Chapter 4

Aptical Characterization
of
Screen Printed
Cadmium Telluride (CaTe) Thin FilmsA
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4.1 Introduction

Group Il -VI compound are emerged out as most vital supplements
among its competitors as per as application as non linear optical
component , if grown film is found to be micro crystalline [1]. In this
presented work of thesis cadmium telluride from same group as
mentioned above are now a dayods create it
optoelectronic devices, as its thin film can be fab ricated by various
deposition technique[2,3]. Due to the availability of large numbers of
fabrication technique it can be utilized in verities of application Such
thinfilms form of this material having direct band gap found to be lower

than 2.0 eV [3,9] and high absorption co -efficient for visible range of

solar spectrum , create vital position among group Il -VI materials[3,10 -
13]. As per optical study is conceded, due to the two impres sive optical
properties like High optical transparency in nearer to far infrared range

and second one large optical non linearity are make way for materials to

utilized as integ rated optical components either [14]. Cadmium telluride

exhibits numbers of photo assist phenomena under the enlightenment.

Under the high intensity of enlightenment, materials exhibit restrained

effects [15]. In short these phenomena are found to related with either

the change ciah ¢@aptmeterdé or shi ft[iéndg of
21], also various optical solid state parameters make solid material vary

specials as reported by many [ 22-39]. Hence, it is found to be more

important to investigates the photo assist behaviors of these fabricated

thinfilms of CdTe, and it is not only limited to understand its utilizations

which useful for civilization  [40].

4.2 Study of optical properties of thin solid film

Optical investigation is key technique to understand various
properties of semiconducting materials [41]. In this technique , the

absorption coefficient is observed for different incident energies provide
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In sequence regarding the energy value of band gap of under examine
materials. On the basis of band gap materials are classified as
conductor, semiconductor or insulator [2]. For case of semiconductor,
band gap has much more significance because electrical behavior of such

material purely depends on it [1,2].

4.2.1 Optical Absorption

Optical absorption is emerging out as one of the most appropriate
technique for determination o  f energy value f or optical forbidden gap for
case of thin film b ased on semiconductor compounds [1]. The irradiation
of selective frequency is perpendicularly applied over the thinfilm s fitted
over holder [1]. If frequencies of incident irradiatio n are found to be
smaller than energy value of forbidden -gap, in such case some fraction of
applied radiat ion can be absorbed by material under examination  [45].
Obtained spectra by this phenomenon are known as absorption
spectrum [1]. Beside this, if the freque ncy of irradiation is greater than
the energy value of forbidden -gap, in this case radiation can be able to
refract from the solid layer, which gives rise spectra are called as
orefraction spectrumé and | aspettrai[ly Theal | ed
summati on of percentage value of absorption, transmittance and

reflectance is always equals to 100 percent [1].
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Fig. 4 .01 Schematic presentation of all three beams with respect to
thin film.

The intensity of incident radiation (I) depended, transmittance form

the semiconducting thin films having thickness (t) is given as [46];
| =1, exp( &at) (4.1)
In the above equation | , define value of the initial intensity of an incident

radi at i o nbe théhabdorption toefficient.
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4.2 .2 Type of Transition in band gap of materials by means

of absorption
(a) Intrinsic_: An unstable charge carrier can take transition
from valance band to conduction band define as intrinsic

absorption [1].

(b) Free carrier:  Unstable free electrons either of band can

take transition to the vacant sites with higher energy
situated inside the forbidden -gap, such tr ansition define as

free carrier [1].

(c) Localized state:  : Unstable carriers, which trapped inside

impurity state s, can take transition from this impurity | evel

to any other level define as localized state  [1].

(d) Lattice:  This kind of transition takes place due to either
lattice vibration  or phonon interaction they can define

lattice absorption  [1].

4.2.3 Fundamental of Absorption

In reality, the occurrence of absorption can be described
guantum mechanics [47] as a results of bisequence processes (i)
Absorption of incident radiation by ground state electron (i) this excited
electron take transition to the intermediate state, here they were
interacted with  present impurities and at the end they were moved to

the final state, and both transition acquired absorption of a photon [1].

The determination of band gap for semiconductors can  be

achieved by apparent rise in absorption . On the other hand , flipping are
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resonance to the selection rule , hence the approximation of the

forbidden -gap is not as simple as discussed [1  -2].

