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ZnS nanostructures are synthesized by a wet chemical route using starch as green capping agent
under nitrogen environment. The as-prepared nanostructures are characterized structurally,
optically and electrically. X-ray di®raction (XRD) spectra con rm that the zinc sul” de (ZnS)
nanoparticles have cubic phase (zinc blende). UV-Vis spectrum of the sample clearly showsthat
the absorption peak exhibits blue shift compared to their bulk counterpart, which con rmsthe
quantum con nement of the nanostructures. lts photoluminescence (PL) spectrum shows
near band gap emission at 392nm and extrinsic emission at 467 nm. T he particle sizes calculated
from XRD and UV studies are in fair agreement with high resolution transmission eectron
microscopy (HRTEM) results. Starch isfound to be a noble capping agent in bringing quantum
con nement. The synthesis under nitrogen environment has been observed to produce quality
products by reducing the oxide traces. Moreover, the |-V characteristics under dark and
illumination show that ZnS can be more suitable as photodetector.
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1. Introduction is a direct transition semiconductor with a larger

Existing era has witnessed a prompt advancement band gap 3.72eV (bulk material) at room temper-

among various |1-V| classes of inorganic semicon-
ductor nanomaterials that have emerged as
basic materials for applications in optodectronics
devices. Zinc Sul” de (ZnS) beonging to [1-VI class

ature and has large exciton binding energy
(340meV)."? Therefore, it has been considered
more suitable for visible-ultraviolet (UV)-light-
basad devices such as sensors/ photo detectors. ZnS
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is also abundant, chemically stable and environ-
mentally benign and thus extensively studied.
However, the optodectronic properties ZnS nanos-
tructures have not been investigated in much detail
relative to other 11-VI class nanostructures. The
various techniques approaches that have already
been adopted for the synthesis of ZnSnanomaterials
indude aqueous precipitation routes, eectro depo-
stion, high temperature hot injection method,
molecular beam epitaxy (MBE) and physical vapor
deposition.3 But, almogt all of these techniques re-
quire highly sophisticated equipments and the use
of toxic materials which are not environmentally
gentle. Apart from the toxicity, these methods are
also not cost eBective, which is a major disadvan-
tage for synthesis of nanoparticles at the industrial
scale. Due to these dit culties, various eco-friendly
and simple approaches for the synthesis of ZnS
nanoparticles are being adopted. One such simple
and environment friendly approach is the wet
chemical approach using green capping agents. It
has been percaved that a considerable number of
surface atoms create high surface energy nano-
particles, making them very reactive. Thus, systems
without protection of their surfaces can have ag-
gregation. From this perspective, capping agents
play a great role. Usage of starch as a \ green”
passivator has recently become an active research
area for being ecologically friendly and non-toxic.
Saveral authors® have stated the use of starch to
synthesis nanostructures. Starch is considered as a
good bio-polymer as it has the polar groups in its
sructures, such as -OH.® The hydroxy! groups of
polysaccharides also work to obtain uniform struc-
tures in addition to protect from aggregation.

in this paper, the microstructural, optical and
gectrical properties of gtarch capped ZnS nanos-
tructures prepared via wet chemical technique
under nitrogen environment are reported along
with the fabrication of a heterostructure device
(Schottky diode) with the con guration Al/ (starch
capped Zn8)/ITO. Emphasis is given on the esti-
mation of the key diode parameters like the satu-
ration current (Isp barrier height (CpR ideality
factor (R responsivity (Rgpand quantum et ciency
(" punder forward low bias region of the 1=V curve.

