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Abstract

In this work we show the option for gelting thin
diamond films using a technique assisted by surface wave
guide microwave discharge, where the generated plasma
is out of the resonant cavity. This technique itself has been
demonsirated to be a powerful one for basic investigation
and also for many applications. The advaniages of the
microwave surface guide discharges compared with the
conventional microwave are the plasma shell formation,
low comtamination  allowing diamond growth out of
plasma region and the energy density inside the plasma
shell that was around 30% higher than inside the
conventional bell jar plasma,

The present paper provides the results of the
paramelric study of the diamond quality films as well as of
the incident microwave power, internal pressure of the
reactor, substrate position and substrate temperature.
Deposition of adherent and siress free CVD diamond films
with very low grain size was obtained on silicon and
quariz. The main techniques used for characterization of
the films were Raman Speciroscopy and Scanning Eleciron
Microscopy.

1. Introduction

Conventional microwave systems can operate in
2.45 GHz for diamond growth, but also, at smaller or
larger [requency [1]. Nowadays, 2.45 GHz is one of the
most commonly used [requencics in plasma applications.
The reasons for that are: a) it is the frequency authorized in
all countrics by lntermational Telecommunication Union
(ITU) for Industrial, Scicntilic and Medical Applications;
b) it has been investigated in many laboratories as carly as
the 1950s. and it has shown clficient microwave power
dealing to high density plasmas, and ¢) more recealtly, the
advent of low cost 2.45 GHz magnetrons for domestic use
(microwavce oven, 500-1500 W) contributed Lo disscminate
dilfcrent plasma processing equipment.

Surface wave can propagate in the interface
between the gencrated plasma column and its surrounding
diclectric  tube. It has been studied and lested
experimentally since the 1960s. In the 1970s, the inlerest
in such waves, shifted to their conventional uses, have
been hardly studied by Moisan et al [2], introducing (he
first simple, compact and cflicient surface wave launcher
for generation of long plasma columns at microwave
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frequency, the Surfatron [3], The propertics of the wave
sustaining such plasma columins were then investigated by
Moisan et al |2] who measured its dispersion and
atlenuation characteristics. Borges et al used an improved
Surfatron system operating at 2.45 GHz, in 1995, with a
non-conventional configuration, the surface wave chemical
vapor deposition (SWCVD) system (o obtain plasma with
hemispheric forms for diamond deposition [4], In 1996,
Trava-Airoldi et al obtained diwmond thin films of high
optical transparency in the spectral region [rom ultraviolet
up lo infrared, also using (he Surfatron systemi with
frequency of 2.45 GHz. [5]. Also, very low roughness
diamond [ilm has been obtained using (he Surlatron
system [6]. Some advantages of such new plasma reactor
compared with the conventional can be remarked [7]: a)
the generaled plasma is complelely oulside of 2 resonant
cavity. providing beitter conditions for ™ in silu™ diagnosis;
b) there is an increment of about 30% of the power density
in the plasma shell for a given incident microwiave power,
This gives a higher deposition rate and low surface
roughness. and ¢) [Mexibility in adjusting the distance
between the susceptor and the plasma hemisphere. The
occurrence  of discharge oulside a resonant  cavity
climinates most of the interactions of Uie substrate with the
cavily and also the power densily inside the plasma shell
of the SWCVD is higher than the power densily in
conventional microwave discharge as has been described.

Surfatron fundamental studics and its applications
have been object of intense investigation and there is a
greal perspective for the CVD diamond deposition
techiology, This is the newest diamond deposilion
technique and for this recason we belicved that the SWCVD
deserve special attention, In this work. this technique ltas
been used from 0,6 to 3.5 kW ol microwave power. The
grown diamond [lilms have good quality, high adherence
and very low roughness.

2. Experimental Set up

A schematic configuration of the  Surfatron
svstem is shown in Fig, 1. Basically the surfaguide set is
composed of the launcher and two coaxial diclectric tubes.
The external wibe is made of pyrex and uscd as an external
wall  jackel for fowing the cooling lLiquid, the
dimetylpolisiloxanc (DMPS). DMPS is transparent to the
2.45 GHz microwave wavelength. The inner tube, made of




quartz, is the internal wall jacket and it works as the
dielectric tube of the surface wave-guide. The quartz tubc,
out of the launcher region has a slightly incrcasing cross-
section that ends with an abrupt transition. This finishes
the surface wave propagation and crcate a hemispherical
plasma shell. The plasma shell thickness is around fow
millimeters, uniform and has high encrgy density.

The substrate is placed close to hemispherical
plasma shell. The susceptor arca, made ol molybdenum, is
around 20 cm®. An optical pyrometer placed on the top of
the quartz tubc was used for measuring the substratc
lemperature.
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Figure 1: Schematic diagram of a SWCVD reactor for
CVD diamond

3.Results and Discussion

One of the parameters for surface wave
propagation is the oscillation mode (m=0). that assists the
best energy transfer process from the wave launcher Lo the
excited wave. This mode was obtained by tuning the
coaxial and wave-guide plunger.