The absorption coefficient Uhg) as function of photon
energy dgois directly proportional to three quantity (i) the probability of
transition (P ) from initial to final state (i) density of initial state ( nj) (iii)
the density of final state ( n:) [2]. The energy difference between initial and

final state mustequaltoh g [2]:

athy=Aq pnn 4.2)

The above discussion based on two a
the lower | evel s are completely occupydheand se
hi gher l evel a r eondii@enc a&snonly satisfiech bysintrinsic

materials at absolute tempera  ture [2].

4.2.4 Types of Transitions

The absorption process accrued inside the semiconducting
materials can be explained in terms of transition by electron, which
based on quantum mechanical phenomenon [2,41, 44] . These processes
of electronic transition allowed inter band absorption inside the solid
materials. Inter band absorption are classified under two categories. (i)

Direct transition (ii) Indirect or interband transitions [2, 41].

4.2.4 .1 Direct Allowed

These kinds of transition occur between two energy states.
To understand this phenomenon consider two direct energy state and
band edge define as dells [2]. In the consider system of band only those
transition are allowed in which momentum is consider as conserved
quantity [2, 41] . As shown in Fig . 4.02 original level at E; is associated

with a ultimate level at Efsuch that [2]
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E,=hv {E]| (4.3)

Ec conduction band

direct
allowed

EnergyBand Gap transition
Egd

Fig. 4.02 Schematic diagram of direct andindirect transitions

But in such band system, energy of initial and final state can be given

as;
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_h?K?

E: - K om (4.04)
h*k?
5= 2m: (4.05)
And hence
21,2 &
a1
g STKAL L
2 ¢, m,
(4.06)

In the above equations & g and & -, are effective mass of electron and hole
respectively. 06 k d@lefine as transition probability and o6hd is the

constant [2].

The density of directly associated initial and final states are given as [48],

8pk*dk
N(R)d(hy==7 5 won
N(hs)d(hy= (2?) (h #E)"? d h) (4.08)
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6 defines as the reduced mass of electro -hole

In the above equation

system given as— = 1* + 1*.
ml‘ me rnn
The absorption coefficient  for direct band transition is given as [48]
a(hy=A(h ¢+E)
B Eg (4.09)
Where, A" given by Bardeen [ 43]
o * * 3L2
28, mm 0O
Tad o« 0
« ¢c Mm+Mm =+
(4.10)

index n = 4 and by considering that the

For material having refractive
are equal the mass of free

effective masses of both hole and electron

electron ( m, =m, =m), Equation 5.09 derived as  [41];

a(hg° 2 10%h UEg)llz (4.11)

Forbidden Transitions

4.2.4 .2 Direct
due to the quantum mechanical

In case of some materials,

selection rules direct allowed transition between initial and final state
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are not allowed. In such case  forbid den direct transitions at k = 0 5
not allowed but at kiO itis allow , in these case transition probability
can be represented as k2 [2]. It means, the increase in transition
probability is proportional to the (hg-Eg). Since the density of states  for
case of direct transition is found to proportional to (hg-Eg)¥2, hence

the absorption coefficient  in such case described as [41]

a(h)=A(h nE): w2

Here, A' define as [42]

5
q2fgl m m p
A ] ﬂ ?T%* + rrL* e
3 ncPmm’ by (4.13)
Again taking similar example in which refractive index n =4 and
m,=m=m
1
(- E)?
a(h/):l3 %I.OllTEgcml (4.14)

4.2.4 .3 Non-vertical Transition

When a transition is sustained by acquiring change in
momentum as well as energy both, it can be described by involving two
step procedures. This happen because of the nature phenomenon of the

momentum which obeys conservation law and it is fount to conserve at
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the time of photon interactions. This phenomenon schematically
presented in the fig .4 .3. The quanta (unit particle ) of lattice vibration

can be d efined as phonon [49, 50] . This phonon is obtainable in wide
range of spectrum , but momentum which acquired change are consider

as useful for this phenomenon [49, 50] . The acoustic phonon can be
classified as longitudinal and transverse phonon and they can be
represented interms of th eir characteristics phonon energy  noted as ,® .E
Hence, this kind of transition to Ef can be achieved by means of

absorption of emission of phonon [49, 50] .

Fig. 4.03: Schematic diagram showing indirect transitions.

