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Photoluminescence and electrical conductivity of silicon
containing multilayer structures of diamond like carbon
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Photoluminescence and electrical conductivity of silicon containing multilayer structures of diamond like carbon were
studied. These multilayer structures were deposited in a sequence a-Si:H/ Si-(a-C:H)/ a-C:H using conventional RF-PECVD
technique. It was found that with the variation of silane partial pressure during the growth of middle layer (Si-(a-C:H)), the
optical, electrical and photoluminescence properties of these multilayer structure varied. Electrical conductivity showed
negative thermally activated process in these multilayer structure which disappeared after annealing the samples at 250 °C.
The role of a-C:H as protective layer for luminescent Si-(a-C:H) layer has also been emphasized.
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1. Introduction

Multilayer structures are of considerable interest to
researchers due to its various tunable properties.
Multilayer structures involving two most widely studied
amorphous materials such as hydrogenated amorphous
carbon (a-C:H) and hydrogenated amorphous silicon (a-
Si:H) are quite interesting. These two materials have
versatile applications. Hard a-C:H is also called diamond
like carbon (DLC) due its strong mechanical and
tribological properties such as high hardness, low friction
and high wear resistance. All these lead to its industrial
and space applications like hard coating for tools, wear
resistance coating for computer hard disk and
antireflection coating for space craft [1-5]. Similarly a-
Si:H find wide applications in micro electronics and
optoelectronics area, particularly in Thin film transistors
(TFT’s) and photovoltaic [6-7]. For last few years, a-C:H
has also attracted considerable interest to researchers for
possible use in other areas like photonic and optoelectronic
applications/devices due to its tunable electrical, optical
and luminescence properties. The electrical and
luminescence properties of a-C:H can be tailored by band
gap engineering, because its band gap can be tuned by
varying n-n* bonding which is associated with sp* fraction
of carbon [8].

In spite of all these unique properties, a-C:H have
some drawbacks like poor adhesion particularly to non
carbide forming substrates and high stress [9-10]. Thus, in
order to modify and improve the a-C:H properties, and to
overcome from its drawbacks, various incorporation of
newer materials which are generally similar in structure to
a-C:H like silicon (Si), nitrogen (N,), metals (Ti, Cr, Cu)
etc. have been used. Incorporation of these newer
materials in a-C:H improves not only its mechanical and
tribological properties but also improves its electrical,

optical and luminescence properties and resolve
simultaneously its stress and adhesion problems [4-11]. It
is found that silicon incorporation in a-C:H is quite easier
due to its similar tetrahedral bonding network [12] and
beneficial in enhancing its mechanical and luminescence
properties due to the enhancement of sp’ fraction in its
amorphous matrix [13]. In addition, Si incorporated a-C:H
may be used in silicon-carbon based multilayer structures
which may play a very important role in the improvement
of the transport and luminescence properties due to
presence of many layer boundaries in its structure. The RF
plasma enhanced chemical vapor deposition (RF-PECVD)
technique is a conventional way to grow multilayer
structures just by choosing the process gas in the chamber
as required for the deposition of several layer.

In this paper, the properties of silicon-carbon based
multilayer structures consisting of three layer structures,
namely a-Si:H bottom layer, Si-(a-C:H) middle layer and
a-C:H as a top layer deposited by RF-PECVD technique
have been reported. Each of these layers has its individual
role in the improvement of the properties of whole
structure. These multilayer structures were also
characterized for stress, hardness, Fourier transform
infrared spectroscopy (FTIR) and UV-visible transmission
with main emphasis on photo luminescence and
temperature dependent conductivity of silicon-carbon
multilayer structure.

