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Abstract

The a-Si:H and a-Si

0,88

efficiency (¢) of 9.5%.

Possibilities of plasma chemical deposition of a-Si, ,Ge :H (x=0 + 1) films undoped and doped with PH, or B,H,
have been analyzed from the viewpoint of their application in p-i-n structures of solar cell. The optical properties
are considered, and the amount of hydrogen contained in those films is determined. The film properties are found
to strongly depend on the film composition and the hydrogenation level. The number of hydrogen atoms in the
films is varied by changing the gas mixture composition, and IR absorption in a-Si:H and a-Ge:H films is measured.
Ge, ,:H films were used to fabricate three-layer solar with an element area of 13 sm? and an

Keywords: Thin film; Amorphous silicon; Solar cells; Efficiency;
Optical properties

Introduction

Si alloy film and have different structural phases. The most
interesting, are in an amorphous matrix of them are crystalline grains.
Such alloys a0072e manufactured by various methods and under
various process conditions. For films of amorphous hydrogenated
silicon a-Si: H, formed by cyclic deposition annealing in hydrogen
plasma, the effect Staeblera-Wronski is weak [1]. Golikova [2] also
noted the virtual absence Staeblera-Wronski effect in nanostructured
films as-Si: H. Crystallization films and silicon-Si: H is carried out
by various methods: prolonged annealing in vacuum at 600°C, rapid
thermal processing [3], the laser annealing [4] and ion implantation [5].

This single junction p-i-n a-Si: H solar cell deposited on a glass
substrate coated with transparent conductive oxide (TCO) and
aluminium back contact exhibited 2.4% conversion efficiency. In order
to increase the output voltage of a-Si:H solar cells the concept of a
stacked (also called multi-junction) solar cell structure was introduced.

Due to a high absorption coefficient of a-Si:H in the visible range
of the solar spectrum, 1 micrometer (um) thick a-Si:H layer is sufficient
to absorb 90% of usable solar light energy. Low processing temperature
allows using a wide range of low-cost substrates such as glass sheet,
metal or polymer foil. These features has made a-Si:H a promising
candidate for low-cost thin-film solar cells.

The a-Si:H has the same short-range order as the single crystal
silicon but it lacks the long range order. The small deviations in
bonding angles and bonding lengths between the neighbouring atoms
in a-Si:H lead to a complete loss of the locally ordered structure on a
scale exceeding a few atomic distances. The resulting atomic structure
of aSi:H is called the continuous random network. Due to the short-
range order in the continuous random network of a-Si:H, the common
semiconductor concept of the energy states bands, represented by the
conduction and valence bands, can still be used.

Mobility of charge carriers and the efficiency of doping in these
films is higher than in the a-Si: H, and the optical absorption coefficient
higher than that of crystalline silicon. Films and Si, Ge: H, a-Si S :
H are effective and cheap material for the manufacture of solar cells
and other electronic devices [6,7]. Therefore these films of receiving
and changing their conductivity type are urgent tasks. In Colder [8,9]
with the change that the substrate temperature is increased nanocrystal

growth. It was found that the average grain size (d) and the proportion
of crystal grain volume (Vc) decreases with increasing concentration
of PH,. When doped with boron, increasing B,H, concentration
value (d) does not change, and Vc decreases. Passivating properties
and hydrogen - Ge: H worse than a-Si: H, so in general the films and
fotoeffektivnity- Si, Ge:H, somewhat lower than in a-Si: H [10,11].

Hydrogen atoms, and play an important major role in the structure
of the film. The purpose of this work - is to determine the amount of
hydrogen in the film and measuring its electro-physical properties, as
well as the creation of electronic devices based on the films and Si,_Ge :
H (x=0+1).

