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Abstract

In this research paper, we present the thin �lm deposition of II-IV group compound such as Cadmium sul�de (CdS), Zinc se-
lenide (ZnSe), Cadmium selenide (CdSe), Cadmium telluride (CdTe), Zinc sul�de (ZnS). CdS (Cu)/ZnS and CdTe/CdSe is de-
posited on ITO coated glass substrate by using resistive thermal evaporation technique at some speci�c parameters to form multi-
layer heterostructure. A�er deposition, the structural property of the multilayers heterostructure was studied by X-rays Di�rac-
tion technique, which gives the complete con�rmation with literature. UV-visible spectroscopic technique was used to study the
optical property of the prepared multilayer heterostructure such as absorption, transmittance, and bandgap. To study vibration-
al, rotational, and other low- frequency modes in a system Raman spectroscopy was used and its correlation with XRD was dis-
cussed. �e PL spectrum of prepared multilayer layer thin �lms of CdS (Cu)/ZnSe and CdTe/CdSe on ITO coated glass subs-
trates  were  illuminated  at  325  nm,  which  shows  the  recombination  of  excitons  and  Emissions  in  the  visible  region.  Electrical
properties such as resistance, conductivity are measured by the Hall Measurement system. �e electrical properties of multilayer
thin �lms were measured at room temperature of 300 K. From the electrical properties, it is clear that both CdS (Cu)/ZnSe and
CdTe/CdSe behave as a PN-junction semiconductor.

Keywords: Multi-Layers Heterostructure; �in Film; �ermal Evaporation Technique; Optical Properties; Band Gap; Electrical
Properties
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Introduction

Methodology

Multilayer �in Film Deposition

By  using  the  resistive  thermal  evaporation
method, multilayer thin �lms, namely CdTe/CdSe and CdS
(Cu)/ZnSe,  are  prepared.  Figure  1  shows  the  experimental
equipment that was used to fabricate thin �lms.

Figure 1: Experimental setup of thermal evaporation system

ITO-coated  glass  substrates  were  selected  due  to
their transparency in light as well as conductivity to electrici-
ty. �e glass substrates were subjected to a thorough cleans-
ing  process  that  involved  ultrasonic  treatment  using  a  sol-
vent solution and then rinsed using distilled water, and dry-
ing.  �in  �lms  were  formed  in  an  atmosphere  of  vacuum
that is that was maintained at 10-5 mbar in order to warrant
the absence of impurities.  �e �lm was heated to 150°C in
order to increase the adhesion.

Selection of substrate, cleaning of substrate, prepa-
ration of multilayer thin �lm, and annealing of the deposit-
ed �lm are the four sequential processes in the process. We
chose glass substrates and glass substrates covered with indi-
um  oxide  (ITO)  for  our  multilayer  coating  experiment.
Cleaning the substrate thoroughly is the �rst step in the thin
�lm  deposition  process.  �e  substrates  are  then  treated
with  an  alcohol-or  liquid-cleaner  solution-based  �f-
teen-minute ultrasonic bath. �ey are then cleaned with dis-
tilled  water  and  patted  dry  with  optical  tissue.  Preventing
the  entry  of  contaminants  onto  the  thin  layer  is  the  main
goal of this rigorous cleaning process.

A�er  the  substrate  was  cleaned,  it  was  placed,
along with  the  designated  material,  in  the  substrate  holder
inside  the  vacuum  chamber.  �e  ingredients  CdS:  Cu  and
ZnSe were contained in two boats for the multilayer coating
in  the  �rst  experiment.  CdSe  and  CdTe,  two  more  mate-
rials,  were  added  to  the  boats  in  the  experiment  that  fol-
lowed. Sublimation from tantalum boats was performed us-
ing the powders of ZnSe, CdS, CdSe, and CdTe, each having
a purity of roughly 99.999%. Following the placement of the
Bell  Jar  on  the  plate,  a  mica  sheet  was  placed  between  the
source and substrate. �e rotary pump and di�usion pump
were turned on in order to evacuate the vacuum chamber to
10-5  mbar  while  making  sure  that  all  air  inlets  and  valves
were closed and tight. A�er the chamber was sealed, the sub-
strate holder was turned at a speed of about 80 revolutions
per minute in order to enable the deposition of smooth thin
�lms. To get rid of impurities and roughness, the substrate
was warmed to 150 °C. Liquid nitrogen was poured into the
liquid nitrogen trap to chill it and help condense the oil dro-
plets and particles from the di�usion pump.

CdS (Cu) Layer Deposited at an average thickness
of  258  nanometers  a�er  which  it  undergoes  a  �ve-minute
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process  of  annealing  to  350  degrees  Celsius.  �e  tempera-
ture chosen was in light of previous research that suggested
improved  electrical  properties  by  copper  di�usion  in  CdS
[32]. ZnSe Layer is deposited up to an nm thickness of 501
by together similar parameters, which ensures that the crys-
tals  are formed properly.  CdTe and Layers CdSe the layers
are deposited sequentially using CdTe at 56nm and CdSe at
28  nanometers.  �e  resistive  thermal  evaporation  process
yields  multilayer  thin  �lms  with  the  following  deposition
characteristics.  At  �rst,  boats  were  �lled  with  powdered
CdS and Cu that was 99.999% pure. It was then decided to
modify  the  thickness  and  density  for  CdS  to  258  nm  and
4.826 g/cm3, respectively. �e following other settings were
kept  at  room  temperature:  25  cm;  120-200  A;  10  minutes;
0.1-0.2 nm/s; 10-5 mbar; substrate temperature; distance be-
tween substrate and target; current; deposition time; deposi-
tion rate; and vacuum. �e data monitor received the cop-
per density input,  and the CdS deposition monitor was set
up  in  accordance  with  the  copper  doping  parameters.  �e
handle was pointed in the direction of the copper-contain-
ing boat as the CdS deposition preceded, which caused cop-
per (Cu) to be doped into the CdS �lm. Using the scorching
point  probe  approach,  one  or  two  produced  samples  were
doped  with  copper  and  then  gold  contacts  were  placed  to
measure the conductivity of CdS (Cu).