2. Experimental details

Amorphous Hydrogenated silicon—carbon multilayer
structures were deposited using radio frequency (13.56
MHz) asymmetric capacitive coupled plasma enhanced
chemical vapor deposition (RF- PECVD) technique on
variety of substrates such as corning glass, micro slides, n-
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type single side polished silicon [100] wafers (resistivity
0.001-0.005 Qcm and thickness 500-550 pum), p-type both
side polished silicon [100] wafers (resistivity 3-6 Qcm,
thickness 500-550 um ). All the depositions were carried
out without deliberate heating of the substrates. The silane
(SiHy) and acetylene (C,H,) were used as precursor gases.
Substrates were cleaned by standard cleaning processes
and treated in argon plasma in the process chamber at
negative self bias of about 300 V to get rid of any
contamination and moisture, prior to deposition. Four sets
of samples were prepared and each of these sets involved
three layer structures namely, bottom a-Si:H as an
adhesive layer, middle Si-(a-C:H) as a bulk layer and top
a-C:H as a surface or protective layer. During depositions,
the gas pressures of silane 14 mTorr and acetylene 14
mTorr were adjusted with the help of needle valve for the

bottom and top layer, respectively which were kept same
for all the four sets, whereas for middle layer silane
pressure was varied from 2 to 5 mTorr (silane partial
pressure SPP = (SiH,)/(SiH4+Ar+C,H,) varied from 14-29
%) and the pressures of other two gases Ar and C,H, were
kept 5 mTorr and 7 mTorr, respectively. All depositions
were performed at 50 mTorr and this pressure was
achieved by adjusting the throttle valve after getting the
desired pressure as mentioned earlier with the help of
needle valve of respective gas as required to respective
layer. All depositions were performed at self bias of 100
volts. The details of deposition parameters are given in
Table 1. Thickness of middle layer Si-(a-C:H) was in the
range of 730 nm-670 nm and bottom (a-Si:H) and top (a-
C:H) layers were 20 nm and 150 nm, respectively.

Table 1. Process parameters for a-Si:H/Si-(a-C:H)/a-C:H multilayer structures growth.

Sample Layer First layer | Second layer Third layer | Silane partial pressure
sequence SiH, C,H,; pressure for second layer
Pressure SiH,+Ar+C,H, (mTorr) [SiHy/
(mTorr) SiH;+Ar+C,H,]
(mTorr)
Si-DLC 2 a-Si:H/Si-
(a-C:H)/a- 14 2+5+7 =14 14 14 %
C:H
Si-DLC 3 a-Si:H/Si-
(a-C:H)/a- 14 3+5+7=15 14 20 %
C:H
Si-DLC 5 a-Si:H/Si-
(a-C:H)/a- 14 4+5+7=16 14 25%
C:H
Si-DLC 6 a-Si:H/Si-
(a-C:H)/a- 14 5+5+7=17 14 29 %
C:H

Single layer a-C:H was also grown in order to
estimate the properties of individual a-C:H layer used in
these multilayer structures (a-Si:H /Si-(a-C:H) /a-C:H).
Three sets of a-C:H films were grown at different
acetylene gas (C,H,) pressure of 25 mTorr, 50 mTorr and
75 mTorr at constant negative self bias of 100 V where

C,H, pressure was adjusted initially at 14 mTorr and then
throttled to 25 mTorr, SOmTorr and 75 mTorr for the three
sets of a-C:H growth. Details of deposition for these a-C:H
films have also been summarized in Table 2.

Table 2. Process parameters for the a-C:H growth.

Sample Argon pressure | Acetylene pressure (m | Negative Self bias
(mTorr) Torr) )
A 25 25 100
B 25 50 100
C 25 75 100
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These multilayer structures have been characterized
for photoluminescence (PL), conductivity as a function of
temperature, UV-VIS transmission and FTIR. Thickness
of these films was determined by stylus type instrument.
The values of optical band gap of multilayer structures
were determined by well known Tauc’s plot of (chv)"?
versus hv, where a is absorption coefficient and hv is
energy. The room temperature PL measurements were
performed using Perkin Elmer LS 55 spectrometer. Dark
conductivities were measured using Keithley electrometer
610C and Heico stabilized voltage power supply (model
no. 1A501). Transmission was measured using UV-VIS
1601 spectrometer. FTIR measurements at room
temperature were carried out using Perkin Elmer Spectrum
Bx spectrometer in wave number range 400-4000 cm’™.
Single layer a-C:H films were also characterized using
same characterization techniques, which were used for
multilayer structures. The characterization of a-C:H layer
seperately helps us to define the individual role of a-C:H
and estimated the contribution of Si-(a-C:H) layer in over
all properties of these multilayer structures. It is pointed
out that thickness of a-Si:H layer is just 20 nm and it is
speculated that it does not play any significant role in
overall properties of multilayer stack except adhesion.
After depositing these multilayer structures on glass,
contacts were made by evaporating aluminum with 0.07
cm gap for coplanar in a vacuum of 10 Torr for electrical
conductivity measurement.

