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1.

w ¥ ¢ # % [ Damp-heat Induced Performance Degradation for
InGaP/GaAs/Ge Triple Junction Solar Cell ]} - We performed accelerated tests
on sealed and non-sealed InGaP/InGaAs/Ge triple junction (TJ) solar cells in
a complex high temperature and high humidity environment, and
investigated the electrical properties over time. The degradation of energy
conversion efficiency in non-sealed cells was found to be more serious than
that in sealed cells. The short-circuit current (Isc), open-circuit voltage (Voc),
and fill factor (FF) of sealed cells changed very slightly, though the
conversion efficiency decreased 3.6% over 500 h exposure. This decrease of
conversion efficiency was suggested to be due to the deterioration of silicone
encapsulant. The Isc, Voc, and FF of non-sealed cells decreased with
increasing exposure time. By EL and SEM analysis, the root causes of
degradation can be attributed to the damage and cracks near the edge of cells
induced by the moisture ingress. It resulted in shunt paths that lead to a
deterioration of the conversion efficiency of solar cell by increasing the
leakage current, as well as decreasing open-circuit voltage and fill factor of
non-sealed solar cells.( Journal of Nanomaterials, 2014, 410717-1~6)
AT RGPS TS RS R R B H R R A
a,ﬁﬂfm/f%*fvsﬁ o fr PFEIL AT AR 2 S E R ;a%:rqzm,;z; o g
Iﬁﬁ\ﬁ R ORPEE S B g A) 9\/%&4’4;_ Wik 2 e

mE PR A [Self biased ZnO nanowire humidity sensor vertically
integrated on triple junction solar cell] - This study presents a zinc oxide
(ZnO) Schottky humidity sensor. This kind of sensor needs a forward
voltage bias to detect electrical changes in relative humidity (RH). Authors
replace the external voltage bias for the sensor with the bias from
GalnP/GaAs/Ge triple junction (TJ) solar cell. In this study, two independent
components, solar cell and humidity sensor, are integrated vertically to a
self-biased and small-sized device. The open-voltage (V,.) of TJ solar cell
under standard solar irradiation (AM 1.5G) is about 2.5 V to bias ZnO
humidity sensor. With this self-bias from TJ solar cell, measured current
values of the integrated device are 75.9, 123.8, 181.2, and 222.6 uA for 35%,
50%, 70% and 85% RH under the conditions of 25 ‘C and AM 1.5G.
Moreover, ZnO nanowire (NW) structure is added on the integrated device
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to enhance RH response due to increasing surface-area-to-volume ratio. The
measured RH responses of the device with ZnO NW at 25 C were 141.2,
268.1, 365.7, and 572.5uA for 35, 50, 70, and 85% RH, respectively.
( SENSOR ACTUAT B-CHEM, Volume 197,137-141, 2014)
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3. #¥ t# % [lIntermediate-band dynamics of quantum dots solar cell in
concentrator photovoltaic modules)- We report for the first time a successful
fabrication and operation of an InAs/GaAs quantum dot based intermediate
band solar cell concentrator photovoltaic (QD-IBSC-CPV) module to the
IEC62108 standard with recorded power conversion efficiency of 15.3%.
Combining the measured experimental results at Underwriters Laboratory
(ULH) licensed testing laboratory with theoretical simulations, we confirmed
that the operational characteristics of the QD-IBSC-CPV module are a
consequence of the carrier dynamics via the intermediate-band at room
temperature ( Scientific Reports, Volume 4: 4792, 1-7,2014)
Aawe B RBT INAs/GaAs & + BERGE A 2 B RS el Kei
FerrF 5 153% M EARE - BEFIZRERASET S HE

