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-

1. #4 16 %K SCl#H#H =

(1) % ¥ 4% [Optical coupling from InGaAs subcell to InGaP subcell in InGaP/InGaAs/Ge
multi-junction solar cells]) - Spatially-resolved electroluminescence (EL) images in the
triple-junction InGaP/InGaAs/Ge solar cell have been investigated to demonstrate the
subcell coupling effect. Upon irradiating the infrared light with an energy below bandgap
of the active layer in the top subcell, but above that in the middle subcell, the EL of the top
subcell quenches. By analysis of EL intensity as a function of irradiation level, it is found
that the coupled p-n junction structure and the photovoltaic effect are responsible for the
observed EL quenching. With optical coupling and photoswitching effects in the
multi-junction diode, a concept of infrared image sensors is proposed.( Journal of the
Optics Express, 21 £ » S1 # > B A123-A130, 2013)

(2) # ¥ -4 % [InGaP/GaAs/Ge triple junction solar cells with ZnO nanowires] - ZnO
nanowire (NW) grown on triple-junction (TJ) solar cells via the hydrothermal growth
method to enhance efficiency is investigated. In this paper, experimental results indicate
that TJ solar cells with ZnO NW as an antireflection (AR) coating have the lowest
reflectance in the short wavelength spectrum, as compared with those of bare TJ solar cells
(without AR coating) and solar cells with SiNx and TiO,/Al,O3 AR coatings. ZnO NW has
the lowest light reflection among all experimental samples,especially in the range of
ultraviolet to green light (300-500 nm). It was found that ZnO NW could enhance the
conversion efficiency by 6.92%, as compared with the conventional TJ solar cell. In
contrast, SiNx and TiO,/Al,O3 AR coatings could only enhance the conversion efficiency
by 3.72%and 6.46% increase, respectively. The encapsulated results also suggested that the
cell with ZnO NW coating could provide the best solar cell performances. Furthermore, all
samples are measured at tilt angles of 0-90° and results show that the solar cells with ZnO
NW have the highest efficiency at all tilt angles. Furthermore, a small NW diameter
increases light absorption.( Journal of the Progress in Photovoltaics, vol.21, Issue6, 2013)

(3) # ¥ t# % [Enhanced growth of highly lattice-mismatched CdSe on GaAs substrates by
molecular beam epitaxy ] - This work demonstrates the improvement of the molecular beam
epitaxial growth of zinc-blende CdSe on (0 0 1) GaAs substrate with a large lattice
mismatch by introducing a small amount of Te atoms. Exposing the growing surface to Te
atoms changes the reflection high-energy electron diffraction pattern from spotty to streaky
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(4)

(5)

(6)

(7)

together with (2 x1) surface reconstruction, and greatly reduces the full width at half
maximum of the X-ray rocking curve and increases the integral intensity of
room-temperature photoluminescence by a factor of about nine. (Journal of the Applied
Surface Science, 270 ¥ » F 751-754, 2013)

# ¥ ¢4 % [The development of sun-tracking system using image processing] - This
article presents the development of an image-based sun position sensor and the algorithm
how to aim at the sun precisely by using image processing. The four-quadrant light sensors
and bar-shadow photo sensors were used to detect the sun position in the past years.
Nevertheless, both of them cannot keep in high accuracy in low irradiation. Using the
image-based sun position sensor with image processing can exactly improve the drawback.
To verify the performance of the sun-tracking system including an image-based sun
position sensor and a tracking controller with embedded image processing algorithm, we
established a sun image tracking platform and do the performance testing in the laboratory;
the results show that the proposed sun tracking system had capability to overcome the
problem of unstable tracking in cloudy weather and got a tracking accuracy of
0.04°.( Journal of the SENSORS, 13 ¥ - 5 #§ » F 5448-5459, 2013)

#w ¥ ¢ # % [ Self-powered ZnO nanowire UV photodetector integrated with
GalnP/GaAs/Ge solar cell] - This letter reports the fabrication of a ZnO nanowire (NW)
ultraviolet (UV) metal-semiconductor photodetector (MS-PD) integrated with a
GalnP/GaAs/Ge triple-junction (TJ) solar cell. The ZnO NW MS-PD can detect UV light
about 370 nm. The TJ solar cell transforms solar light to electrical power and provides a
bias of 2.5 V to enhance the response of the detector. At this bias, the UV-to-visible (370 to
500 nm)rejection ratio of the ZnO NW MS-PD is ~218 and the measured responsivity is
3.39 x 10* A/W. In addition, the dynamic response of the ZnO NW MS-PD under the UV
light illumination of 370 nm is stable and reproducible with an ON/OFF current ratio of
~1000.( IEEE Electron Device Letters, 8 ¥, 34 #p,F 1023~1025, 2013)

¥ 4% [nvestigation of bulk hybrid heterojunction solar cells based on Cu(In,Ga)Se;
nanocrystals] - This work presents the systematic studies of bulk hybrid heterojunction
solar cells based on Cu(ln, Ga)Se, (CIGS) nanocrystals (NCs) embedded in
poly(3-hexylthiophene) matrix. The CIGS NCs of approximately 17 nm in diameter were
homogeneously blended with P3HT layer to form an active layer of a photovoltaic device.
The blend ratios of CIGS NCs to P3HT, solvent effects on thin film morphologies, interface
between P3HT/CIGS NCs and post-production annealing of devices were investigated, and
the best performance of photovoltaic devices was measured under AM 1.5 simulated solar
illumination (100 mW/cm?).(Nanoscale Research Letters, 8 %, F 329, 2013)

#w % 4% [A reliability model of concentrator solar receivers] - The degradation
mechanism of GalnP/GalnAs/Ge triple junction solar cells without coating any protective
film was analyzed. After the step stress accelerated degradation tests (SSADT) were
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(8)

9)

