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1. Introduction

Abstract. Microcrystalline diamond films were grown by plasma-enhanced chemical vapor
deposition from a CH4/H, gas mixture on Si single-crystalline substrates placed on
negatively charged and grounded substrate holders. The obtained diamond films had the
(100) predominant faceting of microcrystals. The film structure and morphology were
analyzed by scanning electron microscopy, photoluminescence, Raman and FTIR
spectroscopies. The main physical factor causing the difference in the structure of the
diamond films grown on the grounded and charged substrate holders was found to be the
flow of low-energy (up to 200 eV) Si*, N,*, H, O ions in the latter holder. These ions
predominantly embedded into the structure of the diamond films grown on the charged
substrate holder leading to appearance of residual mechanical stress up to 2 GPa. lon
bombardment led to increase in the volume fraction of non-diamond carbon component in
the film grain boundaries, decrease in sp>-bonded carbon fraction and reduction of the
diamond microcrystals lateral size. Larger amount of grain boundaries in the diamond films
grown on the charged substrate holder promoted diffusion of Si atoms from the substrate to
the plasma and growing film surface, inducing formation of SiV centers in the diamond
microcrystals even in the 150...200 pm thick films. The concentration of Si-related defects
was much smaller in the films grown using the grounded substrate holder. These films had
substantially smaller volume fraction of graphite-like carbon in the grain boundaries and
were more homogeneous.
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such as substitutional impurity atoms, interstitials and
vacancies as well as dislocations. The mechanical stress

Mechanical stress (c) in diamond microcrystals of
polycrystalline diamond films grown on metal substrates
by plasma-enhanced chemical vapor deposition
(PECVD) can reach up to ~2.1 GPa. This stress is
caused by two main factors [1, 2]. The first factor is the
influence of the difference in the lattice parameters and
thermal expansion coefficients of diamond and the
substrate material. The second factor is related to the
presence of certain amount of structural point defects

has a negative influence on the growth process of
polycrystalline diamond films (DFs) with maximum
thicknesses for electronic applications. When the film
thickness reaches 180...200 pm, the stress in the film
destroys the metal (molybdenum, stainless steel)
substrate [3]. Partial stress decrease can be achieved by
using single-crystalline Si wafers as the substrates. The
thermal expansion coefficient and lattice constant of
Si single crystals are closer to those of diamond
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Fig. 1. Schematic representation of the PECVD growth set-up: configuration with (a) negatively charged substrate holder and

(b) with grounded substrate holder.

as compared to metals. Actually, o(C) = 1-10°/°C and
a(Si) = 3-10°%°C, in contrast with widely used
molybdenum, for which a(Mo) = 4.8-107°/°C. Alternative
method to decrease the stress in the grown films includes
the seeding procedure, which was described in our
previous work [4]. Covering the substrate with diamond
seeds leads to the increase in the volume fraction of non-
diamond carbon component of the film. This component
is a graphite-like mixture of sp® and sp? carbon bonds
located on the film surface and in the grain boundaries. It
plays the role of impurity getter during the PECVD
growth [5]. Nevertheless, as-grown PECVD poly-
crystalline DFs have uncompensated mechanical stress
(6 <1GPa) and contain large amount of point defects
related to nitrogen and silicon impurities. We believe that
the mentioned defects are responsible for the uncompen-
sated stress. The possible origin of such point defects is
bombardment of the growing surface by low-energy
ionized molecules CH3", H," (the energies ~10...50 eV)
and uncontrolled impurity ions Si** and N* as well as by
electron flux from the direct current discharge plasma
[6]. Bombardment of the substrate with electrons, ions
and ionized molecules has a positive effect at the
beginning of the growth process [8]. The ions form crys-
tallization centers, while electron irradiation stimulates
synthesis of atomic hydrogen, which etches the non-
diamond carbon component off the growing surface [9,
10]. With the increase of the DF thickness, ion bombard-
ment starts to play a negative role. Namely, it induces
lattice disordering and embedding of large amounts of
uncontrolled impurity atoms, which increase mechanical
stress [2, 10, 11]. At this stage, lateral growth of diamond
grains stops and column-like growth predominates. This
process is accompanied by formation of a large number

of grain boundaries (non-diamond component). At the
same time, the DF homogeneity decreases.

