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Abstract: Surface acoustic wave (SAW) devices consist of a piezoelectric substrate with interdigitated 
(IDT) electrodes. These devices can be used to fabricate wireless and passive sensors that can be 
mounted in remote and/or inaccessible places. If encapsulated with CVD diamond, the SAW devices can 
be made to operate under extremely hostile conditions. The piezoelectric layer (AlN, ZnO etc.) deposited 
on the diamond or an inverse system can increase the frequency of the SAW device. Most piezoelectric 
materials (such as quartz) show phase transition temperatures below diamond deposition temperature 
(650o-1100ºC), preventing their use as a substrate for diamond growth. Langasite La3Ga5SiO14 (LGS) is 
recently fabricated piezoelectric material that can withstand high temperatures without being deteriorated. 
LGS does not have phase transitions up to its melting point of 1470 °C. 

Here we report the deposition of diamond films by microwave plasma CVD in methane-hydrogen gas 
mixtures on polished and rough surfaces of the LGS substrates seeded with nanodiamonds. No buffer 
layer between the substrate and the coating had been used. The effect of substrate pretreatment (PT) was 
also investigated on the growth behaviour of diamond films on LGS. The resulting films are characterised 
by Raman spectroscopy, X-ray diffraction (XRD), field-emission scanning electron microscopy (FESEM), 
X-ray photoelectron spectroscopy (XPS). The effect of substrate roughness on the growth behaviour was 
found to favour bigger grain sizes on the unpolished substrates. Whereas, the effect of substrate 
pretreatment (PT) was found to produce unique microstructural features with better polycrystalline diamond 
(PCD) quality than on the substrates without PT. Raman signals confirm the deposition of PCD in all the 
cases but the X-ray results interestingly show new phase formation of hcp and rhombohedral diamond 
lattice structures under CVD growth environment. 
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1. INTRODUCTION* 

For the past few years, the automotive industry has 
witnessed a large increase in electronic instrumentation 
aboard the vehicles. In particular, cylinder-pressure 
measurements at the combustion engines has become a 
standard instrument in engine research and development, as 
well as in production quality assurance [1]. The Surface 
Acoustic Wave (SAW) technology provides an excellent 
means to fabricate temperature and pressure sensors [2] that 
can be assembled in combustion engines, for monitoring 
cylinder pressure or temperature at critical spots. In fact, 
SAW devices are passive components with Interdigitated 
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Transducer (IDT) metal lines patterned on a piezoelectric 
substrate, which can be remotely interrogated by means of 
an RF beam (eliminating the need of wiring) and don’t require 
external power or batteries (thus eliminating the need of 
wiring). On the other side, RFID (Radio-Frequency 
Identification) is an automatic wireless identification method 
where a proper read-out unit sends an RF pulse over an 
object and interprets the pulse reflected by the tag attached 
to it. By coupling RFID and SAW sensors (simply by 
patterning a series of reflectors on the piezoelectric material 
surface), a series of wireless sensors can be interrogated by 
the same unit [3]. This efficient and technological simple 
sensor system used inside automotive engines can also be 
extended to underground petroleum pipelines for continuous 
remote monitoring, in real-time, of the temperature and/or 
pressure in specific places inside, inaccessible by more 



Journal of Coating Science and Technology, 2019, Volume 6, No. 2 

 

42 Mallik et al. 

conventional measuring devices involving wires. This system 
is also of great interest to other industrial segments such as 
aerospace, nuclear power, gas and petroleum exploration, 
industrial process control, telecommunications and power 
electronics. 

