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Abstract

In a strong eclectromagnetic pulse environment, high-intensity, broadband electromagnetic pulse energy is transmitted
to the communication interface circuit through the interconnection cable, causing interference or damage to the internal
electronic components and chips, and even posing a serious threat to the entire communication equipment. Based on the
field line coupling model, the coupling effects of communication device interfaces under different terminal impedances
are studied in this paper. By establishing the coupling circuit model of RS-232 interface under HEMP, and combining
with pulse injection experiment, the equivalent circuit model of RS-232 interface is accurately determined, and the dam-
age threshold of the sending end of RS-232 interface under HEMP is obtained. Compared with the measured data before
and after the interface damage, the accuracy of the model and the reliability of the modeling method are verified, and the
two agree well. The proposed interface equivalent circuit model can not only accurately characterize the coupling effect
of communication equipment interface under the action of strong electromagnetic pulse, but also provide simulation level
support for the subsequent design of communication equipment interface protection circuit. This method can be extended
to different types of strong electromagnetic pulse and communication interfaces, and has a good application prospect.
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1 Introduction

With the integration of electronic communication systems,
the wired communication interfaces on devices have become
densely packed, resulting in increasingly complex electro-
magnetic effects on the interface circuits. Particularly, when
communication equipment work in strong electromagnetic
pulses, the energy released by the instantaneous discharge of
electromagnetic pulses can be conducted through intercon-
nect cables to the interface circuits, damages can be caused
to the internal electronic components and chips of the inter-
face circuits, resulting in system functionality disruptions,
loss of control, or even system crashes [1]- [2]. To ensure
normal operation of communication equipment under
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strong electromagnetic pulses, it is necessary to simulate
and estimate the electromagnetic pulse coupling response
and damage threshold of the communication interface cir-
cuit. According to the simulation and experiment results, the
protection circuit is designed to protect the safety of com-
munication equipment [3].

In recent years, many researches focused on electromag-
netic pulse effect in computer and other communication
systems. Bao Yongbo used XFDTD electromagnetic simu-
lation to study the coupling effect of LEMP inside of por-
table computers [4], it can be showed that the influence of
LEMP is directly related to the open hole area and adjacent
holes will weaken the overall shielding efficiency. Yang Jie
studied the impact of HPM on the computer host and dis-
play interface [5], the three-parameter Weibull function was
adopted to find the damage threshold interval of the com-
puter.Qiu Yang studied the transmission path of computer
digital video interface [6], and built time-frequency domain
models of serial and parallel transmission. Javad.Meiguni
conducted a protective design for the damage and failure
of USB connectors caused by electrostatic discharge [7],
adopted the system Efficient electrostatic protection design
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(SEED) method to simulate the coupling current into the
connector, and used TVS to design the protective circuit.
I.S.Antyasov found the VGA interface can also intercept
stray electromagnetic radiation when the VGA interface is
closed [8], proving that the shielding performance of VGA
interface is affected by the shielding material and structure,
and also verifying the effect of VGA shielding combined
with overvoltage and overcurrent protection technology.

As can be seen above, the main research on the coupling
effect to computer interfaces focused on static electricity
and LEMP pulse, and the research on HEMP is very few.
Compared with static electricity and LEMP, HEMP is more
destructive and has a larger interference range. In addition,
there is a lack of analysis and summary of the coupling path
and coupling law of the computer interface under HEMP
irradiation. Therefore, Hemp-coupled analysis of computer
interfaces becomes necessary.

Due to the diversity of communication interfaces, dif-
ferent interfaces have different transmission rates, signal
propagation modes, and coding modes. It can be exposed
to different types of strong electromagnetic irradiation.It is
chosen the RS-232 communication interface as the sensi-
tive circuit and HEMP(High Altitude Nuclear Electmag-
netic Pulse) as the typical source of strong electromagnetic
pulse excitation in this paper. An equivalent circuit model
and damage threshold analysis under real injection test con-
ditions are developed. This method can provide effective
guidance for the subsequent protection circuit design and
can be extended to other interfaces and strong electromag-
netic pulse excitation environments.