To solve the problem of residual stress in DFs and
their low homogeneity, we suggested to use a grounded
substrate holder in the PECVD system. Use of such
holder leads to a decrease in the DF growth rate [2, 10].
In this work, we compensated the unsubstantial growth
rate by increasing the CH, fraction in the CH4/H,
mixture. We expect that the positive ion and ionized
molecules flux will be minimized in the case of the
grounded substrate holder due to leakage of negative
charge carriers from it.

The aim of the present work is to analyze the
differences in the structure and defect states of the
polycrystalline DFs grown from the CH4/H, mixture by
PECVD using the negatively charged and grounded
substrate holders. We also aim to compare the structure
and defect states of our films with the respective
properties of high quality diamond single crystals.

2. Experimental

The studied DFs were grown by PECVD in the glow
discharge stabilized by magnetic field [4, 12]. The
growth set-up is schematically presented in Fig. 1a. It has
the following peculiarity of the CH,/H, mixture
activation. The discharge burns between the cathode and
anode in the crossed E/H fields. As a result, the discharge
rotates around the anode, which prevents its contraction
and transformation into an arc discharge at the pressure
above 100 Torr.

In this configuration, the substrate holder is isolated
from the anode and is under the floating potential, which
can reach a few hundred volts depending on the holder
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Fig. 2. SEM images of the surface of the DFs grown by the PECVD technique on the biased (a) and grounded substrate holder (b).

size and deposition conditions. The floating potential is
created by electron irradiation from the cathode [2, 10].

As a result, the substrate holder is negatively
charged and attracts positively charged ions. However,
presence of high floating potential (~200 eV) leads to
bombardment of the condensation surface by accelerated
ions and formation of structural defects in the crystalline
lattice resulting in the appearance of residual
compressive stress.

To improve the crystalline quality of the DFs and
energy-efficiency of the deposition process, the
experimental equipment was modernized as shown in
Fig. 1b. In the new configuration, the substrate holder
was grounded and played the role of anode. The shape of
the cathode was also changed from the semispherical to
cylindrical one. A permanent magnet with a copper
support was mounted in the vacuum chamber. Permanent
magnetic field enables the increase of electron density in
the plasma, which raises the efficiency of the growth
process of diamond films due to additional activation of
the gas mixture by electron collisions.

The growth process on the negatively charged
substrate holder was carried out from the CH,4/H, mixture
with the methane fraction of 0.25% at the pressure in the
growth chamber of 160 mmHg. The growth rate was
2 um/h and the temperature 77 = 1150 °C. The average
film thickness was ~35 pm.

Growth on the grounded substrate holder was
carried out from the CH./H, mixture with the methane
fraction of 0.75%. The pressure in the reactor chamber
was 100 mmHg, the growth rate was 2.5 um/h and the
temperature 7 = 980 °C. The substrates were mecha-
nically polished Si single-crystalline plates in both cases.

The morphology of the studied DFs was investigated
using a Tescan Mira 3 LMU SEM microscope. Fourier
transform infrared (FTIR) analysis was performed using
a Bruker Vertex 70V spectrometer. Raman (RS) and
photoluminescence (PL) measurements were carried out
at room temperature using a Horiba spectrometer.

3. Results and discussion

3.1. SEM characterization

Fig. 2 shows the SEM images of the surface of the
studied DFs obtained at similar magnifications. One can
see from this figure that the microcrystals on the both DF
types have the same (100) predominant faceting. It is
clearer for the DFs grown using the negatively charged
substrate holder under ion bombardment. The average
lateral size of the diamond microcrystals on the samples
grown using the charged substrate holder is equal to
2 pm, while it is equal to 6 um on the samples grown on
the grounded substrate holder. The morphology of the
DF in Fig. 2b is more homogeneous as compared to
the DF in Fig. 2a, which has column-like crystals with
the larger volume fraction of grain boundaries. Hence,
absence of ion bombardment leads to formation of
more homogeneous DFs with larger microcrystals and
indistinct grain boundaries.

