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The Effect of Doping Process on the Structural and Optical
Properties of Ag2Se Thin Films.

Rana Gamal Mazban, Iman Hameed Khudayer

Department of Physics, College of Education for Pure Science (Ibn Al-Haitham), University of Baghdad, Iraq.

Abstract. Ag2Se alloys have been prepared, thin films of this compound has been deposited by the thermal evaporation
method under a vacuum of 10~ Torr, on coring glass substrate at room temperature. They have a thickness of (50010)
name and rate of deposition (2.07813nm Sec™!). The Ag2Se films has been doped by different elements (Al, Bi, Sb, and
Cd) with a constant ratio 2% by thermal diffusion method. The structure of the alloys and the thin films have been
examined by the XRD method show that the thin films have (Orthorhombic) structure, the doping of all the elements in
general caused to conform the crystalline nature and the preferred orientation at (002), with the gain in the crystalline size.
The optical properties of the prepared films have been investigated. The optical absorption coefficient (o) of the films was
determined from absorbance spectra in the range of wavelength (200-1100) nm. The optical energy gap was found to allow
direct transition, which decreases with the doping process, also the optical constant have been calculated. The grain size
and roughness have been measured with AFM, they increased by adding impurity element.

Keywords: Ag2Se thin films, thermal evaporation, doping elements, AFM.

INTRODUCTION

Silver selenide (Ag2Se) is an (ALB!YY group) narrow bandgap semiconductor with promising thermoelectric
properties. Its molar mass is 294.7 g/mol & density8.216 g/cm3, large magnetoresistance and high electrical
conductivity, is a mixed ionic conductor with high concentration [1]. The binary chalcogenide semiconductors have
been shown size-dependent optical properties due to quantum size effects. It has a numerous application in nonlinear
optical devices and switching devices [2], electrochemical potential memory devices [3], Schottky barrier [4]. the
photodetector, solar energy conversion, switching devices, superionic conductor [5], magnetic field sensing device,
Infrared sensors, photolithographic layer electrochemical storage cells, semiconducting optical devices for visible
region. The crystalline structure has a orth

To date, Ag2Se has been prepared by various methods, such as hydrothermal, co-precipitation, sol-gel,
sonochemical, deposited by vacuum evaporation, solid vapor phase reaction and chemical bath deposition and heating
the mixture of the Ag and Se at high temperature [6].

EXPERIMENTAL

Ag2Se alloys were prepared from their elements (Ag and Se) with 99.999% purity. The weight percentage equal
to 2.1961 gm for Ag and 0.803gm for the Se element. Then they mixed well with each other in clean quartz tubes.
Under 10 Torr vacuum the tubes were sealed.  The tubes were placed in electric furnace after placing them into
containers. The temperature was increased in steps until reaching 1000 C, with a rate of 5C/min where the samples
stayed in it for Sh. The ingots were taken out from tubes and powdered very well to usage for preparing thin films on
cleaning glass substrates at room temperature. by the thermal evaporation method under a vacuum of 10 Torr. They
have a thickness of (500+10) name and rate of deposition (2.07813nm Sec™).
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The Ag2Se films has been doped by different elements (Al, Bi, Sb, and Cd) with a constant ratio (2%) of weight
by thermal diffusion method, by depositing the doping element on the Ag2Se films, after calculating the atomic
percentages, and then the samples have been putting in electric furnace at 100 C, for one hour.

The thickness (t) of all prepared films was measured by using the weighing method according to the
following relation [7]:

=M/ AP @)

Where; m, p, A were the mass, density and area of the films respectively. Its done by using a sensitive balance
whose sensitivity of the order (10™) gm.