2 Hemp Coupled Modeling of a Typical
Communication Interface Circuit

2.1 HEMP Coupled Current Analysis Based on Field-
Line Coupling Simulation

After a high-altitude nuclear explosion, nuclear weapons

generate an extremely intense HEMP radiation field in
space, extending to the vicinity of communication devices
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Table 1 Coupled Current Of Transmission Lines At Different Imped-
ance Ends Under HEMP Radiation.

Peak current of HEMP coupling (A)

Terminal Impedance ()

1 7.06
5 6.92
10 6.75
25 6.29
50 5.65
100 4.7

200 3.52
500 2.01

and cables. Due to the good shielding performance of com-
munication equipment, the HEMP radiation field primarily
influences the communication cables through field line cou-
pling. According to IEC 61000-2-9 standards, the rise time
of HEMP irradiation waveform is 2.5+ 0.5ns, and the half-
height width is 23 + 5ns. The magnitude of the HEMP cou-
pling current in communication cables directly determines
whether the interface circuit will be disturbed or damaged
[9, 10].

The coupling characteristics of HEMP on communication
cables can be studied using a field-wire coupling model, as
shown in Fig. 1. It has been discovered that the magnitude
of the HEMP coupling current is influenced by the termina-
tion impedance at both ends of the communication cable,
the actual impedance of the HEMP coupling circuit may not
be 50Q mostly. It also can be affected by the length of the
cable, its radius, the height above the ground, and the inci-
dent angle of the HEMP radiation field.

In the simulations, the HEMP radiation field is radiated
vertically to the transmission line, with a cable length of
5 m. The height from the ground is set to 10 mm to reflect
the actual communication equipment. The cable radius is set
to 0.5 mm, based on commonly used. The coupled current
in the transmission line under HEMP radiation is obtained,
and its peak value with the different terminal impedance are
shown in Table 1.

It can be observed that as the impedance at both ends of
the transmission line increases, the peak value of the HEMP
coupling current decreases, and a current variation can
cause interference or damage to the interface circuit.
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Fig. 2. Parasitic impedance between the microstrip line and
ground in the interface circuit mainly reflects the distributed
capacitance to the ground, which is about tens of pF. Due
to the rise time of the HEMP coupling current signal being
in the ns range and the spectrum components mainly dis-
tributed within 200 MHz, the high-frequency components
inevitably result in the high-frequency impedance of the
microstrip line to ground is much smaller than the termina-
tion impedance of the normal signal loop [11].

According to Kirchhoff law, HEMP-coupled currents are
divided into different paths based on impedance. Therefore,
the majority of HEMP coupling current signals are dis-
charged along the loop composed of the signal line, para-
sitic capacitance, and ground, while a small portion of the
current is discharged through the normal signal loop formed
by the internal resistance and ground [12]. It is necessary
to combine simulation modeling and experiments to obtain
the equivalent impedance of the HEMP-coupled interface
circuit which can be better used for subsequent damage
analysis.

Fig.4 Equivalent Circuit Model of HEMP Pulse Injection Source

3 Equivalent Circuit Modeling of Rs-232
Interface

To establish an equivalent circuit model for the RS-232
interface circuit used to evaluate the interface damage
threshold, the procedure based on HEMP injection test can
be shown in Fig. 3. Parameters are adjusted to make the
simulated response current waveform consistent with the
HEMP pulse injection test, thus obtaining the equivalent
impedance of the HEMP coupled loop when the interface
circuit is working normally. First, the equivalent circuit of
the HEMP pulse source needs to be established to complete
the co-simulation subsequently.
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Fig. 6 RS-232 interface circuit direct injection test

Fig. 5 Experimental platform of HEMP pulse source calibration test
circuit

Table 2 Key Parameters Of Experimental Waveform Under Different
Injections.

