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A line impedance stabilization network for pulse current injection
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Abstract: [ Objective | Aiming at the deficiency of the existing line impedance stability network (LISN) in
the electromagnetic pulse protection capability, a LISN suitable for the pulse current injection (PCI) test of
electrical and electronic equipment is proposed. [ Methods ] Aiming at the characteristics of high peak value
and fast rise of the pulse current in PCI testing, the circuit structure and physical structure of the LISN are
improved on the existing basis through PSpice time-domain and frequency-domain simulation combined with
engineering design requirements, thereby giving it good nanosecond pulse protection performance and imped-
ance stability at the same time. Pulse current protection performance test and impedance curve test experi-
ments are then designed and carried out. [ Results ] The experimental results show that the improved LISN
can attenuate the injected pulse current by 60 times, while the error of its impedance curve is less than 5%
compared with the Type 5 uH LISN in GJB 151B-2013. [ Conclusions ] The proposed LISN has good im-
pedance stability and decoupling ability, and can be used in the PCI testing of electrical and electronic equip-
ment in order to protect the power supply and improve the repeatability of testing.

Key words: electromagnetic pulse; conducted interference; decoupling equipment; pulse current injec-

tion; line impedance stabilization network
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Fig. 4 Simulation results of electromagnetic pulse protection per-
formance of new type LISN
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Fig. 5 Simulation of impedance characteristics of new type LISN

1.3 LISN HI¥1IB % B Fn a4k ik %

& 6 T 7~ i LISN 14 2 Ry # 4 Jm s AL
g TARIE LISN B 46 2% K P )& PCLIR G R, A

SCHUIH T % 58 LISN [R) il & 3t 11 (9 3k, i
76 LISN N3 & T 50 Q. K. 1 A AE
AN TE 5 2 oA WA I ) G 4 38 5 0 5 wH 2585 H
J%; 3 M 30 uF %%, 4 A 220 nF L%, HE M T
T B R RN S W L2 5 A
i R 28 45 43 3k, FH AR LISN £k Fn M 2k (1) 46
G5 6 e R 4 R A AR R BEL, A it
FE RIS ) v M e o

Kl6 LISN R34 5
Fig. 6 The physical layout of LISN
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Fig. 8 Configuration for LISN decoupling performance test

R R Jok b A 25 1 B B CIRT 9), % B
Jok b T R R 38 H R A Marx & A 4 528 g
B BLFR Bk b o 25 R 21 EMP {55 5 (%) L F- B[]
B, WG Marx B A SR E5H IR i
&9 w1 C, S Marx 32 ] %53 B 9 55 30 6 g
255 S, O FE [l b B SARTF O Ly, O B K S 0E
I HLES C, S AR [l i A HLES s S, S IR T OG5
Ly R WAL TF 5 T 388 Bsf 1 FL JEORIT 08 £k [l % 11 %
HLEG RO EMP & A28 1Y 138 . EMP & A48
Marx 3 [] #% (9 HL 25 38 5 o s B IR 617 s v,
M =0 [, S, AIH, Cy ¥ C, FolL; Y t=w2n i}, C, I+
[ HL R 3K B W AL TT OC I i SR LR VG, S, S, Ut
e T AL HL A C, YA (B L T /N T 32 (0] % L 2
Crn BCRT %0 H 1 T B ER A ik o

10 77 hy S Brds il 36 - 15, AR SORE X
B Al LISN 34T FLAR IS, SR A LISN 1 i i 7 A

K19 EMP Jikit & A= 25 1 Ik i i 45 44
Fig. 9 Simplified circuit structure of EMP pulse generator
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Fig. 10 LISN decoupling performance test platform

2.2 PBEHITHRZ M

5 A B RSB AR L, LISN i1 #4fAk S 7E
HEABRE PR ERLST . A SCH 5% 2 M 45 4
}r 4% (vector network analyzer, VNA) it 17 BH it — 4
S I, W 12 BTN, R R 2% T AN
4 2 LISN 1 A1 58 w0 i i1 o, R A5 2 59 5 4K

Sy, 4% 20 (5) TR A S R BE A
2000
e SR
—— PSpice {j &5
1500
<
4\5 1000
=
é 500

0

—500

2000 3000 4000
1) /ns

(a) TEAHLI

0 1000 5000



552 M T A — R R FH Tk e I T A ) 2 I BEL BT A T 4% 209
35 g
— LZE .
30} — PSpice (LR 3 & B

FIAHLT/A
o

75 n n n n " "

05 0 05 10 15 20 25 30 35
] /s x10°
(b) FAHL I

Bl ZoRpE BRI gn 25 0 5 0 LAl R by
Fig. 11 Comparison between test results and simulation results of

decoupling performance
1+S 11

e Z 2 X A BHLUAEL; Zo h R4 R 45 23 A
ASCR I i 225 BT, A SCHUE N 50 Q.