(10)

performed on the solar cells with the sequentially conditions of 90°C 25hrs, 110°C 30hrs,
130°C 30hrs, and 150°C 50hrs, degradation in dark and light I-V characteristics were
observed. It is supposed that the recombination current in the depletion region at the chip
perimeter of solar cells, is the most important degradation mechanisms for
GalnP/GalnAs/Ge triple junction solar cells, and decrease of open-circuit voltage(Voc) ,
fill factor(FF) and energy efficiency(n). (Jpn. J. Appl. 52, 081201-1~081201-5, 2013)

#w ¥ ¢ % [Preparation of CuxZnSnSes (CZTSe) absorber layer by non-vacuum
method]) - Cu,ZnSnSe, (CZTSe) was prepared by non-vacuum, solution based method,
working as absorber layer in CZTSe solar cells. Copper (I1) acetate monohydrate, zinc (1)
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 stabilizer. The precursor solution was deposited on Mo coated soda lime glass (SLG)
by spin-coating method then annealed at 570°C in selenium atmosphere to convert into
CZTSe absorber layer. The synthesized CZTSe absorber layer phase was identified by
X-ray diffraction (XRD) and Raman spectrum. By increasing the number of
spin-coating/drying cycles, the CZTSe absorber layer thickness was increased and resulted
in current density increased in I-V curve. Scanning electron microscope (SEM) and Energy
dispersive spectrometer (EDS) were carried out to confirm absorber layer thickness and
metal ratios. The best efficiency solar cell was 1.08% with about lum absorber
layer.( Japanese Journal of Applied Physics, 52 &, F 121201-1~121201-4, 2013)

# ¥ 4% [Facile hot solvent vapor annealing for high performance polymer solar cell
using spray process) - In this paper, the use of hot solvent vapor (HSV) annealing is
demonstrated to improve the performance of polymer solar cells (PSCs) fabricated by the
spray process. The blend of poly(3-hexylthiophene) and [6,6]-phenyl-C61-butyric acid
methyl ester (P3HT/PCBM) is used as a photoactive layer of the solar cell. Compared to
the conventional solvent vapor annealing, the HSV annealing can eliminate the formation
of intra-droplet boundary during the spray process and optimize the nanostructure of the
film quickly (<5 min). The study of conducting atomic force microscopy (C-AFM) reveals
that the HSV annealed film exhibits smooth film surface and homogenous conductivity
distribution. Moreover, an enhanced light harvesting and increased crystallinity of P3HT in
the active layer are observed by UV-vis absorption and X-ray diffraction (XRD). With
subsequent thermal annealing, the power conversion efficiency of solar cell made from the
HSV annealed film is reached at 3.61%. This HSV annealing technique can be
implemented into the fabrication of high efficient large-area PSCs using the spray process.
(Solar Energy Materials & Solar Cells, 114 %, F 24-30, 2013)

# ¥ ¢4 % [Bi-hierarchical nanostructures of donor-acceptor copolymer and fullerene for
high efficient bulk heterojunction solar cells] - Solvent additive processing has become the
most effective method to tune the nanostructure of donor-acceptor (D-A) type
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copolymer/fullerene bulk heterojunctions (BHJs) solar cells for improving power
conversion efficiencies. However, to date qualitative microscopic observations reveal
discrepant results on the effects of solvent additives. Here, we present quantitative
evolution of bi-hierarchical nanostructure of D—A copolymers and fullerenes by employing
grazing-incidence small/wide angle X-ray scattering (GISAXS/GIWAXS) techniques and
[2,6-(4,4-bis(2-ethylhexyl)-4H-cyclopenta[2,1-b;3,4-b']-dithiophene)-alt-4,7-(2,1,3-benzoth
iadiazole)]/[6,6]-phenyl-C71-butyric acid methyl ester (PCPDTBT/PCBM) BHJ as model
materials. An accurate GISAXS model analysis is established herein for revealing the
distinctive bi-hierarchical nanostructures from molecular level to a scale of hundreds of
nanometers. The mechanisms of hierarchical formation and mutual influence between
PCPDTBT and PCBM domains are proposed to correlate with photovoltaic properties.
These results provide a comprehensive interpretation in respect to previous studies on the
nanostructures of D—A copolymer/fullerene BHJs. It is helpful for optimum structural
design and associated synthesis improvement for achieving high efficiency BHJ solar cells.
(Energy Environ. Sci., 6 ¥,F 1938-1948, 2013)

(11) # ¥ ¢4 % [Mechanism and control of structural evolution of polymer solar cell from
bulk heterojunction to thermally unstable hierarchical structure) - We simultaneously
employed grazing incidence small-angle and wide-angle X-ray scattering (GISAXS and
GIWAXS) techniques to quantitatively study the structural evolution and kinetic behavior
of poly(3-hexylthiophene) (P3HT) crystallization, [6,6]-phenyl-C61-butyric acid methyl
ester (PCBM) aggregation and amorphous P3HT/PCBM domains from a bulk
heterojunction (BHJ) to a thermally unstable structure. The independent phase separation
regimes on the nanoscale (~10 nm), mesoscale (~100 nm) and macroscale (~um) are
revealed for the first time. Bis-PCBM molecules as inhibitors incorporated into the
P3HT/PCBM blend films were adopted as a case study of a control strategy for improving
the thermal stability of P3HT/PCBM solar cell. The detailed information on the formation,
growth, transformation and mutual interaction between different phases during the
hierarchical structural evolution of P3HT/PCBM:xbis-PCBM (x = 8-100%) blend films are
presented herein. This systematic study proposes the mechanisms of thermal instability for
a polymer/fullerene-based solar cell. We demonstrate a new fundamental concept that the
structural evolution and thermal stability of mesoscale amorphous P3HT/PCBM domains
during heating are the origin of controlling thermal instability rather than those of
nanoscale thermally-stable BHJ structures. It leads to a low-cost and easy-fabrication
control strategy for effectively tailoring the hierarchical morphology against thermal
instability from molecular to macro scales. The optimum treatment achieving high thermal
stability, control of mesoscale domains, can be effectively designed. It is independent of the
original BHJ nanostructure design of a polymer/fullerene-based solar cell with high
performance. It advances the general knowledge on the thermal instability directly arising
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from the nanoscale structure. (Nanoscale, 5 &, F. 7629-7638, 2013)

