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1. Introduction
Theoretical and experimental studies have indicttatl  which varies along the z directio&z<H), and is de-

nanostructured arrays which designed on Si solircea fined for the different arrays as follows:

suppress optical reflections and promote the trappuf

incident photons to improve the power conversiofi- ef D(2)=2H, for nanorod @
ciency of Si solar cells [1, 2]. In this study, wee the fi- - _ f 3
nite-difference time-domain (FDTD) method to inveate D(2)=2(H ~2). for nanocone 3
the dependence of various nanostructured arrayshen D(2)=2JH? -7, for nanolens (4)

enhanced optical absorption and power conversidin ef
ciency of Si thin-film solar cells. By appropriatedrrang-
ing the diameter and periodicity of the nanostrrediarray, - : A
the incident light that penetrates the crystal @i be cou- "M (blue dashed line). In Fig. 2(b)(c), the currdansity
pled into in-plane guided modes. As a result, amgyo (J) versus the voltage/] is expressed as follows [4]:

i ici = 0, 0, 0,
conversion efficiency 0f=17.4%, 18.8%, and 22.0% can qn? 1)E KT (V

Fig. 2(a) shows a typical solar spectrum. Here, we
mainly investigated incident wavelength #£320-1000

9

be obtained for Zum-thick Si films of the nanorod, nano- J(V) _ﬂj A—A(A)d)l ' (5)
cone, and nanolens arrays, respectively. nh*c?
2. Computational Simulations and Discussion @)

Figure 1(a) shows a schematic of nanorod, nano@ontk, e T e e ey .
nanolens arrays which decorated on a crystal $i avibtal 3 b P Solar Spectrum
thickness of 2um. Fig. 1(b) shows the corresponding pro- ‘3’0'5-' -
files of the effective refractive indicegg) along the z di- 0.0 _— o5 o =0
rection as diameterD) increases from 100 nm to 300 Wavelength (nm)
nm .Theng; of the nanostructured arrays governed by the (o), —°-3°°:gjgg_,,,f;;‘: (c) :S'fgg_:,‘;‘ﬁ
Bruggeman model as follows [3]: . nanorod o W Henosedd

S w ; ng Bmaf. 1906l
fg (Z)Bﬁ"‘ fajr( )E%2 O (1) Bo6k’ 2
ng +2n +2n 5 v 5o4f
S eff Nett S04 o
. . . Q2 Q0.2 E
where n, and n, refer to the refractive indices of <oz ‘ <':oo 10F
. . . . . 4 0.40.8 , .
Si and air, respectlvelyé(z) andfajr(z) are the weighting 20
.. _ _ \ 0.8
coefficients and fo(2+f,(2=1. f4(z) can be ex .§ 0.8 . .5 o
pressed as;_(,)= 7L (D(2y2, whereD(z) is the diameter 2ooh S04
S
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) ' ol—— J 0 Fig. 2 (a) A.M. 1.5 solar spectrum. (b) The optiaasorption

Z - direction Z - direction Z - direction spectra for different array diameteBz=0)=100, 200, 250, and
Fig. 1 (a) A schematic of nanorod, nanocone, ambleas arrays 300 nm; Periodicity is set t8=300 nm. (c) The optical absorp-
successively. (b) The corresponding effective ativa index pro-  tion spectra arranged in different periodiciti®s100, 300, and

files along the z direction with in- creasing D(z). 500 nm). Insert: the correspondid{y curves.
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Fig. 3 The power conversion efficiency versus (@D and (b)
the P of the nanostructured arrays. Planar Si thin-Slofar cells
with (#=13.8%) and without79.8%) the AR layer serve as
references. Insert: the short-circuit current dgngersus diame-
ter and periodicity.

As shown in Fig. 2(b), for the nanolens arrays, ¢he
responding optical absorption spectra increaseiderably
because of their graded refractive index profilengl thez

direction with increasingd, which creates a broadband

antireflection (AR) layer. In Fig. 2(c), whehis increased
to P=300 nm, the optical absorption spectra for all@e-
siderably enhanced, especially for the nanolersyaiost
important, the optical absorption is shifted to tlomg
wavelength regime a8 increases. It indicates that tReof
nanostructured arrays can considerably affect tinamced
optical absorption. Generally, tlieV curves for all of the
nanostructured arrays shown in Fig. 2(b)(c) hawinalar
trend as the optical absorption spectra.

Fig. 3 plots the power conversion efficiengy Yersus (a)

the D and (b) theP for all of the nanostructured arrays. By

fixing P=300 nm [Fig. 3(a)], they=17.0%, 14.9%, and
18.7% are obtained for the nanord@=@50 nm), nanocone

(D=300 nm), and nanolenB£300 nm) arrays, respectively.

While appropriately arranging the of the nanostructured

arrays [Fig. 3(b)], the)=17.4%, 18.8%, and 22.0% can be
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Fig. 4 The distributions of the simulated elecfiald of (a) E,
and (b)E, in the nanostructured arrays for the incident wave
lengthsh=400, 600, and 800 nm.
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Fig. 5 The optical absorptiol(0, 1) as a function of the incident
wavelength ) and the oblique angled) for (a) the planar

thin-film and (b) the nanorod, (c) nanocone, angr(@nolens

arrays.
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obtained for the nanorod®£400 nm), nanoconeP£600
nm), and nanolen$€500 nm) arrays, respectively.

Fig. 4 shows the distribution of the simulated tlec
field for (@) E,_ and (b) EZ. In Fig. 4(b), particularly the
nanolens array has the strongest integrated imyemlfsiEZ,

can couple the incident light into optical
(k= kxf+kyf) guided within the crystal Si.

Fig. 5 shows the optical absorptiéy, 1) as a function of
the incident wavelengthl and the oblique angl&) for
the optimized nanostructured arrays. The nanolerasy a
shows the highest optical absorption, particuldolyinci-
dent wavelength ranging froie=350-600 nm. This wave-
length range covers the highest energies from sitiiani-
nation [Fig. 2(a)].
3. Conclusions

In conclusion, we investigated the effect of themet-
rical profile of nanostructured arrays on the parfance of
crystal Si thin-film solar cells. Of the three natroctured
arrays studied, the nanolens array offers excellaped-
ance matching between crystal Si and air througiora
tinuous distribution of effective refractive indgeand it
provides superior optical coupling with the incitdight
into in-plane guided modes. Besides, it also presic
promising way to enhanced absorption and power esnv
sion efficiency of Si thin-flm solar cells across wide
range of wavelengths and incident angles.
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