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Temperature-dependent  photoluminescence  (PL) and
time-resolved photoluminescence (TRPL)are measured for
© % 4 the (Ga;xZny)(N14Oy) solid solution with x=0.22 to study its
Visible # 7 @ 0021-8979, Ium_inesce_nee properties. PL result shows that the mater.ial
luminescence Journal of  Applied exhibits V|s!ble luminescence at around 1.87 eV(663 nm)v_vl'_[h
roperties of Physics a broad emission band even at room temperature. The origin
1. pG P Zm)(N.OX 73 ¢ 109 of luminescence mechanism can be attributed to the radiative
gol?(lj-x x)( sglxuticzn ';Tg: 7.3506 recombination of the elec_trons _bou_nd to donors _and the holes
(x=0.22) . S . pound_ to acceptors. The mveetlgatlon from the |_nte_grated PL
' B9 # % lintensity and TRPL as a function of temperature indicates that
2011-04-01 the activation energy for thermalizing the electrons bound to a
donor dominates the luminescence behavior in the
(GayZn,)(N1,O,) solid solution.
o The junction temperatures of the three individual subcells of
Measuring the - @“5 InGaP/InQaAs/Ge solar _ cells were meas_ured using
Junction #p7) : 0021-4922, photoluminescence (PL) with three different excitation lasers.
Temperature of Japar]ese Jour_nal of Wlth the |!Ium|r_1at|on of an extra xenon-mercury Iamp, _the
5 | GalnP/GalnAs/Ge Applled Physics I|near.relat|0nsh|p between the PL energy and the |IIum|net!on
' Multijunction Solar #7 ¥ 50 Ievel_ls clearly observed and ad\_/antageously used for d_erlvmg
Cells Using T #c : 092302-1~5 [the junction temperature. Using the Varshnl relationship
Photoluminescence 4 e @ o |between the PL peak_ energy end t_he heat-sink temperature
2011-09-20 allows us to determine the junction temperature in each
subcell.
o s We have grown the single phase y-In,Se; nanorods on Si
LR (111) substrates by the metalorganic chemical vapor
structural and # T+ 1687-4110, deposition (MOCVD). High-resolution transmission electron
optical Journal _ of|microscopy (H_RTEM), and selected-area electron dn"fra_ctlon
characteristics  of Nanomaterlals (SAED) confirm that the In,Se; nanorods are singly
3. In.Se.  nanorods g% 2011 crystallized in the y phase. The visible photoluminescence
érovf/n 8 on i g g 10 (PL) of y-In,Se; nanorods at 15 K was referred to as the free
substrates T o#c: 1-5 and bound exciton emissions. The band-gap energy of the
doBR g v-In,Se; nanorods at room temperature was determined to be
2011-08-09 ~ 1.99 eV. A PL peak in the infrared spectral range was
observed and attributed to the donor-acceptor pair transition.
LR In this paper, we design a single concentrator to homogenize
# =] : 0030-4018,|and concentrate the solar energy. The proposed concentrator
High concentration Optics only consisted of an array of refraction prisms. In order to
and homogenized Communications  |homogenize the irradiance, all pitches of the Fresnel
4. | Fresnel lens A% 284 concentrator focus on the different position of the receiver.
without secondary g 19 Finally, the Fresnel lens that achieves the uniformity of U is
optics element T #c : 4283~4288 |14.6. An acceptance angle of 0.305° is achieved without using
4 wx z » . |additional secondary optics. Full Width at Half Maximum
2011-09-01 (FWHM) of illumination distribution is 1.4 mm.
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Efficient Two-stage

Annealing and
Structural

Evolution of
Nanoorganized
Bulk

Heterojunction
Solar Cell Studied
by
Grazing-Incidence
Small Angle X-ray
Scattering

s

# 7] :0002-7863
Journal  of  the
American Chemical
Society

#p 7] % :133

T, #:13064~13073,
o &8
2011-07-14

This study employed the improved grazing-incidence
small-angle X-ray scattering (GISAXS) analysis with a
combination of grazing-incidence X-ray diffraction (GIXRD)
to resolve the wvarious structures of self-organized
poly(3-hexylthiophene) /C61-butyric acid methylester
(P3HT/PCBM) solar cell. Tuning the various length scales of
PCBM-related structures by two-step annealing is shown to
be a potential method for improving the device performance.
The quantitative structural characterization includes (1) the
mean size, volume fraction and size distribution of aggregated
PCBM clusters, (2) the specific interface area between PCBM
and P3HT, (3) the local cluster agglomeration, and (4) the
correlation length of PCBM molecules’ network within P3HT
phase. The above terms are correlated to the device
performance. The wvarious structural evolutions and

‘|transformations (growth and dissolution) between them with

the variation of annealing history are demonstrated here. The
detailed result significantly extends the current knowledge.
This work established a useful SAXS approach to present an
insight into the modeling of the morphology of P3HT/PCBM
film. In situ GISAXS measurement was also conducted to
provide the informative result about the details of thermal
behavior and temporal evolution of PCBM-related structures
during phase.