(12) # ¥ ¢ # = [High Performance ITO-free Spray-processed Polymer Solar Cells with
Incorporating Ink-jet Printed Grid] - Highly efficient ITO-free polymer solar cells (PSCs)
based on poly(3-hexylthiophene) (P3HT) and [6,6]-phenyl-C61-butyric acid methyl ester
(PCBM) have been fabricated by a combination of inkjet-printing and spray processes. A
hybrid transparent conducting electrode consisting of printed silver (Ag) grids and highly
conductive poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate) (PH1000) was used as
an alternative to indium-tin oxide (ITO). Spray process incorporating with printed Ag grids
played a critical role in improving the interfacial contact between Ag grids and photoactive
layer, and thus enhanced the performance of ITO-free large-area PSC. The ITO-free PSC
(device area = 0.3 cm?) prepared here has a comparable performance of 2.86%. The
average PCE of 2.34% was achieved in the ITO-free PSC with a large electrode area (8 cm?)
fabricated herein by the combination of inkjet-printed grid and spray processes. This result
is much better than 1TO-based large-area PSC generally reported. (Organic electronics 14
+,11 #,F 2809-2817, 2013)

(13) # ¥ = # = [ Phase transformation and precipitation of an Al-Cu alloy during
non-isothermal heating studied by in situ small-angle and wide-angle scattering] -
Understanding the classic precipitation sequence of Al-Cu alloys, solid solution —
Guinier—Preston (GP) zones — 0” — 0’ — stable 0, is of academic importance. In situ
synchrotron small-angle X-ray scattering (SAXS) and wide-angle X-ray scattering (WAXS)
techniques were employed simultaneously to study the temperature-dependent behavior of
various intermediate precipitation steps in the non-isothermal heating of Al-5.4 wt%Cu
alloy. This study quantitatively demonstrates the concurrent evolution of the lattice
structure, volume fraction (growth and dissolution) and structural growth in the thickness
and length directions with temperature for various intermediate (metastable) precipitates
for the first time. The detailed phase transformation mechanism and structural evolution in
the precipitation sequence (for GP zones, 0", 0" and 0 phases) can then be resolved. Our
data analysis also considered the concurrent existence of multiple precipitates in the
precipitation sequence. Moreover, the evolutional behavior of the orientation of precipitates
in each precipitation step can be concurrently revealed. Different SAXS analysis models
were proposed to successfully interpret the SAXS data. The new information presented by
the SAXS/WAXS approach provides insight into the phase transformation mechanism of
precipitation in Al-Cu alloys. (Journal of Alloys and Compounds, 579 ¥, } 138-146,
2013)

(14) # ¥ ¢4 % [ Distribution of Crystalline Polymer and Fullerene Clusters in Both Horizontal
and Vertical Directions of High-Efficiency Bulk Heterojunction Solar Cells] - In this study,
we used (i) synchrotron grazing-incidence small-/wide-angle X-ray scattering to elucidate
the crystallinity of the polymer PBTC12TPD and the sizes of the clusters of the fullerenes
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PC61BM and ThC61BM and (ii) transmission electron microscopy/electron energy loss
spectroscopy to decipher both horizontal and vertical distributions of fullerenes in
PBTC12TPD/fullerene  films processed with chloroform, chlorobenzene and
dichlorobezene. We found that the crystallinity of the polymer and the sizes along with the
distributions of the fullerene clusters were critically dependent on the solubility of the
polymer in the processing solvent when the solubility of fullerenes is much higher than that
of the polymer in the solvent. In particular, with chloroform (CF) as the processing solvent,
the polymer and fullerene units in the PBTC12TPD/ThC61BM layer not only give rise to
higher crystallinity and a more uniform and finer fullerene cluster dispersion but also
formed nanometer scale interpenetrating network structures and presented a gradient in the
distribution of the fullerene clusters and polymer, with a higher polymer density near the
anode and a higher fullerene density near the cathode. As a result of combined
contributions from the enhanced polymer crystallinity, finer and more uniform fullerene
dispersion and gradient distributions, both the short current density and the fill factor for
the device incorporating the CF-processed active layer increase substantially over that of
the device incorporating a dichlorobenzene-processed active layer; the resulting power
conversion efficiency of the device incorporating the CF-processed active layer was
enhanced by 46% relative to that of the device incorporating a dichlorobenzene-processed
active layer (ACS Applied Materials & Interface, 5 & 12 #f, F 5413-5422, 2013)

