Optical and Quantum Electronics (2024) 56:357
https://doi.org/10.1007/s11082-023-05920-4

®

Check for
updates

Photo-induced single-electron tunnelling based Coulomb
staircase effect observed at high applied bias in ZnSe/CdSe
core-shell quantum dots

K. C.Handique'? . P.K. Kalita' - B. Barman’ - Hirendra Das>

Received: 14 July 2023 / Accepted: 22 November 2023 / Published online: 30 December 2023
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2023

Abstract

In this study, ZnSe, CdSe, and their inverse type-I ZnSe/CdSe core-shell quantum dots
(QDs) have been synthesized through the chemical bath deposition using polyvinylpyrro-
lidone (PVP) as a capping agent. Various structural and morphological characterizations
were carried out which reveal the cubic zinc blende type structure having spherical shaped
core and core-shell QDs nanostructures. The synthesized samples were excited by white
light at different intensities in order to investigate their photoinduced current-voltage (/-
V) characteristics. The Coulomb staircase, a unique quantum mechanical phenomenon, is
observed in the I-V characteristics of the core-shell QDs when white light interacts with
them. A semiempirical two-tunnel junction model for the QDs has been adopted to exam-
ine the phenomenon quantitatively. The genesis and nature of this photon-induced unique
behavior have been discussed in length. The observed photon-assisted oscillatory Coulomb
staircase behavior in the ZnSe/CdSe core-shell QDs is attributed to surface and interface-
induced defects that occurred during the synthesis process. The current study focuses
primarily on the novel photo-electronic properties of ZnSe/CdSe core-shell QDs, which
necessitates a more detailed theoretical investigation to enable the implementation of these
materials in next-generation nanoelectronic devices.
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1 Introduction

Semiconductor QDs have attracted much attention in the past few decades due to its
three-dimensional carrier confinement phenomena as well as size and shape-dependent
tunable electronic and optical properties (Brus 1984; Handique and Kalita 2020). Grow-
ing a thin shell of a wide band gap material over an another semiconductor QD enhances
the stability of the structure by passivating the core surface and thus enhancing its lumi-
nescence property (Bruchez Jr et al. 1998). Due to its wide range of applications in elec-
tronic devices, phosphors, light emitting and photo-detecting devices, solar cells, etc.,
group II-VI wide bandgap semiconductors have undergone extensive research over the
years (Jie et al. 2010; Zhong et al. 2012). Inverse type-I core-shell nanocrystals, with
a larger band-gap semiconductor QD as core and narrower band-gap semiconductor as
shell material, could alter the electronic properties significantly as the electron and hole
are confined in the shell region. If deviation in bandgap of two materials is smaller it
boost a great improvement in both charge seperation as well as surface passivation to
promote the optoelectronic properties over bare core nanocrystals (Zhong et al. 2005;
Ca et al. 2015a, 2015b). Unlike type-I structures, inverse type-I configurations spa-
tially separate electron and hole wave functions, reducing non-radiative recombina-
tion and making them promising for next-generation optoelectronic devices (Ca et al.
2015a, 2019). Sabah et al. (2023) prepared highly emissive core-multi-shell (CdSe/CdS/
ZnS) QDs (sizes 2-5 nm) and observed a red shift in both the absorption and emission
results. Wang and Haque (Zhang et al. 2023) reported the fabrication of ZnSe/ZnS core-
shell QDs in silicate glass which shows that the addition of shell material on the core
can highly enhance its overall optical properties. Ca et al. (2015b) studied the depend-
ence of emission energy on excitation energy and found an optimal shell thickness and
charge separation for chemically synthesized CdS/ZnSe type-II core-shell heterostruc-
tures. Tang et al. (2022) have synthesized CdS/ZnS core-shell QDs and observed the
temperature dependence of its properties and carrier recombination process for device
applications. Das et al. (2021) in 2021 reported the effect of ZnS and PbS shell on the
electrical properties of CdS QDs.