Oxygen Sensors
made by monolayer
graphene under

room temperature

< #ih
# 7 : 0003-6951,
Applied Physics
Letters

The electrical resistivity of monolayer graphene exhibit
significant changes upon expose to different concentration of
oxygen (O,) at room temperature. The monolayer graphene,
grown by chemical vapor deposition (CVD) with perfect
uniformity within 1cmxlcm will attach O, molecules and
enhance the hole conductivity, which will lead to a change of
resistivity of graphene thin film. We quantified the change of
resistivity of graphene versus different O, concentration and
the detection limit of the simple O, sensor was 1.25% in
volume ratio.

New Packing
Structure of
Concentration Solar
Receiver

© ¥ih

#p 7 : 0021-8979,
Japanese Journal of
Applied Physics
Manuscript No:
T14269

This paper presents a solution to the temperature issue in
High Concentration Photovoltaic (HCPV) module device by
using different thermal conductive material and packing
structure. In general, the open-circuited voltage of a device
reduces with the increase of temperature and therefore
degrades its efficiency. The thermal conductive material we
use in this paper, silicon, has a high thermal conductive
coefficient (149 W/m'K) and steady semiconductor properties
which are suitable for the application of solar receiver in
HCPV module. Solar cell was soldered on a metal-plated Si
substrate with a thicker SiO, film which acts as an insulating
layer. Then it was mounted on an Al-based plate to obtain a
better heat dissipating result.

The logic-based
supervisor  control
for sun-tracking
system of 1MW
HCPV demo plant:
study case

# 1] 1 1424-8220,
Sensors

Manuscript  No.
SENSORS-11972

This paper presents a logic-based supervisor controller
designed for trackers of 1MW HCPV demo plant at Taiwan.
Sun position sensor on the tracker is used for detects the sun
position, but the sensor is sensitive for intensity of sun light.
The signal output of sensor will partially or all blocked by the
cloud, and which it’s hard controlled by the traditional PID
control. We use a logic-based supervisor (LBS) control

: allowing for switching PID control in the sunny conditions to

sun trajectory in cloudy conditions. To verify the stability of
the proposed control, an experiment was performed; the
results show that the proposed control can efficiently achieve
the stabilizing trackers of IMW HCPV demo plant.
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A Study of On-line
Diagnostic
Technology on
HCPV System
Using Fuzzy
FMEA

£

# 7] : 0951-8320,
Reliability
Engineering &
System Safety
Manuscript No.
RESS-D-11-00467

Maintenance could take a lot of system operational cost after
HCPV system established. To reduce the maintenance cost
and to foster system availability, on-line diagnostic
technology with Fuzzy FMEA counts. The spirit of ad hoc
technology depends on real time and historical data. FMEA
takes those data to predict failure modes, analyze causes of
failed components in order for management level to schedule

: |a maintenance plan in advance. In this study, authors worked

the technology on the 100 kW HCPV system established by
INER in 2007, and created a method for the subject title
study.

10.

Evaluation of
Installing

Integrated
Sustainable Energy
System in Taiwan

© Ffe

#p =] © 0301-4215,
Energy Policy
Manuscript No.
JEPO-D-11-01569

The purpose of this study is to evaluate the possibility of
stabilizing sustainable power supplies by installing three
different kinds of energy systems including photovoltaic,
wind power generators, and fuel cells. Energy produced by
both photovoltaic and wind power generators are highly
dependent on unpredictable meteorological conditions. To
fulfill the aim of stabilizing these power sources, it is
necessary to add the other sustainable power generator — fuel
cells which can run continuously regardless of the weather
condition. The method of evaluation is to fix the capacity of

" lwind power generated in different locations as the primary

parameter, and then to calculate the capacities of both
photovoltaic and fuel cells installed at equivalent sites. As is
well known, energy produced by wind power and
photovoltaic is a function of wind speed and solar radiation.
Accordingly, meteorological data are considered in the
evaluation. Meteorological data are collected and input into
formulas as the method of evaluation in this paper.

11,

Structural and
Optical

Characterization of
ZnSeO Films
Grown on GaAs by
Molecular  Beam
Epitaxy

S H A

g 7 1 0021-8979,
Journal of Applied
Physics

ZnSe1, O, alloys with various O contents (2.7 %< x <9.3 %)
have been successfully grown on GaAs by plasma-assisted
molecular beam epitaxy. The degradation in the surface
morphology and crystal quality is found highly correlated
with increasing O composition. The optical properties show
that low temperature band edge photoluminescence of the
ZnSeO well follows the O-induced band-gap reduction. An
S-shaped temperature-dependent photoluminescence behavior
is observed on ZnSeO films and is attributed to the
delocalization of local excitons. The decrease of temperature
dependence of the band gap of ZnSeO films can be found.
With increasing O content in ZnSeO, the fitting in energy
reduction still follows well by the band anticrossing model.
Different recombination paths in this material have also been
clarified by time-resolved photoluminescence measurements.
The long decay time at low temperature results from the
trapping of carriers by the localized states. At higher
temperatures, the radiative recombination is dominated by the
FEs, which exhibit a fast PL decay time.
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12,

