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The 4th Group Theme:Study on Free Radicals in Plasma Process .

Studies on Measurements of Radicals in the Gas Phase
Using Spectroscopic Techniques
Report on the results obtained during the 1993~1995 Fiscal Years

Toshio Goto
Akihiro Kono, Masaru Hori and Masafumi Ito, Mineo leamatsu
Fuculty of Engineering, Nagoya University

Abstract

Research Results '

In 1993-1995 fiscal years, the proposed research programs have been almost achieved.

The outlines of the obtained results are as follows. These results have been published in 39
papers, 45 presentations in international conferences and 162 presentations in domestic
conferences.

(1)Using infrared laser diode absorption spectroscopy (IRLAS), the CF, CF2 and CF3 radical
densities in the etching process employing RF discharge CF4 and CHF3 plasma and ECR
discharge CF4, C2Fs, CaFg and CHF3 plasmas werc measured for the first time and the
behaviors of these radicals in the plasmas were clarified.

(2)The ratios of the CF, CF2 and CF3 radical densities in ECR discharge CHF3 plasma were
successfully controlled by on-off plasma modulation technique. Furthermore, it was
‘elucidated that the CF2 radical contributed to the growth of polymer films in the high precision
etohing'process on the basis of measured results of these radical densities, fluorocarbon
polymer deposition rate and the film composition.

(3)A new technique was developed for injecting the CF2 radical into downstream region of ECR
plasma . By this technique, it was clarified that CF2 radical was the important precursor for
fluorocarbon film formation with the assistance of surface activation by plasma exposure, and
that the carbon-rich film played an important role in the high etching selectivity of SiO2/Si.

(4)The CH3 radical density in RF discharge CH4/Xe plasma was found to increase with Xe
dilution and the mechanism of the increase in the CH3 radical density was made clear. It was
elucidated that the CH3 radical was one of the most important precursors in the formation of
carbon film through the investigation of the relation between the CH3 radical density and the
deposition rate of carbon film in the plasma.

(5)Using IRLAS and UV absorption spectroscopy, the SiH3 and Si radicals in ECR discharge
SiH4/H2 plasma were measured for the first time and it was found that the behavior of
these radicals in ECR discharge plasma was different from that in RF discharge plasma.

(6) Using laser induced fluorescence spectroscopy combined with the on-off plasma modulation
(MLIF), the SiH2 radical in RF discharge SiH4 plasma was successfully measured and the
behaviors of the SiH2 and SiH3 radicals were systematically studied in RF discharge SiH4
plasmas with Xe, Ar, He, and H2 dilution gases. Furthermore, the reaction of SiH and SiH2
radicals with SiH4 was shown to be three body reaction in a low pressure range below 1Torr
and the rate constants of these reaction were determined.

(7)The new process, where the H and OH radicals generated in the microwave discharge H2 and
H20 plasmas, respectively, was preferentially injected into the parallel plate RF discharge
CH30H plasma, was developed for  the synthesis of diamond film. Using this process,
diamond film was successfully synthesized for the flrst time in the parallel plate RF discharge
plasma.
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1. Introduction

In the microelectronics field, plasma process has been a basis technology for deposition or
etching of materials. In this process, neutral radicals produced in the plasma arrive at the substrate
through reactive collisions with elcctrons, ions and other radicals, and react with the solid surface.
Therefore, in order to develop such a plasma process, 1t is indispensable to obtain information about
the behavior of radicals in the gas phase and on the solid surface. ’

The purpose of this research is to measure various kinds of key radicals for the deposition and

etching plasma processes, to clarify. the behavior of these radicals in the gas phase using spectroscopic
techniques and furthermore to mvestlgate the correlation between the behavior of these radlcals and
the characteristics of deposition film and etching in the plasma processing.
In this study, usmg IRLAS  (Infrared Diode Laser Absorption Spectroscopy) , we have measured
for the first time fluorocarbon radicals such as CFx (x:1-3) systematically in RF CF4 and CHF3
plasmas and ECR CF4, CHF3, C2Fs and C4Fs plasmas. The kinetics of these radicals in the gas phase
and surface have been also investigated. By'on-off modulation of ECR CHF3 plasma, it was found
that the ratio of the CF and CF2 radical densities to the CF3 radical and/or F atom densities has been
successfully controlled. On the basis of measured results of CFx (x : 1-3) radical densities in the
ECR CHF3 and CHF3/H2 plasmas, the polymer deposition rates on Si and SiO2 surfaces, and the
composition of these polymer films, the important precursors for the growth of polymer films in the
ECR CHF3 and CHF3/H2 plasmas have been discussed.