3. Results and discussion
3.1. Stress & Hardness

Usually hard a-C:H (DLC) films are characterized for
high hardness but stress in these films also increases with
the increase in hardness. The incorporation of silicon in a-
C:H reduces the stress without scarifying the hardness of
the films. The variation of stress and hardness as a
function of silane partial pressure for these multilayer
structures were studied. Initially, stress in multilayer
structures increases with the increase of silane partial
pressure (SPP). The structures deposited at SPP of 14, 20
and 25 % exhibits the stress values 0.55, 0.95 and 1.1 GPa,
respectively but beyond SPP of 25 %, stress start to
decrease and found to be 1 GPa at 29 %. Similar behavior
was also found with the hardness. Structures deposited at
SPP of 14, 20 and 25 %, the hardness values were found to
be 4.5, 5.0 and 12 GPa, respectively but beyond SPP of 25
%, hardness starts to decrease and becomes 7.5 GPa for
the structure deposited at SPP of 29 %. The detailed
studies of stress and hardness have been reported
elsewhere with the figure of merit of stress per unit
hardness found to be best for multilayer structures
deposited at SPP of 25 % [14].

3.2. Transmission & FTIR

UV-VIS transmission of these silicon containing
multilayer structures of DLC is shown in Fig. 1 and the
values of E, are estimated using Tauc’s plot which are

shown in the inset of Fig.1. The values of E, varied from
1.33 to 1.46 eV for these multilayer structures deposited at
various SPP’s. The film deposited at SPP of 14 % exhibits
the band gap 1.38 eV, which become lower of the order of
1.33 eV for the film deposited at SPP of 20 % and beyond
SPP of 20 %, the E, of the structures increased to 1.42 eV
and 1.46 eV for the structures deposited at SPP of 25 and
29 %, respectively. Generally the E, of value of a-Si:H lies
between 1.7 to 1.9 eV as reported by various authors [15]
where as E, of a-C:H varies from 1 to 4 eV [16] depending
upon deposition parameter. In the present case of
multilayer structures, E, values were found to be low as
compared to pure a-Si:H and a-C:H. As E, of a-C:H
depends on m-m* bonding of sp® site. Initially Si
incorporation in amorphous a-C:H matrix may be the
cause for reduction in E, of multilayer structures, because
incorporation of silicon in a-C:H, reduce the n-n* gap of
sp” site and hence reduce the band gap of the structures.
Further, increase of Si (SPP beyond 20 %) increase the
E,, which may lead to onset of alloy formation (a-SiC:H).
Lower E, may also be attributed to defects associated with
interfaces between various layers in these multilayer
structures.
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Fig. 1. Transmission spectra of multilayer structures

grown at SPP of 14 %, 20 %, 25 % and 29 %. Inset

show band gap variation as a function of silane partial
pressure for multilayer structures.

FTIR spectra of as deposited silicon-carbon multilayer
structures are shown in Fig. 2. The broad absorption band
corresponding to Si-C bonding and weak absorption bands
corresponding to C-C and C-H bonding confirm the
incorporation of Si in a-C:H network. These films exhibit
various stretching, wagging and olefinic vibration modes
in different wave number regions. It is clear from Fig. 2
that the peaks found near 680-800 cm™ region exhibit the
bonding network between Si-CH, whereas peaks at 780
and 990 exhibit Si-C stretching and SiC-H wagginf?r
vibration modes, respectively. Peak found at 1653 cm’
represents the C-C stretchin% mode. The vibration peaks
found near 2855 to 2960 cm™ exhibit various CH bonding
network. Peak at 2870 cm™ shows sp’CH; symmetric
vibration mode where as its asymmetric mode occurs at
2960 cm™. Similarly sp?CH, olefinic at 2950 cm™, sp?CH,
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symmetric mode at 2855 cm™, sp?CH, asymmetric at 2925
cm™ and sp’CH bond at 2915 cm™ were obtained for these
films.
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Fig. 2. FTIR spectra of as deposited silicon containing
multilayer structures of a-C:H.