Another parameter is the behavior of the reflected
power as a function of the incident power. It was made a
piot of this dependence for an incident power up to 5.5
kW, as is shown in Fig.2. For incident power until 2.0 kW
was obscrved that the reflected power increascs, then it
deereases lo acceptable ratio of 2.3% for (o the incident
power of 5.5 kW.
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Figure 2: The dependence of incident and reflected
microwave power

In this work, the experiments focused the scarch
for diamond films of small grain size, good qualily and
high nucleation rate, duc to ils importance for the
applications in optical and tribology arcas.

First of all, two diffcrent substrales were
prepared: quarle and silicon, They were kept for one hour
in ultrasound bath using 0.25 pm diamond powder
dispersed in hexane solvent. Afler that, the samples were
cleaned in ultrasound with waler and acctone bath for
more 5 minuics,

The parameters used for diamond growth in (he
initial studics were 1.0% vol. of methane in hydrogen, 100
scem total fow rate, substrate temperature kept constant at
850°C, growth time about 1 hour, incident microwave
power of 2.5 kW and inside reactor pressure of 40 torr.

Figures 3.a and 3.b show the clectron scanning
micrography and Raman spectrum of a diamond thin film
deposited on quartz and Figd.a and 4.b, the same for
diamond [ilm on silicon. The grain size is quite small and
the quality of the flm is very good, for both substrates.
The Raman spectra show the presence of diamond peak at
1332 cm™ and non-diamond carbon phase peak around
1550 em™.

Considering that the surfatron system is being
investigated for the first time at high incident microwave
power (up lo 6.0 kW), preliminary data aboul olher
behavior of the diamond growth parameters are studicd.
These parameters arc substrale (ecmperature, distance
between substrate and plasma shell, microwave power and
pressure inside the reactor. Grain size, quality of the
diamond film and nucleation ratc were mcasured for
incident microwave power higher than 1.5 kW,
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Figure 3. (a) Scanning EClectron Microscopy and (b)
Raman Spectrum for diamond on quirtz.

The substrate  lemperature s a  important
paramcter |8] and was investigated as a function of the
distance between the substrate and the plasma shell, as
shown in the Fig.5. The surfatron is provided with a
system that allows moving the susceptor in relation to the
plasma shell. Keeping the incident microwave power at 5.0
kW and the pressure [ixed in 40 torr it was obscrved that
there is a lincar dependence of substrate temperature with
distance between the substrale and the plasma shell. The
position O mm corresponds (o the shell in contact with the
substrate and the negative distance valucs mecans that there
is an overlapping between them. 1t was identified that in
order 1o get the 850 “C diamond growth tcmperature, the
distance between substrate and the plasma shell is around
0.5 mm.
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Figure 4. (a) Scanning Electron Microscopy and (b)
Raman Spectrum for diamond on silicon
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Figurc 5. Substrale temperature as a function ol the
distance belween the substrate and the plasma
shell keeping the incident microwave at 5.0 kW,
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The other parameter studied was (he nucleation
ratc as a function of the pressurce inside the reactor and
incident power, as shown in Fig.6. This measure was done
counling grains number in the specific arca of micrography
and diamond growth time was 1 hour. We conclude that,
the nucleation rate increases for higher incident microwave
power, duc to the increasc of the plasma shell energy. This
dependence shows the necessity of choosing a sct of
paramclers to be cmployed in order to get the best situation
for diamond growth and good results in terms of roughness
and grain size.
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Figure 6: Dependence of the diamond nucleation rate as a
function of the incident microwave power in
different pressures.

Figure 7 shows the electron  scanning
micrography of diamond thin film on silicon surface,
considering three different scets of diamond growth
paramelers. Keeping the pressure close to 30 lorr and
varying incident microwave power from 13 kW to 3.5
kW. It was obscrved that there is a significant changing in
termis of grain size for higher power. Films grown at
higher power presented smallest grain size. As we can scc
it is apparent a mixing of (111) and (100) diamond faces
for low and high power and at inteninediary power is more
apparent the (111) face,

—— 500 nm

Figure 7. Scanning Elcctron Microscopy analysis for (hree
different inciden! microwave power, a) 1.5 kW,
b) 2.5 kW and ¢) 3.5 kW




4-Conclusion

The uscs ol "Surfatron" to obtain Diamond films
with very small grain size and high nucleation rates, has
shown quite promising. Although, it is still in initial phasc
of operation and identification of the best growth
parametcrs, it is apparent the polential of this lechnique. It
was obtained grain sizes under 200 nm, and the strong
influence of the studied paraielers in the quality and grain
sizc of the film was confirmed.

The incident microwave power was explored up
to 5.5 kW for identification of reactor’s parameters, and up
to 3.5 kW for diamond growth. The nucleation ratc was
examined as a function of the microwave power and the
conclusion is that high nucleation rale lead to very small
grain size.

It is necessary an intense work to explore the
variation of the deposilion parameters, such as, methane
concentration, incident microwave power, temperature of
the susceptor, pressurc and the distance between the
plasma shell and the susceptor. Also, we will intensify the
studies of the cooling liquid system in order to work at 5.5
kW of incident microwave power for a long time, this is
necessary to obtain good quality and very thin diamond
films,
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