Due to their small lattice mismatch, ZnSe/CdSe core-shell QDs exhibit low concen-
tration of defects in the shell and also provide very high photoluminescence (PL) quan-
tum efficiencies, up to 80-90% (Talapin et al. 2004). An important aspect of ZnSe/CdSe
core-shell QDs is the influence of the anion at the surface, which results in a substantial
band offset in the conduction band, measuring at 0.77 eV. This effect causes the electron
wave function to fully extend into the shell region. This phenomenon can be strategi-
cally leveraged to modify the optoelectronic properties of these QDs to one’s advantage.

Single electron transistor (SET) is a nanoscale device that is sensitive to coulomb
oscillatory behavior. Different nanostructures were investigated by the scientific com-
munity for the fabrication of SET during the past few years (Aminzadeh et al. 2017;
Khadembhosseini et al. 2018, 2022). SET is made up of a tiny island with a self-capaci-
tance that is weakly connected to the source and drain contacts through tunnel barriers.
At low temperatures and bias voltages, adding an additional electron to the island may
cost more energy than the thermal energy, resulting in a blockage of the island’s current
which is the origin of the oscillatory staircase behavior in the current-voltage character-
istics of such devices (Gorter 1951; Fulton and Dolan 1987). With the application of a
sweeping external bias voltage, Kalita et al. reported the presence of coulomb oscilla-
tions in the /-V characteristics of CdS, ZnS, and CdS/ZnS core-shell QDs (Kalita et al.
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2023). Several previous studies (Khondaker and Yao 2002; Kuzmin and Likharev 1987;
Likharev 1988; Li and Ri 1989) have also reported oscillatory behavior in ultra-small
tunnel junctions and nanocomposites.

In the present study, an in-depth investigation is carried out on the photon-induced
quantum mechanical properties of ZnSe/CdSe inverse type-I core-shell QDs with the help
of its I-V characteristics.

Single electron tunneling (SET) phenomena were used to investigate the observed cou-
lomb staircase behavior (CSB) at high voltages in the photosensitive /-V characteristics
curve of the core-shell devices. The resistances and capacitances that affect the I-V char-
acteristics of such SET devices were calculated using a semi-classical model proposed by
Mullen et al. (1988). These findings highlight significant disparities in the photo-induced
electrical properties when comparing bare ZnSe QDs with ZnSe/CdSe core-shell QDs. By
scrutinizing the conduction mechanisms and the fundamental principles governing their
electrical behaviors under distinct illumination conditions, this research may pave the way
for new insights into their applications for next-generation nanoelectronic devices.

2 Experimental

ZnSe QDs were synthesized in this research employing zinc acetate (Zn(CH;COO),-
2H,0, purity 99%) as the zinc ion complex and sodium seleno sulfite (Na,SeSO;) as the
selenium ion complex. During the synthesis process, PVP is utilized as a capping agent,
along with two additional complexing agents, hydrazine hydrate and ammonia. Initially,
3% PVP solution is prepared and by using it zinc ion complex (0.001 M) and selenium
complexes are prepared separately. The sodium selenosulphate, which is a complex of sele-
nium ion, is produced by dissolving black selenium powder and sodium sulphite (Na,SO5)
in the ratio of their respective molarities, which is 1:4. In order to expedite the formation
of ZnSe nanocrystals, a small amount of ammonia (3—4 drops) and 10 ml of hydrazine
hydrate are added to the Zn ion complex and sodium selenosulphate solutions, respectively.
The purpose of hydrazine hydrate in this case is to provide alkalinity to the solution mix-
ture and a homogeneous solution environment for the formation of a complex with Zn**
and to prevent the formation of ZnSeO; precipitation. Following this, both the ion com-
plexes, i.e., the zinc and selenium, are mixed in equal volumes and stirred for 7 h to achieve
the desired light yellow colored ZnSe nanoparticles. The functional groups attached to
PVP are expected to bring the overall quantum confinement on the ZnSe nanocrystals. The
chemical structure of PVP and the schematic of its mechanism for the encapsulation of
ZnSe particles is shown in Fig. 1.

