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Abstract

BN films were grown on silicon (100) substrate by magnetically enhanced activated re-
active evaporation (ME-ARE) with pulsed DC power instead of r.f. for substrate biasing.
The deposited films were analyzed using Fourier transform infrared spectroscopy (FTIR)
and transmission electron microscopy (TEM). FTIR results show that the intensity of
absorption band of sp’ bond of BN decreased and that of sp® bond of ¢-BN increased with
increasing pulsed DC bias voltage applied to substrate. The initially grown layer at the
interface was observed by TEM and considered to be of sp>-bonded BN. The cross-section-
al and planar TEM micrographs show that the upper layer on the initial layer was the
single phase c-BN. It is concluded that cubic boron nitride films could be synthesized by

ME-ARE process with pulsed DC biasing.
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1. INTRODUCTION

Cubic boron nitride (c-BN) has a promising
potential as coatings for cutting tools, optics,
and electronic devices etc. because of its unique
properties comparable to those of diamond. Suc-
cessful synthesis of BN films with a high content
(> 85%) of the cubic phase has been reported
by many different deposition processes including

an ion-assisted electron-beam evaporation refe-

rred to as “ion plating’ "~®. For the synthesis of
BN films with a high content of ¢-BN, the ener-
getic—particle (mainly ion) bombardment during
film growth is necessary. In general, r.f. power
has been employed to accelerate ions -to the
growing film in ion-assisted electron-beam evap-
oration®®. In this study, c-BN films were depos-
ited by magnetically enhanced activated reactive
evaporation technique. Pulsed DC power instead

of r.f. for substrate biasing was used.
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2. EXPERIMENTAL

The synthesis of BN films was performed
through activated reactive evaporation of boron
vapor and nitrogen ion in ME-ARE system il-
lustrated in Fig. 1. 99.9% pure metal boron was

used as the evaporation source material. The

plasma discharge of argon and nitrogen gases
introduced into the reaction chamber was gener-
ated between the hot filament cathode and the
auxiliary anode with positive potential. Parallel
magnetic field induced by a pair of magnets in-
tensified the generated plasma.

The substrates used in this study were (100)
single crystal silicon. The substrates were
cleaned by dipping in 10% HF for five minute.
After evacuating the chamber down to a base
pressure of 5X10~%orr, a processing pressure
of 4Xx 107 *torr was maintained during the depo-
sition. The substrate was heated by the graphite
heater. The substrate temperature was measu-
red with a thermocouple placed on the backside
of the substrate holder. An additional pulsed DC
power for biasing was applied to the substrate

to grow cubic BN films. The deposition of BN
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Fig. 1 Schematic of the magnetically enhanced
activated reactive evaporator.

films was performed in the ranges of the para-
meters shown in Table 1. Taguchi method was
employed to evaluate the degree of contribution
of the pulsed DC power and other parameters to
the formation of c-BN.

Fourier transform infrared spectroscopy
(FTIR) and transmission electron microscopy
(TEM) were used to obtain a clear evidence for
the phase of the BN films.

3. RESULTS AND DISCUSSION

Fig. 2 is the FTIR absorption spectra for the
films deposited at various pulsed DC substrate
bias voltages from 100 to 150V. Duty and fre-
quen(fy of the pulsed DC power were maintaine-
d at 50% and 1kHz, respectively. The plasma
discharge current, the gas flow ratio of argon to
nitrogen (R [Ar/N.]), and the substrate temper-
ature was 10A, 3, and 5007, respectively.

The dominant primary and secondary abso-
rption bands near 1400cm™" and 800cm™! in the
upper two spectra are correspondent to sp?
bond of BN (mainly h-BN). As the pulsed DC
substrate bias increased, the characteristic abso-

rption bands of sp? bond of BN disappeared

Table 1. Experimental conditions for the deposition

of BN films.
Ar/N; gas flow ratio 1~10
Substrate Bias Voltage (-V) 50~200
Duty (%) 20~80
Frequency (kHz) 1~40
Plasma discharge current (A) 5~15
Substrate temperature (C) 300~900
Electron beam power (kW) 1.8~20
Magnetic field strength (G) 45~55
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Fig. 2 FTIR spectra of BN films deposited at vari—
ous pulsed DC bias voltages.

gradually and a strong absorption band near
1080cn™! corresponding to c-BN sp? bond appe-
ared at the pulsed DC substrate bias of 150V.
The effects of pulsed DC substrate bias voltage
and plasma discharge current on the grown BN
films were summarized in Fig. 3. In case of the
plasma discharge current lower than 5A, only h
-BN was grown although the pulsed DC sub-
strate bias was as high as 150V. The critical
values of the plasma discharge current and the
pulsed DC substrate bias voltage to get BN
films with a high content (> 85%) of the cubic
phase were 10A and 150V, respectively. Above
the value of 15A, 200V, BN films were respu-
ttered by excessive ion bombardment during the
deposition. This growth behavior was the same
as that in the BN growth using r.f. substrate
bias.

To investigate the effects of processing parame-
ters on the formation of ¢c-BN, the eight param-
eters were selected and each parameter was in

three levels. A set of experiments to apply Ta-
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Fig. 3 Processing map of plasma discharge cur—
rent and pulsed DC substrate bias voltage
for BN film deposition.

guchi method was conducted according to the
L18(2'x 3" orthogonal array table composed of
the eight parameters and their three levels.
Analysis of variance (ANOVA) of c-BN con-
tent of resultant BN films was illustrated in
Fig. 4. It shows the degree of contribution of the
pulsed DC power and other parameters to the
formation of ¢-BN. Degree of contribution of
pulsed DC substrate bias voltage(Vb), duty,
and frequency obtained from ANOVA were 26.
4%, 28.3%, and 15.0%, respectively. These val-
ues were two or six times greater than that of
other parameters. These results indicate that
the three parameters were the key factors for
the formation of the cubic phase.

The cross-sectional TEM micrograph and se-
lected area diffraction pattern(SADP) of ¢-BN
films deposited on (100) Si substrate under an
optimum condition is shown in Fig. 5(a). As
shown in the micrograph, the film, 0.18m thick,

consisted of two distinct layers. The initially
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Fig. 4 Degree of contribution of the pulsed DC
power and other parameters to the forma-
tion of c-BN.

grown layer at the interface, ~0.02/m thick, is
columnar-structured and considered of sp2-
bonded BN as previously reported by other rese-
archers® ®. The upper layer appeared quite dif-
ferent from the initial layer in microstructure,
and the SADP was of cubic phase of BN. Fig. 5
(b) shows a planar TEM micrograph of the
same sample prepared by back-thinnig method.
In the SADP of the upper layer, the interplanar
spacing of (111}, (200), and (311) planes was
in good agreement with that of bulk zinc-blende
BN with a lattice constant of a=3.61568 A. The
diffraction rings also indicates that the ¢-BN
film consisted of the very fine polycrystallites.
From these TEM results, it is concluded that the

upper layer was of the single phase ¢-BN.

5. CONCLUSION

Single phase ¢-BN films were successfully
synthesized on Si(100) substrate by pulsed DC

biasing in magnetically enhanced activated re-

(a) cross-sectional view

(b) planar view

Fig. 5 TEM micrograph and diffraction for c-BN
film.

active evaporation method. Deposition behavigr
of BN films was the same as that in the BN
growth using r.f. substrate bias. It was found
that pulsed DC substrate bias voltage, duty, and
frequency of the pulsed DC power were the
most important deposition parameters for the

formation of the cubic phase.
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