Controllability

Enhancements  of
HCPV Array under
Wind Loads using

©
# =] 0951-8320,
Reliability

Engineering &
System Safety

The high concentration photovoltaic (HCPV) system has
sophisticated solar-tracking mechanism. In order to avoid
damage to critical components, each panel of HCPV will be
horizontally placed when the wind speed is greater than a
predetermined threshold value. Such a consideration seems to
be reasonable though, there exist two problems. The first lies
in that if the wind speed is constantly changing in the vicinity
of threshold value, the motor of solar tracker will be forced to
switch between on and off frequently. The reliability of the
solar-tracking system will be deteriorated after year-around
operations. The second is about serious performance
degradation that is, even in the sunny days, as long as the
wind speed is greater than the threshold value, the solar
tracking device will be triggered to stop working to protect
the mechanical parts from being damaged, which leads to loss
of power generation. In this paper we integrated the raw data
such: wind speed, wind direction and the change rate of
maximum wind speed as multiple input factors at first, and
then we use the adaptive neural fuzzy inference system
(ANFIS) to solve the problem of the excessive mechanical
response to wind loads. Simulations indicated that such
design has obtained significant results.

13,

Adaptive  Neural
Fuzzy Inference
Systems

Numerical

Investigation of
High-Concentration
Photovoltaic
Module
Dissipation

Heat

© Fia
# 7 : 0960-1481,
Renewable Energy

The present study performs a series of simulations based on
the Reynolds Averaged Navier-Stokes equations, the RNG k-¢
turbulence model, and the P1 radiation model to investigate
the passive cooling of high-concentration photovoltaic
(HCPV) solar cell modules. The simulations focus
specifically on the effects of the direct normal irradiance, the
ambient temperature, the module elevation angle and the
wind speed on the thermal management performance of the
HCPV module. The results have shown that the maximum
cell temperature within the HCPV module reduces as the
wind speed increases. Moreover, the heat dissipation
performance of the HCPV module is significantly dependent
upon the wind speed for wind speeds below 1 m/s. In
addition, the maximum cell temperature is a linear function of
the ambient temperature and direct normal irradiance. Finally,
the simulations have shown that the temperature distribution
and flow-field phenomena in the HCPV module possess
distinct three-dimensional asymmetrical characteristics. In
other words, simulation models based on symmetrical
boundaries, periodic boundaries, or two-dimensional
geometries are insufficient to investigate the thermal
management performance of real-world HCPV modules.
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14,

Synthesis,
morphology  and
physical properties
of multi-walled
carbon
nanotube/biphenyl
liguid crystalline
epoxy composites

v R
#p 7):0008-6223
Carbon

We have developed multi-walled carbon nanotube/liquid
crystalline epoxy composites and studied the effects of
incorporation carbon nanotubes (CNTSs) on the morphology,
thermal and mechanical properties of the composites. The
CNTs are functionalized by liquid crystalline (LC)
4,4°-bis(2,3-epoxypropoxy) biphenyl (BP) epoxy resin for the
ease of dispersion and the formation of long range ordered
structure. The epoxy functionalized CNT (ef-CNT) were
dispersed in the LC BP epoxy resin that can be thermal cured
with an equivalent of 4,4’-diamino-diphenylsulfone to form
composite. The curing process was monitored by polarized
optical microscopy. The results indicate the LC resin was
aligned along the CNTSs to form fiber with dendritic structure
initially then further on to obtain micro-sized spherical
crystalline along with fibrous crystalline. With homogeneous
dispersion and strong interaction between nanotubes and
matrix, the composite containing 2.00 wt% ef-CNT exhibits
excellent thermal and mechanical properties. When the
amount of ef-CNT exceeds 2.00 wt%, vitrification stage of
curing is fast reached, which lowers the degree of conversion.
As compared with the neat resin, the composite containing
2.00 wt% ef-CNT increases the glass transition temperature
by 70.0 °C, the decomposition temperature by 13.8 °C, the
storage modulus by 40.9 %, and the microhardness by 63.3
%.

15,

Small and Wide
angle X-ray
Scattering

Characterization of
Bulk
Heterojunction

Polymer Solar
Cells with Different
Fullerene
Derivatives

© Ffe

#p 7:1089-5639
The Journal of
Physical Chemistry

The aim of this study is to quantitatively investigate the
various structures in the bulk heterojunction solar cells
consisted of P3HT/PC60BM and P3HT/PC70BM without
thermal annealing. The nanostructure resulted from the phase
separation of P3HT/PCxBM was characterized by the
grazing-incidence small- and wide- angle X-ray scattering
(GISAXS and GIWAXD). We obtained the structural
parameters, such as the size, volume fraction and spatial
distribution of aggregated PCxBM cluster by model fitting
and  model-independent  method.  Meanwhile,  the
characterization of P3HT crystallite and network structure of
PCxBM molecules dispersed in amorphous P3HT chains was
also included in this study. The effect of fullerene derivatives
on the self-organized structures is discussed. The correlation
between nanostructures and performance is presented here for
both P3HT/PC60BM and P3HT/PC70BM devices.
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Formation
Mechanism and
Kinetics of

