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Helical SiNW design with a dual-peak response for
broadband scattering in translucent solar cells†

Zhongliang Gao, a Qi Geng,b Zhe Wang,a Ting Gao,b Yingfeng Li, a Lei Chenb

and Meicheng Li *a

Nanowires are widely used in optics, optoelectronics, photocatalysis, and photovoltaics because of their special

optical properties. However, the narrow response spectrum of silicon nanowires (SiNWs) reduces the advantages

of applications in photovoltaics. In this work, we designed a helical SiNW with an adjustable ultra-wide scattering

spectrum for improving the light absorption of translucent solar cells by a simulation method combining optical

and electrical dual physical fields. It is found that the helical SiNWs have three independent controllable

characteristic scales to produce a dual-peak response in the scattering spectrum. Moreover, the position of the

first peak can be accurately adjusted according to the comprehensive equation, and the radius and radial

distance of the helix can adjust the position of the second peak. In addition, the distance between the two

peaks can be flexibly adjusted to achieve a wide response spectrum, which realizes basically coverage of the

optical gap absorption range of Si materials. Finally, the helical SiNWs are applied to a translucent SiNW array

solar cell, and the light absorption increased to 40.86%, and the power conversion efficiency (PCE) increased to

5.85%, which is 40.03% and 50.39% higher than that of the cylindrical SiNW array solar cell, respectively.

1. Introduction

Nanowires have excellent optical and electrical properties to be
widely used in photovoltaics, photoelectric, sensors, biology,
and other fields.1–7 Silicon nanowire (SiNW) is a typical semi-
conductor nanowire, which combines the semiconductor
properties of Si materials and nano-scale optical effects.8–10 It is
applied in photoelectric conversion and energy storage devices.11,12

A single SiNW has excellent optical focusing performance, and it
can achieve light absorption several times its own area and
scattering dozens of times its own area.13–16 The light scattering
and absorption generated by a single SiNW are coupled in the
SiNW array to achieve a good light trapping effect on the Si
surface.10,17,18 The new generation of Si-based solar cells prepared
using SiNWs as the active layer is expected to break through the
limitations of traditional solar cells, such as no toughness, no light
transmission, bulky volume, and so on.19,20 However, the light
absorption of this translucent solar cell without Si substrate
depends more on the optical properties of a single SiNW.

The peak in the response spectra of a single SiNW is usually
only one, with strong intensity and narrow width.14–16,21 The

intensity of the peak depends on the height of the SiNW, and
the position of the peak can be adjusted by the diameter of the
SiNW, but the width of the peak is difficult to adjust. According
to the phenomenon that different scales of a single SiNW
correspond to different peaks, researchers designed SiNWs
with multiple scales, such as trilobal SiNWs, conical SiNWs,
funnel-shaped SiNWs, etc.22–25 In our previous research study,
we proposed a comprehensive equation of SiNWs according to
these laws to quantitatively establish the relationship between
the scale and the peak of SiNWs.26 In addition, according to the
leaky mode theory of waveguide, the shape of SiNWs is
designed for more modes, and the response spectrum width
of SiNW is improved by more peaks.27,28 However, the range
difference of different scales is small, the position of the peak is
close, and the expansion of the peak width is very limited.
Moreover, there is a strong correlation between the positions of
the peaks in the SiNWs that broaden the spectrum by increasing
the number of peaks. Therefore, it is difficult to realize the
independent regulation of multiple peaks, which reduces the
ability of response spectrum regulation.