Calibration Injection volt-  Peak value Rise Time FHWM

type age (V) (A) (ns) (ns)
Short circuit 100 1.89 36.8 519.6
300 5.62 37.6 516
500 9.16 37.0 515.2
50Q load 100 0.96 27.2 986.6
300 2.90 27.6 1000.7
500 4.7 27.6 1026.6
10Q2 load 100 1.57 36.4 617
300 4.54 38.8 635.8
500 7.64 37.2 630.4

Table 3 Comparison of HEMP Source Simulation Model With Mea-
sured Data.

Calibration Injection Peak  Rise = FHWM  Comparison

type voltage value Time (ns)
W) A) (ns)
Short 100 1.89 36.8 519.6 Actual mea-
circuit surement
100 1.83 39.1 541.8 Simulation
50Q load 100 0.96 27.2 986.6 Actual mea-
surement
100 0.97 25.7 1014.2 Simulation
10Q load 100 1.57 36.4 617 Actual mea-
surement
100 1.58 352 634.1 Simulation

3.1 Simulation Modeling of HEMP Injection Source

The pulse source model is built according to the actual cir-
cuit inside the HEMP pulse source. The equivalent circuit
model for HEMP is established as shown in Fig. 4. C rep-
resents the charging and discharging capacitance, L repre-
sents the stray inductance generated by wiring, switches,
and other components within the pulse injection source, and

@ Springer

R represents the internal resistance of the pulse injection
source [13].

The HEMP pulse source circuit calibration test is shown
in Fig. 5. The direct injection response currents of the
HEMP pulse injection source with short circuit, 50Q, 10Q
three types of loads are obtained by the current caliper. Rise
time and full width at half maximum (FHWM) are mea-
sured, and the test results are shown in Table 2.

By comparing the injection response waveform param-
eters with the simulation response waveform parameters,
the device parameters of the circuit model are adjusted to
make the simulation waveform gradually close to the test
waveform. Finally, the parameters of each device in the
equivalent circuit of the HEMP pulse injection source are
determined with the capacitance C=14nF, the resistance
R=52Q and the inductance L=450nH.The parameter
comparison of the simulation response waveform and test
response waveform is shown in Table 3. By comparing the
simulation results with measured data for the peak, rise
time, and half-high-width, it can be seen that the simulation
modeling and parameter settings of the HEMP source are
accurate, and the established simulation model can be used
to represent the HEMP source.

3.2 Acquisition of Interface Circuit Impedance
Characteristics

As shown in Fig. 6, a direct injection test is conducted on the
RS-232 interface board loaded on the communication equip-
ment while it is in normal working condition. The wave-
form of the interface circuit under HEMP pulse is obtained
through experiments, and interface equivalent impedance
is extracted. The HEMP pulse current is directly injected
into the data transmission core wire of the board, and the
response current is monitored through an oscilloscope and
the current caliper. A combined simulation is conducted to
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establish the HEMP source model and the interface circuit
HEMP coupling loop impedance model.

First, direct injection experiments are conducted on
RS-232 interface cards in the sending state loaded on the
communication equipment, pulse current is directly injected
into the TXD line of the RS-232 cable, and the response
current on the TXD data transmission core line of the card
is monitored using an oscilloscope and a clamp meter. The
response waveform parameters obtained from the direct
injection experiments on the RS-232 interface cards are
shown in Table 4 below, with a clamp meter factor of 1
and a 20dB attenuator connected to the front end of the
oscilloscope.

By utilizing the RS-232 interface circuit HEMP coupling
loop model established before, an impedance equivalent
circuit model is constructed. However, the final equivalent
impedance circuit model requires continuous adjustment of
the distributed capacitance and the impedance of the subse-
quent shunt circuit.

The tuning process of the RS-232 interface imped-
ance equivalent circuit is similar to that of the pulse injec-
tion source circuit, as shown in Fig. 7. The distributed

Fig. 7 RS-232 impedance equiva-
lent circuit parameter extraction

Table 4 RS-232 Interface Circuit Response Waveform Parameter.

