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Abstract Grating structures can effectively enhance the light absorption abilities of solar

cells with ultrathin active layer. In this work, a light trapping scheme composed of front

surface triangular grating structure, bilayer antireflection coating and Ag back reflector is

first designed for a ultrathin c-Si solar cell with a active layer thickness of 12 lm. The

geometrical parameters of grating structure are then optimized by a dimensionless

absorption enhancement factor. Finally, four methods are adopted to comprehensively

evaluate the performances of the optimal grating structure, i.e. the front surface reflectance

of external and internal light with different incident angles, intensity distribution of internal

diffraction light and photocurrent density. The results show that the reflectance of external

light with the incident angle smaller than 45� can be decreased to a level less than 5 %;

light absorbed incompletely in a single pass through the active layer can obtain a

diffraction angle larger than 38� for TE mode and 50� for TM mode in the c-Si active layer;

internal nonzero-order diffraction light reflected by Ag back reflector can achieve a

reflectance larger than 80 % at the front surface; the cell photocurrent density can reach

35.12 mA/cm2.

Keywords Solar cell � Crystalline silicon � Grating

1 Introduction

Recently, ultrathin crystalline silicon solar cells (UT c-Si SCs) with active layer thick-

nesses from a few micrometers to a few tens of micrometers have received tremendous

interest because they can dramatically reduce the consumption of c-Si material and lower

the quality requirements of c-Si materials for fabricating c-Si SCs (Li et al. 2014).
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However, the efficiencies of UT c-Si SCs are still limited by serious optical losses caused

by their UT active layers (Petermann et al. 2012). In order to effectively reduce the optical

losses, researchers have developed many effective light trapping schemes (Mallick et al.

2012; Cui et al. 2013). Among these schemes, grating structures (GSs) have received much

attention for their light absorption capabilities exceeding Lambertian limit in some specific

wavelength ranges (Yu et al. 2011).

Studies show that one or two dimensional (1D or 2D) dielectric and metallic GSs on the

front or back surfaces of SCs could effectively enhance the light absorption of active layer

(Rana and Chun 2011) and the enhanced absorption effects of 2D GSs are better than those

of 1D GSs (Angelo et al. 2012). Because the addition of metallic GSs increases the electron

and hole recombination at the surface of the metal, which often negate the enhanced

absorption effects of metallic GSs (Gjessing et al. 2010) and 2D dielectric GSs are com-

putationally expensive and very sensitive to the incident angles of light (Yu et al. 2011),

1D dielectric GSs are a good choice for UT c-Si SCs. Previously published results also

show that GSs on both the front and back surfaces of c-Si SCs have a better enhanced

absorption effects than those only on the front or back surfaces (Rana and Chun 2011;

Angelo et al. 2012), but their fabrications often need more complex and expensive fab-

rication processes, so they are not cost-effective light trapping schemes (Dominguez et al.

2012). In contrast, GSs only on the front or back surface of SC, which can be easily

realized on substrate or superstrate, are more simple, cost-effective and large-scale light

trapping schemes. In addition, studies also show that the enhanced absorption effects of

GSs only on the front surface are equivalent to those of GSs only on the back surface

(Darin et al. 2011).

Due to the weak absorption properties of c-Si materials in the long wavelength range

near their band gaps, the thicknesses of UT c-Si active layers are a key factor for deter-

mining the enhanced absorption effects and geometric and physical parameters of GSs.

Generally, the active layer is thinner, the enhanced absorption effects of GSs are better, but

the efficiency of SCs are lower (Tseng et al. 2012; Mallick et al. 2012). In our previous

work, we have analyzed thoroughly the influence of light trapping units, i.e. antireflection

coatings (ARCs) and back reflectors (BRs), on the light absorption properties of c-Si active

layers with different thicknesses (Lu et al. 2013). One of the most important conclusions is

that when the active layer thicknesses gradually increase from 0.1 to 200 lm, the light

absorption efficiency of c-Si active layer will first increase rapidly and then increase slowly

and the thickness transition region is in the range from 10 to 20 lm. By setting the c-Si

active layer thickness to a general thickness of 12 lm in the transition region and using a

front surface texture structure (FSTS) with a simpler rectangular grating profile, we have

achieved a photocurrent density of 32.46 mA/cm2, which is close to the photocurrent

density levels obtained by those UT c-Si SCs with thicker active layer thicknesses and

more complex light trapping schemes (Angelo et al. 2012; Tseng et al. 2012; Mallick et al.