3.3. Photoluminescence (PL)

PL strongly depends on the defects present in the
materials. These defects serve as recombination centers for
charge carrier to recombine easily and exhibit efficient PL.
a-Si:H and a-C:H both are very highly defective materials
which contain very high defect density of the order of
10"cm™ and 10"cm™ as reported by various authors [17-
18]. Both these materials exhibit very efficient PL spectra
[19-20] but a-C:H is superior material for PL as compared
to a-Si:H because a-C:H contain more defect density than
a-Si:H which is very essential for quenching the PL [17-
18]. PL may also quenched by paramagnetic Si dangling
bonds which act as non radiative recombination centers
[8]. PL study of multilayer structures involving these two
highly defective materials is of significant interest.
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Fig. 3. PL spectra of silicon containing multilayer
structures of DLC grown under varied SPP from 14 % to
29 %.

PL spectra of hydrogenated amorphous silicon -
carbon multilayer structures are shown in Fig.3. It is
evident from the figure that PL peaks are observed at
about 714.5+0.5 nm. All these structures contain a-Si:H
and a-C:H as a bottom and top layer, respectively which
were grown under constant gas pressures of SiH, 14
mTorr and C,H, 14 mTorr, whereas structure of middle
layer Si-a-C:H was different due to the variation in Si
content as SPP was varied. It is found that the variation in
PL intensities in these films is governed by the variation in
silane partial pressures in the middle layer. The film
deposited under the SPP [SiH, / (SiH4 + Ar + C,H,)] of 14
% for middle layer exhibits very low PL intensity. The
intensity of PL peak is increased significantly on changing
the silane partial pressure to 20 %.With further increase of
SPP to 25 %, the PL intensity increases and becomes the
highest of the four structures and beyond SPP of 25 % PL
intensity starts decreasing and found to be comparatively
lower at SPP of 29 % than SPP of 25 %. It is to be noted
that stress per unit hardness of this particular structure is
also better in comparison to the other structures. Since all
these structures grown under same deposition condition
contain a-C:H as a top layer, hence its contribution for PL
efficiency will be the same for all the structures, whereas
variable middle layer Si-(a-C:H), play very important role
to influence the PL intensity. However, we may assume
negligible contribution from a-Si:H layer for PL
measurement because a-Si:H layer is very thin and situated
in the bottom of the structure. PL property in a-C:H films
can be explained by two phase model given by Robertson
and O’Reilly [21]. PL property of a-C:H is governed by
sp’ site associated with 7m-n* weak bonding which
segregate into clusters embedded in sp® bonded matrix.
According to Robertson and Rusli et al.[22, 23], PL
intensity in a-C:H is strongly dependent on sp” cluster size
embedded in amorphous sp’ a-C:H matrix and varies
inversely proportional to its size. Therefore, when cluster
size is large, PL intensity will be low and vice versa.
Because in large cluster size, electron hole pairs generated
by light become not so confined due to which it could not
recombine easily, but on decreasing the sp? cluster size its
PL intensity starts to increase due to quantum confinement
of charge carrier. In the present case, silicon incorporation
is found to influence the PL efficiency. Silicon exhibits
tetrahedral sp® fraction. Si incorporation in a-C:H enhance
the sp® fraction by reducing the size of sp® clusters. So on
the basis of this, it may be clear that when there is change
in SPP from 14 % to 21 %, Si incorporation in amorphous
matrix of a-C:H enhance the sp® fraction by reducing the
size of sp® clusters and hence electron-hole pairs in a
cluster recombines radiatively and exhibits intense PL
spectra. On further changing the SPP from 21 % to 25 %,
the amount of Si incorporation in a-C:H increase, thus, sp
clusters become so small that the electron and holes
recombine very easily to exhibit very efficient PL spectra.
On further changing the SPP from 25 % to 29 %, the
reduction in size of sp® clusters become saturated beyond
which the PL intensity start to decrease. Thus, it seems
that SPP of 25 % is the threshold pressure beyond which
PL intensity starts to decrease. The cause of decrease in
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PL intensity when SPP changes from 25 % to 29 % may
be that after getting minimum size of sp clusters as much
as possible, Si incorporation does not influence the PL
intensity. It is also clear from Fig.3, a very small shifting
of peak was found in PL spectra of these multilayer
structures. The structure deposited at SPP of 14 % exhibits
the PL peak position at 714.5 nm which changes to 715
nm for the film deposited at SPP of 20 %. No change in
PL peak (715 nm) was found for the structure deposited at
25 %. However, the structure deposited at SPP of 29 %
shows PL peak at 714 nm. Since Si is very prone to
oxidize in atmosphere, thus, in the present investigation to
eliminate any chance of contribution of PL from Si-O
layer, the top a-C:H layer has been used as protective layer
to avoid this situation. Hence, it is emphasized that a-C:H
is very useful protective layer for any luminescence
device. PL peaks of all these multi layer structures were
found near 715 nm region which exhibit red shift.
Luminescence efficiency of these films also found to be
good enough with narrow peaks. This type of outstanding
PL results may lead to fabricate as a efficient display
devices
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Fig. 4. PL spectra of single layer a-C:H films grown at
C,H, gas pressure 25, 50 and 75 mTorr.

