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A New GTO Driving Technique for Faster Switching

EZRNE S A S S

(Young-Seok Kim . Beom-Seok Seo - TaeckKie Lee . Dong-Seok Hyun)

Abstract— This paper presents the design of a new turn-off gate drive circuit for GTO which can ac-
complish faster turn-off switching. The major disadvantage of the conventional turn-off gate drive tech-
nique is that it has a difficulty in realizing high negative dige/dt because of Vgeu(maximum reverse
gate voltage) and stray inductances of turn-off gate drive circuit[ 1~2]3. The new trun-off gate drive
technique can overcome this problem by adding another turn—off gate drive circuit to the conventlonal
turn-off gate drive circuit. Simulation and experimental results of the new turn-off gate drive circuit in
conjunction with chopper circuit verify a faster turn-off switching performance.
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1. Introduction

Recent developments in high-power semiconduc-
tor switching devices have yielded new and effi-
cient controllable switches like the gate turn-off
(GTO) thyristor. GTO’s are able to handle higher
surge currents than power transistors and have
the advantage of gate turn-off capability, elimi-
nating the need for commutator circuitry used sil-
icon conirolled rectifiers{(SCRs). However, the ef-
ficiency and reliability of the GTO as a power
switch is strongly influenced by its gate drive cir-
cuit. The effect of various gate drive circuit pa-
rameters on the GTO performance has been stud-
led, and various types of drive circuit have been
developed[3~6].

The main purpose of GTO turn-off driving is to
turn off GTO safely with a shorter turn-off time

@ B KB ER LER # LR

E fr M DR KRB LR LR 1B LR

R fr BB A TR WE LIRS B T
$Z5 1 F D 19934 8J1 1011
Lkfsir 119934 115 1111

244

and no increase of P, (iurn-off power dissipa-
tion). But it is difficult to satisfy both of these re-
quirements because they are trade-off relation-
ship. This paper presents a new topology of the
turn-off gate drive circuit that can shorten the
turn-off time with a little increase of P, and be
free from restriction of Vgew and stray inductanc-

es of the turn-off gate drive circuit.

2. The Conventional Turn-off Gate Drive
Technique

A GTO is turned off by applying a large nega-
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Fig.1 Negative gate current squeezing the ex-
cess carriers stored in the P, and N, lay-
ers[1]
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Fig. 3 General switching waveforms for GTO[2]

tive gate current for a short time on the order of
1/5 to 1/3 of the anode current being turned off.

Fig. 1 shows thal the growing negative gate
current is removing carriers stored in the P’, and
N, layers at the periphery of cathode islands. The
conventional turn-off gate drive circuit of Fig. 2
supplies the negative gate current by turning on
S. Fig. 3 shows general switching waveforms for
GTO with snubber circuit. The negative di,e/dt,
determined by Vy./L, must be large in order to
have a short t,(storage time) and a short t,
(anode current fall time).

However, if negative di;,/dt is too large, anode
tail current would be increased because many ex-
cess carriers remain in the N, and P, layers after
regaining of voltage blocking capability of GTO.
Hence, we must make negative diso/dt as large as
possible without a lot of increase of P,. To make
large negative dige/dt within specific range, we
should have a large Vi and a small turn off in-
ductance L. But Vg has limitation such as it

should not be larger than the gate-cathode junc-
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tion breakdown voltage. And for large GTOs the
stray inductances(L.,) of the turn-off gate drive
circuit may be large. We must pay attention to
the layout and components of drive circuit to
recuce the stray inductances. Therefore it isn’t
easy to make appropriately large negative dige/dt
at our request.

3. The New Turn-off Gate Drive Technique

3.1 The New Turn-off Gate Drive Topology

Fig. 4 show the new turn-off gate drive circuit.
It is composed of the conventional turn-off c¢ircuit
and the added turn-off circuit.

When we start GTO turn-off transient by turn-
ing on S, S, simultaneously, 16 with negative di;
w/dt determined by Vgai/Ly is increased from the
cathode to the gate by extracting excess carriers
at P. and N, layers. At that time, i with nega-
tive digg/dt determined by Vige/L, 1s also in-
creased from the anode to the gate by extracting
excess carriers N, and P, layers, After all, (1., di
oo/dt) of the new turn-off gate drive circuit
becoms  (igy, dige/dt)  plus  (igg  digg/dt),
respectively. Therefore the new turn-off gate
drive circuit can turn off the GTO more rapidly
than the only conventional turn-off circuit be-
cause the former extracts excess carriers more
rapidly than the latter does.