For the synthesis of ZnSe/CdSe core-shell nanocrystals, a part of the initially prepared
ZnSe nanoparticle samples is taken on a beaker. Two equimolar solutions of Cd ion com-
plex and Se complex were prepared in the same way as in the case of ZnSe and allowed
to fall simultaneously dropwise, very slowly on ZnSe samples to form the growth of shell
CdSe on the surface of ZnSe core.

The following are the chemical reactions that take place when ZnSe QDs are
synthesized.

3Se2” + 3N,H, — 3Se + 3N, + 3H,0 + 60H"
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Fig.1 Structure of PVP (a), a schematic showing the mechanism for the encapsulation of PVP on ZnSe
nanoparticles: optimum coverage (b), complete coverage (c¢)

3Se + 60H™ — 2Se’~ + Se032 + 3H,0

2Se*™ +2Zn(NH;);" — 2ZnSe + 8NH,;

3 Results and data analysis

Various characterization techniques were carried out to investigate the structural, optical,
electrical, and chemical properties of the as synthesized core-shell samples. The X-ray dif-
fraction (XRD) patterns (with JCPDS number) of CdSe, ZnSe and ZnSe/CdSe core-shell
QDs were carried out within the range of 26 from 20° to 80° using Ultima-IV X-Ray dif-
fractometer with CuKa radiation (1=1.54 A) as shown in Fig. 2. The diffraction pattern for
ZnSe reflects cubic nature with five distinct and broad peaks for planes (111), (220), (311),
(400), and (331) at 26 positions of 27.35°, 45.53°, 53.86°, 66.41° and 73.48° respec-
tively (JCPDS file no. 37-1463). The shell material CdSe also possesses cubic structure
with distinct peaks for planes (111), (220), and (311) at 26 values of 25.64°, 42.49° and
49.86° respectively (JCPDS card no 19-0191). The formation of CdSe shell over ZnSe core
in core/shell sample is confirmed from the the relative variation in intensity. For both the
core and shell materials, the intensity of XRD peaks are satisfactorily high at lower angles
which indicates good crystallinity. Strong quantum confinements and the possible presence
of strain and other elastic parameters are indicated by the presence of broadened diffraction
peaks in the samples.

For ZnSe/CdSe samples, the presence of diffraction peaks of crystal plans from both
core and shell material indicates the formation of core-shell structure (Zhong et al. 2005).
The crystallite sizes (D) of the prepared samples are calculated using the Debye Scherrer
formula (Patterson 1939; Mustapha et al. 2019; Bokuniaeva and Vorokh 2019)

D =0.944/pcos6 (1)

Where ‘D’ denotes the crystallite size, ‘k’ has a value of 0.94, 1 = 1.54 A (X-ray wave-
length), f is FWHM in radian, and 0 is Bragg’s angle corresponding to the diffracting
planes. The crystallite sizes for the core, shell and core-shell are presented in Table 1. The
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Fig.2 X-ray diffraction spectra *
of ZnSe, CdSe and ZnSe/CdSe
QDs. *
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Table 1 Str.uctural parameters of Samples 20 hkl  dy (nm)  Structure D (nm) (from
the synthesized ZnSe, CdSe and Scherrer plot)
ZnSe/CdSe QDs.