In order to investigate the behavior of top a-C:H layer
and importance of middle Si-(a-C:H)layer for PL intensity
of multilayer structures, we have also grown single layer
a-C:H films of same thicknesses under varied C,H, gas
pressure. The PL spectra of these as deposited a-C:H films
are shown in Fig. 4. It is evident from the spectra that

maximum PL intensity in these films remains constant and
do not appear to change and are found to be 119.1, 129.8
and 139.4 a.u. at wave length 620, 619.5 and 620 nm,
respectively. It is also noticeable that PL peak position for
a-C:H films remains in the range 619.5 £ 0.5 nm and does
not change. Whereas for multi layer structures, PL
intensity varied significantly to the large values. Thus, an
account of these considerations, it may be emphasized that
middle Si-(a-C:H) layer is key factor to tune the PL
intensity to the large value. On growing single a-C:H layer
films, it become possible to discuss about the peaks
position in multilayer films. Since peaks in single layer a-
C:H films were found near 620 nm (orange shift) which
changes to 715 nm (red shift) for multi layer structures.
Reason for shifting the PL peaks from 620 to 715 nm may
due to fact that PL peaks for pure a-Si:H films were
obtained near 850-900 nm whereas for pure a-C:H it was
near 600 nm as reported by various authors [24-25]. Since
multilayer films contain both a-Si:H and a-C:H so the PL
peaks obtained may be due to the combined contribution
of both a-Si:H and a-C:H in the middle layer. At the
moment it is unclear to us why there is no peak observed
at 620 nm from the multilayer structures.

3.4. Dark Conductivity

Dark conductivity (cp) measurements performed on
coplanar samples as a function of temperature for as
deposited and annealed (at 250 °C for one hour) carbon-
silicon multilayer structures are shown in Fig. 5 and Fig. 6
respectively. It is evident from these figures that as
deposited samples shows anomalous behaviour of
conductivity which were removed after annealing these
samples. In the as deposited samples, initially op, increases
with increasing the temperature. At a certain temperature
called kink temperature T}, op becomes maximum beyond
which it started decreasing. On further increasing the
temperature, op decreases, but once again at second kink
temperature T, it gets its minimum value beyond which it
starts increasing with increasing temperature. The
magnitude of op, for these films depends on the SPP which
is amount of Si present in a-C:H. The variation of op, is
just one order with the change of temperature from room
temperature (RT) to about 200 °C. The maximum value of
op for the structures deposited at SPP of 14 % and 21 %
were found to be of the order of 3x10™®* Q'em™ and 4x107
Qlem™, respectively which changes to 8x10° Q'em™ and
9x10® Q'em for the structures deposited at SPP of 25 %
and 29 %, respectively.
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Fig.5. Temperature dependent conductivity of as deposited multilayer structures deposited at SPP of 14 %, 20 %,
25 % and 29 %.