2012). Therefore, the thickness transition region is an ideal thickness range for designing

high efficiency and low cost c-Si SCs.

In this work, we expand on our previous work to optimize and analyze the light trapping

performances of 1D GS with triangular profile by the same numerical method as that used

in our previous work (Lu et al. 2013). Pursuant to that, the active layer thickness of UT c-Si

SC in this work is also chosen as 12 lm and the light trapping schemes include the basic

light trapping units used in thick commercial c-Si SCs, i.e. ARCs and BRs. Generally, the

most common methods to evaluate the performances of light trapping schemes are

reflectance spectra, cell photocurrent density or dimensionless absorption enhancement

factor (Angelo et al. 2012; Gjessing et al. 2010; Yu et al. 2011). In fact, the results obtained
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by these methods are overall evaluations for the enhanced absorption effects of all light

trapping units, including ARCs, GSs and BRs. Theoretically, the functions of GSs on cell’s

front surfaces include three aspects: decreasing the reflectance of external light incident on

the front surface, changing the direction of the incident light into several diffraction

directions and decreasing the leakage losses of internal light reflected back by BRs.

Therefore, in addition to evaluating the overall performances of our light trapping

scheme by photocurrent density, we will adopt some accurate methods for evaluating the

light trapping performances of front surface GSs according to the propagation process of

external light in UT c-Si SCs.

2 Cell structure and numerical methods

2.1 Cell structure

The c-Si SC structure under investigation is shown in Fig. 1, where 1D periodic triangular

grating (TG) FSTS is fabricated on the front surface of c-Si active layer. In this work, the

active layer thickness is indicated withW (= 12lm), the length, width and height of TG are

represented by L, a and H, respectively and the thickness of BR is denoted by T. Filling

factor f is defined as a/L and hin denotes the incident angle of light. The TG structure

shown in Fig. 1 is frequently used in optoelectronic devices, such as semiconductor lasers

and reflective optical filters, and it can be fabricated by standard micromachining process

(Chen et al. 2010). In photo-voltage field, the TG structure is often realized by the fol-

lowing steps: the silicon wafer is first coated with a thin resist film and then the optimal TG

pattern is fabricated onto the film by nanoimprint lithography (Xianqin et al. 2011; Yu

et al. 2003) and holographic lithography (a maskless process) and finally an anisotropic

etching process, such as reactive ion etching (RIE) technology is used to transfer the

pattern on the film onto the silicon wafer.

In our simulation, a 200 nm thick Ag film is selected as BR, which can almost totally

reflect light incident on its surface. Due to having better surface passivation properties and

lower reflectivity, SiO2/Si3N4 double layer is used as ARC, where the thicknesses of SiO2

and Si3N4 layers are 94 nm and 67 nm, respectively. The reflectance spectra of TE- and

TM-polarized light incident on the ARC are shown in Fig. 2, where the numerical method

is transfer matrix method and no FSTS exists on the front surface of active layer. Figure 2a

and b show that the reflectances of TE-polarized light with the hin range from 0� to 30� and

Fig. 1 A scheme of the UT c-Si
SC patterned with a TG FSTS
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TM-polarized light with the hin range from 0� to 60� are all lower than 10 % in the

wavelength range from 350 to 1100 nm.

2.2 Numerical methods for optimizing grating geometrical parameters

Two dimensional finite-difference frequency-domain (FDFD) method, which is one of

most rigorous numerical methods to deal with complex electromagnetic field problems, is

used to optimize grating structures (Lu et al. 2013; Rumpf 2012). In the simulation process,

we put two perfect matched layers (PML) on the top and bottom boundaries of compu-

tation area in the Y direction and set periodic boundary conditions (PBC) in the X

direction. In order to effectively decay the evanescent fields and increase the computational

accuracy, two spacer regions are added between the cell and PML layers. A plane wave

source with unit amplitude is incident from the top boundary of our computation area and

two record planes are set on the boundaries of two spacer region far away from the cell,

respectively, to record the reflected and transmitted fields. In the post data process, the

fraction of power in each diffracted order is first calculated by Fourier transforming the

diffracted field amplitudes and the reflectance R (k) and transmittance T (k) are then

obtained by summating the powers of reflected and transmitted field in all diffraction

orders. The total absorptance Atotal (k) of a c-Si SC at each wavelength for different light

trapping schemes can be calculated by:

AtotalðkÞ ¼ 1� T ðkÞ � R ðkÞ ð1Þ

We assume that the absorption of incident light only exists in the active layer and Ag

BR, so the effective absorptance AEFF of a c-Si SC can be easily obtained by,

AEFFðkÞ ¼ AtotalðkÞ � ABRðkÞ ð2Þ

where ABR is the absorptance of light only in the BR.