In this work, a helical SiNW with a three-dimensional scale
was designed, which has two peaks in the response spectrum,
and each peak can be adjusted independently. The cylindrical
radius can accurately adjust the position of the first peak, and
the helical radius and radial distance can adjust the position of
the second peak. The distance of the two peaks can be adjusted
in the range of 200 to 900 nm, more importantly, the width of
the two peaks almost covers the optical band gap absorption

a State Key Laboratory of Alternate Electrical Power System with Renewable Energy

Sources, School of New Energy, North China Electric Power University, Beijing,

102206, China
b School of Mathematics and Physics, North China Electric Power University,

Beijing, 102206, China. E-mail: mcli@ncepu.edu.cn

† Electronic supplementary information (ESI) available. See DOI: 10.1039/
d1ma00988e

Received 23rd October 2021,
Accepted 7th December 2021

DOI: 10.1039/d1ma00988e

rsc.li/materials-advances

Materials
Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

3 
D

ec
em

be
r 

20
21

. D
ow

nl
oa

de
d 

on
 3

/1
5/

20
26

 2
:0

4:
57

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue

http://orcid.org/0000-0001-8211-9985
http://orcid.org/0000-0001-7083-7269
http://orcid.org/0000-0002-0731-741X
http://crossmark.crossref.org/dialog/?doi=10.1039/d1ma00988e&domain=pdf&date_stamp=2021-12-22
http://rsc.li/materials-advances
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d1ma00988e
https://pubs.rsc.org/en/journals/journal/MA
https://pubs.rsc.org/en/journals/journal/MA?issueid=MA003002


954 |  Mater. Adv., 2022, 3, 953–961 © 2022 The Author(s). Published by the Royal Society of Chemistry

range of the Si material. When helical SiNWs are applied to
translucent SiNW array solar cells, it increases the width of the
light absorption spectrum, especially at the wavelength of
400 nm. Finally, the light absorption of translucent solar cells
with helical SiNW array is increased by 40.02% and the power
conversion efficiency (PCE) is increased by 50.39%.

2. Methods

All optical calculations are performed by the finite element
method (FEM) and all electrical calculations by the finite
volume method (FVM) through the software COMSOL
Multiphysics 5.6a. The refractive index of all materials is derived
from the online database refractiveindex.inf. The three-
dimensional models of SiNWs, SiNW arrays, and electrical models
of SiNW arrays are built in the software with their own CAD tools.
Different SiNWs have the same volume or the same height. The
geometric parameters of each SiNW used in the calculation are
listed in the ESI† in detail. All calculations have been verified in
the previous work to ensure the accuracy of the calculation.20,29

The model of light scattering, absorption, and extinction of
a single SiNW is set as the cube space as the calculation
domain, and a perfect matching layer (PML) with a thickness
greater than half a wavelength is set outside the calculation
domain to simulate the absorption of scattered light. The detailed

geometric parameters of the model are in the ESI.† The maximum
value of the finite element mesh is set to be less than one-sixth of
the wavelength in the medium to ensure the accuracy of the
calculation. The reflectivity, absorptivity, and transmissivity of
SiNW arrays are set as the calculation domain with periodic
boundary conditions, and the perfect matching layers with a
thickness greater than half the wavelength are set at the upper
and lower ends to simulate the light absorption at infinity.
The detailed geometric parameters of the model are in the ESI.†
The maximum value of the finite element mesh is set to be less
than one-sixth of the wavelength in the medium to ensure the
accuracy of the calculation. The electrical model of the nanowire
array solar cell is a three-dimensional model, which is calculated
by FVM. The optical absorption used in the electrical calculation
is the optical absorption obtained in the SiNW array. The two
ends of the model are set as metal contact, PEDOT:PSS is the
heterojunction contact with Si, the impurity concentration of Si
material is 1016 cm�3, and the scanning voltage range is 0 to 0.7 V.

