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ABSTRACT

The light harvesting efficiency is counted as an important factor in the power conversion efficiency of DSSCs. There are

two measures to improve this parameter, including enhancing the dye-loading capacity and increasing the light trapping in

the photoanode structure. In this paper, these tasks are addressed by introducing a macro-porous silicon (PSi) substrate as

photoanode. The effects of the novel photoanode structure on the DSSC performance have been investigated by using

energy dispersive X-ray spectroscopy, photocurrent-voltage, UV-visible spectroscopy, reflectance spectroscopy, and elec-

trochemical impedance spectroscopy measurements. The results indicated that bigger porosity percentage of the PSi struc-

ture improved the both anti-reflective/light-trapping and dye-loading capacity properties. PSi based DSSCs own higher

power conversion efficiency due to its remarkable higher photocurrent, open circuit voltage, and fill factor. Percent porosity

of 64%, PSi(III), resulted in nearly 50 percent increment in power conversion efficiency compared with conventional

DSSC. This paper showed that PSi can be a good candidate for the improvement of light harvesting efficiency in DSSCs.

Furthermore, this study can be considered a valuable reference for more investigations in the design of multifunctional

devices which will profit from integrated on-chip solar power. 
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1. Introduction

The light-harvesting efficiency (LHE) is one of the
key features for high performance photovoltaic
devices. This feature is derogated by reducing film
thickness in thin-film solar cells such as dye sensi-
tized solar cell (DSSC); therefore, many approaches
are made to improve it. For example, porous active
layer with high surface area [1-3], hierarchically
nanostructures as photoanode [4-6], scattering layers
on the top of active film [7-9], plasmonic photoan-
odes [10-12] and photonic crystal photoanodes [13-
15] have been applied for changing the optical design
of the DSSC to optimize its light absorbance. Since
the mentioned approaches have some limitations like
high reflectance loss and low dye adsorption,

researchers are still extensively eager to explore the
new light trapping structures as photoanode.

Surface texturing is one of the most powerful tech-
niques to improve thin film solar cell's efficiency.
These textured substrates increase the LHE by: (a)
reducing the probability of optical reflection of the
front surface, (b) lengthening the optical path of the
light through the cell, (c) trapping a greater percent-
age of light within the thin active layers, and (d)
increasing the electrode's surface area [16-18]. In the
recent years some publications have reported the
employing of surface textured substrates as photoan-
ode for DSSCs, too. 

Reports of employing textured glass, patterned
FTO, textured-3D TiO2 active layer, and alternative
grooved substrates like Ti metal as photoanode have
resulted a significant increase in conversion effi-
ciency. Hussain et al. reported the ICP-RIE textured
glass substrate as photoanode. Their textured glass
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substrate showed the high diffused transmittance and
haze ratio in the visible-NIR wavelength region,
which was suitable for high performance DSSCs
[19]. Also, maskless RIE pre-textured glass sub-
strates as photoanode has been introduced to DSSC
by Chen et al. [20]. Another notable enhancement in
power conversion efficiency was achieved through
the reduction in reflections of the visible range and
increasing effective cell interface area. In a study by
Kong et al. a DSSC fabricated on the patterned FTO
electrode and the effect of surface modification was
investigated [21]. That cell showed higher photocur-
rent using larger surface area of the patterned FTO
which allows more involvement of TiO2 particles and
dyes. In 2013, Wooh et al. demonstrated a light-trap-
ping strategy in DSCs with textured and 3D photoan-
odes made from TiO2 nanoparticles [22]. The novel
structure showed higher light absorbance and hence
higher photocurrent in comparison with the ordinary
2D flat photoanode. It is noticed that better perfor-
mance was due to the increase of the light path length
caused by the reflection of the scattered light on the
tilted facets of the textured structures. Also, Nath et
al. introduced hierarchically arranged light-scatter-
ing layers (LSLs) into the regular TiO2 films of
DSSCs to enhance the LHE in the visible region of
light [23]. The optical density was significantly
enhanced inside the film by the effect of producing
higher wavelength light gradually with an increase in
scattering particle size. The power conversion effi-
ciency of the cells with scattering layers was
enhanced up to 32% for wavelengths ranging from
550 to 800 nm compared with cells without scatter-
ing layers. In another research a thin TiO2 underlayer
with a grooved structure was prepared on a Ti metal
[24]. This textured underlayer decreased the charge
transfer resistance at the Ti metal/ TiO2 interface and
importantly improved the light harvesting ability of
the cell. 

