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Abstract— Amor phous silicon carbide a-SiC is compound
with tetrahedrally coordinated structure. It may be used in
various branches of electrotechnical production. The
influence of elevated temperature treatment on the
properties of prepared Al/a-SiC/c-Si(n)/Al heterojunction
structure was studied by complex impedance spectr oscopy
in the dark. AC equivalent circuit was obtained by fitting of
biased impedance dependences and the electronic
components were used to describe the electronic transport
properties of prepared structures and clarification of the
impact of elevated temper atur e treatment.

Il. PHOTOVOLTAIC APPLICATIONS

Amorphous silicon carbide is used in photovoltaics
mainly due to the relatively simple possibility ¢ontrol
the optical and electrical properties. Amorphou€ &
preferably applicable as "optical window" (windoayér)
in the construction of tandem solar cells due ®gfeater
width of the band gap compared to pure amorphous
silicon (a-Si). Amorphous SiC is also a perspective
material for the third generation of PV cells [112],
which uses the concept of matrix quantum wells ritra
dots matrix). Second generation of PV cells coimgjsbf
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impedance spectroscopy.

|. INTRODUCTION

and the substrate of crystalline silicon are onethaf
promising alternatives to conventional bulk pholtaio
cells. Lower deposition temperature 500 K) and higher
open circuit voltage are main advantages of above
mentioned structures [13, 14]. Passivation layeraris

The structures of the amorphous silicon carbidéCa-S essential part of PV cells. Passivation of the side of
(or more precisely a-§iC,) and its hydrogenated form (a- the solar cell by thin a-SiC layer, which simultansly
Si...Cy:H) can be prepared by various techniques. Plasngerves as a minority carriers reflector, is a bléta
enhanced chemical vapor deposition techniques J1, 2replacement for the previously used thin layersebas

reactive sputtering [3], radiofrequency sputteri#fy and

also electron cyclotron resonance (ECR) supporsgubiv

deposition CVD [5] are often used.
Electrical, optical and structural properties oégared

mainly on SiN or SiQ[15, 16, 17]. Efficiency 9.7 % of
unpassivated PV cell was increased by 4 % using a
passivation layer &iCo, [18]. Open circuit voltage
approximately 0.7 V can be achieved by optimizihg t

thin films depend on the method of deposition anel t annealing process and doping the emitter. Intriasid
deposition parameters (radio frequency power in th@oped (n, p) thin films of a-SiC also finds appfica in
reactor, the reactor chamber pressure and substrdf@ construction of PV cells based on hydrogenated
temperature) settings. Used gaseous precursorshaivd amorphous silicon (a-Si:H). The advantage of a-3i€,

flow ratios also significantly influence the resodf
properties of the structures [6]. The existenceifiérent

types of structural defects is a well-known featwfe
silicon and carbon amorphous compounds. Disordered

structure which is related to the presence of wfie
recombination centers is problematic for some meat
applications, especially with respect to the rdliighband
efficiency of such devices. Optimization of tectogy in
order to improve the quality of interfaces and tayeality

is therefore still a major challenge for researcid a

development [7, 8, 9, 10].

well as a-Si:H, is the possibility of doping witleron or
phosphorus to the both conductivity types [19].

I1l. EXPERIMENTAL DETAILS

Heterojunction solar cell structures which congiét
thin p-doped a-SiC film, prepared by PECVD method,
deposited on crystalline n-type silicon were stddi€he
solar cell structures were without transparent octide
oxide, antireflexion and passive layers, as welloteer
standard solar cell adjustments. The gas mixturéén
PECVD reactor was selected as follows: SB1sccm,

The presented experimental results were obtaineat on CH, 3 sccm, BHg 6 sccm. Gas flow of Ar was 10 sccm
SiC thin films (layers were part of heterostruc)re and of B was 100 sccm, substrate temperature 230 °C,

which were prepared by PECVD method. Thin filmsof

radio frequency power 50 W and pressure 100 Pa was

SiC were deposited on a heated substrate in a PEC\Wame for all prepared samplesHB was a gas mixture

reactor with a capacity coupled plasma. Mixtureggases

5 % B,Hg in H,. Contacts consists of top grid finger ohmic

SiH, + CH, + H, + BoHg was used as a basic precursorelectrode (~200 nm thick) prepared by lit-off teicjue
Argon was fed to reactor to stabilize the plasmaand bottom Al ohmic contact (200 nm thick). The
Hydrogen in the gas mixture was introduced into theprepared solar cell SiC/c-Si heterojunction striectwas
reactor in order to passivate unsaturated bondtheén exposed to elevated temperature 180 °C for 30 min i

forming amorphous structure.
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IV. IMPEDANCE SPECTROSCOPY 0R-SiC/c-Si The effect related to inductive process and subatan
HETEROJUNCTIONSBEFORE ANDAFTERELEVATED deformation of the impedance spectra appears aesig
TEMPERATURETREATMENT forward voltages (Fig. 1f). Radius of the arc dasgewith

the increase of bias voltage. The presence of éhensl

Impedance spectroscopy using sinusoidal voltage) (ACGarc related to different carrier transport processhe

with the amplitude 25 mV and at DC biases from thémpedance spectrum is mainly visible at low forwarul
range -1 to 1 V was used to assess the influence afreverse biases.