The crystal structure of the alloy and films was characterized by using X-ray diffraction (XRD) by
(Shimadzu6000 X-ray Diffraction) with the copper target of the wavelength (A=1. 5406) A. Lattice constants,
crystalline size were specified, the inter planar spacing dna (A) between consecutive parallel planes was measured by
Bragg’s law [8]:

n A= 20 duu Sin(e) ................................................. (2)

Where, n is the order of diffraction and 6 is the angle of incidence. The average crystalline size can be

estimated using the Scherrer’s Formula [9]:

0.941
Y P . RO RR RO (3)

ﬂ(FWHM) cos b,
Where, B is the full width at half maximum intensity in radians.
The microstrain (g) developed in the thin films was calculated using the formula [10]:
=B cos0/4 4)
The dislocation density (d) was determined for all the thin films using the equation [10]:
5=1/D? (5)
The number of crystallines /unit area can be obtained using the relation [10]:
N=t/D? (6)

(AFM) was employed to investigate the surface morphology of the AginSe, films as a device type of (SPM -
AAA3000 contact mode spectrometer, Angstrom). Optical measurement has been constructed using UV-Visible
1800 spectrophotometer.

A spectrophotometer model (UV-Visible 2601) double-beam spectrophotometer is used to measure the absorbance
spectrum in the range (200-1100) nm region.

The reflectance calculated from the relation [11]:

R=1-A-T (7
Where T could be calculated from [12]:
T:e'2‘3O3A (8)

The optical absorption spectrum was utilized to define the optical energy gap (E,*") eV using Tauc formula

[13]:
ahv=B (hv —E )" 9)

Where, B is a constant, hv is the photon energy (eV) and r is constant, that it may take values 2, 3, 1/2, 3/2
depending on the material and the type of the optical transition . The ability of a material to absorb light is measured
by its absorption coefficient and it is a very strong role of the photon energy and band gap energy, the
absorption coefficient (&) value can be computed from the formula [14]:

Where, A is the optical absorbance.
The optical constants fully express the optical behavior of materials; they are important fundamental properties of
matter [15].

The refractive index value can be calculated from the formula [15]:
1

4R > (1+R
no—{m—k} +(1_Rj ................................................. (11)

where k represents the extinction coefficient, which is calculated by the relation [16]:
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= e (12)
4
The real & and imaginary g; part of dielectric constant can be calculated by using the following equations [17]:
E T 6 —UE ettt {3
2 2
8}, - nO _ko ........................................................................... ( 14)
D3N S (15)

There were many methods for doping semiconductor such that; Mixture Method, Co —evaporation, Laser,
Solubility In Solution and Thermal Diffusion method [18].

In this work we use the last one method.

ITII. RESULT AND DISCUSSION:

Figure (1) displays the X-ray diffraction spectra of Ag2Se alloys . From this figure we can notice that the spectrum
adopts five high polycrystalline peaks equivalent to reflection from (122),(014),(013),(121), and (122) planes of
(Orthorhombic) phase.
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FIGURE 1. XRD spectra of Ag2Se alloys.

We can see the lattice parameter for Ag2Se in Table (1):

TABLE 1. XRD parameters of Ag2Se alloys.

20 20 dhii dhia hkl FWHM C.S a(Std.) a(cal.)
(Std.) (Exp.) (Std.) (Exp.) (Deg.) (nm) (A) (A)
(Deg.) (Deg.) A A)
33.49 33.52 2.67 2.67 (112)
34.86 34.86 2.58 2.58 (121) 0.31000 177 a=4.333  a=4.333

b=7.062 b=7.062
c=7.764 c=7.764

36.97 37.06 2.42 242 (013)
40.2 40.2 2.23 2.23 (122)
48.5 48.5 1.87 1.87 (014)

The XRD pattern of Ag2Se films show that it has polycrystalline structure of (orthorhombic) type, as show in
fig.(2). it has preferred orientation at (013). The presented of the broad peak indicted that the films have Nano-
structure.

020034-3



120 (013)
100
80

60

intencity

40

20

10 20 30 40 50 60
2theta

FIGURE 2. XRD pattern of Ag2Se thin films.