(15) # ¥ 4= [Fabrication of single-phase GaSe films on Si(100) substrate by metal organic
chemical vapor deposition] - Single-phase e-gallium selenide (GaSe) films were fabricated
on Si(100) substrate by metal organic chemical vapor deposition using dual-source
precursors: triethylgallium (TEG) and hydrogen selenide (H,Se) with the flow ratio of
[H2Se]/[TEG] being maintained at 1.2. In particular, an arsine (AsH3) flow was introduced
to the Si substrate before the film deposition to induce an arsenic (As)-passivation effect on
the substrate. The crystalline structure of GaSe films prepared was analyzed using X-ray
diffraction and the surface morphology of them was characterized by scanning electron
microscopy. It was found that the filmquality could be improved by the As-passivation
effect. The optical properties of the films were studied by temperature dependent
photoluminescence (PL) measurements. PL spectra obtained with different distributions
and intensities favored for resolving the superior material quality of the films produced on
the substrate with As-passivation compared to those produced on the substrate without
As-passivation. The former was dominated by the excitonic emissions for the whole
temperature range of 20-300 K examined, while the latter was initially dominated by the
defect-related emission at 1.907 eV for a low-temperature range =80 K and then became
dominated by the weak excitonic emission band instead. The € modification of GaSe films
prepared was further recognized by the Raman scatteringmeasurements conducted at room
temperature.( Thin Solid Films, 542 & ,F 119-122, 2013)
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(16) # ¥ ¢4 = [Characterizations of arsenic-doped zinc oxide films produced by atmospheric
metal-organic chemical vapor deposition ]J- P-type ZnO films were prepared by atmospheric
metal-organic chemical vapor deposition technique using arsine as the doping source. The
electrical and optical properties of arsenic-doped ZnO (ZnO:As) films fabricated at
450-600°C with various flow rates ranging from 8 to 21.34 umol/min were analyzed and
compared. Hall measurements indicate that stable p-type ZnO films with hole
concentrations varying from 7.2E+15 to 5.8E+18 cm™ could be obtained. Besides, low
temperature (17 K) photoluminescence spectra of all ZnO:As films also demonstrate the
dominance of the line related to the neutral acceptor-bound exciton. Moreover, the
elemental identity and chemical bonding information for ZnO:As films were examined by
X-ray photoelectron spectroscopy. Based on the results obtained, the effects of doping
conditions on the mechanism responsible for the p-type conduction were studied.
Conclusively, a simple technique to fabricate good-quality p-type ZnO films has been
recognized in this work. Depositing the film at 550°C with an AsHj; flow rate of 13.72
umol/min is appropriate for producing hole concentrations on the order of 1E+17 cm™ for it.
Ultimately, by increasing the AsH; flow rate to 21.34 umol/min for doping and depositing
the film at 600°C, ZnO:As films with a hole concentration over 5SE+18cm™ together with a
mobility of 1.93 cm?V™'s™ and a resistivity of 0.494 ohm-cm can be achieved. (Applied
Surface Science,277 % ,F 1-6, 2013)

2. 4% 2013 & 4 * 15 p~17 p % 9 %& International Conference on Concentrating
Photovoltaic Systems 4 & #% < » & &

(1) # ¥ =4 % [Influence of Metal Grid Patterns on the Performance of I11-V Concentration
Solar Cell) - The design of front grid patterns for 111-V MJ concentrated solar cells is a
critical issue when high-density photocurrent is induced under concentrated sunlight and
results in collection losses. In the present work, the authors performed a pioneering study,
both theoretically and experimentally, on the effect of ten different metallic grid patterns on
the electrical performance of high-efficiency 111-V concentrated solar cells under various
concentrations of sunlight. The shadowing ratios of the metal grid patterns were varied
from 3.07% to 6.67%. We observed that the experimental data were consistent with the
theoretical results regarding the power loss mechanisms. Moreover, the total power loss
was dominated by grid shadowing effects at lower concentrations of sunlight, whereas at
high concentrations, there was an optimal balance between grid shadowing effects and the
resistance of the metal lines.

(2) # ¥ ¢4 % [Accelerated Degradation Test Analysis of Solar Receiver ] - In concentrating
photovoltaic application, solar receiver is supposed to be operated under outdoor exposure
environment for a long period of time and faces severe temperature oscillation and high
humidity in some special circumstances. Therefore, reliability of solar receiver is an
important issue for developing concentrating photovoltaic technology. In this paper, we
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followed thermal cycle (TC) and damp heat (DH) tests conditions of IEC 62108 and
verified the reliability of our solar receiver under these accelerated degradation tests. In DH
test case, three samples were tested in the chamber under 85°C and 85%RH for 1000 hours.
In TC test case, the temperature range was between -40°C~85°C and the duration times
were 1000 cycles, with 82 minutes for each cycle. Three samples were tested in TC tests,
inputting 1.8A current while chamber temperature was higher than 25°C. We can see there
was no apparent degradation on DH test samples, while the TC test samples had obvious
power drop, around -2.0% to -3.5%. It's because TC test samples were suffered from high
temperature difference and current injection, and this severe conditions made the packages
of solar receivers expand and compress continually. Since the thermal expansion
coefficient of each material was entirely different, the mechanical stress would damage the
materials again and again during each thermal cycle round. We will also discuss and
analyze the mechanism which had caused the degradation in these tests.

(3) #¥ 4% [The Development of Image-based Solar Tracking System] - This article
proposes an image-based solar tracking system, which includes image-based sun position
sensor, tracking controller with tracking algorithm and solar tracker, to track the sun. Most
used sun position sensors, such as four-quadrant light sensors and bar-shadow photo
sensors, have problem that they cannot maintain solar tracker being in high accuracy in low
irradiation. Using the image-based sun position sensor with image processing can exactly
improve the disadvantage. We established an image-based solar tracking system and did the
performance testing. The results proved that the proposed solar tracking system can
improve the problem of unstable tracking in cloudy weather.

(4) # ¥ 4% [On-Line Diagnosis for HCPV System] - Due to the tracking functionality,
the structure of high concentration photovoltaic (HCPV) power generation system is not
only complicated than the one of conventional PV system in operation, but also in
maintenance. This research showed that without additional hardware device, the central
control and monitoring system (CCMS) collected data via trackers and inverters, sorted and
analyzed the acquired information to form the conditions for on-line diagnosis, which helps
the operator to manipulate the system status and to speed up the system recovery as well.

