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[ Thin film solar cells fabricated using cross-shaped pattern epilayer
lift-off technology for substrate recycling applications ] , IEEE
Transactions on Electron Devices, 2012, 59(3), pp. 666~672.

[ Transmissive Color Filtering Using Plasmonic Multilayer Structure] ,
Optical Engineering, 2012, 51(4), pp. 04001-1~04001-5.

[ Dependence of Biasing Voltage and Illumination Power on the
Built-in Electric Field of InGaP Solar Cells] , Japanese Journal of
Applied Physics, 2012, 51, pp. 072301-1~072301-4.

[ Nanoparticle-Tuned Self-Organization of a Bulk Heterojunction
Hybrid Solar Cell with Enhanced Performance ], ACS Nano, 2012, 6 (2),
pp. 1657-1666.

[ Diketopyrrolopyrrole-based Oligomer Modified TiO, Nanorods for
Air-stable and All Solution Processed Poly(3-hexylthiophene):TiO,
Bulk Heterojunction Inverted Solar Cell}, J. Mater. Chem., 2012, 22, pp.
10589-10596.

[Small and Wide Angle X-ray Scattering Characterization of Bulk
Heterojunction Polymer Solar Cells with Different Fullerene
Derivatives] , Journal of Physical Chemistry C, 2012, 116(18), pp.
10238-10244.
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(7) [ Self-Vertical Phase Separation Study of Nanoparticle/Polymer Solar
Cells by Introducing Fluoro-Containing Additives)] , Chem. Commun.
2012, 48, pp. 7250-7252.

(8) [An Investigation of the Mechanisms of Light Induced Nickel Plating
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(1) ¥ 4% [Thin film solar cells fabricated using cross-shaped pattern

epilayer lift-off technology for substrate recycling applications J- This study
reports the use of cross-shaped pattern epitaxial lift-off (ELO) technology
to release crack-free single crystal epilayers with a solar cell structure from
a gallium arsenide (GaAs) substrate. A cross-shaped pattern array was used
to define cell size and provide the etch path for the etchant solution. AlAs
was used as a sacrificial layer and etched using a hydrofluoric acid etchant
through the cross-shaped hole. Results indicate that the entire wafer can be
etched simultaneously. The desired carrier, i.e., the electroplate nickel
substrate, can directly contact the epilayer without wax or low-viscosity
epoxy, and can also be applied to an external force through magnetic
attraction to decrease the release time. After the cross-shaped pattern ELO
process, the separated GaAs substrate can be recycled through chemical
cleaning. The performance of solar cells grown on new and recycled GaAs
substrates remained above 90% of the initial performance when the
substrate was recycled less than three times.(IEEE Transactions on Electron
Devices, 2012, 59(3), pp. 666~672)

(2)# ¥ 4 5 [Transmissive Color Filtering Using Plasmonic Multilayer

Structure] - A transmission type plasmonic multilayer filter is theoretically
investigated using three-dimensional rigorous coupled wave analysis
(RCWA) method. The design rule of the resonance properties associated
with the weakly localized surface plasmon modes in metal/insulator/metal
waveguide arrays is discussed. The optical performances with respect to the
geometrical parameters of the plasmonic structure are evaluated. Through
manipulating the geometric parameters of the metal/insulator/metal
waveguide, the optical properties of the filter can be engineered. (Optical
Engineering, 2012, 51(4), pp. 04001-1~04001-5)

(3)# ¥ 4+ [Dependence of Biasing Voltage and Illumination Power on

the Built-in Electric Field of InGaP Solar Cells]) - The electroreflectance
spectra of InGaP solar cells at various biasing voltages and illumination
levels were studied. The Franz—Keldysh oscillations were observed and the
electric field at the junction of solar cells can be extracted. The measured
electric field decreases with increasing biasing voltage and illumination
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level. The theoretical electric fields as a function of the biasing voltage and
the photocurrent are calculated on the basis of the depletion approximation
in the junction theory and the photovoltaic effect, respectively. (Japanese
Journal of Applied Physics, 2012, 51, pp. 072301-1~072301-4)