2. Experimental
2.1. Synthesis

Analytical grade (Merck) chemical reagents are
used in the synthesis as received without any

alteration. For the synthesis of Zn3 1w&
approaches are considered. In the “rst approach
(S1), under normal oxidation in air, ammonia
solution (NH4 OH) as a complexing agent is in-
troduced Sowly under continuous gtirring to 3%
starch capped znc acetate dihydrate [Zn
(CHsC00)22H:0] (0.5M) ion solution, until the
solution becomes clear and homogeneous for prep-
aration at alkaline medium adjusting pH to 10 and
then to this zinc complex ion (Zn%P) solution
(approx. 50mL), 0.5M thiourea (NH2CS.NH»)
solution (approx. 100mL) is added drop-wise under
continuous stirring on a magnetic stirrer for about
2h heating at 80°C for formation of ZnS. In the
second approach (S2), under nitrogen environment,
likewise, ammonia solution (NH4 OH) is added
to 3% starch capped znc acetate dihydrate [Zn
(CH3COO)2.2H20] (0.5M) ion solution. Later to
this zinc complex ion (Zn2rP) solution (approx.
50mL), 0.5M thiourea (NH2CS.NHY) solution
(approx.100mL) is added dropwise under constant
gtirring as in the “rst approach, on a magnetic
atirrer for 2h at 80°C for the formation of ZnS
nanoparticles. The synthesized ZnS is then grown
on cleaned ordinary glass dides as thin ~Ims and
are stored in air tight desiccators at room temper-
ature for characterigtic analysis. Colloidal solutions
are also taken for optical as well as morphological
studies.

2 2. Development of Schottky diode

For the development of Schottky diode, required
layer of as-prepared gtarch capped ZnS ™ Im is spin
coated over 500nm thick indium tin oxide (ITO)
coated glass substrate using appropriate shaped
masking arrangement. Thestarch capped ZnS~ im/
ITO con guration is then placed in a thermal
evaporation chamber where aluminium (Al) with
99.995% purity foils under high vacuum of 20 1078
Torr are evaporated over the starch capped ZnS
~Im/1TO structure to cast asthetop counter elec-
trode layer via suitable masking system. Thus, the
—nal Schottky hetero-structure has the con gura-
tion as Al/ (starch capped Zn9)/ITO, the active
area of the device being 0.21 cm2 For the photo-
conductivity study, thelight is madeincident onthe
glass part of the | TO-coated glass. The measure-
ment of the sample is carried in the atmosphere
without incorporation of any anti-re° ectors. The
experimental arrangement is then housed to study
the device characteristics.
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z 3. Characterization

~he phase purity and crystalline size of the as-pre-
~ared products aré characterized by X-ray di®rac-
+ometer (Seifert 3003-TT) over an angular range of
50- < 20< 707 in continuous scan mode with step
<can 0.05 using Cu—Kg radiation (Vs 1:54083).
Structural morphologies are recorded on a high
resolution transmission dectron microscope (JEOL
JEM-2100) operated at voltage 200KV. Selected
area dectron di®action (SAED) patterns are also
taken along with prominently observed d-values in
HRTEM measurements. Phot oluminescence (PL)
spectrum of the ZnO nanoparticlesis recorded using
a Hitachi FL spectrophotometa' (model-F—2500),
with excitation waveength of 240nm. Optical ab-
sorption spectrum is recorded using a Shimadzu
uv-Visble spectrophotometer (model-UV-1800),
in therangeof 200to 800nm. FTIR spectrum of the
as-prepared sample is recorded with FTIR spec-
trometer (IR ax nity-1, Shimadzu, Japan) temper-
ature 25°C with 30 number of scans in the wave
number range of 4000400 cm ', Keithley 2612A
System Source Meter is employed for precision
current—voltage measurements of the as-fabricated
devices.