After the excess carriers are sufficiently ex-
tracted during the t., V.« which has a V,,. (spike
voltage) at its initial rising phase begins to rise
with dV,x/dt determined by snubber capacitor. If
Vax 1s equal or larger than Vi, the added turn-

added turn-off circuit
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conventional turn—-off circuit
Fig. 4 New turn-off gate dirve circuit
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off circuit becomes reverse-biased due to D,
Therefore the added turn-off circuit operates dur-
ing the only turn-off time and helps the new turn-
off gate drive circuit to shorten turn-off time. In
addition, the new turn-off gate drive circuit can
be free from the constraints of Vigy and stray in-
ductances of the turn-off gate drive circuit.

3.2 Analysis Using Two-Transistor Model

Two-transistor model composed of Q,(pnp tran-
sistor) and Q; (npn transistor) is shown in Fig. 5.

In the equivalent circuit both Q, and Q, are sat-
urated in the on—state. However, if the base cur-
rent to Q. could briefly be made less than the
value needed to maintain saturation(lg,<I./8.),
then Q; would go active and the GTO would begin
to turn off because of the regenerative action
present in the circuit when one or both of the
transistors is active. If we turned off GTO by the
new turn-off gate drive circuit, Q, would go active
by i and Q; would also go active hy ige and igge.
Therefore, the new turn-off gate drive technique
can speed up the regenerative action by adding
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Fig.5 Two-transistor model
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Fig.6 (a) Conventional
(b) New turn-off circuit of Q.
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another turn-off circuit between the anode(emit-
ter of Q,) and the gate(collector of Q).

4. Simulation of GTO Turn-off Transient.

First, we simulated turn-off characteristics of
Q, with SABER simulator to confirm that Q,
would have a shorter turn-off time by adding an-
other turn-off circuit.

Fig. 6 shows the conventional and new turn-off
circuit of Q,. We decreased forward bias base cur-
rent of Q, from the on-state value to zero be-
cause reverse bias current can not exist at @, of
the GTO. The added turn-off circuit of fig.6 (b)
helps the transient time from saturation to active
to be decreased. Fig. 7 shows that the new turn-
off circuit can turn off @, more repidly them the
conventional tum—off circuit.

For the convenience of GTO simulation we used
a macro-model which is composed of two-transis-
tor and threeresistor(2T-3R){7]. We modified
the parameters of two transistors in order to
model the Iran, which is based on the idea that
each transistor has different intrinsic structure
and doping density. But we have some problems
with how to get parameters and obtained them by
trial-and-error method. Fig. 8, 9 show V., i, Iso
of 2T-3R model operating in chopper circuit by
the conventional and the new turn-off gate drive
circuits. Increasing anode current during tgs
shown in Fig. 9 shows that igq, is added to the on-
state value of anode current during tgs. Fig. 9
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Fig. 7 Turn-off comparison between the conven-
tional and new turn-off circuits
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Fig. 8 (a) Vi, Ii(b) i(;q
by the conventional turn-off circuit
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Fig.9 (a) Vax, I
(b) igo1s loge and lge by the new turn-off

circuit

shows that (igg, dige/dt) is (igei, digei/dt) plus (Igg
2 digge/dt), respectively.
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The comparison between the conventional and
new turn-off gate drive techniques shows that
turn—off time of the new turn—off gate drive cir-
cuit is less about 21% than that of the conven-
tional turn—off gate dirve circuit.

5. Experimental Results and Discussion

The new gate drive circuit was tested with a
Hitachi GFF90B12, used in the simple chopper
circuit shown in Fig. 10, with an associated snub-
ber circuit for the device. The data for the GTO is
given in the Appendix.

We didn’t use an inductance component in the
conventional and the new turn-off gate drive cir-
cuits and tried to reduce stray inductances of the
turn-off gate drive circuits. These efforts were to
make large negative dig,/dt. And we used two
gate terminal wires to prevent turn-off stray in-
ductances from being common in both the added
and the conventional turn-off circuit. We con-
trolled negative dige/dt by varying V.

Fig. 11 shows the magnified initial phase of ris-
ing voltage across gate and anode. It shows that
initial derivative of V,; of the new turn-off gate
drive techrigue 1s larger than that of the conven-
tional techmque.

From this we know that turn-off transient time
of Q, by the new technique is shorter than that by
the conventional technique.

