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Research progress on semiconductor nanowires for
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Abstract; In this paper, a thermodynamic analysis on current photovoltaics is given within the Shockley-
Queisser model. Then the latest progresses of designing semiconductor nanowire arrays are introduced
to achieve effective light trapping and reduce emission angle. Among them, non-uniform nanowire ar-
rays with gradient shapes hold both advantages of ultralow emission angle and light trapping, therefore
which have attracted much research interest toward ultrahigh efficiency of solar energy conversion from
visible to near-infrared wavelength.
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Fig.1 Thermodynamic losses in solar-energy conversion.
The maximum efficiency realized for a conventional single-
junction solar cell is 28.3% (indicated in green). Light
blue bars indicate energy-related losses and dark blue bars
indicate entropy-related losses. The solutions to reducing
the energy- and entropy-loss problems are listed in the
right-hand column. From Ref. [ 3]
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Fig.2  Absorption enhancement caused by the excitation
of multiple optical resonance modes in a thin PV cell. It
shows a 1-pm-thick c¢-Si film with a perfect back mirror
and a light-trapping layer consisting of a periodic array of
c-Si nanowires (NWs) on the top surface. The dashed
white lines outline the c-Si structure. (a) A =880 nm,
normal incidence, showing the excitation of a mixture of a
Mie resonance with a guided resonance; (b) A =1 031
nm, 28° angle of incidence, showing the excitation of a
Fabry-Perot resonance; (c¢) A = 946 nm, normal inci-
dence, showing the excitation of a guided resonance in the
Si layer; (d) A =1011 nm, normal incidence, showing a
diffracted resonance by which a laterally propagating wave
is excited in the light-trapping layer. a-d, From Ref. [22 ]
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Fig.3 Semiconductor nanowire arrays (NWAs) can reduce
the mismatch of angles between absorption and emission,
which results in an ideal PV nanostructure achieving > 40%
power conversion effciency. (a) A traditional planar solar
cell with concentrator increases (2, to approach (2, . , thus re-
ducing the entropy generation caused by their mismatch; (b)
Similarly, a nanostructured solar cell can reduce the difference
without back reflector, (d) slab with back reflector, and (e)
ideal nanostructured cell; (f) I-V curves corresponding to the
three structures, shows the increased V,, as 6., —60,. (a)-

(f), From Ref. [ 8]
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Fig.4 Different optical resonance modes excited inside the
nanowires and their contribution to light absorption. (a) Low-
est-order transverse magnetic optical modes (p =0, 1, 2, 3,
shown from left to right) supported by subwavelength high-re-
fractive-index nanocylinders; (b) Electric field distributions
inside the nanowires of different cross-section shapes for trans-
verse magnetic illumination from above. The excitation wave-
length was chosen to drive an p =1 resonance; (c) Contour
plot of absorption as a function of photon wavelength and
nanowire diameter for vertical NWAs; (d) Absorption effcien-
cy of GaAs NW arrays change with incident wavelength with
FR of 0. 05 and the insets illustrate the complex refractive index
for GaAs. From Ref. [47,13,39,40]
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Fig.5 Absorption spectra of NWAs at fixed filling ratios
and fixed diameters. (a) Schematic drawing of the period-
ic NWAs structure; (b) Absorptance of NWAs with dif-
ferent diameters varied from 60 to 240 nm under the fixed
filling ratio of 0.5; (c) Absorptance of NWAs with differ-
ent filling ratios varying from 0.4 to 0. 8 under the fixed
diameter of 120 nm. From Ref. [ 50 ]
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Fig.6 The emission of NWAs with different diameters
when the length L =4 pm and the period P =400 nm.
(a) The top and bottom reverse saturation currents of the
different diameter NWAs, the reverse saturation current
density j, is the sum of the two; (b) the top emissivity of
the nanowires with D =170 nm; (c¢) The bottom emissiv-
ity of the nanowires with D =170nm; (d) the top emis-
sivity of nanowires with D =400 nm; (e) the bottom em-
issivity of nanowires with D =400 nm. From Ref. [ 51 ]
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Fig.7 Schematic illustration of 1 um thick a-Si:H on ITO
coated glass substrate, a monolayer of silica nanoparticles on
top of a-Si: H thin film, NW arrays, and NC arrays. (a)
The effective refractive index profiles of the interfaces be-
tween air and three structures; (b) Measured value of absorp-
tion on three samples over a large range of wavelengths at
normal incidence; (c) Measured results of absorption on
three samples over different angles of incidence ( at wave-
length A =488 nm). From Ref. [ 54 ]
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Fig.8 Introducing a tapered shape grating array on the
top and bottom surfaces of the single crystal silicon film
to form a three-dimensional anti-reflection and light trap-
ping structure, which can achieve a light concentration
factor close to the Yablonovitch limit. From Ref. [ 57 ]
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Fig.9 Multistage NWAs could form a omnidirectional ab-
sorbing medium. (a) Measured absorbance in the arrays of
base-tapered InP nanowires. The length of NW is 3 um, the
top diameter is 90 nm, the bottom is 270 nm; (b) Experi-
mental absorption spectra of double-diameter NWAs with D,
=60 nm and D, =130 nm and single diameters NWAs of 60
and 130 nm; (c) extinction efficiency spectra of multi-stage
nanowires and cylindrical nanowires composed of equal mate-
rials; (d) The fraction of sunlight being harvested by the
nanocone and nanowire array, under different surface cover-
age rates. From (a) Ref. [56], (b) Ref. [58],(c-d) Ref.
[59]
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Fig. 10 Non-uniform sized and randomly arranged NWAs can increase the number of resonance. (a) The electric field intensity
distribution at the incident wavelengths of 400, 500, 600, 700 and 800 nm for the nanocone arrays with a top diameter of 40 nm
and a bottom diameter of 100 nm and a height of 3 wm. (b) Field distribution of the uniform diameter and random diameter
NWASs; (c¢) Uniformly arranging and randomly arranging the field distribution of the NWAs. From (a) Ref. [38], (b) Ref.
[60],(c) Ref.[61]
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