4. ¥ +# % [Amorphous Ge passivation effects on Ge solar cells] -
Amorphous Ge (a-Ge) deposited from a high purity Ge source was adopted
to study the passivation applications for Ge solar cells. The measured results
indicate that post annealing treatment onto the solar cell with  «a-Ge plays
an important role in determining the solar cell performance. For samples
with  a-Ge and a GaAs contact layer outside the front metal grid region,
more than one-order decrease of dark current can be obtained after
conducting a post annealing step at 300 °C for 2-10 min. In addition, solar
cell performance characteristics are dramatically improved with 1-sun Voc
from 0.035 to 0.16 V, Jsc from 16.1 mA/cm? to 27 mA/cm?, fill factor from
0.17 to 0.40, and efficiency from 0.1% to 1.7% after completing the post
annealing process. Furthermore, after removing the GaAs contact layer
outside the front metal-grid region, solar cells with  a-Ge show 1-sun
efficiency1.19% (6.54% versus 5.35%) and fill factor 0.14 (0.68 versus 0.54)
higher than those samples without  a-Ge, which correspond to 22.2% and
25% relative increase in the efficiency and the fill factor, respectively.( IEEE
Journal of Photovoltaics Volume 4, No. 3, P.968-971,2014)
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5. # ¥ t# % [lInfluence of Metal Grid Spacing on the Conversion Efficiency
of Concentration Solar Cell at Different Illumination Levels] - The design of
front metal grid spacing of linear grid pattern for I11-V multi-junction
concentrated solar cells is a critical issue when high density photocurrent is
induced under concentrated sunlight and a poor grid spacing results in
resistive losses. In the present work we have performed outdoor experiment
and investigated both theoretically and experimentally the effect of ten
different metal grid spacing on the electrical performance of high efficiency
GalnP/GalnAs/Ge concentrated solar cells under various concentrating level
of sunlight. The shadowing ratio of metal grids was adjusted from 3.07% to
6.66%. We have observed that the variation of experimentally obtained
variation of power conversion efficiency data with grid spacing is consistent
with the variation of theoretical estimation of total power loss with grid
spacing. Moreover, the total power loss was dominated by grid shadowing
effect at lower concentration levels; while at higher concentration levels the
lowest total power loss condition was found when a compromise occurred
mainly between grid shadowing effect and resistance of metal
lines.( Materials Science & Engineering B ,\ol.188,p.43~47,2014)
BRI TP LT EHEH I I NEELET M TE AR L5 Tk

WG M R RTINS DY R RS ke
PO HE o BB RN LR ER Y RREES £ o ARBH Y L
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Rk Ruletl e S F A A RN R

6. # ¥ ¢ # % [ Performance improvement of large-area roll-to-roll
slot-die-coated inverted polymer solar cell by tailoring electron transport
layer] - For attaining the commercialization, the large-area roll-to-roll (R2R)
slot-die-coated inverted polymer solar cells (PSCs) would be promising. The
electron transport layer (ETL) plays an important role in scale- up
development from small PSCs. In this work, the active layer comprising
poly(3-hexylthiophene)  (P3HT) and  [6,6]-phenyl-C61-butyric
acidmethylester (PCBM) and sol-gel zinc oxide (ZnO) ETL were
slot-die coated on flexible PET/ITO substrate as reference based on the R2R
process. Aluminum-doped ZnO (AZO) instead of ZnO was also adopted. For
further improving the performance of large-area PSC, we used poly
ethylenimine ethoxylated (PEIE) material to tailor the nanostructure of ZnO
and AZOETLs for reducing the surface trapson ETLs using two approaches:
(1) ZnO/PEIE bilayer formed by sequential deposition and (2) ZnO:PEIE
hybrid composite as ETLs. The present work would demonstrate the
optimum material (fabrication) parameters and how the performance of the
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R2R large-area slot-die coated PSC can be improved by modifying the
ZnO-and AZO-based ETL structures. We also perform the various
measurements and structural characterization to understand the relationship
among R2R slot-die coating process, charge transport properties, film
structure and photovoltaic performance as increasing the device areas
from1*0.3 cm?(power conversion efficiency:2.69%) to 1*1 cm?®. (Solar
Energy Materials and Solar Cells, Volume 130, P.191-198 ,2014)
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7. # ¥ +# % [Reaction Kinetics and Formation Mechanism of TiO,
Nanorods in  Solution: An Insight into Oriented Attachment] - The reaction