The goal of this work is to develop an encapsulation material 
[4-6] – i.e. polycrystalline diamond (PCD) coating, for SAW-
based sensors that can operate under the extreme 
environmental conditions typical of combustion engines or of 
petroleum underground pipelines and its explorations 
(temperatures up to 400°C and accelerations up to 2000 g). 
The SAW devices are fabricated by patterning IDTs and 
reflection electrodes on high-temperature piezoelectric 
materials like langasite (LGS, La3Ga5SiO14) and lithium 
niobate (LiNbO3). These materials have already been used to 
fabricate high-temperature SAW sensors [1,7-10]. The 
devices can be assembled with an RF antenna on a proper 
substrate and the whole set can be coated with diamond. 
Diamond gathers some properties that make it the best 
encapsulation material: it is hard and chemically inert, it is 
electrically insulating but thermally conductor and it is 
intrinsically resistant to wear. Besides, the versatility of 
Chemical Vapour Deposition (CVD) allows the deposition of 
diamond in the form of thin conformal films. PCD coating on 
such piezoelectric sensor materials will protect them from 
extreme environments of temperature, pressure, wear and 
corrosion. Special attention will be given to the CVD diamond 
seeding procedure, an essential step to assure the deposition 
of diamond in the form of thin conformal films and to 
decrease the wave scattering and the propagation losses at 
the interface. In particular, the new nucleation process (NNP) 
[11], will be complemented by the use of nanodiamond 
seeding and/or seeding slurries [12].  

Change in semiconductor resistivity with strain i.e. 
piezoresistivity property of p-type NCD coatings [13] on 
SiO2/Si substrates was found to perform well at high 
temperatures (500oC) where conventional silicon-on-insulator 
(SOI) piezoresistor fails [14]. Single crystalline diamond and 
polycrystalline diamond films [15-17] show a high gauge 
factor (change in resistivity per unit strain) in the range of 
500–4000 and 10–100, respectively, compared to diamond-
like carbon (DLC) films 36–1200 [18]. On the other hand, the 
diamond is not piezoelectric.  

Frequency of SAW device is the ratio of sound velocity 
divided by interdigitated spacing/wavelength. IDT spacing is 
limited by the lithographic technique but one way of 
increasing the SAW frequency is to use material with high 
phase velocity. Diamond is not only the best acoustic 
propagator but also it has the highest thermal conductivity, 
which ensures high thermal stability of the SAW device 
parameters [19]. Al/ZnO/Diamond layered structure was 
fabricated for testing phase velocity and coupling co-efficient 
(K2: effective conversion of RF signal into the surface 
acoustic wave and vice versa) of propagating sound wave at 
2.45 GHz frequency. Although, diamond is not piezoelectric, 

but it has the highest elastic modulus and sound velocity, 
which make it an ideal substrate for SAW devices [20]. AlN 
(hexagonal) has a higher phase velocity than ZnO. So 
AlN/NCD/Si SAW device was also tried to minimise velocity 
dispersion, thus increasing the coupling coefficient. Benedic 
et al. could achieve 9472m/s phase velocity with 18.9µm 
thick NCD, 4µm thick AlN layered structure and 32µm 
aluminium IDT spacing or λ [21]. This same group tried out 
ZnO/Diamond layered structure with 32 µm wavelength, 3 µm 
ZnO and 25 µm diamond first layer thickness and reported 
acoustic phase velocity 9696 m/s, electromechanical coupling 
coefficient: K2=0.75%, temperature coefficient of frequency: 
TCF=29 ppm/oC [22]. They theoretically calculated to find that 
combining ZnO, AlN and diamond into a layered structure 
would enhance the coupling coefficient and phase velocity to 
a significant extent. Their experimental results confirm their 
theoretical assumptions. Phenomenal 16 km/s phase velocity 
was obtained with AlN film thickness of 4.7 µm; ZnO film 
thickness of 1.4 µm; and spatial periodicity of 24 µm for IDTs 
[23]. 

