
b |
664 42 2|1 [Pl - -
port _1' N T _<| 'sow
3
3! T
= T |
h 5 ]
1 1 [y
2 1> ou-'[
e S
T1
—
| — 1) 23
= ';501(\

Fig. 5 Diagram of the electric circuit of the field-circuit simulation
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Table 1 PFN parameters corresponding to theoretical calculations, simulations, and experimental results

inductance of PFN/nH corresponding pulse width/ns

distance of 5 mm  distance of 15 mm distance of 25 mm  distance of 5 mm distance of 15 mm distance of 25 mm

theory 184 221 248 245 263 271
simulation 195 225 252 250 266 275
experiment 176 211 247 240 260 270
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