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ABSTRACT 

The development of high performance photovoltaic technology for fulfil renewable energy demand is grown in 

enormous progress which reflected by many kind of solar cell. Started by silicon and thin film based, photovoltaic power 

conversion has been boosted to the highest level with high cost requirements. Dye sensitized solar cell (DSSC) arrived to 

answer a low cost solar cell, but still estricted by low power conversion factor.  We fabricate DSSC based on ZnO 

nanomaterial by layering the nanostructure with boron, a promising metal dopant.  In this paper we report a role of time 

immersion to the performance of the cell. The nanostructure was successfully grown on fluorine tin-oxide (FTO) by seed-

mediated hydrothermal method at 90
o
C for 8 hours. The nanomaterial was immersed by boron solution for 10, 20, 30, and 

60 minutes. Samples were characterized by UV-Vis spectroscopy, X-ray Diffraction (XRD), field emission scanning 

microscope (FESEM), and energy dispersive X-ray (EDX). While the performance of DSSC cells is measured by 

analyzing the characteristic curve of I-V. The cells are fabricated by arranging cells to form sandwich structures, which 

consist of FTO, ZnO nanomaterials, dye, electrolyte, and a counter electrode. I-V characterization of cells carried out under 

standard irradiation of 100 mW.cm
-2

 halogen lamps. The highest power conversion factor of 0.25% is obtained at 30 

minutes boron immersion time. 
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1. INTRODUCTION 

Global energy demand continuously increases 

due to population growth and rapid growth in electric 

devices and vehicles. Non-renewable energy sources, such 

as crude oil, natural gas and coal [1, 2], are still to be 

primary source for generating electricity. As a renewable 

Solar cell has developed for longer time since silicon solar 

cell is demonstrated for electric power conversion from 

solar energy in 1954 [3].  Solar cell has transformed from 

silicone-based, thin-film to dye sensitized solar cells 

(DSSCs) [4-7], and the latest is perovskite [8]. 

As third generation of solar technology, DSSCs 

provides effective charge separation that allows electricity 

to be generated even though in low light condition. 

Development of DSSCs started in 1991 to imitate 

photosynthesis system for generating electricity [9]. 

Currently, DSSC is still in research phase to enhance its 

efficiency. The average highest efficiency of this new type 

of solar cell is 13% [10]. Overall DSSC is considered as a 

low cost, simple and a promising technique to provide 

high performance of electrical generation. Furthermore, 

the cost of manufacturing of this DSSC is much lower 

compared to silicone-based and thin film solar cell. 

In DSSC, active material is important to mediate 

charge transfer. ZnO nanomaterial is one of the candidate 

for active material, but need be improved because low 

charge carrier sources. By doping with other elements, 

electron mobility can be enhanced and the power 

conversion can be boosted [11-14]. Some physical 

parameters that influence on the growth of ZnO 

nanomaterial that is solution concentration, growth time, 

dopant insertion or layering, and annealing temperature 

[13-15]. In this study, the chosen physical parameter is the 

growth time, this is because the influence of time on the 

ZnO nanomaterial is quite significant [15] 

This paper reports investigation of the role of 

time immersion of boron layering on the performance of 

DSSC of ZnO nanorods. Seed-mediated hydrothermal 

method was used to growth the ZnO nanomaterial [15-18]. 

To observe the influence of boron layering to the 

formation of ZnO nanorod structure, the sample of ZnO 

seed was immersed into trimethyl borate solution for 

various time. Layer of boron atom on ZnO nanorod 

structure was quietly difficult to be clear observed by 

FESEM characterization, but EDX analysis proof the 

presence of boron atom. The objective of this work is to 

obtain high-performance ZnO nanomaterials for DSSCs 

through analysis of morphological and optical properties, 

as well as cell performance test. 

 

2. RESEARCH METHOD 

 

2.1 ZnO nanomaterial growing 

The first step to grow ZnO nanomaterials is 

creating a precursor solution consisting of 0.04 M 

zincnitrate hexahydrate (ZNH) in 12.5 ml DI water and 

hexamethlenetetine (HMT) 0.14 M in 12.5 ml DI water. 