The photocurrent density Jph, which is usually used to evaluate the different mecha-

nisms of light losses, can be represented by (Chen et al. 2010),

Jph ¼
q

hc

Z
k
k
0
Aðk0 Þ dI

dk
0 dk

0 ð3Þ

where q, h, c and k are the charge on an electron charge, Planck’s constant, speed of light

and wavelength, respectively; A is the corresponding absorptance of different mechanisms,

Fig. 2 The reflectance spectra of light incident on the ARC at different hin values, where a and b are the
reflectance spectra of TE- and TM-polarized light, respectively. hin denotes the incident angle
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such as the absorption of light in active layer, BR or c-Si SCs with different light trapping

schemes; dI/dk is the power density per unit wavelength of the solar radiation (ASTM

AM1.5 Global tilt).

The optimal geometrical parameters for TG FSTSs can be obtained by evaluating the

values of dimensionless absorption enhancement factor EF, which is defined as (Lu et al.

2013),

EF ¼

1
k2�k1

R k2

k1
AEFFðkÞdk

d
R k2

k1
aðkÞdk

1
k2�k1

R k2

k1
AALðkÞdk

d
R k2

k1
aðkÞdk

¼
R k2
k1

AEFFðkÞdkR k2
k1

AALðkÞdk
ð4Þ

where AEFF (k) is the effective light absorptance of a c-Si SC [as shown by Eq. (2)], AAL

(k) are the light absorptance of a SC only with active layer and without any light trapping

schemes, and k1 and k2 are the two boundary wavelengths for a given wavelength range.

The physical meaning of EF is the average absorption ratio between active layers with

optimal light trapping scheme and without any light trapping schemes.

2.3 Numerical methods for evaluating the performance of TG FSTS

According to the propagation process of external incident light in the UT c-Si SC, the

performances of FSTSs can be evaluated by three methods: the front surface reflectance of

external light with different incident angles incident on the front surface of a SC, the

distribution of diffraction light inside solar cell and the front surface reflectance of internal

Fig. 3 The absorptance spectra of a c-Si SC and its Ag BR, where a and b are the total absorptance spectra
of TE and TM polarized light calculated by Eq. (1), respectively and c and d are the absorptance spectra of
TE and TM polarized light in Ag BR, respectively
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light incident on the front surface of a SC. In this work, the performances of FSTSs are

evaluated by these methods and the comprehensive performances of SCs are evaluated by

the effective photocurrent density.

The effect photocurrent density Jph,eff is defined as,

Jph;eff ¼ Jph;act � Jrad þ JSRH þ JAuger
� �

ð5Þ

where Jph;actð¼ Jph;totalðkÞ � Jph;BRðkÞÞ is the photocurrent density generated in active layer

and Jrad, JSRH and JAuger are the radiation, SRH and Auger recombination current density,

respectively.

2.4 Evaluating the photocurrent density losses of different mechanisms

The photocurrent density losses of a c-Si solar cell with ARC, TG FSTS and Ag BR can be

divided into two parts, i.e. the absorption losses of light in Ag BR and the losses caused by

different photocarrier recombination mechanisms, such as radiation, SRH and Auger

recombination. According to Ref. (Brendel 2003), a suitable assumption is that JSRH = 0

(where SRH denotes Shockley–Read–Hall recombination caused by impurities), which

means that no SRH recombination occurs in the volume of c-Si material and in the surface

of active layer; when a c-Si active layers with Lambertian light trapping scheme is in the

thickness range from 1 to 10,000 lm, JAuger and Jrad will be in the range from 0.95 to

1.4 mA/cm2 and from 7 9 10-2 to 2 9 10-2 mA/cm2, respectively. In our simulation, the

total current loss (i.e. JSRH ? Jrad ? JAuger) is assumed to be 1 mA/cm2.

