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Field-circuit collaborative simulation model of
two-stage PIN limiter
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Fig. 1. Frame of the field-circuit collaborative simulation model and the sketch map of its solution procedure.
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Fig. 2. Structure model and doping concentration of each PIN diodes: (a) Structure model of Dy; (b) doping concentration distribu-

tion of Dy; (c) structure model of Dy; (d) doping concentration distribution of Dj.
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Fig. 3. I-O characteristic of the limiter.
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melting occurs under different amplitude signals.
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different amplitude at the moment of melting occurs.
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fii sk A A B & S BRE

# Al UniBo HRAIMES L
Table Al. Parameters related to UniBo model.
28 HLT(P) Z7U(B)
fmax /(cmZ.V~1.s71) 1441 470.5
c -0.11 0
Y 2.45 2.16
pog/(em?-V=Lls=1) 6227, 704 90.0 T, ~70d
Yod 0.7 1.3
p1a/(em?V=ls™l) 4867, 14 28.2 T, ~1d
Y1d 0.7 2.0
Wia/(em2.V=ls™l) 7357, ~71a 28.2 Ty, ~V1a
Yla 1.25 0.8
Cr1/cm™ 8.5x 10107, 71 1.3x 10187, 71
Yr1 3.65 2.2
Cra/cm™ 1.22x 10177, 772 2.45 x 1017 T, Vr2
Yr2 2.65 3.1
Cs1 /cm™® 4.0x1020T,7s1 1.1x 10187, st
Vsl 0 6.2
Cs2/(10% cm %) 7.0 6.1
o 0.68 0.77
B 0.72 0.719
poa /(em2-V=1s71Y) 132,07, ~70a 44.0 T, ~Y0a
Y0a 1.3 0.7
# A2  Conwell-Weisskopf F IS %)
Table A2. Parameters related to Conwell-Weis-
skopf model.
28 fH
D/(ecmt-Vist) 1.04 x 1021
F/cm? 7.452 x 1013
R A3 v MR SEL
Table A3. Parameters related to the calculation of
Usat -
S8 BT Z39X
Usat, 0/ (107 cms ) 1.07 0.837
Usat,exp 0.87 0.52

#F A4 Canali BIRIMHESEL

Table A4.  Parameters related to Canali model.
28 HLF 239K
Bo 1.109 1.213
Bexp 0.66 0.17

A5 SRHEZAHHIRESH
Table A5.  Parameters related to SRH Recombina-
tion model.
ZH HF 25
Tmin /S 0 0
Tmax /1S 10 3
To /1S 10 3
Nrer /(10 cm ?) 1 1
v 1 1
To -1.5 -1.5
Elap /eV 0 0
A6 REE SRS
Table A6. Parameters related to Auger recombina-
tion model.
BH T K
Ap /(103 cmSs 1) 6.7 7.2
Ba /(103 cmS-s 1) 245 4.5
CA /(10 cmbs 1) —2.2 2.63
H 3.46667 8.25688
No /(10 cm®) 1 1
® AT HHRAE SR
Table A7. Parameters related to avalanche model.
2% T ETN
aog/V 4.65403 2.26018
a1 /mV —8.76031 13.4001
az /uV 13.4037 —5.87724
agz /nV —2.75108 —1.14021
bo/V -0.128302 0.058547
b1 /(104 V) 44.5552 —1.95755
b2 /(107 V) —108.66 2.44357
b3 /(10 10V) 92.3119 —1.33202
by /(10 14 V) —182.482 2.68082
bs /V —4.82689 x 10715 0
b /V 1.09402 x 10~17 0
b7 /V —1.24961 x 10720 0
bs /V 7.55584 x 10724 0
by /V —2.28615 x 10727 0
bio/V 2.73344 x 1073! 0
co/(10® V-em™) 7.76221 19.5399
c1/(V-em™) 25.18888 -104.441
c2/(V-em™) —1.37417 x 1073 0.498768
c3/(V-cm™) 1.59525 x 10~ 0
do /(10° V-cm 1) 7.10481 20.7712
d1/(10° V-em ) 3.98594 0.993153
da /(V-cm ) ~7.19956 7.77769
d3/(V-em™) 6.96431 x 10~3 0
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Mechanism and rule of microwave pulse
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Abstract

This paper aims to analyze the failure mechanism of the two-stage PIN limiter after having been injected
by a microwave pulse. A two-stage PIN limiter model with high computational efficiency and accuracy is built
by using the method of field-circuit collaborative simulation. Using this model, the temperature change of the
PIN diodes during the injection of microwave pulse is simulated. The melting temperature of the PIN diode is
selected as the failure criterion of the PIN limiter. The time and energy required for the failure of the PIN
limiter under injection of microwave pulses with different frequencies and amplitudes are simulated.
Furthermore, the mechanisms that trigger off these effects are analyzed. The relationship between the
microwave pulse parameters and the PIN limiter failure time is summarized by using an empirical formula.