3. Resultsand D iscussion

3.1, Structural and morphological
analysis

The XRD patterns of as-prepared 3%, starch capped
0.5M ZnS nanostructures prepared in air and under
nitrogen ° ow are shown in Fig. 1. The samples show
main di®action peaks corresponding to cubic phase
s ructure Sample ZnS (S1) under air environment
shows prominent di®action peaks at 28.60° (111),
32.85- (200), 47.7° (220), 56.07 (311) and 59.02"
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Fig. 1. XRD spectra of garch capped ZnS samples.
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(222) whereas the sample ZnS S2) unde nitrogen
environment shows peaks at 28.25° (111}, 47.54
(220) and 56.67- (311) corresponding to the cubic
zinc blende.®
The di@action peaks show a face centred cubic
sinc blende structure with lattice congtants,
a v 5:40A (S1) and 5464 (S2) that are in good
agreement with gandard JCPDS data (JCPDS le
05-0566). XRD pattern of S1 dearly spedi es the
presence of hydroxide traces along with the princi-
pal phase of 7nS. The occurrence of the oxide peak
may bedueto air which generally occursin an open
environment. Oxygen from air may diGuse through
empty space in the sample and oxidize during the
~Im formation. The abundance of oxide phases may
a@ect the product in terms of crystallinity and pu-
rity. However, in sample S2, it has been observed
that the number of oxygen peaks has greatly re-
duced, being prepared under nitrogen environment.
Moreover, it shows broad di@action peaks indi-
cating the formation of mono-dispersed nanosize
ZnS particles. Hence, it can be inferred that the
nitrogen environment supports the strong con ne-
ment along with high purity of the material. The
average particle size, D, has been estimated by
using Debye-Scherrer formula,”
D %—Pit fosl=

where 0 is wave length of X-Ray (0.1641nm), — is
EWHM (full width at half maximum) of the most
preferential peak and Cis di®raction angle.

The d-spacing of nanostructure is calculated by
using Bragg's law as given below:

2dhkl sn Ya [ &b

whered %inter-planar separation and (hk) refersto
the Miller indices of the re° ecting plane.

The lattice parameter, a, for a cubic system for
each plane [h, K, 1] is estimated by the following

relation:
L ﬁl &b

Thedidocation density, & isde ned asthelength of
digocation lines per unit volume. It signi es the
amount of °awlessness in the crystal and is esti-
mated from the following equation:

1
D%[_)-_f: oAb
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Table 1. Structural parameters of ZnS sample (82).

Sgrpie  Observed Value Lattice Spacing Lattioce Av. Particle Av. Dislocation Av. Strain
Cace of 20(Degree)  Plane(hk ) d(A) parameter a(h) Size D (nm) Density U0 1053(nm)~2 " T 10-2
>3 28.25 ZnS (111) 3.1593 a V. 546 6.95 25 554
47.94 ZnS (220) 1.8978
56.67 ZnS (311) 1.6244

Srain, ", of the composite thin “Im is determined
:-~m the following formula:
DcosC,
7
where ~isthe FWHM and Cisthe di®action angle.
The calculated particle size for S2 is 6.95nm
which isin fair agreement with size estimated from
~=TEM studies. The microstructural parameters
- the as-prepared sample, S2, are summarized in
Table 1.
The HRTEM image (S2) exhibits a good distri-
- +ion of spherical ZnS nanoparticles (Fig. 2). The
sorresponding  ring-like SAED pattern can be
~dexed to (111), (220) and (311) crystal planes
-+ cubic structure that ascertain the polycrystalline
~zure of ZnS. Theimages clearly show the d-value
~¢ 7 27 nm corresponding to (200) of cubic ZnS. The
average partide size of the nanostructuresisin the
-ange of 4.35-5.5nm (S2). Thus, the particle size
irq HRTEM analysis is in reasonable agresment
witn sze from XRD analysis.

" Va &b

3.2. Optical study

T he UV-Vis absorption spectrum of the as-prepared
sample ZnS (82) is shown in Fig. 3. Absorption edge

Lok L

is located approximately at around 310nm. The
energy band gap of material is calculated using
Tauc's relation® and the calculated band gap value
for S2is4.0eV, which is blue shifted from that of its
bulk counter-part (3.72¢V) due to the e®ect of
guantum con_nement. Using the obtained band gap,
the average size of the articles is obtained from the
Brus equation,® as given below:

&y 0 E B % [D; Fosl=}
where

0V 0:49nm7 eV,

E4 s band gap of the nanomaterial,
E, ¥ bulk band gap and

D Y the nanoparticle size.