ZnSe 27.35 111 0.3181 Cubic 14.4
45.54 220 0.1943
53.86 311 0.1661

CdSe 25.64 111  0.347 Cubic 13.33
4249 220 0.2125
49.86 311 0.1826

ZnSe/CdSe  26.77 111  0.3327 Cubic 14.54
51.3 220 0.1778
61.8 311 0.1499

crystallite size of the core is slightly increasing after shelling which is the usual behavior
of core shell materials. The interplanar spacing ‘d’ of the diffracting planes are calculated
using Eq. (2) (Xiong et al. 2021; Tang et al. 2019)

2dsind = nA 2

The high-resolution TEM images are shown in Fig. 3. The particles are of nearly spheri-
cal shaped and are distributed uniformly within the sample for both the core and core-shell
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N

Fig.3 HRTEM images; particle distribution of ZnSe (a) and ZnSe/CdSe (c); lattice fringes and SAED
spectra of ZnSe (b) and ZnSe/CdSe (d)

as seen from Fig. 3a and c. The lattice fringes of both the core and core-shell are shown
in Fig. 3b and d respectively. The fringe width of the crystallites matches well with the
results found from XRD measurements. In the case of core ZnSe, the d values of various
crystal planes are calculated as 0.3321 nm, 0.3181 and 0.347 nm with the help of image
J software which corresponds to (111) plane while in the case of core-shell ZnSe/CdSe
the d values are 0.3072 nm and 0.2143 nm which corresponds to (111) and (311) planes.
The SAED pattern of the core and core-shell samples are shown in the inset of respective
figures which can be associated with the three distinct (111), (220) and (311) planes that
agrees with XRD results.

The surface morphology and elemental analysis of the prepared samples is carried out
with the help of a Zeiss Field emission scanning electron microscope. Figure 4A—C shows
the FESEM images of uniformly distributed spherical-shaped particles of the ZnSe core,
CdSe shell and ZnSe-CdSe core-shell samples respectively. The particle sizes of the core-
shell samples are relatively bigger than the core and shell sizes separately that may be
attributed to the formation of core-shell structure and validate the XRD results presented
in Table 1.

The energy dispersive X-ray spectroscopy (EDS) for ZnSe core, CdSe shell and ZnSe/
CdSe core-shell QDs are carried out to study the elemental composition of the synthesized
samples and shown in Fig. 4D-F. The presence of various elements in weight (%) is shown
in the Fig. 4D-F. Figure 4D shows the presence of zinc and selenium with a little impurity
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Fig. 4 FESEM micrograph of A ZnSe core, B CdSe Shell, C ZnSe/CdSe Core-shell samples. EDS spectra
of D ZnSe, E CdSe and F ZnSe/CdSe QDs with weight% of elements

of Au, O, and S. Similarly, Fig. 4E shows the presence of Cd and Se. In the case of the
core-shell sample, the presence of both Cd and Zn along with Se can be seen in the EDS
spectra (Fig. 4F). The weight (%) of cadmium is more than zinc that also validate the for-
mation of ZnSe/CdSe core shell QD.

3.1 Optical analysis

The UV-visible spectra of the synthesized samples are taken with the help of UV-Vis spec-
trometer (Agilent Cary eclipse spectrometer) in the range of 200-800 nm and shown in
Fig. 5a. The absorbance spectra of the samples are found to be blue-shifted compared to
their bulk counterparts (Hong et al. 2020; Akter et al. 2020) indicating quantum confine-
ment. The absorption edge of pristine ZnSe is found to be at 266 nm which is red-shifted to
440 nm after core-shell formation due to the increase of particle size. The estimated band
gap from Tauc’s equation for ZnSe and CdSe is around ~4.5 eV and 3.7 eV respectively.
For ZnSe/CdSe core-shell QDs the band-gap is estimated to be 3.6 eV.
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Fig.5 a UV-Visible and b PL spectra of ZnSe, CdSe and ZnSe/CdSe QDs

The PL spectroscopy of the as-synthesized samples are recorded using a Cary Eclipse
spectrometer is shown in Fig. 5b. The figure clearly illustrates distinct emission charac-
teristics for ZnSe QDs with a sharp peak centered around 470 nm, while CdSe emits at
594 nm. For ZnSe, another peak around 498 nm is observed, likely to be originating from
surface-induced near-bandgap emission. PL shows a sharp reduction of intensity for core-
shell nanostructures over core which signifies its suitability in photoconductive application.
The significant increase in the Full Width at Half Maximum (FWHM) of ZnSe-CdSe over
that of ZnSe, is an another aspect that makes it a promising candidate for applications in
photoelectronic multicolor/white colour light-emitting diodes (LEDs).

