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Abstract: The growth of brass nanofilms sputtered on acrylics substrate was studied through experimental investi

gation of the effect of sputtering voltage, target-to-substrate distance, chamber pressure and sputtering time on the

content, growth rate and surface morphology of brass nanofilms. The results show that compared with original

brass target, Cu content in brass nanofilms changes by no more than 6.23% ( mass fraction) . High sputtering volt-
g g Y gh sp g

age and short target-to-substrate distance help to improve brass nanofilm deposition rate. There exists an optimal

chamber pressure where deposition rate of nanofilm reaches the maximum. The key factor affecting surface morphol-

ogy is the kinetic energy of sputtering particles. Low sputtering voltage, large target-to-substrate distance and low

chamber pressure are very important for the formation of the high-quality brass nanofilms. The brass films prepared

under the conditions of sputtering voltage 1. 6 kV, target-to-substrate distance 2. 5 cm, chamber pressure 10 Pa and

sputtering time 20 min, possess following characteristics: smooth and uniform surface, thickness of 41 nm and Cu

content of 71. 0% (mass fraction) .
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1 INTRODUCTION

Metallic films have been widely used in chemi-
cal, catalytic and semiconductor industries'" .
Recently we have paid great attention to the
uniform growth of brass film on organic substrate
because brass film shows the possibility in
manufacturing high-quality micro-mirror gold brass
powder through vigorous stirring or ultrasonic
treatment, in which film thickness will hardly
679]

change' In traditional balkFmilling process,

high-quality micro-mirror gold brass powder is
(65101 For high-quality flake
brass powders, both thickness and smoothness are

very hard to prepare

crucial. Usually, the appropriate thickness is
30750 nm'*" . On one hand, if the thickness is
above 50 nm, the mobility of flake powder may be
low because of poor orientation, and moreover
scattering effects may increase. Both low mobility
and high scattering ultimately lead to a poor metal-
lic characteristics ( low brilliance, poor flop and
coverage). On the other hand, if the thickness is
less than 30 nm, powders may become transpar-
ent, or very difficult to handle due to high agglom-
eration tendency'® " . Now, physical vapor deposi
tion(PVD) has been widely used to prepare metal-

[6714]

lic films To separate brass nanofilm from

nanofilm/ substrate heterostructure system, a re

leasable organic substrate is very important. The
suitable releasable organic substrate are acrylics,
cellulose or vinyl resins. So far, there is no report
on sputtering of brass film on releasable organic
substrate.

2 EXPERIMENTAL

The experiment was performed in a custom-
designed sputtering chamber, which is shown in
Fig. 1. Acrylics was used as releasable organic sub-
strate. Before deposition, acrylics was mechanical-
ly polished, cleaned by repeated Ar" sputtering,
and then annealed at 140 C in order to remove im-
purities and obtain smooth substrate surface. The
brass target was also polished and cleaned. Cham-
ber pressure was measured with a vacuum gauge.
The temperature of acrylics substrate was moni
tored with a chromelalumel thermocouple, which
was spot-welded on a Ta sheet attached to acrylics
substrate surface. During the experiment, the
temperature of the acrylics substrate was kept at

130 C.

The qualitative and quantitative analysis of
brass target was performed with XRFS and EDS'"
and the results are shown in Fig. 2. The Cu and Zn
contents are respectively 73. 8% and 26. 2% ( mass
fraction) .
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Fig. 1 Sputtering device
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Fig.2 Composition analysis of brass target
(a) —XRFS; (b) —EDS

To measure average thickness and Cu content
of brass nanofilms, chemical analysis was put for-
ward. After acrylics substrate had been resolved
from brass/ acrylics heterostructure system with al-
cohol, brass film was obtained through a centrifu-
gal filter. Then, alloy film was dissolved with
6. 5% nitric acid. The solution concentration was

measured with ICP-AES. Both average thickness
and content of brass film could be calculated ac
cording to the mass of Cu and Zn existing in the
solution and the nanofilm area. AFM'" was ap-
plied to investigate the surface morphology of the
brass nanofilms.

3 RESULTS AND DISCUSSION

3.1 Cu content of brass nanofilms

The effects of sputtering voltage, target-to-
substrate distance, chamber pressure and sputte
ring time on Cu content in brass nanofilms are
shown in Fig. 3. Fig. 3(a) shows that an increase
in the sputtering voltage from 1. 0kV to 2. 0kV in-
creases the Cu content from 69.2% to 77.4% . Be-
cause of selective sputtering, Zn is sputtered prior
to Cu under low voltage (lower than 1.6 kV), and
then brass nanofilms with relative low Cu content
are prepared. However, under high voltage (high-
er than 2.0kV), Cu is sputtered prior to Zn, and
then brass nanofilms with relative high Cu content
are deposited. Target-to-substrate distance and
sputtering time nearly have no effect on Cu content
(Figs. 3(b) and (d)). Chamber pressure affects Cu
content to some extent Fig. 3(c)).
when chamber pressure is 5 Pa, Cu content will be
2.4% higher than that of brass target. However,
at high chamber pressure, Cu content will decrease
slightly. Therefore, through the control of sputte

For example,

ring voltage, target-to-substrate distance, chamber
pressure and sputtering time, brass nanofilms with
almost the same content as brass target can be
steadily deposited.