Theaveragesize of the particlesas obtained from
the Brus equation is 3.86nm (S2). Predominantly,
the OH ligand of gtarch is very much eRective
in bringing the quantum con nement in ZnS
nanostructures.

Figure 4 shows the room temperature Pl spec-
trum of ZnS (sample, S2) measured at 240 excita-
tion wavelength with near band gap emission at
392 nm and another extrinsic emission at 467 nm.

T he observed near band gap PL isa consequence
of radiative recombination of eectrons and holes

Fig. 2. HRTEM of 3% starch capped ZnS nanostructures (S2).
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FTIR spectrum is used to calculate various
functional groups present in the ZnSsampleand are
shown in Table 3. The FTIR spectrum of S2 is
shown in Fig. 5.

In this study, an absorption band at 445cm™* is
attributed to the gretching vibrations pand of
ZnS? indicating the presence of zinc sulphide
nanoparticles. Furthermore, the observed charac-

teristic peaks of ZnS at around 911 and 631cm’

match well with the reported results of other
workers.™© The observed peaks at 1554 cm -
1608 cm ™' represent the CY.O gretching modes and

2 1500 Eg=deV
~ 3 ‘g 3000
é 2 k - [
i 15 z % 5-‘\
05 -
= 0 ‘

250 450 650

Wavelength (nm) P -

Fig. 3. UV absorption spectru

B 2

400 j
360 +
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frfensity (.00
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) the broad absorption peaks in a range of
3162cm™1-3354cm’’! may be attributed to O-H
ctretching modes. ™ ETIR sudy has also become
useful to identify the capping of the particles by
garch. The very strong peak at 1146 cm®! may be
contributed by [C-O groups of garch. The broad
and strong peak at 3354cm©! can be attributed to
the OJOH groups of starch. Thus, the IR study
con_rms the presence of 1C-0O and CJOH groups
of starch that facilitate easy binding with the metal
surface. 2 So it can be concluded that ZnS nano-
particles are well capped and put in a nutshell by

starch molecules.

m of ZnS under nitrogen (S52).

67 nm
—82

3.3. Conductivity measurement

0 y
250 350

Wavelength (nm)

Fig. 4. PL emission spectrum of ZnS under nitrogen (82).

con ned in nanoparticles, whereas extrinsic emis

sion is ruled by various

particleisvery sensitive and reactive. Therearelots

of unsaturated bonds on
gap surface states. More

at 467 nm may be attributed to the trapped lumi-
nescence that arises from the Zn? vacancies, 0

vacancies and surface st

calculated value of Stokes shift is 82. Its high value
re’ ectstheexistence of plenty of defect satesinthe
synthesized ZnS nanostructures. The optical be
havior of the sample, S2, is summarized in T able 2.

For the conductivity gudy, the 1=V characteristic
of the starch capped ZnS(S2) is studied using Cu as
a contact dectrode with gap type arrangement. The
gap-type con guration is designed in @ co-planar
system with the as-prepared _Im deposited in thegap
between two paralle Cu (eectrode) coated stripes
with spacing of 1.5mm; the eBective cross-sectional
area beng 5mm U 1.5mm. The current ° owing
through the Im is measured within the applied bias
using a Keithley 2612A System source meter.

The current-voltage curve [Fig. 6(a) of 82 in
dark shows linear characterigtics passing through
the origin, which con rms the Ohmic nature of
dectrode Im contact. Hence, the Ohmic behavior
exhibits the inherent conductivity property of the
7nS TIms. The free charge carriers that remain

450

defects. Surface of a nano-

the surface of ZnS forming

precisdy, the pblue emission

ates. In thecase of ZnS, the

e2 Summarized optical behavior of as-synthesized 7ZnS nanostructure (S2).

Tabl
UV-vis PL Emission Peak (nm)
Sample Absorption Band Near Band Impurity Stokes
Code pesk, [y (nNmM)  gap, Eq (8V) Gap Emission, Te Emission, T  Shift (nm)
2 310 4 392 487 82
1760032-5
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Tame3. Variousfunctional groupsin 3% starch capped ZnS.