Experimental Part

Thin films of a-Si,_Ge : H (x=0 + 1) obtained by plasma deposition
using gaseous mixtures of H, + SiH,, He + GeH, in various proportions.
The details for the preparation of films are shown in the above
mentioned theory [12,13]. The plasma is created by RF field mainly
inductive coupling. The film thickness was 0,1 + 1,0 mm. Measured
absorption coefficient (a), refraction (n), reflection (R), transmission
(T), the band gap (E) for each sample, using the Tauc model [14]. The
optical absorption was studied at room temperature as described in
[15,16] 21-IR spectrometer.

Results and Discussion

The concentration of hydrogen in the films as-Sil-xGex: H, (x=0 +
1) is determined by the method of Brodsky et al. [15,16]:

AN, o),
_(r/g)f d (1)

@

*Corresponding author: Najafov BA, Institute of Radiation Problems of
Azerbaijan Nationale Academy of Science, AZ1143, 9, B. Vahabzade str., Baku,
Azerbaijan Republic, Russia, Tel: 994125383224; E-mail: bnajafov@rambler.ru

Received June 30, 2016; Accepted November 05, 2016; Published November
15,2016

Citation: Najafov BA, Abasov FP (2016) Determining the Amount of Hydrogen in
Thin Films Well Si, ,ge : H (X = 0 + 1) for Electronic Devices. J Material Sci Eng 5:
295. doi: 10.4172/2169-0022.1000295

Copyright: © 2016 Najafov BA, et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

J Material Sci Eng, an open access journal
ISSN: 2169-0022

Volume 5 « Issue 6 + 1000295



Citation: Najafov BA, Abasov FP (2016) Determining the Amount of Hydrogen in Thin Films Well Si, ,ge : H (X = 0 + 1) for Electronic Devices. J

Material Sci Eng 5: 295. doi: 10.4172/2169-0022.1000295

Page 2 of 5

Where, Avogadro number of N- and (D/£) integral force hydride
with the unit cm*mol (H/§)=3,5. If the absorption width is denoted
by Aw and the center frequency w, then when Aw/w<0,1, after
approximation with an accuracy of + 2%, the equation (2) can be
written as follows:

- AN, | () 4, ©)
(T/é)w,” o

Where, e- dielectric constant. For Si e=12; Ge €=16. In equation
(3) before the integral expression denoted by AS, and - the total
absorption of stretching modes for each film, then in determining
the concentration of hydrogen (NH) obtain a general expression in
abbreviated form:

N, = AgJ (3)

Ratio AS - films for a-Si: H, is in the tension mode 1.4 *10* cm"
2. The absorption coefficient (a) for said frequency (2100 cm™) is
8%10! + 3*10? cm™ with NH=10* + 72.1¥*10*2 cm™. For films as-Ge:
H=1.7*10* cm™. Clearly, equation (3), also describes an oscillating
fashion in connection stretching films as-Si: H, a-Ge: H and a-Si;_
Ge : H. Estimates of relative hydrogen bonding to the hydrogenated
amorphous as-Si, Gex: H: NSi-H.

pP= Non | X (4)
Neew ) 1-x

Where, NGe-H - the hydrogen concentration in the a-Si: H and

a-Ge: H (in cm?®). Equation (3) can be rewritten for (wagging mode)

films and rocking fashion-Si: H and a-Ge: H [17,18]. Thus the value of

NSi-H and NGe-H determined from the equation (3) for the fashion
swing in the following form:

N, = 4,J, ()

Where, the total absorption rocking fashion for films and-Si: H
and a-Ge: H. For these films A =1.6* 10 cm™? and Aw=1.1*‘1019 cm,
respectively. Knowing NGe-H (where, for a film-Ge: H, A = 1.6*10"
cm? and a=5 *10' cm™) to calculate the concentration of hydrogen in
the NH and the film-Si,_Ge : H for expression:

[

_ wag streets
N H — N Ge-H

streets

(6)

Where, number of connections defined by modes of oscillation
in a clean well-Ge: H, whose value is calculated according to the
equation (5). The second factor in the expression for NH (integral
ratio of infrared absorption maxima) is stretching vibrational mode
of the sample in a clean and well-Ge: H. To calculate the ratio using
integrated peak corresponding Ge-H (2000 cm™) and a film-Si, Ge
stretching vibrational mode: H.