Most piezoelectric materials (such as quartz) show phase 
transition temperatures below diamond deposition 
temperature (typically 650-1100ºC substrate temperature with 
20-30 torr chamber pressure), preventing their use as a 
substrate for diamond growth. Langasite (La3Ga5SiO14) and 
gallium orthophosphate (GaPO4) are recently fabricated 
piezoelectric materials that can withstand high temperatures 
without being deteriorated. GaPO4 phase transition 
temperature is 933°C, while LGS does not have phase 
transitions up to its melting point of 1470 °C. Both these 
materials are not expected to deteriorate under typical 
diamond CVD growth conditions. LGS is a very attractive 
material for SAW and BAW high-temperature applications 
[24-31]. It has been experimentally verified that the expected 
loss of piezoelectricity for quartz in between 570 and 580◦C is 
due to the α-β transition. The results obtained qualified the 
LGS crystals for high-temperature SAW gas sensors 
applications. Nanocrystalline diamond films have been 
reported to grow over LGS substrates by microwave plasma 
CVD [32]. Initial growth protocol and process parameters 
usually employed for silicon substrates were investigated but 
cracking and delamination of the films from the langasite 
substrates was then observed. To improve the adhesion 
property, SiO2 was magnetron sputtered on top of an 
electrode of a langasite thickness-shear mode resonator. 
This layer was then seeded with diamond nanoparticle 
aqueous slurry. Nanocrystalline diamond was then grown by 
microwave enhanced CVD. Another method of improving 
adhesion was to use Argon gas for nanocrystalline diamond 
growth along with substrate scratching with DND slurry [33]. 
The nanocrystalline diamond was grown on top of a SiO2 
buffer layer [32] and thus was electrically isolated from the 
top contact. An alternative design was used where the 
interlayer supporting diamond growth was switched to 
tungsten. Tungsten is a well-known substrate for diamond 
growth. Boron-doped nanocrystalline diamond was grown on 
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top of 100 nm thick tungsten layer. This device has much 
lower loading due to thinner metal interlayer and no 
SiO2buffer layer, and also there is electrochemical access to 
the diamond layer. Researchers at Hasselt University, 
Belgium and IMEC, Belgium (Oliver A Williams and co-
researchers) have tried to exploit the high phase transition 
temperature (933oC) of gallium orthophosphate for depositing 
diamond on top of it by CVD, but due to the chemical 
instability of GaPO4, it was found that the bare GaPO4 were 
substantially etched in the microwave plasma and no 
significant diamond growth occurred. To circumvent this, SiO2 
buffer layer was used. So with interlayer, GaPO4could 
withstand the temperature of the diamond growth plasma. 
The phase response when plotted against frequency for this 
resonator, both before and after diamond growth, it was 
found that the response had changed very little by exposure 
to the harsh diamond growth environment. 

Diamond films are an excellent material for protection and 
passivation, avoiding degradation of devices with time, and 
protecting the devices against hostile operating conditions. 
The phase velocity in diamond is higher than in common 
piezoelectric materials (e.g. 14mm/µs for longitudinal waves 
against 8.9mm/µs in SiO2), so faster devices can be 
fabricated. Diamond’s high heat conductivity also increases 
the devices power handling capability. Traditional fabrication 
procedures involve the deposition of the piezoelectric 
material on a thick diamond film [34-38]. The approach 
followed in this work is the opposite: the diamond film will be 
deposited directly on the piezoelectric material surface, 
simplifying the fabrication procedure to its maximum extent. 
Special care will be taken in the nucleation procedure [39]. 
Since diamond CVD takes place at substrate temperatures 
higher than 500ºC, the piezoelectric substrates will be LGS. 
LGS is expected to survive the diamond growth conditions, in 
particular, the exposure of the atomic hydrogen, and do not 
suffer any phase transition up to typical diamond deposition 
temperatures. This work has two-fold significances, a) finding 
encapsulation material for SAW devices under harsh 
environment and b) increasing the operating frequency of 
SAW device by using piezo/diamond layered structures. 

2. MATERIALS & METHODS 

Langasite substrates (purchased from M/s The Roditi 
International Corporation, UK) [40] were chosen for 
depositing diamond films by microwave plasma CVD. Silicon 
substrates (p-type, 0.5 mm thick, one side polished, 1-20 Ω-
cm) were processed with each langasite substrate to 
compare their results. 50% of the substrates were kept inside 
CVD chamber (ARDIS-100, 2.45 GHz, 5 kW) under low 
temperature (500oC)diamond growth conditions [41]for 
facilitating the formation of the thin carbonaceous layer, 
before undertaking conventional ultrasonic seeding (US) 
procedure with detonation nanodiamonds [42]. So the LGS 
samples were divided into two groups: one set of samples 
with low-temperature pre-treatment (LTPT) and the other set 

without any pre-treatment (NOPT). All the samples were then 
kept under CVD growth environment (GC) of 700oC, 60 Torr 
pressure, 2.5 kW microwave power, 500 sccm of hydrogen 
and 20 sccm of methane flow rates. Together this process 
can be termed as modified novel nucleation process (NNP) 
[43]. Roughness plays a very important role in enhancing the 
diamond nucleation and growth [44,45]. To study the effect of 
roughness of the substrate on the diamond deposition, it was 
further decided to keep the samples inside the CVD chamber, 
either polish or rough side, facing up the microwave plasma 
environment. The experimental procedures have been 
schematically described in Figure 1. 