Absorption Reative
Vibrational Mode (cm®!) Region Intensity
Zn-S stretching 445 911 and 631 Medium
C%0 stretching 15541608 Medium
O-H stretching 3162-3354 Strong and broad
~C-0 stretching 1146 Medium

— 30 Starch capped ZnS (0.5 M)
100

80

60

Transmittance {%T)

40

@
7

Vi
-

20 + r Y Y Y Y Y T
400 900 1400 1900 2400 2900 3400 3900
Wavenumber {cm? }

Fig. 5. FTIR of ZnS under nitrogen (82).

available at room temperature may provide the
current through the as-prepared ~Ims.

An Ohmic contact is said to be perfect when 1=V
characteristic islinear and the photovoltaic e®ect is
not seen under illumination.™For this purpose, -V
curves of the sample with this same geometry are
also studied under illumination (Blue LED of
wavdength, ¥ 470nm and power, P % 85mW)
and are displayed in Fig. 6(b). The dectrical per-
formance of the samples did not show any photo-
voltaic but is found to be photosensitive.
From the |-V characteristics, theresistivity and the
conductivity of the ZnS “Im are calculated both
in dark and under illumination and are shown in
Table 4. The values of resistivity of ZnS decrease
under illumination and hence conductivity increases.

In Dark Under illumination
£.000001 — g ~ 7.006-06 { / 1
Z -1 ’ - { e 470
7
£ E
= T 200806 -/
15 i 5 15 -5 -1 3
.3.00F-06 /4 Voltage (V)
Yoltage (3}
+0.000001 -8.00£.06 J

(@ (b)

Fig. 6. -V characterigtics of as-prepared ZnS sample (S2) at
room temperature 300K.

The conductivity of ZnS nanocomposites under
illumination is found to be morewith a di®erence of
two orders of magnitude than in dark.

3 4. Device (Schottky diode)
performance parameters

Current—voltage measurement of Schottky diodes
based on ZnS nanostructure (S2) has been recorded
in the forward and reverse directions at room tem-
perature. The performance of a practical Schottky
diode in the present work is characterized by its
dark current and photo-current (Figs. 7 and 8).

Thel -V curveof as-fabricated sample has shown
signi_cant recti cation characteristics that may be
originated due to the presence of an dectrostatic
barrier between the metal (electrode, Al) and the
semiconductor (ZnS) as they have di®erent work
functions. This Schottky barrier diode, being a
sandwich system, has a surface contact rather than
point contact, and this large contact area between
aluminum and a semiconductor provides some
advantages over point contact diode. Surface
defects create band gap statesin the semiconductor,
leading to a distribution of eectronic levels in the
band gap at the interface and the Fermi level may
get pinned and the Schottky barrier junction isthus
formed.

From the dark characteristic, it isfound that the
reverse currents are very feeble and the forward
currents increase severely with the applied bias
voltage. The fundamental device parameters like
the saturation current (1R barrier height (“pPand
ideality factor (CPof Schottky diodes based on ZnS
are estimated using the forward low bias region of
the |-V curve

The Schottky barrier is normally estimated
from |-V characteristics, supposing thermionic
emission to be the dominant conduction mecha-
nism. Thus, the 1-V characteristics for the
Schottky diode are analyzed using the following
relations:

O O ] [

Y
| Yal, exp —— T &b

kgT

where | is diode current and the saturation cur-
rent | is expressed as

’:r* r
| VuSAT2exp —2b &8b
s /4 kg T
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fot pets

17

aip I3

[ N

by NANY ANG THCTIN W Ocl AL VTN

Opto-Electronic Propertiss of Greer $ymimeSzEl LRSS NETISIUHLTE

Tar s 4 Resigtivity, Oand conductivity, O of the as-prepared sample (S2) in dark environment and under illumination.

Resistivity, 0% RA/L (Om)

Conductivity, 0% 1=rBompB !