16 Organic-Capped

| Anatase TiO,
Nanorod  Studied

by Small-Angle
X-Ray Scattering

S A

# 1| 1 0002-7863
Journal of the
American Chemical
Society

The structural evolution and temporal behavior of nucleation
and anisotropic growth of organic-capped anatase TiO,
nanorod in the colloidal solution was studied by small-angle
X-ray scattering (SAXS) and other tools. The direct and
detailed SAXS characterization  quantitatively  and
qualitatively provides a general knowledge about the
structural evolution, inter-particle interaction and spatial
orientation of nanoparticles formed during the nucleation and
growth. The present study demonstrates a spatial factor
driving the development of oriented attachment mechanism
except for the effect of surface surfactants. An ordered
lamellar structure in the solution constructed by the balance
of interaction forces among different surface ligands, function
groups and solvent molecules serves as a natural 3D template.
It allows the spatial aggregation and alignment of spherical
primary particles into an ordered chain arrays, effectively
facilitating the almost simultaneous transformation from
spherical to rod shape via proximity attachment. This
template also assists the further coalescence between
nanorods. The model proposed herein can give the insight
into the detailed understanding of oriented attachment
mechanism based on the thermodynamics and Kinetic
interpretations. The multistep mechanism of formation of
anatase TiO, nanorod revealed by this study is helpful to
understand the fundamental details and gap in the currently
known knowledge on the respective mechanisms.  The result
about the natural template and multistep mechanism can
provide the potential knowledge to flexibly tune the shape of
rods or fabricate the highly ordered nanostructure and 3D
nanowire network.

17,

Self-Vertical Phase
Separation Study of
Nanoparticle/Poly
mer Solar Cells by
Introducing
Fluoro-Containing
Additives

© Fia

#p =] : 0003-6951
Applied physics
letters

The hybrid material made from poly(3-hexylthiophene)
(P3HT) and TiO, nanorod is a useful solution processable
photoactive material for flexible hybrid solar cells with the
bulk heterojunction structure. The morphology of this hybrid
material plays a determinant role in the power conversion
efficiency (PCE) of the hybrid solar cell. Two
fluoro-containing additives were introduced in the hybrid
material respectively to observe the morphology changes.
They are tris(perfluorophenyl)borane (BCF) and 2,6-
(2,3,5,6-ditetrafluorobenzonitrile) - 4,4 dihexyl- 4H-
cyclopenta [2,1-b:3,4-b"] dithiophene (GW). The cross section
images of scanning electron microscopy (SEM) of hybrid
material containing 1% additive indicate the occurrence of
vertical phase separation in the hybrid film. We deduce the
vertical phase separation is due to the vertical shear force
generated from fluoro-containing additives during spin
coating process. A vertical gradient structure of hybrid film
being P3HT rich to TiO, rich is created from the bottom layer
of PEDOT: PSS to the top layer of Al electrode. The gradient
structure improves not only P3HT crystallinity but also the
charge transport efficiency to the opposite electrodes, thus the
PCE of solar cell is increased. The order of improvement in
the PCE of the hybrid solar cell using different additive is
BCF (0.92%) > GW (0.78%) > none (0.22%) when a hybrid
of P3HT/TIiO, = 43/57 (wt/wt) is used. The power conversion
efficiency is expected to be further increased by optimizing
the processing.
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Synthesis and
characterization of
(4,5-diaza-9,9’-spir

The series of (4,5-diaza-9,9’-spirobifluorene) functionalized

obifluorene) © P donor/ acceptor (D/A) conjugated oligomers were synthesized
18 functionalized #p 7]:1359-7345 via Stille coupling.  The pyridine-like moiety of the
| donor/ acceptor Chemical oligomers exhibited good affinity towards hydrophilic TiO,
conjugated Communications nanorod and enhanced the efficiency of P3HT-TiO, hybrid
oligomers for solar cells.
hybrid solar cell
application
The studies of nickel plating by using an electroplating and
electroless plating methods have been widely discussed due to
its multiple applications. All current plating processes mainly
use an applied current or the reducing agent to reduce metal
ions from a solution. In this study, a new mechanism of nickel
plating process on n/p diode in the plating solution is
An Innovative displayed. Using the characteristic of n/p diode that has a

19.

Method of Nickel
Plating on n/p
Diode

EN
#p 1]:0040-6090,
Thin Solid Films

built-in potential, the electrons and holes will generate in the
diode when illuminated, meanwhile, they will flow to the
opposite direction separately under the action of built-in
potential. The nickel film is plated on the n-type surface by
the reduction of photoelectron flow, and there is no any
reducing agent used in this processes. This innovative
approach can simplify of the traditional electroplating
process. It can also be applied to silicon solar cells of the
front contact Ni/Cu plating.