It was previously noted that CdS (Cu) thin �lm P--
type conductivity was examined. Testing later validated the
CdS(Cu)  thin  �lm's  P-type  conductivity,  which  exactly

matched  results  from  previous  literature  investigations  on
P-type CdS(Cu) [33,34]. �e robust evidence of P-type con-
ductivity displayed by CdS (Cu) thin �lms was provided by
the continuous agreement with previous research.

ZnSe was  deposited  on top of  the  CdS (Cu)  layer
more  easily  when  the  Cu  layer  was  allowed  to  di�use  into
the CdS layer during a 5-minute vacuum annealing process
at 350°C. �e handle of the device was then turned in the di-
rection of the third boat that held ZnSe, with the thickness
adjusted  to  501  nm  and  the  density  of  ZnSe  set  to  5.27
g/cm3. All other ZnSe deposition parameters were the same
as for CdS (Cu) deposition, with the exception of the deposi-
tion period, which was increased to 15 minutes for ZnSe de-
position. �e rotary pump and lamp power were turned o�
when  the  deposition  process  was  �nished.  To  release  the
vacuum, the main isolation valve was closed and the air in-
let  valve  was  opened.  �e  chamber  was  carefully  opened
and the substrate holder was removed a�er the appropriate
amount  of  time.  Gold  contacts  were  used  to  connect  the
voltmeter and the heat source to one or two produced ZnSe
samples on ITO-coated glass substrates in order to measure
the conductivity of ZnSe using the hot point probe method.
As per the extant literature, ZnSe possesses inherent N-type
conductivity  [35-37],  which  is  veri�ed  by  the  conducted
test.  ZnSe was deposited on top of  the CdS (Cu) thin �lm,
creating  a  composite  heterostructure  PN-junction.  Using
gold  contacts  to  examine  the  PN-junction  features  and
diode characteristics helped to further validate this creation.
Figure 2 shows the structure of the prepared composite.

Figure 2: Methodology for Multilayer of CdS(Cu)/ZnSe on ITO coated substrate

�e same process was repeated with di�erent sett-
ings  to  achieve  the  deposition  of  CdTe/CdSe  multilayers.
We used glass substrates and indium oxide-coated glass sub-
strates (ITO), cleaned with ultrasonic for ten to ��een min-

utes, rinsed with water, and dried with optical tissue. Next,
99.99% pure CdTe and CdSe were placed into two molybde-
num boats under a vacuum of 5×10-5 mbar. On the moni-
tor  screen,  values  of  6.2  g·cm-3  and  56  nm,  respectively,
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were set for the bottom layer CdTe's density and thickness.
�e following additional parameters were kept at room tem-
perature:  25  cm;  20–40  mA;  4  minutes  and  44  seconds;
0.1–0.2–0.5–0.9; 1.0 nms-1;  and 10–5 mbar. �e substrate
temperature, target distance, current, deposition duration,
deposition rate, and vacuum were all maintained at these
values. A�er the �rst layer of CdSe was deposited, the ther-
mal evaporation unit's handle was turned to deposit the se-
cond layer of CdSe. With the exception of the deposition
rate and time, which were changed to 3 minutes and 14 se-
conds and 0.1–0.2 nms-1, respectively, the parameters were
the same as for the �rst layer. �e �lm thickness was �xed
at 28 nm, and the CdSe density was determined to be 5.816
g·cm-3.

We used the hot point probing method to con�rm

the semiconducting properties of CdSe and CdTe a�er their
deposition,  in  line  with  �ndings  reported  in  the  literature
[25].  In  the  same  way,  we  added  a  third  layer  of  CdTe  on
top of CdSe to set up the monitor at 56 nm in thickness. For
the third layer, 5 minutes and 0.1-0.7 nms-1 were the deposi-
tion time and rate, respectively. It took 5 minutes and 25 se-
conds to install the fourth layer, which was 28 nm thick and
had a deposition rate of 0.1-0.7 nms-1. �e ��h and sixth lay-
ers, which had thicknesses of 56 nm and 28 nm, were suc-
cessfully deposited at a deposition rate of 0.1-0.7 nms-1 in 5
minutes and 50 seconds and 4 minutes and 19 seconds, re-
spectively.  CdTe and CdSe both show p-type and n-type
conductivity throughout the entire multilayer heterostruc-
ture [39]. Figure 3 shows the structure of the CdTe/CdSe
multilayers that were deposited.

Figure 3: Methodology for Multilayer of CdTe/CdSe on ITO coated substrate

A�er  the  deposition  step,  we  placed  di�erent
kinds of masks on both multilayers and then put Ti/Au con-
tacts  on the  P-N junction.  �ere  are  two sorts  of  contacts:
Ohmic  contacts,  which  were  found  between  conductors,
and  non-Ohmic  contacts,  which  include  heterostructure,
breakdown junctions,  PN junctions,  Schottky barriers,  and
other structures. Within the thermal evaporation unit, met-
al deposition, annealing, and penetration were required for
the application of titanium and gold contacts.  For facilitat-
ing electrical characteristic assessments and IV curve investi-
gations, a titanium contact measuring 51 nm in thickness at
a  current  of  100A  and  gold  contacts  measuring  91nm  in
thickness were used for both front and rear contacts. Final-
ly, annealing was done. Annealing is a heat-induced process
that  modi�es  multilayer  characteristics  like  strength,  resis-
tivity, energy band gap, absorption, transmission, and refrac-
tive index. �is process entails raising the material's temper-
ature to its critical point, holding it there, and then describ-

ing it once it has cooled. Under particular atmospheric con-
ditions, the annealing process was carried out in a box fur-
nace (1200X).