30 #A2013 £ 17 29p-31p¥ EANRPFEEETEXEFLET LI ANG

(1) # ¥ 4 % [Low temperature annealed ohmic contact Ge/Pd/Au for n-type GaAs] - The
feasibility of multi-layered metallurgical structure composed of Ge/Pd/Au for use as the
ohmic contact of n-type GaAs material is investigated through the TLM method in this
report. In the experiments, the effects of rapid thermal annealing (RTA) on the specific
contact resistivity (pc) are studied by varying the temperature duration of annealing while
changing the Ge and Pd thickness and keeping the Au content unchanged. The
experimental results indicate, as the annealing temperature is increased from 170°C to
200°C, Ge thickness is increased from 2 nm to 10 nm, and Pd thickness is increased from
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50 nm to 100 nm, the lowest p. value is decreased abruptly from 1x10° Q-cm? to 5.9x10™
Q-cm?

(2) # ¥ 4% [Effects of surfactant Sh incorporation on activation energy and S-shaped PL
of InGaP epilayer] - This study investigates the temperature-dependent photoluminescence
(PL) energy and intensity among the temperature range from 15K to 300K for carrying out
the carrier transform dynamics difference of surfactant Sb in InGaP epilayer on Ge
substrate during metalorganic chemical vapor deposition (MOCVD). It is well known that
the addition of surfactant Sh incorporation into InGaP epilayer could reduce CuPt ordering
and result in the energy band gap increase. The ordering PL peak energy and intensity as a
function of temperature are fitted via using the Varshni equations model and rate equations
model. The ordering PL peak energy via temperature dependence clearly shows the
“S-shaped” emission shift (decrease-increase-decrease) behavior with the increase of
temperature and the associated activation energy is investigated. The measured results
indicate that the ordering activation energy is decreased while sufficiently adding the
surfactant Sb during the growth of InGaP epilayer. Additionally, the disorder PL intensity at
15K is as high as 22 times higher than the order PL intensity.

(3) # ¥ &4 = [Characterizations of high nitrogen content GaAs; xNx (x~4%) material grown
by MOCVD] - We have successfully grown high-N-content GaAsN films up to ~4% on
GaAs(001) substrates using tertiarybutylarsine (TBAs) as the As precursor by MOCVD.
An enhancement of the photoluminescence intensity occurred for all the annealed sample,
and the best condition is after annealing at 700°C for 5 min.. The features are attributed to
an improvement in the strain enhancement when the annealing time is shorter than 5 min.,
and the strain reduction due to the epi-layer strain relaxation when the annealing time is
longer than 5 min. from the Raman and x-ray diffraction measurements.

@ HF A IR EBEAF IV Z 826 BT BICBHEIHBH ] 49
BRI Ba R o e X ER - e InGaP/InGaAs/Ge Bt w0 ViEE A
it S L EM A NS PR SRR o NE TR DS E RN E 2
Bz FIR T A gk B R A kR TS om AR EETF MR T 0 Rk
R BFRAI SR TS Lo 7 Mo i P HE S AT I RS By (TG 2%
ST it o AT HW R AREY BN T AT RS BEFERCTINE
(T 474t o AR d 22 2 4o ig % 1358 % (Accelerated Degradation Test : ADT) i 4t %
PR X RFER P EEAAFERSRTIT 0 UHEFRFERF > ADT 2455

Sk i Jig 4 (Step Stress)4e i % 19325 (SSADT) 4 2 H 7_jis 4 (Constant Stress) 4« :#

* 133 % (CSADT) -

(5) # ¥ &4 = [Analysis of Reliability in Concentrating Photovoltaic System ] - Reliability is
a very important issues in concentrating photovoltaic, solar receiver was supposed to be
operated under outdoor exposure for a very long time, and going through temperature
oscillation and high humidity circumstance. Therefore, reliability of solar receiver is an
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important issue for developing concentrating photovoltaic technology. In this paper, we
followed thermal cycling and damp heat tests conditions of IEC 62108 and verified the
reliability of our solar receiver under these tests. In damp heat test, it was used to test the
tolerance of moisture penetrated into receiver, three samples were tested in the chamber
under 85°C and 85%RH for 1000 hours. In thermal cycling test, it was used to test
tolerance of thermal mismatch and fatigue and other stress due to temperature oscillation,
three samples were tested in thermal cycling, the temperature range was between -40 °C
~85 “C and the duration times were 1000 cycles and 82 minutes for each cycle, and
inputting 1.25*1s. current while chamber temperature was higher than 25°C .We can see
power drop of solar receivers after thermal cycling and damp heat tests. The thermal
cycling test samples had obvious power drop, while damp heat test samples had no obvious
degradation. It’s because thermal cycling test samples were going through high temperature
oscillation and current injection, and it made the receivers suffer tensile and compressive
stress repetitively, since the thermal expansion coefficient of each material was different.
We will discuss and analyze the mechanism which had caused the degradation in these
tests.

6) wm¥F e [BEZD-AY2H L5 5% EREFEHETRETNEE] 2577 %“ﬁ“
b 7% -0 (sol-gel)iz & = 4F 4545 5547 (CZT precursor) & % > £ 02 i & 5 i ff 2
(chemical vapor deposition, CVD)id » £iit & # 838 (7 /01 = = 4F :4F £ (CuZnSnS,)
BT e AT Y U CERASE L AR SRS e DB
LT L FRRE L AR R K RN S B A BT R -G 0 M R -G R Gk AR
40 4% 733 (Mo coated soda lime glass)_+ @ i = 4F 4545 = g4~ & 5% » ;ﬁ“c} R -
VAR R ik BRI T SRS ik B S T2 B R N R S ks
(scanning electron microscope, SEM) ~ 2z F ' B # T F it 3# & (auger electron
nanoscope) ~ X sk ¥Ei4 -k 2 ik (X-ray diffraction, XRD) ~ & 3k 23 (photoluminescence
spectra, PL)£2 3 & sk Z¥#(raman spectra)~ 4747 o Bg47 Jk & e 2 ¥4k 445 B e 1
R o Bt S BT ARG ST R WA B S B R B IR SR
R REEE T 2 PEpE A BRI hEc i A kT ErE L 03% -