According to the simulation results, the temperature change of the second-stage PIN diode is relatively
small compared with that of the first-stage. During the injection of the microwave pulse, the failure time and
energy consumption of limiter show a certain regularity with the variation of microwave pulse amplitude and
frequency, and this work discusses this regularity from the following three aspects. Firstly, the failure time and
energy consumption decrease in a similar trend with frequency increasing. And with the increase in signal
amplitude, the failure time and energy consumption tend to stabilize. Secondly, the increase in the signal
amplitude leads failure time to decrease, which is similar to the relationship between failure time and the signal
frequency mentioned before. But as the signal’s amplitude increases, the energy consumption first increases and
then decreases slightly when the amplitude reaches about 900 V. Based on the theoretical analysis and the
physical image of the two-stage PIN limiter, the reasons for these effects can be explained as the changes in the
I-region's impedance and heat distribution change caused by electric field changes. Thirdly, the failure time and
energy consumption show different sensitivities to different parameters of the microwave pulse. The signal
frequency change has greater influence on the energy consumption than the signal amplitude change, while the

amplitude change can exert a greater influence on the failure time than the frequency change.
Keywords: two-stage PIN limiter, microwave pulse, field-circuit collaborative simulation, heat effect

PACS: 84.30.Qi, 85.30.De DOI: 10.7498 /aps.73.20231495

* Project supported by the Natural Science Foundation of Hunan Province, China (Grant No. 2023JJ40675), the Science and
Technology Innovation Plan of Hunan Province, China (Grant No. 2021RC2065), and the Scientific Research Plan of
National University of Defense Technology, China (Grant No. ZK22-42).

1 Corresponding author. E-mail: 16103271g@connect.polyu.hk

068401-11


http://doi.org/10.7498/aps.73.20231495
mailto:16103271g@connect.polyu.hk
mailto:16103271g@connect.polyu.hk
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

LR P INFR 8 2% A Sk Bk vek el AT B A
SH%E KE KE
Mechanism and rule of microwave pulse response of two—stage PIN limiter

Gao Ming-Xuan  Zhang Yang  Zhang Jun

5|5 &, Citation: Acta Physica Sinica, 73, 068401 (2024) DOI: 10.7498/aps.73.20231495
TEZE [T View online: https:/doi.org/10.7498/aps.73.20231495
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

BT AT IO GIE AR BOR AT AL GO AR+ 5 0
Design and analysis of novel two—stage optical receiving antenna for indoor visible light communication technology

PIFEAEA. 2018, 67(9): 094201  https://doi.org/10.7498/aps.67.20172341

JEEFEOL R P EUZ DR B AR RE R 1L
Optimization of thermal performance of cladding power stripper in fiber laser

PrPReEd. 2020, 69(1): 014204 https://doi.org/10.7498/aps.69.20191093

R PRI — 8 AR e e AP 5

Hypervelocity impact damage properties of solar arrays by using two—stage light gas gun

FEEEAR. 2019, 68(22): 220201 hitps:/doi.ore/10.7498/aps.68.20191132

25 WA= Py
Biological effects of terahertz waves

PFEEEAR. 2021, 70(24): 240701 hitps:/doi.ore/10.7498/aps.70.20211996

BT Z RO OO SOR I W B BE oA i 7 a7 i

Two-stage velocity distribution measurement from multlple projections by tunable diode laser absorption spectrum

YIBR2A4R. 2019, 68(24): 247801  hitps:/doi.org/10.7498/aps.68.20191223

23 A1 R e T K BH i i AR 2 e
Hypervelocity impact on volti—ampere characteristic of solar arrays by using two—stage light gas gun

YrHE2E 4. 2021, 70(18): 188801  https://doi.org/10.7498/aps.70.20210458


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20231495
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.67.20172341
https://doi.org/10.7498/aps.69.20191093
https://doi.org/10.7498/aps.68.20191132
https://doi.org/10.7498/aps.70.20211996
https://doi.org/10.7498/aps.68.20191223
https://doi.org/10.7498/aps.70.20210458

	1 引　言
	2 双级PIN限幅器模型
	2.1 物理模型
	2.2 双级限幅器的场路协同仿真模型

	3 仿真结果与机理分析
	3.1 信号幅值对发生熔化现象所需时间、能量的影响
	3.2 信号频率对发生熔化现象所需时间、能量的影响
	3.3 信号参数对限幅器微波脉冲响应特性影响的综合分析

	4 结　论
	附录A 模型中各参数取值
	参考文献