kinetics and formation mechanism of oriented attachment for shaped
nanoparticles in solution are not well-understood. We present the reaction
kinetics and formation mechanism of organic-capped anatase TiO, nanorods
in solution as a case study for the oriented attachment process using
small-angle X-ray scattering (SAXS) and transmission electronic microscopy.
The SAXS analysis qualitatively and quantitatively provides in-depth
understanding of the mechanism, including the structural evolution,
interparticle interaction, and spatial orientation of nanoparticles developed
from nanodots to nanorods during the nucleation, isotropic, and anisotropic
growth steps. The present study demonstrates the growth details of oriented
attachment of nanoparticles in solution. An ordered lamellar structure in the
solution is constructed by the balance of interaction forces among surface
ligands, functional groups, and solvent molecules serving as a natural
template. The template allows the alignment of spherical nanoparticles into
ordered chain arrays and facilitates simultaneous transformation from
spherical to rod shape via proximity attachment. The proposed model reveals
an insight into the oriented attachment mechanism. This multistep formation
mechanism of TiO, nanorods in solution can provide the fundamental
understanding of how to tune the shape of nanoparticles and further control
the aggregation of spatial nanorod networks in solution.( J. Phys. Chem. C,
118 (45), pp 26332-26340,2014)
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HAEEERE LT o
= ¥4 2014 & 1 % 20~21 p 6th International Symposium on Innovative
SolarCells » # g 4 M S P amy T3 B BT g E | &
ia o
w4 2014 # 4 " 7~9 p % 10 % International Conference on
Concentrating Photovoltaic Systems (CPV-10) 2 i # < & %] 5
¥ 4% [Characteristic and Comparison of Different Submounts on
Concentrating Photovoltaic 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.
Aawm T FEFAIBLERET FRIAFHTH T LRF B
BABET 2 FEG TER  VUBEARAB AR ERLAFE
Pmbﬁ—%’al}xi’*lﬁ%ﬁ'{ b""g\.j]\m_lg_ro
#w % ¢ & [Study of Phase Change Materials Applied to CPV
Receivers] - For improving thermal spreading of solar cell is an important
issue. In this study, we focused on finding new materials to enhance the
thermal dispreading and keep the temperature of solar cell as low as possible.
The new materials are called “phase change materials (PCMs).” We chose
two kinds of PCMs to study their thermal dispreading ability and to compare
them with traditional Aluminum material. These two kinds of PCMs are
paraffin wax and lauric acid. We made three Aluminum-based cuboids as
heat sinking units and two of them were designed with hollow space to fill in
the PCMs. We applied electric forward bias on solar cells to simulate the
heat contributed from the concentrated sunlight. Then we observed the
thermal distribution of these three kinds of thermal spreading materials. Two
levels of forward biases were chosen to test the samples and analyze the
experiment results.
AT ARHF B TR BB LARGREFTY 0 F R ATHE
Koo e g2 le B ebcRoRS o JEd AR R R~ o JIr B R %
fL Eﬁgv}uj’{—k Befiin 0 3R E TSR R o ”‘ﬁf-t?} HE AT
PR ERHTTRK mm.li'f o EERF R T o KR REEN
T ARR AP ERE & PR ARRE 2R RER R
TP ARELR e **”éﬁﬁwk%P’ma?uﬁ@ﬁ@ﬁ@o
d 3P SRS F SRIFER o F AE DB E » FREY R R RS R
%m%{%f@wi TEEFORD  BEEY Pé‘if': BRI ARFLTTE
Bp T .
’;\%\ %2014 £ 6 % 10~14 p W% R+ #H# & ¢ (IJUMRS-ICEM2014) 5
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#w ¥ ¢t # % [ Hierarchical Bulk Heterojunction Structure of
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Solution-processed Small Mmolecule Organic Solar Cell Studied by
Synchrotron Scattering]) - Solution-processed small-molecule organic solar
cells (SMOSCs) have been considered a promising next-generation
photovoltaic technology. SMOSCs are competitive to polymer solar cell due
to their own advantages, such as defined molecular structure, high
open-circuit voltage and high crystallinity etc. However, the research and
fundamental understanding on the bulk heterojunction (BHJ) structure of
SMOSCs are limited to date. The quantitative analysis of hierarchical BHJ
structure in a 3D bulk sample and mechanistic understanding of controlling
the nanoscale phase separation could be critical to design and fabricate the
solution-processed high-efficient SMOSCs. Our study presents for the first
time the quantitative characterization for the hierarchical structure and
spatial distribution of nanophase-separated donor and acceptor in a 3D
structure of solution-processed SMOSC using simultaneously synchrotron
grazing-incidence small-angle X-ray scattering (GISAXS) and wide-angle
scattering (GIWAXS) technique. This study used a linear A—D—A-type
n-conjugated donor molecule (TBDTCNR) as donor. The structural
characterization of TBDTCNR:PC61BM blend films includes (1) orientation
distribution, relative crystallinity and ordered structure of nano-scale
edge-on and face-on molecular crystallites, (2) size and spatial distribution
of nano-scale PCBM clusters, (3) meso-scale structure aggregated by
molecular crystallites and (4) TBDTCNR/PCBM miscible domains or matrix.
The relationship among structure, property and processing is established
here to provide the fundamental information tailoring the structure toward
the high performance of SMOSCs.