(7) wF e[ kg2 Baar28tk CASAAFEL 1) 27 7 A
HH3Y CuZnSnS4(CZTS)E M~ Hrae T4 A8 ¢ 2 B ek 380 s 174531 % A it 4%
(CdS) & v 5 B+ 2 5 bk 4L » %gr_* Fith s CAS 67 S 304 4 d14p & ke ipag &
HALA 2 5k = BT g M (Band gap)ehsg i o il & AR P & ok enfie o ]
AR R B R o X it Bk k 2 (Chemical Bath Deposition; CBD)zc g 5t #f B¥ B im0 f# 2
CdS %t » @ & P31 E 5 R 2 22 % o g i * g4 47 SEM » EDS » XRD %
& 447 PL > UV-VIS 2 32 ¢ 14 Hall measurement ¥t CdS 74534 > 1% XRD & 4p 4
177 7 1] CdS &3t 20=26°%11735 5 CdS 2. (111) % P~+ - j£_SEM > EDS “vif 727
FAFII PR CAS KRB JI* UV-VIS ZRlx 7 g kR g G - BRE
T EEE o I NP E BT EDAKES 24eV 0 CdS i -
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4.

H420 2018 &5 24 p %I pHRIBARYFIFHE HF LA [ZHEF BT
PHA R G R RGN L R R AN AT ] 2R B R R EF
el B R g R E(RS) ~ ¥R 1E(Rsh) 2 & & 248 - H ¢ OHKOUCHI #=
TEBEFENRY G B EF 0 F F tpivfi (MOCVD)HjiF » = ﬁ;ﬁihﬁm@z‘; InGaP
oo R ARV "4\1’1%(Sb)/}ﬁr$ Tk B AR * > F gy Rt InGaP & K
B # M‘E,&% Fregdow TR G &a L HFh KOS o MR NP
1,?% C BT E R EARY RO LG B IR A ()% feke R 0 R Ao
g B F oy LY gk o Flpt AP IR A “E?HF VBN R B
B oL TS InGaP Hh ke o TR Nicd andh e Lm0 0 RS
%ﬁéﬁﬁﬁ’%W%*?ﬁiﬂiﬁ’£4%#ﬁ%*&iﬁﬁ°

#£%2013 # 571 27 p~31 p EMRS #3t € - ¥ &4 = [High Sensitivity Humidity
Sensors of Aluminum-induced Crystallization of Amorphous Silicon] - Resistive humidity
sensors of Si-based thin film are prepared by metal induced mechanism. Amorphous
silicon grown on glass substrates at various filament temperatures by hotwire chemical
vapor deposition (HWCVD) and the fabrication of aluminum-induced crystallization of
amorphous Si-based resistive humidity sensors are reported in this study. During the
aluminum-induced process, nitrogen (N2) gas was flowed into the reaction quartz tube. The
N, flow rate and chamber pressure were kept at 100sccm and 1 atmosphere (1 atm),
respectively. To evaluate the sensing performance of the humidity sensors, they were
placed in a sealed chamber at 1 atm and the current-voltage (I-V) characteristics were
measured from two electrode made by patterned silver films. During the measurements,
temperature and humidity of the chamber were carefully controlled by an electronic
controller. The measured current changed with humidity under a constant voltage (5V) at
50°C. The current of the sensors increased with increasing relative humidity (RH). The
dynamic responses show that the fabricated sensors are stable and repeatable.
#4302013 767 8p~9p ¢ EARIAPFEIEANE HF LA [BR
BB BT T SR ] BRI A - EABRGS B REFET L2 K
PoPERARRIBAF D ARE HF T L ARTRF L F TeF o BT
IR ORBRI B AP 2 R RERBRSSBRE I T BT o T -
FEBRREHER G IR e 2 S ISR F e o S B n%q\i&y\diﬁ*r
L—ﬁé@#’;’g" B - BB i~ = BERF] éi“ BRZES D B RS 5
FheBid o RYBHREFHEIBRGRY © BRY BRI G E PREY ﬁk‘#ﬁ’?" R
GF TGS AR R R B AR RRBGRY A E R RE LR
CHEBSE o RREYUIHBAF T ARENRFF TN o 5 FRFHS AEY
fR45 B HE Bioka 2 ﬂﬁfgs AR ERT o RS A B e RR BT nEF 001 B
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{ 4F iy o
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1)

)

3)

(4)