3.2 DC current-voltage (/-V) characteristics

Planar devices were fabricated using the synthesized samples to study the /-V characteris-
tics. A schematic diagram of the fabricated device is shown in Fig. 6a. Thin films of ZnSe
(core) and ZnSe/CdSe (core-shell) QDs were deposited on glass substrate. Upon the film
two Ag electrodes (Conducting silver paste was purchased from Sigma) were pasted keep-
ing a gap of 1 mm. The electrodes were connected to Kitheley sourcemeter (2450) for pho-
toelectronic measurements in the dark and under light of different intensities.

5.00E-06

T T L O I )

2 4
Bias voltage (V)

# g
& & $
= &

—o—core
—eo—core-shell

Glass substrate

I W

Fig.6 Planar geometry with film (a), /-V curve of ZnSe (core) and ZnSe/CdSe (core-shell) (b)
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Fig.7 I-V characteristics of ZnSe QDs (a); Photocurrent vs. light intensity characteristics (b)
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Fig.8 I-V characteristics of ZnSe/CdSe core-shell QDs (a); staircase behaviour at high bias (b)

A sweeping voltage of — 5 V to +5 V was applied across the device terminals fabri-
cated with core and core-shell NPs to record the /-V characteristics shown in Fig. 6b. It
can be observed from the figure that ZnSe/CdSe core-shell QD device exhibits signifi-
cantly less current compared to the ZnSe core, consistent with inverse type-I core-shell
structures (Kalita et al.). The surface defects introduced by shelling are expected to act
as non radiative centres at the inteface and control the recombination kinetics. Defects
either acts as traps or recombination centres; as the density of recombination centres
enhanced, it eventually reduces the current mainly due to the loss of electrons and holes.

The photoresponse properties of the ZnSe core and ZnSe/CdSe core-shell QDs were
investigated under different intensities of white light at room temperature. The ZnSe
core has shown an ohmic /-V characteristics where current increases with the increase
of incident light intensity as shown in Fig. 7a. The figure clearly shows that ZnSe QDs
have a zero bias current which increases slowly with the increase of light intensity. This
may be due to the generation of free charge carriers at the electrode-semiconductor
junction as a result of thermal agitation.

The maximum photocurrent vs. light intensity characteristics of the as-synthesized
ZnSe QDs at a constant bias voltage of 5 V is shown in Fig. 7b where a zero-bias cur-
rent of 12 pA can be observed. The photocurrent increases linearly with the increase of
light intensity up to 170 Ix and then follow a sublinear behaviour upto applied 630 Ix.
The sublinear behaviour is attributed to changeover of more no of traps into recombina-
tion centres.
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The I-V characteristics of ZnSe/CdSe core-shell QDs are shown in Fig. 8a which exhibit
a unique coulomb staircase and coulomb blockade behavior. From the figure, it is evident
that without any incident light, the current-voltage relationship is almost linear (red curve,
Fig. 8a).

Figure 8b shows a prominent staircase behavior at the high bias region. Similar coulomb
staircase structure was also reported by Bekenstein et al. in Cu,S/Ru semiconductor/metal
cage NPs (Bekenstein et al. 2012). For a clear and better realization of these effects, the
I-V graphs of the ZnSe/CdSe core-shell QDs are plotted separately as shown in Fig. 9. It
can be observed that in the absence of light, the current-voltage relationship is ohmic in
nature. When the device is exposed to incident light, a staircase structure is emerged which
becomes more prominent as the light intensity increases. This unique behavior basically
occurs in a double-barrier single-electron tunneling system with asymmetric barriers (Gra-
bert and Devoret 2013).