20,

Study on thin film
epitaxial silicon
solar cells at INER

S H A
# 7] :1475-7435,
International Journal
of Nanotechnology

Thin film epitaxial silicon solar cells are considered
potentially viable alternatives to low-cost, low efficiency
amorphous silicon solar cells as well as high-cost,
high-efficiency bulk crystalline silicon solar cells. This work
is aimed at reporting on the study of thin-film epitaxial silicon
solar cells at the Institute of Nuclear Energy Research (INER)
in Taiwan. The material selected for the substrate is
inexpensive < 5N purity upgraded metallurgical grade
silicon (UMG-Si), which is considered too “dirty” to be
suitable for solar cell production directly. A home-made
2-inch vacuum-free atmospheric pressure chemical vapor
deposition (APCVD) system is used. In-situ HCI gas gettering
of a 4x4 cm? UMG-Si substrate is first performed with
subsequent deposition of a ~ 20  um thick high quality
epitaxial layer on top of the gettered UMG-Si substrate at
1150°C . The resultant product, often referred to as an
epitaxial wafer equivalent (EpiWE), is further processed
utilizing the traditional bulk silicon solar cell process and
forms the so-called thin film epitaxial silicon solar cell. The
maximum conversion efficiency of about 13.18% is achieved
at present. In addition, in order to study large area thin film
epitaxial silicon solar cells, a 6-inch epitaxial APCVD system
is also under construction.

21,

Study and
characterization of
advanced SiNx film
with LF-PECVD

e H e
# 7] :0040-6090,
Thin Solid Films

In this paper, we will discuss the relation of chemical effect
and field effect in passivation. We used low frequency plasma
enhanced chemical vapor deposition (LF-PECVD) system to
deposit SiNx film at the temperature of 300°C and a low
frequency of 50kHz with 40W rf power and then anneal the
sample with RTA. The minority carrier lifetime (t¢), the
fixed charge (Qs), and IR spectrum are measured. We find out
that the annealing procedure will decrease field effect, but the
hydrogen diffusion will increase the minority carrier lifetime.
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22,

Fabrication of
silicon sub-micro
wires based solar
cells on UMG-Si
substrates using
nickel catalyst

S

# | :0013-4651,
Journal of the
Electrochemical
Society

The growth of silicon sub-micron wires on upgraded
metallurgical grade Si(UMG-Si) substrates was catalyzed by
nickel(Ni) using chemical vapor deposition technique. A
favorable growth condition of silicon sub-micron wires has
been examined by varying the annealing temperature and time
duration of Ni film in the ranges 900-975°C and 2-12 min,
respectively. Moreover, the output characteristics of the
silicon sub-micron wires based (Si-SMWs) solar cells were
analyzed and compared. It was found that silicon wires with
the magnitude of diameter ranging from 0.2 to 0.8 um could
be grown with the present technique. Moreover, a conversion
efficiency over 1% could be achieved for the Si-SMWs solar
cells fabricated with the Ni catalytic film annealed at 950°C.
In particular, by annealing the Ni catalytic film for a short
duration of 2 min for growing sub-micron wire structure, the
solar cell produced thereon further demonstrated an efficiency
as high as 2.06%.

23,

Investigating of
Arsenic-doped ZnO
thin films grown on
Si substrate by
MOCVD

© Fia

¥ 7] :1862-6300,
Physica Status Solid
A-Applications and
Materials Science

Zinc oxide (ZnO) thin film was grown on semi-insulated Si
substrate using AsHs as precursor by atmospheric pressure
metal-organic chemical vapor deposition (AP-MOCVD). As
well known, the doping mechanism of As-doped ZnO thin
film are explained as As substitution for oxygen (Aso) or As
substitution for Zn and As combined with two Zn vacancies
(AsZn-2VZn). In this study, we control the in-situ annealing
ambient into two conditions, Zn-rich and O-rich, respectively.
And we expect that will help to create Aso and AsZn-2VZn.
The ZnO thin film after in-situthermal annealing with H,0O
vapor ambient at 550 °C and 750°C show p-type conductivity
with hole concentration of 2.651x10* and 1.782x10% cm?,
the Hall mobility of 10.08 and 5.402 cm?/Vs, the resistivity of
2.368 and 0.6485 Qcm.

24

Reduction of
defects in
amorphous silicon

Ithin films using a

cyanide  solution

treatment

© Pth

#p 7] :1475-7435,
International Journal
of Nanotechnology

A KCN aqueous solution is used in a cyanide treatment for
the reduction of defect states in hydrogenated amorphous
silicon (a-Si:H) thin films. The concentration of the KCN
aqueous solution is probed to find the optimum conditions
that will improve the electrical properties of a-Si:H thin film.
After the cyanide treatment, the combination between silicon
atoms and cyanide ions is confirmed by observing the binding
energy of N 1s (in 395 eV ~ 406 eV) through X-ray
photoelectron spectroscopy (XPS) measurement.
Furthermore, the N 1s signal can be detected down to a depth
of 15 nm into the a-Si:H thin film. Low temperature
cathodoluminescence (CL) measurement shows that using a
higher concentration KCN treatment produces a stronger
radiation signal, which indicates that the cyanide ions reduce
the defect states in a-Si:H thin films. As an important
parameter for solar cells, the ratio between photo-current and
dark-current reaches its maximum when the a-Si:H thin film
is immersed in a 0.4 M KCN aqueous solution for one
minute.
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26.