This research looked into the possibility of having
light trapping process in DSSC by using macro-
porous silicon (PSi) substrate as photoanode. To the
best of our knowledge, this is the first work that
shows how the DSSC's performance parameters,
such as short-circuit current density, open circuit
voltage, fill factor, and power conversion efficiency
affected by the geometric properties of porous sili-
con. Three different PSi samples were formed using
electrochemical anodization. Afterward ITO film

was deposited on PSi substrates with DC magnetron
sputtering, which was followed by the subsequent
deposition of a TiO2 layer by using sol-gel spin-coat-
ing. Finally, the proposed DSSCs have been assem-
bled. An investigation including energy dispersive X-
ray spectroscopy, photocurrent-voltage, UV–visible
spectroscopy, reflectance spectroscopy, and electro-
chemical impedance spectroscopy measurements has
been carried out in order to characterize the sug-
gested DSSC. PSi substrates with different textured
surface changed both the optical property and dye-
loading capacity which ameliorate light harvesting
efficiency far better.

2. Experimental Section

2.1 Preparation of Macro-Porous Silicon

Many physical and chemical methods have been
proposed for texturing of silicon surface, such as
mechanical grooving [25], lithography followed by
reactive ion etching [26], laser texturing [27], and
electrochemical etching. Porous silicon prepared by
electrochemical etching is of interest due to the abil-
ity for fabricating various structures and cost effec-
tiveness [28,29].

In our experiments, (1 1 1) and (1 0 0)-oriented n-
type, Czochralski-grown, single crystal Si wafers
with thickness of 430 ± 20 μm and resistivity of 1.5 ±
0.2 Ω cm used as starting materials. The wafers were
first cut into 1.5 × 1.5 cm2 square samples and then
samples were dipped in 1:10 dilute HF solution to
remove all traces of native oxide. Before etching pro-
cedure, samples were chemically cleaned by standard
RCA procedures and dried under a stream of N2 gas
respectively. The PSi was prepared by electrochemi-
cal anodization method in an electrolyte of 40 %
hydrofluoric acid, DI water, and 99.9 % ethanol [HF:
H2O:C2H5OH]. Ethanol is often added to the HF
solution to reduce its surface tension. The Si sample
and Pt disc were connected as anode and cathode
respectively. Approximately 0.25 cm2 of the pol-
ished side of the Si sample was exposed to the etch-
ing solution. PSi formed by this method can present
various shape and size, depending on formation
parameters including current density, electrolyte con-
centration, and etching time. By optimizing the etch-
ing conditions, PSi samples with the pore diameter in
micrometer scale were prepared. After chemical
etching, the surface-processed Si was rinsed several
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times in ethanol and dried [30].

2.2 Preparation of TiO2 Sol

The sol-gel procedure with a titanium-alkoxide sol
was used for synthesis of TiO2 sol. Titanium tetra iso-
propoxide (TTIP, 97%, Sigma-Aldrich) was used as
titania precursor and ethanol, nitric acid (HNO3) and
de-ionized water were used as received. First, the
titanium tetra isopropoxide was mixed with ethanol,
and the de-ionized water was added drop wise under
constant stirring for 1 h. Then, the resultant solution
was peptized using (0.1 mol) nitric acid, to maintain
the pH of the solution, and refluxed at 80 oC for 8 h.
Finally, a white and highly viscous solution was
obtained [31-33].

2.3 Preparation of Photoanodes and DSSCs

The prepared nanoparticle TiO2 sole was coated
onto ITO-coated PSi substrates by spin-coating tech-
nique. This process was controlled by multiple spin-
coating and drying steps. The thickness of TiO2 films
above the PSi substrates’ surface was about 2 μm
with good filling in the micro-pores. After drying in
air the TiO2 photoanodes were heated at 100 oC for
15 min which was followed by sintering at 400 oC for
30 min. The resulted photoanodes, after cooling
down to 120C, were immersed into a solution of
N719 dye in ethanol for 24 h at room temperature for
complete dye adsorption. Afterwards, the photoan-
odes were rinsed with anhydrous ethanol to wash
redundant dye molecules away. Counter electrodes
were prepared by spin-coating 4 wt% H2PtCl6 solu-
tion onto the ITO glass and heating at 450 oC for 30
min. The dye-adsorbed TiO2 photoanodes and the Pt-
coated counter electrodes were assembled into a
sandwich-type cell using a clamp and sealed with a
hot-melt sealant of 80 μm thick. The electrolyte solu-
tion was a mixture of LiI (0.5 M), I2 (0.05 M), and 4-
tert-butylpyridine (0.5 M) in acetonitrile and was
injected through a drilled hole in the counter elec-
trodes. In the next step the hole was sealed using a
cover glass. The final active area of the cells was
0.25 cm2 [33]. In this work, traditional ITO glass-
based photoanode was also fabricated with the same
process. The thickness of TiO2 film was about 15 μm.

