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Introduction
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Structure and working principle of TSS
1.1 TSS H¥IB4EH
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Fig. 1 The structure model of TSS
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Fig.2  The V-I curve of TSS
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Modeling of the subcircuit
2.1 FREEEIHNET
FETAN L FTIRR) PNPN BUZSHIFUEC A URRIE, IS
FEF BRI AR T TSS R T A 3 TR
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Fig.3 The subcircuit of TSS in PSPICE environment
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Table 1

Conversion of electrical characteristics to model

parameters of MMTO8B350T3

MMTO8B350T3 Electrical Characteristics

MMTO8B350T3 Model Parameters

Breakdown Voltage( Vi) :350 V
On-State Voltage( V;) (max):3 V
Capacitance ;25 pF

On-State Current( /) :1 A
Holding Current( /) :150 mA

Breakover Voltage (Vg ) :400 V
Breakover Current( Iy ) :475 mA

Off-State Current(/gg) :5 pA

Maximum Non-Repetitive Rate of Change of Current
Exponential Waveform( di/dt) :300 A/ s

Voltage VS. Time Characteristic : Time Response=1 ns

Ver =350 V=V, + V),

Vi=3V=V,=V, =347V

Cp =25 pF

R, =Vy/1: =3 Q,k=(1; -1y)/1; =0.85

=R, =R xk=2.55

R, = (Vg = Vpy ) /I50=(400 -347) V/475 mA
=R, =111.6 O,m =100=R, =R, xm* =11. 16 kQ
Rp =Vyp/Igr =350 V/5 pA =70 MQ

Vio =L, (di/dt) =L, =400 V/(300 A/ps)
—IL,=1.33 pH

TF1 +TF2 =1 ns=TF1 =TF2 =0.5 ns

E:m AR R4
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KA E -
2.2 5 Onsemi {y Pspice F2FE 3T LE

HY DA B % B AT, £ A AR R B R T On-
semi A EUGRVE X U S BOR B E WL R4 | Tl T
Dyl i IR 8w, 78 PSPICE vhia] D) B #:45
RS R T I R AT iR A R A S50 A2
AEXT TSS (18520 - il B 44 A

%2 MMTO8B350T3 JEHRAX L
Table 2 Comparison between the two source codes of MMTO8B350T3

Current model from onsemi of MMTO8B3507T3

Proposed model of MMTO8B350T3

. SUBCKT MMT10B350T3 MT2 MT1 PARAMS.

+ Vdrm =300v Idrm =0. Su

+1h =300ma dVdt =5€9

+Igt =280ma Vgt =0.9v

+Vim =1.82v Itm =11

+Ton =1n

* Main conduction path

Striac MT2 MT20 cntrol O Vswitchj«-----

*dVdt Turn-on

Emon dvdt0 0 TABLE { ABS(V(MT2,MT1)){ (00)

* Gate
Rseries gate gatel {( Vgt —0.65)/Igt} ;-
* Gate Turn-on

Egate congate 0 TABLE { (ABS(i( VIgf)) -0.95 = Igt) | (00)

* Holding current, holding voltage ( Quadrant I)
Emainl mainl 0 TABLE {i( Vlak) —1Th +5e —3 s i( VIgf) /Igt|
(00) (.Im1);

. subckt Spark08b350t 1 2
Rp 12 75meg
Cp1225p

* restrain subciucuit

Lrel 19 1.3u

Lre2 290 1. 3u

* main

R1342.25

D1 3 6 D1

Rdl 6 5 11. 16k
Q1359P

02534N

D224 D2

.model DI D bv =347 tt=1e-12
.model D2 D bv=3 tt=1e-12
. model P pnp tf=0. 5n
.model N npn tf =0. 5n
R10 30 40 2.25

D10 30 60 D1

Rd10 60 50 11. 16k

Q10 30 50 90 P

Q20 50 30 40 N

* Allow the gate to float if required D20 1 40 D2
Rfloat gate MT1 0. 01 . ends

ends

JE: [ onsemi #9RAZF KK, V3R Ay M g A

3 (AEmERME

Simulation and testing
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Fig.4 The waveforms in 8/20 ps-1.2/50 ws under 37.8 A through-flow
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Fig.5 The waveforms in 8/20 ps-1.2/50 ws under 110 A through-flow
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R3 8/20 ps-1.2/50 ps HEIBIRFZ M T L4
Table 3 Comparison between simulation and testing results of the same through-flow under 8/20 ps-1.2/50 ps waveform

S WA BRIE/V T s BRI R AR
WE hEME SEIfE = TR SO R PrEf SO = ik

1 37.759 37. 800 0. 041 391.666  388.000 3. 666 1.023 3 1. 002 0.021 7

2 51.279 51. 800 0.521 412.738  398. 000 14.738 0.854 3 0. 898 0. 044 7

3 87. 842 88. 000 0. 158 452.808  436.000 16. 808 0.724 5 0.712 0.014 I

4 103.025  103. 000 0. 025 465.465  448.000 17. 465 0.699 6 0. 688 0.012 oG

5 109.773  110. 000 0.227 470.792  452.000 18.792 0.692 4 0.676 0.016 i

6 116. 521 117. 000 0.479 474.445  464. 000 10. 445 0.682 5 0. 668 0.014 7

7 123. 831 124. 000 0.169 480.463  480. 000 0. 463 0.676 2 0. 646 0. 030 7

8 130. 016 130. 000 0.016 484.120  516. 000 31. 880 0.670 5 0. 626 0. 044 7
&R £ = abs(f5 AAE - FE)

400
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Fig. 6 The waveforms in 10/700 ws-5/320 ps under 2 000 V/50 A through-flow
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Thyristor surge suppresser modeling with PSPICE
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Abstract

pressers( TSS) obtains extensive uses in the simulation and design fields of lightning protection products for its u-

With the continuous development of components used for lightning protection, the thyristor surge sup-

nique characteristics, such as accurate breakover, unlimited use times, quick response. Based on the the electrical
characteristics and the PNPN four layer structure ,the TSS subcircuit simulation model , considering the response time
and the wave tail transition characteristics,is created with the Spice algorithm. Finally, the combination-waveform
generator is used in a large amount of experiments,to verify the model with a table of waveform errors. The model is
practical for design and simulation of lightning protection products.

Key words PSPICE ;the subcircuit of TSS;simulation and waveform error



