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COMMUNICATIONS

Effects of metal layers on chemical vapor deposition of diamond films

Tibor Izsák1 , Gabriel Vanko1 , Oleg Babčenko2 ,
Bohumı́r Zat’ko1 , Alexander Kromka2

Diamond is recognized as one of the most promising wide bandgap materials for advanced electronic applications. However,
for many practical uses, hybrid diamond growth combining metal electrodes is often demanded. Here, we present the influence
of thin metal (Ni, Ir, Au) layers on diamond growth by microwave plasma chemical vapor deposition (MWCVD) employing
two different concepts. In the first concept, a flat substrate (GaN) was initially coated with a thin metal layer, then exposed
to the diamond MWCVD process. In the second concept, the thin diamond film was firstly formed, then it was overcoated
with the metal layer and finally, once again exposed to the diamond MWCVD. It should be mentioned that this concept
allows the implementation of the metal electrode into the diamond bulk. It was confirmed that the Ni thin films (15 nm)
hinder the formation of diamond crystals resulting in the formation of an amorphous carbon layer. Contrary to this finding,
the Ir layer resulted in a successful overgrowth by the fully closed diamond film. However, by employing concept 2 (ie hybrid
diamond/metal/diamond composite), the thin Ir layer was found to be unstable and transferred into the isolated clusters,
which were overgrown by the diamond film. Using the Au/Ir (30/15 nm) bilayer system stabilized the metallization and no
diamond growth was observed on the metal layer.
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1 Introduction

Choosing good metallization is a key factor in the
semiconductor industry, because it determines the me-
chanical and electrical properties (such as the Schottky
or the ohmic character). Its suitability as a mask ma-
terial for various processing (ion implantation, dry reac-
tive ion etching, etc ) has been either confirmed. There-
fore, the used metal layer should be optimized in terms
of requested properties, application and cost. In our re-
cent study, we have been working on the development of
diamond-based radiation detectors by optimizing a ther-
mally and radiation-resistant diamond-metal heterosys-
tem. In this approach, a specific metal multilayer system
is needed, which fulfills requirements for the fabrication
of immersed 3D electrodes covered with epitaxially grown
diamond film, Fig. 1.

Generally, the design of the diamond-based radiation
detectors is a parallelepiped solid-state ionization cham-
ber in two main configurations [1]: either with interdigi-

tated electrodes on the same side (3D configuration) [2] or
electrodes both on the front and back sides (called planar
or sandwich configuration) [3]. Devices in planar config-
uration can be operated in photoconduction (ohmic be-
havior) and photovoltaic (Schottky barrier configuration)
modes. For planar diamond detectors, electrodes covering
the whole surface are recommended because, with a par-
tial electrode covering, the sensitive volume is not well
defined. The electric field outside the volume under the
electrode is therefore not uniform and is too weak to fully
collect the generated charge. The full coverage electrodes
also improve the dose rate linearity and the charge col-
lection efficiency [4]. However, electrical contacts that are
too large (too close to the plate lateral faces) may induce
unexpected leakage conduction at high fields through a
large density of defects situated on the lateral sides of the
diamond substrate. A 3D electrode geometry may over-
come possible volume averaging effects (detector size) fab-
ricating high-resolution detectors for small field dosime-
try. Here, we focus on the 3D configuration, and as the

Fig. 1. Schematic draw of the fabrication process of a 3D metal-diamond hybrid system designed for photodetector applications
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Fig. 2. Top-view and cross-section SEM images of: (a) – reference diamond film used for experiments in concept 2 as the basis layer(labelled
as D-basis), and diamond films grown on reference Si substrate at (b) – high and (c) – low deposition temperature

first step we study the technological compatibility of dif-
ferent metal materials with the diamond chemical vapor
deposition (CVD) process.

