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ABSTRACT: The special types of semiconductor switching
devices applied in the pulsed power area were reviewed in this
paper, including reversely switched dynistor (RSD), drift step
recovery diode (DSRD) and fast ionization dynistor (FID).
They are microsecond, nanosecond and picosecond range in
time scale, respectively, and Si-based and SiC-based in
material. The operation principle, key technology and
application of the devices as well as some research progress
were introduced, and the future development trend was

prospected.
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Fig. 1 RSD structure diagram
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Fig.2 Test circuit diagram of RSD time jitter
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Fig.3 PCB-level integrated module based on Si RSD!"*!
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Table 1 Parameters of RSD-based devices
Wi AV HRIEE/KA KR/ us B /kHz 2750k

12 160 600 B [16]
12 250 300 FLIK [17]
1.5 270 30 Li8Vi¢ [18]
25 300 600 Li8Vi¢ [19]
25 500 500 K [20]
16 150 25 BRI [21]
5 15 30 1 [18]
14 7 12 1 [22]
36 0.6 3 0.5 [23]
15 0.25 0.1 16 [24]
30 12 0.08 0.1 [25]
45 1.8 0.025 15 [26]
0.1 0.8 10 50 [20]
10 6 15 0.3 [27]
6 1 0.6 0.1 [28]
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Fig. 5 Schematic diagram of SiC RSD with

bevel edge termination
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based on DSRD
223 ZFRH
& 13 ffi7n A DSRD ()l i 78 57 fi e ),

H A TSNS % E& MOSFET Q, Vyliid
Ly« R, 7y DSRD # I IE [ 2RI L, A Ve 25 H
B Ly iH, MBSl T DSRD HIIEM Fie; Bl
JaWit Qi Ly g iE T 4% D 1 DSRD %
233, DSRD bifiid i ) L PRy,  £74%
Ry PR —ABERTHT B E ket . SRR L 78
M, TRRFRE N 1A, FESERR T BRI
T IR E T B 5

Vie

L DSRD under test

L; G,

Ty

Bl 13 —#ET DSRD A9#LEI R A g1
Fig. 13 A typical application circuit based on DSRD™!
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Fig. 14 Si DSRD stack and its output voltage waveform
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Fig. 15 SiC DSRD of p*-py-n* and p*-p-ng-n*1®!
(Copyright 2022 Springer Nature)
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Fig. 16 Schematic structures of conventional
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Fig. 18 Schematic structure of SiC DSRD with
3-step etched JTE termination
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Fig. 19 SEM photo of SiC DSRD with
3-step etched-JTE termination

233 aefhrE

R 4 REE T SCHRIRGE ) SiC DSRD FH W A AT
AR AT, SRR kv ZE 10kV
A, Hefd m ] LA R 30kV, 2l 15 R
8 ER BRI ) o
FT 4 XHEMRIER SiC DSRD PRETHEE & IB7SERE DL
Table 4 Summary of breakdown voltage and on-state

voltage for reported SiC DSRD

AR AY LB L A RE S5 3Lk

1.5kV 2.6V [66]

2.1kV 2.4V [67]

P 2.8kV 2.8V [68]
6.2kV 2.6V [65]

10.9kV — [69]

4 HifE 6.0kV 10.8V [66]
8 U 11.8kV 21.6V [66]
5 HE 14.0kV — [68]
3 HME 6.0kV 7.2V [67]
15 HHE 30.0 kV 36.0V [671

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.
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Table S Summary of dynamic characteristics for
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) ) 10500 0.9 2016
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o s 30500 1.6 2018
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Joslon " 11000 23 2018
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Fig. 20 Static and dynamic characteristics of
10kV SiC DSRD stack
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Fig. 21 Changing process of internal electric field of

p*-n-n* structure
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Fig. 22 Electric field distribution during
FID turn-on process
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Fig. 23 FID working circuit and load waveform
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Fig. 24 Schematic diagram of DLD structure®”

(Copyright 2022 Springer Nature)

T B AL i A% (shock ionized dynistor, SID)
A LAEAEZ FID B35 ARG, L PHBR A A AT 51
AN THE R, ik 26 Fros. XMEER TR
WME 7 AR s BT RE 0, ERAHEE TR
FID, #fF n JEX T8 AR E 00N, NIRRT i
TURE o #AS BELINT B R 352 3.5k vV 1) FID il SID #44
Sl AR LN B 27 P, AT RATE ZE A 21 SID
PR i IS SR %