3. Design and optical properties of
helical SiNWs

According to the research experience of SiNWs, we proposed a
comprehensive equation in our previous research, which can
effectively predict the relationship between the response peak

Fig. 1 Design and basis of SiNWs. (a) The structure diagram and comprehensive equation parameters of cylindrical SiNWs. (b) The relationship between
the position of the main peak in the extinction spectrum and the geometric parameters calculated by the comprehensive equation. (c) The structure of
helical SiNW, including shape and geometric parameters. (d) The complex refractive index of Si material and solar spectral AM1.5G energy flux density.
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of SiNWs and geometric parameters, as shown in Fig. 1a.26 The
comprehensive equation is as follows,

l = A – B � H + C � (2 � r) + D � H � (2 � r) + E � (2 � r)2

(1)

where lm is the position of the peak in the response spectrum,
A, B, C, D, and E are the determined coefficients, H is the height
of the cylindrical SiNW, and r is the radius of the cylindrical
SiNW. After calculation, the relationship between lm and H and
r is obtained, as shown in Fig. 1b. The position of the peak
increases with the increase in r, and there is an obvious linear
relationship between them. The position of the peak with a
radius in the range of 10 to 100 nm can be adjusted in the range
of 370 to 1325 nm. With the increase in H, the position of the
peak will also increase linearly, but the increase is not obvious,
especially at the position with a small radius.

Through the comprehensive equation of cylindrical SiNWs,
we designed helical SiNWs, and the structural diagram is
shown in Fig. 1c. The radius r of the cylindrical SiNW is
the first scale, the helical radius R is the second scale, and
the helical radial distance h1 is the third scale. The scale of the
cylinder is quite different from that of the helix, and
the corresponding peaks should be far away. Compared with
the previously designed SiNWs, it has a wider response spectrum.
In the comprehensive equation, it can be concluded that the
different heights of cylindrical SiNWs have a negligible effect on
the position of the peak, so the position of h1 first peak has little
effect. When the volume, cylindrical radius, and helical radius
remain unchanged, the radial distance h2 increases, which will
make the helical SiNWs closer to the cylindrical SiNWs. The
second peak weakens and gradually disappears with the increase
in radial distance h2. The refractive index of the Si material and
AM1.5G spectral data are shown in Fig. 1d. When the wavelength
is greater than 500 nm, the imaginary part in the complex
refractive index of the Si material is very small, which indicates

that the light absorption of Si becomes very weak. At this time,
the corresponding light intensity is at the maximum position.
Therefore, in order to improve the light absorption of Si in this
wavelength range, we selected a radius of 40 nm and a height of
3 mm cylindrical SiNWs as a control, and then helical SiNWs were
designed. The cylindrical radius of helical SiNWs is set to 40 nm,
and the position of the corresponding first peak should also
correspond to about 500 nm. The position regulation of the first
peak is relatively clear, and the position of the second peak should
be the focus of the exploration of the helical SiNWs.

The scattering, absorption, and extinction spectra of cylindrical
and helical SiNWs are calculated by FEM, as shown in Fig. 2a.
The relationship between the three can be expressed by the
following formula,

Cext = Cabs + Csca (2)

where Cext, Cabs, and Csca are the extinction cross-section,
absorption cross-section, and scattering cross-section,
respectively. There are two peaks in the scattering spectrum
of helical SiNWs. The first peak is in the shortwave range and
the position of the peak is 520 nm. This is consistent with the
position prediction of the first peak in the design of helical
SiNWs, which is due to the peak generated by the cylinder of
helical SiNWs. As shown in Fig. 2b, when the incident light
wavelength is 520 nm, it resonates with the cylindrical position
of the helical SiNW, and the electric field intensity generated at
the cylindrical position is the strongest. The second peak is in
the long wavelength range, and the position of the peak is at
780 nm. This is the peak generated by the helix. As shown in
Fig. 2b, when the incident light wavelength is 780 nm, the
electric field intensity at the position where the helix is located
is the largest. Due to the distance between the two peaks, the
superposition width of the two peaks has basically covered the
light absorption range of the band gap of the Si material.
There is only one peak in the absorption spectrum, and the

Fig. 2 Optical properties of two kinds of single SiNWs. (a) Csca and Cabs and Cext of cylindrical and helical SiNWs, where cylindrical SiNW H is of the same
height as the helical SiNW, and cylindrical SiNW V is of the same volume as helical SiNW. (b) The surface potential distributions of cylindrical SiNW V and
helical SiNWs at the two response peaks.
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intensity of the second peak is very low and can be almost
ignored. This is due to the limitation of the optical absorption
coefficient of Si materials. Extinction is the sum of light
absorption and scattering. The width of the extinction spectrum
is basically the same as that of the scattering spectrum.