Both materials are dissolved using ultrasonic bath, then 

mixed in a synthesis bottle. Then, 200 µL precursor 

solution is dispersed on the FTO surface by spin coater for 

30 seconds at 3000 rpm The sample is heated on a hot 

plate for 15 minutes at 105
o
 C. The same process is repeat 

for three times to achieve a homogeneous nanostructure 

[14, 15]. The substrate put into a synthesis bottle, where 

the seeding part is faced to the wall of the bottle. Samples 

were grown in an oven at 90° C for 8 hours, cleaned using 

DI water, and dried using a dryer. 
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2.2 Boron layering 
The prime solution for boron layering is obtained 

by dissolving 60mM trimethyl borat and 25ml DI water/ 

Boron layering is conducted by immersion method at 

temperature of 90
o
C for 10, 20, 30, and 60 minutes. The 

sample is inserted horizontally into synthesis bottle for 

layering process. After each immersion time is up, the 

sample is rinsed and placed into furnace for annealing at 

temperature of 250
o
C.  

 

2.3 Cell fabrication and characterization 

The cell is fabricated by forming a sandwich 

layer, which consists of FTO (with nanomaterial ZnO + 

boron), dye, electrolyte, and platinum counter electrode 

[4-6]. Cell arrangement begins by drawing up the active 

zone boundary of platinum catalyst of 0.23 cm
2
 using 

parafilm. The sample is placed oppositely to counter 

electrode which separated by a parafilm and the cell sides 

are clamped. Then, an iodolyte electrolyte solution is 

injected between the boundary of the substrate and counter 

electrode. As the last step, the cell is irradiated by halogen 

lamp with standard intensity of 100 mW.cm
-2

 for obtaining 

the cell performances. Other characterization devices, such 

as FESEM, EDX, UV-Vis and XRD spectroscopy, are also 

applied for obtaining optical and electronic properties of 

the cell. 

 

3. RESULTS AND DISCUSSIONS 

 

3.1 Morphology of ZnO Nanomaterial 
The morphology of ZnO nanomaterial with 

variations in the time of boron coating 10 minutes, 20 

minutes, 30 minutes and 60 minutes is shown in Figure-1. 

In the FESEM photo, it can be seen that the ZnO nanorod 

doped with boron atoms grows on the FTO surface with a 

cross-section shape six (hexagonal). The coating time 

treatment of the sample produced ZnO nanorods with 

varying diameter sizes. The small diameter, the 

homogeneity of the nanorod, and the high density of the 

ZnO nanorod will produce samples that have a better 

absorption rate and can be applied to various devices [19-

21]. 

 

 
 

Figure-1. Morphology of ZnO nanorod with magnificent 

of 50000. a. 10 minute, b. 20 minute, c. 30 minute, 

 d. 60 minute.

 

 
 

Figure-2. EDX spectrum of a sample that has been overgrown by ZnO nanorod coated with boron 

with variation of coating time. 
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Figure-2 shows information related to the 

presence of elements in the sample through the peaks in 

the EDX spectrum, in addition to the characterization of 

EDX also provides information about the weight 

percentages of the components of the sample as shown in 

Table-1. The EDX spectrum analysis shows that for each 

sample having five peaks for element zinc (Zn), one peak 

for element oxygen (O) and boron (B). Element Zn 

appears at 1.0 keV, 8.6 keV, and 9.6 keV, element O 

appears at 0.5 keV, element B appears at 0.1 keV. The 

data is generated from all samples with variations in 

coating time, meaning that all samples display the same 

results, but the percentage of weight and number of atoms 

is different. 

 

Table-1. Content of Zink, Oxygen, and Boron. 
 

No Time (minutes) Zinc content Oxygen content Boron contetn 

1 10 80.5 19.5 <0.1 

2 20 80.7 19.3 <0.1 

3 30 65.1 16.8 not available 

4 60 79.8 20.2 <0.1 

 

3.2 Optical properties 

 

 
 

Figure-3. Reflectance spectrum of the samples. 

 

The gap energy value is obtained using the 

extrapolation method. Extrapolation results for pure ZnO 

nanorod samples provide a gap energy value of 3.27 eV. 

Boron coating on the ZnO nanorod lattice results in 

narrowing or decreasing the gap energy to 3.24 eV for 

samples with a boron coating time of 10 minutes. The 

smaller the gap energy value, the better the absorption 

ability and the level of electron mobilization [20]. 

For to determine the gap energy of the sample, 

then Figure-3 is transformed into a graph (αhν)2
 vs (hν) 

which produces the graph in Figure-2. The gap energy is 

generated from the plot (αhν)2
 to the photon (hν) by taking 

a linear line so that it intersects with the X axis (axis (hν)), 
it can be determined the value of the energy gap at the 

intersection [22, 23]. Gap energy is the movement of 

electrons to move from the conduction band to the valence 

band. Based on Figure-4, the gap energy values obtained 

are shown in Table-2. The gap energy obtained is lower 

than the ZnO gap energy of 3.24 eV [24]. 