Mathematical presentation of  two processes expressed as [49, 50] ,

hUe= Eq + Ep (4.15)
And
hUa.= Eq - Ep (4.16)
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Hence transition is  induced by t he energy of phonon other

tha n photon, that why it is called as indirect transition. For the phonon

induced transition its absorption -coefficient ( Yis presented in the

following mathematical  expression [ 49, 50] ,

(i) For states having energy difference less than the energy of photon,
in  which  absorption of  phonon

occur given  as;
h O dE, [49, 50],

%" 1_eXéEp g (4.17)
e /kT ¢

(i) For states having energy difference higher than the energy of
photon, in  which emission of

phonon take placed;
hO 3+ 49, 50]

Alho- E,+E,
a E/
1-ex%e ka

Since, emission as well as absorption

a, =

(4.18)

1 OO |~

of phonon is found to be

possible and absorption coefficient of such processed can be givenas  [49,
50],

a= Adg + ae (4.19)

Since, in both longitudinal as well as transverse can further

classified under two sub categories described as acoustic as well as
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optical and both can be involved in such transition processes but they

appeared with different value of  flipping probabilities [51].

The processes of phonon absorption can generally occur for
hi gher value of temperature because as o0ph
of v i br adinly oduedto tmermal vibration , hence these phonon
assisted absorption is define as non ver  tical absorption [2]. This indirect
type of transitions has enormous significance for the case of
semiconduct i ng materi al s. Because, Oband gap d
energy between edge of val ence banuw and
when the band edge having di fferent maxima or minima at different
position of vector k in such case their energy bag can be obtained by this

prime processed [2].

4.3 Experimental procedures

The analysis of optical properties of screen printed cadmium
telluride thin films was carried out by the processes of optical absorption
with the help of UV-VIS-NIR spectrophotometer for wavelength ranging
from 200 & 2500nm at the ambient temperature [2].

4.3.1 Inf ormation about  UV-VIS-NIR Spectrophotometer

The image of UV-VIS-NIR Spectrophotometer , which consider
as one of the prime member in its class is presented in the fig.4.04. Such
methodology is adapted to measure amount of absorption and its
relevant maximum wavelength value of all deposited thin films for the

radiation spectrum in the range of Ultraviolet to near IR [2]. The step by
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step propagation of light beam can be well demonstrated in fig.4.05. The
Spectrophotometer creates its stronger position in the field of Scientific -
research by mean of investigation of optical properties of various

materials to obtained optical as well as constructional constraints [2]

Figure 4.04 An Image of UV-VIS-NIR Spectrophotometer
[www.sicart.res.in]
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Fig. 4.05: Ray diagram for working of Spectrophotometer

4.4 RESULTS AND DISCUSSION S

Optical properties of the CdTe thin film fabricated by one of the
prime screen printing technique. The screen printed films further attends
post deposition processes known as sintering. In consequence films were
sintered at five sintering temperature as 490, 495, 500, 505 a nd 510°C.

4.4.1 Absorbance of Sintered films

The percentage value of absorbance obtained from UV-VIS-NIR
spectroscopy is plotted against the wavelength of exposed radiation in
fig. 4.6 fo r thin films deposited over glass substrate by screen printing
technigue and were sintered at five deferent value s of sintering

temperature having al most whkch overa studiddiinm
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the wavelength ranging from 200 6 2000nm along with effect of sintering

temperature .
60
55 4
)
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<
—490°C
495°C
2 —500°C
——505°C
—510°C
40 ! T ! T y T ?
200 400 600 800
A(nm)
Fig. 4. 06 Absorbance spectra of screen printed CdTe thin film S

under the influence of sintering temperature.

Fig.4.6 showed that the fabricated thin films  of CdTe exhibit effect
of interference ahead of the wave length of absorption edge, signifying
lower amount of roughness as well as uniform consistency of thickness
for Grown CdTe thin films [52].