�e  selection  of  annealing  temperatures  during
this  research  (250  °C  300  °C  as  well  as  400°C)  was  due  to
their  crucial  function  in  enhancing  quality  of  crystals,  the
size  and clarity  and reduction of  defects  of  II-VI  semicon-
ductor �lm materials  like CdS, ZnSe,  CdTe and CdSe.  An-
nealing can enhance the optical and structural features of th-
ese �lms by encouraging the reorganization and reorganiza-
tion that occurs in atoms, decreasing lattice defects and im-
proving the grain boundaries and all  of these contribute to
improved  performance  of  the  �lm  for  optoelectronic  sys-
tems. �e temperature 250°C is usually chosen to allow the
materials,  particularly  CdS  to  crystallize,  while  preserving
their phase integrity without causing any signi�cant degra-
dation.  Studies  have  demonstrated  that  the  process  of  an-
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nealing  CdS  �lms  with  temperatures  of  around  250°C  im-
proves  their  crystal  structure  and  prevents  over-oxidation,
which  could  cause  degradation  of  their  conductivity  and
transparency [40]. �e 300°C at this intermediate tempera-
ture,  CdTe  as  well  as  CdSe  bene�t  from  larger  grain  sizes,
which  increases  the  mobility  of  carriers  and  decreases  the
number  of  recombination  centers.  Research  suggests  that
the annealing of  CdTe �lms at  around 300°C increases the
growth of grain and increases overall uniformity of the �lm
that  is  vital  to  increasing  the  e�ciency  of  photovoltaics
[41]. In addition, ZnSe annealing at 300°C allows for an op-
timal  lattice  alignment  with  other  layers,  while  also  reduc-
ing roughness of the surface [42].

A�er  deposition,  the  samples  were  annealed  in
three  temperatures:  250°C;  300°C  and  400°C.  �e  reason
for choosing these temperatures involves:

250°C �e temperature of this is ideal for encour-
aging crystallization of CdS and preventing excessive oxida-

tion that can reduce conductivity.

300°C in this middle temperature, both CdTe and
gain from larger size of grains, which improves the mobility
of carriers and decreases Recombination centers.

400  °C  Higher  temperatures  facilitate  crystalliza-
tion in full  CdTe and boost  optical  properties.  However,  it
is important to take care not to cause the material from de-
grading.

�e higher temperature was typically needed to al-
low CdTe �lms to crystallize fully and improve their optical
properties.  As  higher  temperatures  for  annealing,  promote
grain boundary reduction, as well as better inter-grain con-
nection.  However,  temperatures  that  exceed  400  °C  could
cause material  degradation especially for CdS due to subli-
mation  or  changes  [43].  So,  annealing  at  temperatures  of
400°C  allows  for  a  compromise  between  enhanced  crys-
tallinity  and  preserving  �lm  integrity  throughout  multiple
layers.

Figure 4: Methodology for Multilayer Deposition through �ermal Evaporation Technique
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Result and Discussion

To enable electrical, structural, and optical charac-
terization,  CdS  (Cu)/ZnSe  and  CdTe/CdSe  multilayers  are
annealed at di�erent temperatures in a vacuum. Using an I-
V curve analysis at various annealing temperatures, the resis-
tivity of each individual compound (CdTe, CdS, ZnSe, and
CdSe)  and  multilayer  (CdS  (Cu)/ZnSe  and  CdTe/CdSe)  is
evaluated.  Furthermore,  "Panalytical  Xpert'  Pro  (Cu  k-α

1.54Ả) is used for X-ray di�raction on each unique �lm, af-
ter which the crystal size is calculated.

Structural Analysis

�e  X-ray  di�raction  technique  was  utilized  to
clarify the planes and crystalline structure of the multilayer
thin �lms. �e XRD system "Panalytical Xpert' Pro" (placed
at CIIT Islamabad) was used to analyze the produced sam-
ples, which included CdS (Cu)/ZnSe and CdSe/CdTe multi-
layer thin �lms. X-Rays Cu (kα), a wavelength of 1.5406 Å,
and  a  di�raction  angle  spanning  from  20°  to  80°  are  the
main  characteristics  of  the  XRD apparatus  used  in  our  in-
vestigation.

�e  deposited  sample's  X-ray  di�raction  (XRD)
traces are shown in the picture. �rough information on av-
erage crystalline size and phase identi�cation, the XRD spec-

trum results provide important new insights into the multi-
layer  CdTe/CdSe  thin  �lms.  �e  pattern's  peaks  resemble
tiny spikes, and the spreading of the peaks is ascribed to mi-
croscopic  crystal  sizes  [27].  In  accordance  with  [JCPD-
S-89-3011], the most notable peak appears at about 24.5°, in-
dicating the presence of CdTe. Its corresponding planes are
designated  as  (111).  Similarly,  the  peak  at  25°  corresponds
to  CdSe  and  is  identi�ed  with  (100)  planes,  matching
[JCPDS-88-2346]. Notably, the XRD spectra of the multilay-
er  heterostructure  show the  peaks  of  both  materials,  CdTe
and  CdSe,  con�rming  their  presence  with  quartzite  and
zinc mix structures,  even though CdTe is  the bottom layer
and CdSe is the top layer. �e reference [28] and the XRD
patterns show perfect agreement. For the multilayer with a
thickness  of  252 nm, the average crystalline size is  roughly
4.01  nm.  �e  multilayer  was  then  heated  in  a  furnace  to
250˚C and 350˚C for annealing a�er deposition. �e spec-
tra  of  the  annealed  samples  showed  that  higher  annealing
temperatures increased the peak intensity. For example, the
spectra of CdTe (JCPDS-89-3011) showed a peak at approxi-
mately 25° referencing the (100) plane, and for CdSe (JCPD-
S-88-2346) with a quartzite structure, the peak intensity in-
creased.  �is  intensi�cation  is  explained  by  the  multilayer
thin �lms' increased crystallinity as the annealing tempera-
ture  rises.  Debye-Scherrer  formula  was  used  to  determine
the crystallite size:

In  this  equation,  β  represents  the  FWHM  of  the
peaks, λ denotes the X-ray wavelength, and θ represents the

Bragg  di�raction  angle.  K  is  the  constant,  with  a  value  of
0.9. Using a formula, the micro strain (ε) was determined.