Moreover, a new radical injection technique (RIT) has been developed for clarifying the
important radical in the plasma etching process. Using the RIT, the surface reactions of CF2 radicals
injected selectively into the plasma have been investigated and the role of CF2 radicals in the
fluorocarbon film formation for the highly selective SiOz2 etching process has been clarified. -

In the case of the deposition process of amorphous silicon (a-Si:H) films, the measurement
technique of SiH2 radical density in the plasma has been developed using MLIF (Modified Laser
Induced Fluorescence Spectroscopy) . The behavior of SiHx (x :0-3) radicals has been investigated
in RF SiH4 plasma with dilution gases (Xe, Ar, He, and H2) and ECR SiH4/H2 plasma using IRLAS,
MLIF, and ultraviolet absorption spectroscopy (UVAS) . Furthermore, from the decay rate of
SiH2 and SiH densities in the afterglow of RF SiH4/Ar and SiH4/He discharge, the rate constants for
the reactions of SiH2 and SiH radical with SiH4 have been determined for the first time at pressures
below 1Torr.

In the diamond and amorphous carbon film formation processes, the CH3 radical densities in
RF CH4 and CH30OH plasmas and ECR CH4 and CH30H plasmas have been measured and the
contribution of the CH3 radical to the film properties has been discussed. Diamond- films have been
successfully synthesized for the first time using a parallel-plate RF CH30H plasma assisted by
injection of H and OH radicals . The roles of H and OH radicals in the formation of diamond films
have been discussed.

2. Experimental
The measurements of radicals were performed in the RF and ECR discharge plasma experiment

systems. A typical RF discharge plasma chamber was used here. It had plane parallel electrodes of
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20cm diameter, 3cm separation, and the on-off modulated RF (13. 56MHz) power was fed to the
electrode [1] . The ECR plasma experiment system consisted of a plasma chamber and a process
chamber [2] . The ECR plasma was produced in the ECR region (2.45GHz microwave, 875G
resonance magnetic field) . The plasma was directed in the divergent magnetic field to the process
chamber. A substrate plate of 20 cm diameter was placed at an axial position of 22 cm downstream
from the plasma chamber. White type multi-reflection system was fitted to the plasma chamber in
order to obtain a larger absorption signal by increasing the absorption length in the absorption
spectroscopic technique.

IRLAS [2] was used for the measurements of the SiH3 radical density in RF and ECR SiH4
plasmas, the CH3 radical density in RF CH4 and CH30H plasmas and ECR CH4 and CH30H plasmas,
and the CFx (x : 1-3) radical densities in RF and ECR plasmas. The laser beam was introduced into
the plasmas and absorbed partly there with the aid of the White type multi-reflection system. The
radical absorption signal in the selected infrared rovibrational transition line was measured with the
HgCdTe detector and transient wave memory. UVAS using a ring laser and a hollow cathode lamp
was applied to the measurement of Si atom density in the RF and ECR plasmas, respectively.

In the radical injection techniq_ué, a new source for injecting CF2 radical was attached to the
side wall of the ECR plasma chamber described above. Ar or H2/Ar mixture gas was introduced
from the top of the ECR source. The cylindrical tube of diameter 1.3cm was sct at the boundary
between the plasma and process chambers to prevent hexafluoropropyleneoxide (HFPO) from being
dissociated by electron impact in the ECR plasma region. This allowed CF2 radical to be injected
into the ECR Ar and H2/Ar downstream plasmas region.

" The SiH2 radical density in the RF SiH4 plasma was measured by MLIF. In this technique, a
LIE method combined with the plasma modulation and photon counting technique was used. The
absolute density of SiH2 radical was derived from the comparison of the saturated LIF intensity with
the Rayleigh scattering intensity from a known pressure of N2.

Diamond film was synthesized using a parallel-plate RF CH3OH plasma assisted by injection
of H and OH radicals generated by the microwave H2 and /or H20 plasma.