(4)# ¥ ¢ # % [ Nanoparticle-Tuned Self-Organization of a Bulk
Heterojunction Hybrid Solar Cell with Enhanced Performance ] - We
demonstrate here that the nanostructure of poly(3-hexylthiophene) and
[6,6]-phenyl-C61-butyric acid methyl ester (P3SHT/PCBM) bulk
heterojunction (BHJ) can be tuned by inorganic nanoparticles (INPs) for
enhanced solar cell performance. The self-organized nanostructural
evolution of P3HT/PCBM/INPs thin films was investigated by using
simultaneous grazing-incidence small-angle X-ray scattering (GISAXS)
and grazing-incidence wide-angle X-ray scattering (GIWAXS) technique.
Including INPs into P3HT/PCBM leads to (1) diffusion of PCBM
molecules into aggregated PCBM clusters and (2) formation of
interpenetrating networks that contain INPs which interact with amorphous
P3HT polymer chains that are intercalated with PCBM molecules. Both of
the nanostructures provide efficient pathways for free electron transport.
The distinctive INP-tuned nanostructures are thermally stable and exhibit
significantly enhanced electron mobility, external quantum efficiency, and
photovoltaic device performance. These gains over conventional
P3HT/PCBM directly result from newly demonstrated nanostructure. This
work provides an attractive strategy for manipulating the phase-separated
BHJ layers and also increases insight into nanostructural evolution when
INPs are incorporated into BHJs.( ACS Nano, 2012, 6 (2), pp. 1657-1666)

(5)# ¥ ¢+ # % [ Diketopyrrolopyrrole-based Oligomer Modified TiO,
Nanorods for Air-stable and All Solution Processed Poly(3-hexylthiophene)
TiO, bulk heterojunction inverted solar cell ] - TiO, nanorods modified by
diketopyrrolopyrrole-based oligomer were employed in air-stable and all
solution processed poly(3-hexyl thiophene):titanium dioxide nanorods
(P3HT:TiO, nanorods) bulk heterojunction (BHJ) inverted solar cells in the
present work. The oligomer (copolymerize 4,5-diaza-9,9’-spirobifluorene
with diketopyrrolopyrrole (PZFDPP)) was synthesized by Stille coupling
reaction. The PZFDPP was coated on TiO, nanorods by refluxed the TiO,
nanorods in oligomer containing solution at low temperature (70°C). A
concentration gradient profile of polymer/nanocrystals (P3HT/TiO,
nanorods) BHJ is observed for the first time by X-ray photoelectron
spectroscopy (XPS) technique together with in-situ ion sputtering, showing
that TiO,-rich region and P3HT rich region are aggregated adjacent to
electron transport layer (ETL) and hole transport layer (HTL) respectively.
The obtained depth profile indicates the inverted device structure is more
suitable for polymer/inorganic nanocrystals BHJ solar cell. Furthermore,
instead of using energy consuming process for the ETL layer deposition,
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the PZFDPP modified TiO, nanorods were also used to deposit the ETL
layer by spin coating. The surface features and properties of deposited TiO,
ETL coated by PZFDPP were systematically investigated. The developed
photovoltaic device shows promising power conversion efficiency (PCE) of
1.2% benefited from improved electron mobility in P3HT:TiO, BHJ film
and across the ETL/active layer interfaces by the oligomer modification.
Moreover, the device is extremely stable stored in air without encapsulation
(less than 10% loss over 1000 hrs test). The results of this work
demonstrate the successful development of high efficient and air-stable
polymer/inorganic nanocrystal hybrid BHJ inverted solar cells based on
chemically modified nanocrystals which significantly extend the current
knowledge of device fabrication.( J. Mater. Chem., 2012, 22, pp.
10589-10596)

(6) 3 ¥ -4 % [Small and Wide angle X-ray Scattering Characterization of
Bulk Heterojunction Polymer Solar Cells with Different Fullerene
Derivatives J- The aim of this study is to quantitatively investigate the effect
of different fullerene type (PC60BM and PC70BM) on various
morphological structures and power conversion efficiency (PCE) in the
bulk heterojunction (BHJ) P3HT/PCxBM solar cells without thermal
annealing using simultaneously grazing-incidence small- and wide- angle
X-ray scattering technique. Two kinds of nanostrucuters: PCxBM
molecules dispersed in P3HT crystalline domain and PCxBM cluster
domain are formed in the BHJ films. The domain space of P3HT lamella
crystals in P3HT/PC70BM is larger than that in P3HT/PC60BM which
indicates more interface areas are generated between PC70BM and P3HT
for more efficient charge separation and higher PCE (3.2% vs. 2.7%). The
size, volume fraction and spatial distribution of PC60BM clusters are larger
than that of PC70BM clusters which reveal the attachment between
PC60BM clusters is larger for more efficient electron transport. The
correlation between nanostructures and PCE indicates that the P3HT
crystallites play more important role in the PCE performance of BHJ solar
cell without thermal annealing. The results of this study pave a way to
reach high efficiency solar cell without costly fabrication process and use
of flexible plastic substrate.( Journal of Physical Chemistry C, 2012,
116(18), pp. 10238-10244)