Injection voltage (V)  Peak value Rise Time (ns) FHWM (ns)
A)

100 1.65 8838 612.6

200 334 816 604.8

300 494 832 616.6

capacitance mainly causes the oscillation of the rising edge
of the response current waveform, which affects the peak
value and peak time in a small range.

The final RS-232 interface impedance equivalent circuit
obtained is shown in Fig. 8, with a distributed capacitance C
= 15pF, resistance R=4€Q, and inductance L=775nH. The
comparison table of simulation waveform parameters and
test waveform parameters is shown in Table 5.

In Table 5, the error between the peak value, rise time,
and half-height width of the simulation waveform and the
test results is small, and the simulation model established
can be used as equivalent circuit for RS-232 interface.

Begin
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Fig.8 Equivalent impedance 3
simulation circuit of RS-232 1 < 2
interface Ui v

C1

14n

0

Table 5 Measurement and Simulation Results Comparison of RS-232
Interface.

RS-232
Equvalent Circuat

Injecting  Peak Rise FHWM Comparison
voltage (V) value (A) Time (ns)
(ns)

100 1.65 88.8 612.6 Actual measurement
1.67 81.4 610.7 Simulation

200 3.34 81.6 604.8 Actual measurement
3.33 81.4 613.0 Simulation

300 4.94 83.2 616.6 Actual measurement
5.00 81.4 611.9 Simulation

3.3 Research on Distribution Parameters

Currently, the selected placement position of the interface
circuit board in the experimental test is horizontal. How-
ever, under the ground bar of the test platform, there may
be an influence on the distributed parameters to the ground
[11]. In addition, the actual placement position of the inter-
face circuit board in the chassis under real conditions may

Fig. 9 Horizontal placement 18
(blue) and vertical placement 16
(orange) response waveform 1
comparison. (a)100 V Injection. '
(b) 300 V Inject 12
1
Eos
2
Sos
©]
0.4
02
0
02 - -
4 3 2 -

(a)
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vary. In order to verify whether there is interference in the
response waveform under different placement positions and
different ground heights, the RS-232 interface circuit board
is taken as an example and the HEMP pulse injection test is
conducted under the condition of vertical placement.

In Fig. 9, the blue line represents the test waveform under
horizontal placement, and the orange line represents the test
waveform under vertical placement. By comparison, it can
be seen that under both horizontal and vertical placement
conditions, the waveform is basically the same. Therefore,
it can be considered that the distribution parameters have
no significant influence on the ground during the horizontal
arrangement.
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Fig. 10 Threshold test scheme of RS-232 interface

4 Research on Damage Threshold of Rs-232
Interface Circuit

4.1 RS-232 Interface Circuit Damage Threshold Test

RS-232 enables full-duplex serial asynchronous com-
munication using the unbalanced transmission. Data are

Fig. 11 Normal element wave- Tek ) I

transmitted unidirectionally by defining separate lines for
transmission and reception [14, 15]. To obtain the damage
threshold of the RS-232 interface circuit, smaller step incre-
ments of the HEMP injection source are adopted. The integ-
rity of the interface circuit is observed by examining the
waveform of the voltage acquisition card and the coupled
current waveform of the HEMP pulse source. The experi-
mental setup is similar to the impedance characteristic injec-
tion test of the interface circuit established in the previous
section, and the experimental steps are shown in Fig. 10.

The communication equipment host built-in serial port
debugging software controls the RS-232 interface circuit
continuously send data in a loop. The Baud rate is set to
9600Baud, and it sends 0x 55, 0x56, and 0x57 (corre-
sponding to binary 01010101, 01010110, and 01010111)
continuously with a period of 100ms. The RS-232 inter-
face circuit board at the transmitting end is connected to
an oscilloscope, which displays the waveform of the signal
elements obtained through the voltage acquisition circuit, as
shown in Fig. 11.