In contrast, cylindrical SiNWs have only one peak in the
scattering, absorption, and extinction spectra, as shown in
Fig. 2a. The volume of cylindrical SiNW V is the same as that
of helical SiNW, and the height of cylindrical SiNW H is the
same as that of helical SiNW. Fig. 2b is the electric field
distribution diagram of cylindrical SiNW V. When the incident
light wavelength is 520 nm, the electric field intensity of
cylindrical SiNWs is large, and the maximum electric field
intensity is 5.23 V m�1, which is 0.66 V m�1 higher than the
maximum electric field intensity of helical SiNWs of 4.57 V m�1.
When the wavelength of incident light is 780 nm, the maximum
electric field intensity of cylindrical SiNWs is 0.63 V m�1, which
is much lower than that of helical SiNWs. It is proved that the
helical SiNWs have two peaks due to two different structures.
In helical SiNWs, the position of the first peak can be adjusted by
the cylindrical radius, which is basically consistent with the
variation law of cylindrical SiNWs and conforms to the law
expressed by the comprehensive equation of cylindrical SiNWs.
The position of the second peak is determined by the helix. The
relationship between the two characteristic scales of the helix,
radial distance and helix radius, and the position of the second
peak is uncertain.

The relationship between the helical radial distance and
helical radius of helical SiNWs and the response spectrum is
explored, and the results are shown in Fig. 3. The response

spectrum corresponding to the helical radial distance ranging
from 160 to 800 nm is shown in Fig. 3a–c. With the increase in
radial distance, the position of the second peak undergoes a
redshift. When the radial distance increases to 400 nm, the
intensity of the second peak increases to the maximum and
gradually weakens and disappears. The position of the first
peak hardly changes, but the intensity increases with the
increase in radial distance. This is because on the premise of
keeping the volume unchanged, with the increase in radial
distance, the number of helical rings gradually decreases and
becomes closer to the shape of cylindrical SiNWs. When the
radial distance increases to 800 nm, it is consistent with the
response spectral characteristics of cylindrical SiNWs.
The response spectrum corresponding to the helical radius
range of 80 to 180 nm is shown in Fig. 3d–f.

With the increase in helical radius, the position of the
second response peak gradually redshifts. Compared with
the regulation of radial distance, the adjustable range of the
position of the second peak is larger. Therefore, the position of
the second peak can be adjusted by a combination of helical
radial distance and radius. The position of the first peak will
also blue shift with the increase in helical radius, but the
moving range is small. It can be considered that the geometric
parameters of the helix have little effect on the position of the
first peak.

The purpose of broadening the response spectrum range of
SiNWs is to obtain more light absorption as much as possible
in photovoltaic applications. Combined with the solar
spectrum AM1.5G, the total energy of extinction, scattering,
and absorption of SiNWs under different geometric parameters

Fig. 3 The optical cross-sections of different helical SiNWs. (a) Csca (b) Cabs (c) Cext of helical SiNWs with different radial heights, and (d) Csca (e) Cabs

(f) Cext of helical SiNWs with different helical radii.
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are calculated by the following formula,

