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The Study of Growth of Oriented Diamond Films by Bias Method

Student : Te-Fu Chang Advisor - Prof. Li Chang

Department of Materials Science and Engineering
National Chiao Tung University

ABSTRACT

Diamond films were synthesized on Si, Ge and SiyGe,, substrates by
bias-enhanced nucleation in microwave plasma chemical vapor deposition. In
this work, we have studied:growth of oriented diamond films on various
substrates by bias method.=The dissertation ts divided into three parts which
show the effects of various:bias. method and substrates on diamond nucleation

and growth.

In first part of the dissertation, we focus on the growth of diamond on SiGe
substrate. Diamond growth on Si substrates has been studied intensively,
however, the study of diamond growth on SiGe substrate is rare. In this part, on
SiGe thin films for diamond growth were deposited by ultra high vacuum
chemical vapor deposition. Scanning electron microscopy, Raman spectroscopy
and transmission electron microscopy were used to characterize the nucleation
density, morphology, quality of diamond, and the interface between diamond
and substrate. The results show that the nucleation density of diamond is higher
than 10°cm™, and (100) oriented diamond films can be achieved on SiGe
substrates. Diamond can either directly grow on SiGe substrates, or on -SiC

interlayer.
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The second part of the dissertation, diamond growth on germanium
substrate is studied. The solubility of carbon in germanium is very low, and
germanium with carbon was hardly to form a carbide. The purpose of using
germanium as the substrate is to enhance the nucleation density of diamonds. By
using various parameters to deposit diamond on germanium, it was observed
that the nucleation density of diamond grains can be achieved to 10°%cm™ without
a bias applied, which was almost 3 orders higher than that on Si. The (111)
textured diamond grains were observed. Raman spectrum results have shown
the quality of diamond is good. Through the analysis of transmission electron
microscopy, the orientation relationship, (111) diamond || (100) Ge , can be
observed, and a graphite interlayer was also observed between diamond and
germanium. After 120 minutes growth of diamond, a continuous diamond film
was formed on germanium substrate, however, the film was easily peeled off
from the substrate because' of -thé poor -adhesion between diamond and
germanium. It could be resulted from'the existence of graphite layer and the
large difference in thermal expamnsion” coefficients between diamond and

germanium.

The last part of the dissertation, the influence of diamond growth by
positive bias method was discussed. The positive bias was applied to Si
substrates, and a nucleation density is higher than 10°cm™ was achieved. The
X-ray diffraction results shown that the ratio of (111) and (100) diamond grains
were increased after long period growth, and oriented (111) and (100) diamonds
can be achieved on Si (111) and Si (100) substrate, respectively. Observation
from transmission electron microscope images and electron energy loss
spectrum, the silicon surface is smooth, and an amorphous interlayer exists

between diamond and Si.
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Property
Hardness
Strength, tensile
Strength, compressive
Sound velocity
Density
Young's modulus
Poisson's ratio

Thermal expansion
coefficient

Thermal conductivity

Thermal shock
parameter

Debye temperature

Optical index of
refraction (at 591 nm)

Optical transmissivity
(from nm to far IR)

Loss tangent at 40 Hz
Dielectric constant
Dielectric strength

Electron mobility
Hole mobility

Electron saturated
velocity

Hole saturated velocity
Work function
Bandgap
Resistivity

Value
10,000
>1.2
>110
18,000
3.52
1.22
0.2

0.0000011
20.0
30,000,000
2,200

2.41

225

0.0006
5.7
10,000,000
4500
3800

27,000,000

10,000,000

small and negative

5.45
101 - 10'6

Units
kg/mm”
GPa
GPa
m/s
g/em’