v w100 B2 me BEwm Y RF T EE R BEEoAG YR
MR AR ] A OPV 2 AR R 48 (7 5 8412 B IR0 > s R
&L gk (Breakthrough) -

(2) % % t#% [Tailoring a High Performance of Inverted Polymer Solar Cell
by Modifyingthe Electron Transport Layer] - Inverted polymer solar cells
(PSCs) have been attracted a lot of attention due to their stability and long
operating lifetime. In general, it has been believed that the lifetime of
conventional PSCs was affected by two reasons mainly; one is the contact
between poly(3,4-ethylenedioxythiophene): poly(styrenesulfonate)
(PEDOT:PSS) and indium tin oxide (ITO) transparent electrode, and the
other is the use of low work function metals as a top electrode. The ITO
electrode would be etched by PEDOT:PSS under ambient atmosphere due to
the acidic nature of PEDOT:PSS, and the top metal electrode with low work
function is air-sensitive. Inverted PSCs allow the use of metal oxide as
electron transport layer (ETL), such as zinc oxide and titanium oxide, to
deposit on the ITO electrode instead of PEDOT:PSS. Moreover, high work
function metals, such as Au and Ag are used as the top electrode of inverted
PSCs. These improvements elongate the lifetime of inverted PSCs
effectively. Zinc oxide (ZnO) is the most use as the ETL in the inverted

20



ST E SR FHy

PSCs; however, the intrinsic surface traps and relative low conductivity of
ZnO limits the device performance. In this study, the structure of inverted
PSCs was ITO/ETL/PV 2000 (commercial ink)/MoOs/Ag. We demonstrated
the effect of various ETLs, including ZnO, Al-doped ZnO (AZO),
ZnOl/ethoxylated polyethylenimine (PEIE), AZO/PEIE and hybrid of metal
oxide and PEIE, on the performance of inverted PSCs. Furthermore, we used
nitrogen and oxygen plasma treatment to modify the metal oxide layer, and
the PCE was enhanced to 9.6%. We investigated how the improved
interfacial contact and reducing intrinsic surface traps of various ETLs affect
the performance of inverted PSCs. This study provides a fundamental
knowledge tailoring the improved ETLs toward a high performance inverted
PSCs.

R - - I ti;ﬁi%/éi Zn0O, AZO, ZnO/PEIE, AZO/PEIE, 7 43
£H% 2 PEIES I mﬁiﬁ~ﬁagﬁﬁ%ﬁﬁ§?4@%%
ui%‘iﬁm F'& #ﬁ-ﬁ%"’h’% M darfon 2 HBsaF 2 B opm= v I

a,ifi @%%@ﬁ i3 AF 0 B3R a T E 9.6% o

() ¥ ?%{u’é [Controlling the Formation of Organic Photoactive Layer of

4) #H*E

Roll-to-Roll Processed Polymer Solar Cells]) - Polymer solar cells (PSCs)
have attracted tremendous attention over the past years and have been
deemed to a promising photovoltaic technology due to their benefits such as
light weight, low manufacturing cost, and compatibility with flexible and
large-area applications. Among the researches of PSCs, inverted PSCs have
been studied extensively because of their high stability. The power
conversion efficiency (PCE) of the inverted PSCs has reached more than 9%.
With the rapid growth of PSCs’ performance, the commercialization of PSCs
has been emphasized recently. One of the most attractive large-area
processes is roll-to-roll (R2R) processing technique because of its high
manufacturing rate and low material waste. However, it is still challenging to
fabricate the PSCs with a high PCE by R2R process. In this study,
high-efficiency inverted PSCs consisted of the Dblends of
poly(3-hexylthiophene) (P3HT) and [6,6]-phenyl C61 butyric acid methyl
ester (PCBM) were fabricated by slot-die process. We also investigated the
factors determining the performance of inverted PSCs, including the drying
temperature, absorption behavior and nanostructure evolution. Our results
show an improving performance of inverted PSCs fabricated in a high
drying temperature of 110°C. Moreover, we successfully incorporated
halogen-free solvent, o-xylene, with slot-die process, and obtained an
equivalent performance as compared with that of devices fabricated by
halogenated solvents.