E¼
ðl2
l1

CðlÞIðlÞdl (3)

where E is the total energy of light, C is the optical cross-
section, and I is the irradiance under the AM1.5G spectrum.
Considering the light absorption range of the Si material, l1 is
set to 300 nm and l2 is set to 1100 nm. To calculate the total
energy of extinction, scattering, and absorption, only three
corresponding optical cross-sections need to be brought into
formula 3 for calculation, and the results are shown in Fig. 4.
It can be obtained that with the increase in the helical radial
distance, the total light scattering and extinction change is
negligible when the helical radial distance is less than 400 nm,
and reach the maximum when the radial distance is 400 nm.
As the radial distance of helical SiNWs continues to increase,
the total extinction and scattering gradually decrease. This is
because the intensity of the second peak reaches the strongest
when the radial distance is 400 nm. With the continuous

increase in the radial distance, although the response spectrum
width increases, the intensity of the second peak decreases
gradually, resulting in the gradual decrease of total light
scattering and extinction. For light absorption, it can be found
that the absorption spectrum in Fig. 3b does not change much
in the width of the response spectrum with the increase in the
radial distance of the helix, and the intensity of the peak
gradually increases. Therefore, the total light absorption
increases with the increase in radial distance.

With the increase in helical radius, the extinction and
scattering energy increase gradually. This is because the width
of the response spectrum increase of the helical radius, and the
scattering and extinction energy increases with the increase
of the response spectrum width. Light absorption showed a
downward trend first and then an upward trend. It can be
found from Fig. 3e that with the increase in the radius of the
helix, the position of the peak of the absorption spectrum
basically does not change, but the light absorption intensity
in the wavelength range of 300 to 400 nm gradually increases,
which makes the total light absorption also show an increasing
trend. In contrast, the light absorption of a single cylindrical
SiNW is much greater than that of helical SiNWs, and the
scattering and extinction ability is much lower than that of
helical SiNWs. In SiNW array solar cells, due to the limitation of
light absorption of Si materials, scattered light energy is more
important for long-band light absorption.

4. Optical and electrical properties of
helical SiNW array solar cells

Helical SiNWs with wide spectral scattering are applied to
translucent SiNW array solar cells. The solar cell structure is
shown in Fig. 5a. This type of solar cell with cylindrical SiNWs
has been prepared in experiments. Using Si micron wires, a
PCE of nearly 9% can be obtained.19 The helical SiNWs and
helical nanowires of other materials can also be prepared in the
experiment.30–34 Therefore, it is possible to prepare translucent
helical SiNW array solar cells in the experiment. The PEDOT:PSS
film forms a heterojunction on the top of SiNWs. Light is

Fig. 4 Extinction, scattering, and absorbed energies of SiNWs under
AM1.5G solar spectrum. Extinction, scattering, and absorbed energy of
cylindrical SiNW and helical SiNWs with different (a) radial distances and (b)
helical diameters.

Fig. 5 The models of helical SiNW array solar cells. (a) The structure of
helical SiNW array solar cells. (b) Calculation model of reflectivity, absorp-
tivity, and transmissivity of helical SiNW array solar cells.
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incident from one side of PEDOT:PSS film and transmitted from
the ITO side. The model used in the optical calculation of SiNW
array solar cells is shown in Fig. 5b. The calculation details can
be found in the ESI.†

The reflectivity, absorptivity, and transmissivity of different
SiNW array solar cells are shown in Fig. 6. The area of the
dotted line and transmittance curve is the light absorption
generated by the ITO film, and the area surrounded by the
dotted line and reflectivity curve is the light absorption of the
PEDOT:PSS film. These two parts of light absorption cannot
produce carriers, which is called parasitic light absorption of
the functional layer. Fig. 6a shows the reflectivity, absorptivity,
and transmissivity spectra of solar cells without a SiNW array.
At this time, the light absorption is parasitic light absorption,
and there is less absorption without SiNWs. In the shortwave
range, ITO films absorb more light, and with the increase in
wavelength, the light absorption of PEDOT:PSS films increases
gradually, and the total light absorption is 6.62%. Taking this
as a reference, it can be found that the light absorption of
translucent solar cells with SiNW arrays increases significantly,
and the parasitic absorption generated by PEDOT:PSS films and
ITO films decreases significantly. Fig. 6b shows the reflectivity,
absorptivity, and transmissivity spectra of the cylindrical SiNW
H array transparent solar cell. The light absorption of the SiNW
array has an obvious absorption peak at the wavelength of