The characteristics of fluorocarbon films deposited on the substrates were investigated using
X-ray photoelectron spectroscopy (XPS) and Fourier transform infrared spectroscopy (FTIR) .
The diamond films were characterized by scanning electron microscopy (SEM) , X-ray diffraction
(XRD) and reflection high-energy electron diffraction (RHEED) . |

3. Behaviors of CF, CF2 and CF3 Radical Densities in RF CF4, CHF3, ECR CHF3 and
C4Fs Etching Plasmas |

In RF CF4 and CHF3 etching plasmas, the measurements of CFx (x : 1-3) radical densities
have been performed as a function of the input RF power, the CF4 and CHF3 gas pressure and the
distance from the electrodes. The absolute density of CF2 radical was estimated to be of the order of
102 cm? and 10" cm™ in CF4 and CHF3 plasma, respectively, the CF radical density in CF4 plasma
and the CF and CF3 radical densities in CHF3 plasmas were estimated to be of the order of 10"
cm? at a gas pressure of 30Pa, input power of 100W (O.48W/cm2) , and distance of 2.0 cm above
the ground electrode. '
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Using the balance equation of production and loss processes on the basis of the measured
results, the behaviors of CFx radicals were clarified. In RF CF4 plasma, the variation of CF and CF2
radical densities are explained well from the production by electron-impact dissociation of CF4 and
the loss by wall removal. In RF CHF3 plasma, however, the radical kinetics becomes different from
that in CF4 plasma mainly due to the formation of fluorocarbon film on the electrode surface, which
brings about the reduction of surface loss probablhty of CFx (x:1-3) radicals and the production of
radicals by chemical sputtering (CF) or by neutralization of incident positive ion on the electrodes
(CF3) .

The influence of ﬂuorocarbon formation on CFx (x :1-3) radicals was observed in the discharge
duration dependence of CFx (x : 1-3) radical densities measured in RF CHE3 plasma at various
CHEF pressures. Figure 1 shows the discharge duration dependence of CEx (x : 1-3) radical densities
in RF CHF3 plasma at 8Pa and input power of 100W. It was found that the CF and CF3 densities in
the plasma increased for 20 minutes until the electrode surface is covered with the fluorocarbon film
of 30nm in thickness, while the slow increase in CF2 density over an hour is due to the gradual
change of chamber wall condition with the fluorocarbon film formation at a slow rate.

In high density etching plasmas, CF4, C2Fs and C4F%s gases and the mixtures of these gases
with H2 gas have been comménly employed for ctching SiO2. The CFx  (x : 1-3) radical densities in
ECR CF4, C2Fs and C4F3 plasmas have been systematically measured at 25 cm downstream lower
from the ECR region. In the C4Fs plasma, CF2 radical density was found to be of the order of
10¥cm™ at microwave powers below 300W and decreases to be of the order of 10%cm? with further
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Fig.1. Discharge duration dependence of
CFx(x=1-3) radical densities in RF CHF3
plasma at 8 Pa and 100W.

~ Fig.2. CFx(x=1-3) radical densities in CF4,
C2Fs and C4Fs plasmas as a function of
C/F ratios of feed gases at 0.4 Pa and 100W.
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increase of microwave power at 0.4Pa. CF and CF3 radical densities were estimated to be of the
order of 10''¢m?and 10" cm™, reépectively at above conditions. It is noteworthy that CF2 radical
density in C4F8 ECR plasma is considerably high compared to CF and CF3 radical densities at
microwave powers below 300W. : .

Figure 2 summarizes CFx (x : 1-3) radical densities in CFa, C2Fs6 and C4Fs plasmas as a
function of carbon/fluorine (C/F) ratios of feed gases at 0.4Pa and 100W. The CF and CF2 radical
densities increased exponetially with decrease in C/F ratio. This fact suggests that composition of
CFx radicals in fluorocarbon plasma is strongly affected by C/F ratio of feed gases.

4. Control of CF, CF2 Radical Densities to CF3 Radical Density in ECR CHF3
Etching Plasmas by On-Off Modulation ‘

Figure 3 shows the dependences of CFx (x : 1-3) radical densities on the duty ratio at a CHF3
pressure of 0.4 Pa and microwave on-power of 300 W. The CF, CF2 and CF3 radical densities were
normalized to unity at an on-period of 15ms. In the case of ECR CHF3 plasma, the absolute density
of CF radical was estimated to be of the order of 1x10'2 cm™* and those of both CF2 and CF3 radicals
were estimated to be of the order of 10'* cm™. It was observed clearly in Fig.3 that the ratio of CF and
CF2 radical densities to CF3 radical density was controlled by varying the on-off period in ECR
CHF3 plasma. ' |

