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I{e investigated the effect of DC bias on the sputter-deposition of I{ and
I{-Al on the GaAs substrates. By applying a negative bias to the substrate,
we found that the concentration of impurities in the netal and at the
interface were reduced, and the characteristics of the Schottlcy contact were
improved with respect to the barrier height, the n-value and tire uniforrnity,
which was due to the reverse sputtering effect on the substrate.

This technique was applied to the gate formation of GaAs MESFEIs, and
the uniformity of the threshold voltage within a 2 inch wafer rras much
improved.

l. Introduction

The n' self-aligned GaAs MESFET with a
refractory gate is suitable for the large
scale integration, and I{ or its conrpound has
been used for the gate metal. Ite
previously reported that the Schottky
contact of $I-Al (0.8 atonZ Al) on gu6rr)z)
is thermally stable and that the barrier
height is higher than that of I{ and the
resistivity of I{-Al is lower than that of
llsi,s) or WN,4) .

To obtain the good Schottky contact by
such a refractory gate netal, it is quite
important to reduce the surface oxide before
sputtering, and various kinds of surface
preparation, such as HCI treatnent, have
been reported.s)

In this paper, we applied the bias
sputtering, which is knom to reduce the
inpurity concentration of the filmrG) for
the formation of I{ and I{-Al filns on GaAs,
for the first time, then observed that it
was a very powerful technique to improve the
Schottlcy characteri stics .
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2. Experimental

I| or I{-Al was deposited on n-GaAs
substrates (n-3Xl01"cn-3) by a DC rnagnetron
sputtering systen. The system was evacuated
to less than 4xl0-?Torr before the
sputtering. Ar gas pressure was 5nTorr, the
power was 230I{, the size of the target was
6inches in dianeter and the substrate
tenperature was 150T. DC bias voltage in
the range of -100V-+100V was applied to the
substrate. firen the sanples were annealed
at 800T for 20nin in AsH" atmosphere. fire
barrier height (d") and the value of
ideality factor (n-value) were obtained from
the Schottky I-V measurenent before and
after the annealing.

3. Results and Discussion
3. I Bias sputtering of I{ and I{-Al

I{e first studied the Schottky contact
of ll on n-GaAs substrate. Figure I shows
the dependences of the barrier height and
the n-value on the bias voltage before and
after the annealing. As the positive bias
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increased, the barrier height increased, but
the n-value did not change. Otl the

contraryr is the negative bias increased,

the barrier height increased and the n-value
decreased. It is clear that the Schottky

characteristics were inproved by the

negative bias. Figure 2 shows the

dependence of the resistivity of I{ on the

bias voltage. fire resistivity decreased
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with the negative bias increased, and

decreased by 20-302 at -100V. Sputtering
rate of Id was almost the sane in the raoge
of the bias voltage applied here. It means

that the inprovenent of the Schottky
characteristics was not related to the
sputtering rate, but related to the effect
of the bias voltage.

Similar results Here obtained in the
case of I{-A1. As the negative bias
increased, the barrier height increased and

the n-value decreased as shom in Figure 3,
and the resistivity of ll-A1 decreased. lfe

investigated At content of rl-Al 'using

Electron Probe X-ray Micro Analysis (EPHA),

and formd that the Al content was the sane

regardless of the negative bias. fiierefore,
it is clear that the inprovement of the
Schottlcy characteristics was caused only by
the effect of the bias voltage.

To study the effect of the DC bias on

the decrease of the resistivity of I{ and If-
A1, we perfonned SIIIS measurement of tl-
Al/GaAs for the bias voltages of 0, +100 and
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Fie.3 The dependences of the barrier height
and the n-value of I{-Al on the bias
voltage before and after the armealing.
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I{ on the bias voltage before and after
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-100V as shom in Figure h. It was

confirmed that the oxygen concentration, as
shorm by A1O, was reduced only in the case
of -100V. The reduction of the
concentration of other impurities, such as
carbon, was also observed.

fire reduction of the inpurity
concentration can be explained as
schematically shorm in Figure 5. By the
negative bias voltage applied to the
substrate, a part of Ar. strikes the
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Fig.4 SIMS profiles of I{-Al/GaAs for the
bias voltages of 0, +100 and -100V.
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substrate ("reverse sputtering effect") and

sputters out the irnpurities adsorbed on the
substrate, which results in the reduction of
the irnpurity concentration. Besides the

"reverse sputtering effecttt, the electro
static effect has to be taken into account.

Namely the negative bias voltage forces the
negative impurity ion (Y-) to be noved fron
the substrate.

3.2 Sputtering effect and iruprovement of
Schottky characteri stics

To prove the effect of the DC bias on

the reduction of the inpurity concentration,
we performed the bias sputtering for the n-
GaAs substrate with the surface oxidized
intentionally.

I{e formed an oxide layer of about 50i
on the n-GaAs substrate by dipping in
sulphuric acid. Tungsten was then sputtered
on it using (a) conventional (bias=0V) or
(b) bias sputtering (bias=-|00V). fire
relation between the barrier height and the

n-value after the annealing for the bias=0V

and -100V is shonn in Figure 6. In the case
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Fig.6 fire relation between the barrier
height and the n-value of I{ deposited
on the oxidized substrate using (a)
conventional sputtering (bias=0V) or
(b) bias sputtering (bias=-|00V).
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of (a), the data were scattered, but in the
case of (b) , the uniformity was mrch

irrproved and the average of the barrier
height rras higher and that of the n-value
was closer to l. Because the existence of
the oxide at the GaAs surface degrades the
characteristics of the Schottky contact as

discussed in the previous reportsr2) this
result proved that the oxide layer at the
GaAs surface was renoved effectively by the
negative bias.

4. Application to the GaAs l.lESFETs

fire bias sputtering rras applied to the
fabrication process of H-Al gate GaAs

ttESFE'Is. fire gate length and width were lpm

and IOFD, respectively. Figure 7 shows the
relation between the threshold voltage (V.")
and the barrier height for 50 MESFE'Is

fabricated on a 2 inch wafer for the bias=OV

and -100V. By the bias sputtering, the
average of the barrier height becane higher
and the rmiformity rras irnproved. fire
uniformity of V.r. was better than that
expected fron the data of the barrier

( o ) Conventionol ( b) Biqs

height. The unifornity of Schottky
breakdorm voltage was also observed to be

improved. It is concluded that the irnpurity
concentration at the interface Has reduced
by the negative bias, drrd it yielded the
ideal Schottlcy I-V characteristics.

5. Conclusion

The bias sputtering was proved to be

very effective to reduce the concentration
of oxygen and other inpurities in the
deposited film and at the interface between
the film and the substrate, which resulted
in good Schottky characteristics. firis
technique was applied to the fabrication
process of the I{-Al gate GaAs MESFETs and

the good uniformity of the threshold voltage
was obtained. Fron these results, it is
confirned that the bias sputtering is very
useful for a gate formation process of GaAs

ISIs.
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