The injection voltage level of the HEMP pulse injection
source starts at a minimum of 100 V and goes up to a maxi-
mum injection voltage level of 3 kV, with a minimum step
size of 100 V. The performance changes of the interface cir-
cuit board are observed by gradually increasing the injec-
tion voltage.

4.2 Applicability of the Simulation Model Near the
Threshold

Through experiments, it can be discovered that when the
voltage reaches around 1200 V, the RS-232 interface circuit
board becomes damaged and the damage threshold is about
18.7 A. To study the applicability of the interface circuit
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Table 6 Measurement and Simulation Results of RS-232 Interface

Board (After Damage).

Injecting  Peak Rise FHWM Comparison

voltage (V) value (A) Time (ns)

(ns)

1100 16.9 75.2 624.4 Actual measurement
18.2 78.9 612.5 Simulation

1200 19.1 84.8 630.4 Actual measurement
19.8 78.9 615.4 Simulation

1300 20.8 82.4 624.8 Actual measurement
21.5 78.9 618.3 Simulation

2000 32.6 79.2 637.6 Actual measurement
33.2 79.3 618.6 Simulation

2500 42.6 65.6 601.6 Actual measurement
41.6 69.5 607.0 Simulation

equivalent impedance model established after the damage,
the response waveforms under higher HEMP pulse injection
levels are compared with the simulation results to determine
if they are consistent. After testing the response waveforms
at higher injection levels, whether the normal state interface

@ Springer

(b)

equivalent impedance model applies to higher injection lev-
els is determined.

A comparative analysis is conducted on the response
waveforms of the interface circuit board after damage. The
pulse-coupled current waveforms are obtained at five injec-
tion levels: 1100V, 1200 V, 1300 V, 2000 V, and 2500 V, to
verify the applicability of the simulated interface equiva-
lent circuit model at higher injection levels. The results of
the simulated waveform parameters and the test waveform
parameters are presented in Table 6.

It can be seen from Table 6 that the RS-232 interface
circuit simulation model established near the interface card
damage threshold and after the damage is close to the mea-
sured coupling value, which verifies the applicability of the
RS-232 interface circuit model before and after the damage.

4.3 Statistical Analysis of the Damage Threshold

Since the system is a HEMP injected RS-232 communica-
tion system, the computer needs to be connected to two ends
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Table 7 Coupling analysis of multiple measurements.

Voltage of HEMP Current at Cur-
signal source /V transmitter/A rent at
receiver
/A
1 1800 9.9 11.6
2 1700 9.7 10.4
3 1800 9.9 11.0
4 1700 9.5 10.6
5 1600 9.1 10.0
6 1700 9.5 9.8
7 1900 10.7 9.8
8 1800 10.1 9.4

of the board for communication. It is based on whether the
system can continue to communicate normally.The system
is more sensitive, so the double-ended damage threshold
current is smaller than that of the single-ended damage
threshold current (Table 7).

After 8 experiments of HEMP injection RS-232 commu-
nication system, the experiment shows that the communica-
tion system stops transmitting data when the current is about
9.5 A, and the average current is 9.6 A and the standard error
is 0.28. Combining the pin diagram of the chip and the cir-
cuit test, it is inferred that the inverter has a break fault.
Detailed sectional analysis will be performed in the future.