Figure 4 shows the dependences of the deposition rates for Si and SiO2 surfaces on the duty
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Fig.3. The dependences of CFx radical densities Fig.4. The dependences of deposition rates
on the duty ratio at 300W in the pulse cycle'of on the duty ratio at 50, 300 and 600W -
100ms ' in the pulse cycle of 100ms.
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ratio at the CHF3 pressure of 0.4Pa and microwave power of 50, 300, and 600W. The deposition
rate was obtained by dividing the polymer thickness by the plasma duration of the on-period. From
Fig.4, the deposion rates of polymer films were found to be controlled by varying the on-off period
as well as CF and CF2 radical densitics. On the basis of the behaviors of CF and CF2 radicals, the
deposition rates, and supplementary XPS analysis of the composition of polymer films, it was
elucidated that the CF2 radical contribited to the growth of poly.mer films. Furthermore, the etching
selectivity of Si02/Si was found to decrease gradually with increasing the duty ratio in supplying the
if bias to the substrate plate. Thus, the on-off modulated plasma technique enabled us to control the

CFx radical densities, polymer deposition rates, and SiOz2/Si etching selectivity.

5. Effect on radical densities in CHF3/H2 ECR plasma by the change in composition
of films deposited on the chamber wall

Figure 5 shows CF and CF2 radical densities (after pure CHF3 plasma exposure and CHF3/H2
(50%) plasma exposure) as a function of H2 partial pressure at the duty ratio of 15%, the microwave
power of 300W and CHF?3 pressure of 0.4 Pa. In the case of pure CHF3 plasma exposure pretreatment,
CF radical density increased rapidly and then decreased with the increase in H2 pressure while CF2
radical density decreased monotonically. Therefore, although the CF2 radical dénsity is five times as
high as the CF radical density in the pure CHF3 plasma, the CF radical density becomes even higher
than the CF2 radical density at H2 pressures above 0.02Pa.

The dominant precursor of the polymer film formation in the pure CHF3 plasma is believed to
be the CF2 radical. However, it is expected from the

result shown in Fig.5 that the contribution of the CF 5 U T '
O CF2 (After pure CHF3

plasma exposure) ]|

radical to the polymer film formation increased rapidly
with the increase in H2 pressure and the CF radical '
4 @ CF (After pure CHF3 -~

became the dominant precursor of the polymer film
plasma exposure)

A CF(After CHF3/H2(50%)
plasma exposure)

formation.

In the case of CHF3 /H2 (50%) plasma exposure
pretreatment, the behavior of CF radical was consider-
ably different from that after the pure CHF3 plasma
exposure pretreatment. The CF radical density
decreased gradually increasing Hz partial pressures.
With regard to the CF2 and CF3 radicals, it was
observed that these radical densities were not affected

CF,CF2 Radical Density (a.u.)

by the different pretreatments.

Furthermore, a small amount of Ar gas was added

into the plasma and the Ar emission intensities were 0

0.2 04 . 0.6

meaured to obtain information on the electron density » 0 )
‘ H2 Partial Pressure ( Pa)

and temperature in the plasma, These intensities were

not sensitive to the variation of plasma exposure Fig.5. CF and CF2 radical densities as a
pretreatment. function of Hz partial pressure.

From these results and XPS analysis of the films
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deposited on the chamber wall, it was clarified that the surface loss probability of CF radical on
fluorocarbon films deposited on the wall was dependent on the F/C ratio of the films,