(7)# ¥ =4 % [Self-Vertical Phase Separation Study of Nanoparticle/Polymer
Solar Cells by Introducing Fluoro-Containing Additives] - A new approach
to induce self-vertical phase separation of nanoparticle/polymer hybrid
solar cells is reported by introducing fluorinated small molecules into the
active layer. The formation of a vertically gradient structure improves not
only polymer organization but also charge transport efficiency, thus
increasing the photovoltaic cell performance by a factor of 5. (Chem.
Commun. 2012, 48, pp. 7250-7252)
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(8)# ¥ - #- % [An Investigation of the Mechanisms of Light Induced Nickel
Plating on P-type Silicon Substrates] - In the process of silicon solar cell
production, the fabrication of plated Ni/Cu contacts is regarded as the next
generation of metallization processes and has the potential to replace the
screen-printing technology. In this paper, we discuss the mechanisms of
Light Induced Nickel Plating (LINP) on semiconductors, which can be
applied for Ni/Cu metallization. Our experiments show that when a p-type
silicon substrate, with or without an n* emitter structure, which has been
previously subjected to aluminum metallization on the back, is immersed in
a plating bath, metal ions are reduced on the front surface of the
semiconductor as soon as illumination starts. The results demonstrate that
the mechanisms of light induced nickel plating are not entirely due to the
potential difference induced inside the n/p junction of the semiconductors,
as stated by other authors. The main deposition principle may be related to
the potential differences separately induced on the metal/solution interface
as well as on the semiconductor/solution interface under thermal
equilibrium. To the best of our knowledge this has not yet been mentioned
in the literature related to plating. This study discusses the techniques and
methods developed to overcome the current shortcomings with electroless
plating and electroplating in the solar cell process. Furthermore, the nickel
films formed by LINP in a fast and simple process, were analyzed using
SEM and XPS and shown to display uniform metal surfaces and high
intrinsic quality. (International Journal of Electrochemical Science, 2012, 7,
pp. 10711-10721)

2. R F%E €&mc 10 h

(1) %4> 2012 # 2 * 21 p~24 p % 14 % Asia Pacific Confederation of
Chemical Engineering Congress > # % &4 % [Multi-junction Solar Cells
with Different Deposited Thin Films for Photoelectrochemical Water
Splitting Reactions) - MJSC was introduced into the photoelectrochemical

system for the water-splitting reaction. The photoelectrochemical system is
an H-type reactor comprised of the lightresponse materials(MJSC) and a
nafion membrane. Since the structure of MJSC was consisted of three
n-on-p junctions, the cathode (top cell side) would generate hydrogen while
the anode (bottom cell side) would generate oxygen theoratically. By using
the H-type reactor, hydrogen and oxygen could be evolved separately while
the MJSC were irradiated with light. However, the corrosion phenomenon
of the bottom cell was observed when the MJSC were utilized for
photoreaction. Different kinds of materials were deposited on the bottom
cell to prevent corrosion. These materials include silver, platium, and iron
oxide layers which were prepared via an electron beam-induced deposition
(EBID) method. The iron oxide (FezO,) layer was studied by X-ray
diffraction (XRD) and scanning electron microscope-energy dispersive
spectrometry (SEM-EDS) to reveal the crystallinity of magnetite, surface
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morphology, and chemical composition. Under visible-light irradiation
(400~700nm with cutoff filters), hydrogen production was achieved by
using the multi-junction solar cells. All photoelectrode could generate
hydrogen, but they only evolved few amount of oxygen. The hole may
oxidize the photoelectrode instead of water, meaning that thin film or Ge
would be oxidized during the reation. The rank in hydrogen evolution for
the thin films is: Pt> bare Ge> Fe;O,> Ag. The photoelectrode deposited
with metal thin film shows better activity due to its higher conductivity. In
other words, the oxide layer would decrease the activity of photoreaction.
However, silver thin film shows the worst performace resulting from the
side reaction. Silver oxide would catch the electrons, lowering the amount
of electrons for water reduction.