3.2. Raman measurements

Fig. 3a shows the RS spectra of the studied DFs
normalized to the intensity of the diamond vibrational
band at 1332.5cm™ (0giam) coOrresponding to the Fy
symmetry, with decomposition into elementary contours.
The RS spectra of both DF types also contain the
vibrational bands t-PA; and t-PA, at 1165 and 1511 cm'?,
respectively. These bands are attributed to the presence
of trans-polyacetylene (CH,) molecules on the DFs
surface and in the grain boundaries [13]. The band ta-C
at 1278 cm™* is caused by the vibrations in the tetrahedral
amorphous carbon structure, namely the sp® carbon
bonds in the grain boundaries [14]. The well-known
bands D and G at 1395 and 1616 cm * are caused by the
graphite amorphous and crystalline carbon phases,
respectively [15-17]. The integral intensity of the RS
bands attributed to the non-diamond carbon phases
(t-PA; 5, ta-C, D and G) is substantially larger in the DFs
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Fig. 3. Room temperature RS spectra of the DFs grown on the negatively charged (1) and grounded (2) substrate holders (a).
Shift of the position of the band at wgiay in the spectra of the DFs grown on the negatively charged substrate holder (b).

grown on the negatively charged substrate holder. The
mentioned difference in the RS spectra is caused by the
larger amount of the non-diamond carbon phase in the
grain boundaries of the DFs grown under the ion
bombardment. For quantitative analysis of the structural
quality of DFs, the authors of [18] introduced the
dimensionless quantity called g-factor. This factor can be
calculated using the following semi-empirical equation:

75Imdiam
q= -100%,
751 +lp+ 1+ par + lipar + lac

wdiam

where l,giam is the area under the band at ®giam, and
Ip+1g+ 1 _pa + li_pas + la_c is the total area under the

bands D, G, t-PA,, t-PA, and ta-C, respectively. The
coefficient 75 is used to compensate the light scattering
cross-sections of the sp? and sp® carbon phases. The
g-factor for the DFs grown on the negatively charged
substrate holder is equal to 87%, which is somewhat
smaller than that for the DFs grown on the grounded
substrate holder (96%).

The position of the band at wgiam in the spectra of
the DFs grown using the negatively charged substrate
holder is shifted by Ao = 2.7 cm* compared to the
spectra of the non-stressed bulk diamond single crystal
[19]. Using the shift of the band at wgjam, the value of the
residual stress in the diamond microcrystals can be
evaluated by o= A, - Aw, where Aw is the shift of the
frequency position of the band at wgam in the RS
spectrum of the stressed crystals compared to that of the
non-stressed crystal. The proportionality coefficient Ap
20,

p (811 + S12)"' q (811 "’3812) ,
where Sy;, Sy, are the elastic constants, and p and q are
the phonon deformation potentials, respectively.

can be calculated as Ay =

The values of the mentioned constants for diamond
are the following: S;; = 1.01 TPa™’, S;, = -0.14 TPa },
p=-2.82w, , q=-1.78w; [19]. In our case, the
calculated value of the residual comprehensive stress in
the diamond microcrystals of the DFs grown using the
negatively charged substrate holder is 6 ~ 1.2 GPa.

The full width at half maximum (FWHM) of the
band at wgsm in the spectra of the DFs grown using the
grounded substrate holder (= 4 cm™) is substantially
smaller than for the DFs grown using the negatively
charged substrate holder (=~ 7 cm). Both FWHMs
exceed the respective value for the high quality diamond
single crystal (= 2.1 cm®) [18, 19]. The substantially
smaller FWHM of the band at wgiam in the spectrum of
the DFs grown using the grounded substrate holder is
caused by the increase in the lifetime of Raman phonons
due to the lower concentration of structural defects,
which takes place in the case of the absence of low-
energy ion bombardment.