-1 . 2
.0.00008 - Voltage (V)

-0.0002 -~

Fig 7. 1=V characteristics of as-prepared ZnS sample (S2) at

room temperature 300K.

Under illumination

ZaS/Al
—— Blue LED (470 nm)
e Green LED (560 nm)

Current (A)
O\
K

5 A 3
ff/ Voltage (\}

-0.0005 <

Fig. 8. IV characteristics of as-prepared ZnS sample at room
temperature 300K.

Here, S is the cross-sectional diode area (metal/
semiconductor interface)

V is bias across the interface.

T isthetemperaturein Kelvin, g isthe dectronic

charge.

kg istheBoltzmann constant (8:62 11 107° evK Y,
kgT=qisthe thermal voltage approximately
25.85mV at 300K.

_ is the eRective Schottky barrier height.

Alis the eRective Richardson congtant.

\aterial DARK Under Hlumination DARK Under Humination
BLUE LED BLUE LED
264eV (P . 8:5mW, 0%470nm) 2646V (P ¥ 85mW, 0%470nm)
7ns 7.50Ep 08 4.46ED 06 1.33E009 2.24E007
In dark In the present work, the value of A* is calculated
- using the equation as
< 0.00016 1
- - ZnsiAl AT, 4rm, Cickg=h>: el
o2 2
E 00004 / n-type, AU V. 48A/ om2K 2 with m§ % 0:40mg M
A . being the electron eRective mass.

0 is the ideality factor of the diode, which is a
measure of how closgly the diode follows the ideal
diode equation.

The ideal diode equation typically assumes that
all the recombination processes take place through
band to band or recombination by means of trapsin
the majority regions from the device (explicitly, not
in the junction) and the ideality factor, [, is equal
to 1. However, recombination does take place by
other means and in other regions of the device.
T hese recombination paths produce ideality factors
that deviate from the ideal value.

By the use of conventional method, the diode
ideality factor is measured from the slope of linear
region of the in |-V plot. The slope gives = ke T
and thereby I can be estimated whereas the satu-
ration current (l¢) isextracted by extrapolating the
linear part of In 1-V plot. Schottky barrier height o
controls the eectronic transport across met al-
semiconductor interface and its magnitude decides
the eRective operation of any semiconductor device.
By substituting this! valuein Eq. (10), the eRective
Schottky barrier height, Ly is “nally determined.

L L]
SATT2™

ls

kg T

In 0P

O Va
All the calculated Schottky diode parameters are
represented in Table 5.

In the present work with Al as Schottky contact,
the obtained value of Schottky barrier height at the
All ZnSinterfaceis 0.45eV. Thus, a good rectifying
contact has been established. A high value of
Schottky barrier heights leads to low leakage cur-
rents. Further, the value of ideality factor for
Schottky diodewith ZnSisestimated as 1.52, which
is close to an ideal diode behavior (n % 1). The

1760032-7
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Water a

. A)  Bearme height, o (eV)

|deality factor, —

0.45 1.52

idegin, ‘adtor Gose 0 1 po‘ﬁntstowawd the therm-
ioric emisson mechanism o be dominant.

— s curves not only reveal recti_er character-
< s put also a high re@onsetoward the light. As
-~z light of particular power is incident to the
smple Im, it induces an increase in the photon-
generated carrigrs that °oat toward the contact
sectrodes and a photocurrent is observed. Com-
pared to the dark current value, the photocurrent
value is much higher in the fabricated sample.