St 6 R HFIE TAE  AFERTFFApH RS KB EEE Y T
* X B R S 4 47 R (X-Ray Diffractometer » i - XRD) » % 4t ( Optical microscope,
OM)B| & Bk 1 48 W 7 A T 47 o
#4730 2013 &# 10 * 28 p~11 * 1 p 23rd International Photovoltaic Science and
Engineering Conference (PVSEC-23)R*% ¢ 32+ 15 & » #h > 4 8] & -
¥ 4% [Passivation effects of amorphous Ge thin film on Ge single- junction solar
cells) - In this study, the amorphous Ge (a-Ge) thin film deposited from high purity Ge
source is adopted to study the feasibility of passivation applications for Ge solar cells. The
measured result has shown that the absorption edge of a-Ge can be shifted from 1.35um to
~1.15um after thermal annealing treatment. By using the a-Ge thin film together with post
annealing, both dark and light I-V characteristics of Ge solar cells are greatly improved.
Details of the passivation effects of a-Ge thin film on Ge solar cells are outlined in this
report.
# ¥ ¢ #-% [Temperature characterizations of metamorphic InGaAs/Ge dual-junction
solar cells) - The metamorphic In,Ga;.,As/Ge dual- junction solar cells with various In
compositions (y=0.04, 0.06, 0.10, 0.13, and 0.19, respectively) in the InyGa;.,As subcell
grown on Ge(100) 6°-off substrates via the step grading method in MOCVD is adopted to
study the temperature characteristics of solar cells from 25 °C to 120 ‘C under one-sun
AM1.5G and multi-sun illumination, respectively. From the measured results, it is found
that one-sun J: of solar cells behaves abnormally with temperature as In composition of
InGaAs subcell is increased beyond 0.06. In addition, a transition occurs where one-sun
efficiency is changed from descending to saturating or ascending with temperature when In
composition is higher than 0.10. Furthermore, the temperature of transition point is lowered
as more In is added to the InGaAs subcell. However, no abnormal behavior is obtained
under multi-sun illumination.
¥ 4% [Temperature Measurement Method of HCPV Module] - In this study, we
analyze the ceramic thermal resistance and propose a direct temperature measurement
method of the solar cell. The direct temperature measurement of the cell and the ceramic
was achieved by utilizing buried thermocouples with a diameter of 50 um between the
cell/ceramic and aluminum plate. The different light flux densities ranging from 500 W/m?,
600 W/m?, 700 W/m? to 800 W/m? by solar simulator are provided to measure temperature,
and the cell temperatures measured are 39.8 °C, 41 °C, 45 C and 48 °C, respectively.
The temperature differences between the cell and aluminum plate of the light flux densities
from 500 W/m? to 800 W/m? are in the range of 4.2 °C to 8 °‘C. Accordingly we can
obtain the temperature distribution of HCPV module at difference region. The results can
help us to optimize module package technology and to choose better material applied to the
module to improve conversion efficiency of the cell.
# ¥ 4% [Design and Analysis of a 20kW Grade Solar Tracker Structure] - The article
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(5)

(6)

(7)

describes the structure design and analysis of a 20 kW grade high concentration
photovoltaic (HCPV) solar tracker. The overall structure is designed as a vertical-type
structure. Instead of used motor- driven actuator with the double screw poles for moving
elevation of solar tracker, the hydraulic-driven actuator is used to elevate the solar tracker
because motor- driven actuator cannot bear the weight of large-scale solar tracker. In order
to shorten the extending length of hydraulic cylinder the upper and lower fulcrum of
hydraulic-driven actuator are close to main crossbeam as possible. That is, the load of pillar
becomes smaller than designed before when the solar tracker is in near vertical position. A
5kW of solar modules are carried by the supporting frame as a modular subsystem in the
design. The design of joining structure by the side of main crossbeam connecting the
supporting frame is for easy installation.

#w ¥ ¢ # % [ Shadowing Effect on High Concentrating Photovoltaic System
Deployment]) - The High Concentration Photovoltaic (HCPV) system takes advantage of
normal direct irradiance and needs large open fields for a big-scale system, it also has to
avoid the shadowing effect between trackers, otherwise the generated power will be
decreased. This research uses 3D simulation software and numerical analysis (oblique
masking and non-oblique masking) to develop the HCPV system deployment models.
Using the features of 3D simulation software like fast create, virtual scene, and
re-designable to carry out the different simulations. For example: distances between
trackers install, land area, invested cost and so on. Combine with elevation and azimuth
angles of sun’s shifting and apply it to the representatives of four seasons, i.e., the vernal
equinox, summer solstice, autumnal equinox and winter solstice to calculate the HCPV
system shadowing area caused by shadowing effect and estimate the power generated.
Thus, it can design the best deployment array to increase power generated efficiency and
reduce the invested system cost to reach the goal.

¥ 4% [Performance improvement of large-area roll-to-roll slot-die-coated inverted
polymer solar cell by tailoring electron transport layer] - In this study, we demonstrate the
fabrication process and structural characterization of R2R large-area slot-die-coated
inverted polymer solar cells. The performance can be significant improved by modifying
electron transport layers. This work shows that how the conductivity, work function and
interfacial morphology of electron transport layers vary with fabrication parameters. The
result is also correlated to the performance.

# ¥ ¢4 % [Hierarchical Structure of Spray-coated Bulk-Heterojunction Blend Film
Studied by Grazing Incidence Small- and Wide- angle X-ray Scattering] - The hierarchical
structure of spray-coated bulk heterojunction P3HT/PCBM films with different post
treatments is studied by synchrotron scattering technique for the first time. The distinctive
mechanism of self separation tuned by spray coating process is revealed herein. This study
also correlates the fabrication parameters and the resultant structure to performance of
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device.

(8) #» ¥ 4~ [Employing a surface modifier to enhance the performance of large-area
inverted polymer solar cells by spray coating process]) - Large-area inverted polymer solar
cells (PSCs) fabricated by spray coating process is demonstrated. The structure of the
inverted PSCs in our study is ITO/ZnO/P3HT:PC61BM/M003/Ag. As the devices’ area
increases from 0.3 to 4 cm? however, power conversion efficiency (PCE) of the devices
decreases. It was speculated that the defects of ZnO prepared by sol-gel process and the
surficial nonuniformity come from spray coating process were primarily responsible for the
PCE reduction. In this study, we use ethoxylated polyethylenimine (PEIE) to modify ZnO
layer via bilayer (ZnO/PEIE) and hybrid (ZnO:PEIE) structure. In the devices based on
ZnO/PEIE, we study the effect of PEIE concentration on the PCE of large-area devices. In
addition, the optimal hybrid ratio of ZnO and PEIE is investigated in the devices based on
ZnO:PEIE layer. The decrease of PCE can be reduced to less than 15% as the device area
increased from 0.3 to 4 cm? by using hybrid 10 vol% PEIE with ZnO, as compare to the ~
30% PCE decrease of the inverted PSCs using pristine ZnO.