Consequently, the films grown using the negatively
charged substrate holder are stressed and have larger
fraction of the non-diamond component on the surface
and in the grain boundaries. The peak position of the
band at wgam in the RS spectra of the DFs grown
using the grounded substrate holder (without ion
bombardment) is similar to that for the non-stressed bulk
diamond single crystals [20].

As was mentioned above, the DFs contain a non-
diamond component in the grain boundaries. This
component is a mixture of sp® and sp? hybridized carbon
bonds. Therefore, it is expediently to know how the low-
energy ion bombardment affects the sp%/sp? carbon phase
composition [21]. For calculation of the sp® carbon bonds
fraction in the grain boundaries, two following
approaches can be used.
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The first one is that the sp bonds fraction can be
evaluated from the simple ratio of the intensity of the
ta-C RS band to the intensities of the RS bands attributed
to the sp>-bonded carbon, because tetrahedral amorphous
carbon contains sp-bonded atoms:

751, ¢

-100% ,
TSl c+lg+1+1z + 15,

sp*cont =

where ly.c is the area under the ta-C band, and
lg + Ip+ Igs + Igy is the total area under the t-PA,, t-PA,,
D and G bands, respectively. As was mentioned above,
the coefficient 75 is used to compensate the difference in
the light scattering cross-sections of the sp? and sp®
carbon phases [18].

On the other hand, the positions of the G vibrational
bands are sensitive to the sp%/sp® carbon phase composi-
tion. In this case, the sp* carbon fraction can be evaluated
by the relation first proposed by the authors of [22]:

sp*cont = (0.24 — 48.0(w, —0.1580))-100%,

where wg is the frequency position of the G band
expressed in [cm *x107].

The values of the fraction of sp® carbon bonds
calculated using the two approaches are approximately
equal and make ~20% for the DFs grown using the
negatively charged substrate holder and ~30% for the
DFs grown using the grounded substrate holder. This
means that the fraction of tetrahedral amorphous carbon
(non-diamond sp® carbon phase) in the grain boundaries
of the DFs grown without low-energy ion bombardment
is larger. Tetrahedral amorphous carbon connects the sp?
clusters, which constitute approximately 80% and 70%,
respectively, of the total amount of the non-diamond
carbon phase in the grain boundaries. The intensities of
the D and G vibrational bands enable evaluation of the
average lateral size of graphite-like clusters using the

following equation [15, 16]: :_D: Clhe)

G a

I are the areas under the D and G vibrational bands,
respectively, C is the constant, which depends on the
excitation wavelength, C(h = 488 nm) = 44 A, and L, is
the average lateral size of the graphite-like clusters on the
surface and in the grain boundaries of the DFs,
respectively. The calculations show that the DFs grown
on the charged substrate holder are characterized by the
graphite clusters ~ 40 A in size, while use of the
grounded substrate holder leads to a decrease in the
cluster lateral size to 30...33 A.

Thereby, absence of low-energy ion bombardment
in the PECVD process leads to formation of non-stressed
DFs with lower fraction of non-diamond component in
the grain boundaries. This component consists of graphite
clusters (L, = 30...33 A) surrounded by the larger (30%
as opposed to 20% in the DFs grown using the negatively
charged substrate holder) volume fraction of tetrahedral
carbon bonds. We have performed PL investigations to
compare the defect-impurity states in both DF types.

