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In this paper, short channel effects in WSi_-gate self-aligned GaAs MESFETs are

studied, using the lamp annealing method as wefi as
and device simulation, including lateral spread and diffusion of n+-dopant.

the furnace annealing method,
It was

found that lateral diffusion of nfudopant in WSix-gate self-aligned Gads MESFETs,
fabricated using the furnace annealing method, significantly affects device parame-

ters and causes short channel effects at gate lengths less than 1.5

m. However,

the lamp annealing method was found to be effective to reduce the short channel
effects, even at a gate length of O.édpm, due to minimizing the lateral diffusion.

1. Introduction

In recent years, GaAs LSIs with more than
10,000 gates have been successfully fabricated,
using self-aligned technology, with gate lengths
of 1.0 or 1.5 pm [1],[2]. However, swiching
performance was not sufficient to surpass high-
speed Si LSIs. In order to further improve the
swiching performance of Gads LSIs, the gate length
of FETs must be reduced to less than 1.O‘Pm. As
the gate length is reduced, however, short channel
effects become the most ecrucial factors to prevent
further performance improvement. These short
channel effects include 1) threshold voltage shift
2)

threshold voltage on source-drain voltage, 3) poor

to the negative sidel3], dependence of
current cutoff in the subthreshold region[4], and
4) reduction in K-value[5]. Due to these effects,
the controllability and the reproducibility of
device parameters have also been insufficient.
Therefore, understanding and controlling these
effects is indispensable to realizing very high-
speed GaAs LSIs.

The principal purpose of this paper is to
clear up the cause of short channel effects in
WSi,-gate self-aligned GaAs MESFETs[6] by investi-
gating, theoretically as well as experimentally,
how the lateral stretch of n+—dopant affects
device parameters. For this purpose, gate-length
dependence of device parameters in lamp-annealed

FETs (L.A.FETs) is characterized and compared with
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that in conventional furnaced annealed FETs
(F.A.FETs). lateral stretch,

lateral spread (during implantation) and lateral

From these, including
diffusion (during annealing) are estimated using a

one dimentional device simulation.

2. Experimentals and results
Self-aligned FETs, having different 8 gate
lengths, were fabricated on [100]

Gals

semi-insulating
post BT
The gate width
was BO,Pm' Si*-implantation for n- and n+-1ayer was
performed at 59 KeV with a dose of 1.0 x 10172 cm‘z,
and at 175 KeV with a dose of 1.7 x 1013,

substrates through various

implantation annealing precedure.

respectively. A 12 sec lamp annealing at 1,000 °C
and a 900 sec furnace annealing at 850 °C were
carried out for n-layer formation for L.A.FETs and
F.A.FETs,

electrical and metallurgical characteristics that

respectively. It was confirmed, from
WSi,/n-GaAs Schottky contacts were not subjected to
interfacial degradation during these annealing
processes([8].

A well known short channel effect is threshold
voltage shift to the negative side as gate length
is decreased [3],[41,[51,[71.
threshold voltage, Vins measured as a function of
gate length for both L.A.FETs and F.A.FETs. The
annealing conditions for the n+-1ayer for L.A.FETs
and F.A.FETs were 960 °C and 5 sec, and 750 °C and
900 sec, As this

Fig. 1 shows the

is clear from

respectively.




figure, the threshold voltage of F.A.FETs shifts
remarkably to the negative side for gate lengths
less than 1.5 Jme At a 0.7 pm gate length, the
drain current of the FETs was not pinched off,
exhibiting extremely high drain conductance. On
the other hand, in L.A.FETs, the shift 1is
comparatively small even at a 0.6 = gate length.

Another aspect of short channel effects is
that threshold voltage depends strongly on source-
drain voltage, Vgqs with reduced gate length. Here,
we express this phenomenon using following
relation,

Vin = Vino * { Vags (1)
where fis a parameter indicating the degree of the
effect. Fig. 2 shows the parameter, r, in L.A. and
In
F.AFETs, rincreases rapidly for gate lengths less

F.A.FETs, as a function of gate length.

than 1.5 s while in L.A.FETs fis comparatively
constant down to a gate length of 0.6 e

The magnitude of the subthreshold current,
Tgypr 1s also one criterion of the short channel
offects. The subthreshold current is known to be
proportional to the factor exp (q‘a‘g/nng) in the
subthreshold region, where g is electron chargs, Vg
gate bias voltage, k Boltzmann's constant, T
temperature, and n, & parameter exhibiting the
degree of subthreshold-current cutoff(4]. Fige 3
and F.A.FETs as a
Note that ng
L.A.FETs is comparatively constant even in the gate
while in F.A.FETs,
ng inereases rapidly in the gate lengths less than
1.5 Jm'

Fig. 4 shows K-value in L.A. and F.A.FETs as
a function of the gate length, where K is a factor

shows the parameter ng in L.A.
function of the gate length. in

length-range from 0.6 to 1.0 e

in FET performance expressed as follows,

K = §piy/2dLgs (2)

where £ is the dielectric constant, flthe drift
d the
effective thickness of the n-layer, Wg gate width,
and L gate length. Note that K-value for F.A.FETs

g
exhibits an anomalous decrease at a gate length of

mobility of electrons in the n-layer,

13 e However, such a decrease 1s not observed
for L.A.FETs.
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3. Discussion