Fig. 12 shows iy, and P, by the conventional
turn-off gate drive technique. It shows that the
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Fig. 10 Experimental setup for testing of dirve

circult
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Fig. 11 Magnified rising Vi, by the conventional
and the new turn-off circuits(0.5V/div, 1
pusec/div)
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Fig. 12 i¢o(10 A/div, 5usec/div)
(b) P, (2 KW/div, 2usec/div)
by the conventional turn-off gate

drive circuit

negative dige/dt is Increased and there is a little
increase of P, as Vi increases from 6V to rating
12V.

When we increased Vg, from 15V to 30V with
Vi =12V, Vi, s, icq and Py, by the new turn-off
gate drive technique are shown in Fig. 13, 14, 15,
16. Fig. 17 shows that i, 1s made in two different
circuits. One is igy by the conventional turn-off
circuit and the other is g by the added turn-off

circuit. That is igg=1uer + lgz Which means that iq
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Is Increased as much as ige; and turn-off time is
decreased.

Fig. 13, 14 show that the derivatives of [, and
Vax were changed during t,. This phnomena hap-
pen because Q, and Q, transistors have different
turn-off transient time in the new turn-off gate
drive circuit. If Vg, 1s too large rather than Vg,
there will remain a lot of excess carriers at Q.
after the turn-off of Q,. In that case, there would
be large tail current shown in Fig. 18, It 1s diffi-
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Fig. 13 V. when 4, =12V and Vg =(a) 15V,
(b) 22V, (¢) 20V(100V/div, 2usec/div)
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Fig. 14 1. when Vg, =12V and Vie=(a) 15V,
(b) 22V, (c) 30v(20A/div, 2usec/div)
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Fig. 15 li; when =12V and Vgg=(a) 15V,
(b) 22V, (c¢) 30V(10A/div, epsec/div)
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Fig. 16 P,, when Vg, =12V and Vi =(a) 15V,
(b) 22V, (¢) 30V(2ZKW /div, 2usec/div)
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Fig. 17 (a)"i(,m, (b) i(;oz and (C)“i(;o;(i(;oz(;m
+igee) (10A/div, 2usec/div)

Fig. 18 V.. (100V/div, 2usec/div, 1,(20 A/div, 2
usec/divIwhen Vi, =6v and V.= 30V

cult to decide a optimal Vg with calculation be-
cause @, and Q. have different doping densities
and Intrinsic structure. From the experiment, we
knew that Vg two or three times of Vig can
shorten the turn-off time without a lot of increase
of P.. Fig. 15 shows that turn-off time by the
new turn-off gate drive technique is decreased be-
cause negative dige/dt of the new turn-off gate
drive technique is increased more than that of the
conventional turn-off gate drive technique. Fig. 16
shows that there 1s a httle increase of P, by the
new turn-off gate drive techmque, which happens
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Fig. 19 Turn-off time in dependency of the nega-
tive dige/dt at varying anode current to
be turned off

because of the change of dV.x/dt and dl,/dt dur-
ing t, and a little increase of lya;. Fig. 19 shows
the relationship of the turn-off time and negative
dige/dt.

Vertically dashed line shown in Fig. 19 indicate
maximum negative dig,/dt with rating Vi =12V
and V=0V at each load condition. It shows
that the turnoff time of the new turn-off gate
drive technique can be less than minimum turn-off
time by the conventional turn-off gate drive tech-

nique.

8. Conclusion

The conventional turn-off mechanism and gate
drive technique for GTO thyristor have been re-
viewed and the new turn-off technique for faster
turn-off switching with a little increase of P, has
been presented. The new turn-off gate drive cir-
cuit could make the negative dige/dt larger than
the maximum of the negative diio/dt of the con-
ventional turn-off gate drive circuit. The new
technigue could be free from the constraints of V,
v and stray inductances of turn-off gate drive
circuit. The simulation and experimental results
were compared and showed the validity of the
new turn-off gate drive technique. Afterhere, a
research on a compact gate driver and low gate
drive power must be done in the new turn-off

gate drive circuit.
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Appendix

Electrical characteristics of Hitachi GFF90B12
GTO thyristor:

» Repetitive Peak Off-State Voltage=1,200V;

+ RMS On-State Current=30A;

» Repetitive  Controllable On-State Current=
90A;

» Non-Repetitive Controllable On-State Current=
180A;

» Surge(Non-Repetitive)  On-State  Current=
400A;

» dv/dt=1,000 V/usec;

+ Critical Rate of Rise of On-State Current= 200
A/ psec;

» Repetitive Peak Reverse Gate Voltage=13V;

» Storage Time(T,,) =4.0usec(Typ);

» Fail Time(T,)=0.5usec(Typ);

» Turn-on Time=3.0usec(Typ);
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