T he performance of a practical photodiode is also
characterized by its responsivity, R-ata particular
wavelength. It is de ned as the ratio of the gener-
ated photocurrent (lpPpto the incident radiation
power (PPat a given waveength.

o w gplEy

e R 5
All the photons collected by a detector oOF @ sensor
are not converted to dectron-hole pairs. The num-
ber of eectrons created per incident photon that
contribute to photocurrent is de ned as the quan-
tum et ciency, —~and is stated as a percentage. It is
correlated to responsivity by

ap

OvaRoe=q R a2p
(1% 1240—R—[TD anmR H3p

where h ¥4 6:63 0 10734 J-s, is the Planck constant,
cv3 7 108m/s, is the gpeed of light, q% 160
1071 C, is the electron charge, Ry is the respon-
sivity in A/W and O is the wavelength in nm.*
The variation of responsivity, Ro and quantum &-
“dency, Dof the asfabricated Schottky diodeat 0.5V
bias condition are measured and are shown in Tablet.
Two di®erent light sources are employed to de-
termine responsivity and quantum et ciency of
Schottky diode based oON as-prepared nanos-
tructures. Under blue and green illumination at
0.5V, responsivity of 7nS is 20 1074A/W and
32117 1075 AIW, respectively. From the observed
result, it can be understood that thisdevicecan bea
promising candidate for visible detector application.
However, the calculated values of responsivity
under blue and green LED illumination arefound to
be low, which may mainly be dueto absence of the

Table8. Responsivity, R and quantum ex ciency, Dof the
preferred asfabricated Schottky photodiodes at a “xed
0.5V bias voltage.

Device Type Schottky diode
o

Responsivity, Quantum
Ro(AIW) E+ ciency %
BLUE LED
2.64eV 2.00E-04 0.05
(P Y2 85mW, 01 Y. 470 nM)
GREEN LED
2.30eV 3.21E-05 0.01

(P Va6:2mW, [ ¥, 540 nm)

direct band-to-band absorption in ZnS and weaker
absorption at longer waveengths. The earlier
reported values of responsivity of many optical
photodetectors in the UV and visble region are
found to be low, and they are still being used for
light detection. ¥ Thus, thereis gtimulated ressarch
on wide direct band gap materials for possible fab-
rication of sensitive optodectronic devices to UV
and visible light. Hence, devices with many such
materials have already become commercially avail-
able. Wide band gap semiconductor, Znse, GaN-
based UV photodetectors are previously reported.™
However, issues need to be considered such as the
high contact resistance between nanostructure” Ims
and dectrodes, surface recombination problems as-
sociated with the high surface area of the nanos-
tructures, etc. Further gBorts such as improvement
in Ohmic contact, structural optimization, and de-
vice integration, aré necessary for this new tech-
nique to be competitive with the other systems.
Henoe, thiscan bea subject of further investigation.

4. Conclusion

Green capped ZnS nanostructures have been Suc-
cessfully synthesized via chemical route. ZnS exhi-
bits the polycrystalline nature having intense
di®raction peaks along (111), (220) and (311)
directions mainly due to cubic zinc blend phase in
the present growth conditions. Nitrogen environ-
ment has been realized to diminate the oxide traces
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=g purity in the product. HRTEM images
it a spherical-shaped particle distribution
fior ZnS nanostructures. The size of the particles is
gu'te in agreement with that of the measurement
*om XRD. The SAED pattern also con rms the
oolycrystalline nature of the sample UV—Vis mea-
surement studies of the samples clearly show that
the ZnS quantum dots exhibit strong quantum
con nement eRect. Pl spectrum of ZnS shows near
band gap emission at 392 nm and extrinsic emission
at 467nm from inherent defects produced in the
sample. |-V curves of ZnS sample in dark and illu-
mination at room temperature show a linear nature
without any recti cation which demonstrates the
Ohmic dectrode (Cu)- Im contact, thus revealing
the conductivity nature of the " Ims. Moreover, the
[-V curve of the sample under illumination did not
show any photovoltaic eRect but is found to be
photosensitive. The |-V characteristics of the as-
fabricated heterostructure device with con” guration
Al starch capped ZnS/ I TO (Schottky diode) show
rectifying nature indicating the formation of a
Schottky contact between Al and Zinc chalcogen-
ides. The fundamental diode parameters are esti-
mated from the I-V measurements based on the
ideal thermionic emission theory. Hence, consider-
ing the simple fabrication process and minimal cost,
this kind of nanostructure is expected to be a suit-
able candidate for visible detector applications and
can be a subject of further investigation.
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