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Abstract  

     A hybrid cadmium sulfide nanoparticles (CdSNPs) electroluminescence (EL) 

device was fabricated by Phase – Segregated Method and characterized. It was 

fabricated as layers of (ITO/poly-TPD:CdS ) and (ITO/poly-TPD:CdS /Alq3). Poly-

TPD is an excellent Hole Transport Layer (HTL), CdSNPs is an emitting layer and 

Alq3 as electron transport layer (ETL). The EL of Organic-Inorganic Light Emitting 

Diode (OILED) was studied at room temperature at 26V. This was achieved 

according to band-to-band transition in CdSNPs. From the I-V curve behavior, the 

addition of Alq3 layer decreased the transfer of electrons by about 250 times. The I-

V behavior for (poly-TPD/CdS) is exponential with a maximum current of 4500 µA. 

While, the current is constant for (poly-TPD:CdS /Alq3) and the maximum current 

was 16.5 µA. Semiconductor nanoparticles like CdS are attractive for fabricating 

hybrid LEDs with spectrally pure color, low operating voltage values, and short-

wavelength electro-luminescence, needed for the RGB devices. The correlated color 

temperature (CCT) was equal to (1700 oK) for the emitted blue light. 
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المعتمد على الجسيمات النانوية   الازرق العضوي والغير عضوي الصمام الثنائي الباعث للضوء 
 لكبريتيد الكادميوم ذات التلألؤ الكهربائي 

 

 عمر عدنان ابراهيم , استبرق طالب عبدالله,*اسامه ناطق ناجي
 العراق  بغداد,جامعة بغداد,   كلية العلوم الفيزياء, قسم 

 

 الخلاصة  
عدة  تم تصنيع وتوصيف جهاز هجين من جسيمات كبريتيد الكادميوم النانويه . تم تصنيع  الجهاز من        

)    وهي   طبقات  للفجوات  ناقله  وITO/poly-TPD:CdSطبقه   )  (poly-TPD:CdS /Alq3  وجسيمات  )
و  انبعاث  كطبقة  النانوية  الكادميوم  الألومنيوم-8ثلاثي) كبريتيد  كينوليناتو(  ناقله    lq3A)   هيدروكسي  كطبقة   )
فولت وبدرجة    26( للديود العضوي غير العضوي الباعث عند  ELللالكترونات. تمت دراسة التلالؤ الكهربائي ) 

حرارة الغرفة. تم تحقيق ذلك وفقًا للانتقال من النطاق إلى النطاق لكبريتيد الكادميوم من خلال تصرف منحني  
انتقال الإلكترونات بنحو    قلة   إلى  هيدروكسي كينوليناتو( الألومنيوم -8ثلاثي) أدت إضافة طبقة  فولتية    -التيار
 4500(  يسلك سلوكا اسيًا بحد أقصى للتيار يبلغ TPD / CdS-polyفولتية  لـ )  -تيارلوحظ ان   مرة. 250

مايكرو    16.5( وكان الحد الأقصى للتيار  TPD: CdS / Alq3-polyمايكرو امبير. بينما التيار ثابت لـ ) 
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مثل   الموصلة  شبه  النانوية  الجسيمات  تعتبر  الفولتية    CdSامبير.  ذات  الهجينة  المصابيح  لتصنيع  جذابة 
اخيرا من خلال دراسة   التشغيلية المنخفضة واللون النقي الطيفي والتلألؤ الكهربائي ذي الطول الموجي القصير.  

 كلفن  للضوء الازرق الباعث. 1700(  وجد ان قيمتها تقريبا  CCTدرجة حرارة اللون المرتبطة ) 
 

1. INTRODUCTION 

     Light emitted diodes hybrid device consisting of organic/inorganic components have been 

developed during the last years from a single layer which is sandwiched to complex 

multilayered by adding hole and electron transporting/injecting layers. The injection of hole-

electron can enhance the balance of the device [1] [2]. Hybrid opto-electronic devices 

combine nanoparticles, which have unique optical and electrical properties, with an organic 

material designed to transit charges towards the diffusion layer in light emitting devices 

(LEDs) or from the diffusion layer to electrode in photodiodes [3]–[5]. Hybrid Organic-

Inorganic NP LEDs (OILED) benefits are manifested in controlled charge transport through 

amorphous organic thin films and narrow NPs emission, yielding efficiencies approaching the 

Organic Light Emitting Diode (OLED) and LED. This property of OILEDs allows for the 

universal design of multicolor OILEDs by simply changing the NPs emission layer without  

altering the transport layers (i.e. the organic layers) [6] [8].  