GPa

Dimensionless
/K
W/cm-K
W/m
K

Dimensionless

Dimensionless

Dimensionless
Dimensionless
V/em

2
cm/V-s

cm?/V-s
cm/s

cm/s

On [111] surface

eV

Ohm-cm
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Materials properties

Applications

Hardness and
anti-abrasiveness

High thermal conductivity

Transparency
Absorption of UV light
Radiation hardness

Large band gap

High electronic properties

Field emission of electrons

Chemical electrodes

Biocompatibility

AFM probe, MEMS (micro-relays, acceleration sensors, micro-gripper)
coating on surgery scalpels, coating on cutting tools, tab tools

Heat sinks for semiconductor lasers, power 1Cs, and multi-yip modules.
heater for inkjet head, flow sensors

Windows for infrared lasers and gyrotrons, optical lenses

UV sensor h

Detectors for neutrons and a particles, X-ray lithography masks

UV radiation devices for sterilization, light sources for
UV microscopes and displays

High-power, high-frequency transistors, high-voltage diodes,
ion sensors, active heat sinks, gas sensors, and thermistors

Flat panel displays, electron beam lithography, transmission
wave tubes, electron guns, micro X-ray sources

Materials sensors, biosensors, electrochemical decomposition of
organic materials, electrodes for organic synthesis

DNA tips, bioreactors, micro-reactors
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4. % & i (surface energy )

5. /i @ it (Interface energy)

6. & ¥ % #c £ §F (lattice mismatch )
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242 g&iv;z (carburization)
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243 mRH# B 2452 (bias-enhanced nucleation, BEN)
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Lattice Constant of Si_Ge, = Lattice Constant of Six X + Lattice Constant of Ge x (1 - X)
IR LS SR o Bﬂaﬁ#&% 3B RAE Xz”ér*%\éa\“ Bl a 70 1300 i

% 20 B A SR e S A2 i
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334 #EEiHR %N R
F e B 4P 0 A B MPCEVD FOBVEAER 8 E 7 3 8 13107

TR R F AR S RPRA - AR R BB S D R
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diffraction file, PDF ) i& {7 ¥t % » R ¥ 48 Fodfsfd & 4 ¢ —Lﬁ‘

343 ¥ kR

P EHRIEL ML - H I RRAeT SRR G A2 T
& »f5(Raman »% 1928 & #7% d1) » 00 » Sfsk ¢ Gl 3 B A 2 i £ 2
LHEA MRS AAT I RERASTIFEFE > FHEYALE > A
e B AT IR R i S ot N Bk el o i o

TR K o D 0D LA S A D O R R - 0 )

FEAT Ry gy %?°ﬁﬁ%%%&ﬁiﬁ%&?%aé—

iﬁ’ﬁ 41 B B UBE b A FEd spT 2 ospd 2 BRAER 0 o d K AT 5
&g SR bR 5 0 1150cm’ (s 467 ) ~ 13327 (40 %) ~ 1350cm™ (D
band) - 1580-1600cn1*«3 band) ~ 1360-1590cm™(#-4 FA¢)% 1530cm™ (474

49



ﬂ*%i%ﬁﬁﬁ%%%m&%%ﬁ,&@%ﬁ~%@ﬁgﬁﬁﬂawﬁ
2R ME AR R A% ABRY AU AELXFEREY « Philips
Tecnai 20 ;sz«’ ¥ 1 ##r JEOL 2010F TEM ~ B %Z #csk ¥ % 5 JEOL
2010F TEM 2 5 1€ 2 % (> 308288260 JEOL JEM-2500SE TEM :& {73 %
4T R L o

3.45 it 471 k3 &k (Energy dispersive spectrometer » EDS)
RERTEFRIJ* T FALEFT TP EEAAFHGLE X £ 240

Xkd Bp|Biede RIENF - PUEDOEEMAR § HaEx X ki

E
E

o

(%;)’Baa%ﬁgﬂlﬁf@mgi?; =k ¥ %’ﬁ‘d MR BRREETFER

=

kR B A A R iS5 d AR 4 47 B (multichannel analyzer, MCA

Hco A et B 4’5 et £ X ko & o i’% W B R R Y Ar g
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