3.2 Growth rate of brass nanofilms

The effects of sputtering voltage, target-to-
substrate distance, chamber pressure and sputte
ring time on the growth rate of brass films are
shown in Fig. 4. Fig. 4(a) shows that the growth
rate of brass films increases with the increase in
the sputtering voltage. At high sputtering voltage,
large amount of Ar atoms in bulk gas will ionize
and turn into sputtering ions Ar", which provides
large collision odds on the target surface. At the
same time, high voltage will improve the kinetic
energy of Ar" , and then much more energy will be
transferred to target atoms. These factors help the
atoms to escape from target surface into bulk gas,
and then improve the growth rate of brass nano-
films. However, at high voltage, arc can easily be
formed and nanofilms may blacken due to high
temperature. Of course, sputtering voltage cannot
be too low. Otherwise, effective bombing will not
be realized. At low energies, just above threshold,
the incident ions barely have enough energy to
cause physical sputtering, and much of their energy
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Fig. 3 Effects of process conditions on Cu content in brass nanofilms
(a) —Sputtering voltage; (b) —Target-to-substrate distance; (c¢) —Chamber pressure; (d) —Sputtering time
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Fig.4 Effects of sputtering voltage(a), target-to-substrate distance(b),
chamber pressure(c) and sputtering time( d) on growth rate of brass films

rate per unit incident power is small. Actually,
film thickness will also increase with the increase
of voltage. Fig. 4(b) shows that the film growth
gradually decreases because more collisions will

is dissipated as heat or, of course, carried away by
the reflected atom. Very little commercial sputter
deposition and only very specialized sputter etch
are performed in this region since the sputtering
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take place in bulk gas region, which decreases the
kinetic energy and then increases scattering quo-
tient with increasing the target-to-substrate
distance. Fig. 4(c) shows that when chamber pres-
sure is lower than 10 Pa, larger growth rate can be
reached with the increase in chamber pressure; and
growth rate will reach the maximum value at
10 Pa. Then, growth rate will decrease gradually.
On one hand, with the increase of pressure, more
collision odds and then more sputtering atoms will
be created, which improves the growth of brass
nanofilms. On the other hand, a higher pressure in
the chamber will greatly shorten the mean free
path of Ar" and sputtering atoms so that the kinet-
ic energy of sputtering atoms and then usefulness
of growth rate will depress because of much scat-
tering. Fig. 4(d) shows that sputtering time has
little effect on growth rate of brass nanofilms.
When sputtering time increases from 5 min to 30
min, the thickness of brass film increases from

10 nm to 60 nm.

3.3 Surface morphology of brass nanofilms

The three-dimensional morphology of brass
film, which was detected by AFM, is shown in
Fig.5. It reveals that if sputtering voltage increa-
ses, roughness of alloy film surface will increase

(Fig. 5(b)).

In other words, low sputtering volt-

age will result in smooth films. On one hand, at
high sputtering voltage, the deposition rate is large
so that some of deposition atoms cannot diffuse and
distribute on acrylics surface on time. On the other
hand, at high sputtering voltage, because of high
kinetic energy, sputtering atoms may provide
much probability of damage or defects on alloy
film. For short target-to-substrate distance, the
nanofilm surface may become more rough or une-
ven(Fig. 5(¢)) because some of nanofilm surfaces
probably break under the collision of sputtering at-
oms with high kinetic energy. At high pressure,
the nanofilm surface may turn to be more rough
(Fig.5(d)) because the number of sputtering at-
oms become large so that some of the deposition
atoms cannot diffuse and distribute on time.
Therefore, the key factor affecting morphology of
brass nanofilm surface is the kinetic energy of the
sputtering atoms. High kinetic energy is useful for
rapid deposition, but it prevents atoms from diffu-
sing and distributing uniformly on time, and then
results in uneven nanofilm. So, it is important to
increase substrate temperature in order to improve
diffusion and distribution on acrylics surface. For
deposition of high-quality smooth alloy film, low
sputtering voltage, large target-to-substrate dis-
tance and low chamber pressure are necessary. For
brass film, optimal conditions are sputtering volt-

Fig. 5 Three dimensional AFM images of brass nanofilms prepared under different conditions
(a) —1.6kV, 2.5cm, 10Pa, 20 min; (b) —2.0kV, 2.5 c¢m, 10 Pa, 20 min;
(¢) —=1.6kV, 1cm, 10 Pa, 20 min; (d) —1.6kV, 2.5 cm, 15 Pa, 20 min
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age 1. 6 kV, target-to-substrate distance 2. 5 cm,
chamber pressure 10 Pa and sputtering time 20
min. Two-dimensional AFM image ( Fig. (6)) of
brass film prepared under the optimal condition
shows uniform distribution. Such brass film pres-
ents the following characteristics: smooth and uni-
form surface, Cu content of 71. 0% and average
thickness of 41 nm.

Fig.6 Two-dimensional AFM image

of brass nanofilm

4 CONCLUSIONS

1) Cu content of brass nanofilms deposited on
acrylics substrate( 130 C) varies in the range of
69. 2% ~ T7. 4% ( mass fraction). If the sputtering
condition is well controlled, brass nanofilms with
nearly the same content as brass target can be
steadily prepared.

2) With the augment of sputtering voltage,
growth rate of brass nanofilms will increase. The
growth rate is linear decreasing function of the tar-
get-to-substrate distance. There exists an optimal
chamber pressure where growth rate reaches the
maximum value. When chamber pressure is lower
than 10 Pa, growth rate will be improved with the
increase of chamber pressure.

3) Both high sputtering voltage and short tar-
get-to-substrate distance will result in more dama-
ges or defect on brass film. Rough surface will be
deposited at high chamber pressure because of
much scattering and cavities.

4) High-quality brass nanofilm can be pre
pared on acrylics substrate under the conditions of
sputtering voltage 1.6 kV, target-to-substrate dis
tance 2. 5 cm, chamber pressure 10 Pa and sputter

ing time 20 min. The resulting 41 nm-thick brass
film is characterized by smooth and uniform surface
and Cu content of 71. 0% ( mass fraction).
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