AT AP R EHERAEGHUTZ AT BT ’vi;?%%%’ﬁ' ki
Sl 2 &WTAﬂW%@wmﬁ% A5 WA W
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% # % [Morphological Characterization of Vertically Phase-separated
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Ternary Polymer Solar Cells toward High Performance ] - Bulk
heterojunction (BHJ) polymer solar cells have attracted a great deal of
attention due to some of their advantages, such as low weight, flexibility,
easy fabrication, and low cost. The power conversion efficiency of polymer
solar cells can be dramatically affected by both the nanostructure of BHJ and
the interface between BHJ and electrodes. Recently, some research groups
modified the interface between P3HT:PCBM BHJ structure and cathode by
adding adequate amount of polyethylene glycol (PEG) in P3HT:PCBM
solution. It was reported that during the film-forming process, PEG in
P3HT:PCBM solution will diffusion vertically upwards and self-assembled
into the nano-scale domains near the surface of thin film served as a buffer
layer, which provides efficient carrier selection and transport properties.
With this PEG-induced buffer layer, P3HT:PCBM devices showed an
enhanced power conversion efficiency. Besides the modification of interface,
there is few knowledge on the difference between BHJ nanostructures of
pristine P3HT:PCBM BHJ blend and P3HT:PCBM:PEG ternary BHJ
devices due to self-organized process of PEG along the vertical direction. It
Is also lack for correlation of hierarchical morphology to device performance.
In order to solve these problems, we employed grazing incident small-angle
and wide- angle X-Ray scattering (GISAXS and GIWAXS) technique,
which is the promising tool to probe the nanostructures of various phases in
the BHJ solar cell. In our study, we fabricated efficient P3BHT:PCBM:PEG
devices by tailoring the concentration of PEG. Further, we quantitatively
characterized the nanostructures of these BHJ ternary films by GISAXS and
GIWAXS. Our study presents the fundamental understanding of PEG effect
on the multi-length scales of morphology and spatial distribution correlated
to performanc

AR YA A2 R i%’{ﬁ#iﬂ?% #31 & i+ P3HT:PCBM:PEG =) =
Z_= ’viﬁa}P‘ﬂ ’F’iﬁ-/-‘mli z 3k F'_f#’ Jﬁ’qwf‘ﬁ PEG 2 = 5 e R $2x 5
2B VRIBEHITIB TS il,.pmé?{%

(5) # % ¢ # % [Quantitative Correlation of Nanomorphology and Performance
of High-Efficiency Isoindigo-Based Copolymers Solar Cells Tailored by
Solvent and Additive] - Polymer solar cells have attracted lots of attentions
due to the promising characteristics of low cost, low weight, mechanical
flexibility and semi-transparency. Isoindigo is an environment friendly
material because it is a kind of natural pigment which can be derived by
plant. Additionally, its strong electron-pull property makes it become an
ideal candidate for synthesizing low band-gap donor-acceptor copolymers.
We have blended the isoindigo-based low band-gap polymer with the
repeating unit constructed from alternative isoindigo and six thiophenes
(P6TI) as donor with [6,6]-phenyl-C71-butyric acid methyl ester (PC71BM)
as acceptor to fabricate the bulk heterojunction (BHJs) solar cells. By
tailoring the processing solvent and solvent additive, we have improved
power conversion efficiency (PCE) up to 7.2%. To date, the systematic study
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of how processing solvent and solvent additive control the BHJ morphology
to improve device PCE of isoindigo-based copolymer is still not sufficient.
Because of special molecular architecture and packing structure of P6TI, the
formed BHJ structure is different from those of the other low band-gap
polymers reported. We employed the grazing-incidence small- and
wide-angle X-ray scattering (GISAXS and GIWAXS) technique to
guantitatively investigate the three-dimensional nanophase-separated
domains of donor and acceptor phases and interpretation network in
P6TI:PC71BM system. This work further studied the hierarchically
structural evolution of P6TI:PC71BM BHJ blend film as functions of host
solvent and additive. Finally, the relationship among synthesis, structure and
performance was established. This work is helpful to provide a guideline for
choosing the appropriate processing solvent and solvent additive to obtain
the suitable active layer morphology to achieving high efficiency polymer

solar cell.
ﬂk v R 7L. T B ;'VE'I-»@ 2 ISOIndlgo HEE L f!%\:\ g PC71BM A‘%—.i ez B A
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7.2% o iR H Y & & EOROARTHBTFTY Z R N AR B2 B 0 F
e BHEE R M TR %Tsfﬁ»ﬁ?' > lvécé?ll R Sl
BRs g prz %4 o