 
Figure 1: Schematic representation of the CVD experimental 
procedures. 

After 2 hours of diamond growth (GC), the samples were 
taken out and later they were characterised by X-ray 
diffractometer (XRD, PW 1710, Philips Research Laboratory, 
Eindhoven, The Netherlands), field emission scanning 
electron microscopy (FESEM, LEO 430i Steroscan, UK), X-
ray photoelectron spectroscopy (XPS, PHI 5000 Versaprobe 
II, UL-VAC PHI, USA) and, Raman spectroscopy (STR500, 
Cornes Technologies, formerly known as Seki Technotron) 
for their physical property evaluation. 

3. RESULTS AND DISCUSSION 

3.1. Raman Spectroscopy 

Crystalline diamond gives a sharp Raman peak at 1332.28 
cm-1 with up-shift or downshifts of the Raman line in 
accordance with the presence of compressive or tensile 
stress inside the crystal respectively [46]. The line width of 
the peak becomes broader with a decrease in crystal size. 
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Figure 2: Raman spectroscopy of polycrystalline diamond deposited on the substrates (a) Si, (b) unpolished side of LGS with low-temperature 
pretreatment (LTPT), (c) unpolished side of LGS without substrate pretreatment (NOPT) and, (d) polished side of LGS without substrate 
pretreatment (NOPT). 

On the other hand, graphite produces Raman peaks at 
1350cm-1 and 1582 cm-1 respectively. Shifting of graphite 
theoretical peak occurs due to crystalline interaction with 
graphene layers and broadening of their peaks is due to the 
conversion of sp2 carbon into non-crystalline sp2 carbon. In 
Raman spectra of PCD material, the presence of a band at 
1350 cm-1(D) or 1580 cm-1(G) signifies the graphitic impurities 
of the films, although the Raman signals are much more 
sensitive to graphite than a diamond phase. Other than 
diamond and graphite, there are other forms of carbon which 
produce Raman peaks at many different positions, like 
nanocrystalline diamond or surface defect modes in diamond 
give a band or shoulder at 1620cm-1; amorphous sp3 bonded 
carbon gives a broad peak at 500cm-1; a sharp peak at 
1462cm-1 is for fullerene; 2700 cm-1Raman signal is called G΄ 
or 2D band and is due to graphene layers; 1350cm-1 graphite 
band is an indication of disorder in graphite crystal which 
otherwise produces sharp single crystal peak at 1575cm-1; 
activated charcoal or carbon black gives Raman peak at 
1355cm-1; sometimes microcrystalline diamond (MCD) gives 
1150cm-1 peak due to nanocrystalline phases with trans-
polyacetylene peak at 1480 cm-1 [47-52]. Figure 2 depicts the 
Raman signals obtained from different films deposited on 
different substrates in this work. Figure 2a is the signal from 
PCD film on a silicon substrate. It can be seen that PCD 
Raman peak at 1331.39 cm-1 is present with some downshift, 
due to tensile stress in the film. But disordered graphite band 
at 1342.92 cm-1 is interfering with the diamond signal in 
Figure 2a. There are many other unidentified peaks in Figure 