, where Iy and

3.3. PL analysis

In the case of the grounded substrate holder, absence of
ion bombardment in the PECVD process led to
substantial change in the DF structure and morphology.
Therefore, excluding ion bombardment from the growth
process should affect the DFs radiative properties.
Fig. 4a shows the PL spectra of both DF types. One can
see from this figure that NV and SiV optical centers
dominate in the PL spectra of both film types. An NV
center is a defect consisting of a carbon vacancy (V) and
a neighboring nitrogen atom in substitutional position
(Ns) [23-27]. There are two types of NV centers. The
first type is neutral (NV°) centers that cause the zero-
phonon luminescence (ZPL) band at 2.15 eV. This ZPL
is followed by three phonon replicas Iy, 15, 13 separated
from each other by ~42 meV with FWHM increasing
with the number of replica. Another ensemble of
emission lines with ZPL at ~1.945eV is caused by
negatively charged NV~ centers. In this case, the phonon
energy is equal to 65 meV (see the green set of contours
in Fig. 4). A SiV center is the defect, which consists of a
carbon vacancy and a neighboring Si atom [26, 27]. ZPL
of the radiative recombination with participation of SiV
centers is centered at ~1.68 eV [26, 27]. The NV°, NV
and SiV bands are formed as a result of intracenter
luminescence. Presence of nitrogen-related impurities in
the DFs is caused by vacuum imperfection in the reactor
chamber [2, 10]. One can see that the integral PL
intensity for the DFs grown using the negatively charged
substrate holder is substantially larger due to the larger
concentrations of SiV and NV optical centers in the
diamond microcrystals and larger volume fraction of the
non-diamond carbon component in the grain boundaries.
Wide PL background W with the peak position at
~2.0 eV is attributed to radiative transitions between the
energetic subbands created in the diamond energy gap
due to dispersion of the angle and length of C—C bonds
in the non-diamond component of the DFs [28-30].
The energy peak position at ~ 2.0 eV correlates well with
the average lateral size of graphite clusters evaluated
using the RS data and Tauc gap (= 1.95 eV) obtained by
the semi-empirical equation proposed in [22]:
E,(Tauc)=0.92+28410(; —0.1580) . In the latter

equation, the Tauc gap is expressed in [eV] and og i the
frequency position of the G band expressed in [cm*x107].

The smaller intensity of the W band in the spectrum
of the DFs grown using the grounded substrate holder
can be caused by the larger concentration of non-
radiative recombination centers produced by carbon
dangling bonds [31]. Actually, decrease in the size of the
graphite-like clusters should increase the carbon dangling
bonds concentration [31].

Hence, ion bombardment leads to the effective
embedding of nitrogen and silicon atoms into the
diamond microcrystals. In this case, Si atoms get into the
glow discharge plasma during the ion bombardment of
the Si substrate [32, 33]. Thermal diffusion from the sub-
strate should also occur. When DF becomes continuous
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Fig. 4. PL spectra of the studied DFs grown using the negatively charged (1) and grounded (2) substrate holders (a). Schematic
representation of the growth processes with the negatively charged substrate holder (b) and with the grounded substrate holder (c).

(reaches the height h = 100...200 nm), the substrate can
no longer be a source of SiV centers [32, 33]. Presence of
the SiV centers in the upper layers of the thick DFs (the
height h = 30...100 pm) evidences another source of Si
atoms. We believe that at a high substrate temperature
(~1000 °C) and presence of a voluminous system of the
grain boundaries, which takes place in the DFs grown
under the ion bombardment, Si atoms can diffuse on the
surface of a growing film via the grain boundaries [33].
During the interaction of the non-diamond DF
component with the plasma, Si atoms reach the plasma,
form ions and incorporate as SiV centers into the
diamond microcrystals. Therefore, the substantially
larger SiV band intensity in the spectra of the DFs grown
using the negatively charged substrate is caused by the
open grain boundaries and their larger volume fraction.
Figs. 4b, 4c schematically show the diffusion processes
for both reactor configurations. As follows from the SEM
images, the DFs grown on the negatively charged sub-
strate holder has columnar grains with open boundaries.
Grounding the substrate holder leads to the formation of
continuous DFs with closed boundaries, which makes im-
possible Si atoms from the substrate to get into the plasma.