Using  the  formula,  the  length  of  dislocation  lines per  unit  volume  of  the  crystal  is  known  as  the  dislocation
density (δ).

�e relationship a = d (h2+k2+l2), where h, k, and
l are the Miller indices, can be used to get the lattice parame-
ter "a."

�e  value  of  the  number  of  crystallites  per  unit
area (N) can be estimated with the use of the following for-
mula.
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We can get the number of crystallites per unit area
(N)  by  changing  the  variables  of  thickness  (t)  and  average
grain size.

�e  CdTe/CdSe  that  has  been  deposited  on  an
ITO-coated  glass  substrate  and  annealed  at  As  Deposited,
2500C, and 3500C are designated as X, Y, and Z in the Fig-
ure 4.

Figure 5: Combined graph of XRD spectra of all samples X, Y, and Z

Table 1: XRD calculations of all peaks shown in Figure-4

Miller
indices FWHM FWHM(Rad) �eta �eta

(Rad) D strain
values d (h2+k2+l

2)1/2 a Δ N

100 2.79940 0.04885 12.3263 0.2151 4.83692E-11 0.0113 3.606894605 0.5 1.8034 2.750E-10 1.183E+28

111 0.18108 0.0031 11.9109 0.2078 7.48897E-10 0.0007 3.730780776 1.5 5.5961 8.891E-11 3.189E+24

In Figure 5 X-ray di�raction (XRD) spectra of the
annealed multilayer CdS (Cu) /ZnSe, thin �lms on glass sub-
strate show that  the peak intensity increases as  the anneal-
ing temperature rises. �is is explained the fact that the an-
nealing procedure increased the multilayers' crystallinity, or
crystallization  strength,  which  intensi�ed  the  peaks  that
were seen. Signi�cant changes in the peak positions are also
noticeable.  �e  conventional  XRD  patterns  of  cubic  zinc-
blende CdS [JCPDS # 75-1546] are constant with the orien-
tations of the di�raction peaks, which show a pattern at spe-
ci�ed angles and correspond to the (111), (200), (220), and
(311)  planes.  �e  di�raction  pattern  found  in  the  samples
with quartzite hexagonal and cubic crystal structures—both
of  which  have  the  same  d-spacing  structures—aligns  with

reference  cards  for  CdS  and  ZnSe  [JCPDS-00-010-0454]
and [JCPDS-00-005-0522],  indicating  the  presence  of  both
CdS and ZnSe. According to the XRD data, CdS(Cu)/ZnSe
is  a  polymorphic  compound  that  can  exist  in  hexagonal
structures that are either cubic or quartzite-like [46,47]. �e
annealing  temperature,  the  annealing  substrate,  �aws  and
imperfections, texture, and impurities are some of the vari-
ables  that  a�ect  this  polymorphism.  Di�erent  tempera-
tures—250°C,  300°C,  and  400°C—designated  as  A,  B,  C,
and  D,  respectively,  were  used  to  investigate  the  e�ects  of
annealing temperature. A represents the sample in its unan-
nealed  form  in  this  instance,  the  annealed  sample  by  B  at
2500C,  the  annealed  sample  by  C  at  300°C,  and  the  an-
nealed sample by D at 400°C. A Box Furnace (KSL 1200X)
was used for the annealing procedure.
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Figure 6: Combined graph of XRD spectra of all samples A, B, C and D

Table 2: �e XRD Calculation of all the peaks shown in Figure-5

Miller
indices FWHM FWHM(Rad) �eta �eta

(Rad) D strain
values d (h2+k2+l2)1/2 a Δ N

111 0.433 0.007 13.7111 0.2393 1.781 0.0018354 3.25253 1.5 4.878795 1.01E-10 1.34E+26

E-08 79

220 0.6298 0.01 22.7857 0.3976 1.162 0.0025335 1.99062 4 7.96248 5.55E-11 4.83E+26

E-08 65

311 0.576 0.01 26.9348 0.4701 1.229 0.0022406 1.70053 5.5 9.352915 4.42E-11 4.09E+26

E-08 41

Optical Properties of Multilayer Heterostructure

A  UV-VIS  spectrophotometer  (Hitachi  U-4001)
operating  in  the  400–2500  nm  wavelength  range  was  used
to  analyze  multilayer  thin  �lms  of  CdS  (Cu)/ZnSe  and
CdTe/CdSe that were formed on glass substrates. �e trans-
mittance spectra were evaluated in the wavelength range of
450  nm  to  2500  nm,  with  particular  attention  to  the  CdS
(Cu)/ZnSe �ndings.  In the as-deposited samples,  a  notable
decrease in transmittance was seen below 798 nm, which is
followed by a declining fall at 738 nm, 575 nm, and 533 nm
upon  annealing,  suggesting  high  absorption  in  those  loca-