ZZZO

®)

L, L,
Y Y Y

¢ |
.

12 LISN AL 2R i

Fig. 12 Measurement method of LISN impedance curve

AR fE, BT A5 28T A LISN BHATih 2k i
SENAE, 5 GIB 151B—2013 ¥ 5 uH %! LISN FH
PrM & Xt b, g5 B iE 13 iR, R LR
F|, B R LISN 5 5 uH 7 LISN PHoT 28 2 [6] i 22
B /NT 5%, ELAI7E 4 ~ 30 MHz $ Be ¥ HopH i ke
E R 50 Q. GIB 151B—2013 %R LISN 52
RELC i 2 5 8 M 48 =2 ) A 35 22 1 7E +20% LA
P, %R Y LISN B BHPTRERE 1 .

S HEES
BT

60

— - -5 uH Z LISN

50

40

30

BHFT/Q

20

0 1 1 1
0 5 10 15 20 25 30

B /MHz
13 B %Y LISN BHT 28 (1) SE S5 AR v (B X bl

Fig. 13 Comparison between measured results of new type LISN

impedance curve and standard curve

AR SO I L T BT RN BEA SR BT, B
BIF 7 — K AT i 52 e i (0 DR AT T Bk b 4 LISN, T
J& T R K i B P R I X B a0 K
IR I IE . S EEREZW], 1208 R LISN HAT K47
i £ AR BE ) AN BHL PRS2 BE T, T AR O R A
JO7 P T A 28 R R A B DK o R O T AR
DA 3 7 1 6 1 K e R 9 Xk S S L R R AN R 5
T NTITR oS e o v iof = o o T =

2% 3k

(1] W, EVI, £/, 5. a2 IR LR kb B8 br

W KRR AE 43 M [J]. 3 BO6 5 R F A, 2003, 15(8):
781-787.
XIEY Z, WANG Z J, WANG Q S, et al. High altitude
nuclear electromagnetic pulse waveform standards: a review
[J]. High Power Laser and Particle Beams, 2003, 15(8):
781-787 (in Chinese).

[2] TESCHE F M, BARNES P R. Extrapolation of measured
power system response data to high-altitude EMP excitation
[J]. IEEE Transactions on Electromagnetic Compatibility,
1988, 30(3): 386-392.

[31 RADASKY W A. Introduction to the special issue on
high-altitude electromagnetic pulse (HEMP)[J]. IEEE
Transactions on Electromagnetic Compatibility, 2013,
55(3): 410-411.

[4] SHI L H, ZHANG X, SUN Z, et al. An overview of the
HEMP research in China[J]. IEEE Transactions on Electro-
magnetic Compatibility, 2013, 55(3): 422-430.

[5] ZHANGIJ, KOO J, MOSELEY R, et al. Modeling in-
jection of electrical fast transients into power and IO
pins of ICs[J]. IEEE Transactions on Electromagnetic
Compatibility, 2014, 56(6): 1576-1584.

(61 FEBIRMHE Tolk R, & 580G B i 56 Jr ¥ : GIB

8848—2016[S]. dt.nt: IR ZEZRess & JHE, 2016.
State Administration of Science, Technology and Indus-
try for National defense . Electromagnetic environmental
effects test methods for systems: GJB 8848-2016[S].
Beijing: Standards Press of China, 2016: 65-77 (in
Chinese).

(7] 5 [6]. HEMP ik i 30 1 A 19475 55 523 5% [D].
VH22: PO 22 T RHE R, 2020.

CUI Z T. Simulation and experimental research on
HEMP pulsed currentinjection[D]. Xi'an: Xidian University,
2020 (in Chinese).

8]  PEANRMRTZ DA BRI RGBT
FIGHRE SR S5 H: GIB 151B—2013[S]. dt5t: W
brifi Rk, 2013: 80-90.