Accelerated test

method and
statistics model
analysis of

degradation
performance for PV
module lifetime
prediction.

FYE € R

r O ¢ 201
Photovoltaic
Module Reliability
Workshop
(PVMRW)

-2 Golden,
Colorado,USA
p #y
2011-02-16~17

The reliability of crystalline silicon PV modules has improved
dramatically in recent years. Today, manufacturers are usually
asked to provide their customers with reliability information
about degradation rate of PV module power. However,
module power degrades very slowly at the normally used
condition. Accelerated degradation tests are used widely to
obtain timely information on the reliability of module.
Accelerated degradation tests for assessing the long-term
reliability and performance of photovoltaic modules were
conducted as follows. The damp heat tests were run at high
levels of temperature and relative humidity to accelerate the
hydrolytic and corrosive action of hot, humid environments
and obtain degradation data more quickly. In our tests, the 2 x
2 cell modules were fabricated in the same type of crystalline
silicon cells, glass and back sheet foil. Before the damp heat
tests, the modules were exposed by UV 15 KWhr as the
pre-test mentioned in IEC61215. Those small modules were

" |tested as the process flow which are then divided into five

conditions. Damp heat test were plan to keep going non-less
than 2000 hrs. The tests of IV-characteristics and a visual
control were carried out, and measurements were made at
specific times so as to obtain the degradation ration of power
loss. The performance of a degradation model depends
strongly on the appropriateness of the model describing a
product’s degradation path. we propose a relationship
between the product’s lifetime and stress variables. The
method can be used for highly reliable products.

27,

Conjugate Natural
Convective Heat
Transfer from
Photovoltaic Cells
on the Bottom Wall
of a Horizontal
Cabinet to Ambient
Air Stream

A% 6 R
v
International
Conference on Fluid
Dynamics and
Thermodynamics
Technologies

+ 2L : South Kuta,
Bali-Indonesia
p #y
2011-04-01~03

2011

This study proposes a model to investigate the detailed
behaviors of natural convective cooling of photovoltaic cells
mounted discretely on the bottom wall of a horizontal cabinet.
The numerical computation domain covers the cabinet and
surrounding area, so that the temperature and velocity fields
of the combined regions are solved simultaneously. Results
show that the temperature differences among the photovoltaic
cells can be up to 28% for all the investigated cases when
106 <Ra=108, 1000=Kef=6300, Cx = 7.5 and N = 6. The

: [maximum difference in hot spot temperatures of photovoltaic

cells is about 26% among the cases with various Kef.
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Effect of Spectral
Response on
Energy Conversion
Efficiency of Solar
Cell
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Systems
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The change of triple-junction solar cell conversion efficiency
under varied spectra was studied. By changing the intensity of
incident spectrum and integrating with the spectral response
data of InGaP/InGaAs/Ge triple-junction solar cell, we could
recognize which layer was the current limiting cell and obtain
its relationship between conversion efficiency. The current
limiting cell was InGaAs middle cell initially when it was
under AM1.5 simulated solar spectrum, and modulating the
long wavelength intensity caused very limited variation on the
short circuit current and conversion efficiency. Once the
InGaP top cell became the current limiting cell, the
conversion efficiency decreased drastically with reducing

* |short wavelength intensity. We ascribed this decrease to the

reduction of short circuit current. When it was InGaAs layer
being the current limiting cell, the decrease of conversion
efficiency was not sensitive to the spectrum as compared to
the InGaP top cell.

29,

On-site
Measurement of a
HCPV Module in
NPUST

5% §

¢ 4+ 2011 The
International
Conference on

Green Technologies
$+ 8L 1 Taiwan
p 2

2011-10-12~15

The subject of study in this work is a 135 Wp high
concentration photovoltaic module with TI-V solar cells. The
module is currently installed in NPUST. Three equation forms
for module temperature prediction were investigated. The
simplest form predicts the module temperature quite well.
Among these forms, the third form which takes into account
the direct normal radiation yields the least error. The

: |efficiency of the module is about 21% between 10:00 a.m.

and 3:00 p.m. and the amount of power the module generates
is linearly dependent on the electricity current.

Characteristics  of
Ti/Al/Ni/Au Ohmic

% € &

& # * International
Electron Devices
and Materials

Ti/Al/Ni/Au metal scheme is employed as the ohmic contact
on n-type Ga-doped ZnO films. After 300 °C annealing,
specific contact resistivity of 5.1xE-5 Ohm-cm and 2.6xE-7
Ohm-cm has been achieved on GZO films with carrier
concentration of 5xE17 cm™ and 2.4xE20 cm, respectively.