When we compared the results with the standard values in the card (ICDD 00-024-104) we get the following table:

TABLE 2. presented the measured and standard values of XRD parameters for Ag2Se thin films

20 20 o o hKl FWHM _ CS(nm)  a(Sw)
(Std.) (Exp.) (Std.) (Exp.) (Deg.) (A)
(Deg.) (Deg.) A) A)

22.919 23.37 3.8 3.8 (002)

33.43 33.34 2.67 2.67 (112)

36.9 36.2 24 2.4 (013) 0.9500 50 a=4.33
b=7.062
c=7.764

40.2 40.2 2.23 2.23 (122)

When we use doping with different elements (Al, Sb, Cd and Bi) with constant ratio (2%), the XRD examined
show that, there was an conform in the crystalline nature in general, as show in the figure(3).

From fig.(3) the structure of orthorhombic one, the preferred orientation at (002) at two theta equal to 22°. We
notice that for Al elements, the intensity has a minimum values because the crystalline nature is small, and it increase
for other elements, the better case with Cd. It increases from 120 for pure samples to 2000, 7000, 13000 and 23000
for Al Bi, Sb and Cd respectively. The reasons for increasing the intensity with the doping process, the atoms of
impurities caused to make an atomic localized state in the host material, and this cause that the atoms levels of the
both materials will not have scattered the incident x-ray radiation, and this caused a constructive interference which
means that there was conform in the crystalline structure.

From the figure it appears that the diffraction angle shifts to smaller values, such that it’s equal in pure sample to
36.2, while it becomes 22.8375, 22.6519, 22.7577 and 22.7409 for Al, Bi, Sb and Cd respectively. This due to the
variation in the purity and the increase in the crystal size as illustrated in Table (4).
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FIGURE 3. The XRD pattern of doped Ag2Se thin films with different element.

TABLE 3. the XRD parameter of pure and doping films with different elements(Al, Bi, Sb, and Cd).

samples 20 (Std.) (Deg.) 20(Exp.) dnxt dp FWHM C.S. hkl
(Deg.) (Std.) (Exp.) (Deg.) nm
A A)

Ag2Se 36.2 36.2 2.4 2.4 0.17250 50 (013)
Ag2Se:Al 22.8375 22.8375 3.89083 3.89083 0.19970 42.3 (002)
Ag2Se:Bi 22.6519 22.6519 3.90430 3.90430 0.23450 36 (002)
Ag2Se:Sb 22.7577 22.7577 3.92229 3.92229 0.21980 38.5 (002)
Ag2Se:Cd 22.7409 22.7409 3.90714 3.90714 0.17730 47.7 (002)

This increasing value due to the interstitial diffusion; that the size of the parent samples greater than the impurities
one as show in Table(5), which presented the crystalline and ionic radii of the impurity atoms; that it’s smaller than
the host atoms, and this causes to increase its size.

TABLE 4. the crystalline, ionic radii of host and doping elements.

Samples CR(A ) [19] IR(A) [19]

Ag2Se 0.93 0.79
Al? 0.67 0.53
Sb+3 0.9 0.76
Sb+5 0.76 0.6
Bi+3 1.17 1.03
Bi+5 0.9 0.76
Cd+2 1.09 0.95
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The micro strain, dislocation density and number of crystalline/area also have been calculated using equations (4),
(5) and (6 ) respectively , which also increase with the doping process as shown below table. The dislocation increase
due to the increase of crystal size, as mention above as the doping cause to increase the crystal constant, due to the
microstrain, and this in turn resulted from the vibration of the ion radii, as indicated in table (5), which depending on
the charge states and on the spin states of the magnetic ions.

TABLE 5. Strain parameters of the host and impurity atoms.

sample C.S (nm) Microstrain (N) x1015 (per m2) (0)x1014 (per m2)
Ag2Se 50 0.04 2 4

Ag2Se:Al 423 0.048 2.7 5.5

Ag2Se:Sb 38.5 0.053 3.3 6.7

Ag2Se:Bi 36 0.057 3.8 7.7

Ag2Se:Cd 47.7 0.05 2.1 4.3

Figures (4) and its parties display the 2D and 3D AFM images of all thin Ag2Se films before and after doping,
which confirms that all films adopt dense and homogeneous surfaces with spherical like shape particles. This result
confirms the fact which estimated from XRD examine of enhancement the crystalline structure by doping.
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FIGURE 4. The 2D and 3D AFM images of Ag2Se films and doped with different elements.