2a, out of which peak at 1460 cm-1 is attributed due to the 
presence of fullerene. Figure 2b is the Raman signals from 
the diamond coating deposited on the unpolished side of the 
LGS substrate, which was pre-treated in low temperature of 
500oC before ultrasonic seeding by detonation nanodiamond. 
Pre-treatment under the influence of microwave plasma PCD 
recipe would create a thin carbonaceous layer on top of LGS 
substrate. The identical temperature of 700oC used for 
diamond deposition could not be applied during PT, as it was 
observed that there was degradation of the LGS substrate at 
a higher processing temperature of plasma [32]. Now, LTPT 
treatment of LGS would facilitate diamond phase formation 
during the actual run, which is evidenced by the Raman 
signal at 1328.66cm-1 in Figure 2b. It is to be noted the LTPT 
treatment also co-deposited disordered graphite (D-band) 
and graphitic G band positions. Figure 2b also has many 
unidentified peaks, which can also be due to noise in data 
collection. But, it is the practice to calibrate the instrument 
and also to take background spectra before each Raman 
measurement. The important thing to compare between the 
Figure 2a and 2b is that both are the Raman signals from 
diamond films but one is grown on a commonly used silicon 
substrate and the other one is the special substrate LGS 
used in the present paper. Now, if one looks at the y-axis 
then one would imagine that the intensities of the diamond 
signals are as high as 5000 a.u. for the LGS substrate, which 
is higher than the corresponding Raman signal for the 
diamond film grown on the silicon substrate. Now Figure 2c 
and 2d are the Raman signals for the film deposited on the 
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unpolished and polished sides of the LGS substrate without 
any PT respectively. We could see those diamond peak 
signatures are present along with graphitic G band and D 
band, as found in Figure 2b. PCDs on the LGS substrates 
without pre-treatment have less stress with smaller 
downshift/upshift of the Raman peak compare to LTPT 
substrate. The quality factor (intensity ratio of the diamond 
(Id) to graphite-like carbon (Iglc) peaks) is best for Figure 2b, 
whereas, the stress is least for Figure 2d. Again, it is to be 
noted that the intensities for the diamond signal are very 
small (Figures 2c and 2d) compared to the graphite or non-
diamond signals, but high enough for not being a noise. It is a 
well-known fact that the graphite carbon is much more 
sensitive to Raman scattering than sp3 bonded carbons 
present in diamond material. The sudden jump in intensity 
while acquiring the Raman signals in approaching the typical 
1332 cm-1 diamond signature peak position is certainly not 
due to noise levels in Figures 2c and 2d. The films deposited 
on LGS have very high-quality factors, which is due to the 
fact that Raman peak intensities are significant in comparison 
to the graphite signals.The films deposited on the smooth 
side of the LGS substrate has the least amount of stress and 
it is compressive in nature, whereas, the rough side of the 
same NOPT substrate gives tensile stress but not as much 
as the rough side of the LGS substrate with LTPT. It may be 
that prior deposition of sp3 rich carbon film introduces more 
defect in the growing film than film deposited without PT. 

Figure 2 has many unidentified peaks correspond to other 
forms of amorphous and nanocrystalline carbon which could 
not be labelled in the present work. All the films deposited on 
the LGS have similar spectral features (Figures 2b-d). Bare 
LGS substrate (inset of Figure 2d) was also studied with 
Raman laser and was found to contain no peak in the range 
where carbon gives a signal to 514.5 nm laser excitation. It is 
inferred from the Raman data that the roughness of the 
substrate changes the nature of the diamond film internal 
stress from compressive to tensile, whereas, this inherent 
tensile stress in the film deposited on the rough side is further 
enhanced with low-temperature pre-treatment (LTPT) of the 
LGS substrate. Moreover, the diamond film quality does not 
get much altered with the change in the substrate roughness 
but with the substrate pre-treatment. 

3.2. XRD and XPS 

Diamond cubic crystals give characteristic (111), (220), (311) 
and (400) plane diffraction peaks at about 44o, 75o, 91o and 
119o 2θ values according to JCPDS file no. 6-0675 [53]. But 
when we carried out routine X-ray diffraction scan on the 
diamond-coated Si and LGS substrates, it was observed that 
the peaks were coming at 2θ values which are not usual. It 
was first tried to manually fit the peak positions with 
maximum possible intensity from Joint Committee for Powder 
Diffraction Standard (JCPDS) files, but later on, “X’pert Pro 