2.4 Characterization

In this study, porosity of the PSi samples was mea-
sured by gravimetric method. Percent porosity is

defined as the fraction of voids inside the porous
layer verses the starting silicon. This parameter is cal-
culated by gravimetric technique. The original crys-
talline silicon sample is weighed first (m1), then PSi
is formed and the sample is weighed again (m2),
finally the PSi layer is removed and the sample is
weighed once more (m3). The selective removal of
the porous Si layer-with no effect on the bulk crystal-
line silicon-is made by dipping for a few minutes in
an aqueous solution of KOH (3% in volume). With
these three measurements, determination of the per-
cent porosity was possible by [30]:

 (1)

The microstructure and surface morphology of the
PSi samples were investigated by a Hitachi S-4800
scanning electron microscope (SEM) with Energy
Dispersive X-Ray (EDX) detector. The presence of
deposited layers on PSi samples was confirmed by
EDX analysis. The crystalline nature and the phases
of the TiO2 coated PSi samples were studied by a
Philips X’Pert MPD X-ray diffraction (XRD) instru-
ment with CuKα of 1.540 56 Å. Photovoltaic mea-
surements employed an AM 1.5 solar simulator
(Luzchem Research) at 25 oC equipped with an Auto-
lab PGSTAT302 N potentiostat/galvanostat. The
power of the simulated white light was calibrated to
100 mW/cm2. Electrochemical impedance spectra
(EIS) measurements were taken over a frequency
range of 0.1 Hz-100 kHz with 10 mV amplitude at
open-circuit conditions under standard global AM
1.5 solar irradiation. Reflectance of the obtained PSi
samples was evaluated by reflectance spectroscopy
measurements using an avantes spectrometer
(Avaspec-2048-TEC). The amount of dye was deter-
mined by desorbing the attached dye molecules of
the substrates in 0.1 M NaOH aqueous solution, with
the concentration measured by a UV-Visible spectro-
photometer (Perkin Elmer, Lambda 25).

3. Results and Discussion

3.1 Microstructural Characterizations

Porosity level, geometry, and microstructure of
pores depend on the anodization conditions. These
conditions include electrolyte concentration, etching
current density, etching time, silicon wafer character-
istic, illumination (required for n-type silicon), and
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temperature. Table 1 summarizes the experimental
conditions of the three PSi samples which prepared in
this investigation. In order to yield a better wetting
properties of the Si surface, the compositions of the
etch solution was (HF: Ethanol: DI) = (25 %: 60 %:
15 %). Also the etch temperature was 40 oC and all
samples were made porous electrochemically by con-
stant 24 mA/cm2 current density when exposed to the

white light. Fig. 1 shows the SEM images of three
PSi samples fabricated using the proposed electro-
chemical anodization method at the different etching
conditions. For PSi(I), the V-shaped structure at the
bottom of the pores and hexagonal shape at the sur-
face is because of (111) wafer orientation. Cross-sec-
tional SEM images clearly demonstrate the pores size
(diameter on top) in the range of 3-4 μm and their

Table 1. Experimental conditions of different PSi samples.

 Important

parameters

Samples

Orientation
Resistivity

(Ω-cm)
T (oC)

Time 

(min)

Current density 

(mA/cm2)

(HF: Ethanol: DI)

solution
Porosity

PSi (I)
<111>

n-Si
1.5 ± 0.2 40 30 24 (25%: 60%: 15%) 51%

PSi (II)
<100>

n-Si
1.5 ± 0.2 40 15 24 (25%: 60%: 15%) 53%

PSi (III)
<100>

n-Si
1.5 ± 0.2 40 30 24 (25%: 60%: 15%) 64%

Fig. 1. Cross-sectional and top view SEM images of the PSi samples fabricated using the proposed electrochemical

anodization method at different etching conditions: (a,b,c) PSi(I), (e,f,g) PSi(II), and (h,i,j) PSi(III). Inset scale bars are