It is observed from the nature of absorbance spectra (Fig. 4.6) that

the absorbance is found to increase with wavelength , inthe region nearer
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to absorption edge. The peaks of absorbance spectra revealed that the
absorbance is highe st for the film s which were sintered at 50 0°C in the

visible range of electromagnetic spectrum , which may be attributed to its

prearranged structure as well as free carrier absorption, exhibiting the
nature of CdTe thin films as semiconducting [53 ]. It is accomplished
that more number of photons in the visible range could be absorbed by

CdTe films sintered at 50 0°C than remaining four sintered at 490 °C,
495°C, 505 °C and 5 10°C. But, on the other hand , thin films sintered at
505°C and 510 °C are exhibits absorbance in minor lower value than the
500 °C means they also get deposited with almost uniform thickness and
structural arrangement. Thin films sintered at temperature lower than
500 °C show much more lower value of absorbance as compared to the
thin films were sintered at 500 °C or higher. Hence, the absorbance
spectrum clearly reveals the effect of sintering temperature over the
screen printed CdTe thin films. The study of abso rbance spectra with
respect to the sintering temperature indicates that with increasing value
of sintering temperature , amount of absorbance also increases or in
other words absorbance shifts towards the higher wavelength side with

increasing value of sinteringt  emperature.

4.4.2 Transmittance (T) of Sintered films

The transmittance spectra of screen printed CdTe films were also
measured over same wavelength range which are shown in figure 4.7. As
represented in fig 2.3 of chapter 2, the thickness of sintered  films is maintained
c onst ant). Theréforenthere was no need to normalize the data. The
spectrum exhibits  transmittance dependency  of cadmium telluride  film
on the wavelength as well as sintering temperature. The first order
observation of the transmit tance spectra exposed the inverse behavior of
transmittance as compared to the absorbance, which is indicating

natural behavior of the screen printed thin films. The highest amount of

121



transmittance  is observed in thin films were sintered at 490°C
temperature and the minimum for the film sintered at 500°C.

As exposed in Fig. 4.7, the optical transmittance spectra of
sintered thin films of CdTe found to decease with wavelength. The
shifting of the absorption edge to  wards the longer wavelength side for
CdTe film were sintered at 500 °C was observed, which ma vy be attributed
to the presence of thermal defects . Also it provides supportive
conformati ons as post deposition processed like sintering create some
sort of changes in the struct ure as well as lattice arrangement in the

grown materials. This indicates larger grain size [54].

40
35-
é 30 -
= —490°C
——495°C
254 ——500°C
-505°C
—510°C
20 T T T T T T T T
200 400 600 800
A(hm)
Fig. 4. 07 Transmittance spectra of screen printed CdTe thin film S

under the influence of sintering temperature.
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The spectra of transmittance for screen printed thin films reveals
that the effect of variation in sintering temperature was clearly reflected
in the spectrum. For the  wavelength near to the absorption edge sudden
drops in the value of transmittance can be observed . Sudden drop in
transmittance is found to increase with the increase in the sintering
temperature except 500 °C. For temperature higher than 500 °C structure
become more compacted, hence, the minor increase in transmittance is
observed for sintering temperatur e higher than 500 °C and is found to be

consisten t also.
4.4.3 Reflectance (R) Of Screen printed thin films

The reflectance spectra of cadmium telluride thin films which were
synthesized by one of the home hold screen techniqgue and effect of
sintering temperature in terms of amount of reflectance a long with the
variation of wave length has been analyzed in this section.  Observation s
made from the spectra of reflectance revealed that the amount of
reflectance is found to be  highest for thin film sintered at 490 °C and
lowest for film sintered at 500°C.  Just like transmittance spectra, sudden
drops in the percentage value of reflectance can be observed at the

absorption edge for all five sintered thin films.

The thin film sintered a t lowest temperature in our investigations
exhibits almost no variation in the reflectance with the increases of
wavelength. While thin films sintered at temperature higher than 500°C
shows nearly same reflectance like the thin film s sintered at 500°C wit h
minor variation. The lower value of reflectance suggest s that thin films
sintered at temperature 500°C or high will exhibit u niform deposition of

CdTe to entire region of film.

123



20 ™
15
—490°C
o —495°C
>~ 104 —s500°C
~ 505°C
44 ——510°C
5
0 T T | ' | ' T T
200 400 600 800
A(nm)
Fig. 4. 08 Reflectance spectra of screen printed CdTe thin film S

under the influence of sintering temperature.

For the case of thin film, it s uniformity of surface is consider ed as
vital parameter for its use as solid state devise based application . Hence,
as per application is concern ed sintering processes gives positive effect in
the formation of thin films. The spectra of fig 4.8 exhibits decrease in
reflectance with increasing value of sintering temperature . This reveals

better crystallinity of the films [55, 56] .
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4.4.4 Absorption coefficient ( U))

The plot of absorption coefficient with energy of photon s for all
screen printed CdTe thin fi Ims is presented in the fig. 4.9 under the

influence of sintering temperature.

