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Abstract

Objective: To design Light Emitting Diode (LED) based on artificial atoms quantum confinement effect using spin
coating method and to study its electrical properties to determine emission wavelength and emit color of this LED.
Methods: This LED was prepared using spin coating and all layers were prepared by chemical method. By using
Keitithley (28775) Current-voltage characteristic was carried out at room temperature in direct and reverse bias,C-
Vcharacteristic measurements was carried out using RLC meter (6379) at 100 Hz Frequency. Tunneling conductance
spectra was measured also using RLC meter.AC measurement (impedance spectra) was carried out using Gain Phase
Analyzer (Schlumberger-SI11253). A complex impedance Spectrum was in a frequency range (1-20000HZ) and at
constant voltage (V=5V).

Finding: FTO micro Slide with low resistance (10-13Q) using hot spray, CdSe (MPA) was prepared using chemical
method and ZnO was prepared using sol-gel method. I-V characteristic was used to determine ideal factor (which was
18) and reverse current (0.44 mA). C-V spectra shows multi high barrier in this structure due to quantum
confinement effect. Electronic transition in tunneling conductance spectra are indicated with electronic transition in
absorption and PL spectra. Impedance spectra confirm the quantum size effect in layers of LEDs and interpret white
color emission.

Improvement: We can enhance performance of this LED by adding active layer of artificial atoms acting as hole
transporting layer to increase emitting green and red color, which enhances the intensity of white color clearly.
Keywords: CdSe, artificial atoms, LED, electrical properties, tunneling conductance spectra.

1. Introduction

Quantum Dots (QDs) (artificial atom)are quickly emerging as the next major technology in the solar industry
[1].They provide unique properties that can be easily manipulated to suit specific application requirements. QDs
were first discovered in the early 1980s and have been attracting a surge of interest related to their application in
photovoltaic in the last ten years [2]. While group 1I-VI and 1V-VI cadmium or lead-based QDs have been the focus of
greatest interest, other materials such as groupl-lll-VI semiconductors combining group | (Cu, Ag), group Il (Al, Ga, In,
Tl), and group VI (S, Se, Te) elements have been identified as potentially less toxic materials [3]. Products containing
cadmium or lead are hindered by environmental regulations. Considering the quantum confinement effect of I-ll-VI
semiconductors cover a broad range of optical and electronic properties with tunable band gaps covering and
emitting a wide wavelength ranging from the near-infrared region, through visible, to the UV region [4]. This makes
artificial atoms of semiconductor an excellent candidate for use in LED applications [5].

In this research, we show a new technique to prepare artificial atom as an active layer in light emitting diode
multi layers. N-type of CdSe capped with (MPA) in LED multi layers acts as active layer to fabricate first type of
guantum confinement. Electrical properties of this LED were studied using AC and DC measurement.

2. Materials

Microscopic Slides, K,Cr,05 for cleaning glass slides HF (fluoric acid), SnCI2.2H20, Ethylenglycol, metapraponic

acids (MPA), CuCI2 KI, Se powder , Cd(CH;COO), .4H,0,Hydrazine, deionized water 2.1.2.1.
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Synthesis of FTO/ZnO/CdSe (artificial atoms) /FTO

2.1.1. Preparing Transparent Conducting Fluoride Tin Oxide (FTO)

We treat Microscopic slides with K,Cr,05, the surface of slides was activate by submerge it in diluted fluoric acid
(HF) for 10 minutes. After that it was heated in electrical oven to500C° [6]. Tin chloride dissolved in 20ml of Ethylene
glycol and sprayed on Microscopic slides for a lot of time [7]. The deposited resistance of FTO was low (13—40)Q2.

2.1.2. Preparation ZnO
Zn0 Colloidal solution was prepared by dissolving 0.1 mol of (CH3C00),Zn.2H,0 in 100ml of ethanol and heated
to 50C°[8].

2.1.3. Preparation CdSe artificial atoms

Depending on chemical solution method CdSe Artificial atoms was prepared by0.1 mol of Cadmium Citrate (Cd
(CH3C0OO0), 4H,0)solution prepared as cadmium source(solution A). Sodium selenosulfate (Na,SeSO;) 0.1 mol
solution was prepared using refluxing method at70 C’ for 3 hours as solution (B). 20 ml of solution (A) was added to 5
ml of solution (B). After that we added5ml of ethylene glycol and 5ml hydrazine hydrate to the mixed solution (A,B).
CdSe colloidal solution was adjusted to 10 by adding 1 ml NaOH solution [9].