30. gontacts on Symposium 2011 The ohmic behavior could be attributed to the formation of
a-Doped ZnO (IEDMS 2011) . . o .
Films 3 2 : Taiwan Tl—O_and_ Ni-O phases._However, after _500 _C annealing
! . |deterioration of contact is observed and is attributed to the
P 5 " |oxidation of Al on the surface as well as the in-diffusion of
2011-11-17~18 Au to the metal-semiconductor interface.
Two novel (4,5-diaza-9,9’-spirobifluorene) functionalized
donor/ acceptor low bandgap conjugated polymers PZFDPP
Synthesis and R ¢ % (K117) and PZFBTZ(K108) have been synthesized via Stille

31,

characterization of
(4,5-diaza-9,9'"-spir
obifluorene)
functionalized
donor/acceptor
conjugated polymer
for  solar  cell
application

¢ #£:2011 # MRS
Spring Meeting and
Exhibit ¢ %

E2- 1

San Francisco,
California

pap
2011-04-25~29

coupling. Their band gaps were determined by absorption
spectroscopy and cyclic voltammetry to be ~1.5 eV and ~2.0
eV for K117 and K108 respectively. The pyridine moiety of
the copolymer exhibited good affinity toward hydrophilic
TiO, nanorods, so they were used to modify the surface of
TiO, nanorods. The modified nanorods were blended with
P3HT to fabricate hybrid solar cell. An increase of power
conversion efficiency was observed at 2.6 times and 2.3 times
for K108 and K117 respectively as compared with that of
pyridine modified TiO, nanorods. The results are due to the

reduced charge recombination.

34




STESGEHE

Fepy — 3]

B4y

32,

Ultrasonic  spray
deposition for
production of
organic solar cells
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In this study, we report the organic solar cells with spray
coated active layers. Conventionally, the performance of
organic solar cell is primarily influenced by the inherent film
morphology of spin-coating polymer-blend active layers. In
our work, the thickness and roughness of the spray-coated
active layer were about 540 and 110 nm respectively, which is
significantly different from that of the conventional polymer
solar cell. However, the performance of the polymer solar
cells based on poly(3-hexylthiophene):[6,6]-phenyl C61
butyric acid methyl ester (P3HT/PCBM) spray-coated using
this deposition method deliver a power conversion efficiency
of 2.6% is comparable to those of the polymer solar cell that
are fabricated using the spin-coated method under identical
conditions. Therefore, the cheap, simple and low material loss
spray process to directly deposit thin films on flexible
substrates from their solutions can be a potential technology
to fabricate large area organic solar cells.

33.

Surface
modification of
TiO, by (4,5-diaza-
9,9’-spirobifluorene
) functionalized
donor/acceptor
conjugated
polymers for
P3HT/ TiO, hybrid
solar cell

B § %

P RR G H
B2l
Sas b E A
P
2011-09-19~23

Two novel (4,5-diaza-9,9’-spirobifluorene) functionalized
donor/ acceptor low bandgap conjugated polymers PZFDPP
(K117) and PZFBTZ(K108) have been synthesized via Stille
coupling. Their band gaps were determined by absorption
spectroscopy and cyclic voltammetry to be ~1.5 eV and ~2.0
eV for K117 and K108 respectively. The pyridine moiety of
the copolymer exhibited good affinity toward hydrophilic
TiO, nanorods, so they were used to modify the surface of
TiO, nanorods. The modified nanorods were blended with
P3HT to fabricate hybrid solar cell. An increase of power
conversion efficiency was observed at 2.6 times and 2.3 times
for K108 and K117 respectively as compared with that of
pyridine modified TiO, nanorods. The results are due to the
reduced charge recombination.

34,

Defects Aeduction
of Amorphous
Silicon Thin Film in
Cyanide  Solution
Treatment

" R

¢ L ¢ 4th
International
NanoElectronics
Conference (INEC)
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FRIEASE

poap
2011-06-21~24

IEEE

The KCN aqueous solution is used as the cyanide treatment
for the reduction of defect states in amorphous silicon
(a-Si:H) thin films. The concentration of the KCN aqueous
solution and immersing time are probed to find the optimum
condition to improve a-Si:H thin film. After cyanide
treatment, the combination between silicon atoms and cyanide
ions is confirmed by observing the binding energy of N 1s
through  x-ray  photoelectron  spectroscopy  (XPS)
measurement in 395eV ~ 406 eV. In order to determine the
penetrating depth of cyanide ions into a-Si:H thin film, the
XPS measurement is also applied to detect the N 1s signal
after etching processes ; the N 1s signal can be detected from
surface to the depth of 15 nm. Through the measurement of
low temperature cathodoluminescence (CL), higher
concentration KCN treatment makes stronger radiation
intensity indicates that the reduction of defect states in a-Si:H
thin films by the cyanide ions. The ratio between
photo-current and dark-current is maximum when a-Si:H thin
film is immersed in 0.4 M KCN aqueous solution in two
minutes.
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The Study Status of
Thin Film Epitaxial
Silicon Solar Cells
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Thin film epitaxial silicon solar cells are considered
potentially viable alternatives to low-cost, low efficiency
amorphous silicon solar cells as well as high-cost,
high-efficiency bulk crystalline silicon solar cells. This work
is aimed at reporting on the study of thin film epitaxial silicon
solar cells at the Institute of Nuclear Energy Research (INER)
in Taiwan. The material selected for the substrate is
inexpensive < 5N purity Upgraded Metallurgical Grade
Silicon (UMG-Si), which is considered too “dirty” to be
suitable for solar cell production directly. A home-made
2-inch vacuum-free Atmospheric Pressure Chemical Vapor
Deposition (APCVD) system is used. In-situ HCI gas
gettering of a 4x4cm? UMG-Si substrate is first performed
with subsequent deposition of a ~20um thick high quality
epitaxial layer on top of the gettered UMG-Si substrate at
1150°C. The resultant product, often referred to as Epitaxial
Wafer Equivalent (EpiWE), is further processed utilizing the
traditional bulk silicon solar cell process and forms the
so-called thin film epitaxial silicon solar cell. The maximum
conversion efficiency of about 13.18% is achieved at present.