3.3. FTIR measurements

Fig. 5 presents Fourier-transform infrared spectra (FTIR)
of the studied DFs as well as the HPHT diamond single
crystal grown under the thermo-baric impact in the

toroid-like high pressure chamber at the pressure of 5 GPa
and the temperature of 1500 °C using the Ni-B-Ti-C
catalyst [34]. This diamond single crystal was used as a
benchmark sample to compare the structural properties.
The spectra show a wide range of vibrations corres-
ponding to boron-related defects (700...950 cm™), nitro-
gen-related defects (950...1450 cm™), diamond lattice
absorption in the two-phonon region (1500...2700 cm™)
and C—H stretching vibrations (2700...3700 cm™%) [35,
36]. To simplify the analysis of the wide range spectra,
we divided them into three regions: 700...1500,
1500...2700 and 2700...4000 cm*. Fig. 6 presents the
FTIR spectra of the studied samples in the frequency
range associated with absorption due to the vibrations of
the defects that contain boron and nitrogen atoms. The
boron atoms induce the adsorption band at ~ 856 cm ™.
One can see the non-zero absorption near 856 cm ™ in all
samples, which indicates presence of boron-related
impurities in the DFs and diamond single crystal.
Presence of boron impurities in the structure of the
HPHT diamond can be explained by the peculiarities of
the growth process with boron-containing catalyst [34].
Presence of boron impurity in the diamond microcrystals
of the studied DFs is caused by the diffusion of the boron
atoms from the Si single crystalline substrate, which was
previously doped with B atoms (Ng < 10'® cm™®). In the
spectral region of 1000...1400 cm™, the absorption
bands corresponding to nitrogen-containing defects such
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as C-centers (isolated single substitutional nitrogen
atoms) and B- and A-centers (defect agglomerates, which
include several nitrogen atoms surrounding a carbon
vacancy V) dominate [20]. One can see that the
intensities of the absorption bands attributed to isolated
substitutional nitrogen atoms are larger in the spectra
of the bulk single crystals. The latter can be explained
by the peculiarities of the growth processes of the
HPHT crystals and the PECVD films. The concentration
of nitrogen atoms can be calculated using the
following semi-empirical equation proposed in [37]:

0.9919
Cy =160.49~1018(S—Nj , where Cy is the concentra-

0
tion of nitrogen atoms in [at./cm®], Sy is the total area of

the absorption bands in the range of 950...1450 cm™®
(N-related defects), and S, is the total area of the
absorption bands in the range of 1500...2700 cm™
(diamond lattice  absorption),  respectively. The
concentration of nitrogen atoms in the DFs grown using
the grounded substrate holder is approximately equal to
5.1-10®cm™, which is substantially larger than in the
HPHT diamond crystal (2.3-10" cm ™). Calculation of the
concentration of nitrogen atoms embedded in the
structure of the DFs grown using the negatively charged
substrate holder is difficult due the absence of the
absorption bands in the range of 1500...2700 cm* in the
corresponding spectra. The assumption about larger
concentration of N atoms in the structure of the DFs
grown using the grounded substrate holder has a good
correlation with the domination of the absorption bands
caused by the defects attributed to conglomerates of N
atoms (A- and B-centers) in the DFs absorption spectra.

Fig. 7 presents the FTIR spectra of the studied
samples in the spectral range of diamond lattice absorp-
tion. One can see from this figure that the main peaks of
intrinsic two-phonon absorption of the studied DFs and
HPHT diamond crystal are the following: 1971 cm
(LO + TA), 2031 cm™* (TO + TA), 2165 cm™* (LO + LA)
and 2441 cm™® (TO +LO). The mentioned absorption
bands, but with smaller intensities, are also present in the
spectra of the DFs grown using the grounded substrate
holder, see Fig. 7, curve 2. It is worth noting that there
are no bands in the mentioned spectral region in the
spectra of the DFs grown using the negatively charged
substrate holder. The significantly decreased intrinsic
absorption of diamond lattice in the studied DFs can be
caused by the small lateral sizes of the diamond micro-
crystals (2...10 pm) and their disturbed and strained
crystalline structure as compared to the bulk diamond
crystal.
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Fig. 7. Room-temperature absorption spectra of the studied
materials in the two-phonon region of intrinsic absorption of
diamond lattice.
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Fig. 8. Room-temperature absorption spectra of the studied materials in the three-phonon region and the region of C-H
absorption (a). Decomposition of the spectra in the range of C—H absorption (b).