As the intensity of incident light increases, greater number of charge carriers will be
generated and some sub-bands will be formed where the electrons and holes will reside.
The current is zero when the charging energy changes from — e*/2 C to +¢%2 C because
the electron is locked. Nevertheless, if the charging energy is less than — %2 C or greater
than +e%2 C, the electron will cross the coulomb barrier resulting in a non-zero tunneling
current. In this case, towards the low voltage regions in the range of — 2 to 2 V, the I-V
curves are almost ohmic in nature, which is called zero-bias conductance. The Coulomb
staircase effect becomes prominent only outside of this range in both positive and negative
directions. Khondaker et al. also reported similar behavior in thiol-coated gold NPs that
showed Coulomb staircase pattern in high-voltage regions (Khondaker and Yao 2002).

The corresponding dI/dV vs. V and d’1/d?V vs. V tunneling spectra are plotted and
shown in Fig. 10 which indicates the transition from a state of finite tunneling density of
states (DOS) at zero bias in the low voltage region to a state of coulomb staircase and cou-
lomb blockade for the ZnSe/CdSe core-shell QDs at different light intensities. The average
energetic gap between successive peaks may easily be used to calculate the single electron
charging energy, E, since each peak in the dI/dV — V spectrum represents a change of one
in the number of surplus electrons on the quantum dot.

The coulomb staircase phenomena are caused by charge quantization in ZnSe/CdSe
core-shell QDs which are capable of quantum charge fluctuations when single electron
transmission occurs. This oscillatory staircase behavior in the high voltage region in the
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Fig.9 [-V characteristics of ZnSe/CdSe core-shell QDs at different light intensities
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Fig. 10 The first and second derivatives of I-V curves for core-shell QDs at different light intensities

photo-response properties of core-shell QDs arises due to electron-electron interaction.
Due to the significant size quantization of the core-shell QDs, quantum corrections were
caused by them. At high bias, these quantum corrections were further modified to include
nonlinear corrections caused by the partial densities of states filled separately by the two

contacts (Muralidharan et al. 2007).

Fig. 11 Schematic diagram of
two-tunnel junction model of

core-shell QD device

T
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A schematic of a two-tunnel junction model of the ZnSe/CdSe core-shell QD device
is given in Fig. 11. The two capacitors C,; and C, are proposed to be formed by a metal-
insulator-metal junction that, when charged by an electron, creates a voltage V, = e/C
across the junction, where ‘e’ is the electron charge and C is the junction capacitance.
These capacitors and resistors arise from the interface of defect-induced surface of the
core-shell structure and electrode in this instance. The conditions are typically R; < <R,
and C; < <G, in order to achieve a staircase pattern in the I-V characteristics. Mullen
et al. (1988) demonstrated that the values of C;, R;, C,, and R, can control the I-V char-
acteristics of these types of devices.

The voltage drops across C; and C, are given by

1T g M T oA )

Where, 8Q is charge of electrons in the coulomb island. An increase of external
voltage V raises 6Q by one electron, resulting in a spike in V, by e/(C,+C,) which
increases the current by

Ay, e
Al = == oo ©6)
R2 R2(C1 +C2)

The values of AV and AI for the fabricated devices at various lighting condi-
tions are taken from Fig. 10 and the remaining device parameters (R, C, C, and
C,) are calculated using the above relations and presented in Table 2. For the device
I1(illuminated with 50 Ix), AV=337 mV and AI=5.9 nA, R=R,+R,=0.057x10°
Q, and C,=4.747x107" E. If we remind the previous assumption R,>>R,
then R,~R=0057x10° Q which can further be utilized to calculate
C=C,+C,=4.757x10""° F and hence C,=0.01x10"'" F. Similarly, for different
intensities of incident light, the device parameters were calculated and given in Table 2.
The accuracy of basic current and voltage measurement is 0.012%.