The grain size and roughness increase as show in table (7), it can be noticed that these parameters increase with
doping. The increase in grain size greater than the C.S which estimated from XRD analysis and indicates that
impurities atoms work as a flux which helps in growth of grains [20]. Large grain size causes the decrease of grain
boundaries so, the centers of trapping electrons will decrease, and therefore the large grain size is very beneficial for
solar cell application [21, 22].
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TABLE 6. The average grain size, roughness and r.m.s of pure Ag2Se thin films and doped with different elements (Al, Sb, Bi

and Cd).
Thin film Grain Size(nm) Roughness Average(nm) R.m.s (nm)
Ag2Se 74.06 3.81 4.4
Ag2Se:Al 66.68 7.33 8.47
Ag2Se:Sb 62 8.82 10.2
Ag2Se:Bi 61 8.66 9.99
Ag2Se:Cd 67.85 9.73 11.2

The optical properties have been investigated of pure Ag2Se thin films and doped one.

The measured absorption spectra for all the samples in the range (200-1100) nm illustrated in fig. (7).

The absorption has a great value in the visible range (300-600) nm, and the peaks at 450 nm than it becomes to
drops to small values in the IR region, begins from 650 to 1100 nm, which that the films has good application to solar
cell.

As the films become doping, the absorption in general decrease, due to increase the crystal size and conform the
crystalline structure as mentioned before. As the size increase there was a shifting of absorption spectra to IR region
due to quantum size. The absorption coefficient plotted as a function of wavelength, presented in fig.(8) . It has the
same behavior like the absorption values.
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FIGURE 5. The absorption spectrum of pure and doped thin films.
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FIGURE 6. The variation of absorption coefficient with doping.
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The optical energy gap decrease in doping such that it’s equal to; (2, 1.9, 1.65, 1.7 and 1.8) eV for Ag2Se, doped
Al, Bi, Sb and Cd respectively.

This drop due to the generated localized state of the impurity elements, near the conduction or valance band causing
the decreasing of the energy gap, this state has little ionization energy depending on the ion radii, which listed in the
table (5).

(Ag2Se) b-Ag2Se:Al c-Ag2Se:Bi
08 T
3 . 08
206 Bos 0
L 3 § 04
= £ -
202 g 3
] =02 £ 02
! 5
0 1 2 3 0 0
y 0 1 ) 3 0 05 1 15 2 25 3
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' 08
b .
g04 506
'al -
Fl .
io.a 204
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201 ) .‘.//
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0 05 1 2 % 3 0 05 1 15 1 25

15 1
hvfev) hvev)
FIGURE 7. The variation of optical energy gap with doping.

The optical parameters that calculated from equations (9-14), their values deduced at 500 nm wavelength,
presented in Table (8).

The reflection increase in general in doping because of the increase in roughness, especially in the case of Al, due
to its metallic properties. While the refractive index increase in general due to the gain in reflection values. The
behavior of extinction coefficient; as illustrated in the table; it falls to lower values, as same as the absorption
coefficient behavior.

As for the dielectric constant; the real part increase like the refractive index. In addition the imaginary one fall like
extinction coefficient.

TABLE 7. The optical parameters of pure and doped thin films at wave length 500nm.

Optical Pure and doped thin films.

parameter Ag2Se Ag2Se:Al Ag2Se:Bi Ag2Se:Sb Ag2Se:Cd
T% 16.36641 2.946728 88.04592 84.6747 87.21538
R% 5.028937 58.78677 6.425004 8.100666 6.843929
A% 78.60465 38.2665 5.529077 7.224633 5.940694

k 0.14412930 0.070165406  0.010138108 0.013247077 0.010892848
er 1.287383 2.778084 1.430621 1.287383 1.462157

€l 0.329695 0.234104736  0.024252967 0.033088931 0.02634426
n 1.143747 4.206191 1.196129 1.248914 1.209246

a 36205.3 17625.55 2546.693 3327.666 2736.283434
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