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ABSTRACT

A new structure Si vertical channel FET — the covered gate struolmre

Compared with the buried gate structure, an increasing power gain by more

tained. L-band devices with output power higher than IOW9 power gain 6 dB

bricated.

has been developed.

than 5 dB has been ob-

at lGHz have been fa-

The relations between the electrical properties and devices structure parameters are discuss-

ed. The excellent temperature performance and other characteristics are reported.

Introduction

Although the J-FE?! has been reported many

yeexs ago’, it has just been developing repidly

after the discovery of the silicon plane tech-

nology. From the experimental results reported

by S. Te8zner et al. in 19642 and 19723, such

devices with saturation pentode chsxacteristics

have been shown. However, J. Niahizawa et al

have worked on the audio high power FET having

non-saturation triode characteristics using hi-

gh resistivity silicon crysta14.

Why does the frequency performance of V-FET

increase slowly for long time? According to

the equivalent circuit of the FET, the limited
●

frequency is fm = 2 R. c’ +C where Rg—the
!3( @ @)

gate series resistance, Cgs—the

capacitance, C~—the gate-drain

Suppose Rg is qtite small the

quenoy can be rewritten as f’m =

where ~ is the transconductance

gate-source,

capacitance e.

limited fre-

%
2 (c +C

gs gd~’
of device,

%

d ~
= l+rSg’m{ “m is the intrinsic transconducten-

ce ~,,r~ is the souroe series resistance.

Thus it can be seen, ”in order to obtain

excellent frequency performance, the pe.ramete~

l&&,rS; and ~@ should be as small as possible,

the transaonduotanae of the devioe should be

aa high as possible. For the conventional V-FET

it has been limited to further reduae their va-

lue. That is just the reason why the frequency

properties of V-FET increased so slowly.

In recent years J. Nishizawa et a15 have

made the sIT (Static Induction Trmsistor) with
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ordinary plane technology. The parameters Rg,

c and rs of such devices have been reduced.gs

Thus the frequency performance of the device

has been improved, but the process is complex.

We have developed a new structure V-FET —

the covered gate structure. It mtintains the

edvantages of the ordinary buried gate struc-

ture, such as the simple technology and larger

transconductance of the unit gate width. And,

further more, the obviously decreased values

of Rg and Cgs shows that the improvement of the

frequency performance of device.

D~

N+ type single crystal silicon with lower

reaistivity is used as substrate. The n type

epi.taxial layer 0-15 with the carrier con-

centration n = I—5xI0 14 cm-3
i.S @?OWrl by VPE,

The p+ type gate region is formed by diffusion

of boron. The diffusion &epth must be controll-

ed careful.1.y aocording to the design. The gates

are covered with a dielectric layer. The source

region is formed with low temperature epitaxy.

Fig. 1 shows the different gate-source capaci-

tance cg~ of the covered gate FBT and the or-

dinary buried gate FBT. We can see that the ca-

pacitance C=$ is greatly reduoed in the covered

gate structwre.

Moreover, in the aovered gate struoture the

self-doping which often occurs in the ordinary

buried gate structu aan be avoided for heavy

doping of the gate region. Thus in the oovered

gate structure the gate series resistance r
g

would be very smell.. This is impossible for the

ordinary buried gate structure. The coveredg&&@
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Fig.1 The dependence of CgS on VgS for

the covered gate and buried gate V-FET

struature obviously reduces C~S and>rg. Thus it

greatly improves operating frecpaenoy and power

gain of $he devise.

We have discussed the prinoiple of operation

about suah devise. Assuming the sourue series

resistance Rs to be zero, the equation of the

sourae..drain current can be written as:

‘Q+DVGD-VKS -___-(1)
lds ‘Rco ‘AVGD1/2

where Vp is the pinch-off? voltidge, D--the os-

motic coefficient, Rae--the channel equivalMn%

resistance when V
gs = 0 ‘d ‘GD = ‘p. ~ ‘sQOn-

stant which depends on the strudxzre parameter%

Such device has non-sa~ation triode cha-

racteristic.
nD1t @ t, v II ~~ be me~~~ With fo~low=

ing method. A ?aYiable volt%e V& j.s applied to

the gate-drain, then the gate-souroe potential.

v is measured. The results are shown in Fig.

2~T.he voltage corresponding to the turning

pofit “P” is the pinch~ff voltage ~~Vpll. The

slope of the Mne ‘PF’~ i.s tihe osmotio eoef$i-

d3Xit “D”. The gate-source Cgs can be express~

as Zoll.ovringg

Cgs = ~ ~o~do --–.------( 2)

where ~ is the d~electric constant of the di-
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Fig.2 The dependence of VgS on

V& for new struoture V-FET

electrio layer, ~. is the vacuum dieleotricQw.

Stant, do is the thickness of the? dielectric

layer.

According the equive.lent circuit the maximum

power gain can be expressed as following:

%2

%A =
--–( 3)

4W2Cgs2(rS+r@) W2C@2rD+gds

where ~ is the %ransoonducta.noe, gds is the

?purce-drain conductance, rs, r , rd axe the
g

source, gate and drain series reslstsnae res-

pectively.

Devioe Performance

L-band devices with output power hi,gherthan

IOW, gain more than 6 dB at IGIM have been fa-

bricat@ using the covered gate strwtum.

Such devioes have following outstanding ad.

vantages compared with the silicon powerli$itar

(F) pout m
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transistor.

(a) A UWge linear oPerat~g areae Fig” 3

shows the amplification characteristics of two

typioal covered gate devices. The output power

of the 1 dB gain compression point amounts to

80 peroent of the maximum output power. For

0.5 dB gain compression poin*70 peroent.

These properties cau not be obtained for the

bipolar transistor.

(b) Excellent temperature performanoa Suoh

devioe is one of the majority carrier devices.

It has exuel.1.ent temperature performance.

Fig.4 The dependence of

%3 on temperature

T(°K)

Fig. 4 shows the souroe-drain current IDS as a

funation of the temperature for different sou-

rce- gate voltages. Fig. 5 shows the transcon-

ductanoe as a function of the temperature. In

order to uomparep the current amplification ao-

eficient @ of the bipolar transistor 3DF1B, as

a function of the temperature also is given in

Fig. 5. From -196°C to 125°C the transoonduoten-

ce ~ redueed by60$, but ~varied about 16

times.
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Fig.6,u vs temperature

Gp (C@)

8 -

6 “~

4

2

~~T(°C)
~o -40 -20 0 20 40 60

Fig.7 Power g~n Gp vs temPera*e

Fig. 6 and Fig. 7 show the voltage amplifica-

tion ratio fiand the power gain Gp as a func-

tion of temperature respectively.

They are nearly no change over the whole te-

mperature range. Further more, the covered gate

FET has also, no second breeloiown as well as the

good radiation-resistance.
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