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A quasi-equilibrium model for the prediction of interlayer chemistry
during diamond chemical vapor deposition
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Abstract

The chemistry of the intermediate layer that develops at the interface between diamond and a non-diamond substrate during diamond
chemical vapor deposition is analyzed using a thermodynamic quasi-equilibrium model. Substrates of Si, Mo, W, Ti, Ta, Fe and Ni are
examined, and the physical parameters such as substrate temperature, reactor pressure, and CH rH ratio in the gas phase required for4 2

the growth of respective metal carbidesrsolid carbon as intermediate layers between the substrate and diamond is predicted. The
intermediate layers that are considered to be formed on Si, Mo, W, Ti, Ta, Fe, and Ni are SiC, Mo C, WC, TiC, TaC, Fe C, and Ni C,2 3 3

respectively, in addition to diamond and graphite. A quasi-equilibrium treatment of heterogeneous reactions at the gas–substrate interface
is used to compute the desorption rates of volatile species formed in the reaction of gaseous H rH with the substrate. A phase diagram is2

Ž .obtained for the hydrogen and metal carbidesrsolid carbon graphite, diamond . Good qualitative agreement is obtained between the
model predictions and existing experimental data for the chemistry of the intermediate layer formed on the substrate at various
temperatures and pressures commonly employed during diamond chemical vapor deposition. q 1998 Elsevier Science S.A. All rights
reserved.
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1. Introduction

While diamond films are now routinely being synthe-
Ž . w xsized by chemical vapor deposition CVD 1 , the underly-

ing nucleation and early growth stages are not completely
understood. A number of experimental observations of
diamond nucleation reveal that, in most cases diamond
does not nucleate directly on a non-diamond substrate
surface, but instead on an intermediate layer which devel-
ops at the interface between diamond and non-diamond
substrate during the incubation period before diamond

w xnucleation begins 2–19 . Depending on the substrate ma-
terials, pretreatment methods, and deposition parameters,
the interlayer, formed due to the chemical interactions of
activated gas species with the substrate surface, may con-

w x w xsist of metal carbides 3–5,7,8,11,15,20–22 , graphite 18 ,
w x Ž . w xamorphous 16,17 , or diamond-like carbon DLC 6,9,13 .

It is generally agreed that the intermediate layer provides
nucleation sites for diamond crystallite growth, enhances
diamond nucleation densities on non-diamond substrates,
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and provides an opportunity for controlling the morphol-
ogy, orientation, and texture of diamond films during

w xnucleation and growth 23 . The formation of interlayers is
a necessary step in the spontaneous nucleation processes of
diamond on non-diamond substrates, but it alone is not

w xsufficient for diamond nucleation to occur 24 . The forma-
tion of the interlayers and the formation rate depend not
only on substrate materials and pretreatment methods but
also on deposition conditions.

Distinctly different intermediate layers may form on
different substrates at different rates, depending on gas

w x w xcompositions. For example, TiC 3,20,21 , TaC 3,20,21 ,
w x w xSiC 3–5,7,8,11,15 , and Mo C 12 interlayers have been2

observed on Ti, Ta, Si, and Mo substrates, respectively,
w xwhile graphite is observed to form on Ni substrates 18 .

Different substrate temperatures may produce different
intermediate layers on the same substrate, for example,

w x wboth DLC 6,9,13,25 and SiCrMo C 3–5,7,8,11,15,20–2
x22,26 have been observed on SirMo substrates. Low C:H

ratio andror high substrate temperature may favor the
formation of carbides, while high C:H ratio andror low
substrate temperature may lead to the formation of amor-

0040-6090r98r$19.00 q 1998 Elsevier Science S.A. All rights reserved.
Ž .PII S0040-6090 97 00966-8


