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A novel MOS-FET structure, wlth enhancement and depletion type gate region

which we call E/D Gate, that reallzes lmproved transconductance with 1 F*
channel and yet punch-through breakdown free MOS-FET has been proposed earlier

I )2) rn thls paper, the improved. current-vol-tage characteristicsby the authersi

of the device and the applicatlon to nano-second switchlng circuits will be

dis cuss ed.

rFha nrnnnoed structure uslng alumina filrn technology is shown in Figure 1.

The advantages of the structure are; (l) The draln current 1s mainly controll-ed

by the enhancement reglon whlch has short channel length. (2) The punch-through

breakdown voltage, on the other hand, is determined by the total channel length.
(3) The breakdown voltage required for enhancement reglon 1s l-ess than the

absolute value of the threshold voltage of the depletion reglon.

The theoretical drai-n current as a functi-on of punch-through breakdown

voltage for conventlonal and E/D Gate MOS-FET are shown in Flgure 2. It is
obvious Nhat the use of E/D Gate MOS-FET with Ipn enhancement region resul-ts

in abouf 200 % lmprovement of the drain current. Figune J shows the fabllcated
devlces. The experimental IO-V* characteri-stics of the device and conventlonal

MOS-FET with the same channel length is shown in Figure 4. In the case of the

gate voltage is 5 V, fhe IO of the E/D Gate MOS-FET is 550 1tA whereas the IO of
the convenbional one is onlV 220p A. Thls result has a good agreement with the

calculatlon i-n Flgure 2. It should be noted that, ln the case of 1ow gate

voltage, the transconducbance of the E/D Gat,e MOS-FET is al-most five times

grater than that of conventional one.

The switching characteristics of the proposed device 1s al-so discussed.

Flgure 5 shows the comparison of the delay time between depletion load lnverter
circults uslng E/D Gate MOS-FET for driver transistor and conventional ones.

As sho r in the figure, the clrcult wlth new device shows the delay tlme of
8 nslpFr whereas the conventional- circuit has the delay time of 16 ns,/pFreven

if it has the depletlon type 1oad.

Referenc6s

(1) M. Nagata eb a1. ; IEDM t-ate news (1971)

(2) M. Nagata et a1. ; A Short Channel MOS-FET of New Type ; SSDZ1-39 (1gTt)



IE = CHANNEL LENGTH OF 卜 110DE REG10N

LD = CHANNEL LENGTH OF DLlrDDE REG10N
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FIG.l  CROSS SECT10NAL STRUCTURE OF E/D GATE

MOS―FET.
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EXPERIMENTAL ID― VG CHARACTERISTICS

OF E/D GATE AND CONVENT10NAL MOヽ

FET WITH THE CHANNEL LENGTH OF 31 
μ
m.
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FIG。2  00LEPARISON OF DRAIN CURRENT BETWEEN

CONVENT10NAll AND E/D GATE Ю ゝ FET

AS A FUNCT10N OF BRD饉 ⊂ЮWN VOLTAGE`
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FIG.4

CHANNEL CONDUCTANCE OF DOAD
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FIG.5 DELAY TItt vERwS 
ρ oF LOAD FOR

DEPLET10N LOAD INVERTER CIRCUITS

USING CONVENT10NAL AND NEW DEVICE

WITH SAME DIMENS10NS FOR DRIVER.

(VT OF DRIVER IS l VoLT)

FIG.8  EXPERIIIENTAL DEVICES
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