From these data we can estimate the strength of the oscillator in the
film as well-Si, Ge : H ratio:

F=JS/JW >

Where, J, ~ J& +JS, J, =J5 +J3 . The values - J¢&, J3, J5, J)
are integral acquisitions fashion stretching and rocking fashion,
respectively oscillator strength f=0.51 (x=0) and r=0.13 (x=1). The
maximum value of P=4.16 to x=0.40. Table 1 shows the characteristic
parameters of amorphous films a-Si ( Ge,, :H. Figure 1 shows the

distribution of hydrogen across the film thickness d: 1-specific method
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Figure 1: Distribute of the hydrogen d-of the layer in the thickness: 1. Proton
recoil method, 2. Method of red spectrum of to be swallowing.

of recoil protons 2 by infrared absorption spectrum. It can be seen that
sufficiently uniform distribution of hydrogen. Note that the value of
NH, defined by recoil protons (MOS) and IR spectroscopy agree within
2-3 atm. %.

The optical properties of the films

Dependence on hv makes it possible to determine the width of the
band gap [14,16] for each film.

In all the studied films of the optical absorption coefficient of the
edge is described by the relation:

ahv=B(hv—E0)2 (7)

Where, a=5-10"+ 10° cm’, E_is- optical band gap for each film,
B- proportionality factor. The value is determined depending (ahv)l/ ?
on hv extrapolation for each sample. The quadratic dependence [7]
obtained theoretically for Tauc model [14], which describes the density
of states of the mobility gap. The value for x=0 + 1 is from 527 to 343
eV 1 sm'”, respectively, and for films-Si, Ge:H (x=0 + 1), E=1.14 +
1.86 eV. We use the well-known relation, the absorption coefficient - is
determined by the following equation [2,4]:

I (1-R)(1-R,)(1-R,)exp(-ad) .
(1—1321e3){1—[1elk2 +R1R2(1—R2)2}}exp(—2ad) ®

Here we assume that

R =|(n—1) +k}

1

1y 48
/‘(n + n,)z +k;
R, =|(n, = D)|/|(m, + 1)

For weakly absorbing regions of the world, k shows light attenuation
in the substrate. Note that the film thickness d, is determined in this
case from the respective extrema transmission or reflection of the
interference fringes.

Ry =|(n=n) +k ©)

From equation (8), the absorption coefficients are defined as

follows:

kx
T=——"t
a(l—b)c)2 (10)
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aT (1-bx)’ = kx,
k(l_Rl)(l_Rz)(l_Rz)’

a=1-R,R;,
b=RR,+RR,(1-R,),
m=alb,n=al,

mx* +kx—n=0,

kK +dmn —k £NK + dmn

o — g >0.
2m 2m
Then,
wd 2m
e =g =———
k+~Nk* +4mn
2m
ad=In————, (11)
k Nk +4mn
1 2m

o=
d k+\K* +4mn

Equation (11) is a working formula to determine the optical
absorption coefficients for the films in weakly absorbing regions of the
spectrum [19].

In a strongly-absorbing regions of the spectrum, and. Then the
equation (8) can be rewritten as follows:

1-R) e
Y=e ™= T = (I—R)Zx.
’ =R
Then,
T-RTY =(1-R)x, (13)
RTX +(1-R*)x-T =0, (14)
(1-R)£J(1-R)" +4R°T"
e 2R'T ’
x=e“>0.
J(0-R)' +4RT* ~(1-R)’
e 2R'T o
i _ (1-R)' +4R°T* —~(1-R)’
2R'T
ool _ 2R°T (15)
JO=R) +4R°T* ~(1-RY’
1 1 4 22 2
a:;ln[ﬁ (1-R) +4RT" +(1-R) }

pU=R) ;azimg(q/fpuw +p)} (16)