General Armament Department of the Chinese People's


http://dx.doi.org/10.1109/15.3319
http://dx.doi.org/10.1109/TEMC.2013.2265044
http://dx.doi.org/10.1109/TEMC.2013.2265044
http://dx.doi.org/10.1109/TEMC.2013.2242080
http://dx.doi.org/10.1109/TEMC.2013.2242080
http://dx.doi.org/10.1109/TEMC.2014.2332499
http://dx.doi.org/10.1109/TEMC.2014.2332499

210

tOE M A

W5

518 4

]

[10]

[11]

[12]

[13]

[14]

Liberation Army. Electromagnetic emission and suscept-
ibility
equipment and subsystems: GJB 151B—2013[S]. Beijing:
Standards Press of China, 2013: 80—90 (in Chinese).
FIGEHE, KIGE, PVET B, LISN 7Er 1y 7324 EMI i
TR [0, TR, 2010, 26(34 T 2): 131-133.
WANG X H, ZHANG X, SUN X H. Application of
LISN in EMI detection of power electronic equipment
[J]. Journal of Microwaves, 2010, 26 (Supp 2): 131-133
(in Chinese).

2R, SRAEAE, R, LISN fY TR J5 3 K 17 FH ¥ #r
[7]. TP ERE B, 2019, 27(6): 23-25,55.

LI Y X, CHAO Y Z, XU C. Analysis on the working
principle and application of LISN[J]. China Inspection
Body & Laboratory, 2019, 27(6): 23-25,55 (in Chinese).

International Special Committee on Radio Interference.

requirements and measurements for military

Coupling devices for conducted disturbance
ments, Part 1-2: CISPR 16-1-2[S]. [S.L]:
Electrotechnical Commission, 2017: 14-25.
OKUYAMA S, OSABE K, TANAKAJIMA K, et al.

measure-

International

Improvement of radiated emission measurement reprodu-
cibility by VHF-LISN — interim results of international
inter-laboratory comparison[C]//Proceedings of 2014 Inter-
national Symposium on Electromagnetic Compatibility,
Tokyo, Japan: IEEE, 2014: 255-258.

MITALKUMAR L, NISHA P V, SINDHU T K. Design
of a modified three phase line impedance stabilization
network for conducted emission test[C]//Proceedings of
2018 IEEE International Conference on Power Electronics,
Drives and Energy Systems (PEDES). Chennai, India:
IEEE, 2018: 1-5.

IBUCHI T, MORI S, FUNAKI T. Experimental evaluation

[15]

[16]

[17]

(18]

[19]

of mutual coupling influence on the isolation characteristics
of a dual-port v-type line impedance stabilization network
[J]. IEEE Electromagnetic
2018, 7(1): 39-45.

ANANDA W, CAHYADI S A, INAYATUROHMAN 1,

Compatibility Magazine,

et al. The effect of the grounding condition of line im-
pedance stabilization network on the measurement validity
of conducted emission parameter[C]//Proceedings of 2017
International Conference on High Voltage Engineering
and Power Systems (ICHVEPS). Denpasar, Indonesia:
IEEE, 2017: 498-502.

ZIADE F, KOKALJ M, OUAMEUR M, et al. Improve-
ment of LISN measurement accuracy based on calculable
adapters[J]. IEEE Transactions on Instrumentation and
Measurement, 2016, 65(2): 365-377.

R, FITES TN 2 D gtk b 2 M
4 (LISN) fy W52 5 B3t [D]. db ot db st 8l Ko,
2009.

YUE L L. Multifunctional test system —LISN used for
conducted interference test[D]. Beijing: Beijing Jiaotong
University, 2009 (in Chinese).

B, L, X T U BEAMEAY LISN Z ikl

P VNA KHETr ik [1]. %4 5 R, 2014(1): 74-76.
ZHAO P Z, GAO J, LIU P. Calibration method of
LISN's impedance by using VNA based on electrical
length compensation[J]. Safety & EMC, 2014(1): 74-76
(in Chinese).
Department of Defense. High-altitude electromagnetic
pulse (HEMP) protection for ground-based C4I facilities
performing critical: MIL-STD—188—125[S]. [S.L.]: Defense
Information Systems Agency, 2005: 38-60.


http://dx.doi.org/10.16428/j.cnki.cn10-1469/tb.2019.06.008
http://dx.doi.org/10.16428/j.cnki.cn10-1469/tb.2019.06.008
http://dx.doi.org/10.16428/j.cnki.cn10-1469/tb.2019.06.008
http://dx.doi.org/10.1109/TIM.2015.2479107
http://dx.doi.org/10.1109/TIM.2015.2479107
http://dx.doi.org/10.3969/j.issn.1005-9776.2014.01.016
http://dx.doi.org/10.3969/j.issn.1005-9776.2014.01.016

	0 引　言
	1 新型LISN电路结构设计
	1.1 常规LI SN电路结构简介
	1.2 新型LISN电路结构设计及仿真验证
	1.3 LISN的物理布局和部件选择

	2 LISN性能试验验证
	2.1 去耦性能试验验证
	2.2 阻抗曲线实测

	3 结　语
	参考文献