2 Experimental part

Two different concepts were employed. In the first con-
cept, a flat substrate (GaN) was initially coated with a
thin metal layer (15 nm of Ni or Ir), then exposed to the
diamond growth process in a linear-antenna microwave
chemical vapor deposition (LA-MWCVD) system [5] at
low temperature, Fig. 3(a). The deposition conditions
were as follows: MW power 2 ×1700 W, pressure 0.1
mbar, gas mixture H2/CH4/CO2 200/5/20 sccm, sub-
strate temperature 330◦C, process time 30 h. In the sec-
ond concept, a thin nanocrystalline-type diamond film
was firstly formed in LA-MWCVD (approx. 70 nm in
thickness, Fig. 2(a), then it was overcoated with the metal
layer (15 nm of Ir or 15/30 nm of Ir/Au) and finally,
once again exposed to the LA- MWCVD deposition at
standard (high) and low temperature, Fig. 4(a). Here,
the so-called focused plasma CVD system [6] was used
to perform the additional diamond growth at following
conditions: (i) 3 kW, 70 mbar, 5% CH4 and 1.5% CO2

in H2 , 30 min, 1000◦Cand (ii) 2.5 kW, 30 mbar, 5% CH4

and 1.5% CO2 in H2, 2 h, 460-520 ◦Cfor standard and
low temperature deposition, respectively. These deposi-
tion conditions resulted in a formation of 400 nm and 70
nm thick diamond films on reference Si substrate respec-
tively, ie see SEM images in Fig. 2(b) and Fig. 2(c). The
metal layers were evaporated on the samples using hybrid
evaporation and sputtering system (AJA Orion 8E) and
by employing standard optical lithography process. The
surface morphology of samples was measured by field-
emission scanning electron microscopy (FE SEM, Tescan
MAIA3), and the diamond character of the deposited film
was confirmed by Raman spectroscopy (Renishaw In Via
Reflex Raman spectrometer).

3 Results and discussion

Figure 3 depicts a schematic drawing of surface mor-
phologies of deposited films employing concept 1. In
this case, the low temperature deposition process (at ∼
330◦C) was used in order to avoid re-crystallization of

metal layers at high temperatures, and minimize un-
wanted effects such as a catalytic graphitization of di-
amond [7], [8]. It is well-known, that the use of Ni on
single-crystal and polycrystalline diamonds often results
in the formation of graphitic layers at the Nidiamond
interface or on top of the catalyst [9-11]. This effect is
often utilized for the fabrication of graphene layers [10]
or an array of sharp diamond microneedles [12]. How-
ever, our earlier study showed that such graphitization
of diamond typically occurs at temperatures higher than
400◦C, [13]. As shown in Fig. 3, for both Ni- and Ir-
patterned samples, a clear interface between GaN surface
and the metallization part was observed. On the GaN sur-
face, and similarly to the Ir layer, Fig. 3(c), a fully closed
diamond film with crystals in the size of 100 − 200 nm
was observed. For the Ni-patterned sample, Fig. 3(b), no
diamond film with clear crystal facets was found. Ra-
man measurements (not shown here) of deposited films on
GaN and Ir layer reveal typical spectra for low pressure
low temperature diamond film with a broadened diamond
peak (at ∼1332/cm) and graphitic phases (G-band) lo-
cated at ∼1560/cm. Only an amorphous carbon film was
indentified on the Ni-patterned sample and the Raman
spectrum was dominated by intensive graphitic phases
without any sign of the diamond peak. Altough, in our
earlier studies we observed graphitization of diamonds
only at higher temperatures, this experiments confirmed
that high carburization rate of Ni to diamond appears
even at lower temperature (∼ 330◦C) in H2/CH4/CO2

plasma at used conditions. In contrast to Ni, the thin Ir
film proved its stability and suitability for the MWCVD
proces, and thus only Ir metallization was used in fur-
ther experiments at elevated temperatures. In the second
concept, the thin Ir layer was evaporated on the diamond
film and then the second diamond CVD growth process
was performed, Fig. 4(a).