T d

This formula is working to determine the optical absorption
coeflicient in strongly absorbing regions of the spectrum. Accordingly,
the refractive indices are defined using or in the form of the following:

A,
d — m” “m—1
" 2(ﬂ’m—l - ﬂ’m )
c a\v
An:27[2J-|: v2 ):|dV (17)

Creating a solar cell

The research results show that the film and-Sil-xGex: H (x=0,20)
can be used as high-quality material in semiconductor electronics.
For this purpose, we have developed a three-layer element based on
cascade-type dual-layer elements. The three-layer element is made of
two-layer element consisting of two elements based on a-Si: H with p-i-n
junction and the p-i-n element i- layer of a film-Si ,Ge, ,: H (Figure
2). The thicknesses of the i- layers to the upper two transitions were
selected so as to comply with the conditions of equality of short-circuit
current of the lower element. Short-circuit current was about half the
value for the element with one p-i-n junction. Open-circuit voltage is
increased, and short circuit current is reduced with increasing number
of superimposed layers. This method can increase the number of layers
(create an n-layered element). Note that for each item produced i- layer
0.5 microns thick. The area of each element was 1.3 cm”. When a three-
layer solar cells must be observed uniform thickness and area of each
element. The material of the substrate steel was chosen and used as a
coating ZrO, with 80% transmissivity. Covering ZrO, simultaneously
plays the role of the upper (front) contact. The thickness of the layers
a-Si: H p- and n- type was about 300 and 400 A, respectively [20].

For films doping amount of B,H, and PH, gas mixtures was varied
between 0.1 and 0.5%, respectively. After deposition of the amorphous
semiconductor layers deposited by evaporation ZrO, film thickness of
about 500 A. Upper contacts used for Ni/Ag, to lower - stainless steel
substrate. Items covered sunlight source provided AM-1 (100 mW/

25
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Note:
@ Lavers, pressure of the hydrogen at Py, 0,6 mTorr.

o Layers, pressure of the hydrogen at P, 1,2 mTorr.
o Layers, pressure of the hydrogen at Py, 1,8 mTorr.
A - Layers, pressure of the hydrogen at Py, 2,4 mTorr.

(>- Layers, pressure of the hydrogen at Py, 3,0 mTorr.

Figure 2: a-Si , Ge, ,:H correlation of the quantity (amount, number) of the

hydrogen specified with effusion method for layers correlation dependence.

J Material Sci Eng, an open access journal
ISSN: 2169-0022

Volume 5 « Issue 6 + 1000295



Citation: Najafov BA, Abasov FP (2016) Determining the Amount of Hydrogen in Thin Films Well Si, ,ge : H (X = 0 + 1) for Electronic Devices. J

Material Sci Eng 5: 295. doi: 10.4172/2169-0022.1000295

Page 4 of 5

cm?). Short circuit current for sandwich elements was 8.5 mA/cm?,
the open circuit voltage of ~2.25 B, the filling factor of ~ 0.50 and n
(efficiency) ~ 9.5% (Figure 3). Efficiency for single-layer and two-layer
element is 7% and 8.9%, respectively. Collection efficiency of carriers at
different wavelengths is defined as:

1,(2)

A =vm (18)

J, where (A) is the density of the photocurrent (10 mA/cm?), N (A)

- the number of photons incident on a unit area per second, e- free

charge carriers. For elements with the above structures is calculated

short-circuit current in the assumption of complete exhaustion of all-

shells, in the absence of forward bias. Thus, the short-circuit current

for the first, second and third elements are given by the following
expressions:

1,24/ Ey,
Iy=gq [ (1=R)N, exp(-a,,)[1-exp(-a};)]dA (19)

0
1,24/ Eyy

Iy, =q I (]—R)Nphexp(—ZaﬂVana,W]—a/,WP)[l—exp(—asz)]dl (20)
0

1,24/ Eyy
Iy =q j (1= R)N,, exp(=3a,7, - 2a, ¥, = 2,V -V, — ., ) 1 - exp(-a¥;) Jd 4 (21)