w43 2012 # 4 7 16 p~18 p % 8 /& International Conference on
Concentrating Photovoltaic Systems » = g #H ~ 4 & 5 -

.# ¥ ¢ # % [Large Dimension Transfer of GaAs Solar Cell onto

Molybdenum and Silicon Substrates) - An effective way to reduce the cell
cost is to reuse the original substrate of the cell by epitaxial lift-off (ELO)
technique. An ELO method involving flexible plastic carrier and external
mechanical force has been reported to speed up the ELO process. In this
study, we present another kind of ELO approach that can transfer
GaAs-based thin-film cell structures onto highly thermal conductive and
rigid carriers such as molybdenum (Mo) and Si without the use of external
mechanical force.

.# ¥ ¢ # % [Current Mismatch Effect on High Concentration Photovoltaic

When in Series Connection] - In this research, we focused on the current
mismatch effect on the series connected solar cells and each cell was in
parallel connection with bypass diode respectively. From the theoretical
calculation and experimental result, the current mismatch effect could
cause extra output power loss on the high concentration photovoltaic
(HCPV) module. The degree of the extra output power loss on the module
would depend on the photocurrent decrease of the solar cell which had a
minimum Im (particular operating current of solar cell when it has
maximum output power “Pp”). We used pulse and flash type solar module
simulator which were equipped with xenon lamp as light source to measure
our HCPV module for observing the current mismatch effect when 40 solar
cells are in series connection. One of the lenses on the module was
shadowed by different size cover and the result would be seen that when
1/36 aperture area of the single lens was shaded, the output characteristics
of the shadowed solar cell was 35/361,,,*V;. As for the module, total
output power was not 35/361,,*Vm+lm*(the rest of the other V,
summation which was remarked Vys9), but was 35/36l,,*(the all V
summation). There was an extra output power loss “1/361,1*Vm3e”. Finally,
we would know how to optimize the output power of the HCPV module by
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sorting and matching the particular operating current of the solar cells and
show the statistics of the experiment.

C.# % ¢ # % [ Durability of Silicone Encapsulation Materials for
Concentration Solar Receivers])- This paper mainly discusses the durability
of silicone materials for concentration solar receivers. The INER designed
solar receiver uses two kinds of encapsulation materials. The surface of
solar cell was coated with highly transparent silicone materials which
protect the solar cell from moisture and contamination, and the other parts
of the receiver was coated with insulation silicone materials to increase
electrical insulation. INER in Taiwan had established one MW HCPV
demonstration system in 2009. After 18months operation, it has been
observed that these encapsulation materials suffered from hazing. We used
the Scanning Electron Microscope (SEM) to observe the surface
morphology of the two encapsulation materials, and they show obvious
difference after field operation. We also do the Differential Scanning
Calorimetry(DSC) analysis to investigate the degree of crystallinity
variation of coated materials.

(3)% £+ 2012# 9 * 17 p ~21 P % 8 /& Organic Solar Cell Symposium and
Global School for Advanced Studies (GSAS) > = B # < ~ B 5

