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Abstract

In order to investigate the possibilities of microbatteries using TiNi type metal
hydride, TiNi films were prepared by DC magnetron sputtering. The films were
deposited under various Ar flow rates, DC powers and target-to-substrate distances

to find the optimum sputtering conditions. The deposition rate of TiNi thin film

increased by increasing the DC power and by decreasing the Ar flow rate and

target-to-substrate distance. The chemical composition of the film changed as a
target-to-substrate distance. The crystal structure of the film was amorphous state

just after deposition and changed to crystalline by vacuum heat treatment.
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1. Introduction

Metal hydrides are promising materials
for the hydrogen storage, chemical heat
hydrogen purification and Ni/MH
o, Ni/MH batteries

in the commercial

pump,
bhattery Especially,
have been popular
market. There are many metal hydrides
such as LaNis type, MgaNi type, Zr(Ti)Niz
type and TiNi type for the negative

of Ni/MH batteries.

microbatteries using thin film

electrode material
Recently,
electrode have been interest as a power
source of MEMS(micro electromechanical
lot of
researchers have been working on the Li

. . .23
ion microbatteries ™,

system) and smart cards?. v A
but only a few
papers were published in the field of MH
microbatteries. Sakai et al” reported that
the discharge capacities of LaNis thin film
electrode of amorphous and crystalline
showed 40mAh/g, 160mAh/g, respectively.
Kuriyama et al™ made a microcell such
as LaNi25Co24Alo1/ TMAOHs/NiOOH(or
MnQ»), and tested it up to 200 cycles. In

the thin film type MH electrode, one of
the severe problem was disintegration of
the film during hydrogenation. TiNi alloy
was a well known as shape memory alloy
as well as hydrogen storage material. And
also, TiNi alloy was not brittle but tough
So TiNi thin
considered as a potential
Ni/MH
Only a few papers have
been published in the fabrication of TiNi
thin film®”
the deposition rates as the

in mechanical properties.
film are
electrode material for

microbatteries.

, and there was no paper on
sputtering
conditions.

In this paper, we studied the fabrication
conditions of TiNi thin film using DC
magnetron sputter and the electrochemical

properties of TiNi electrode.

2. Experimental

The TiNi thin films were deposited by
DC magnetron sputtering. The TieoNia

target was made by VIM(vacuum
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induction melting). The diameter of target
is 2 inch. The stainless steel and glass
The

ultimate and the deposition pressure were

sheet was used as the substrate.
5x 10 °Torr and 1~6 mTorr, respectively.
In order to obtain the optimum sputtering
TiNi

Ar flow rates(1~12 sccm),

condition for thin film, we have

changed the

the distances hetween target and
substrate  (10~23cm), DC  power(50~
250watt).  For the crystallization of thin
film, the wvacuum heat treatments were
performed from 600 to 800TC. The
electrochemical test of TiNi thin film

were conducted in a 6M KOH
solution with Hg/HgO reference electrode,

electrode
Pt counter electrode. The cutoff voltage
on charge 30V and for discharge was
05V vs Hg/HgO reference electrode. TiNi
thin film electrode was charged in a
0.032mA/cnt

for discharge.

density  of and
0.016mA/crt
comparison with thin film type electrodes,
TiNi
using mixed powder of TiNi and Ni in a
weight ratio of 1:3. And,

current
In order to
powder electrodes were prepared
it was cold
pressed with a compacting pressure of 5
tons/cnf, and then wrapped in the Ni mesh
TiNi
electrode charged in a current

density of 100mA/g and 200mA/g for
discharge. For the study on the deposition

as a current collector. powder

was

rate of thin film, the thickness of film

was measured by a-step. The crystal

structure was investigated using X-ray

diffractometer. The chemical composition
of film was characterized by EDS{(Energy

Dispersive Spectroscopy) analysis.

3. Results

Fig. 1 shows the changes of deposition
rate as a function of the distance between
target and substrate. The sputtering was
under 100Watt DC
The
deposition rate increased as decreasing the

performed for 1hr

power, 4sccm  Ar  flow  rate.

target—-to-substrate distance.