0
Here, the field distribution within the layer, respectively, - the
number of photons incident on the surface of the elements, - the
reflectance of the film, - the absorption coeflicient for each layer
elements. The open circuit voltage for the cascade elements with two
and three transitions represented in the form:

Voc (/ /) = O'S(Em + Eoz) (22)
V,. (1) = 0.5(E,, + E,, + Eyy) (23)

The duty cycle for all elements specified by the value of 0.5. Short-
circuit current of the cascade element with two transitions is given
by the smaller of the values or Short-circuit current of the cascade
element with three transitions is determined by the smallest value of,
or Efficiency multijunction cascade elements is given by:

I(i
n(i)=05x O.S[ZEMJ}() (24)

Where, i=2 or 3 indicates the number of layers, P the power of
the incident light on the surface of the elements, its value is 100 mV/
cm? [10] - respectively, the band gap for each I th layer. To improve the

solar cell to n is required to increase the number of layers to reduce the

15 [

10

I, mA/em’

gs( 1 1
0 T o5 1 1,5 2 2,5

Figure 3: The current-voltage characteristics of solar cells: 1. cascade type
YH/a-Si:H a-Si, Ge, ,,H; 2. a-Si, ,C :H/a-Si:H; 3. Hk-a-Si:H.

area of the elements, the choice of metal wires, metal contacts to reduce
resistance and others.

Measurements of spectral sensitivity are usually produced
with a constant white light illumination, the intensity of which
corresponds to normal operating conditions (AM-100 ~ 1 MW/cm?),
simultaneously modulating element falls calibrated monochromatic
radiation. The photo-current, and its dependence on the wavelength of
monochromatic radiation are measured in the shorted circuit with the
help of a synchronized amp.

To determine the effectiveness of gathering important knowledge
of the electric field that is transmitted to the element. It has been
observed that the device configuration dependent collection efficiency
is shifted from the red light in the blue region of the spectrum.

The wavelength dependence of the number of photons is calculated
using equation (27). It is known that the photon energy and momentum
of the corresponding electromagnetic waves with a frequency and
wavelength in a vaccum are:
wemw=tep Wt

A c A

Where, h is equal to Planck's constant. Malia frequencies - the
predominant role played by the wave properties at high - corpuscular
properties of light. Photoelectric effect (photoelectric effect) is the
process of interaction of electromagnetic radiation with matter, in
which the energy of the photon is transferred to an electron of an atom
of matter. In addition, these properties of substances exist mechanical
action produced by electromagnetic waves in the fall for what is called a
surface pressure of light. If - energy electromagnetic radiation normally
feed on a surface of unit area per 1 sec, c is the velocity of propagation
of light waves in a vacuum, R- coefficient of surface reflection of light,
the pressure P - light on the surface is equal to:

Pe+RN™ P /e 4R (25)

c
Light pressure (P) is given by equation (19) and is denoted in the

following form:

W _he N (26)

S ASt
N- number of incident photons at the time. W- energy photon
incident on all the wavelengths of the body surface. P * - a pulse of light

falling on the surface of 1 cm? for 1 sec. Then the force of the incident
light is determined by the pressure in the following form:

F=P-S

5 _heNSA+R) _ hAN(L+R)
ASte At

Fit=hN(1+R)

_ FAt , 27)
h(1+R)

F - Light pressure force (F=10*H) on the surface (S=1 cm?), A- the
length of the incident wave, h - Planck’s constant - the fall of light for
1 sec, with energy and its value is Nhv - photons, with each impulse
photon is hn/c. On reflection radiation - and wavelength, the number
of incident photons is 107 + 10" m™s?, R=0.2 + 0.8; A=300 + 900 nm.
R- reflects the ability of the elements at A=300 + 900 nm. It is also
possible with other means to determine the number of photons:
A Nhy

t t

P (28)
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Here, the work function of the A-rays of light in the fall and is, the P
power light radiation and is 100 mW/cm?. From (22) we can determine
the number of photons in the following form:

Pt
N=—" (29)
he
Example:
Frt 10°Hx9x10°x10°M

N= = —— =1.3x10" fot / M’c
h(1+0.2)  6.62x10*djcek x1.2
FAt _10'8H><3><102><10'9M

N= = S =10"fot / M’c
h(1+0.8)  6.62x10*djcek x1.8

Conclusion

By plasma deposition using gas mixtures H, + SiH; H, + GeH,
obtained in different proportions and thin film-Si Ge: H (x=0
+ 1). It is shown that the absorption coefficient for visible light and
the band gap increases with increasing silicon content. The carrier
mobility in the film photoconductivity and a-Si: H is greatly reduced
when a germanium content of 40 atm. %. Films based on a-Si: H and
a-SiU’SBGeOYIZ: H solar cells are made and established monolayer, two-
layer and three-layer structure; measure their performance. It was
found that for single, double and triple layer structures with an area of
1.3 cm? element 1) is 7; 8.9; 9.5%, respectively. For the three-layer cell
collection efficiency peaks shifted to longer wavelengths. The structures
obtained when illuminated by light in the wavelength range 0.3 + 1.1
micron for 120 hour, no degradation was observed. The depletion
region, where an internal electric field is created, represents only a tiny
part of the wafer. Most electron-hole pairs are generated in the bulk of
the electrically neutral p-type region. Electrons, which are the minority
carriers in the p-type region, diffuse towards the p-n junction and in
the depletion region of the junction the electrons drift to the n-type
layer under the influence of the internal electric field. Hence, it is
shown that the structure of the solar cells on the basis of well-Si , Ge, ,:
H and a-Si: H are effective and further efforts to improve the quality of
films and higher-efficiency of the efficiency they are urgent tasks. So, we
can conclude that the above study is very useful in various applications
like hydrogenated amorphous silicon, hydrogenated microcrystalline
silicon, deposition of thin-film silicon.

References

1. Afanasyev VP, Gudowski AS, Nevedomsky VN (2002) The effect of heat
treatment on structure and properties of the films as well-Si: H, obtained by
cyclic deposition.

2. OA Golikova, MM Kazanin, VH Kudoyarova (1998) Effect Staeblera-Wronski,

20.

.Najafov BA (2000) Electrical

depending on the position of the Fermi level and the structure of undoped
amorphous hydrogenated silicon.

MM Mezdragina, AV Abramov, GM Macina (1998) Effects of the atomic
hydrogen in the annealing atmosphere on the properties of amorphous
hydrogenated silicon films and the parameters p-i-n structures on their basis.

Golikova OA, Bogdanova EV, Babahodzhaev US (2002) Crystallization of
amorphous hydrogenated silicon films deposited at different conditions.
Semiconductors 36: 1180-1183.

OA Golikova, AN Kuznetsov, VH Kudoyarova, MM Kazanin (1997) Features
of the structure of amorphous hydrogenated silicon films deposited by the
decomposition of silane at a constant current in the magnetic field.

Joannopoulos JD, Lucovsky G (1988) The physics of hydrogenated amorphous
silicon. Springer, USA.

Najafov BA (2006) Amorphous and microcrystalline semiconductors.

Colder H, Rizk R, Morales M, Marik P, Vicens J, et al. (2005) Influence of
substrate temperature on the growth of nanocrystalline silicon carbide in
reactive magnetron sputtering. J Appl Phys 98: 44-49.

King RR, Zaw DC, Edmontson KM, Fetzer CM, Kinzey GS, et al. (2007) 40%
efficient metamorphic GalnP/GalnAs/GeGalnP/GalnAsGe multijunction solar
cells. Appl Phys Lett 90: 231-239.

.Hamakav Y (1986) Amorphous semiconductors and devices based on them.

Metallurgy.

. Mei JJ, Chen H, Shen W, Dekkers HFW (2006) Optical properties and local

bonding configurations of hydrogenated amorphous silicon nitride thin films.
Appl Phys 100: 107-114.