 
Figure 3: XRD micrographs of polycrystalline diamond deposited on the substrates (a) Si, (b) unpolished side of LGS with low-temperature 
pretreatment (LTPT), (c) unpolished side of LGS without substrate pretreatment (NOPT) and, (d) polished side of LGS without substrate 
pretreatment (NOPT). 
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software” (High Score Plus 3.0e, 2012version) was also used 
to fit the data automatically. Diamond-coated silicon wafers 
experimentally showed two peaks at 44.09o and 69.4o with 
2.05Å and 1.36 Å d-spacing respectively. These two values 
were best manually fitted with JCPDS file numbers 79-1468 
and 79-1470 for hexagonal primitive diamond lattice for 
diffraction planes of (002) and (107) respectively. But when 
the same peaks were also fitted with automated software 
X’pert Pro, then JCPDS file no. 79-1469 was found to be 
appropriately matched with corresponding reflections from 
(101) and (006) of hcp diamond lattice as shown in Figure 3a. 
Similarly, the diamond-coated rough side of the LGS 
substrate with LTPT also produced X-ray peak at 44.89o 2θ  
value with 2.02Å d-spacing but one additional peak appeared 
at 28.12o with 3.17Å d-spacing. So the diamond material 
deposited on LGS must have been different from the 
diamond deposited on Si. It was manually found to fit best 
with JCPDS file numbers 79-1470 and 79-1471 for (004) and 
(103) reflection planes of a hexagonal primitive diamond. But 
when the same data were fed into X’pert pro software, the 
best match came up with JCPDS file no. 79-1473 for a 
rhombohedral diamond with reflection plane of (018) at 
44.89o, and to our surprise the other peak at 28.12o was best 
fitted with (420) reflection for C60 fullerene, as shown in 
Figure 3b. Raman signals from films on different substrates 
also indicated the presence of fullerene in the deposited films 
(Figures 2a and 2c). The diamond coatings on LGS 
substrates without pretreatment (NOPT) also showed PCD 
Raman peaks, both from the rough and polished sides. Now, 
both of them also showed crystalline X-ray diffraction peaks; 
rough side peak at 53.31o with d-spacing of 1.72Å and 
polished side peak at 53.2o with d-spacing of 1.72Å. Manually 
this peak could be best fitted with (103) reflection plane of 
hexagonal primitive diamond lattice from 79-1469 JCPDS file. 
On the other hand “X’pert pro software” matched this peak 
with JCPDS file no. 79-1472 with the rhombohedral diamond 
plane (0111) as shown in Figures 3c and 3d. It is found that 
none of the X-ray diffraction peaks could be matched with 
conventional diamond cubic structure. It is perhaps a new 
diamond phase formed on the langasite substrate. But the 
film deposited on Si was also found not to be cubic, but 
hexagonal. It may be so that since Si was kept alongside the 
LGS substrate during CVD growth of diamond, the plasma 
chemistry altered the diamond growth process in the present 
experiments. 

Now to know the elements present on the diamond-coated 
LGS substrate, further X-ray photoelectron spectroscopy was 
carried out with wide-area surface scan only. The XPS data 
revealed that the substrate surface is coated with carbon. 
284.4 eV is the actual C1s peak position, which has been 
upshifted by 0.17 eV in the present case (Figure 4a). 
Interestingly, the diamond surface was found to be 
oxygenated (Figure 4c), as found in the authors’ previous 
work [54]. The upshift of C1s peak indicates that the films are 
of better varieties. There was no additional XPS signal from 
the base La3Ga5SiO14 as shown in Figure 4b. Absence of any 

signal from Si (Figure 4d) negates the suspicion that the 
surface may have some silicon carbide phase.  