a3 ¥ -5 [ITO-free polymer solar cell based on Ag grid /PEDOT:PSS
hybrid] - Indium-tin oxide (ITO) transparent electrode is one of the main
cost consuming element in present organic solar cells. Thus, there is strong
demand for developing low-cost and solution-processable alternative
transparent  electrodes that have the potential for successful
commercialisation of organic solar cells. In this work, solution processed
hybrid  transparent  electrodes based on  high  conductive
poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate) (PEDOT:PSS) in
combination with printed current collecting silver grid have been
investigated. The sheet resistance of inkjet printed silver grid is 1~3 Q/sq
due to different thickness. In this study, different surface coverage are also
tuned from 1.25% to 10%. The sheet resistance of high conductive
PEDOT:PSS in combination with 10% surface coverage silver grid is
greatly improved from ~100 Q/sq to ~20 ©/sq. By optimizing the width and
pitch size of silver grid lines, the power conversion efficiency (PCE) of
devices based on the hybrid transparent electrode with active area 0.3 cm?
Is comparable to similar devices based on ITO. As the active area increases
to 4 cm? (2x2 cm?), the hybrid electrode based devices show even better
performance than ITO based devices. We also show that the enlargement of
devices with optimized silver grid is possible without substantial loss of
device performance. In our experiment, as the active area is enlarged by a
factor of 26.6 (0.3 cm’ to 8 cm?), only ~10% loss of PCE for the device
based on hybrid transparent electrode (from 2.8 % to 2.5 %). Since the
fabrication of the hybrid transparent electrode is solution processed and
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vacuum free, this work contributes toward low cost roll-to-roll
manufacturing in organic solar cells.

b. % % ¢ # % [Ultrasonic spray-coating of polymer solar cells]- In this study,
we report on a fabrication of efficient polymer solar cells (PSCs) via
ultrasonic spray coating as a promising method for low cost and large area
production. With optimized ink formulations, we are able to deposit films
of poly(3,4-ethylenedioxythiophene):poly (styrenesulfonate) (PEDOT:PSS)
with a thickness in the range of 30-50 nm as well as films composed of a
mixture of poly(3-hexyl thiophene) (P3HT) and the
[6,6]-phenylC61-butyric acid methyl ester (PCBM) with a thicknesses in
the range 250-300nm. The resulting devices at an effective photocurrent
generated area of 0.3cm® were measured under AM1.5G conditions and
power conversion efficiency (PCE) of 3.36% were obtained by optimizing
the parameters of the spray system (i.e. film thickness, spray time, distance
between sample and nozzle, substrate temperature, etc.). Furthermore,
scale-up is an essential requirement for commercialization in the future, the
module consists of 3 individual cells of 5cm? is designed in series. Even
with larger photocurrent area of 15cm?, the performance is acceptable with
a power conversion efficiency of 2.86%. Besides, a preliminary result is
also achieved by use of a flexible polyethylene naphthalate (PEN) substrate.
The PCE of the flexible PSC of 2.98% with a photocurrent area of 0.3cm?
Is achieved.