The obtained data of absorbance can be utilized to evaluate

absorption coefficient (1)) by using formula  [57],

7x10°

6x10°

g
£
=7
3

5x10°-

T l T I T T I T

1.25 1.30 1.35 1.h0 145  1.50
hv (eV)

Fig. 4. 09 Plot of Absorption coefficient for screen printed CdTe thin
film s under the effect of wvariation in sintering

temperature.

125



(4.20)

2.303% A
a = "

The elementary absorption  of photon energy , which found to be
responsible for the transition of charge carriers from valence band to
conduction band of material , can be utilized to find out the optical energy
gap. Hence absorption coefficient is considered as one of the prime
parameter s for optical investigation. A Il deposited thin films exhibit this
prominent variation in absorption coefficient for related energy of photon
in the ra nge of 1.40eV to 1.45eV. Plot of absorption coefficient verse
photon energy shows interference for lower value of photon energy. The
effect of sintering temperature is also shown in th is plot. It is found to be
lowest for the film sintered at 490 °C. The th in films at temperatures
higher than 490 °C shows sharp variation in the absorption coefficient
and proportional variation is found to maximum for thin film s sintered at
highest temperature. While maximum amplitude is obtained for film

which was sintered at 500°C. The mathematical relation between

absorption coefficient and photon energy is expressed as [58];
LthU=B( hO- Eg) (4.21)

Where, @ Ois a coefficient of proportionality , EgOrepresents the optical

energy gap of material under study and power 46 depends on the t
transition occurred in the material due to absorption of photon energy . réo

has values like, 1/2,2,3/2 and 3 depending on transition as the allowed

direct, allowed indirect, forbidden direct and forbidden indirect

transition s respectively as discussed in earlier section of this chapter

The Following relationcanbeuse dt o eval uate the value of
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d[ln(ahu)] _r
dhw  (hu- E,) “.22)

By taking natural log on the both side in above equation it can be

reframe as
In(LhQ =rIn (hU-Ey) +InB (4.23)

In above equation term Eg, it is confi rm ed that to obtain value of
optical energy gap , absorption coefficient works as an entrance. The
obtained value of absorption coefficient is of the order of 10 4 m-1 for all
CdTe thin films prepared by screen printed and sintered and it was
found to be greater than 102 m-i. This higher value of absorption
coefficient suggests the absorption coefficient provide s conformation for
direct transition  in material. Hence the fabricated thin  films of CdTe have

only having direct energy band gap [59].

4.4.5 Refractive index (n) of screen printed CdTe thin

films.

Figure 4.10 represents the curve of refractive index with respect to
the energy of photon. The value of refractive index for all CdTe thin films

can be obtained by using following relation.

. 1+4/R
1- \/ﬁ 4.24)

Where, R is the reflectance of the thin films.
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Fig. 4. 10 Plot of refractive index for screen printed CdTe thin film S

under the effect of variationin  sintering temperature.

The graph shows that the refractive index of the screen printed
CdTe thin films sintere d at various temperatures exhibits nearly small
variation in refractive index up to around 1.40eV photon energy . Only
exception is observed in the region nearer to absorption edge. Small
variation in  refractive index reveals that thin films were highly uniform,
which consider as major advantage of the house hold screen printing
technique. The highest value of refractive index can be observed for film
sintered at 490°C. While films sintered at 500,505 and 510°C shows

nearly constant range for obtained value of refractive index.
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446 Optical conductivity (R) of

The variation of optical conductivity with respect to energy of

photon s has been presented in the fig.4.11 . Optical conductivity of the

sintered films is calculated using following formulae y = ‘%’ , Where

absorption coefficient #eads represented by unitm -land O6cd speed

isin mS -1 so as per formulae its unitis S -1,

2,0x10"
—490°C
——495°C
—500°C
1.8x10"{ |—505°C
~ 510°
N
4
o
1.6x10"'
1.4x10"'
1.25 1.30 1.35 1.40 1.45 1.50
hv (eV)
Fig. 4. 11 Plot of optical conductivity for screen printed CdTe thin
film s under the effect of variation in sintering
temperature.