6. Control and qualification of precursor in SiO2 high selective etching employing
radical injection technique .

In a radical injection technique, CF2 radical was selectively formed from a pyrolysis of
HFPO in a resistiveiy heated 1/8 in. stainless-steel tube. The heated HFPO gas pressure and flow
rate were 0.67Pa and 10sccm, respectively. The CF2 radical density was estimated to be about
1x108cm? at the inner wall temperature of 900K while the CF and CF3 radical densities were on the
order of 10"cm™ or less, respectively, which was negligibly small compared with the CF2 radical
density. The CF2 radical was injected into the ECR downstream plasma region through the tube and
the CF2 radical density was fixed at about 1x10"%cm™. Ar or H2/Ar gascs was employed as source
gases of the ECR plasma. In the ECR Ar plasma, the Ar pressure and flow rate were 0.8Pa and 14
sccm, respectively. In the H2/Ar plasma, the H2 pressure and flow rate were 0.26Pa and 10sccm,
respectively, and the Ar pressure and flow rate were (.4Pa and 7sccm, respectively. The electron
density and temperature were estimated to be on the order of 10%cm™ and about 2eV, respectively,
from the probe measurement, in ECR Ar downstream plasma at the Ar pressure of 0.8Pa and the
microwave power of 800W. The fluorocarbon film was formed negligibly without plasma exposure,
and the depo\siﬁon rates increased linearly with the microwave power in the Ar and H2/Ar plasmas
although the injected CF2 radical density was fixed. It was suggested that fluorocarbon film formation
occurred due to the reaction of CF and CF2 radicals with the surface activated by ion bombardment.

Figure 6 shows the etching rates of Si and — T T

Si0z2 as a function of bias voltage to the substrate 1 /. Si02 5102_
at the microwave power of 800W in the ECR 30 k / (2.6) -
Ar and H2/Ar downstream plasmas with CF2

radical injection. In the ECR Ar plasma, the - (2.8 i
fluorine-rich (F/C=1.5) fluorocarbon films 20 L / Ar Plasma i

were formed on the Si and SiO2 surfaces at bias
voltages up to -30V. The Si02/Si etching
selectivity did not change with bias voltage. On
the contrary, in the ECR H2/Ar plasma where
the carbon-rich (F/C=0.4) fluorocarbon films
were formed, Si was not etched while the Si02
was etched at bias voltage of -400V. Thus, it
was clarified that CF2 radical was the important

Etching Rate (nm/min)

precursor for fluorocarbon film formation and 0o 2200 400
the carbon-rich film played an important role in Bias Voltage (V)

high etchi ivity. . . .
tigh etching selectivity * Fig.6. Etching rates of Si and SiO2 as a function

of the bias voltage in the ECR downstream
plasmas with CF2 radical injection.
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7. Effect of Xe Dilution on CH3 Radical Density and Correlation between CH3 Radical
Density and Carbon Thin-Film Formation in REF CH4 Plasma ‘

We have successfully measured the CH3 radical densities in CHa/rare gases (Xe, Kr, Ar, Ne
and He) plasmas and investigated systematically the behavior of CH3 radical for dilution gases.

Figure 7 shows the Xe partial pressure dependence of the CH3 radical density and the
excited Xe* atom densities in the lowest metastable state *P, and the resonance state 3P1- The absolute
CH3 radical density was about 10'2cm™ at a CH4 pressure of 7Pa and input power of 260W (0.83W/
cm?) . It was found that the CH3 radical density increased with increasing partial pressure of Xe. In
order to investigate the mechanism of increase in the CH3 radical density, Xe* (°P, and*P) atom
densities were also measured through the absorption spectroscopy using a Xe hollow cathode lamp.
These densities were of the order of 108 cm™® and increased with increasing Xe partial pressure as
shown in Fig.7. The effect of Xe* atoms on the CH3 radical density was investigated quantitatively
and thus it was indicated that the increase in the CH3 radical density in CH3/Xe plasma was mainly
caused by the collisions of Xe" atoms with CH4 molecules.

Furthermore, the correlation between the CH3 radical density and the deposition rate of carbon
thin film was investigated with controlling CH3 radical density in RF CH4/Xe plasma and the CH3
radical was found to be one of the most important precursors in carbon thin film formation.

8. Measurements of Si and SiH3 Radical Densities in ECR SiH4 Plasma

|Pigure 7 shows the Si atom and SiF3 radical densities in ECR SiH4 (50%) /H2 plasma as a
function of the microwave power at a total pressure of 1.3Pa. The SiH3 radical density increases
rapidly up to 100W and amounts to 1:3x10"%m™, As the microwave power increases more, it becomes
almost saturated.
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Fig.7. Xe pressure dependence of CH3 radical Fig.8. Si and SiH3 radical densities as a
density and Xe*(*P2 and 3P1) atom densities function of microwave power in ECR
in CH4/Xe plasma. ‘ SiH4(50%)/Hz.
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On the other hand, the Si (3p* “P,) atom density increases slightly more than linearly with
increasing in the microwave power and the density was estimated to be 3.6x10°cm™ at a microwave
power of 400W. The SiH3 radical density in the ECR plasma was smaller by about one order of
magnitude than that in the RF plasma, while the Si atom density in the ECR plasma was larger by
one order of magnitude than that in the RF plasma. These results suggest that Si atom plays an
} important role for the film formation in the ECR SiH4/H2 plasma.

