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Following observations can be made when inspecting the samples:

• Samples where deposition was started using the CBD method

(3 and 4) lack uniformity, due to darker areas observed around the

center of the samples, compared to the edges.

• Samples where deposition was started using the SILAR method

(1 and 2) have more uniform CdSe layers compared to samples first

treated using the CBD method.

• Samples that were finished using the SILAR method (1 and 3) have

light dots on the surface, where CdSe either didn’t form, or fell off

during the process.

• Samples that were finished using the CBD method (2 and 4) are

darker and the CdSe layer covers the surface area more fully.
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Highly photosensitive, semiconductive cadmium selenide (CdSe), with bulk bandgap of 1.74 eV, has potential to be applied in photoconductor, light

emitting diode, photovoltaic and photoelectrochemical cell technologies. When coupled with mechanically and thermally stable, transparent in the

visible light range zinc oxide (ZnO) it should produce a functional layer for photovoltaic applications, where charge carriers excited by low energy

radiation in CdSe would be readily collected and directed to the outer circuit by the ZnO layer.

FTO substrates were ultrasonically cleaned in:

• Soap solution;

• Distilled water;

• Ethanol.

This was done to remove any fatty residues from the surface. After

cleaning they were dried at 100  C.

ZnO layer was deposited from a suspension of ZnO nanoparticles in

ethanol. The suspension was sonicated to keep the nanoparticles

agitated and to prevent their agglomeration. 10 depositions of ZnO

nanoparticles were carried out using the spin – coating technique,

where 0.5 ml of suspension put on the substrate spun at 3000 rpm for

30 seconds. Samples were annealed at 400  C after each deposition.

CdSe layers were deposited using successive ionic layer adsorption and reaction (SILAR) and chemical bath deposition (CBD) methods, as well as

two combinations of these methods. The combinations were carried out by performing half of the depositions using SILAR and half of the

depositions using CBD method, and they differ by which method was used first and which – second.

The SILAR method relies on dipping the substrate in an ionic solution

to adsorb ions on its surface and then dipping it into another ionic

solution for the adsorbed ions to react and form an insoluble layer.

Rinsing is required between ionic solution immersions to remove

excess unadsorbed ions and prevent reactions away from substrate –

solution interface. The ionic solutions used for CdSe deposition were

Cd(CH3COO)2 as Cd2+ source and Na2SeSO3 as the Se2- source, as

well as distilled water for rinsing. 30 (15 for combinations) deposition

cycles were performed to form the CdSe layer, with annealing at

400  C every 5 cycles.

For the CBD method, substrates are places in the reaction mixture

where the targeted insoluble compound precipitates. The reaction

mixture to obtain CdSe consists of Cd(CH3COO)2, Na2SeSO3 and a

chelating agent to slow down the rate of the reaction. Substrates were

treated in this mixture for 30 minutes and annealed at 400  C after

each deposition. 4 (2 for combinations) depositions using the CBD

method were performed to form the CdSe layer.

Fig. 1. Obtained samples with CdSe layers deposited using the 

following methods: 1) SILAR, 2) SILAR/CBD, 3) CBD/SILAR, 4) CBD

Fig. 2. X-ray diffraction patterns of samples:1) FTO substrate, 2)ZnO, 

3) SILAR, 4) SILAR/CBD, 5) CBD/SILAR, 6) CBD

Following observations can be made when looking at X-ray diffraction

(XRD) analysis results:

• FTO substrate’s phase composition remains unchanged by the

chemical processes performed on its surface.

• Peaks resulting from ZnO deposition at 31.7 , 34.3 , 36.2 , and

other lesser ones are only present on the CdSe sample, where only

the SILAR method was used. The ZnO layer dissolved into the

reaction mixture during the CBD process.

• CdSe peaks at 25.5 , 42.1 and 49.4 are wide, which means that

the crystallinity of deposited CdSe layers is poor.


