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Characterization of amorphous SiGurfaces after biasing pretreatments, which induce nucleation

of diamond, has been carried out using x-ray photoelectron spectroscopy and Raman spectroscopy.
A mixture of silicon carbide, silicon oxycarbide, and diamond are formed upon exposure of biased
SiO, surfaces to a Cl-H, plasma used for diamond deposition. It is concluded that nucleation of
diamond on amorphous SjGurfaces is promoted by formation of a SiC surface layer. Textured
diamond films have been fabricated on bulk s&Dbstrates using biasing pretreatments to induce
diamond nucleation. @€1997 American Institute of PhysidsS0003-695(97)03829-1

In order to grow diamond thin films via microwave treatment, the process parameters were adjusted during the
plasma chemical vapor deposition, the substrate surface mugtowth stage to obtain a textured diamond surfaggpical
be pretreated to promote diamond nucleation. The nucleatiosystem parameters used during the biasing pretreatments and
pretreatment is critical since high nucleation densities arsubsequent growth steps are summarized in Table I.
required in order to obtain thin, smooth, textured diamond  The biasing pretreatments produced nucleation densities
films. Bias-enhanced nucleatiéBEN) generates nucleation approaching X 10° nuclei/cnf. A scanning electron micro-
densities which are orders of magnitude higher than converscCope(SEM) micrograph of crystallites produced during the
tional means such as diamond abrasion. Nucleation densitié¥asing pretreatments is shown in FigaR The “ball-like”
as high as 18/cn? have been achieved on Si and $iC. morphology was typical for crystallites produced during bi-
Although BEN has been shown to be effective on substrat@sing pretreatment of SiOAfter the pretreatment, the pro-
materials consisting of carbide-forming metals or metalcessing conditions were changeste Table )l such that the
carbide$™ such as Ti, W, Ta, Nb, and Hf as well as Si and continuous film of the ball-like crystallites produced by bi-
SiC, nucleation and growth of diamond on oxides such agsing was grown out and a textured diamond fiffig. 2(b)]
silicate glasses remains relatively unexplored. It was showMas formed. Raman spectra taken from a textured diamond
in a recent studythat biasing pretreatments promote nucle-film and a continuous film of baI'I-Iike' crystallites on a bia's-'
ation of diamond on Si@substrates. In this letter the results Pretreated surface are shown in Fig. 3. The characteristic
of surface characterization of bias-pretreated ,Si8ing
x-ray photoemission spectroscop¥PS and Raman spec-
troscopy are reported. It is suggested that formation of SiC  cH4 and H2 inlet
on the substrate surface during BEN facilitates diamonc mass flow controls
nucleation. Also, it is confirmed that relatively high diamond
. . . . quartz tube reactor—
nucleation densities can be achieved on fused, B¥OBEN.
., . . . top electrode
Deposition experiments were performed in two different \
ASTeX™ microwave plasma chemical vapor deposition sys plasma
tems (MPCVDs9 both of which were modified in order to

enablein situ biasing of the substrates. The initial biasing — — — —

experiments were carried out in a quartz-tube chemical vapc | microwave| ., o4 ide voltmeter
deposition(CVD) reactor as shown in Fig. 1. The experi- generator

ments were then reproduced in a larger MPCVD resonar e | ]
chamber system which has been described elsevit@ué- susceptor /

strates of high purity fused SiOplates 1 mnx1.5cm / P°We|’

x1.5 cm were used. Each plate was cleaned prior to depos sample SupPly

tion by sonification in acetone, methanol, and 2-propanol fo Ta wire Iead/

5 min. intervals, respectively, and then rinsed in de-ionizec
water. The deposition process consisted ofrasitu biasing quartz rod
pretreatment to promote diamond nucleation followed by ¢
growth step in which no bias was applied to the sample. Thi ~ xhaust/rotary pump
nucleation and growth steps were carried out using a sourc
gas mixture of hydrogen and methane. After the biasing pre

FIG. 1. Schematic of the quartz tube MPCVD reactor used for biasing
3Electronic mail: mdi2@psu.edu experiments.

716 Appl. Phys. Lett. 71 (5), 4 August 1997 0003-6951/97/71(5)/716/3/$10.00 © 1997 American Institute of Physics



TABLE |. Typical process parameters used for biasing pretreatments and T

L L LJ
growth of diamond films on amorphous SiGubstrates. L ' ! ! L
Parameter Bias pretreatment Growth

Bias voltage 190-210 V none :,?

Bias current 8-10 mA none g

CH,/H, 2.5%-5% 1.5% =

Pressure 17 Torr 30 Torr o

Microwave power 140 V9,700 W 700 W =)

Substrate temperature ~900-1000 °C 680 °C g

Time 30-120 min variabfe =
@Biasing current changes as a function of pretreatment time. §
®Quartz-tube MPCVD system. 5
‘Resonant-chamber MPCVD system.
9The time required to grow out textured films depends on the deposition

rate.