3 μm.
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depth about 5 μm. For PSi(II) and PSi(III), the curve-
shaped structure at the bottom of the pores and circu-
lar shape at the surface is an outcome from the (100)
wafer crystal orientation. Top-viewed SEM images
(Fig. 1f, i) revealed that for both of these samples the
pores diameter is the same and equals to 3 µm. The
increase of the pores depth by growing the etching
time is clearly visible in the cross-sectional images
(Fig. 1e, h). For PSi(II) with 15 min time etching, the
macro-pores length is about 10 µm, while it’s approx-
imately 15 µm for PSi(III) which had 25 min time
etching. Despite having the same etching condition,
PSi(I) compared with PSi(III) has pores with less
depth since the (111)-oriented planes slowly etch in
the etching solution. The pore size, depth, and distri-
bution are largely uniform and reproducible across
the all three samples. Also, by Using gravimetrical
technique the percent porosity values of 51 %, 53 %
and 64 % is calculated for PSi(I), PSi(II) and PSi(III)
respectively.

The ITO films with a thickness of 300 nm were
deposited on PSi samples by DC magnetron sputter-
ing technique, as described previously [34]. The
electrical properties of the ITO films were deter-
mined by the four-point probe technique. The mea-
sured values demonstrate the sheet resistance of
ITO/PSi structures in the range of 8-10 ohm/sq. As
mentioned before, the TiO2 films prepared using
sol-gel spin-coating method and annealed at 400oC.
As an example, three steps of the TiO2 film deposi-
tion on PSi(II) by spin coating method are shown in
Fig. 2a. Cross-sectional SEM images of the TiO2

film after 5 spin-coating times, 10 spin-coating

times, and filling of the pores are respectively illus-
trated in Fig.2a-I, 2a-II, and 2a-III. Also High mag-
nification SEM image of TiO2 film is shown in Fig.
2b. This image depicts nano-scale spherical parti-
cles of the film. The TiO2 grain size was observed to
be about 30 nm. The formation of nano-sized
smooth grains all over the surface can lead to
improve the dye-loading capacity due to larger sur-
face area. The crystal phase of TiO2 films was deter-
mined by X-ray measurements. As XRD pattern
depicts the spin-coated TiO2 layer is largely in ana-
tase phase (Fig. 3). This layer shows predominant
anatase peaks at (101), (004), (112), (200), and
(105). All peaks are in good agreement with the
standard spectrum (JCPDS no.: 88-1175 and 84-
1286). For dye-sensitized solar cells, anatase is per-

Fig. 2. (a) SEM images of the TiO2 film deposited on PSi(II) by sol-gel spin coating method: I) 5 spin-coating times, II) 10

spin-coating times, III) after filling of the pores (b) High magnification SEM image of TiO2 film (inset: 30 nm TiO2

particle).

Fig. 3. X-ray diffraction patterns of sol-gel spin-coated

TiO2 films.
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ceived as the more active phase of TiO2 because of
its surface chemistry and potentially higher conduc-
tion-band edge energy [35]. 

Elemental analyses of PSi samples based on
Energy-dispersive X-ray spectroscopy (EDX) were
also performed at various steps of the fabrication pro-
cess (Fig. 4). A single peak at 1.74 Kev correspond-
ing to Si was observed in the elemental analysis of Si
wafer after electrochemical etching (Fig. 4(I)). The
elemental analysis of ITO deposited on PSi sample
(Fig. 4(II)) represents the presence of tin (Sn) and
indium (In) distributed all over the porous substrate.
Fig. 4(III) shows the EDX spectrum of sol-gel TiO2

film deposited on ITO coated PSi sample. The
observed peaks at about 0.5, 4.5, and 4.95 KeV in
this spectrum, which are assigned to O and Ti,
demonstrate that this film is essentially pure.

3.2 DSSC performance of PSi-based photoanodes

Using the aforementioned samples as photoanode,
three DSSCs were prepared and tested under
100 mW/cm2 sunlight. In order to evaluate the per-
formance of these cells, a conventional ITO-glass
photoanode with the same manufacturing process
was made, too. Fig. 4 shows the photocurrent density
versus potential curves of the cells. In addition, the

resulting photovoltaic parameters derived from the J-
V curves (Table 2). Power conversion efficiency val-
ues are 4.06%, 4.93%, 4.75% and 5.77% for photo-
anodes named as ITO-glass, PSi(I), PSi(II), and
PSi(III), respectively. Comparing the photovoltaic
performance parameters of the PSi-based DSSCs to
the conventional DSSC, the PSi photoanodes in spite
of the illumination through the counter-electrode are
more photoactive than typical photoanode. Specially,

Fig. 4. EDX spectrum of I) freshly prepared PSi sample, II) ITO deposited PSi sample, III) sol-gel spin-coated TiO2 film

on ITO coated PSi sample.