11. 3 %>+ 2014 %= 8 * 3~8 p World Renewable Energy Congress (WRECXIII)
Lk :
¥ ¢ #- % [Enhanced performance of dye-sensitized solar cells aided by
olive-shaped ZnO nanocrystallite aggregates as the light scattering layer] -
Olive-shaped ZnO nanocrystallite aggregates were synthesized for
dye-sensitized solar cells (DSSCs). The submicron-sized hierarchical
nanostructure is composed of highly crystalline ZnO nanoparticles about 20
nm in diameter and has an overall dimension of approximately 150 nm x 300
nm. An economical and environment-friendly aqueous-solution method was
developed to synthesize the olive-like aggregate. This template-free
self-assembly method involved the mixing of zinc nitrate and sodium
hydroxide aqueous solutions at a low temperature (80°C) and aging the
mixture for a particular length of time. We employed a low-temperature
(150°C for 1 h) thermal treatment process for the fabrication of bi-layer
photoelectrode, with commercial ZnO nanoparticles (~20 nm) as the
under-layer and submicron-sized structures as the light-scattering over-layer.
The N719-sensitized DSSCs containing the aggregate over-layer reached a
power conversion efficiency of 4.4%, 33% higher than that attained by
DSSCs incorporating large solid particles (200-500 nm) as the scattering
layer. The enhanced overall conversion efficiency of aggregate-based cells
was correlated with a prominent increase in the short-circuit current density.
Optical and dye-loading investigations show that this improvement can be
attributed to the dual functionality of the olive-shaped nanocrystallite
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12.

aggregates, which have excellent light-scattering ability to enhance photon
capture while providing a large surface area for sufficient dye adsorption.
®FMGAN RFIvKR R E S ERGk Oy & ONREH B
AR S BT # (DSSC) 0 A K A F B KRl £ Y
20nm B g a2 > B E 2% 150nmx300 nm o gk F 0R (150°C 0 1)
PR)ef P2 W R T R £ ong (Y43 KRR (=20 nm) it &
TR fost § g A K BB MRS RO 0 R T RS
EF44% > v g BB g i 4R3E8(200-500 nm) iT G Ah R B E 5~
Hoopd 2 T F EE R D 33% gk Ry o A AR EME
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%32 2014 # 10 * 5~9 p 7th Vacuum and Surface Sciences Conference
of Asia and Australia (VASSCAA-7)3 B #h = » 4] 5

(1) #%F -4 5 [Influence of thermal cyclic annealing procedure on the GaAs

epi-layer grown on Si substrate by MOVPE J- In this paper, authors represent
the influence of thermal cyclic annealing (TCA) on the structural and optical
properties of GaAs-on-Si by low-pressure metalorganic vapor phase epitaxy
(MOVPE) system. The annealing temperature is from 400 to 850°C, and the
number of TCA varied from one to five. It should be noted the thickness of
samples is kept at 1.8 um but with different TCA cycles. Characterization
results indicate that the GaAs-on-Si samples with TCA exhibit narrower
double crystal X-ray rocking curve (DCXRC) full width at half maximum
(FWHM) than without. The FWHM of these samples with 1, 2, 3, 4, 5 cycles
respectively are 190, 170, 150, 150, 150 and the FWHM result was found
saturated at 3 TCA cycles. For understanding the influence of thickness on
GaAs epi-layer grown on the Si substrate. The GaAs epi-layers of 1, 1.5, 2,
2.5, 3 um thick with increasing TCA cycles were obtained. It showed the
strongest photoluminescence (PL) intensity and DCXRC FWHM as narrow
as 112 arcsec in the sample of 5 TCA cycles and 3 pum thick. Significant
improved crystalline properties of GaAs-on-Si samples are related to the
reduced dislocation density and details will be discussed.

Ame B EANRE- BHL SR Z T FEFE AF DD 2 T EH
HASES BB 22 B R L2 T R AF LB
BBt 2ERRFZTHEIBRS o t“?r[g%iﬁ AR o = & =
TEEWNE A X Rl A ELE ST (REAATT) ) EY
Flw gt £ s BT R 0 HonFa g oondk 2 (B REFELIAT) SR
- BHEMEMEL S A 2 B A XA n (AL LR E)-

(2 # ¥ 45 [Performance Improvement of GaN-based HEMT Grown on Si

(111) Substrate by Inserting LT-AIN Layer]) - Employing Si substrates can
give a short-cut to combine GaN-based electronics and a Si integrated circuit,
the Il1-nitride devices market has been focusing on the technique of growing
GaN-based HEMT on Si substrates. However, the large strain between GaN
and Si will inhibit the growth thickness of GaN layer, and thus the poor
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crystal quality is the handicap for its applications in GaN-based devices. In
this paper, we have grown high quality and thicker enough GaN layer on Si
by introducing the LT-AIN (low temperature AIN) layer and studied its
influence on device performance.