The absorption losses of light in Ag BR are related with the polarization properties of

incident light. Figure 3 shows the absorptance spectra of polarized light in a c-Si SC

(shown in Fig. 1) and its Ag BR, where the ARC parameters are as same as those in Fig. 2

and other parameters are as following: W = 12 lm, H = 1 lm, L = 850 nm,

T = 200 nm, f = 0.8 and hin = 0�. As shown by Fig. 3a and b, the total absorptance

spectra of TE and TM polarized light are mainly influenced by the reflectance spectra of

incident light; due to the resonant FP cavity effects of c-Si active layer, the absorptance

spectra of TE and TM polarized light show obvious oscillation forms in the wavelength

range from 700 to 1100 nm; TM polarized light in the wavelength range from 300

to700 nm can be nearly completely absorbed by the cell. The total photocurrent densities

of TE and TM polarized light calculated by Eq. (3) are 35.73 and 36.99 mA/cm2,

respectively.

The method for evaluating the values of ABR is as following: the absorptance of Ag BR

is first calculated by assuming that the image part of refractive index for c-Si active layer is

set to zero at each wavelength, then the transmittance of light in a single pass through the

active layer is obtained by setting the bottom PML of computation area immediately below

the bottom boundary of active layer and a record plane on the bottom boundary of active

layer. The absorptance of Ag BR at each wavelength can be represented by,

ABRðkÞ ¼ AAgBRðkÞ � TspðkÞ ð6Þ

where AAgBR is the absorptance of Ag BR without light absorption in active layer and Tsp is

the transmittance of light in a single pass through the active layer. Due to neglecting the

absorption of active layer (equivalent to increasing the reflection times of Ag BR), the

values of ABR are slightly larger than the real absorptance values of Ag BR.

Figure 3c and d show the values of ABR and Tsp varying with wavelength. In addition,

the absorptance of Ag mirror in air (‘‘Ag mirror’’ curves) and the average values of ten
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neighboring ABR data points (‘‘ABR,av’’ curves) are also given in Fig. 3c and d. As shown in

Fig. 3c and d, the cutoff wavelength, which is the longest wavelength of light completely

absorbed in a single pass through the active layer, is about 700 nm; the average values of

ABR (i.e. ABR,av) for TE polarized light are nearly less than 10 % in the whole absorption

wavelength range and, those for TM polarized light are larger than 10 % due to existing

surface plasmon palaritons(SPPs). The photocurrent density losses of ABR for TE and TM

polarized light, which can be obtained by Eq. (3), are 0.8269 and 1.2356 mA/cm2,

respectively. Base on the above analysis, we can obtain that the total losses of photocurrent

densities for TE and TM polarized light are 1.8269 and 2.2356 mA/cm2, respectively.

3 Simulation results

The main characteristics of photo-electric conversion in a c-Si SC shown in Fig. 3 also

indicate that the wavelength range from 700 to 1100 nm is the key wavelength range for

designing a optimal TG FSTS; although the losses of Ag BR for TM polarized light are

larger than those for TE polarized light, the Jph,eff value for TM polarized light is still larger

than that for TE polarized light. In addition, the diffraction properties of incident light vary

with its polarization properties, so the optimal parameters of a TG FSTS are also different

for TE and TM polarized light. In the following, we will use TM polarized light to

Fig. 4 The EF values varying with period length L, etching depth H and width of the high dielectric region
a, where a H = 50 nm, b H = 500 nm, c H = 1000 nm and d H = 2000 nm, respectively. Different colors
on the color bars represent different EF values
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optimize the parameters of the TG FSTS shown in Fig. 1 and choose its total losses of

photocurrent densities as 2.2356 mA/cm2 for simplicity.

3.1 Optimizing the TG FSTS

Figure 4 shows that the EF values are related with period length L, etching depth H and

filling factor f. In Fig. 4, the value of EF are calculated by,

EF ¼
Z1100

700

AEFFðkÞdk
,Z1100

700

AALðkÞdk ð7Þ

where AEFF is the effective absorptance of a c-Si SC with different parameters of TG FSTS

and AAL is the absorptance of active layer without any light trapping units. As shown in

Fig. 4a–d, the maximum EF values mainly concentrate in the range of L from 600 to

800 nm and f from 0.5 to 0.9, and the minimum values of EF mainly concentrate in the

range of L from 50 to 250 nm; with the etching depth H increasing gradually, the max-

imum value regions of EF will disappear gradually and appear at other regions with

different values of L and f; Table 1 gives the extreme values of EF in Fig. 4, where (H, L,
f) values corresponding to the maximum EF values are (50 nm, 750 nm, 0.5), (500 nm,

750 nm, 0.9), (1000 nm, 850 nm, 0.8) and (2000 nm, 800 nm, 0.9), respectively. Here we

choose the optimal parameters of our TG FSTS as L = 850 nm, f = 0.8 and

H = 1000 nm, where EF = 2.4940.

