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Abstract: Highly resistant, high-transmittance woodceramics thin films were prepared by employing rf
magnetron sputtering of a woodceramics target in an argon plasma. A series of the films were deposited as a
function of substrate temperature. The substrate temperature was varied in the range 50-500°C. The
electrical and optical properties of the films show a dependence on the substrate temperature. Films deposited
below 300°C were insulative, p > 10" Qcm. Films deposited at 50°C had a density of 1.9-2.2g/cm3
comparable to that of single crystal graphite. Below 200°C, films had higher transmittance than
typical diamond like carbon films in the visible and infrared regions. Infrared C-H absorption
spectrum was observed by FT-IR.
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1. Introduction Through this study, it is expected that a new
Woodceramics obtained by carbonizing woody character can be found for thin films which are not
materials, e.g., scrap wood, are new carbon materials found in bulk woodceramics.
recently developed for many industrial uses". We studied the electrical, physical, and optical
Therefore, the research on the properties of properties of woodceramics thin films, deposited by rf
woodceramics has been done for applications in various magnetron sputtering using a woodceramics disk and
fields, such as temperature sensors?, humidity sensors®, varying substrate temperature.
self-lubricating  materials¥, and  electromagnetic
shielding materials®. 2. Preparation of Woodceramics Thin Films
To date, all of the research is on the bulk Schematic diagram of deposition chamber used in
woodceramics, and few research on the properties of this work was shown in Figure 1. The deposition
thin films of woodceramics has been conducted thus far. conditions were presented in Table I.

Because the applications of woodceramics are
expanding, thin film technology is becoming
increasingly important, especially as films used for
sensors in electronic circuits, as the self-lubricating
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materials inside bearings and as optical materials.
) - : «Shield
Tablel. Sputtering condition for Woodceramics films Pure Argon Gas Heater
. . Substrate ?’l_' TSubstrate Holder
Target Woodceramics disk T ,
(Sintered at 1200°C) Woodceramics Target
Target diameter 100 mm
Sputtering gas Argon (99.99%) «Shield
Deposition pressure 5x10? Torr Target Holder
Substrate temperature 50-500°C .
Input power 20W I I
Substrate Pyrex, alumina 4 Exhaust
Target substrate distance 5cm
Sputtering time 20h Fig. 1 Schematic diagram of deposition chamber.
Film thickness 1.2-2.3 pm
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Woodceramics thin films were prepared by rf
magnetron sputtering of a bulk woodceramics target in
pure argon gas (99.99%) at about 5X10 Torr. The target
used -was sintered at 1200°C and was a disk 100 mm in
diameter and 10 mm thick. Films were deposited
varying substrate temperatures 50-500°C. Pyrex glass
and alumina sheets were used as substrates and placed at
5 cm above the target. Sputtering was done at 20 W rf
power for 20 hours, yielding woodceramics thin films
1.2-2.3 pm thick.

Film thickness was measured by scanning electron
microscopy (SEM) photograph of its cross section. Film
density was measured using a micro- balance, surface
area, and thickness before and after deposition.
Electrical resistivity at room temperature was measured
using an ultra high resistance meter after aluminum
electrodes 25 mm in width, 10mm in gap length was
deposited.. Optical properties were measured using a
double beam spectrophotometer. SEM and FT-IR were
used to analyze film microstructure.

3. Result and Discussion

We studied the relationship between substrate
temperature and deposition rate at 20 W input power
(Figure 2). At 50°C,, the deposition rate is about 2
nm/min and decreases with increasing temperature
reaching a value of 1 nm/min above 300°C,.

Figure 3 shows the mass density of films vs.
substrate temperature. At 50°C, films have a density of
1.9-22 g/em?®, which is comparable to that of single
crystal graphite reported to be 2.26 g/cm® and to that of
diamond like carbon (DLC) films prepared by dc
magnetron sputtering of graphite reported to be 2.1-2.2
gem® 9. At 100°C, density decreased sharply, to about
1.0 g/cm’,
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Fig. 2 The relationship between substrate
temperature and deposition rate at 20W input
PpOWer.
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Fig. 3 The mass density vs. substrate temperature.
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Fig. 4 Transmittance of Woodceramics film on Pyrex substrate under various
substrate temperature, film thickness is 1.2-2.3pum.
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Figure 4 shows the transmittance of woodceramics
films on Pyrex substrates. The transmittance decreases
with increasing substrate temperature. Typical DLC
films are transparent only in infrared region, but
woodceramics films are transparent both in the infrared
and visible region at low temperature. We plotted
absorption coefficient as a function of wave length with
substrate temperature as a parameter (Figure 35),
including plots for amorphous hydrogenated carbon (a-
C:H) prepared by rf plasma deposition from benzene
vapor reported to be low optical absorption” for
comparison.

Woodceramics films clearly have lower optical
absorption than that of a-C:H below 200°C. At 50°C the
absorption coefficient is an order of magnitude smaller
than that of a-C:H films fabricated from benzene at 700-
900 nm.

The film surface was smooth according to SEM
observation. Figure 6 shows results of FT-IR analysis.
Infrared C-H absorption spectrum® was observed at
2800-3000 cm™ in films deposited below 400°C. These
results show that woodceramics films are
hydrogenerated carbon not pure carbon and hydrogen
atoms are the origin of phenol resin impregnated with
woody materials before sintering. But the concentration
and structure are not clear.
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Fig.5 Absorption coefficient vs. wave length for

woodceramics films and typical DLC films (Ref.8)
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Fig. 6 Results of FT-IR analysis.
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Figure 7 shows the electrical resistivity at room
temperature vs. substrate temperature. Below 300°C,
resistivity is higher than 10" Qcm. This insulating
property is similar to that of typical DLC film. As the
temperature increases to about 500°C, the resistivity
decreases sharply to about 107 Qem.

4. Conclusion

New carbon thin films of woodceramics were
obtained by using rf magnetron sputtering of a bulk
woodceramics target in argon plasma. Film resistivity,
mass density, and transmittance depended on substrate
temperature. Films prepared below 300°C have good
insulating properties. Resistivity exceeds 10" Qcm. At
50°C, films density is 1.9-2.2 g/cm® comparable to that
of single crystal graphite and DLC.

The new carbon films have high transmittance in
both infrared and visible regions. Films deposited at
50°C have the lowest optical absorption and the
absorption coefficient is an order of magnitude smaller
than that of a-C:H films fabricated from benzene at 700-
900 nm. Films have C-H bonds. Hydrogen atoms are the
origin of phenol resin.

The demonstrated high transparency from visible to
infrared makes new carbon coatings attractive for optical
applications, e.g., HF and DF lasers.
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"Fig. 7  Electrical resistivity at room
temperature vs. substrate temperature.
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