 

     The nanoparticles have been considered as an attractive option for opto-electronic devices 

of the next generation, as a result of their good physical characteristics of the size-tunable 

band gaps, good photostability, photo or electro luminescence efficiency, and compatibility 

with the approaches of solution processing [9][11]. The NPs semiconductor have many 

extrinsic as well as intrinsic deep-level defects emitting various light colors, which include 

green, violet, blue, yellow, red and orange, in other words, all white light constituents [12] 

[14]. 

 

      Cadmium sulfide nanoparticles (CdSNPs) are (II-VI) semiconductor materials, which 

have direct energy gap of (2.42 eV). It is of quite a small size, so quantum dots show opto-

electronic behavior that differs from the bulk semi-conductors of identical compositions [15-

17]. The electroluminescence (EL) of CdS bulk is at 515 nm in the green zone, but it is 

around 450 nm in the blue zone for CdSNPs, which is used to make NPsLED or organic-

inorganic LED (OILED) in the blue zone by material emission in the green zone by taking 

advantage of nanoparticle properties and defect conditions[18] [19]. 

 

       Song et al. [20] reported white EL from CdS/Si heterojunctions LED observed under 

forward bias of ∼4.0 V, which is attributed to several characteristics including: the 

nanocrystal silicon, the band gap emission and the defect levels emissions of nanocrystal CdS. 

 Mohammed and Ibrahim [21] demonstrated that organic-inorganic hybrid composites 

ITO/TPD:PMMA/ Eu2O3/Alq3/Al, emit green and white light by controlling the bias voltage 

from the transition through the deep levels in energy gap of Eu2O3 NPs (5D0-3 and 5L6 to 

7F0-6) and through the defect states of these NPs. Bansal et al. [22] reported the formation of 

highly luminescent organic capped colloidal cadmium sulfide (CdS) nanoparticles having 

highest photoluminescence quantum yield of 69% in solutions and 34% in neat thin films in 

the near infrared range.  

 

       The aim of this work is to fabricate organic hybrid organic-inorganic NPs LEDs (OILED) 

to generate blue light by EL phenomenon using CdSNPs. 

 

 

 

 

https://www.researchgate.net/scientific-contributions/Yue-Li-Song-2069386416?_sg%5B0%5D=3NbyKOd07stRLeCW0xpjVhDHxTVncx6_28vR4viEDwWWErkDhZP6c_jjDUEAFsntb4PfQPg.JC1zShA5qJw2m9ryD0A3dSm-2rxKaEknYdfXaNBeXql3wOF7hQlcLUdaP9Je9xbclXzBx0f0vV6BhnGdZvH9Sw&_sg%5B1%5D=sm2Fsb9Zop5iFcjroJc0XIvUxiq11P4lCxiDXAkUyIQhiPsopR-7TsaiuDeGEW9zDHqJcu0.e29GtCjnmccy_aTrrX9K6WWIalpn8DGTCqicgygpK8BFBASjjWoXqlLJqwgyqynA_NYBH6Urr6PdJjmKBM-PCA
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2. EXPERIMENTAL WORK 

     The Tris (8-hydroxyquinolinato) aluminum (Alq3) and poly N,N’-Bis(3-methyl-phenyl)-

N,N’-bis(phenyl)benzidine (poly-TPD) (supplied from Ossila company (UK)) were used as 

an ''Electron'' Transport Layer (ETL) and ''Hole'' Transport Layer material (HTL), 

respectively. Cadmium Sulphide nanoparticles (CdSNPs) were produced in accordance with 

the procedures of an earlier study that has been conducted by Suhail et al. [7] showed that the 

UV-Vis absorption spectrum have a peak at 350 nm and absorption edge at 480 nm which 

indicated a blue shift of about 32 nm due to the quantum confinement effect. The particle size 

determined from Atomic Force Microscopic (AFM) was about 8 nm while, the size of the 

formed CdSNPs was found to be about 5 nm from X-ray diffraction.  

 

     The preparation of OILED can be briefed as follows:  

Poly-TPD solution was prepared by adding 0.07 g of poly-TPD to 1ml of the chloroform with 

magnetic stirring to complete the dissolving. The colour change of the solution from pink to 

purple is an indication of complete dissolving. The ratio of (poly-TPD:CdSNPs) was 

(1ml:0.5wt%). The composite between organic material (poly-TPD) and inorganic material 

(CdSNPs) is called hybrid composite. Alq3 was dissolved in ethanol at a ratio of 70mg:3ml. 