Fig. 5. Current-voltage characteristics of DSSCs fabricated

using different PSi samples.
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the PSi(III)-based DSSC with deeper pores yielded a
relatively large short-circuit photocurrent density JSC

of 10.4 mAcm-2, which is higher than 8.03 mAcm-2

of the typical DSSC.
It shows that the characteristics of macro-porous

layer such as the size and depth of pores have a consid-
erable impact on the efficiency. This improvement is
attributed to the higher LHE of the novel photoanodes
which is an effective factor for raising the JSC. This
parameter is predominantly related to photoanode’s
optical properties and dye-loading capacity.

UV-visible experiments were carried out to verify
the influence of PSi structures on the amount of dye
adsorption. We characterized the amount of dye
adsorbed after detaching the dyes from four photoan-
odes with 0.1 M NaOH aqueous solution. The resul-
tant UV-visible data are shown in Fig. 6. According
to the spectra, the spectral line shapes have the same
trends for all photoanodes. It is clear from this figure
that light absorption is increased in PSi-based photo-
anodes in a wide spectral range of 400-700 nm com-
pared to the  convent ional  ITO glass-based
photoanode. Among different PSi-based photoan-
odes, PSi(III) has the highest amount of dye-loading
capacity. This increment is due to the high surface
area to volume ratio of PSi, the percent porosity
value of 64 %, which makes more surfaces available
for TiO2. On the basis of this finding, we conclude
that the presence of the PSi structures affects the dye-
loading capacity considerably and thus they were
found to have better photovoltaic performance than
the conventional ITO-glass photoanode. 

For investigating the possible light trapping effects,
the diffuse reflectance of the prepared PSi samples
was measured on a UV/Vis/NIR spectrophotometer.
Fig. 7 shows the diffuse reflectance of the prepared
PSi samples and polished single-crystal silicon wafer.
It clearly shows that PSi structures drastically sup-
press light reflection over a wide spectral bandwidth.
The average reflectance of the polished wafer, PSi(I),
PSi(II) and PSi(III) in the wavelength range of 300-
900 nm are about 35%, 5.7%, 7%, and 3.5% respec-
tively. This remarkably low broadband reflectance indi-

Table 2. Photovoltaic performance of the DSSCs using

various types of photoanodes.

Photoanode JSC(mAcm-2) VOC(mV) FF η(%)

ITO-glass 8.03 794 0.635 4.06

PSi(I) 9 810 0.670 4.93

PSi(II) 8.8 807 0.668 4.75

PSi(III) 10.4 820 0.677 5.77

Fig. 6. UV/vis absorption spectra representing the amount

of dyes adsorbed in different photoanodes.

Fig. 7. Reflectance of the obtained PSi samples and the

polished silicon wafer.

Fig. 8. IPCE versus wavelength for DSSCs employing

different PSi samples.
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cates excellent light trapping ability of PSi structures
which can be a major cause of improved photovoltaic
performance of PSi-based DSSCs. Topographically
rough, vertically aligned macro-porous structure may
help to trap the light better and thus enhances the prob-
ability of photon absorption by the dye molecules.
PSi(III) has significantly lower reflectance in com-
parison with two other samples that is due to deeper
pores of this sample. Lower reflectance of PSi(I)
compared to PSi(II), despite having shallower pores,
can be an outcome from its pores’ shape. By compar-
ing Table 2 and Fig. 6, it is concluded that there is a
direct relationship between anti-reflective property
and power conversion efficiency.

The incident photon-to-current efficiency (IPCE)
spectra for each DSSC are presented in Fig. 8. As
expected, the quantum efficiency in the visible region
of light for each PSi-based DSSC is higher than that
of the conventional DSSC. Moreover, the PSi(III)-
based photoanode exhibits higher IPCE than PSi(I)
and PSi(II) photoanodes, which is attributed to its
greater dye adsorption and Lower reflectance proper-
ties. These results have good consistency with the
aforementioned dye-loading and reflectance data.