Short channel effects are considered to be due

to lateral stretch of n+—dopan't., including lateral 100 T —T—TT T
spread (during implantation) and lateral diffusion : LAFET (960 °C, 5 sec)
(during annealing) [7],[41,[5]. 1In order to &; 5-0__ ]
estimate lateral stretch, we carried out a ‘<- L -
theoretical study, using a one dimentional device E L 4
simulation. In this simulation, LSS theory was w F.AFET
employed for the vertical and lateral carrier 3 1-0: ke i B
profile, inecluding the effect of lateral diffusion <|>[ E Wq :‘_aﬁ\';_m E
in a factor of lateral strech, 1Y%, T), as x O-SF ks 2alg ]
i T W L P A IR Ty B
05 1.0 50 100

LY/(t, T) =JAR+/;2 + 20%A1)t, (4)

where AR;’, and D(T),}L are lateral spread and
lateral diffusion coefficients of n+—dopant,

respectively. Here, J 207, (T)t

length, X*(t, T), at an annealing temperature, T,

indicates diffusion

for an annealing time, t.
length dependence of threshold voltage in L.A.FETs

annealed at 760 °C for 480 sec, as an example. Open

Fig. 5 shows the gate-

eircles indicate experimental results, and solid

Fig. 4
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different conditions. The open circles in Fig. 6

show lateral stretch as a function of the square

Fig. 5 Gate-length dependence of threshold
voltage for L.A.FETs annealed at 760 °C
for 480 sec.Open circles indicate

experimental results, and solid and

root of annealing time. It is clear from Fig. 6

that a linear relationship is established between

square root of %
snnealing time and lateral stretch. AR} can be

broken lines, theoretical results. The
obtained from the extrapolated lateral stretch at solid line is the most appropriate.
an annealing time of 0 seec. D% (t, T) can be
obtained from the slope of the extrapolated line. 4000 IIO 5_0 19 N .590 (‘-?!?C)
ARY, obtained here, 100 nm, is nearly equal to that —_
obtained by LSS theory, 984 nm. Fig. 7 shows an g300— LE(t, T) = VARLZ « 2D0(T)t =
Arrhenius plot of the diffusion coefficient, -
DY/ (t, T), obtained from Fig. 6. From this figure, O 1000°¢ BV‘/
we can estimate the activation energy, Ea};,, and the EZOO' il ) ]
frequency factor, DO}L/, for a lateral diffusion of 2 K .‘::;;‘»'-':""
n*-dopant to be 1.2 eV and 2.2 x 10~° cn?/sec, & 100&”\‘; 1
respectively. ::'—J 4R =100 nm
; o —
It was also confirmed that sheet resistivity 00 5:0 1d0 1'5-0 2'0-0 750

of the n+-1ayer, Ps' reaches a saturation value,
Py = 1200/0, after lamp amnealing at 950 °C for 5

more than

SQUARE ROOT OF ANNEALING TIME (sec'’?)

Fig. 6

Annealing-time dependence of lateral
strech as a parameter of annealing
temperature.

sec or less. In furnace annealing,

900 sec of annealing time was required to decrease
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the sheet resistivity to a saturation value of
about 2000/0 at 750 °C. Therefore, when we
carried out 900 sec furnace annealing at 750 g,
lateral diffusion length, X%/(900, 750), and the
lateral strech, L%(900, 750), can be estimated to
be 222 nm and 243 nm, respectively. Under a lamp
annealing conditions of 950 °C, 5 sec, (5, 950)
and LY/ (5, 950) are estimated to be 50 nm and
111 nm, respectively. Notice that xt/(5, 950) is
less than one fourth of X%,(900, 750), and
consequently, LY/(5, 950) is less than a half of
LY,(900, 750).

Lateral stretch primarily causes reduction of
the effective gate length, and should result in
improvement in FET performance.
in F.A.FETs is larger than that in L.A.FETs at the
gate lengths of more than 1.3 s due to the

In fact, K-value

comparatively large diffusion length. However,
the K-value is decreased as lateral stretch
becomes comparable with gate length, because the
n+-layer for the source region overlaps that for
the drain region under the gate electrode,
resulting in an increase of carrier concentration
and the effective thickness of the n-layer. Of
courge, then, the threshold voltage shifts to the
negative side. It is found that using the lamp
annealing method, the n+-layer can be sufficiently
activated by suppressing lateral diffusion,
resulting in a reduction of short channel effects,
and consequently, an improvement in FET

performance.

Lo Summary

After experimental and theoretical studies of
the gate-length dependence of FET perameters, it
was confirmed that the lateral spread and lateral
diffusion of n'-dopant adversely affect the
performance of WSi -gate self-aligned GaAs MESFETs
having gate lengths of 1.5 or less. It was also
found that the lamp annealing method is effective
to reduce the short channel effects because the
lateral diffusion of the n*-dopant can be
suppressed with a short annealing cycle, resulting
in an improvement of FET performance even at

submicron gate length around 0.6 e

The authors wish to express their thanks to
T, Misugi, M. Kobayashi, M. Fukuta, and
A, Shibatomi for their continuing encouragement,

3! o
b D (T) = Dyyexp(-gEq,/kT)
oy 0'10 L B
£ L i
(3]
s11F

210 1
& ]
Q
=_ <2} n
E‘IO i ]
S Eqy =126V

1013‘ Doy =22x1077 ecm?/sec ~
=
)
g O—'Ifo i3 L L L i I
LLJL_ 05 06 0.7 08 09 10 1
a 1000/ T (1/K)
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