Study made on the graph of optical conductivity exhibits almost

similar nature like other optical solid state parameters. The sudden
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change in nature of graph is observed in the portion of prominent optical

absorption.

The optical conductivity of screen printed thin films is obtained
and was found to be of the order of 10 11 S-1 which reveals suitability of
deposited thin films for th e application base on photo -conduction like
photo switch, light dependent resi  stor, photo detector etc. The po st
deposition sintering process  shows its effect in the form of variation in

optical conductivity.

4.4.7 Extinction coefficient (k) of screen printed CdTe thin

films .

The extinction coefficient (k) was evaluated by theory of reflectivity
for light by employing concerned relation [ 60]. The behavior of extinction
coefficient along the variation with respect to photon energy is
demons trated in fig. 4.12.

The k value provides information concerning the absorption of
photons in the medium of the material due to the influence of inelastic

scattering [ 61].

k=4 (4.25)

Here, wavelength of the incident radiation isrepresented
value extinctio n coefficient (k) is found to maximum for photon energy
trapped between 1.45eV to 1.46eV for CdTe thin films sintered at
490,495,500°C, 505 and 510°C. Low value of k suggests good surface
homogeneity as well as smoothness of screen printed and sintered CdTe
thin films [61] .From th e observation made form Fig.4.12  the lowest value
of extinction coefficient was found for the thin films sintered at

temperature 490 °C and maximum for 500°C.
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Fig. 4.1 2 Plot of Extinction coefficient (k) for screen printed CdTe
thin film s under the effect of variation in sintering
temperature.

Thin films with polycrystalline nature shows additional absorption
of incident radiation taking place at the region of grain boundaries. This

is responsible for non -zero value of extinction coefficient  for the region of
graph where value of photonic energy is found to be lesser than energy at
main absorption edge [ 62]. With the variation in temperature, the
refractive index (discussed in section 4.4.5) of samples observed to be
decreases with increasing value of the k near the fundamental

absorption because of the phenomenon of abnormal dispersion [ 63]. But
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variation found in k for all thin films is very minute and hence it can be
inferred that all films are consider to  be almost equally homogenous and

smooth.

4.4.8 Energy band gap (E ) of screen printed CdTe thin
films.

The standard process to obtain the concerned energy value of
the optical forbidden gap isto dr aw a pl ot verses phothnicO)
ener gy ( hoO3uitadenvdlue of n  can obtain from almost linear
curve. The types of the energy band gap or type of transition of charge
carrier s can be identif ied with the help of nvalue. The suitable value of n
can obtained for linear graph and extended intercept made with axis of
photonic energy provides the value of optical energy.

The optical band gap of each screen printed CdTe thin films can be

obtained by the Tauc relation [64 ];

n

jha=Ah E (4.26)
To obtained suitabl e val ueandérrordwas,
attempted for various value of n like 1/2, 2, 3 and 2/3. From the trial
attempted , best linear plot was obtained for the value 2 for all screen
printed and sintered CdTe thin films. The plot of (AhUp2 B hU for all

sintered thin film s is presented in fi g.4.13 . The extended tangents drown

from the plot intercept at the energy value of optical band gap.
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4.13 Graphof oO(Ah )3 verses energy of incident photon o for all

sintered thin films

The plot of (AhU)2 versus hO i's presented i[Thisthe
clearly shows direct optical transition of charge carriers. The intercept or
extrapolations of these plots made with zero value of photon energy gives
the value of direct optical band gap for each sintered thin film . Thin film
were sintered at lowest sintering temperature possess lowest optical
energy gap while thinfilms sintered at highest temperat ure hav e highest
value of band gap or in other words, with increase of sintering
temperature energy band gap also increases. Because of the sintering

crystallinity  of thin film s decrease hence film become more compact as a
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consequence band gap found to incr ease with increase of sintering
temperature. Thus optical band gap exhibits dependency over the
sintering process which is clearly observed in fig.4.13 . The ob tained

value of optical energy has been tabulated in table 4.1.

Table 4.1 Optical band gap  at different sintering temperatures

Optical energy Band gap

Sintering Temperature (°C)
(eV)
490 1.35
495 1.365
500 1.39
505 1.40
510 1.41
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4.4.9 Real and imaginary part of dielectric constant of

screen printed CdTe thin films.