. Najafov BA (2007) Producing films of amorphous hydrogenated silicon carbide-

and-of Si, | G : H (x=0 + 1) for photovoltaic inverters. Solar Energy 11: 177-179.

. Najafov BA, Isakov Gl (2005) Preparation and doping amorphous Si-based

films and Ge. ISIAEE Solar Energy 24: 79-82.

. Tauc J, Grigorovici R, Vancu A (1966) Optical properties and electronic

structure of amorphous germanium. J Non-Cryst Sol 15: 627-637.

. Brodsky MN, Cardona M, Cuomo JJ (1977) Infrared and raman spectra of the

silicon hydrogen bonds in amorphous silicon propared by glow discharge and
sputtering. Phys Rev B 16: 3556-3581.

. Najafov BA, Isakov Gl (2005) Optical properties of amorphous films of solid

solution and-Si, Ge: H with different hydrogen concentrations. J Appl
Spectrosc 72: 396-402.

. Mott SNF, Davis EA (1982) Electronic processes in non-crystalline materials.

Oxford University Press, USA.

properties of hydrogenated amorphous
Ge0.90Si0.1:Hx films. Semiconductors 34: 1330-1333.

.Rudder RA, Cook JW, Fucovsky G (1984) High photoconductivity in dual

magnetron sputterd and germanium alloy films. Appl Phys Lett 45: 887-889.

Najafov BA, Figarov VR (2010) Hydrogen content evaluation in hydrogenated
nanocrystalline silicon and its amorphous alloys with germanium and carbon.
Int J Hydrogen Energy 35: 4361-4367.

J Material Sci Eng, an open access journal
ISSN: 2169-0022

Volume 5 « Issue 6 + 1000295


http://link.springer.com/article/10.1134/1.1513865
http://link.springer.com/article/10.1134/1.1513865
http://link.springer.com/article/10.1134/1.1513865
http://link.springer.com/book/10.1007%2F3-540-12807-7
http://link.springer.com/book/10.1007%2F3-540-12807-7
http://dx.doi.org/10.1063/1.1985975
http://dx.doi.org/10.1063/1.1985975
http://dx.doi.org/10.1063/1.1985975
http://dx.doi.org/10.1063/1.2734507
http://dx.doi.org/10.1063/1.2734507
http://dx.doi.org/10.1063/1.2734507
http://dx.doi.org/10.1063/1.2356915
http://dx.doi.org/10.1063/1.2356915
http://dx.doi.org/10.1063/1.2356915
https://doi.org/10.1002/pssb.19660150224
https://doi.org/10.1002/pssb.19660150224
https://doi.org/10.1103/PhysRevB.16.3556
https://doi.org/10.1103/PhysRevB.16.3556
https://doi.org/10.1103/PhysRevB.16.3556
http://dx.doi.org/10.1007/s10812-005-0088-3
http://dx.doi.org/10.1007/s10812-005-0088-3
http://dx.doi.org/10.1007/s10812-005-0088-3
https://global.oup.com/academic/product/electronic-processes-in-non-crystalline-materials-9780199645336?cc=in&lang=en&
https://global.oup.com/academic/product/electronic-processes-in-non-crystalline-materials-9780199645336?cc=in&lang=en&
http://dx.doi.org/10.1134/1.1325433
http://dx.doi.org/10.1134/1.1325433
http://dx.doi.org/10.1063/1.95402
http://dx.doi.org/10.1063/1.95402
https://dx.doi.org/10.1016/j.ijhydene.2010.02.061
https://dx.doi.org/10.1016/j.ijhydene.2010.02.061
https://dx.doi.org/10.1016/j.ijhydene.2010.02.061

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction  
	Experimental Part 
	Results and Discussion 
	The optical properties of the films 
	Creating a solar cell 

	Conclusion 
	Figure 1
	Figure 2
	Figure 3
	References