3.2 Evaluating the performance of the TG FSTS

3.2.1 Reflection spectra of external incident light

The reflection spectra of external light incident on the front surface of our cell are shown in

Fig. 5, where the bottom PML of computation area are set immediately below the bottom

boundary of active layer, the active layer and bottom PML can completely absorb the

incident light in a single pass and the reflection light recorded by the top record plane are

only caused by the refractive index discontinuity in the upper surface of the SC. Figure 5a

and b show that the reflectance of external incident light will increase with the hin values
increasing from 0� to 75� for both TE- and TM-polarized light; in the wavelength range

from 300 to 1100 nm, the reflectances of TE and TM polarized light with the hin values

smaller than 45� are nearly lower than 5 %. In contrast to Fig. 2, the TG FSTS of the cell

can further decrease the reflectance of incident light with the hin value smaller than 45� and
increase dramatically the absorption of light with a larger hin value; the acceptance

capabilities of the cell for TE-polarized light have been notably enhanced; the light

absorbance of the cell is not sensitive to the hin values in the range from 0� to 45�.

Table 1 The extreme values of EF in Fig. 4

H = 50 nm H = 500 nm H = 1000 nm H = 2000 nm

Maximum value of EF 2.0815 2.4685 2.4940 2.4658

Minimum value of EF 1.8528 1.8445 1.8155 1.7540
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3.2.2 Intensity distribution of diffraction light inside active layer

After external light incident on the front surface passes through the interface between ARC

and active layer, it will exist in a form of diffraction light in the cell interior. For a given

wavelength, the higher-order diffraction light will have a larger diffraction angle and

correspond with a larger reflection angle of light reflected by Ag BR. Because the c-Si

active layer thickness of our cell is equal to 12 lm, which has a 700 nm single-pass

absorption cutoff wavelength, here we only consider light in the wavelength range from

700 to 1100 nm.

By assuming the image part of refractive index in c-Si active layer to be zero, a record

plane setting on the bottom boundary of the active layer can record the diffracted field

amplitudes of incident light passing through TG FSTS. The fraction of power in each

diffracted order is calculated by Fourier transforming the diffracted field amplitudes and

the diffraction angles can be obtained by the relation between diffracted order, transverse

wave vector components and incident wave vector. Figure 6 gives the relationship between

diffraction orders and diffraction angles, where external light is normally incident on our

cell front surface. Figure 6 shows that smaller wavelengths have more diffraction orders;

the diffraction angles of the same diffraction order will increase with wavelength

increasing; external light with wavelength in the range from 700 to 1000 nm and from

Fig. 5 The reflection spectra of external light incident on the front surface of our cell. a and b are TE- and
TM-polarized light, respectively

Fig. 6 The relationships
between diffraction order and
diffraction angle at each
wavelength, where m denotes the
order number of diffraction light
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1000 to 1100 nm have seven (i.e. m = 0, ±1, ±2, ±3) and five (i.e. m = 0, ±1, ±2)

diffraction orders inside our cell, respectively. Figure 7 shows the light intensity distri-

butions of different diffraction orders. As shown in Fig. 7, in the wavelength from 700 to

1100 nm, the light intensity of TE-polarized light mainly distributes in the first diffraction

order (i.e. m = ±1) and that of TM-polarized light mainly distributes in the zero and

second diffraction order (i.e. m = 0 and m = ±2). According to Fig. 6, the diffractive

angles of TE-polarized light with wavelength in range from 700 to 1100 nm are larger than

38� and those of TM-polarized light in the same wavelength range are larger than 50� for
nonzero order diffraction light.

3.2.3 Reflection spectra of internal incident light

Figure 8 is the reflection spectra of light incident from the bottom boundaries of active

layer on the TG FSTS, which denotes the internal light reflected by Ag BR. Here we have

assumed that no light losses exist in c-Si active layer and light will be completely absorbed

by the top and bottom PMLs in a single pass. According to Figs. 6 and 7, the minimum

diffractive angles of the nonzero order TE- and TM-polarized diffractive light in the

wavelength range from 700 to 1100 nm are larger than 38�. As shown by Fig. 8a and b,

this part of internal light can achieve a reflectance larger than 60 %. Zero-order diffraction

light only exists in the diffraction order of TM-polarized light in the wavelength range

from 700 nm to 1000 nm, and this part light, which accounts for about 50 % of the total

light intensity(as shown in Fig. 8b), can obtain an average reflectance of about 40 %.