36,

An Innovative
Method of Nickel
Plating on n/p
Diode

R € &

%4 TACT 2011
International  Thin
Films Conference
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poHEp
2011-11-20~23

The studies of nickel plating by using an electroplating and
electroless plating methods have been widely discussed due to
its multiple applications. All current plating processes mainly
use an applied current or the reducing agent to reduce metal
ions from a solution. In this study, a new mechanism of nickel
plating process on n/p diode in the plating solution is
displayed. Using the characteristic of n/p diode that has a
built-in potential, the electrons and holes will generate in the
diode when illuminated, meanwhile, they will flow to the
opposite direction separately under the action of built-in
potential. The nickel film is plated on the n-type surface by
the reduction of photoelectron flow, and there is no any
reducing agent used in this processes. This innovative
approach can simplify of the traditional electroplating
process. It can also be applied to silicon solar cells of the
front contact Ni/Cu plating.

37,

Study and
Characterization of
Advanced SiNy
Film with Low
Frequency
-PECVD
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In this paper, the relations of chemical and field-effect
passivation are studied. A low frequency plasma enhanced
chemical vapor deposition system is used to deposit SiN,:H
film at the temperature of 300°C and a frequency of 50 kHz
with 40W power, and then the sample is annealed. The
effective minority carrier lifetime (tef), the fixed charge (Qy),
and IR spectrum are measured. The study shows that the Qs is
decreased at the post-annealing process, but the Tt iS
increased by the diffusion of hydrogen, and thus the annealing
process plays a crucial role in passivation mechanism.
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Effect of Quantum
Efficiency on Short
Current of MJ
compound  Solar
Cell
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For TI-V group solar cells, one way of improving conversion
efficiency is the use of multi-junction solar cells. These
devices have the advantage of converting the solar energy
more efficiently because the conversion of solar energy is
realized by using several subcells with their respective
conversion range specified from the strongest band of solar
spectrum. However, the drawback is that multi-junction solar
cells are known to be sensitive to the solar spectrum variation.
As known, the solar spectrum changes seasonally and daily, it
also easily varies due to the changes in air mass and
atmospheric composition. Therefore for multi-juction solar
cells any spectrum changes would result in the problem of
&, |current mismatch and thus reduce the short circuit current
because the top, middle and bottom subcells are connected in
series . However, it is impossible for a multi-junction solar
cell to derive the short-circuit current of each subcell directly
from the 1-V characteristics measurement. Fortunately, the
spectral response (SR) measurement can provide the data of
each subcell. SR data are used for various purposes and in
different ways. To interpret SR data in regard to the
optimization of device fabrication, absolute data are often
needed. In this paper, the effects of spectral variation on the
performance of GalnP/(In)GaAs/Ge triple-junction solar cell
are explored. The relationship between the solar spectrum and
the SR of solar cell is examined systematically. Through the
knowledge of the corresponding variation in short circuit
current due to the change of SR for each subcell of
multi-junction solar cell, the current limiting subcell can be
resolved and the conversion efficiency of the multi-junction
solar cell can be improved in a more effective way.
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Optimization of
Antireflection
Coating Design for
m-v
Multijunction Solar
Cell
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Different types of antireflection coating (ARC) designs were
applied on II-V multijunction solar cell device in this study.
Through the refined simulation for reflectance spectrum of
M-V multijunction solar cell to acquire the optimal ARC
design for solar cells, and deposited onto real II-V
multijunction solar cells device. Spectral response and I-V
measurement were used for obtaining external quantum
efficiency and opto-electrical characteristic. The results
illustrated the solar cell performance was effected by
reflectance spectrum of solar cell device. It also shows that

: |ARC can be used for optimizing the current matching

between different tandem cells by different designs. Among
the samples, the Jsc performed 32.2 % enhancement and
efficiency can achieved 27.3% enhancement as well with the
optimal design of ARC for IM-V multijunction solar

cell under 476X geometrical concentration.
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