500 nm, which corresponds to the peak of a single SiNW here.
With the increase in the height of SiNWs, the position of the
peak has some redshift, and the intensity of the peak increases,
but the overall characteristics have not changed. This is
consistent with the optical properties of a single SiNW. When
the SiNW array is a helical SiNW, the light absorption is very
strong in the range of wavelength less than 550 nm, which is
much higher than that of the SiNW array, as shown in Fig. 6d.
When the wavelength is greater than 550 nm and less than
800 nm, there is partial light absorption, which widens the
absorption spectrum compared with the cylindrical SiNW array.
Finally, the light absorption of helical SiNWs is 40.86%, which
is 40.02% higher than that of the cylindrical SiNW V array. This
proved that the width response spectrum of a single SiNW can
improve the light absorption of SiNW array solar cells.
However, the period calculated here is 400 nm, which seems
to be unfavourable to cylindrical SiNW arrays even at the same
volume ratio. Therefore, we added four sets of calculations,
which are the reflectivity, absorptivity, and transmissivity of
cylindrical SiNW H and SiNW V arrays at the period of 200 and
300 nm. The results show that the light absorption of all
cylindrical SiNW arrays is less than that of helical SiNW arrays,
which is shown in the ESI.†

Using the optical results calculated in Fig. 6 and ESI,† the
electrical model of a three-dimensional translucent SiNW array

Fig. 6 Optical properties of different SiNW array solar cells. Reflectivity, absorptivity, and transmissivity properties of (a) medium without SiNW array,
(b) cylindrical SiNW array with the same height as helical SiNW, (c) cylindrical SiNW array with the same volume as helical SiNW, (d) helical SiNW array.
The area enclosed by the dotted line and the upper boundary of absorption is the absorption of PEDOT:PSS, and the area enclosed by the lower
boundary of absorption is the absorption of ITO.
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solar cell is established, which is a calculation form of a weak
coupling of optical and electrical dual physical fields. The
details of the model are in the ESI.† The current density–voltage
curves of the three SiNW array solar cells are shown in Fig. 7,
and the detailed electrical information parameters are shown
in Table 1. Among them, 1, 2, and 3 of SiNW H and SiNW V are
SiNW arrays with periods of 400 nm, 300 nm, and 200 nm,
respectively. The period of the helical SiNW array is set to
400 nm. Fig. 7a is the current density–voltage curve of cylindrical
and helical SiNW array solar cells, and the short-circuit current
density (JSC), filling factor (FF), and open circuit voltage (VOC)
obtained by the calculation are shown in Fig. 7b and c. The JSC of
the two kinds of cylindrical SiNW array solar cells will increase
with the reduction of the period, but the maximum value does
not exceed that of the helical SiNW array solar cell. With the
increase of period, the FF and VOC of cylindrical SiNW array solar
cells decrease, and the maximum value is less than that of
helical SiNW array solar cells. This is because SiNWs have
different light capture capabilities. The VOC can be analysed by
the following formula,

VOC ¼
kT

q
ln

JSC

J01
þ 1

� �
� kT

q
ln
JSC

J01
(4)

where k is the Boltzmann constant, T is the absolute temperature,
q is the electron charge, J01 is the dark current density, and JSC is
the short-circuit current density. Among them, the only parameter
related to light absorption is JSC. According to the formula, with
the enhancement of light absorption, the JSC increases and the
VOC increases.