tions.  A wavelength increase  is  correlated with  an increase
in transmittance, as Figure 10 illustrates. �e multilayer ex-
hibits prospective uses in laser diodes (LDs), light-emitting
diodes (LEDs), and solar devices, as evidenced by its trans-
mittance ranging from 70% to 80% in the visible region be-
yond 798 nm [31]. �e optical consistency of the produced
nanoparticle �lms was con�rmed by the constantly oscillat-
ing  minima  and  peaks  at  di�erent  wavelengths.  �e  total
transmittance is largely constant even if interference fringes
get  more  intense  during  the  annealing  process  at  250°C,
300°C, and 400°C. A visible shift in the absorption edge to-
wards higher wavelengths is  observed,  which leads to a  re-
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duction in the CdS(Cu)/ZnSe thin �lm's band gap [48]. �e
optical bandgap values that are derived using UV-Vis spec-
trum (e.g., ~2.42 eV for CdS and ~1.45 eV for CdTe) are in
line with the values reported in previous research. For exam-
ple,  Smith et al.  (2020) have reported similar reductions in

bandgaps  during an annealing process  that  resulted in  im-
proved  crystallinity  as  well  as  lower  defect  densities.  �e
tuning  of  the  bandgap  observed  here  indicates  that  these
�lms may be  ideally  suited  to  solar  cell  applications  where
engineering  of  bandgaps  is  essential  to  maximize  the  e�-
ciency and absorption of light.

Figure 7: CdS (Cu)/ZnSe samples' transmission spectra at 250, 300, and 400 degrees Celsius a�er annealing.

Using  tauc  equation  to  calculate  the  bandgap  of multilayer thin �lm.

Figure 8: Band gaps of all the samples of CdS (Cu)/ZnSe annealed at 250, 300, and 400oc
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�e re�ectance of the multilayer was calculated us-
ing the transmission and absorption data. �e �gure makes
it  evident  that  the  re�ectance  is  lower  than  the  transmit-

tance  and  absorption  spectra,  indicating  that  the  CdS
(Cu)/ZnSe multilayer heterostructure is suitable for the win-
dow layer in solar cells.

Figure 9: Absorption, transmittance and re�ectance spectra as a function of wavelength of ZnSe thin �lm

�e re�ectance value can be determined by apply-
ing  the  formula  R+T+A=1.  As  expected,  multilayer  CdS
(Cu)/ZnSe thin �lm re�ectance is  declining and eventually
gets very tiny in the visible range (Figure 12). �e most ex-
pected wavelength ranges for the realization of visible laser
diodes  (LD)  and  e�cient  light-emitting  diode  (LED)  dis-
plays, etc., were those with very small re�ectance and absor-
bance values in the visible area, between 400 and 700 nm.

�e ITO-coated glass substrate is the substrate for
the second multilayer heterostructure of CdTe/CdSe multi-
layer. Additionally, it was subjected to optical characteriza-
tion  using  a  UV-VIS  spectrophotometer  (Hitachi  U-4001)
with a wavelength range of 400–2500 nm. While the conduc-
tion band of  CdTe and CdSe is  isotropic  and contains  ele-
ments from semiconducting groups II–IV, the valance band
primarily  consists  of  telluride  and  selenide  anions  [49].
Transmission  is  depicted  in  Figure-13,  and  the  combined
graph  in  Figure-14  shows  a  clear  shift  in  the  absorption
edge  of  the  multilayers  CdSe/CdTe  from  830  nm  to  1050

nm due to the annealing temperature [50].  Which is  men-
tioned  as  A  (valance  band  with  symmetry  of  (γ9),  B
(valance band with symmetry of (γ8), and C (valance band
with  symmetry  of  (γ7)  [51]  Degenerate  bands  of  semicon-
ductor excitations are also covered [52]. Since all likely elec-
tronic  excitations  occur  between  the  valance  and  conduc-
tion bands of CdTe and CdSe, it is evident that CdTe/CdSe
exhibits type II band alignment [53].  �e energy produced
as  a  result  of  these  excitations  is  less  than the  bandgaps  of
CdSe  and  CdTe  and  is  non-quantized.  �ese  excitations
were  moved  to  higher  levels  when  the  grain/particle  size
shrank.  �e  absorption  spectra  of  CdTe/CdSe  showed  the
appearance  of  infrastructures  due  to  electronic  excitations
caused by the energy levels of electrons and holes [54]. �e
separation  of  the  CdTe  valance  band  into  its  two  compo-
nents (γ7) and (γ8) was caused by spin orbital interactions.
Equation 5 connection was used to compute the bandgap, al-
so  known  as  the  excitation  energy,  which  is  the  space  be-
tween the two bands of CdTe/CdSe.
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Figure 10: Transmission graph of all the samples of CdTe/CdSe multilayer heterostructure X, Y and Z

Figure 11: Absorption spectra of all the samples of CdTe/CdSe X, Y and Z

�e  multilayer  heterostructure  annealing  process
will result in changes to the band gap between the conduc-
tion  and  valance  bands.  �e  observed  bandgap  values  are
(2.4ev,  2.1ev).  When  the  sample  is  annealed  at  2500C,  the
bandgap values  decrease  (2.2ev,  1.94ev),  and at  3500C,  the

bandgap values (2.08ev,  1.45ev) are displayed in Figure 15.
It is evident that the bandgap values were higher than those
of bulk CdTe (1.54ev) and CdSe (1.7ev). �e �ndings indi-
cate  that  con�nement  energies  (E-Eg  bulk)  are  the  reason
for the multilayer's stickiness in quantization [55].
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Figure 12: Bandgap of multilayer heterostructure of X, Y, and Z

Figure 13: Extinction coe�cient of CdTe/CdSe multilayer heterostructure.