C. % ¥ ¢4 % [Performance and Stability of Inverted Polymer Solar Cells
Using Spray Process]) - As the rapid power conversion efficiency (PCE)
improvement (~11%), the polymer solar cell (PSC) has great potential to
commercialize in the near future. Therefore, in-line compatible deposition
methods are essential to facilitate the mass production; spray process is one
of the processes which are suitable for large-area devices fabrication.
Inverted PSC are receiving increasing attention because of their air-stability.
In this study, we investigated the performance and stability of the inverted
PSCs fabricated by spray process. The sol-gel ZnO film was used as an
electron transport layer, and the blend of poly(3-hexylthiophene) and
[6,6]-phenyl-C61-butyric acid methyl ester (P3HT/PCBM) was used as the
photoactive layer of the solar cell. The spray factors of ZnO film, such as
flow flux, flow rate and film thickness, were critical for optimizing the
power conversion efficiency (PCE) of inverted PSCs. The optimal PCE of
3.22% was achieved. Furthermore, the ZnO film morphology formed by
various spray factors was also demonstrated by atomic force microscopy
(AFM). In addition, the air-stability of sprayed inverted PSCs with
different devices structure was also investigated. The sprayed inverted PSC
with a metal oxide layer as a buffer layer above active layer showed the
best air-stability. This result showed that the metal oxide buffer layer plays
a key role in improving air-stability of sprayed inverted PSCs.
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(4)3 4> 2012 = 11 * 2 p~6 p % 2 % International Conference on
Engineering and Technology Innovation - # ¥ & #L = [ Degradation
mechanism of Il1-V triple junction solar cells analyzed using step stress
tests] - We analyzed the degradation mechanism of GalnP/GalnAs/Ge triple
junction solar cells without coating any protective film. Gradual degradation
in the dark and light 1-V characteristics of the solar cells were observed after
the step stress accelerated degradation tests (SSADT) were conducted on
these devices sequentially at 90°C, 110°C, 130°C and 150°C.
(5)% £ 2012 & 11 * 29 p ~30 P International Electron Devices and
Materials Symposium - # % ¢4 s [Fabrication of CZTS thin films by
AP-MOCVD ] - For the first time, atmospheric pressure metal-organic
chemical vapor deposition is used to deposit Cu,ZnSnS, (CZTS)thin films
on silicon substrates. The film structure is analyzed using the X-ray
diffraction spectra of CZTS and the Raman spectrum. Moreover, the surface
morphology and the grain size of CZTS are characterized by scanning
electron microscope (SEM) images. So that we can know the data of CZTS
thin film, and is success to build up at the first step.
(6)7 £+~ 2012 & 12 * 6 F ~8 p Optics & Photonics Taiwan, International
Conference » 3 % # = [Fabrication and Characterization of CZTS thin
films by Sol-gel Method]) - Cu,ZnSnS, (CZTS) thin films were prepared by
sulfurizing precursors deposited by the sol—gel method. Copper (Il) acetate
monohydrate, zinc (Il) acetate dihydrate and tin (I1) chloride dihydrate were
used as the starting materials of the sol—gel method, and 2-methoxyethanol
and monoethanolamine were used as the solvent and the stabilizer,
respectively. The solution was spin-coated on Mo coated soda lime glass
(SLG) substrates and dried at 120°C. The coated SLG substrates were
sulfurized by annealing at 575°C in CVD chamber with hydrogen
sulfide-containing atmosphere. The annealed thin films showed X-ray
diffraction peaks attributed to the single phase CZTS. Although the Energy
Dispersive Spectrometer (EDS) analysis showed that the chemical
composition of the films was still not stoichiometric, but it still showed
energy band gap of 14 eV measured by room temperature
photoluminescence spectrum.
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W ¥ - % [Study of Ge/Pd/Ag Ohmic Contact on n-type GaAs] - In this
report, the metallurgical structure of Ge/Pd/Ag is adopted to study the
formation of ohmic contact on n-type GaAs material. By changing the
thickness of Ge as well as Pd, and the annealing conditions, the best
condition for having an ohmic contact with the lowest specific contact
resistivity (pc) IS investigated via the use of transmission line method
(TLM). Experimental results show that the ratio of Pd/Ge plays an
important role in determining the ohmic contact formation in the
metallurgical structure of Ge/Pd/Ag such that insufficient Pd metal
thickness always result in Schottky contact or fair ohmic contact with an
annealing temperature much higher than that having sufficient Pd metal
thickness. The details of the experimental results will be described and
possible applications for solar cells discussed in this report.

¥ ¢4 % [Electric characterizations of Pd/Ag/Au ohmic contact for
n-type Si material] - The multi-layered Pd/Ag/Au metal structures with
various Pd contents are investigated through the TLM method to study the
feasibility of forming an ohmic contact for n-Si material. Experimental
results indicate that the annealing temperature for obtaining the lowest
specific contact resistivity (p.) is decreased from 450°C to 375°C with
increasing Pd layer thickness from 25nm to 50nm. Once the Pd layer is
increased to 100nm, the best annealing temperature is increased from 375
‘C to 425°C. Additionally, an optimum metallurgical structure of Pd(50
nm)/Ag(300 nm)/Au(30 nm) with a considerably low p. ~ 2.7x10°® Q-cm?
can be obtained after annealing at 375 °C for 2 min. Furthermore, the
details of the experiments will be outlined and possible application for
I11-V solar cells discussed in this report.

402012 %107 26 P E &€ 0T R ARG

¥ 4% [Influence of lattice stress on composition of AllnP grown by
metalorganic vapor phase epitaxy ] - We report on the effect of lattice stress
on the composition of AlInP grown on GaAs by low-pressure metalorganic
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vapor phase epitaxy (MOVPE). Two types of lattice stress are discussed,
including compressive and tensile stresses, which originated from
intentional growth of In-rich and Al-rich AlInP films on GaAs substrates.
High resolution X-ray diffraction (HRXRD) measurement showed that
either an In-rich or an Al-rich AlInP single epilayer exhibited double-peak
diffraction, revealing composition separation phenomenon in the grown
film. The origin of the composition separation might relate to
strain-induced composition pulling effect. Despite the small amount of the
composition separation, the pulling effect was identified in the AlInP/GaAs
material system.
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