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aAs MESFETs Fabricated by New Self-Alignment Technology

Eiji YANOKURA, Iliroshi MIZUTA, Mitsuhiro MORI and Susumu TAIqHASHI

Central Research Laboratory, Hitachi, Ltd.,
Kokubunj i, Tokyo lg5, Japan

Newly developed self -al i8:nment technology is appl ied to high f requency
GaAs MFISF'ETs. This new technology uses the selective etching: of dif ferent
insulators to fabricate fine gates less than a quarter micron.
Furthermore' a double recess structure and a offset gate structure are
realized at the same time in ttre self-alignment method, so that high gain
and high breakedown voltage are obtained. At 28CiHz, the O. Zp m gate 1IESFET
exhibited a I inear g:ain of 4.?dB_ and an output power of O. BlVnrn thus
demonstrating the effectiveness of the new technology.

t Introduct ion
Solid state analog devices operating: at

high f rertuency have been stud ied as key
devices f or advaneed conmunicat ion sVstern
CaAs MESFETs appl ied in this f ietd
sat isfy several requirements such as

operating vol.tag:e ( i. e. hisn breakdown

age) and hign gain at t,he

order to achieve hi.Sh g:ain,

to realize very f ine g:ates.

I i t.hog:raphy, Focused Ion

at the center
nearer to the

and some speciat ized select ive ething:
technolog:ies have been developed to achieve
a quarter micron g:ate. On the other hand,
breakdown vol tage have been improved
employing: an offset gate structure 1)

wtrich the g:ate is placed

of source-to-drain reg:ion,

c-6-1

this paper. Characteristics of O.Zpm giate

IvIESFETs are also shown.

2 New Self-Al ignment Technology
A Device Struoture

Cross sect ion of the GaAs MESPETs

fabricated by the new self-al ignment

technology is shown in Fig. 1. Tne source_
t o-gate region is s ing:l e recessed and the
gate-to-drain reg:ion is double-reoessed.
Furthermore, the gate has a T-shaped cross
section, and is offset nearer to the source.
This structure has the following features;
First, source-to-gate resistance is reduced
hecause of the smaller distance. Second, the
influence of surface potent ial 2, which
causes a so cal.led longl-g:ate effect is
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el lminatBd, so that high transconductance gm

or hig'h gain can be achieved. Third, the

T-shaped gate contributes to lowering: the

gate res istance, therefore result ingl in
h ig:her g:a in. Fourth, the offset gate

struoture is effect ive in improvinS:

breakdown voltag:e. Some of those features
wil1 be discussed later.

B Fabr icat ion Process

The consecut ive process steps which
constitute the new self-alignment technology
ane summarized in Fig. 2(a) to (f); the
detailes are described below.

(a) Source sio2 Drain

F'iS.2 Schematic fabrication steps in the new

self -al iSlnment technology.

First, SiO z is deposited on a GaAs

substrate which has a thin act ive layer.
'Ilris is followed by the formation of source

and clrain electrodes as shown in Fig. Z(al,
SiO a is ethed in the source-to-drain
regiion, while the GaAs active layer is ethed

only sl ightly ( 1st recess ething) as shown

in Fig.2(b). SiN is deposited as shown in
Fis.2(c). SOG (Spun-On-Glass) is coated by

a spinner fol.lowed by an etch back procoss,

and the groove is filled with SOG as shown

i.n Fig. 2(d). The srrrface is then covered

with photoresist except for the area whioh
includes the SiN sidewall nearer to source.
After SiN is selectively and almost
verticaIIy ethecl by using RJE (Reactive fon
Ilthing), the act ive I ayer i s ethed ( 2nd

recess et,ching:) as shown in Fig. 2(e). Gate

rnetal is evaporated and li.fted off,and the
IIESFET is completed as shown in Fig:. 2(f ).

Here the fol lowing: should be noted;
Fi rst., gate leng:th is determined by the
thickness of SiN deposited in step ( c).
Second, the appearance of the double recess
is asymmetnical, i. e. a deep sing:le recess
on the source side, and a shallow double
recess on the drain side. Third, the offset
gate and douhle recess structure are formed
rrsing a completely self-alignment method.

Results and Discuss ions

Fine Gate Feas ibil ity
As described previously, g:ate leng:th is

controlled by tlre thickness of the deposited

S iN in thi s new techno I ogy. SiN thickness
Ts i * versus attained g:ate leng:th Lrg is
plotted in Fig. 8. Gate length f rom O, 84tt m

'to O. 16&m were achieved with SiN thickness
f rom O. 55it m to O. SOIr n It is also seen

tlrat the ratio of attained g:ate length to
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rJepos ited SiN thi.ckness was aborrt O. 6 and

always eonstant. This means that less than

a half micron g:ate can be real ized with g:ood

controllability. By extraporat ing: the

experimental results, it, can be seen that a

gate length less than O. 1f.l m is real ized

with SiN thickness of less than O. 2 & nt"

Here the ratio 0.6 results from the fact
that SiN thickness on the SiO 2 s idewal l is
thinner than on other areas hy a ratio O.6.