�e  wavelength-dependent  extinction  coe�cient
(K)  is  represented  in  Figure  12.  Figure  indicates  that  the
CdTe/CdSe  multilayer  heterostructure  has  the  best  surface

smoothness  and  is  highly  transparent,  with  the  extinction
coe�cient  value  falling  between  800  and  1400  nm.  Using
the  formula  R+T+A=1,  one  may determine  the  re�ectance
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of  multilayer  CdTe/CdSe.  As  seen  in  Figure  13,  the CdTe/CdSe multilayer's  re�ection is  smaller  than its  trans-
mittance and absorption.

Figure 14: Absorption (A), transmittance (T) and re�ectance (R) spectra as a function of wavelength of CdTe/CdSe multilayer

Raman Spectroscopy Multilayers Heterostructure

An  analysis  of  a  system's  rotational,  vibrational,
and other low-frequency modes could be done using a Ra-
man spectroscopy. �e intended range of 100 cm -1 to 2000
cm-1 was reached in the room temperature Raman spectra.
The  room  temperature  Raman  spectrum  of  the  CdS
(Cu)/ZnSe multilayer heterostructure is  display in Figure
5.8. It shows the optical absorption peaks (Raman shi�s) at
238 cm-1, 289 cm-1, 470 cm-1, 591 cm-1, 885 cm-1, 1081 cm-1,
and 1752 cm-1. �ese are the longitudinal optical phonon
modes 1LO and 2LO of CdS (Cu) and ZnSe. When the mul-
tilayer is annealed, the LO mode's peak position shi�s from
236 cm-1 to 240 cm-1 when annealed at 2500C. �e peaks are
shi�ed to 243 cm-1and 300 cm-1 at 3000C and 4000C with a
parallel increase in the full-width at half-maximum (FWH-
M), and the intensity of the peaks also increases with anneal-
ing temperature [56]. �e energy of this should be near to
the optical band gaps where the modes that showed in the
Raman spectra—surface optical (SO) and longitudinal opti-
cal (LO) modes, respectively—as the 1LO band is the most

prominent in the Raman spectrum produced by the 325 nm
laser. Multilayer structure spectra show a noticeable broad-
ening of the LO modes. �e density of phonons on current
states is another factor contributing to the frequency of LO
modes. In order to examine how annealing a�ects the Ra-
man shi�, Figure 18 displays the Raman spectra of the CdS
(Cu)/ZnSe multilayer heterostructure as it was deposited as
well as the spectrum of the annealed sample. �e following
table [57] contains a list of all potential Raman peaks for
CdS, ZnSe, CdTe, and CdSe. Raman spectrum revealed dist-
inct peaks, which correspond to phonon modes in the mate-
rials and further con�rmed their crystallinity. �is �nding
was consistent with those reports and they found similar
sharpening of the peak and increased intensity a�er an an-
nealing process, indicating a decrease in disturbance within
CdTe �lms. Contrary to this to the Raman payoff that are
presented in this study prove that annealing does not just
improve structural order, but also improves the quality of
the material that is essential to minimize recombination loss-
es in optoelectronic devices [58].



Table 3: Raman Peaks of CdS, ZnSe, CdTe and CdSe
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CdSe ZnSe CdS CdSe

1SP 183.6cm
-1

230‐250cm
-1

275‐279cm
‐1

451‐455cm
‐1

1Ze‐LO 195.7cm
-1

500‐501cm
‐1

1SP 264.6cm
‐1

1LO 200‐204cm
-1

1051‐1085cm
‐1

1LO 282.7cm
‐1

2LO 410‐430cm
‐1

3LO 550‐600cm
‐1

Figure 15: Raman spectra of CdS (Cu)/ZnSe multilayers annealed at 2500C, 3000C, 4000C and as deposited

�e  Raman  shift  can  be  calculated  by  using  for- mula
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Figure 16: Raman shi� of CdS (Cu)/ZnSe multilayer heterostructure vs annealing temperature

Figure-16 displays the relationship between the Ra-
man spectra and the XRD calculations (crystal size). �e Ra-
man bandwidth has a positive correlation with temperature
and crystal size (D). �e little particles are mixing to gener-

ate larger particles, it is concluded. Using the FWHM of the
XRD,  one  may  determine  the  Raman  bandwidth  from  the
Raman  spectra.  An  additional  FWHM  of  Raman  peaks  is
the Raman band width [59].

Figure 17: Raman Bandwidth/crystal size graph of multilayer heterostructure of CdS (Cu)/ZnSe

�e  room  temperature  Raman  spectra  of  the
CdTe/CdSe multilayer heterostructure are displayed in Fig-

ure-17, with peaks (Raman shifts) at 180 cm–1, 541, 1092
cm–1, and 1426 cm–1 [60]. �ese are CdTe and CdSe longitu-
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dinal optical phonon modes (1LO and 2LO), and when we
anneal the multilayer, the LO mode's peak position moves
from 200 cm-1 to 240 cm–1. The peaks shift to 243 cm–1 at
350oC a�er being annealed at 250oC, and the full-width at
half-maximum (FWHM) increases concurrently. �e inten-

sity of the peaks likewise increases as the annealing tempera-
ture rises [61]. �e CdTe/CdSe multilayer heterostructure
was annealed at 250oC and 350oC in a furnace. As we can
see,  annealing  enhanced  the  peak's  strength  and  caused
some peak shi�ing.

Figure 18: CdTe/CdSe Multilayer heterostructure Raman spectra

�e  annealing  temperature  of  CdTe/CdSe  multi-
layer heterostructure is 2500C, 3000C and 4000C plotted vs

Raman shi�. Figure-18 shows that the temperature increase
is directly related to the Raman shi�.