AghT BB AR B AL SRS T R e
%“%%ﬁééﬁ’*ﬁﬁﬁ’&%‘éiwﬂ’T%%ﬁ?
BEAI S ERAEZT % W“Eé%wﬂfﬁﬁ R
BRETF R LW (HEMT) - tb'gfrﬂu T ELYEZ T
W R MR § L AEE T E'!A?)EHHB 7:”3—,&99 r’r'%ﬁ’(ﬁi;}iztk@
il # gt H R zrﬂrssiaﬁi:aa%ﬁm“ FPHEEE S RIFT) 0 X
%f%ﬁﬁsaﬂaféimk Ao HGETFXEMAF A (AL EAGE) -

() # ¥ -4 5 [The Performance of GaN-base LED Grown on Nano Pattern

13. 73

Sapphire Substrate and Further Improved with SiO, Sidewall Blocking
Layer) - We applied nano imprint lithography to fabricate nano pattern
sapphire substrate (PSS). Because the imprint resin can’t endure the induced
coupled plasma (ICP) bombarded, we use Ni metal to replace the resin as
our etching mask. Here we fabricated nano-PSS with the depth of 500 nm.
The pattern is arranged in hexagonal shape. The diameter and pitch of nano
scale pattern are about 424 nm and 1 pm. light emitting diodes (LEDs) used
in this experiment were all grown on 2” metal organic chemical vapor
deposition (MOCVD) system. The conventional LED was grown on the
planar sapphire substrate and used as a reference. There are three samples
labeled as A, B, and C in this work. Sample A is the reference as mentioned
while Sample B and C were those nano-PSS with and without SiO, blocking
layer, respectively.
rmc B E AN Hwm AN SR =T ER kS ﬁa%*"ﬁ“’k KR E T %%zl_\
o TR e WA R R R Jfﬂé";}’k T2 Sk ot Tk
£ I e A A SN | R **l‘*(?fiiilﬂ )’ wti i&*%
- %MW:& oo UL A F R (A K G E) ¢
F2302014 #50 23 P 5125 T FHEMFRELARTFHE LIRS
wF oA [(Bresrany &SP ER Ft 38T ] Al-doped
zinc oxide (ZnO:Al, AZO) as a transparent and conductive thin films were
deposited on soda-lime glass(SLG) by radio-frequency(RF) magnetron
sputtering using a ceramic oxide target at room temperature. By varying
argon mass flows(working pressure) and radio frequency powers, the
resistivity (p) of 7.12x10™ Q - cm, the carrier concentration (n) of 3.67x10%°
m™, the Hall mobility (i) of 23.9 cm?/V s, and the optical transmittance of
over 84% in the visible could be reached. Many researches indicate that Al
doped ZnO films is a promising candidate for transparent conducting
oxide(TCO), which is useful for applying to optoelectronic devices such as
solar cell, flat panel displays, and light emitting diodes(LEDS) -
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I & 7 Je In this paper, we present the influence of the epitaxial regrowth for

the GalnP single junction solar cell grown by MOCVD. We used the wet
etching method to remove the top epilayers and regrow GalnP epilayers. The
film  properties were measured by high resolution X-ray
diffraction(HRXRD),  photoluminescence(PL), and atomic  force
microscopy(AFM). The result of the photovoltaic conversion efficiency was
16.8 %, short-circuit current was 1742.7 mA/cm?, open circuit voltage was
1.47 V, and fill factor was 88%. All of those results were under multi sun
illumination. According to the experiment result, the epitaxial regrowth is
helpful to improve the GalnP epilayers properties and it will be used
between different epitaxial systems in the future.

wA Y] (S 2 = b & PF o 233 GaAS v;fﬁr/é] P =x s dy GaAs ¥ b
%ﬁ » A %Galnpﬁaaé]’}'ﬁw » 1R VE ML g T F Jivati L
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477 7 Y- In this paper, the results of the dopant of antimony (Sb) into
p-InGaP epitaxial layers on Ge substrates by metal organic chemical vapor
deposition (MOCVD) were presented in this report. The material properties
of p-GalnP bulk layers were characterized by using high resolution X-ray
diffraction (HRXRD), photoluminescence (PL) and atom force microscopy
(AFM). The PL measurement results indicated that peak wavelength of
p-GalnP layers could be shifted from 702 nm to 673 nm (blue-shift) with
increasing Sb dopant. It was also found that the PL intensity could be
improved to 54% relatively by increasing Sb flowing rate from 0 to 30 sccm.
In addition, hole concentration was raised from 2x10*° cm™ to 2.3x10'" cm™
from the ECV measurements. In AFM measurement, it was also found that
surface morphology was significantly improved as the Sb flowing rate was
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(3) #