(9) # ¥ ¢4~ [Effect of nitrogen plasma treatment on all-sprayed inverted polymer solar
cells] - The aim of this study is to demonstrate an all-sprayed inverted polymer solar cells
(PSCs) manufacturing. We use the blending of poly(3-hexylthiophene-2,5-diyl) (P3HT)
and [6,6]phenyl-C61-butyric acid methyl ester (PCBM) as an active layer and zinc oxide
(Zn0O) prepared by sol-gel process as an electron transport layer. Sequentially, we spray
high conductive poly(3,4-ethylenedioxythiophene): poly(styrenesulfonate) (PH1000) as the
alternative anode to Ag. We utilize nitrogen (N,) plasma treatment on the active layer for
improving the compatibility of the two layers, and further tune the following thermal
treatment to obtain the high PCE of all-sprayed devices. The highest PCE of 2.71% was
achieved by optimizing the N, plasma and thermal treatment.

(10) # ¥ =4 = [Patternization of the Front Metal Electrode by Laser Annealing on Solar
Cells] - The Ni/Cu front grid electrode on solar cells usually uses photo resist or laser
ablation method to define the desired pattern today. In this paper, we introduce a promising
process that is able to easily form the front grid pattern. This process first deposits a
low-conductive amorphous silicon layer on the front surface of a solar cell as a passivation
layer and then follows a laser patterned annealing process in order to transform the
annealed region into a high-conductive poly-crystalline silicon region. On the other hand,
due to the plating property of Light-Induced Nickel Plating (LINP) method, nickel can be
selectively plated on the conductive region. Based on this process, we obtain a fine line
grid with low contact resistance. The current-voltage measurements of the silicon solar
cells using the metallization method also show that high fill factors of over 70% are
achieved. Hence, the innovative pattern method is feasible and has the potential for mass
production.
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(11) #% % ¢ # % [lIndustrialization of laser fired contact process by a boron-doped aluminum
target for high efficiency silicon solar cells]) - It is proposed that boron-doped aluminum
Al:B (consisting of 90% Al and 10% B in atomic ratio) be used to replace the pure
aluminum in the industrialized laser fired contact process. The higher maximum solid
solubility of boron in silicon and the easier diffusion characteristics of boron will lower
required laser energy, meaning less time is required at the same laser power. When
applying a 500nm thick Al:B layer, the duration of the shutter being open is reduced to the
order of 0.1ms, and a low specific contact resistance of about 4.75mohm-cm? is obtained.
However, it takes around 15ms for similar specific contact resistance to be obtained with
typical Al process.

(12) # ¥ & #-% [Preparation of CuZnSnSe, (CZTSe) thin films by selenization e-beam
evaporated metal precursors ) A CZTSe film fabricated by selenization of stacked pure tin,
zinc, and copper thin films on molybdenum coated soda-lime glass substrates through
e-beam evaporation. After CdS buffer layer, ITO layer, and Aluminum electrode processes,
we achieved a conversion efficiency of 4.2%. Unlike previous works, we used simple
3-layer metal precursors without any compound evaporation sources. In this study, we
tested different precursor stacking orders and thicknesses and found that the stacking order
will affect film quality and void generation and voids may have more serious impact on
cell performance than element ratios. Furthermore, we found the voids in CZTSe film may
have greater effects on cell performance than element ratios.

(13) # ¥ 4% [Preparation of CuZnSnSe4 absorber layer by non-vacuum method and its
thickness effect] - Cu,ZnSnSe, (CZTSe) was prepared by non-vacuum, solution based
method, working as absorber layer in CZTSe solar cells. Copper (I1) acetate monohydrate,
zinc (1) acetate dihydrate and tin (11) chloride dihydrate were used as the starting materials
of the sol-gel method; 2-methoxyethanol and monoethanolamine were used as the solvent
and the stabilizer, respectively. The precursor solution was deposited on Mo coated soda
lime glass (SLG) by spin-coating method. After deposition, the precursor layer was dried at
1009C on hotplate in air. Then, the precursor films were annealed at 570C in selenium
atmosphere in order to convert into CZTSe absorber layer. CdS buffer layer (90nm) was
prepared by chemical bath deposition; i-ZnO (70nm), ITO (450nm), and Al electrode were
deposited by sputter, respectively. The synthesized CZTSe absorber layer phase was
identified by X-ray diffraction (XRD). After all deposition was completed, CZTSe solar
cells were measured by AAA class solar simulator. By increasing the number of
spin-coating/drying cycles, we found the CZTSe absorber layer thickness was increased
and result in current density increased in I-V curve. The absorber layer thickness was
measured by scanning electron microscope (SEM). Energy dispersive spectrometer (EDS)
was also carried out in order to confirm metal ratios in the absorber layer. The best
efficiency solar cell was 1.08% with about 1um absorber layer.
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(14)# % =4 % [Influence of SOG Fresnel lens deformation on module performance] - In this
study, the SOG Fresnel lenses are made from different curing temperatures and time. The
conversion efficiency, short circuit current and filled factor of a module are dependent on
curing temperature. It makes little differences on module’s performance with increasing
time from 3 hours to 12 hours. However, it is obvious that the performance degrades with
increasing the curing temperature. The deviation of conversion efficiency is about 4% as
the curing temperature of the lens increased from 40 degree Celsius to 70 degree Celsius.

(15)#% ¥ =4 % [Design and degradation test of HCPV homogenizer] - It has already become
one of the new trends to use homogenizer as a SOE (secondary optical element) in HCPV
applications nowadays. Due to its powerful functions and good durability, as long as the
efficiency increase and well protection it provides for solar cell, homogenizer serves as an
excellent device for solar receiver. In this paper, a light-pipe-like homogenizer is designed,
with a larger area up-sided toward the POE (primary optical element), which can increase
the amount of incident sunlight and also the tolerance of sun tracking. After simulating,
manufacturing, and measuring the homogenizer and the solar receiver equipped with it, an
expected and consistent result is acquired, that is the same efficiency level is remained
while applying homogenizer, with a larger tolerance of assembly and sun tracking.
Furthermore, accelerated degradation tests are performed to ensure its durability. The
degradation level is at the acceptable region after the tests.
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