The hybrid junction was prepared through spin-coating composite at 3000rpm for 1min on 

indium tin oxide (ITO) substrate and then placed in an oven below 80oC for 1h for complete 

dryness. Using the phase-segregation method [21], the poly-TPD and CdSNPs were 

redistributed to form two layers, with the CdSNPs layer over the poly-TPD layer, which 

means that the CdSNPs layer is implanted in the Poly-TPD layer. This allows energy transfer 

and generation of exciplex between poly-TPD and CdSNPs. The poly-TPD:CdSNPs hybrid 

composite turns into poly-TPD /CdSNPs hybrid junction. The Alq3 layer was prepared by 

dropping 0.25 ml of Alq3 solution onto the poly-TPD/CdSNPs layers, spinning at 2500rpm 

for 1min and then were placed in an oven to dry the samples. The thickness of poly-TPD layer 

was 800nm, of CdSNPs layer was 400nm and of Alq3 layer was 300nm. Finally, aluminum 

was deposited by thermal evaporation, on the Alq3 to serve as the cathode electrode. The 

emission layers are thus sandwiched between the two electrodes indium tin oxide (ITO) and 

aluminum (Al) to produce OILED. The structure of OILED is depicted in Figure 1. 

 

 
Figure 1: Structure of organic-inorganic light emitting diode. 
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3. RESULT AND DISCUSSION  

  3.1(I–V) CHARACTERISTICS 

     The I–V behavior of (poly-TPD/CdSNPs) and (poly-TPD/CdSNPs/Alq3) are composed of 

three regions, as shown in Figure 2. The first region is below 4.5V for poly-

TPD/CdSNPs/Alq3 and at 8.6V poly-TPD/CdSNPs; the behavior in this region was linear 

which is an indication that the current transport is dominated by tunneling at low voltages. 

The second region below 21.5V for poly-TPD/CdSNPs and below 11.5V for poly-

TPD/CdSNPs/Alq3, where the current increases exponentially, the carriers injected into the 

dielectric are generated from the thermionic process occurring across the barrier. As a result, 

the number of free charges is much lower than the number of trapped charges and the current 

shows an exponential relationship to the voltage. With further increase of the applied voltage, 

the injected carriers increased rapidly and the traps filled in 21.5V for poly-TPD/CdSNPs and 

11.5V for poly-TPD/CdSNPs/Alq3.This region is named Traps-Filled-Limit Voltage (VTFL) 

which is the third region above VTFL. In this region, the current follows a power law (IαV2), 

because the transport through the OILED is governed by trapped–charge-limited current 

(TCLC) in CdSNPs’ band gap, which indicates that the injected free charge carrier density is 

considerably higher than the thermally generated free carriers; the conduction is by space-

charge limited current (SCLC) is dominant. This is consistent with Ahmad and Sayyad results 

[23].  Finally, the third region, which is the saturated current region, for poly-

TPD/CdSNPs/Alq3 was at a voltage higher than 21.5V, where the current was constant at a 

maximum value of 16.5μA. The current has decreased around 100 times with the addition of 

Alq3 because Alq3 is an electron transport layer, which prevents the confinement of electrons 

between Al electrode and CdSNPs. 

.  

 
Figure 2: I-V forward characteristics of the OILED. 

 

3.2 ELECTROLUMINESCES (EL) MEASUREMENT 

     EL measurements in the saturation current region at a forward voltage of 26V for the 

samples (poly-TPD/CdSNPs) and (poly-TPD/CdSNPs/Alq3) OILED were carried out with a 

fiber optic spectrometer (CCS Series, THORLABS Company, Germany). The EL spectra are 

depicted in Figure 3. 
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Figure 3: EL spectrum under forward bias voltage of 26V for the (poly-TPD/CdSNPs) and 

(poly-TPD/CdSNPs/Alq3). 