thermal treatment on the heterostructure properties The AC equivalent circuit of the structure was frsgd
Measured impedance response of SiC/c-Sin order to understand the transport mechanisms and
heterojunction (illustrated by a series of impedancprocesses. It was found to be useful to combinsiyas
diagrams in Fig.1.) cannot be fitted by a simplecomponentsR together with constant phase elements,
connection of paralleRC elements, in complex plain CPE, to characterize the deviation from Debey-like
depicted as single arc. The different approach lshbe behavior [20]. CPE is used mainly in the case when

applied. frequency dependence of impedance has got a pgper t
(eq. 1, 2).
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Fig. 1. Cole-Cole plot of a-SiC solar cell struetat different a, b reverse and c, d, e, f forw@asdes conditions (take into account that the
modulus on x and y axes is not the same) meas@fedebexposed to elevated temperature.
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ParameteA is a constant related to CPE capacitance,

which is independent on frequency, an@é an exponent
that is measure of distortion of semicirculdt = f (Z')
characteristics. Parameter n is known as “non-igéal
Debey-like curve parameter [21].

Constant phase element (CPE) was introduced into the
AC equivalent circuit to represent different
inhomogenities such as blocking effects (interflagtates,
porosities, etc). The electrical impedance of CRE i
expressed as

Zepe= 1/CPE(iw)” ©)]

The values of exponent oCPE dependence for
different applied bias are shown in Fig.4. It cae b
assumed that orfe CPE parallel combination is related to
the junction (space charge region) while the sed@nd

AC equivalent circuit (EC) describing the impedanceCPE combination is related to the different inteefatraps

data in Fig.2 was obtained using numerical simoitatn

Eisanalyser simulation program. Obtained EC camnsift
series resistand@l and two paralleR-CPE combinations
in series. Physical interpretation and equivalémud is

shown in Fig. 2. Detailed explanation of the eqlgnga
circuit elements of the SiC/c-Si heterostructuraa be
found in [22].
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Fig. 2. Cole-Cole plot and representation of ealgint circuit elements.

Series resistanceR() is the total ohmic resistance of
heterojunction solar cell structure. This is adjutile sum
of the parts such as contact resistances, wirevelnthe
resistivity of semiconducting layers. It is littlefluenced
by changes of temperature, illumination and volthges,
but the treatment at elevated temperature resaltadin
the decrease of series resistance.

The series resistance values (point of intersectiibin
the x-axis in Fig. 3.) decreased from 11.5 to @.5The
investigated impedance has inductive behavior gh hi
frequencies and higher forward biases (positivé)Im
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Fig. 3. Cole-Cole plot of a-SiC solar cell struetat — 1 V DC.
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[23].

Nearly constant dependence i exponent of CPE
element on applied DC bias was found in the dadeun
reverse bias. The values of exponetlose to 1 related
to CPE impedance element indicate the conventional
capacitor behaviour. Exposures to elevated tempest
resulted, on the other hand, also in negative effElte
parameternl decreased after annealing, what can be
simply interpreted as more markedly deviation from
Debey-like behavior.
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Fig. 4. CPE impedance exponents nl, n2 as a imofiapplied bias.

Dependence of CPE capacitances at applied bias is
shown in Fig.5. The values of capacitanPésandP2 are
practically independent on the reverse biased ge#ta
The strong increase of valuP4& andP2 starts av=0 V
going toward forward biases.

Capacitance effects are associated with two types
(majority and minority) of charge carriers. Present
capacitance is composed of two components namely
transition  capacitance and diffusion  (dynamic)
capacitance.
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Fig. 5. Constant phase capacitaRaas a function of the applied bias in
the dark.

In negative and low forward biases region, trapisitr
space charge region capacitance is
Diffusion/dynamic capacitance increases in
forward bias region also under illumination. Thimgess
is associated with the injection of minority carsig23,
24, 25].

Fig.6.
resistances on
dependence of resistance indicates two areas deqmieoal
voltage related to shunt (in reverse bias) and myndin
forward bias) resistance. Shunt resistance donsnate
negative and low forward region. Exposures to ¢&va
temperatures resulted in positive effect — the cgda of
parallel conductivity, as shown in Fig. 6.
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Fig. 6. AC equivalent circuit resistances as afiom of applied DC
bias.

V. CONCLUSION

Doped amorphous SiC layers have a great potential i

heterojunction solar cell technology. The invegtaya of

AC measurements on chosen sample was in order

demonstrate typical behavior and processes in &SiC
structure. Equivalent AC circuit describing theustures

dominant.
highe

obtained parallel]
the DC bias voltage. The voltage
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