Usually, conductivity increases with increase in the
temperature. But in the present case of silicon-carbon
multilayer ~ structures, the observed behavior of
conductivity deviates from their conventional behavior due
to the fact that as a-Si:H is comparatively lesser thermally
stable material than a-C:H, and during the conductivity
measurement these structures are annealed due to variation
in temperature[26-28].

The conductivity (op) in disordered materials is

generally governed by a thermally activated process, given
by

-AE / kT
Op= O0p¢€

where o, is conductivity pre exponential factor, AE is
activation energy, k is the Boltzmann’s constant and T is
the temperature in kelvin.

But in the present case we have observed multiple
thermally activated processes; the resultant dark
conductivity (op) may be given by

_ (AE )KT - (-AE ) /KT
Op=0Gp1€ | 1T Ope 22

where og; and o(, are conductivities pre exponential
factors, T and T, are kink temperatures; AE; and AE, are
the two activation energies which correspond to increase
and decrease in conductivity behaviour, respectively.
There is more than one process in thermally activated
positive and negative activation regime as can be seen in
Fig.5. Negative activation energy in the above expression
may be seen as due to interfaces boundaries and different
thermal coefficient (i.e heating gradient) of three layers
from bottom to top. Other view in this regard may be due
to contribution from Si-(a-C:H) layer. The similar
behavior of conductivity is also observed by Baja et al.
[26] and Vetter et al. [29] in carbon rich cathodic
amorphous silicon carbon alloys and PECVD amorphous
silicon carbon films, respectively. These authors have
shown that this negative activation effect can be removed
after annealing the sample [26, 29].

On increasing temperature above room temperature,
bottom layer a-Si:H of multilayer films is first heated and
covalent bond present in a-Si:H are broken, which leads to
the formation of electron hole pairs. Therefore, initially on
increasing the temperature, conductivity in these films are
increased. On further increasing the temperature more
covalent bonds are broken and conductivity is further
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increased, but beyond first kink temperature T;, it is
expected that middle layer also start contributing for
conduction mechanism and consequently conductivity
started decreasing with further increase of temperature.
This kind of behavior of conductivity for these films are
found due to lesser thermal stability of a-Si:H in
comparison to a-C:H. Although deviation is not large
enough because carbon is also present in Si-(a-C:H). With
further increase in the temperature to larger value, top
layer a-C:H also contribute for conduction mechanism and
thus conductivity started increasing. Above second kink
temperature T,, when top layer started to contributing for
the conductivity, the concentration of thermally stable a-
C:H becomes more than that of a-Si:H.
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Fig. 6. Temperature dependent conductivity of multilayer
structures annealed at 250 °C for one hour in a vacuum
of the order of 10°® Torr.

Fig. 6 shows the results of temperature dependent
conductivity for multilayer structures annealed at 250 °C
for one hour in a vacuum of the order of 10 Torr. It is
evident from the figure that conductivity deviation in
multilayer structures was reformed by the structural
rearrangements and decrease in defects, caused by
annealing at 250 °C. These annealed multilayer structures
also exhibit two activation energy having kink temperature
around 110+5 °C. The values of first activation energy
(AE)) evaluated for these films were found to be 0.20 eV,
0.15 eV, 0.14 eV and 0.17¢V deposited at SPP 14 % , 20
%, 25 % and 29 %, respectively which are comparatively
lower than the values of second activation energy ((AE,)
evaluated which are found to be 0.23 ¢V, 0.3 eV, 0.29 eV
and 0.3 eV. One can also see from Figs. 5 and 6 that after
annealing, conductivity magnitudes were significantly
changed due to the structural rearrangements of the
structures. The structure deposited at SPP of 14 % exhibits
conductivity 7.26x10™"? Q'em™ and 4.53x10"° Q'em™ at
30 °C and 210 °C, respectively which changes to 1.1x10”
Qlem™ and 2.27x10® Q'em™ for film deposited at SPP

of 20 %. However, the structure deposited at SPP of 25 %
shows op as 1.77x10° Q' em™ and 3.26x10° Qlem™ at
above temperatures, respectively which changes to
2.18x10° Q'em” and 6.27x107 Q'em” for the film
deposited at SPP of 29 %.
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Fig. 7. Temperature dependent conductivity of single
layer a-C:H film grown at C,H, gas pressure 25, 50 and
75 mTorr.