2.2. Preparing FTO/Zn0O/CdSe (artificial atoms) /FTO
Using spin coating method FTO/ZnO/CdSe (artificial atoms) /FTO was prepared as shown in Figure 1.

Figure 1a.Energy diagram of quantum well confinement of structure (b) box layer diagram of FTO/CdSe (MPA)/MPA/ZnO.
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3. Results and discussion

I-V characteristic of FTO/ZnO/CdSe (MPA)
Using keitithley (28775) Current-voltage characteristic was carried out at room temperature. As revealedin
Figure2,the maximum value of current was 20 mA at 2 V in direct bias and 15 mA in reverse bias.

Figure 2. I-V characteristic of FTO/CdSe(MPA)/Zn0O.
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Calculation of Reverse saturation current and junction ideality factor of FTO/ZnO/CdSe (MPA) artificial Atoms
Current equation of Shockley diode reveals exponentially variation between current and voltage as shown [10]:

| = |O(exp(rﬁ<vT) —1) (2)

Where q is electron charge,l, is reverse saturation current, n is junction ideality factor, K is Boltzmann constant
and T is absolute temperature. By reforming above equation by taking logarithm:

Ln(I):Ln(IO)+%

By plotting Ln(l) as function of V as shown in Figure 3, Ideal factor can be calculated from a slop, saturation
current can be calculate from y-intercept [11]. Ideality factor and reverse saturation currents were found to be (n=18,

10=0.44 mA at room temperature.

Figure 3. In(l)-applied voltage characteristic.
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Capacitance versus Voltage characterization of FTO/ZnO/CdSe (MPA) artificial Atoms
At room temperature C-V characteristic measurements were carried out using RLC meter (6379) at 100 Hz

Frequency. Several fluctuation appeared (Figure4) for FTO/ZnO/CdSe (MPA) artificial Atoms that means multi
guantum well (high barriers)was formed in this structure [12].

Figure 4. C-V spectra of FTO/CdSe (MPA)/ZnO
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It is clear that there are multi high barrier in system FTO/CdSe (MPA), which means tunneling conductivity was
well dominated in wide range of frequency with variation of volts due to quantum confinement in this system.

Tunneling Spectra of FTO/ZnO/CdSe (MPA) artificial Atoms

The tunneling current (1) and conductance (dI/dV) were obtained at 300K as shown in Figure 5. The conductance
spectra were also compared with Spectra obtained from absorption and florescence spectra. di/dV Spectra was
measured between applied bias voltage -4 and 4V. In general, the conductance spectra were very reproducible,
although discrete shifts of the spectra along the voltage axis observed in some cases. Trapping of a charge in the
surroundings of the artificial atoms that acts as alocal "gate" can lead to a shift of all there sonances [13].

Figure 5. Tunneling conductance spectra of FTO/CdSe (MPA)/ZnO

Tunneling spectroscopy data obtained from
FTO/ZnO(p-Type)yMPA/CdSe(MPAYFTO tunnel junctions
at 300K with 10 mV

Conduction Band

DE‘
=_uorescence Absorption Transitions
24 P,
4
r S, dlidV(A/ V)
-I;J- a I-J& 1] -JII a 0 -JII 5 0.020 a -JI25
> [ S,
2 —
= EBeFem—m— P
2 Valence Band .
-3 D
15,,,-—--15,,, 18, | - 1P,
1Pe:; """"" 1P, | 2 1891__2——————38_ .

Impedance spectroscopy of system FTO/ZnO/CdSe (MPA)

AC measurement was done out using Gain Phase Analyzer (Schlumberger-SI1253). A complex impedance
Spectrum was in frequency range of (1-20000HZ)andatconstantvoltage(v=5V).Figure 6 shows the impedance spectra
of the FTO/CdSe (MPA)/Zn0O artificial atoms measured under forward bias (1 V) and light conditions.

