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A―-3-6  A HIGH CllRREW GAItt HIGH SPEED POWER GATE ASSOCIATED TRANSISTOR
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LSI Reseach and Development ]jaboratory,Mitsubishi E■ ectric COrpOration

4-1, MiZuhara, Itami 664, Hyogo, 」apan.

It has been des■ red to deve■ op power trans■ stOrs w■ th cOmlrlon― em■tter ctlrrent

gain (hFE)° f more than 20 and both rise time (tr)and fa■ ■ time (tf)Of ■ess

than O.2,s for application to high speed inverters operating at 50 - 100 kHz.

Unf ortttnat e■ y, trans■ stOrs have ■nherent difficu■ ties for achieve■ ■g high

current gain, high switching speed and high co■ ■ector vo■ tage simultaneous■ yo So

that conventiona■  power transistors havo hFE °f 
・

ess tha舶  10, bOth tr and tf of

more・ than O。 うμs, CO■■ector― emitter sustaining V01tage (VcLR(sus))° f 650 V ard

average co]_■ ectOr current rating (IAC)° f 50 A.

Gate Associated Transistors (GArP,s),prOposed by us,1)~4)have been shown to

overcome above difficu■ ties. However, high power GAT with a current rating of

50A needs f■ l‐fther deve■ opment to satisfy above requiremente

We deve■ oped here a mu■ ti“ emitter CAT. Opti.l■un design of gate strυ Cture ra71d

mu■ ti―em■tter structure decreased capac■tance between gate and em]tter and a■ so

reduced fa■ ■―off of current ga■ n at high co■■ector cl■ rrent.

In this paper, character■ stics Of tho power GAT are doscr■bedo The GAT has hFE

of う0, tr °f °・ 17μS, tf Of O・ 1 5μ S, VcER(sus)° f 630 V and IAC °f 50 A. The hFE °f

the GAT is ab01lt 5 times as high as that Of the collventiona.■  power traris■stor and

both the trand the tf of the former ■s abOut one ha■ f Of those of the lattere

Fig.l shOwS typical mcasurenlents of hFE VS・  C°■]_eCtOr current Of bbth the GAT

a_rd the conventiona■  power tran3iStOr. High hFE in the CAT is achieved by the

gate shieldir_g effectl)and tho re■ atively sma■ ■ fa■ ■…off in the hFE at high

co]_■ ector current is accOmp■ ishod by mealls of the mu■ ti―emitter structureθ  Fig.2

shows typica■ measurements of cO■ ■octOr― emitter saturation vo■ tage (VcE(sat))VS°

base current (IB)Of bOth transistOrs. The IB Of the conventional transistor is

about う tineS as ■arge as that of the GAT at which VcE(sat)'S °f both transistors

are same. This ■mp■ys that a base c■ rc‐■■t fOr the GAT can be s■ mp■ e compared w■ th

that of the cOnventiona■  trans■store Figeう  SbOWS a turn― on wave Form Of cO■ ■ecto‐r

current in the GATo The tr °f the GAT is O117μ S When IB==4A, whi■ e that of the

conventiona■  transistor is O。 ,0,S Wllerl IB=10A. The tf of the GAT is a■ so about

one ha■ f Of that of the conventiona■ transist(ro FrOm figure 2, the VcE(sat)° f

the GAT is O.う 6V when IB=4A, whi■ e thOt Of the cOnverltional_ transistOr is O.49V

when IB=10A. These resu■ ts imp■ y that both a tirantOlient ■OSS and a stea,dy state

■oss Of the GAT is sma■ ■er than those of the cOnventiona■  trans■st or, moreover
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that the base current of the former can be ■css than olle ha■ f of that of the

■attero Tab■ e l shows e■ectr■ ca■  character■ stics of the GArP compared w■ th those

of the conventi.ona■  trans■ stor.

In conc■usion, app■ ication of the power GAT is suitab■ e  fOr improvillg

performance of high power switchin`E circuits because it shows sma■ ■er switching

■oss and it needs lower base current thall the conventiona■ transコ.st or. The

power GAT is prom■ s■ng for apr■ iCatiOn tO high speed invorters operating at

50 - 10rJ kHz.
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Tabl-e I Electrical characterictics of power GAT and conventional- transi-stor

Power GAT Conventionol trnnsistor
BVCBO(V) 680 Irr.=l 5OpA 69o I,Un=I50;t A

BVCER(su8)(V) 630 It=IA 1 REB=50oht 6501 f C=l4 t ltoo=50ohm

IAC(・ ) hrr=30 hFE=6

nFE 30 Vrr=2Y, I C=5OA r T.i =1 2 5"( VrU=2Vr I C=504, T . =l 2 5oC

VCE(sat)(V) 0。 36 fr=50A2 fB=4A 。49 IC=5OA, IB=1OA

tr (P3) 0。 17
Vcc=300V,Ic=50A

IBl=4A,IB2=5A

0。 50
Vcc=300V,Ic_50A

IBl=~IE2=1° A
t"to(P") 3。 5 2。 5

t.P (μ 3) 0.15 。30

VCE:2V
T・ :125° C
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