9. Sil2 and SiH3 Radical Densities in RF SiH4 Plasma with Xe, Ar, He and H2 Dilution
Gases :
The SiH2 and SiH3 radical densities have been measured using MLIF andvIRLAS, respectively,
in a parallel plate RF SiH4 as a function of SiH4 fraction for Xe/, Ar/, He/, and H2/SiH4 plasmas.
Figure 9 summarizes the effcct of four kinds of dilution gases on the SiH2 radical density at
a pressure of 5.3 Pa and RF power of 40W in RF SiH4 plasmas with Xe, Ar, He and H2 dilution

gases, v r r T [ v 1 Tt T 7T 1
The SiH2 radical density was estimated to be — ' @ Xe
of the order of 10° cm™. The SiH2 radical density ~ |- 0
increased greatly with the increase in the Ar and g +
Xe mixing ratios. The SiH3 radical density in was % 10 O
also estimated to be of the order of 10'' cm™ ata E, -
pressure of 4Pa and RF power of 200W inRF SiH4 & [~
plasmas with Xe, Ar, He and.H2 dilution gases. a B
On the basis of the behaviors of SiH2 and SiH3 E_ n
radical densities for dilution gas ratios, it was made n v
clear that in highly diluted SiH4/Xe and SiH4/Ar | ;L I SR ——
mixtures, the productibn of SiH2 and SiH3 radicals 0 0.5 1

. . . SiH4 FEraction
via energy transfer from metastable Xe" and Ar

Fig.9. SiH2 radical density as a function

. S _ of SiH4 fraction in Xe, Ar, He and H2
impact dissociation of SiH4. in 40W and 40mTorr.

atoms to SiH4 was important over direct electron

10. Rate Constants for the Reactions of SiH2 and SiH Radicals with SiH4 _

The rate constants of SiH2+SiH4 and SiH+SiH4 reactions have been measured in low pressures
below 1Torr where a-Si : H films are usually synfhesized. These rate constants were evaluated from
the decay waveforms of the SiH2 and SiH radical densities in the afterglow of SiH4/Ar and SiH4/He
plasmas.

Figure 10 shows the pressure dependence of the SiH2+SiH4 reaction rate constant using Ar
and He dilution gas. The rate constants obtained using Ar and He dilution gases decreased with
desreasing total pressure. The results indicate that under low-pressure conditions below 1Torr, the
three-body reaction that SiH2 + Sill4 — Si2Hp is the dominant reaction pathway. The rate constant
of the SiH+SiH4 reaction was estimated in the same manner. It also decrcased with decreasing total
gas pressure. The dominant reaction channel of SiH is the three-body reaction, SiH+ SiH4 — Si2Hs.
Therefore, in the RF-SiH4 plasma process, the insertion reactions producing Si2He and Si2lls,
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respectively are the important reaction channels even in the low pressure condition of RF-SiH4

plasma process.

11. Synthesis of Diamond Using CH30H Plasma CVD Assisted by H and OH Radical
Injection = . _

Diamond was synthesized successfully for the first time using a parallel plate RF CH30H
plasma CVD system assisted by the injection of H and/or OH radicals generated in the microwave
discharge H2 or H20/H2 plasma. Figures 11 (a) and (b) show SEM images of the surface
morphology of the films deposited at a substrate temperature of 600°C, RF power of 100W, pressures
of CH30H/H2 : 0.66Pa/13Pa and CH30H/H2/H20 : 0.67/3.3/9.3Pa, with injections of H and OH
radicals, respectively. With the injection of H radicals, diamond nuclei with grain size of 200-300nm
‘were observed, while only the non-diamond phases like ball with 20-50nm in size were observed
without H radical injection. It was confirmed that the difficulty in the diamond formation using a
parallel plate RF plasma CVD reactor was caused by the insufficient dissociation of H2 molecules.
In the case of OH radical injection, the well-defined diamond grains were observed over the whole
area of deposited film.
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Fig.10. Pressure dependence of SiH2+SiH4 Fig.11. SEM images of the surface on
reaction rate constants in RF SiH4 diluted deposited films: (a) H radical injection
using Ar and He. . and (b) OH radical injection.
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