Figure 19: Raman shi� vs annealing Temperature of CdTe/CdSe multilayer heterostructure
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Figure 20: Raman Bandwidth/crystal size graph of CdTe/CdSe multilayers

Photoluminescence Analysis

�e  photoluminescence  (PL)  spectrum  of  CdS
(Cu)/ZnSe  multilayer  layer  thin  �lms  that  were  made  on
ITO-coated glass substrates and lit at 325 nm is displayed in

Figure 6. �is shows the visible region's 350–405 nm range
of excitation recombination and emissions. Peak intensity is
rising  becauseof  annealing.  Annealed  multilayer  thin  �lm
PL spectra in Figure-20 exhibit peaks at 356 nm, 79 nm, 388
nm, 395 nm, 397 nm, 403 nm, and 417 nm, in that order.

Figure 21: PL emission spectra of CdS (Cu)/ZnSe multilayer heterostructure
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�e band emission and the observed peaks are rela-
tively close. �e PL peaks at 379 and 395 nm in all multilay-
er  thin  �lm  samples  indicate  the  blue  shift  when  using  a
wavelength  of  325  nm [62].  �e PL  peak  is  located  nearer
the absorption edge, indicating that in multilayer thin �lms,
band edge recombination is connect to luminescence. �ese
�ndings  enhanced  the  photoluminescence  of  bilayer  thin
�lms  and  validated  the  true  distribution  of  ZnSe  and  CdS
surface  states  [63].  Because  of  this,  these  multilayer
heterostructure are consider as the best for use in solar cell
applications.

Both the  CdTe and CdSe peaks  are  clearly  visible

in the multilayer samples, as seen by the splitting of the PL
spectra of the CdTe/CdSe multilayer heterostructure in Fig-
ure-21. Because of excitation splitting, the emission peaks at
a  maximum between 359 and 412 nm in wavelengths.  �e
mission energy is  dependent on the band alignment of  the
two materials (lower band gap materials and high band gap
materials), resulting in a lower observed energy of emission
that is also lower than the energy ban gap (E.g.) of both ma-
terials.  �us,  by  adjusting  thickness  and  temperature,  the
CdTe/CdSe  multilayer  heterostructure  causes  the  energy
band  gap  to  shift  from  the  visible  to  the  near-infrared  re-
gion [64].

Figure 22: PL Emission spectra of CdTe/CdSe multilayer heterostructure

Electrical Properties of Multilayer Heterostructure

�e Hall Measurement system measures electrical
qualities  including  conductivity  and  resistance.  At  300  K
room  temperature,  multilayer  thin  �lm  electrical  charac-
teristics  are  measure.  Using  ITO-coated  glass  substrates  as
the  back  contact,  a  multilayer  heterostructure  was  deposit.
�e Schottky diodes were formed by evaporating CdS (Cu)
and leaving Au and Ti  as  a  contact  at  the third and fourth
positions. We doped a few nanometers of copper (Cu) onto
CdS because, as we know, CdS (Cu) behaves as a P-type ma-

terial  by  nature.  However,  CdS  is  an  N-type  material  until
metal doping converts it to a P-type conductivity [65]. �e
P-type character of CdS (Cu) is demonstrated by its conduc-
tivity,  which we evaluate using the hot probe method [48].
In  PN  junction  of  CdS  (Cu)/ZnSe  multilayer  heterostruc-
ture ZnSe shows N-type behavior [66].

Current  voltage  characteristics  were  obtained  by
connecting the positive probes of the 220 Current Source to
the back contact and the negative probes to the positive con-
tact  in  order  to  investigate  the  rectifying  behaviors  of  the
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contacts  at  room temperature  (IV).  �e sample  for  several
constant  currents  was  checked,  as  the  voltage  dips  across.
�e di�erences in exponential current and voltage were dis-
played by these heterostructures. Evaporating gold and tita-
nium  contacts  over  ITO/CdS(Cu)/ZnSe  structures  and  the
reported  current  voltage  characteristics,  however,  justi�ed
the  purpose  of  the  observed  Ohmic  behavior  for  the
ITO/CdS(Cu)/ZnSe/Metal  (Au/Ti)  heterostructure  [67].
ITO/CdS(Cu)/ZnSe  circuit  would  be  rectifying  rather  than
Ohmic, according to literature studies, since indium oxide's
(ITO) work function can rise [50] with CdS oxidation [68].
Current voltage measurements were obtained in the temper-
ature range of 500C to 4000C in order to investigate the cur-
rent  transport  process  of  Schottky  diodes  with  Au  and  Ti.

Figure  22  illustrates  the  relationship  between  temperature
and idealism factor. ITO/CdS (Cu)/ZnSe/Au/Ti operates as
a  multilayer  heterostructure  at  lower  temperatures  and  as
temperature rises,  it  exhibits  the characteristics  of  a  Schot-
tky  diode.  By  increasing  the  temperature,  the  resistance  of
the  heterostructure  decreases  and  the  PN  junction  exhibit
Ohmic  behavior  [69].  Further  raising  the  temperature
caused  the  heterostructure  resistance  to  fall,  and  the  PN
junction exhibited Ohmic behavior,  allowing the current  o
�ow straight to the junction [70]. At V=0, the extrapolated
straight line of the current (I) verses voltage (V) curves inter-
rupts,  indicating  saturation  currents.  Upon  investigating
the  conductivity  of  CdS  (Cu)  and  ZnSe  a�er  annealing  it
was observed that conductivity was not changed due to an-
nealing and is given in Table-4 and 5.