 

 

 

Table-2. Calculated band gap of the sample. 
 

Sample (minutes) Gap energy(eV) 

0 (Pure) 3.27 

10 3.24 

20 3.24 

30 3.25 

60 3.25 

 

 
 

Figure-4. Plot of (αhν)2
 vs (hν) for band gab analysis. 

 

 
 

Figure-5. XRD patern of the nanomaterial ZnO. 
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The peaks of the diffraction spectrum shown in 

Figure-5 indicates that the sample formed is crystalline, 

marked by sharp peaks. This phenomenon is formed when 

the interference pattern is constructive. The more 

constructive interference patterns that occur the more 

crystalline structures that are formed are represented by 

the peaks of the spectrum formed in the diffraction pattern 

[25]. 

 

Table-3. FWHM  value dan crystal size of the sample. 
 

Sample 

(minutes) 
FWHM (°) 

Crystal size 

(nm) 

10 0.195 44.58 

20 0.217 40.06 

30 0.206 42.20 

60 0.201 43.25 

 

From Table-3, it can be concluded that the 

sample with a time of 10 minutes has the highest 

crystallinity. This can be seen from the highest intensity 

and the smallest FWHM value. This smallest FWHM 

indicates that the spectrum formed is the narrowest so that 

the size of crystalline in large samples. This crystalline 

size is inversely proportional to the FWHM value. Large 

crystallite size causes constructive interference that occurs 

in the field is increasingly high [26, 27]. 

 

3.3 Cell performance 

 

 
 

Figure-6.  J-V curve of the cells under dark illumination. 

 

The effect of boron coating on DSSC 

performance was evaluated by analyzing the 

characteristics of I-V under a halogen lamp beam with a 

power intensity of 100 mW.cm
-2

. Figure-6 is a J-V graph 

for measurements when exposed to 100 mWcm-2 light. 

When a cell is illuminated by light, more and more 

electrons are attracted to the conduction band, both from 

the active material and electrons from the dye. Figure-6 

shows that the lower the boron coating time, the value of 

the current density at the maximum power point produced 

increases. Increasing the current density at the maximum 

point indicates that the number of electrons flowing at the 

same time is increasing [26, 27]. 

Table-4 shows the DSSC physical performance 

which measured by J-V in cells with boron coated ZnO 

nanomaterials with variations in growth time, based on 

these data, the value of current density at the maximum 

power point and cell efficiency decreases with increasing 

coating time. The higher the current density produced due 

to voltage, the value of efficiency increases as well [26, 

27]. 

 

Table-4. Performance of the fabricated DSSC. 
 

Sample VOC (V) 
JSC 

(mAcm
-2

) 
VMPP (V) 

JMPP 

(mAcm
-2

) 
FF (%) ɳ (%) 

pure 0.53 0.82 0.33 0.38 0.29 0.13 

10 minutes 0.48 1.43 0.30 0.85 0.37 0.25 

20 minutes 0.47 0.97 0.30 0.58 0.38 0.17 

30 minutes 0.46 0.98 0.29 0.57 0.37 0.16 

60 minutes 0.48 0.75 0.28 0.44 0.34 0.12 

 

4. CONCLUSIONS 

ZnO nanomaterials have been successfully grown 

on FTO with variations in the time of boron coating using 

the seed mediated hydrothermal method. The effects of 

boron coating affect the physical properties of the ZnO 

nanomaterial. This can be seen from the level of 

absorption, the nature of its crystallinity, the morphology 

of the ZnO nanomaterials and DSSC performance. The 

increasing time of boron coating affects the absorption 

rate; the absorption rate tends to decrease with increasing 

growth time. The effect of increasing the time variation of 

boron coating affects the decrease in intensity on the XRD 

test results graph so that it affects the FWHM. The 

increasing time of coating the level of crystallinity tends to 

decrease. Boron coating has an effect on the shape of the 

ZnO nanomaterial produced. The increasing time of boron 
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coating causes homogeneity and diameter size of a sample 

to vary and unevenly, this is because the length of time of 

coating makes ZnO nanomaterials formed thinner. Boron 

coating on ZnO nanorods has the effect of increasing 

DSSC performance. DSSC performance with active 

material ZnO nanorods coated with boron produces better 

performance than without the coating, which is 0.13% for 

pure ZnO and 0.25% for boron coated ZnO. 
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