Deposition rate( A /min)

Loy,
¢ 10 AH 14 1" 0 20 22 24
Target-to-Substrate Distance{cm)

Fig. 1 The changes of deposition rate
with Target-to-Substrate distance for
the TiNi film prepared under

100Watt DC power, 4sccm Ar flow rate.

the
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Fig. 2 shows the change of Nickel
concentration in Til-xNix film with the
target-to-substrate distance. The chemical
changed with the
The
could be obtained in the

17cm target-substrate distance.

composition of TiNi
target-to-substrate distance.
Tiag7Nisoz film
This was
similar as the Carchano's result that the
composition of TiNi film changed as a
function of product of deposition pressure
and target-to-substance distance®. This
might be related with the loss of the
elementary species during transport from

the target to the substrate.
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Fig. 2 The change of Nickel concentration
in TixNix film as a function of
target—-to-substrate distance.

Fig. 3 represents the changes of the
X-ray diffraction patterns of the TiNi thin
film by vacuum heat treatments. The film
1hr 10cm
target-to-substrate distance, 200Watt DC
power and 12 sccm Ar flow rate. For the
TiNi

was deposited for under

as  deposited film at room
temperature, there was no sharp
diffraction peak. The film would be

amorphous structure. The crystallization
above 600°C

heat treatment in a vacuum. After 800T

behavior could be showed

vacuum heat  treatment, the film
represented the TizNi  crystalline
structure.

(LRI -] l:ll’

Fig. 3 The effect of

treatment on the crystal structure of

TiNi thin film

(a) as deposition at room temperature

(b) vacuum heat treatment at 600°C for
0.5hr

(c) vacuum heat treatment at 800C for

lhr

vacuum heat
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Fig. 4 shows the SEM result of TiNi

film deposited on the stainless steel
substrate. There was no special phase on

the surface.

Fig. 4 The SEM morphology of TiNi
thin film deposited on the stainless

steel sheet substrate

In order to obtain optimum sputtering
condition, TiNi film were prepared under
various Ar flow rates and DC powers.
The effect of Ar flow rates on the
deposition rate are shown in Fig. 5. The
film was prepared for lhr under the 10cm
target-to-substrate distance and 100Watt
DC power. The deposition rate decreased
as increasing the Ar flow rate.

Fig. 6

deposition rates as a DC power.

changes of
The
deposition rate increased as increasing DC
297 A /min
was obtained at the highest DC power,
260Watt

distance.

represents  the

power. The maximum rate of

and 10cm target-to-substrate
This

related with the changes of sputtering

phenomena might be

yvield as a power.

M
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Fig. 5 The variations of deposition rate
as a function of Ar flow rate for the
TiNi film prepared under the 10cm
target-to—substrate distance and
100Watt DC power.

380

300 |- ..
20}

200 |

Deposition rate{ A/min)
g

° i L 1 i A

[} 50 100 180 200 250 00
Power{watt)

Fig. 6 The change of deposition rate as
a function of DC power for the TiNi
film prepared under the 2sccm Ar

rate and 10cm

flow target-to-

substrate distance.

We have
properties of Ti-Ni

studied the electrochemical
thin film. However,
we could not find any charge - discharge
behavior in the cell of Pt/6M KOH/Ti-Ni
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film. In order to investigate the
electrochemical properties of Ti-Ni alloy,
the TiNi electrode made by TiNi powder.
Fig. 7 showed the lst discharge curve of
TiNi

capacity was

powder electrode. The discharge
63mAbh/g,
Fig. 8 represented the

which was
relatively low.
initial cycle test results. The capacity
increased to 87mAh/g as increasing the
cycle number. Although the capacity of

TiNi powder electrode was very low, it

represented a typical metal hydride
electrode behavior. So, it is necessary
to study further for TiNi thin film
electrode.

Voltage(V)

0.5 L X : 1 " n
[] 10 20 30 @ 80 0 "

Capacity(mAh/g)

Fig. 7 The 1st discharge curve of TiNi
powder electrodes.
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Fig. 8 The effect of charge-discharge
cyclings of TiNi powder electrode on
the discharge capacities.

4. Conclusion

1. The deposition rate of TiNi thin film
increased by increasing the DC power and
rate and

The
maximum deposition rate 297 A/min, were
obtained at 250Watt DC power.

by decreasing the Ar flow

target—to—substrate distance.

2. The crystal structure of as deposited
film was amorphous state, and changed to
TiaNi crystalline structure under vacuum

heat treatment at 800C. The nickel
chemical composition of Tii-xNix was
changed by sputtering condition,
Tiw7Nisnz were obtained at 17cm

target-to-substrate.
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