5 Conclusion

High-intensity, wide-bandwidth pulse energy released by
HEMP will be conducted through interconnecting cables
between communication devices and transmitted to the
interface circuits directly connected to them, resulting in
disturbance or damage to the internal electronic components
and chips of the interface circuits, leading to abnormal oper-
ation of the communication system. It is crucial to reinforce
and protect the interfaces to ensure the normal operation of
the communication system under the influence of HEMP.
Among them, the key to protection is to simulate and esti-
mate the coupling response of strong electromagnetic pulse
in the interface circuit of communication equipment and
obtain the fault threshold of the interface circuit accurately.
This paper uses a typical communication interface circuit
RS-232 as the research object. Through theoretical analy-
sis, modeling simulation, and experimental test, a HEMP
coupled signal loop model is proposed and the equivalent
impedance of the loop is obtained. Based on the experi-
mental results, the accuracy of the equivalent impedance
model of the boundary interface is improved by parameter
adjustment. The damage threshold of the RS-232 interface
transmitter is obtained effectively through the experimental
platform. The proposed interface equivalent model not only

helps us to study the coupling effect under HEMP but also
provides simulation-level support for the subsequent pro-
tection design against the damage threshold. This modeling
method based on test is universal and can be extended to dif-
ferent strong electromagnetic pulses and different interface
circuits. A more in-depth discussion of the physical damage
mechanisms and how they relate to the observed thresholds
will be the focus of subsequent research.

Funding This work is in part supported by the China National Key R
& D Program project “Ultra-wideband high-performance Noise Fac-
tor Analyzer”, project 3 “Important accessories development and elec-
tronic equipment measurement application development” (project No.
2023YFF0718204) and the China National Major Scientific Research
Instrument Projects (Grant No. 62227816 and 62234013).

Data Availability This article contains test data, which can be provided
on request.

Declarations

Competing Interests The authors have no competing interests to de-
clare that are relevant to the content of this article.

References

1. Maddah-Ali M, Sadeghi SHH, Dehmollaian M (2020) Efficient
Method for Calculating the Shielding Effectiveness of Axisym-
metric Multilayered Composite Enclosures, IEEE Trans. Electro-
magn. Compat., vol. 62, no. 1, pp. 218-228, Feb

2. Yuan K, Wang J, Xie H, Fan R (June. 2016) A Time-Domain
Macromodel based on the frequency-domain moment Method
for the field-to-wire coupling. IEEE Trans Electromagn Compat
58(3):868-876

3. Ge Y-P (2022) A Test Method for Response Behavior of Metal-
Oxide Arrester Subjected to Transient Electromagnetic Distur-
bances, IEEE Trans. Power Del., vol. 37, no. 6, pp. 4749-4756,
Dec

4. Bao yongbo,Tian yangmeng,Wang caixia (2017) Damage analy-
sis of portable computer terminal caused by lightning electromag-
netic pulse [J]. Equip Environ Eng 14(12):83-87

5. Yang, Jie (2018) Li Yue-bo, Yan Min-Hua. Experimental study on
damage effect of L-band high power microwave on computer [J].
J Microw 34(2):80-85

6. Sen W, Yang Q (2017) Electromagnetic leakage characteristics
of digital interface video transmission line [J]. J Xidian Univ
44(05):81-86

7. Wei P, Meiguni J, Pommerenke D. (2018) System-level design
for ESD protection on multiple 10 interfaces [C]. 2018 IEEE
International Reliability Physics Symposium (IRPS). IEEE:1-8

8. Antyasov I S, Asyaev G D, Ufimtcev, M S. Vga Shielding Effi-
ciency Study[C] (2020). 2020 International Conference on Indus-
trial Engineering, Applications and Manufacturing (ICIEAM).
IEEE, : 1-6

9. MaH, He J, Liu Y, Liu L, Zhao Y, Jin Y (June. 2021) IEEE
Trans Communication equipment-Aided Des Integr Circuits Syst
40(6):1077-1089Security-Driven Placement and Routing Tools
for Electromagnetic Side-Channel Protection,

@ Springer



624

Journal of Electronic Testing (2024) 40:615-624

10. Xie X, Meng X, Liu Q et al (2022) Multiple FDTD universal
models and verifications for electromagnetic coupling analysis of
various cable harnesses. Radio Eng 50(5):377-382

11. Jiang S, Cui J, Han'Y, Pang X, Chang Y, Jiang S (2022) Theoreti-
cal and experimental study of the nuclear electromagnetic pulse
coupling to cables, 2022 2nd International Conference on Electri-
cal Engineering and Control Science (IC2ECS), Nanjing, China,
pp. 170-173