Altough, the 15 nm thick Ir layer was stable at ∼

330◦C in the linear antenna MWCVD system (previ-
ous experiments, concept 1), in the focused microwave
plasma system the thin Ir layer was found to be un-
stable and transferred into the isolated clusters, which
were overgrown by the diamond film at high temper-
ature deposition conditions, see Fig.4(b),(c). When the
process temperature decreased, an amorphous carbon was
grown on the Ir layer instead of facetted diamond crystals,
Fig. 4(d),(e), as confirmed also by Raman measurements,
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Fig. 3. Schematic draw:(a) – of concept 1, and top-view SEM images of diamond films grown on: (b) – thin Ni, and (c) – Ir layer,
respectively, with (d) – detail on the interface for the selectively grown diamond film

Fig. 4. Schematic draw: (a) – of concept 2, and top-view and 45◦-angle view SEM images of samples grown at: (b),(c) – high, and
(d),(e) – low temperature deposition conditions

where an increased amount of trans-polyacetylene-like
carbon bonds (trans- (CH)x [14]) was detected, Fig. 6(b),
sample “D” on “Ir”). Using the Au/Ir (30/15 nm) bi-

layer system stabilized the metallization and no diamond
growth was observed on the metal layer for both standard,
Fig. 5(a),(b) and low temperature, Fig. 5(c),(d) deposi-
tion. On the Au/Ir metallization only a few individual
nanodiamond crystals were observed due to the sponta-
neous nucleation effect [15].

Figure 6 summarizes the Raman spectra of samples
processed at high and low temperature diamond depo-
sition. The sample labelled as D on Si (ref) represents
the Raman spectrum of diamond film grown on the refer-

ence clean, only ultrasonically treated (by nanodiamond
powder) Si substrate at high or low temperature process.
Corresponding SEM images are shown in Fig. 2(b) and
Fig. 2(c), respectively. The sample D-basis* is the initial
diamond film used in concept 2 as the substrate for the
evaporation of thin metal layers, see Fig. 2(a). First of

all, the Raman spectrum of diamond grown at high de-

position temperature (sample D on D-basis*) reflects the

reference sample (“D” on “Si(ref”)), Fig. 6(a), and sup-

presses the character of the initial underlayer (D-basis*)

due to the thickness of the grown layer (∼400 nm). The

sample D on Si (ref) is featured by the sharp diamond-

peak at ∼1332/cm, the broad G-band (graphitic phases)

around 1540/cm [16,17], the peak at ∼1140/cm related

to trans-polyacetylene bonds [14,18], and the second or-

der of Si peak (at ∼950/cm). The Raman spectrum

of the initial diamond layer (D-basis*) had a typical

nano- or ultrananocrystalline character [19] without any

sharp diamond peak, and only the disordered band (D-

band at ∼1340/cm) and dominating G-band (located at

∼1580/cm) were detected. The Raman spectrum mea-

sured on the Ir-patterned sample on the metal layer (D

on Ir) consists of a mixture of the spectra of the D-basis*

and D on Si, which confirms that the thin Ir is partially

overgrown by the diamond layer. In contrast to this find-

ing, the Raman spectrum measured on the metal Au/Ir
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Fig. 5. Top-view and cross-section SEM images of samples with 30/15 nm thick Au/Ir bilayer metallic system after diamond CVD
process at: (a),(b) – high, and (c),(d) – low temperature deposition

Fig. 6. Raman spectra of samples after diamond CVD at: (a) – high, and (b) – low temperature deposition

bilayers showed weak bands characteristic for nanodia-
mond [20] due to the spontaneous nucleation [15].