Figure 6.Impedance spectra of FTO/CdSe (MPA)/ZnO.
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We noted that impedance spectrum has a semicycle which means that it is due to Debye Modelwhichinvolves th
e grainto behomogenous. By taking variation of X as function of frequency as shown in Figure 7. The curve peak of
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the spectrum shows the electron lifetime in the FTO/ZnO/CdSe (MPA) core shell according to the following equation
[14]:
1 1
>f=—
wC 2 X C

Figure 7. X-f spectra of FTO/CdSe (MPA)/ZnO
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4. Conclusion

Light emitting diode emits white color(due to quantum size effect)which consists of multi quantum layers, and
CdSe (MPA)core shell was active layer sandwich between two layers FTO and ZnO. Energy of Electronic transitions in
the Tunneling conductance spectra has corresponding absorption and PL spectra. Impedance spectra shows that
prepared artificial atoms was inhomogeneous size, which confirms quantum confinement in first type of core shell in
FTO/CdSe (MPA)/ZnO structure.

5. Acknowledgements

The authors are grateful to team members of research laboratory 7 at physics department for their
effort (Drs. Ahmed Alomar, Wafaa Hag Esmaeil, Amer Haj Saker, FawazKayali, GhassanNashed and Fatima
srouji ).

6. References

1. C.J. Stolle, T. B. Harvey, B. A. Korgel . Nano crystal photovoltaic a review of recent progress. Current Opinion in
Chemical Engineering. 2013; 2(2), 160-167

2. P.V. Kamat. Quantum dot solar cells the next big thing in photovoltaics. The Journal of Physical Chemistry Letters.
2013; 4(6), 908-918.

3. M. Mohammadi, M. RezaeeRokn-Abadi, H. Arabshahi. Investigations on impact of post-heat temperature on
structural,optical and electrical properties of al-doped ZNO thin films prepared by sol-gel method. Indian Journal
of Science and Technology.2010; 3(2), 1-3.

4. H.Zhang. Efficient cdse quantum dot-sensitized solar cells prepared by a post synthesis assembly approach.
Chemical Communication.2012; 91, 11235-11237.

5. R.K. Gujral, V. Damodaran, Kaustab Ghosh.A theoretical analysis of the dark current in quantum dot infrared
photodetector using non- equilibrium greens function model. Indian Journal of Science and Technology.2016;
9(36).

6. M.A. Batal, KaesarAlyamani. Optical properties of colloidal cdse/cds/zns/pvpqds core/shells embedded in fatty
acid medium. Nano Science and Nanotechnology An Indian Journal. 2015; 9(1), 022-028.

5 www.iseeadyar.org



Indian Journal of Nanoscience Vol 5 (1), January, 2017 ISSN (Online): 2320-9682
ISSN (Print): 2320-9674

7. Z. L. Wang. Zinc oxide nanostructures growth properties and applications. Journal Physics Condense Matter.
2004; 16(25), 829-858.

8. P.Gupta, M. Ramrakhiani. Influence of the particle size on the optical properties of cdse nano particles The Open
Nano science Journal. 2009, 3, 15-19.

9. U. Woggon. Optical properties of semiconductor quantum dots. Springer. Berlin.1997, 136.

10. S.M. Sze. Physics of semiconductor devices. John Wiley andSons.1981.

11. M.A.Batal, K. Alyamani. Study the structural and electrical properties of cdse nanoparticles. Material Science
Anlindian Journal. 2015; 12(11), 400-405.

12. AlirezaRezvani, Maziarlzadbakhsh, Majid Gandomkar, Saeed Vafaei. Investigation of ann-ga and modified perturb
and observe mppt techniques for photovoltaic system in the grid connected mode. Indian Journal of Science and
Technology. 2015; 8(1), 87-95.

13. JianjunTian, XuanhuiQu, QifengZhang, ShengenZhang, EvanUchaker, ZhigianglLiang, Guoz, H.C. RuiGao.Constructi
ng ZNOnano rod array photo electrodes for highly efficient quantum dot sensitized solar cells. Journal Material
Chemistry. 2013; 1(23), 6770-6775.

14. Y.H. Kim, Y.M. Kim, H.S. Yoon. Development of led module based on adjustable ac line direct smps.
Indian Journal of Science andTechnology.2015; 8(15), 1-4.

The Publication fee is defrayed by Indian Society for Education and Environment (iSee). www.iseeadyar.org

Citation:

Mohamed Anwar Batal, KaesarSalahAL Yamani.Electrical properties of Light Emitting Diode preparation from FTO/CdSe
(MPA)/ZnO artificial atoms emitting white color. indian Journal of Nanoscience. 2017; 5(1), January

6 www.iseeadyar.org