3.3. SEM and EDAX 

Figure 5 is the scanning electron microscope images of the 
polycrystalline diamond films deposited on different 
substrates. It is observed that the grains are somewhat 
agglomerated on Si, with an average grain size of 175 nm 
(Figure 5a). The similar size of about 187 nm was also 
observed for diamond grains deposited on the rough side of 
the LGS substrate without prior substrate treatment under 
microwave plasma growth environment (Figure 5c). But when 
the diamond films were grown on the smooth polished side of 
similarly not pre-treated LGS substrate, it was found that the 
grains are having a somewhat smaller size of 145 nm (Figure 
5d). The average grain size difference between the diamond 
grains on rough and smooth sides of LGS with NOPT is due 
to their difference in surface roughness. As it is known that 
the rough surface enhances nucleation and growth of the 
diamond film [44], it can be inferred that when the substrate 
was ultrasonically treated with detonation nanodiamond slurry 
before deposition, more number of grooves and pits were 
created, which acted as favourable high energy sites for 
adatoms from plasma environment to attach onto the rougher 
side. Moreover, the rough surface also had inherent cavities 
for the DND particles to get entrapped for better nucleation 
enhancement. This may be one reason for getting bigger 
diamond grains on the rough side than on the polished side. 
The other reason may be that since the rough surface of the 
LGS substrate would have more active sites for adsorption of 
plasma species for diamond growth than the smoother 
surface, and then it would have more nucleation density than 
a polished surface and may be responsible for resulting big 
diamond grains. Figures 5c and 5d show the effect of 
substrate roughness on the resulting CVD grown diamond 
grain size. To understand the effect of PT on the grain size, 
Figures 5b and 5c should be compared for the films 
deposited on similar rough sides. It can be found that higher 
active sites on the rough surface in conjugation with substrate 
pre-treatment (LTPT) have led to much bigger grain size of 
823 nm, compare to about 187 nm size diamond crystals 
grown on the LGS substrates with NOPT as seen in the 
microstructure of Figure 5b, which is very much different from 
the diamond grains observed on other substrates. Figure 5b 
is the diamond film on the rough side of the LGS substrate 
but with low-temperature pre-treatment (PT) under diamond 
growth environment for covering the substrate with sp3 rich 
carbon layer before US and GC. LTPT of the substrate might 
have rendered special quality on the surface which resulted 
in elongated and curvy grains of diamond, which at the best 
possible metaphor can be described as a small island like 
structures. Lower magnification image in Figure 6a provides a 
better understanding of the overall structures. There are 
some voids visible in between elongated curvy diamond 
grains, and together, they also can be viewed as an active 
volcano site from the top. The black holes represent the 
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Figure 4: XPS signals of diamond-coated LGS substrate with low-temperature pre-treatment (LTPT) (a) C-1s, (b) La-3d and (c) O-1s, (d) wide 
surface scan on the coated rough side. 

 
Figure 5: FESEM microstructure images of polycrystalline diamond deposited on the substrates (a) Si, (b) unpolished side of LGS with low-
temperature pretreatment (LTPT), (c) unpolished side of LGS without substrate pretreatment (NOPT) and, (d) polished side of LGS without 
substrate pretreatment (NOPT). 

mouth of eruptions and the adjacent grains can be imagined 
as out-flowing molten lava from inside. The metaphor of 
eruption can be extended to the spike-like features, as in the 

inset Figure 5b, which are emanating from the underneath. 
Now a closer look at the successive circled regions of Figure 
6 would reveal that some kind of rope-like structures is 
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Figure 6: (a) Active volcano-like microstructures of PCD grown over the rough side of LGS substrates with low-temperature pretreatment, (b) 
enlarged view of the circled portion from Figure 6a, (c) EDAX signals from the island like granular region and, (d) EDAX signal from the tripod-
like region. 

extruding out from the spikes. Although, the spikes are rigid 
in appearance but the thread that is coming out from the 
centre of such rod is not rigid but slacking. Additionally, some 
kind of tripod formation is also visible in Figure 6b. The EDAX 
signals from both the elongated curvy grains and from the 
rod-like spikes give similar data as seen in Figure 6c and 6d. 
Both the signals are almost identical, inferring same chemical 
nature of such unique microstructural features throughout the 
surface. Now, it is important to notice that the most prominent 
peak is for Ga, along with the presence of low-intensity peaks 
for La, Si and O in Figure 6. The base substrate is 
La3Ga5SiO14. If we look at Figure 7b, which is EDAX for bare 
LGS substrate, all the substrate elements produce prominent 
sharp peaks. Since carbon was coated before electron 
microscopy, we could also observe EDAX signal for carbon 
with less intensity. On the other hand, LGS substrate after 
CVD run produces EDAX signals with reduced intensity for 
the substrate elements and with enhanced intensity peak for 
carbon, Figures 7c and 7d, irrespective of their substrate 
roughness. Now, the carbon film has already been confirmed 
to consist of PCD and sp2 carbons from Raman 
spectroscopy, Figure 2. But the EDAX signals from the films 
coated on the rough and polished sides of LGS without pre-
treatment, Figures 7c and 7d, show carbon giving the highest 
intensity peak, and all other peaks from the substrate 
elements are much subdued. If we compare 7c and 7d peak 
intensities, although the elemental signatures are identical, 