Fig. 8a shows the absorption bands of the studied
samples in the range of 2700...4000cm*. The
absorption in the mentioned range is dominated by the
bands attributed to C—H bonds, which include C atoms of
both sp? and sp® hybridization [38]. The broad
(~200...250 cm™) and strong band at 3654 cm™ in the
spectrum of the single crystal is attributed to the part of
three-phonon absorption of diamond lattice [20]. The
absorption bands at 2828 and 2920 cm* are attributed to
sp® CH,, while the bands in the range of 2950...3400 cm ™
are attributed to sp® CH, [38]. One can see non-zero
absorption at 2828 and at 2920 cm ™ in the spectrum of
the bulk single crystal. This fact indicates non-substantial
amount of hydrogen on the surface of the bulk crystal as
a result of contamination. The increased absorption bands
in the range of 2700...4000 cm™ in the DFs spectra
indicate the presence of hydrogen impurity not only on
the surface of the diamond microcrystals, but also in the
grain boundaries. Non-zero absorption intensity at
3654 cm* in the spectrum of the DFs grown using the
grounded substrate holder indicates better crystalline
perfection of the diamond microcrystals as compared to
the ones in the DFs grown using the charged substrate
holder.

Using the intensities of the absorption bands
attributed to sp® CH, and sp? CH,, the volume fraction of
sp® bonds in the non-diamond component can be
evaluated using the following equation [38]:

I 2828 +1 2920

sp* cont = -100%.

|2820+ |2920+ |2950+ I3220
In the latter equation, lpgy+ logyo IS the sum of the areas
under the Gaussian contours centered at 2828 and
2920 cm* attributed to the absorption with participation
of sp® CH, (Fig. 8b), and lpgso+ l3p0 is the sum of the
areas under the Gaussian contours centered at 2950 and
3220 cm™*, respectively. We can summarize that the
volume fraction of the sp® bonded carbon in the non-
diamond component of the studied DFs is ~34% for the

films grown using the charged substrate holder and ~18%
for the films grown using the grounded substrate holder.
The found values of the sp® bonded carbon fraction in the
DFs have a good correlation with the values obtained
from the Raman scattering data.

4. Conclusions

Using PL, Raman scattering and FTIR spectroscopy, it
was found that the growth scheme with the grounded
substrate holder enables the formation of non-stressed
microcrystalline DFs with the smaller volume fraction of
non-diamond carbon phase and two times larger diamond
microcrystals as compared to the films grown using the
negatively charged substrate holder. The decrease in the
residual stress value and the non-diamond carbon phase
fraction is caused by the absence of low-energy ion
bombardment. It was shown that ion bombardment
during the growth process with the negatively charged
substrate holder affects the crystal lattice of the diamond
microcrystals, effectively embedding SiV and NV
defects from the glow discharge plasma. The increase in
the lateral size of the diamond microcrystals can be
explained by the decrease in the efficiency of secondary
nucleation due to the low-energy ion bombardment. It
was shown that embedding Si atoms into the structure of
the diamond microcrystals depends on the diffusion
efficiency from the Si substrate and the volume fraction
of the grain boundaries, which play the role of diffusion
channels. The amount of these channels is larger in the
DFs grown using the negatively charged substrate holder,
which causes the larger intensities of the PL bands
corresponding to SiV intracenter electron transitions. The
main feature that differentiates the crystalline structure of
bulk diamond from that of the diamond microcrystals in
the studied DFs manifests itself in the dominating
embedding of N-related complexes, which include single
substitutional N atoms, while embedding N-conglome-
rates near neighboring carbon vacancies is typical for DFs.
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Pisuuna B crpykrypi Ta mMopdosorii CVD anma3HuX IUIIBOK, BHPOIIEHMX HA Bil’€MHO 3apsiluKeHHX Ta
3a3eMJIeHUX MiIKJIAIKOTPHMAaYaX: ONTHYHI JOCTiTKEeHHSI

FO.M. Haceka, B.€. Crpeabnnubkuii, O.A. Onanes, B.1. I'puunna, K.I. Komesuii, O.51. I'opooeii,
B.B. Jlementapbos, B.I. Tpoxausk, M.I1. Boiiko