It is noteworthy that the introduction of PSi photo-
anode into the DSSC not only improves the LHE but
also reduces the electron–hole recombination rate in
the TiO2 layer. Schematic diagrams for the possible
electron transferring in two types of photoanode
structures are shown in Fig. 9. In conventional photo-
anode (Fig. 9a), without macro-pore structures, elec-
trons that are injected into TiO2 nanoparticles may
transfer around and need a much longer transfer dis-

tance. But as depicted in Fig. 9b, PSi photoanodes
due to their vertically aligned macro-pores provide
more pathways for electrons without increasing their
transport distance in the TiO2 layer, thus reducing the
chance of charge recombination, which also means
that the electrons transfer efficiently. For analyzing
the charge transfer and recombination processes at
the TiO2/dye/electrolyte/Pt interfaces in DSSCs, EIS
measurements were performed under AM 1.5 solar
illumination and the results are shown in Fig. 10.
Two semicircles extending from total series resis-
tance are observed in high and middle frequency
regions (left to right). The small semicircle (ZCT) in
the high frequency region is attributed to the imped-
ance corresponding to the charge transfer process
occurring at the electrolyte/Pt interface, while the
large semicircle (ZTiO2) in the low frequency region is

Fig. 9. Electron transfer through TiO2 nanoparticles in: (a) conventional photoanode, (b) PSi photoanode.

Fig. 10. EIS spectra of DSSCs with various PSi

photoanodes.
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attributed to the charge transfer and recombination at
the TiO2/dye/electrolyte interface [36-38]. As shown
in Fig. 10, the radius of the large semicircle located in
low frequency region in the Nyquist plots decreases
for DSSCs employing PSi-based photoanode com-
pared with ITO glass-based DSSC. The radius val-
ues are in the order of PSi(III) < PSi(II) < PSi(I) <
ITO-glass, which indicates a decrease of the electron
transfer impedance (ZTiO2) and an increase of charge
transfer rate at this interface. This is how the verti-
cally aligned macro-pores facilitate interfacial charge
transfer and thus lower the charge recombination. In
particular, the PSi(III)-based DSSC has the smallest
interfacial impedance, which implies the fastest inter-
facial electron transfer and thereby rendering the
highest power conversion efficiency.

The fill factor (FF) is the ratio of the maximum
power from the DSSC to the product of Voc and Jsc.
The value of the FF depends on the normalized open
circuit voltage [39]. A higher voltage will have a
higher possible FF and the JV curve of the DSSC will
be more approached a rectangle. The Voc is the differ-
ence between the Nernstian potential of the solution
and the semiconductor’s quasi-Fermi level. At open
circuit, the rates of electron injection and recombina-
tion/interception are equal, and their values deter-
mine the steady-state electron concentration in the
semiconductor and therefore its quasi-Fermi level.
The quasi-Fermi level, and thus Voc, can be increased
by enhancing the rate of electron injection (Jsc) or
decreasing the rate of electron recombination/inter-
ception. In the case of our devices, as shown in table
2, cells incorporated with PSi exhibit higher Voc and
thus FF. This can be attributed to the following fac-
tors: first, as depicted in Fig. 6 and 7, PSi structures
drastically suppress light reflection and enhance dye-
loading capacity. These properties provide the pho-
tons with more opportunities to be absorbed by the
dye molecules, results in a significant improvement
in the rate of electron injection. Second, as shown in
Fig. 10, the charge transfer impedance of the PSi
based DSSCs is lower than that of the conventional
DSSC. Thus, these results show that one can expect a
lower recombination from the PSi electrode in com-
parison with the typical one. 

4. Conclusion

This investigation presents a highly efficient and

simple light trapping strategy by fabricating a novel
macro-porous silicon based photoanode. The macro-
porous structures are prepared through a simple and
cost effective electrochemical anodization method.
The photoelectric measurements showed that the
standard photovoltaic parameters for modified
DSSCs including the short circuit current density, the
fill factor, and the power conversion efficiency have
remarkably increased compared with the values for a
conventional DSSC. Among three different PSi
geometries employed, the PSi(III) photoanode with
more porosity percentage, shows the highest effi-
ciency of 5.77 % which is nearly two times higher
than that of the conventional one. Surface reflec-
tance, dye adsorption, and electrochemical imped-
ance spectroscopy experiments notified that the
vertically aligned macro-pore structures are the ori-
gin of the light harvesting efficiency improvement.
The total light reflection is dramatically reduced by
the increase of the light path length inside these struc-
tures, which leads to more photon absorption. More-
over, porous structures with large surface area allow
higher rate of dye adsorption and assist in the interfa-
cial charge transfer, which render higher photocurrent
and lower charge recombination. Further adjustments
can be performed in future to achieve optimal light
trapping structures, which provide a good way to
improve the overall power conversion efficiency of
DSSCs.
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