ARG TCAD T HXS FID BEAT 85 A, #1

(b) DLDJF il L2
25 FID #1 DLD Fri@idi2xttt
Fig. 25 Comparison of turn-on process of
FID and DLD®™ (Copyright 2022 IEEE)
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Fig. 27 Comparison of turn-on process between
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(Copyright 2022 Springer Nature)
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Fig. 28 FID cell structure of numerical simulation
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by numerical model simulation.
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Table 6 Summary of parameters and applications for

semiconductor pulsed power devices

(According to experiment report)
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(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.
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Fig. 33 Soldered packaging structure and

physical object (Copyright 2022 Springer Nature)
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In order to adapt to the application of pulsed power
and maximize the performance of power semiconductor
devices, a series of special semiconductor pulse power
switching devices have been proposed, including

(RSD),

nanosecond drift step recovery diode (DSRD) and

microsecond reverse switched dynistor
picosecond fast ionization dynistor (FID). The above
three devices can be successfully prepared based on
silicon (Si), and are transitioning to wide bandgap silicon
carbide (SiC). This paper is a review in this area, which
introduces the working mechanism, key technologies and
applications of the above three devices, as well as the
research progress in our group.

RSD is a microsecond closed switch based on
controllable plasma layer commutation. It has high di/d¢
tolerance and can flow through high working current.
RSD is often used in series to achieve higher working
voltage. The parameters of a series of devices designed
based on RSD

summarized in this paper. The working characteristics of

in Russia are investigated and
time jitter and repetition frequency of RSD are studied.
The Si RSD independently developed by our group
reaches a single charge transfer of 32C, which is a record
in China. In order to improve the device performance,
the RSD based on SiC has been proposed by our group
for the first time in the world.

DSRD is a nanosecond opening switch based on
DSRD s

commonly used in inductive energy storage circuits. It

controllable plasma layer commutation.

can cutoff the reverse current flowing through DSRD in

nanosecond. And a high-voltage pulse with a rapidly
rising front can be obtained on the load. The parameter
characteristics of pulse sources based on DSRD in
various research institutions are investigated and
summarized. The Si DSRD developed by our group can
output a 9.92kV voltage pulse with a rise time of 12ns.
In addition, a SiC DSRD with a 3-step etched-JTE
termination is proposed, designed and prepared in our
laboratory. The blocking voltage of the fabricated SiC
DSRD stack composed of two dies exceeds 10.44kV.
One of the dies can output a high voltage of 2150V with
a rising time of 0.82ns.

FID is a picosecond closed switch based on the
phenomenon of delayed breakdown. The electric field
distribution inside the FID during the turn-on process
and the possible sources of initial carriers are introduced.
Some characteristics can not be effectively simulated by
commercial TCAD tools in the simulation of the turn-on
process of FID. The relevant models cannot be modified
freely, neither. A two-dimensional numerical simulation
model is established in our group, and it successfully
simulates the subnanosecond turn-on characteristics. A
3kV FID is designed and prepared by us, and it can be
triggered by our DSRD. The turn-on time of the FID is
554ps.

Table 1 summarizes the main electrical parameters
of RSD, DSRD and FID in the existing experimental
reports and their typical applications.

Finally, the packaging schemes of pulsed power

devices are briefly introduced.

Table 1 Summary of parameters and applications for semiconductor pulsed power devices (According to experiment report)

Maximum Maximum single
Device Type Time scale ) Typical application
blocking voltage tube current
Single 6.5kV; Water purification!' ', electrostatic precipitator!' !,
RSD Closed s to sub-us S00kA 108 109
Stack 90kV commutator''®), kHz-band generator!'®”!
Single 3kV; Electromagnetic pulse radiation**%), accelerators®.
DSRD Open  nstosub-ns 600A - 5
Stack 140kV ignition system for internal combustion engines™". pollution treatment!*"
hundreds to Single 5kV; High power microwave source. power supply for nitrogen lasers
FID  Closed 10kA ) . <0
tens of ps Stack 40kV triggering system for RSD*"!
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