Detailed electrical output parameters of different SiNW array
solar cells are shown in Table 1. With the shortening of the
period, the PCE of cylindrical SiNW array solar cells increases
gradually, which is mainly due to the enhancement of JSC. Even
if the period length is reduced, the maximum PCE of cylindrical
SiNW array solar cells is 5.16%, which is less than that of
helical SiNW array solar cells. Although the photoelectric
performance of cylindrical SiNW array solar cells with a small
period has been calculated and better performance has been

obtained, in order to fairly measure the performance improvement
of helical SiNW array solar cells, the same period needs to be used
for comparison. Cylindrical SiNW V 1 and helical SiNW adopt a
period length of 400 nm for comparison. The JSC of helical SiNW
array solar cell is 10.06 mA cm�2, which is 47.94% higher than that
of SiNW V array solar cell of 6.80 mA cm�2. The increase in JSC is
more obvious than that of light absorption. The VOC is 0.688 V,
which is higher than the open circuit voltage of 0.678 V of
cylindrical SiNW V, which is due to the gap caused by the light
absorption of SiNWs. The PCE of the helical SiNW array solar cell is
5.85%, which is 50.38% higher than that of the SiNW V array solar
cell, which is 3.89%. Due to the enhanced light absorption brought
by the helical SiNW array, the current density is increased, and then
the PCE is improved. Compared with cylindrical SiNWs, helical
SiNWs are more suitable for translucent SiNW array solar cells.

Helical SiNWs have broadband extinction and scattering
spectra. Compared with cylindrical SiNWs, the direct light
absorption is reduced, but the light absorption in SiNW arrays
is greatly improved. The light absorption of helical SiNWs at
500 nm can be further improved to be comparable to those of
cylindrical SiNW. This requires further solutions and cannot be
accomplished by simply increasing the length of SiNWs to
improve the light absorption at this wavelength. According to
this characteristic, it can be used not only in translucent SiNW
array solar cells, but also in other flexible solar cells, or as
antireflection films. Helical SiNWs can also be designed as axial
or radial junction solar cells, which can give full play to the
electrical advantages of SiNWs and be used as micro power

Fig. 7 Electrical output parameters of different SiNW array solar cells. (a) Current density–voltage curve of cylindrical SiNW H, SiNW V and helical SiNW
array solar cells. The radar maps of helical SiNW, (b) cylindrical SiNW H and (c) cylindrical SiNW V performance parameters, and the number 1, 2, and 3
represent period length of 400 nm, 300 nm, and 200 nm, respectively.

Table 1 Electrical output parameters of different SiNW array solar cells

Solar cells JSC (mA cm�2) VOC (V) FF (%) Z (%)

SiNW H 1 5.17 0.672 84.29 2.93
2 6.42 0.663 84.09 3.58
3 7.77 0.647 83.79 4.21

SiNW V 1 6.80 0.678 84.42 3.89
2 7.95 0.668 84.20 4.47
3 9.43 0.652 83.88 5.16

Helical SiNW 10.06 0.688 84.58 5.85
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supply in electrical components.35,36 In addition, in the
calculation process of this work, it is also found that helical
SiNWs have the selectivity of polarized light, which is similar to
other helical nanowire structures and can be used in optical
devices.

5. Conclusions

In this work, we designed a helical SiNW with an ultra-wide
response spectrum and applied it to translucent SiNW array
solar cells to improve light absorption. The photon
management equation is used to design SiNWs to obtain a
single helical SiNW with dual-peak in response spectrum.
The positions of the two peaks can be controlled by the
characteristic scale of helical SiNWs, which basically realizes
the full coverage of the band gap of the Si material in the
wavelength range of light absorption. The optical properties of
helical SiNWs in the AM1.5G solar spectrum are analysed.
Compared with cylindrical SiNWs, although the light absorp-
tion is reduced by 32.6%, the scattering and extinction are
increased by 80.6% and 59.8%, respectively. This property
makes helical SiNWs more suitable for improving light absorp-
tion in SiNW arrays. Finally, the helical SiNWs were applied to
the translucent SiNW array solar cells, and the photoelectric
properties of cylindrical SiNW array solar cells with different
period lengths are studied. It has been proved that helical
SiNW array solar cells have more advantages, and the light
absorption was improved by 40.03% and the PCE was improved
by 50.39%.
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