 

       The spectrum of poly-TPD/CdSNPs shows peaks at 348, 422, 457nm, and 546nm.The 

last peak (546nm) disappeared when Alq3 was added. This means that the transition from CB 

for CdS to HOMO for poly-TPD does not happen because of the increase of the diffusion 

current for poly-TPD but the exciplex generation increases [24]. The peak 407nm of the poly-

TPD/CdSNPs/Alq3 spectrum corresponds to TPD emission due to the fact that those peaks’ 

energy equals TPD’s band gap which is 3eV; this energy gap value was calculated using the 

EL wavelength peak (E = 1240/λ) [25]. The 407nm peak appears when using NPs where 

Auger-assisted energy that results from the nano-sized materials results in causing high Auger 

recombination cross section. In the case of the decrease of the TPD, injected holes across 

TPD/CdSNPs interface is decreased, as a result of energy offset (approximately 2eV) between 

HOMO level of the TPD and VB of CdSNPs, whereas electrons are injected efficiently into 

CB of CdSNPs. On the other hand, energy offset of (approximately 1.8eV) between CdSNPs 

results in the accumulation of the electron at the interface of TPD/CdSNPs. Upon the 

accumulation of charges at the interface of heterojunctions, holes and electrons form the 

interfacial charge transfer (CT) excitons, or exciplex states. Energy that is released from 

recombination of those CT excitons is transferred resonantly to proximal electrons in CB of 

CdSNPs via Auger process for the purpose of producing electrons that have sufficiently high 

energy to be injected to TPD’s LUMO. Those electrons are then recombined with holes in the 

polymer’s HOMO, leading to emissions of the photons with an energy that equals TPD’s 

HOMO-LUMO gap. Those processes are depicted in Figure 4. This analysis is in good 

agreement with that of Khan [15] and Cerdan-Pasaran et al. [16]. The excitations are through 

the energy transfer from TPD to CdSNPs due to the fact that the EL device structures are with 

sub-10 nm separation between the TPD and CdSNPs [17]. 

 

      The blue emission at around 451 and 457nm is a result of the transition between CB and 

VB for CdSNPs, which is called the band-to-band transition[3]. The emissions in the red zone 

(520 and 590nm) correspond to interstitials cadmium defect (Cd) to vacancy cadmium defect 

(VCd) transitions [7] or produced from surface state in nanostructure effect [3]. Vacancy 

defects are created when Cd atoms are missing in one of the lattice sites. While, interstitials 

cadmium defect is created if the cadmium atom occupies a position where there is usually no 

atom [7]. The mechanism transport of the charge and emission energy is illustrated in Figure 

4. 

546nm 

https://pubs.rsc.org/en/results?searchtext=Author%3AAndrea%20Cerd%C3%A1n-Pasar%C3%A1n


Naje et al.                                              Iraqi Journal of Science, 2023, Vol. 64, No. 12, pp: 6277- 6284 
 

6282 

 

 
Figure 4: Energy diagram of poly-TPD/CdS NPs/Alq3 hybrid device [8-10]. 

 

Figure 5 shows the electroluminescence spectra that were analyzed according to the CIE1976 

chromaticity diagram [25][26]. The blue light generated was calculated according to the 

following equations:  

 
 

     Where the X, Y and Z represent the area under the curve for the blue, green and red zones, 

respectively, and u' and v' are coordinates of chromaticity. 

 

      Chromaticity coordinates (u',v') can describe any color of light. Substituting the values of 

(u', v') from the diagram chromaticity (Figure 5) into Eqs. 1 and 2 gave the chromaticity 

coordinates for (poly-TPD/CdSNPs) and (poly-TPD/CdSNPs/Alq3) which were (0.21, 0.13) 

and (0.19, 0.15), respectively. The color of the emitted light was blue for both samples (with 

and without Alq3), but according to for Figure 2 when the Alq3 was added, the electrical 

current was very little. 

 

     Correlated color temperature (CCT) was computed by McCamy’s algorithm of 

approximation and CCT was calculated from u' v' chromaticity using the following equations: 

 
 

 The value obtained was equal to (1700K) for the emitted blue light.  
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Figure 5: The CIE 1976 chromaticity diagram for OILED. 

 

4. CONCLUSION  

     Nowadays, due to the fact that 25% of electricity consumption worldwide is utilized for 

lighting, light generation had drawn much interest for saving consumption of electrical energy 

for the purpose of reducing operating expenses and safety in comparison with traditional light 

sources. In this work, hybrid organic-inorganic NPs LEDs (OILED) from CdSNPs with hole 

injection organic (TPD) was fabricated. It proved to be effective in blue light generation. The 

color of the emitted light can be controlled by the defect state in the energy gap of CdSNPs. 

Blue light was also generated, but with much less current. The addition of Alq3 layer 

increased the transfer of electrons by about 250 times.  
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