Temperature dependent conductivity measurement
were also carried out for some single layer a-C:H film
deposited under varied acetylene gas pressures of 25, 50
and 75 mTorr. Conductivity in all these films obeys a
conventional thermally activated process [30,31] without
any negative activation behavior as observed in multilayer
structure. Since films deposited at acetylene gas pressure
25 mTorr and 50 mTorr exhibits two thermally activated
conduction processes hence resultant conductivity is given
by

~(AE YKT - (AE ) /KT
et e 2 2

Op = Ool Go2

The activation energy AE, is found to be dominant at
lower temperature while AE, is found to be dominant at
higher temperature beyond kink temperature. The kink
temperature for these a-C:H films occur at around 60+6
°C. The values of AE, and AE, for the a-C:H film
deposited at C,H, pressure 25 mTorr were found to be
1.17 eV and 1.2 eV, respectively. Whereas it is 0.55 eV
and 1.32 eV, respectively for film deposited at C,H,
pressure 50 mTorr.. However, film deposited at 75 mTorr
exhibits single activation conduction process having
activation energy of the order of 0.27 eV. Temperature
dependent conductivity is strongly dependent on precursor
gas pressure, which is decreased on increasing the
precursor gas pressure. Thus, it is clear from the Fig. 7 that
maximum value of conductivity was found for the film
deposited 25 mTorr C,H, gas pressure, which decreases to
considerable large value for the film deposited at C,H,
pressures 50 mTorr and 75 mTorr, respectively. From
conductivity data of a-C:H films, it is confirmed that
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conductivity deviation in multi layer films do not occur
because of a-C:H. Further one should see conduction
mechanism in a-Si:H, Si-(a-C:H) and a-C:H individually
also . However, average conduction property of these
layers in a sequence a-Si:H/Si-(a-C:H)/a-C:H is quite
different (Fig.6)

In a-C:H, the four fold coordinated sp’ site contain no
free electrons because each carbon atom make proper
bonding with their nearest neighbors carbon atoms, but
three fold coordinated sp® site associated with m-m*
bonding contain one free electron. Thus transport property
of amorphous carbon is governed by the localized & states
over large energy range. The nature of density of states is
very similar in a-Si:H to these in Si-(a-C:H) and hence the
carrier conduction property in these disordered material is
also expected to be similar to a-C:H [32].

4. Conclusions

Silicon containing multilayer structures of DLC
grown by asymmetric capacitively coupled RF-PECVD
technique have been characterized by means of stress,
hardness, photoluminescence, conductivity, UV-VIS
transmission and FTIR spectroscopy. Stress of the
structures was reduced without affecting its hardness
values. These multilayer structures exhibit very intense
visible PL spectra. The PL intensity of the structures
depends on amount of silicon which increases with
increasing SPP from 14 % to 25 %. However, beyond SPP
of 25 % , PL intensity starts decreasing. Negligible peak
shifting (714.5£0.5 nm) was found for PL of these
multilayer structures. Positive and negative activated
conduction processes were observed during temperature
dependent conductivity measurement for as deposited
multilayer structures, which are resolved by annealing
these samples at 250 °C for one hour. Band gap values of
these structures deposited at SPP of 14 %, 20 %, 25 %
and 29 % were found to be 1.38 eV, 1.33 eV, 1.42 eV and
1.46 eV, respectively. FTIR spectra exhibits various
bonding between Si-C near 600-1000 cm™ region which
reveals the incorporation of Si in a-C:H. Several C-H
stretching modes were also found near 2900 cm™ with
their usual characteristics of a-C:H. All these multilayer
results are compared with those as deposited single layer
a-C:H films in order to distinguish the individual role of
Si-(a-C:H) in multilayer structures.
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