4 Conclusion

We studied the influence of the thin metal layers (Ni,
Ir, Au) on the following growth of diamond films by MW
chemical vapor deposition in terms of defining a suitable
metal multilayer system for the diamond-based radiation
detectors with metal electrodes immersed in the diamond
film. Two different concepts were employed. In the first
concept, a flat substrate (GaN) was initially coated with a
thin metal layer, then exposed to the diamond MWCVD
process. In the second concept, the thin diamond film was
firstly formed, then it was overcoated with the metal layer
and finally, once again exposed to the diamond MWCVD.
It was confirmed that the Ni thin films (15 nm) hin-
dered the formation of diamond crystals and resulted in
the formation of an amorphous carbon layer even at the
low temperature deposition (∼ 330◦C) in linear antenna
MWCVD system. Contrary to this finding, the Ir layer
was successfully overgrown by the fully closed diamond
film. However, by employing concept 2 (ie hybrid dia-
mond/metal/diamond composite) at high temperature
deposition condition (∼ 1000◦C) in a focused MWCVD
system, the thin 15 nm thick Ir layer was unstable and
transferred into the isolated clusters, which were then
overgrown by the diamond film. This effect was observed
also at decreased temperature down to 500◦C. On the

other hand, using the Au/Ir (30/15 nm) bilayer system
stabilized the metallization and no diamond growth was
observed on the metal layer only isolated diamond nuclei
due to the self-nucleation process. To conclude, the Ar/Ir
bilayer metallization system shows a good basis for the
further fabrication of diamond-based radiation detectors
with built-in and/or buried metal electrodes.
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[11] S. Tulić, T. Waitz, O. Romanyuk, M. Varga, M. Čaplovičová, G.
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Skákalová, “Ni-mediated reactions in nanocrystalline diamond

on Si substrates: the role of the oxide barrier”, RSC Advances,

pp. 8224–8232, 2020. https://doi.org/10.1039/D0RA00809E.

[12] K. Koyama, S.-W. Kim, and M. Yoshimoto, “Influence of di-

amond-etching conditions on the fabrication of diamond mi-
croneedles by a thermochemical reaction of Ni in an H2 atmo-

sphere”, Journal of the Ceramic Society of Japan, pp. 481–484,
2021. https://doi.org/10.2109/jcersj2.21025.

[13] O. Romanyuk, M. Varga, S. Tulic, T. Izak, P. Jiricek, A.

Kromka, V. Skakalova, and B. Rezek, “Study of Ni-Catalyzed
Graphitization Process of Diamond by in Situ X-ray Photo-

electron Spectroscopy”, The Journal of Physical Chemistry C,
pp. 6629–6636, 2018. https://doi.org/10.1021/acs.jpcc.7b12334.

[14] H. Kuzmany, R. Pfeiffer, N. Salk, and B. Günther, “The mystery

of the 1140 cm1 Raman line in nanocrystalline diamond films”,
Carbon, pp. 911–917, 2004. https://doi.org/10.1016/j.carbon.

2003.12.045.

[15] M. Domonkos, T. Ižák, M. Varga, Š. Potocký, P. Demo, and A.
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Oleg Babčenko (MA, PhD) received his MSc in Peda-
gogic and Methodic of Education, Physics at Zhytomyr State
University (Ukraine) in 2005. In 2014 he received PhD de-
gree in Physical Engineering at Czech Technical University,
Prague. His research interest is focused on carbon nanoma-
terials (carbon nanostructures, diamond thin films) including
growth, processing, characterization and application.

Bohumr Zat’ko (MA, PhD) receive his MA in Microelec-
tronics from University of Comenius, Faculty of Mathematics,
Physics and Informatics in 1997 and receive his PhD degree
from the Institute of Electrical Engineering, Slovak Academy
of Sciences in 2001. His research is focused on preparation of
various type of radiation sensors and readout electronics.

Alexander Kromka (Prof, PhD, DrSc), born in Nitra in
1971. His research interests include diamond thin films depo-
sition techniques and applications. His working experience in-
cludes research stages/positions at the Department of Physics
of CUHK Hong Kong, and the Institute of Electron Devices
and Circuits of University Ulm, IMO IMEC in Hasselt. Since
2009 he has been leading senior scientist and team leader in the
Diamond and Carbon nano-Structures Laboratory, Academy
of Sciences of the Czech Republic in Prague. He received pro-
fessor degree in June 2022 in the field of applied physics at the
Faculty of Electrical Engineering, Czech Technical University
in Prague. Recently, he is the deputy head of the Department
of Semiconductors at the Institute of Physics of the Czech
Academy of Sciences.