This is seen in FiS.4. The reason for
this, however, is not yet elear.

Fig.4 Cross section
SiO z step.

pm
SiN film deposited at'

B Effects of Double Reaess Structure
The effects of introducing a double

recess st,ructure is discussed below.

Transconductance gm and drain breakdown

vo I tage BVd i.n the two d i f f erent
clevices, i. e. one in double recess structure
and the o ther s ing:le recess were

resul ts when gate-
1,o- drain d is tance Lg:d was var ied, where

the width of the f irst recess was held
constant and carrier concentrat ion was

2. o x 1o lTcm-s. Both types of clevices have

cons iderably higher drain breakdown vol tag:e.

On the other hand, the gm of the double

recess structure is one and a half times
Iarger and does not decrease as much with
I arger Leld compared with the s ingle recess
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Irig. 5 Transconductance 8m and drain breakdown

voltag:e BVd versus gate-drain distance Irgd.

A and O correspond to device structure
A and B respectivelY.

The reason the double recess structure
showes hig:her gm was also analyzed by device
s imulat ion us ing a 2-D s i.mulator CANNON s).

Electric f ield distri.but ion in the channel

region between the gate edg:e and the drain
e<lge was calcul ated, and the results are

shown in Fig. 6. When the g:ate is fabricated
u.sing a 0. 1 p m recess, the strongest electric
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Fig. 6 Electric field in channel. D stands for
recessed depth" Ireff and Leff o are

ef f ect ive gate leng:th when D:O. 1,r m and

0[r m respectively. Ec is oritical electrio
field at which eleetrons reach saturation
velocity.
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Thus, i t can be concluded that the

recess structure real izes hig.n

conduc t ance as we I I as g:ood d ra i n
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f ie I d ex i. s t s near the gat e edge. On the

other hand, when the gate is fabricated
without the recess ( i. e. planner structure),
the position of the strongest field moves to
the drain ed8:e. Since the ef f ect ive gate

leng:th (indicated by Leff and Leff s) is

def ined by the constant mobi I ity
regisn, L/€ff , in the planner strueture is
I arg:er ( long-el'ate ef f ect ) than Lef f in the

recess structure. Thus, the recess structure
can avoitl 8:m de8:radation caused by the above

I ong-gate effect.

C Characterist ics of GaAs MESFETs

A cross sectional SEM photogragh of a

GaAs MESFET fabricated hy the new

self-alignment technology is shown in Fig. T.

It can be seen that the g:ate is offset, that

t.tre gate - to-drain region is double_
recessed, and that a O.ZU m T-shaped gate is
real ized.

The input-output power characteristics of
the GaAs IyIESFET having 1. 6mm gate width was

measured al 28GIIz and the results are shown

irr Fig, 8. A I inear g:ain of 4. ZdB and an

output power of O. bW ( O. B lW,/mm) at ldB
compress ion po int were obtai.nerl.

These charaoterist ics rlemonstrate ef f ec_

t iveness of the new technology.

4 Conclusion

A new self-alignment technology has been

rJeveloped f or hign f requency GaAs MESFETs.

Wi t,h this teohnology, a of f set gate and

double recess structure were fabricated
using the self-aI ignment method. Further_
mclre, very f ine gate less than a quarter
mi cron could be real ized even by
convent ional I ignt I ithography. At 28

GHz, the A.2&m gate GaAs MESFET operatinS:
under larg:e signal condit ions obtained a

I inear gain of 4.zdB and an output power of
0. 5W ( 0. 3 lW,/rnm ), thus demons t rat i ng the
effectiveness of the new technology.

Acknow l. e dgement

The authors wish to thank Dr. K Hiruma and

a I I the members of the MBE-Group for
perf orming epitax ial I ayer g:rowth and

K Sekine f or making the r..f. measurements.

Thanks are also due to Dr. H. yanazawa and

Dr. M. Miyazaki for their constant support

throu8ihout this work.

Reference

1) B. Kim, H. Q, Tserning, and H. D. Shih

IEEE. EDL-? ( 1986) 95.

$nu,rfi.$

Fig. 7 Cross sect ional

MESFET.

0r0
INPUT

Filr. 8 Input-output
MESFET.

atgr
n*l*

tta-o

SEM photograph of the

30
0.5 w

Wg = 1.6rnm
Vds= 6 v

f=28GHz

E
co
fl

ft "rA
t!

=
n

F
f
o- lu
F
=

POWER (dBm)

characterist ics of

2)302A W. Gudat and D. E. Eastman,

Technol. 13(4) ( 1976)

K. Yamag:uchi, So I i d-State

29(11) (1986) 1129

J. Vac Sci

831.

Electron.the

266

8)