Table 4: Conductivity of CdS (Cu) at di�erent temperature

SNo CdS(Cu)�icknes s Copperdoping
(Cu) Total�icknes s Annealing

Temperature material type

1 253nm 5% 258.3 As-Deposited N-type

2 253nm 5% 258.3 50
0

C P-type

3 253nm 5% 258.3 75
0

C P-type

4 253nm 5% 258.3 100
0

C P-type

5 253nm 5% 258.3 125
0

C P-type

6 253nm 5% 258.3 150
0

C P-type

7 253nm 5% 258.3 175
0

C P-type

8 253nm 5% 258.3 200
0

C P-type

9 253nm 5% 258.3 225
0

C P-type

10 253nm 5% 258.3 250
0

C P-type

11 253nm 5% 258.3 300
0

C P-type

12 253nm 5% 258.3 325
0

C P-type

13 253nm 5% 258.3 350
0

C P-type

14 253nm 5% 258.3 375
0

C P-type

15 253nm 5% 258.3 400
0

C P-type
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Table 5: Conductivity of ZnSe at di�erent temperature

SNo ZnSe�ickness AnnealingTemperature materialtype

1 501nm As-Deposited N-type

2 501nm 500C N-type

3 501nm 750C N-type

4 501nm 1000C N-type

5 501nm 1250C N-type

6 501nm 1500C N-type

7 501nm 1750C N-type

8 501nm 2000C N-type

9 501nm 2250C N-type

10 501nm 2500C N-type

11 501nm 3000C N-type

12 501nm 3250C N-type

13 501nm 3500C N-type

14 501nm 3750C N-type

15 501nm 4000C N-type

Figure 23: �e IV characteristics PN junction of CdS (Cu)/ZnSe
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ITO-coated glass substrate, which served as a back
contact,  was  coated  with  a  multilayer  heterostructure  of
CdTe/CdSe. �e Schottky diodes were formed by evaporat-
ing  CdTe/CdSe  and  placing  Au  and  Ti  as  a  contact  at  the
third and fourth positions. �e current voltage characteris-
tics between ITO and Au/Ti/CdSe contact were recorded be-
cause, as we know, CdTe is inherently P-type [53] and CdSe
is naturally N-type [71]. Figure 23 depicts the dark current–-
voltage properties of the Au/Ti/CdTe/CdSe/ITO/glass struc-
ture.  �e  I-V  properties  of  the  Au  contacts  on  the  CdTe

�lms demonstrated the anticipated rectifying behavior [72].
At substantial forward bias, a long series resistance result is
observed. With the numerous defects indicated by the CdTe
carrier  concentrations  discovered  by  Schottky  barrier  re-
search,  this  behavior  remains  consistent.  �e ability  to  de-
posit a p-n junction by creating a CdSe thin layer on top of
an n-type CdSe �lm was validated by the current vs. voltage
characteristics  displayed  in  Figure-23  [73].  �e  annealing
temperature has no e�ect on the conductivity of thin coat-
ings.

Table 6: Conductivity of CdTe and CdSe at di�erent temperature

S. No CdTe�ickness in each sublayer Annealing Temperature material Type

1 56nm As-Deposited P-type

2 56nm 250
0

C P-type

3 56nm 300
0

C P-type

4 56nm 350
0

C P-type

S. No CdSe �ickness in each sublayer Annealing Temperature material Type

1 28nm As-Deposited N-type

2 28nm 250
0

C N-type

3 28nm 300
0

C N-type

4 28nm 350
0

C N-type

Figure 24: �e IV characteristics PN junction of CdTe/CdSe
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Conclusion

�is  study  describes  the  use  of  the  resistive  ther-
mal  evaporation  method  to  the  production  of  multilayer
heterostructure  of  CdS  (Cu)/ZnSe  and  CdTe/CdSe.  �e
band gap  energies  of  bulk  CdTe (1.5eV)  and CdSe  (1.9Ev)
are signi�cantly larger than the excitation energies of multi-
layer  heterostructure,  which  were  found  to  be  between
(2.4Ev  and  2.1eV)  in  the  as-deposited  sample  of
CdTe/CdSe. A�er annealing, they reach (2.2ev and 1.94Ev)
at  350oC  (2.08  and  1.45).  �e  red  shift  in  the  CdTe/CdSe
multilayer heterostructure emission peak has been veri�ed.
�e optical properties of CdTe/CdSe have been found to ex-
hibit  quantum con�nements.  �e band gap abruptly  shi�s
from the visible to the near infrared range, especially for ele-
ments  like  selenium  and  tellurium.  �e  X-ray  di�raction
(XRD) results of multilayer thin �lms of CdTe/CdSe exhibit
both CdTe and CdSe peaks in the spectra; the bottom layer,
CdTe,  is  visible  as  a  strong  peak  at  position  23,  indicating
�awless  deposition of  all  six  layers.  �e CdTe/CdSe planes
are  (111)  and  (100),  cubic  and  hexagonal  planes,  and  the
CdS (Cu)/ZnSe planes are (111), (200), (220), and (311), as
determined  by  the  X-ray  di�raction  (XRD)  method.  �e
XRD peaks in both ML heterostructure showed an increase
in intensity as the annealing temperatures were raised. Anal-
ysis  of  the  Raman  spectra  of  all  the  samples  of  the  Cd-
S(Cu)/ZnSe  multilayer  heterostructure  revealed  that  the
FWHM of the LO band varies from 238 cm-1 to 1752 cm-1,
while  the CdSe/CdTe ML heterostructure revealed peaks
that fall between 180 cm-1 and 1426cm-1. A strong (111) ori-
entation and enhanced �lm crystallinity are indicated by the
presence of 2LO and 3LO phonon peaks in the Raman spec-
tra.

In  summary,  we  �nd  that  one  of  the  key  factors

contributing  to  quantum  con�nements  in  multilayer
heterostructure  is  the  thickness  of  each  sublayer,  and  that
FWHM depends on size, which varies as particle size does.
More research will  be aided by the type I  and type II band
structures  of  multilayer  thin  �lms,  which  are  employed  to
show how the tunneling action causes  inter  band coupling
between  quantum  dots.  �e  characteristics  of  many  junc-
tions in the heterostructure are con�rmed by electrical prop-
erties,  and  the  junction  exhibits  both  Ohmic  and  Schottky
behaviors.
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