
 

 

1

Abstract— The optical characteristics of Si dome-tapered nanowires 

(NWs) solar cell (SC) are reported and analyzed by using finite 

difference time domain method. The geometrical parameters are 

studied to maximize the light absorption and hence the ultimate 

efficiency and short circuit current density of the reported NWs SC. 

The dome-shaped NWs show better absorption enhancement than the 

conventional conical design especially in the longer wavelength range. 

This is due to the better tapering gradient of the active material 

compared to the conventional conical-NWs. Therefore, the light 

reflection is reduced from the proposed NWs while the absorption is 

improved. The ultimate efficiency of the dome and conical shaped 

NWs are equal to 38% and 34.9%, respectively. Further, the achieved 

short circuit current density is equal to 33.6 mA/cm2 with an 
improvement of 12.5% compared to the conical-NWs. 

Index Terms— Plasmon surface resonance, Solar cell, Periodic 

boundary condition, Perfect matched layer. 
 

There is growing global demand for low cost solar cells 

(SCs) with high efficiency [1]. The 1st generation of bulk Si 

solar cell has high cost and it is still nearly 85% of the 

worldwide market. Thin-film (TF) based SC has been presented 

as a 2nd generation to reduce the cost. However, the power 

conversion efficiency has been reduced [2]. Over the past 

decade, nanowires (NWs) nanostructures [3]–[5] have been 

suggested to replace the thin film (TF) active material with 

better performance and low cost [6], [7]. The conventional 

cylindrical NWs array was proposed with an ultimate efficiency 

(ղ) of 12.5% [8]. In order to boost the efficiency of the NWs 

SC, different geometries are studied such as conical NWs [6] 

and nanohole (NH) NWs [9]. It has been shown that the NHs 

array exhibits a higher power absorption compared to the 

conventional NWs [10]. The conical nanostructure offers a 

superior top surface antireflection capabilities owing to the 

smaller Si volume of top nanocone surface [11]. It has been 

shown that conical NWs offer an ultimate efficiency of 36.3% 

with an improvement of 16.5% compared to the conventional 

NWs [6]. Tapered NWs SC also improved the photovoltaic 

characteristics by 23 % in the short circuit current compared to 

the bunched NWs array[12]. Further, dome-textured SC has a 

light absorption of 94% over wavelength range from 400 to 800 

nm compared to 65% absorption of the flat films SC [13]. To 

further increase the light harvesting, the dome-tapered NWs is 

optically studied in this paper compared to conventional conical 

NW.  

In this work, the dome-tapered NWs arranged in hexagonal 

lattice are studied to maximize the light absorption. Figure 1 

shows the 3D diagram and the unit cell of the studied dome-

tapered NWs. A logarithmic gradient factor (m) of the NW 

tapering is defined to govern the NW tapering in the 

longitudinal direction which equals to unity for perfect conical 

NW. The total length of the studied SC is taken by 2330 nm to 

be comparable to the thickness of the  typical planar TF SC [8]. 

In this study, the NW thickness (��) is taken by 2000 nm and 

thus the substrate length is equal to 230 nm. Similar to structure 

of the Moth-eye insect [14], the NW array is set in hexagonal 

lattice. The bottom NW radius (��) is taken as 300 nm as 

suggested in [15] while the periodicity is equal to 600 nm.  

 

 
Fig. 1. (a) 3D view of dome-tapered NW array architecture, (b) the 

corresponding single NW in 2D and (c) the side-view in x-z plane of 

the studied unit cell with a bottom Si substrate and metal contact. 
 

A tapering parameter (m) is defined to control the NW dome 

tapering from the conventional cone-shaped NW. The NW 

radius at a certain z-position (��) from the Si substrate-top can 

be given by 

�� = ��[1 −



��
]�/� 

(1) 

where �� is the NW length, �� is the NW bottom-radius of the 

NW and z is the distance from the substrate top. In this study, 

the taper order is taken as 3 while m=1 for conventional cone-

NW. The finite-difference time-domain (FDTD) method is 

utilized to study the optical characteristics  of the reported 

design via FDTD Lumerical software package [16]. To mimic 

the open boundaries and absorbing the outgoing field waves, a 

perfect matched layer (PML) is used in z-direction as shown in 

Fig. 1(b). In addition, to reduce the computational time, a 

periodic boundary condition (PBC) layer is taken in the 2D 

lateral direction (x- and y- planes) [5]. The optical absorption 

(A) of the studied NW structure is investigated by evaluating 

the reflectance (R) and transmittance (T) though a frequency 

domain field monitor as shown in Fig. 1 (c). The material 

permittivity of the Si material and the Ag metal constant are 
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evaluated based on Palik model [17]. In this study, the geometry 

of the proposed NWs is swept to maximize the ultimate 

efficiency (η) and then the short circuit current density (Jsc). To 

evaluate the useful absorption capabilities of the reported 

nanostructure, the ultimate η is weighed which is identified by 

[8]: 

η =
� ��λ) ∗

�

��
∗ A�λ)�λ   

��

�����

� ���λ)�λ
 �����

�����

× 100  �%) (2) 

where  ���λ) is the global solar irradiance (AM-1.5G) well-

defined by the American Society for Testing and Materials 

(ASTM) with an average solar power of 100 mW/cm2 [5]. The 

minimum and maximum of the solar spectra have wavelengths 

of 300 nm and 4000 nm, respectively and λ$ = 1100 nm  is the 

bandgap wavelength of Si corresponding to bandgap energy of 

1.12 eV [18]. Regarding to the optical investigation, every 

absorbed photon (i.e. ' ≤ bandgap wavelength) creates only 

one electron-hole (e-h) carrier. Consequently, the ideal J*+  can 

be estimated from the ultimate η as given in [19]  

Figure 2 shows the absorption of the studied NWs design 

with tapering factor of 3 compared to the conventional cone-

NWs structure with m=1. It may be seen that the suggested 

design has better absorption than the conventional conical NWs 

for longer wavelength than 600 nm. The achieved light 

absorption enhancement is due to the increase of the tapering 

gradient of the active material compared to conventional 

conical-NWs design. Such gradual volume growth lessens the 

light reflected and enhance internal light reflections inside the 

active material of the suggested dome-tapered NW structure 

[15]. Further, the waveguide modes coupling through the 

suggested tapered NW are increased which increase the light 

absorption. The ultimate , of the suggested and conventional 

NWs are equal to 38% and 34.9%, respectively. The superior 

Jsc and of the optimized-dome-NW design are equal to 33.6 

mA/cm2 with an improvement of 12.5% compared to the 

reported conical-NW designs.  

 

 

Fig. 2. Absorption spectra for the dome and conical NWs.   
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