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A—3—6 A HIGE CURRENT GATN,HIGH SPEED POWER GATE ASSCCTIATED TRANSISTOR

Hisao KONDO and Yoshinori YUKIMOTO
1SI Reseach and Development laboratory,Mitsubishi Electric Corporation
4-1, Mizuhara, Itami 664, Hyogo, Japan.

Tt has heen desired to develop power transistors with common-emitter current
gain (hFE) of more than 2C and both rise time (tr) and fall time (tf) of less
than C.2ps for application to high speed inverters operating at 50 - 100 kHz.

Unfortunately, transistors have inherent difficulties for achieveing high
current gain, high switching speed and high collector voltage simultaneously. 30
that conventional power transistors have hFE of less than 10, both tr and tp of
more -than 0.3ps, collector-emitter sustaining voltage (Vipp(gug)) OF 650 V ard
average collector current rating (IAC) of 50 A.

Gate Associated Transistors (GAT?s),proposed by us,ﬂ)_4)have been shown to
overcome above difficulties. However, high power GAT with a current rating of
50A needs further devclopment to satisfy above requirement.

We developed here a multi-emitter GAT. Qptimum design of gate struciure and
multi-emitter structure decreased capacitance between gate and emitter and also
reduced fall-off of currert gain at high collector current.

In this paper, characteristics of the power GAT are described, The GAT has hFE
of 30, T, of 0.17ps, tp of 0.15pe, VCER(sus) of 630 V and I, of 50 A, The hgpp of
the GAT is about 5 times as high as that of the conventionsl power transistcr and
both the trand the tf of the former is about one half of those of the latter.

Fig.1 shows typical measurements of hFE vs. collector current of both the GAT
ard the conventional power transistor. Eigh hFE in the GAT is achieved by the
gate shieldirg effect1) and the relatively small fall-off in the hFE a*t high
collector current is accomplished by mezns of the multi-emitter structure. Fig.2
shows typical meessurements of collector-emitter saturation voltage (VCE(sat)} V8.
base current (IB) of both transistors. The 1B of the cocnventional transistor is
about 3 times as large as that of the GAT at which VCE(sat)’S of both transistors
are same, This implys that a base cirecait for the GAT can be simple compared with
that of the conventional transistor, Fig.3 shows a turn-on wave form of collector
current in the GAT. The tr of the GAT is 0,17ps when IB=4A, while that of the
conventional transistor is C.50ps when TB=10A. The tf of the GAT is also about
one half of that of the conventional transistor, From figure 2, the VCE(sat) of
the GAT is 0,36V when IB=4A, while that of the conventional transistor is 0,49V
when IB=1OA. Trese results imply that both a transient loss and a steady state

loss of the GAT is smaller than those of the conventicnal transistor, moreover

— 51 —




that the base current of the former can be less than one half of

of the conventional transistor.

In conclusicn, application of the power GAT is suitable

that of the
latter, Table I shows electrical characteristics of the GAT compared with those

for improving

performance of high power switching circuits because it shows smaller switching

loss and it needs lowsr base current than the conventional transistor. The

power GAT is promising for application to high speed inverters operating at

50 - 100 kHz.
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Table 1 Electrical characterictics of power GAT and conventional transistor

Power GAT Conventional transistor
BVopo(V) 680 | Inn =150pA 690 [ I,p,=150pA
BVopn(sus) (V)| 630 | Ig=1A,Rpp=500hm 650 | Ig=1A,R};=500hm
I,c(A) 50| hpp=30 50 | hpg=6
hpp 30| Vop=2V,15=50A,T, =1259 6 | Vop=2V,1,=504, T,=1 25¢C
VCE(S“)(V) 0.36] I,=50A, Ip=4A 0.49 | I,=50A,I,=104 |
by (pe) kil =300V, 1,=50A 0:32 1 y =300V, T =50
tyig(n8) 3.5 ICC_M . 25;\ 2.5 ICC=—I =1g,\
te (ps) 0.15| BT 77B2 130 B1T7 B2