AHoTauisi. MiKpOKpHCTaIiuHI arMa3Hi IUTBKH OyJM BHUPOIIEHI MIa3MOXIMIYHIM METOJOM Ha Si MOHOKpPHCTAJIYHUX
MiJKIaKaX, PO3MIIIEHUX Ha Bill’€MHO 3aps/KEHOMY Ta 3a3eMJICHOMY MiIKIaAKOTpuMayax i3 ra3oBoi cymimri CHy/H,.
OTpuMaHi alIMasHi IIBKA CKIAJATIACS 3 MIKPOKPUCTANIB 3 mepeBaxkHoto orpankoro (100). Ctpykrypy i Mopdomorito
IUTIBOK JOCHIDKYBAaTM 33 JOMOMOTOK) CKaHYHOUOi eNeKTPOHHOI MIKPOCKOIIl, MeTomamu (hOTONFOMIHECICHITIT,
KOMOIHaIliifHOro po3citoBaHHs cBiTia Ta [Y-crniekrpockomii. BeranoBneHo, 10 OCHOBHUM (Qi3UYHUM (QaKTOPOM, SIKUM
3YMOBITIOE PI3HUIIO B CTPYKTYpi alMa3HUX IUTIBOK, OCaPKEHUX Ha 3a3eMJICHHHN Ta Bil’€MHO 3apsKEHHH MiIKIaIKO-
TpUMaui, € moTik Hu3bKoeHepreTnuHux (10 200 eB) ionis Si*, N,*, H, O B ocrannsomy Bunazaky. Lli ionn nepesaxso
BOYIOBYIOTECSL Y CTPYKTYpPY aJIMa3sHHX IUTIBOK, OCA/UKCHHMX 3 BHKOPHCTAHHAM 3apsKEHOro MigKIaJKOTpUMada, Ta
CHPUSIIOTH YTBOPEHHIO 3AJIMIIKOBOTO MeXaHiuyHoro HarpyxeHHs a0 2 ['Tla. Take ionHe 6omOapayBaHHS! IPUBOANTH JIO
3pocTaHHs 00’€MHOT 4aCcTKM HeaJMa3HOi BYIJICHeBOT KOMIIOHEHTH ILTIBOK Ha I'PAHMIIX 3€pEeH 31 3MEHIIEHHSIM YacTKH
SP-3B’A3aHOrO BYIJIEIIO Ta JATEPANBHUX PO3MIPIB ATMA3HHX MIiKPOKpHCTAIB. Bilblia KiTbKIiCTh IPAHHIb ATMA3HHX
3epeH y IUTIBKaX, OCA/PKEHUX 3 BHKOPHCTAHHSAM 3aps/DKEHOTO IMiAKIAJAKOTpHUMaya, 1a€ MOJKIIHBICTH aTomam Si
IudyHIYyBAaTH 3 MIOKIAIKK Y IDIa3My Ta Ha POCTOBY MOBepXHI0. Takuil mpomec mpuBOIUTH a0 (opmyBaHHS SiV
LEHTPIB y aJMa3HUX MIKPOKpUCTAJaX HaBiTh y IUIiBKax TOBIIMHOIO g0 150...200 MxM. VY miiBKax, OCaKEHUX 3
BHKOPHCTAaHHAM 3a3€MJICHOTO MiAKIaJAKOTpUMada, KOHIICHTPALisS KPEeMHIEBUX Ne(EeKTiB CyTTEBO HIKYA, TaKi IUTIBKH
MAaroTh CYTTEBO MEHIIYy YacTKy rpagiTonoaiOHOro Byreno Ha IPaHUIsIX 3ePEH Ta € OUIbII OJHOPITHUMH.

Karouosi cmoBa: ammasni mrmiBku, PECVD wmeron, QoTtomroMinecnieHIisi, koMOiHaIliiiHe po3citoBaHHS cBiTha, [Y-
cnekTpockortis, SiV rentp, NV 1neHtp.
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