(4)

increased.
AR BRI T EE(Sh) R L B AFEp e KR > VL H A G
Z A kER PRV REEL LSRN Ee AR AL 0 F U A T ATE
F , B~ A (Sb)%?*i‘f‘*“@w"ﬂﬂa‘n‘ R Rt A N I L/
F%E’:ﬂgaaw;%’nbz% BT BREE L o R B ek T R o
Hs [+ 3 %f%'“?ﬁ«}fﬁﬂb%/f =K BT AFEE AL 2
;;j ] o In this paper, we present the characterization results of the MOCVD
grown InGaP and GaAs thin films on GaAs substrate when different growth
temperatures and substrate offcut angles are concerned via the use of high
resolution XRD (HRXRD), PL and ECV. The crystal quality of InGaP was
found to strongly depend on growing temperature and substrate offcut. We
have observed significant increases in photoluminescence intensities due to
changes in growth temperature from 535°C to 550°C. And the doping
efficiency of tellurium at 550°C was higher when several substrate offcut
angles were used. Furthermore, GaAs substrate with 6° offcut toward (001)
resulted in better crystal qualities than those grown by using substrate with
2° offcut for the epitaxial growth of both InGaP and GaAs. These results
would be utilized to grow multi-junction solar cell.
ARG e R A TR B S AR 1 é}i#ﬂ'ﬂ % E
TRAF AR ZEFTVITEBRERE R R B R 0 FEF %ﬁ A
B 6 N FE AL Eﬁx, WO AR RUE S R o FIY A 56;1*#%”"’
FZI PRI EN TR ARAFZABSE V2L B4 EHH
AL e AR 2 PR AR AL o
WE L [ZT % P LEMPESE AT Rt AP GRF2
# % 1° We reported the growth of GalnP and GaAs used in 111-V solar cell
by MOCVD (Metal Organic Chemical Vapor Deposition) on GaAs
substrates. The films properties are tunable by changing the growth pressure,
temperature, V/III ratio and the amount of substrate offcut to attain the
optimization of each epitaxial layer. In this report, the effects of substrate
offcut (09 296°and 159 on the epitaxial layer quality are studied . By using
the double crystal x-ray diffraction-meter, photoluminescence spectroscopy
and electrochemical capacitance voltage analyzer the film qualities are
characterized. From the PL analysis, the maximum intensity and the
narrowest FWHM of the films grown on (100) GaAs with 6°and 15° are
obtained. The 0°and 15° substrate, respectively, causes red and blue shift
phenomenon of the wavelength of the GaAs and GalnP films, respectively.
In addition, the carrier concentration of the GalnP film remains relatively
unchanged as the substrate offcut angle is varied. However, significant
difference of carrier concentration is obtained in between the GaAs epilayers
grown on GaAs substrates with 0°and 15° offcuts. In the future, the GaAs
substrate with appropriate offcut will be adopted for the Ill-V solar cell
applications.
A B 22 MOCVD = & & Fizwm (GalnP/GaAs) & & & % e ik & & 2
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Fofs [V se A 517 "s—%i +z_ 82 %8 ) > The formation of
Germanium on Si substrate plays an |mportant role in the fabrication of I/
V solar cells on silicon substrate. In this study, we evaporated various
thickness of Ge on Si by E-gun evaporation system at different temperatures
to study the effects of annealing conditions on the quality of Ge thin film
evaporated on Si substrate. After the evaporation, two kinds of annealing
process including laser annealing and rapid thermal annealing (RTA) were
adopted for the annealing process. In the laser annealing, we investigated the
Ge film quality after various power of laser annealing. X-ray diffraction
(XRD) measurement showed the peaks of Ge and Si overlapped as the
power of laser annealing increased. For the samples undergone with the RTA
step, we investigated the Ge film quality after various RTA conditions are
conducted, in which it was found that the best quality of Ge film could be
obtained after RTA at 800°C for 2 hours by XRD measurements.
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