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Abstract 

Studies and experiments aimed at 
increasing the turn-on Teed of high 
current t h ~ s t o r s  1*2*3w have been carried 
out in recent years to meet an expanding 
need in the pulsed power field for switches 
with high peak power handling capacity 
and high pulse repetition rate capability. 
The present tests were conducted to 
measure the early-time turn-on 
characteristics of Al3B 200345A02 
thyristors and to determine whether special 
triggering techniques could raise the safe 
turn-on rate tqthe 100,000 Mps range 
which wouId q d i f y  it for applications 
such as direct drive accelerator circuits. 
Results were encoura,oing. With these 
devices and special triggering techniques a 
maximum turn-on rate of 65,373 A/ps and 
a peak current of 19,040 A were recorded 
at a pulse repetition rate of 5 Hz. 
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Introduction 

Because of their high current 
carrying capacity, high power thyristors are 
used in numerous switching applications 
such as motor controllers power converter 
circuits, and pulse discharge systems. 
Their principal liniitation for pulsed power 
applications is turn-on speed (di/dt) which, 
for most conventional thyristors, ranges 
between less than 500 Mps to roughly 

. 

1,100 A/ps when triggered inthe normal 
mode. With enhanced triggering 
techniques, however, some conventional 
thyristors will turn on at rates exceeding . 
40,000 Alps'. In some cases, turn-on rates 
over 100,000 Nps' have been recorded. 
At these and higher rfztes, many more 
potential thyristor applications exist. One 
such application is commercial pulsed 
accelerators which typically generate r2., r=7 

j-;,f\;- pulses of 1-to-2 MV, 5,000 to 10,000 A- ~ ~ -- 
with 50-to-1 00 ns duration. Pulse P ~ Q .  a: &pL " j  , &  repetition rates range from tens to L k&&#rJ 

hundreds of hertz. In these circuits, 
switches must turn on fast enough for a 
'current rise of 15-to-30 11s. 

From the standpoint of switchg,  
all of these requirements except pulse 
duration and rise time can currently be met 
by high power thyristors. n e  present tests 
were conducted on two ABB HCT 2003- 
45A02 thyristors (Fig. 1) to evaluate their 
fast pulse capability. These devices have a 
manufacturers rating of 4.5 Kv, 18KA/ps, 
80 KA peak sinusoidal cunent. 

. 

Fig. 1 

piscussion 

A3B High Current Thyristor 
. .  -.. 
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Thi ABB HCTs were tested only in 
a fast pulse mode. In this mode, fast rise 
time, low energy per pulse, and narrow 
pulse width are of primary importance. 

' This work was supported by the US. Department of 
Energy uoder Contract DGAC04AL85000. 
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Two trigger sources with different rise 
times were used for these tests. Each 
trigger source was provided \vi& three 
diffcrent capacitor values (0.1-0.2 0.4pF) 
and operated over a range of voltages from 

SCR Trigger Clrcull (lo ABB HCT Gale) 

- pa 
Fig. 2 SCR Switched Trigger Circuit 

200-to-600 volts. One trigger source was a 
simple SCR-switched capacitor discharge 
circuit (Fig. 2) that delivered a single 
unipolar pulse with a voltage rise time of 
70ns and a current rise of about 30011s 
(Fig s. 3A and 3B). The other was a 

Fig. 3A Gate Voltage from SCR Trigger 
Circuit V= 5Ov/div, T= 500ns/div. 

Fig. 3B Gate Current fiom SCR Trigger 
Circuit I=l OONdiv, T=l ps/div. 

MOSFET-switched circuit (Fig. 4) that 
. ......... - ................................................................ ". 

. hlOSFET. DRIVER (to AB5 HCT Gate) 

f 

, -1.. --.... I--..--".-.-." ..-....-._..-_...-...................... 
Fig. 4 MOSFET Switched Tn 

Circuit 
zer 

provided a longer duration but lower gate 
voltage and current due to Ggher on-state 
resistance of the MOSFETS (Fig s. 5A and 

.5B). The voltage rise was - 15ns and the 

~ ._ . .- . -- - -- - - - . , 
Fig. 5A Gate Voltage from MOSFET 

Trigger Circuit V=2OV/div, 
T=SOOns/div. 

Fig. 5B Gate Current from MOSFET 
Trigger Circuit 1=50A/div, 
T=l ps/div. 

current rise - 300ns. The SCR-circuit 
produced slightly higher peak current (4%) 



but 17% higher (di/dt) (Fig. 6), indicating 
that high initial peak gate current 
dominates turn-on rate. However, turn-on 
delay time is measurably different for each 
triggering condition as shown by the time 
spread in traces on Figs. 6 and 7. 

Fig. 6 Anode Current with SCR (upper) 
and MOSFET (lower) Trigger 
Circuits. 1=400OA/div, 
T=5 0 Onsldiv. 

Differences in di/dt for the two 
triiger sources in the 340-4.5 Kv range are 
indicative only and do not represent device 
limits. since current rise in this range is 
limited also by circuit inductance which 
was approximately 3 1 nH. In the low 
voltage ranges, however, turn-on was very 
much device and trigger energy limited as 
shown by the anode voltage fall and 
current traces recorded for 1 kV (Fig. 8). 

The peak current reached by the 
circuit at 4.5 Kv was 19,040A which had a 

rate of rise (10 to 90%) of 65,373 .A&.. - 

Fig. 7 Anode Voltage Fall triggered with 
SCR (upper) and MOSFET 
(lower) circuits. V=l OOOv/div, 
T=5 0 Onsldiv. 

Fig. 8 Anode Voltage Fall (upper) and 
Current (lower) for 1 kV MOSFET 
triggered tests. V=200v/div, 
I=4OOA/div, T=SOOns/div. 
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Fig. 9 Time Relationships between Peak 
Current, Anode Voltage Fall and 
Gate Voltage and Current. 
T=5 0 Ons/div. 

All tests were m at a 5 Hz rep rate except 
for a 10-minute run at 3.8 Kv, 10 Hz 
during which the first thyristor failed. The 
other thyristor failed at 4.5 Kv, 5 Hz after 
prolonged test runs. Due to the device 
failures, long-term endurance runs could 
not be made. These tests will be necessary 
to determine the safe operating conditions 
for high rep rate operation 

, 

Con elusion 

The early-time turn-on 
characteristics of AI3B 20H4501 thyristors 
have been measured over a range of 0.5-to- 
4:5 Kv at a pulse repetition rate of 5 Hz. 
Results show a strong dependence on 
triggering current in the lower ranges but 
minimal dependence above 4 Kv. 
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