The complex dielectric constant  of thin film can be  mathematically
expressed by as E= E + i jE In the mathematical form of dielectric
constant terms 056 as well as 056 are real and imaginary parts of the
complex dielectric constant respectively. Calculation of real part of

dielectric constants was made by using the formula [34];

1'3 ! | ¥ | ! |
1.25 1.30 1.35 1.40 1.45 1.50
hv eV

4.14 Plot of Real part of dielectric constant verses energy of photon

for screen printed CdTe thin films.
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AN

E =n20dk?2 4.27)

The variation of real part of dielectric represents almost constant
variation as a function of photonic energy is shown in the fig.4.14 . A
sudden decrease in the real part of dielectric constant is observed nearer

to the absorption edge because of fundamental absorption of photonic
energy. The real part of dielectric constant E is associated with the
property of reduction in the speed of  light inside the medium of material

The thin films sintered at 505 °C and 510° C exhibits lowest as well as

AN

almost similar value of E with variation of photonic energy, hence the
lowest decrement in speed of light inside the sample is consider ed for
these two films. The variation of real part of dielectric constant suggests
positive effect of post deposition sintering process. Fig. 4.14 reveals that
average value of real part of d ielectric is found to  decease with increase of

sintering temperature.

The imaginary part of dielectric constant can mathematically
defined as; [65]

E=2nk (4.28)
The imaginary part of dielectric constant as a function of photonic
energy c an be presented in the fig. 4.15 . The imaginary part of dielectric

(E) constant is related with the process of energy absorbed from incident
radiation , and the dipole motion is found to be responsible of  this [61].
The sudden increments is observed nearer to absorption edge in fig.4.15
provides confirmative avoidance to mentioned discussion . The effect of
sintering also appended in the graph lowest value of imaginary dielectric
constant is obtained for the thin film was sintered at 490°C. Thin film
sintered at 500°C shows highest variati on at the absorption edge . With

increasing value of photon energy it s value deceases than the film were
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sintered at higher than this sintering temperature. Hence the average
value of imaginary dielectric constant is observed to increase with

increase of si ntering temperature.

0.0012

0.0010+
W
—490°C
—495°C
—500°C
-505°C
510°C
0.0008 +— l —

125 130 135 140 145 150
hv (eV)

4.15 Plot of Imaginary part of dielectric constant verses energy of

photon for screen printed CdTe thin films.

According to fig. 4.14 and 4.15 , both part of dielectric constants

real as well as imaginary , were found to decrease with increase of
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incident photon energy for all screen printed and sintered  thin films of

CdTe. This expresse s high crystallinity of the deposited thin films [ 61].
4.5 Conclusion s made from optical analysis.

In current chapter , the optical study using the absorption spectra
of cadmium telluride thin films fabricated using one of the most
economical screen printing method has been studied . The printed films
were further given post deposition sintering process with five different
value of temperature with variation of 5°C. The optical analysis of all
sintered thin films showed variation of many solid state optical
parameters like, optical energy band gap, real and imaginary part of
complex dielectric constant, extinction coefficien t and refractive index
with respect to the variation of sintering temperature as well as energy of
photon s.

Every spectrum reveals accountable absorption in visible and NIR
range of electromagnetic spectrum for incident radiation over the all
screen printed thin films of CdTe

V Clear elementary edge of absorption was observed in the
wav elength ranging between 750 to 900 nm for all sintered thin
films of CdTe . This fundamental absorption edge can be utilized for
determination of optical energy band gap of all five screens printed
and sintered thin films.

V The direct allowed transition s of charge carriers were observed in
present case.

V The value of optical energy gap by taking extrapolation over the
absorption edge is found to increase with increasing value of
sintering temperature because of increase in uniform smoothness
and sintering under lig uid phase improve s compactness of the

films .
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Extinction coefficient  of all sintered thin film s of CdTe was found to
decrease with increasing value of incident energy of photon S except
the range of energy related with fundamental absorption.

The observed sudden increase at the abso rption edge was because
of loss of radiation energy under the effect of scattering.

The observed variation in the  Refractive index isin response to the
normal dispersion law.

The real and imaginary part of complex d ielectric constant was
found to decrease with increasing value of photon energy.

The average value of real part of dielectric constant is found to
increase with increase in sintering temperature.

The imaginary par t of dielectric constant with sintering

temperat ure was observed to be dec reasing in nature .
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