12. Li B, Chen Y, Zhou H (2010) Pulse current injection method
for RS-232 interface circuit EMP sensitivity threshold testing
research, in Proc. The 20th National Electromagnetic Compat-
ibility Academic Conference, Wuxi, China, pp. 149-153

13. Xianguo X, Chao Z, Kaiming Z, Congshun H, Youli Y, Zhengchao
T (2015) Researches on the damage effects of electromagnetic
pulse of different rising edges, 2015 7th Asia-Pacific Conference
on Environmental Electromagnetics (CEEM), Hangzhou, China,
pp. 414419

14. Tesche FM, Barnes PR (1989) A multiconductor model for deter-
mining the response of power transmission and distribution lines
to a high altitude electromagnetic pulse (HEMP), IEEE Trans.
Power Del., vol. 4, no. 3, pp. 1955-1964, July

15. SunY, Wu X, Zhu D (2007) Research on RS232 Serial Communi-
cation Transmitter Interface Chip Compatible with 0.6um CMOS
Integrated Sensor Circuit. J Sens Technol 20(1):114-117

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer

Yibo Feng Yibo Feng is a graduate student in the School of Mechani-
cal and Electrical Engineering, Xidian University, in the Key Labo-
ratory of Intelligent Instrumentation and Packaging Testing, with
a research interest in Electromagnetic Compatibility and RF circuit
design.

Lu Sun Lu Sun is an associate professor in the School of Mechanical
and Electrical Engineering, Xidian University. Her fields of interest are
modeling method of microwave semiconductor circuit, fault diagnosis
and prediction methods of microwave semiconductor circuit.

Jiarun Lu Jiarun Lu is a graduate student in the School of Mechani-
cal and Electrical Engineering, with a research interest in Electromag-
netic Compatibility, strong EMC and protection.

Zhenxiao Li Zhenxiao Li is a graduate student in the School of
Mechanical and Electrical Engineering, Xidian University, in the Key
Laboratory of Intelligent Instrumentation and Packaging Testing, with
a research interest in Electromagnetic Compatibility and RF circuit
design.

Jin Tian Jin Tian is an associate professor in the School of Mechani-
cal and Electrical Engineering, Xidian University. Her fields of interest
are system-level EMC simulation, testing and evaluation, strong EMC
and protection.

Yang Qiu Yang Qiu is a professor in the School of Mechanical and
Electrical Engineering, Xidian University. His fields of interest are
system electromagnetic compatibility, electromagnetic information
security, strong electromagnetic environmental effect and protection.



	﻿Equivalent Circuit and Damage Threshold Study of Communication Interfaces under HEMP
	﻿Abstract
	﻿1﻿ ﻿Introduction
	﻿2﻿ ﻿Hemp Coupled Modeling of a Typical Communication Interface Circuit
	﻿2.1﻿ ﻿HEMP Coupled Current Analysis Based on Field-Line Coupling Simulation
	﻿2.2﻿ ﻿Modeling of HEMP Coupled Signal Loop of the Interface Circuit

	﻿3﻿ ﻿Equivalent Circuit Modeling of Rs-232 Interface
	﻿3.1﻿ ﻿Simulation Modeling of HEMP Injection Source
	﻿3.2﻿ ﻿Acquisition of Interface Circuit Impedance Characteristics
	﻿3.3﻿ ﻿Research on Distribution Parameters

	﻿4﻿ ﻿Research on Damage Threshold of Rs-232 Interface Circuit
	﻿4.1﻿ ﻿RS-232 Interface Circuit Damage Threshold Test
	﻿4.2﻿ ﻿Applicability of the Simulation Model Near the Threshold
	﻿4.3﻿ ﻿Statistical Analysis of the Damage Threshold

	﻿5﻿ ﻿Conclusion
	﻿References