Figure 8 shows that our cell front surface of can offer a good restriction for light reflected

back from Ag BR.

3.2.4 Photocurrent density

Figure 9 gives the effective photocurrent density spectra of the c-Si cell, where external

light is normally incident and the range of integrating wavelength is 1 nm. As shown by

the cure of J3 in Fig. 9, our light trapping scheme can nearly completely absorb the light in

the single-pass absorption wavelength range of the active layer with thickness of 12lm (i.e.

300–700 nm) and have good enhanced absorption effects in the wavelength range from

700 to 1100 nm. Figure 9 also shows that the total photocurrent density J3 of our cell can

Fig. 7 The intensity distributions of light with different wavelengths at different diffraction orders, where
a and b are the intensity distributions of TE- and TM-polarized light, respectively
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reach 35.12 mA/cm2, which is close to the total photocurrent density J2 (40.15 mA/cm2) of

Lambertian light trapping scheme (J2 is an ideal theoretical value, where the reflection of

external light incident on the front surface of c-Si SC has been neglected) and larger than

the total photocurrent density J4 (25.73 mA/cm2) of 12 lm flat active layer only with the

ARC and BR and the total photocurrent density J5 (19.67 mA/cm2) of 12 lm flat active

layer without any light trapping units.

Our optimal light trapping scheme can enhance the light absorption of external incident

light in the whole absorption wavelength range, as shown by Figs. 5, 6, 7 and 8, but due to

the weak absorption properties of c-Si material in wavelength range near its band gap, the

photogenerated current density in the wavelength range is still much lower than the

maximum possible photocurrent density J1 in the same wavelength range. In order to

Fig. 8 The reflection spectra of internal light incident on the TG FSTS, where a and b are TE- and TM-
polarized light, respectively

Fig. 9 The effective photocurrent densities of the c-Si SC under the AM1.5 spectrum, where J1 is the
maximum possible photocurrent density of c-Si materials and J2, J3, J4 and J5 are the effective photocurrent
densities of a 12 lm thick c-Si active layer with Lambertian light trapping schemes, our light trapping
scheme, our light trapping scheme without TG FSTS and no light trapping schemes, respectively. J1 to l, J2
to l, J3 to l, J4 to l and J5 to l are the totally effective photocurrent densities of J1, J2, J3, J4 and J5,
respectively
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increase the light absorption in the wavelength range, researches have proposed various

light trapping schemes for UT c-Si SCs. For example, Mutitu et al. designed a 5 lm thick

c-Si SC with a photocurrent density of 30.3 mA/cm2 by using a light trapping scheme with

a binary grating FSTS with ARC and a dielectric Bragg grating BR (Mutitu et al. 2008);

Chutinan et al. designed a 10 lm thick c-Si SC with a photocurrent density of 33.6 mA/

cm2 by using a light trapping schemes with single layer ARC, 2D photonic crystal FSTS

and 1D triangular profile photonic crystal BR (Chutinan et al. 2009); Gjessing et al.

(Gjessing et al. 2010) designed a 20 lm thick c-Si SC with a photocurrent density of

35.5 mA/cm2 by using a light trapping scheme with single layer ARC, 2D photonic crystal

back surface texture structure and Al BR; Lu et al. (Lu et al. 2013) designed a 12 lm thick

c-Si SC with a photocurrent density of 32.45 mA/cm2 by using a light trapping

scheme with ARC, 1D photonic crystal FSTS and Ag BR. Compared with these results,

although our cell can not absorb completely the light in the wave length range, it has

achieved the highest light absorption efficiency by a comparatively simple light trapping

scheme.

4 Conclusion

In this work, we have designed and optimized an effective light trapping scheme of TG

FSTS for the UT c-Si SC with the active layer thickness of 12 lm. In order to compre-

hensively evaluate the light trapping performance of TG FSTS, some new evaluation

method, including the reflectance of external and internal light and the intensity distri-

bution of diffractive light inside the cell have been adopted in addition to the photocurrent

density. Results show that our light trapping scheme can effectively enhance the light

absorption ability of UT c-Si active layer and its photocurrent density is very close to that

of Lambertian light trapping scheme.
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