The estimated values are quite in agreement with the reported values which signify
that the present study may show useful direction in the development of future photi-
conductive single electron transistor. More studies are desirable to explore the true
cause of these extraordinary photo-induced tunneling behaviors in ZnSe/CdSe core-
shell QD devices, which would be a huge advancement in this field from an application
standpoint.

Table 2 Calculated device parameters of ZnSe/CdSe core-shell device at different intensities of light

Intensity (lux) AV (mV) AI(mA) R, (Q) G, (F) C=C,+C,(F) C,(F
11(50) 337 5.9 0.057x10°  4.747x107"  4.757 x107" 0.01 x107"°
12(100) 381 3.9 0.097x10°  4.199 x107"° 4229 x107"° 0.03 x107"°
13(170) 575 59 0.097x10° 2782 %107 2.795x10"" 0.013 x107"
14(280) 299 4.1 0.072x10° 5351 x107"°  5.42x107" 0.069 x10~"°
15(420) 381 42 0.090x10° 4199 x107"  4.232x107" 0.033 107"
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4 Conclusion

PVP-capped ZnSe, CdSe, and ZnSe/CdSe core-shell quantum dots have been synthe-
sized using the chemical bath deposition method. Using XRD, FESEM, and HRTEM
analysis, the samples’ structural and morphological characteristics were investigated.
The cubic structure of the core and shell, with its three different planes (111), (220), and
(311) are observed. In the core-shell XRD, the diffraction peaks of the core and shell
are both present and the peak intensity in shell become more than core that confirms
the formation of ZnSe/CdSe core-shell QDs. The cubic structure, crystallite size, and
interplanar distance between the crystal planes are visible in HRTEM images, which are
in agreement with the XRD results. The samples’ spherical shape and homogenous par-
ticle distribution are shown in FESEM pictures. Optical analysis, including absorption
and PL spectroscopy, indicated quantum confinement effects in quantum dots, leading
to blue-shifted absorption edges and unique emission properties. The bandgap shows
a decrease from 4.5 nm (core) and 3.7 nm (shell) to 3.6 nm for core-shell structure
that may be attributed to the formation of the core shell with increased particle size.
PL spectroscopy unveiled intriguing emission characteristics, with ZnSe displaying a
sharp peak at 470 nm, CdSe at 594 nm and the core-shell at 475 nm, showcasing the
impact of core-shell structure on the emission properties. The substantial increase in
full width at half maximum (FWHM) for ZnSe/CdSe core-shell suggests its potential for
application in photoelectronic multicolor light emitting devices. In order to obtain the
I-V characteristics of the devices, planar geometry devices were fabricated using the as
synthesized ZnSe core, CdSe shell and ZnSe/CdSe core-shell QDs. The I-V characteris-
tics of the core-shell structure exhibit significantly reduced current compared to the core
which is consistent with defect controlled core-shell structure. This reduction in current
is attributed to non radiative recombination kinetics of electron and hole at the surface
of QDs. the Photo-response properties of both core and core-shell QDs have been inves-
tigated in the range — 5 to 5 V in response to the incident white light of different intensi-
ties. It shows a typical ohmic nature in ZnSe QD and the photocurrent increases from
1.2 X 107 to 1.78 x 107> A with incident light intensity from zero to 630 Ix. On the
other hand, the Coulomb staircase behaviour has been observed in the photo-response of
ZnSe/CdSe in high applied bias which is explained on the basis of quantum mechanical
single-electron tunneling effect. This unique behavior is assumed to be originated due
to the surface and interface effects along with the band alignment of core-shell QDs. A
semi-empirical two-tunnel junction model for QD devices was used to analyze and jus-
tify the oscillatory coulomb staircase behavior which may provide valuable insights into
the mechanisms governing these behaviours, shedding light on the roles of capacitance
and resistance parameters of the device. The present study thus shows an ample scope
for further research in this direction for the development of photo-induced single elec-
tron transistor and other photo-electronic devices.
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