" A ' A l 'l l 'l h

peak at 1332 cm' indicates that the crystallites formed dur- 1000 1200 1400 1600 1800

ing biasing pretreatments consisted of diamond.

A cross-sectional view of a textured diamond film grown
on SiQ, via BEN is shown in Fig. th). Pyramidal features _ _
indicative of a(111) surface texture are observed. Ball-like F!G: 3. Raman spectra taken frofhl]) textured diamond film and a con-
di d li . . he di tinuous film of ball-like diamond crystallites formed during a biasing pre-
lamond crystallites are seen in cross-section at the diamon yment.

SiO; interface as well as columnar, diamond grains that have

grown over this layer of crystallites. The interface betweent

Wavenumber shift (cm")

he diamond film and the underlying Si®ubstrate is intact
indicating that the diamond adheres well to the surface; how-
ever, in some cases the Si@actured below the interface
causing spallation of the film. This could be due to thermal
stresses which develop due to mismatch in the coefficients of
thermal expansion of diamond and Si@ high temperatures
(surface temperatures 6f900— 1000 °C during biasing pre-
treatments The substrates were also relatively thick, 1 mm,
allowing for a significant thermal gradient to develop. It may
be possible to avoid spallation of the film by reducing pro-
cessing temperatures and using thinner substrates.
Analysis of bias-pretreated surfaces using XPS indicated
that a mixture of SiC, silicon oxycarbide, and a carbon phase
(diamond and/or amorphous carbare formed during the
biasing pretreatment. XPS silicorp2and carbon & spectra
taken from a sample which was subjected to a 30 min bias
pretreatment are shown in Fig. 4. The Qi and C Is peaks
lying at 100.1 and 282.6 eV, respectively, in Figéa)4and
4(b) clearly indicate that SiC has been formed on the sub-
strate surface. The peak appearing at 103.7 eV in Ka).ig
due to the Si p signal from the underlying SiQOsubstrate.
The central peak seen in Fig@tat 102 eV could be attrib-
uted to the existence of a solution of oxycarbide compounds
formed at the SiC/Si@interface, all with binding energies
lying between those of SiC and SiQather than to a single
compound with a discrete stoichiometryrhe intermediate
peak observed in the Cslspectrum at 283.8 eV is also
consistent with the presence of silicon oxycarbide com-
pounds. The C 4 peak at 284.6 eV is primarily attributed to
formation of diamond(as is confirmed by Raman, Fig);3
however, other carbonaceous species such as amorphous car-
bon and/or graphite may also contribute to this signal. The
data indicate that a silicon oxycarbide phase is formed upon
FIG. 2. (8) SEM micrograph showing ball-like diamond crystallites formed exposure of the biased Sj@urface to the CliH, plasma

during biasing in the resonant chamber MPCVD readtor. SEM micro- - oqihy via an O for C exchange reaction. As this reaction
graph showing a cross-sectional view of a diamond film grown on.SiGe

diamond/SiQ interface as well as é111) textured diamond surface can be POQreéssSes a SiC layer is formgd leaving an Oxy(_:arbide phase
seen. at the interface between the SiC layer and the,Si@bstrate.
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sic = v raw data energetically favorable sites apd form diamond nucle?. Al-
fit data though heterogeneous nugleatlon of diamond on a solid sur-
face from the gas phase is not well understood it has been
demonstrated that diamond readily nucleates on biased
B-SiC112 A surface layer which consists of a mixture of
amorphous SiC and microcrystalline SiC is seen to form on
Si during biasing:*® These SiC microcrystallites could serve
as nucleation sites for diamond. Similarly, crystallites in the
SiC surface layer formed on SjGurfaces during biasing
might act as diamond nucleation sites. A difference in crys-
tallinity or morphology of the SiC overlayers could explain
the lower diamond nucleation densities induced by BEN ob-
‘ served in this study on S¥D~10%cm?) compared to those
oy TESId UL commonly reported for nucleation on Si (@n?).! The
VI T TS WU T N N BE crystallinity of the SiC surface layer formed on an amor-
98 100 102 104 106 108 110 phous SiQ surface would be expected to be lower than that
of the SiC layer formed on single-crystal Si surfaces. Thus it
may be possible to increase the nucleation density of dia-
mond produced on SiQvia BEN by optimizing process con-
ditions to increase the crystallinity of the carbide surface
layer formed.
. Bias-enhanced nucleation has been demonstrated to be a
[ SiC e raw data viable in situ process for deposition of diamond on $jO
fit data however, more work is required to develop this technique for
production of thinner, smoother diamond films that could be
of use in fabrication of microelectronic devices or optical
coatings. An investigation is currently underway in which
bias-pretreated SiQOsurfaces will be more thoroughly char-
acterized and process conditions used during the pretreat-
ment will be optimized in order to increase the density of
nuclei produced by biasing.
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FIG. 4. (a) Silicon 2p and(b) carbon & x-ray photoelectron spectra taken
after a 30 min bias pretreatment.
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