but their intensities are higher for Figure 7d. Such information 
throws some light on the effect of substrate roughness on the 
nature of the deposited films. Since the base substrate 
elements are giving marginally higher intensity signals for the 
films grown on the LGS polished side, it can be concluded 
that the film may be thinner, and which also had already been 
indicated by their smaller grain sizes in Figure 5d. Now, 
comparing EDAX signals between LTPT (6c) and NOPT (7c) 
substrates (both unpolished), it can be seen that the 
substrate pretreatment (PT) does not suppress Ga and La 
elemental peaks much like the diamond film does for NOPT 
substrate. So it is evident that the substrate pre-treatment of 
LGS plays an important role in altering the nucleation and 
growth behaviour of the deposited diamond film. First, it 
shows unique microstructural features and secondly, the 
Id/Id+Iglc ratio is also found to be the highest, signifying the 
best quality diamond film among all the deposited PCDs. 
Figure 7a also shows the EDAX signal for the film deposited 
on the silicon substrate, where the substrate (Si) peak is of 
higher intensity than carbon film (not like the LGS substrates 
Figures 6c and 6d, where the substrate signals are of lower 
intensity than carbon film). There is no other elemental peak 
present in a film deposited on Si. 

4. CONCLUSIONS 

Diamond was successfully deposited on La3Ga5SiO14 
substrates without the need of any interlayer as earlier 
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Figure 7: EDAX peaks of (a) diamond coated Si, (b) uncoated, unpolished side of LGS, (c) diamond coated unpolished side of LGS without 
substrate pretreatment (NOPT) and, (d) diamond coated polished side of LGS without substrate pretreatment (NOPT). 

reported in the literature [32]. Neither, Ar rich plasma 
chemistry was used for improving the UNCD film adhesion 
nor W/SiO2 buffer was added. PCD was co-deposited on the 
Si substrates with methane-hydrogen plasma, kept along with 
LGS inside the CVD chamber for comparing the results. 
Raman, X-ray, XPS peaks confirm the presence of diamond 
crystals. XRD micrographs interestingly show the presence of 
hcp and rhombohedral crystal structures of the deposited 
diamond film. LGS does not react or melt under the present 
CVD diamond growth conditions. Presence of thin layer of 
PCD suppresses the bare LGS EDAX elemental peaks. This 
layer may be thinner for the film grown on the polished side of 
the LGS substrate, as it was also found to be of finer grain 
sizes (145 nm). Volcanic eruption like microstructure is 
uniquely seen for the film on LGS with low-temperature 
pretreatment (LTPT). There are many spikes, tripods, rope-
like elongated micro-structural features emanating out from 
the base substrate. But such unique micro-structures 
disappear for the LGS substrate without pretreatment 
(NOPT). Both the polished and unpolished sides of the 
substrate could favour diamond growth. It appears that the 
roughness of the substrate favours bigger diamond grains 
(187 nm). Moreover, the roughness changes the nature of the 
internal stress from compressive to tensile, while keeping the 
diamond film quality almost the same. This tensile stress gets 
exasperated (2 GPa) with substrate pre-treatment (LTPT) but 
with concomitant improvement in the film quality (39%). The 
rhombohedral diamond structure was detected for the film 
deposited on the LGS substrate, whereas the diamond film 

grown on silicon was hexagonal close pack structure. Films 
on LTPT substrate show different XRD peak positions (018) 
for rhombohedral structure than NOPT substrate, but the 
change in surface roughness does not alter the 
corresponding rhombohedral peak position (0111) for NOPT 
substrates. This research provides an understanding of the 
deposition of diamond on high-temperature piezoelectric 
materials. These materials can be used for the fabrication of 
wireless and passive devices that can be used in remote or 
inaccessible places. Even though the SAW technology is, by 
itself, a versatile and powerful technology, the coating of 
these devices with diamond opens the door to the application 
of these sensors under extremely hostile environments, 
under chemically or radioactive aggressive atmospheres or in 
places where the sensors are exposed to high wear and tear. 
Diamond CVD is a technique widely used for the coating of a 
variety of substrates for different applications; however, the 
deposition of diamond films on piezoelectric materials is an 
area that has not been explored. As such, the work and 
knowledge obtained during this study are expected to have a 
real impact on the development of a new generation of SAW-
based sensors and devices with increased operational 
frequencies. 
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