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ABSTRACT

A maskless plasma texturing technique using Reac-
tive lon Etching for silicon solar cells results in a very low
reflectance of 5.4 % before, and 3.9 % after SiN deposi-
tion. A detailed study of surface recombination and emitter
properties was made, then solar cells were fabricated us-
ing the DOSS solar cell process. Different plasma-
damage removal treatments are tested to optimize low
lifetime solar cell efficiencies. Highest efficiencies are
observed for little or no plasma-damage removal etching
on mc-Si.  Increased Jsc due to the RIE texture proved
superior to a single layer anti-reflection coating. This indi-
cates that RIE texturing is a promising texturing technique,
especially applicable on lower lifetime (multicrystalline)
silicon. The use of non-toxic, non-corrosive SFs makes this
process attractive for mass production.

INTRODUCTION

Increasing solar cell efficiency while maintaining a low
production cost is the primary objective of solar power
research. The use of low cost materials such as silicon
ribbon and muiti-crystalline silicon, mc-Si, provides a
cheaper means of producing crystalline silicon solar cells.
in terms of cell efficiency, though, mc-Si suffers from lower
charge carrier lifetimes compared to single-crystalline Si.
In addition, the surface is not easy to texture. In order to
increase cell efficiency, texturing is a major factor: it allows
for a lower overall reflection that leads to higher short cir-

Fig. 1. SEM picture of RIE-textured silicon.
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Fig. 2. Front surface reflectance curves for RIE tex-
tured + SiN ARC on multi-crystalline solar cells with
varying damage removal etching schemes applied.

cuit current. High efficiency solar cells often include some
sort of texturing. Either random pyramid or inverted pyra-
mid texturing is used for single crystal Si. Both random
pyramid and inverted pyramid texturing on (100) single-
crystailine Si involve alkaline etches that preferentiaily
etch in the (111) direction [1] and result in micrometer
scale pyramids. Because of the random crystal orientation
of the different grains, alkaline etches are not successful
for texturing mc-Si. Of course, by applying an etch mask to
the surface and using isotropic etching, structures can be
etched in mc-Si for light confinement [e.g. 2]. Mask-less
etching of textures regardless of grain orientation is possi-
ble by some acids [e.g. 3, 4, 5] or by Reactive lon Etching,
RIE, which results in so-called “black silicon” [6]. The later
method has the advantage of being a dry -chemical proc-
ess that leads to extremely low reflectance. Inomata et al.
have demonstrated large area mc-Si solar cells textured
by Cl,-RIE [7]. However, surface damage may be caused
by RIE texturing [8] and result in a high surface recombi-
nation velocity due to the enlarged surface. Another con-
cern with RIE texturing is the ability of such a surface to
withstand subsequent processing. Both of these issues
are explored, characterized, and finally implemented into
solar cells in this work.

SURFACE TEXTURING AND SAMPLE PREPARATION

Texturing of multicrystalline silicon is an important and
prevailing research topic to improve solar cell efficiency in
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production. Sandia developed a maskless SF¢/O2 plasma
process using Reactive lon Etching, RIE, that ieads to a
needle-like texturing in the nanometer scale (Fig. 1) with a
black look and excellent low reflection on me-Si (Fig. 2).

In order to remove plasma-induced damage, different
damage removal etches (DRE) were evaluated: etching in
KOH or etching in an HNOs:/HF mixture for varying
amounts of time. Even though damage etching removes
some texture, fairly low reflectance can be maintained.
Anocther crucial step in solar cell processing is the wafer
cleaning, which should not remove the texture. A se-
quence with diluted H.SO4/H,0; and HCI/H20; treatments,
respectively, followed by HF dips has been found not to
affect the visual appearance of the textured wafers.

Table 1. Weighted reflectance of different silicon surfaces
before and after processing (spectral reflectance inte-
grated between 400 nm and 1100 nm and weighted with
the AM 1.5 global spectrum).

Texturing Before cell proc- After processing
Process essing and SiN ARC
RIE 10.0 % 39%

RIE + KOH 209 % 58 %

RIE + HNO,/HF 25.4 % 6.9%
planar 34.8% 104 %

In terms of reflectance control, texturing competes
with antireflection coatings (ARC). A standard silicon ni-
tride (SiN) ARC reduces the weighted reflectance on a
planar surface from 35 % to 10 % (Table1). However, the
initial reflectance of an RIE-textured surface is already
5.4% and drops to as low as 3.9% after SiN deposition.
Samples with slightly removed texturing still show excel-
lent reflectance of 11%. After SiN ARC, the reflectance is
reduced to 4.3%. The reflectance curve of the mc-Si wafer
with no DRE is flat and shows no dependence on wave-
length. The planar mc-Si with the single layer ARC shows
the characteristic minimum around 600nm. As the DRE
time increases the reflectance curves approach the planar
reflectance curve as is apparent in Fig. 2. The 20 second
DRE etch matches the planar reflectance curve over a
large wavelength range. This shows that the RIE texturing
can effectively be cancelled if the DRE time is not properly
considered.
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The emitter diffusion was performed by using the
doparnt oxide solid source (DOSS) process. Source wa-
fers with spin-on dopant applied to both sides have been
introduced to the furnace together with the samples so
that every sample is stacked in front of a source wafer on
one side only. This diffusion technique was used to take
advantage of the in-situ oxide grown in the same furnace
cycle as the phosphorus diffusion. An added benefit of this
process is no phosphorsilicate glass (PSG) removal step
is required. PSG removal could also remove some of the
RIE texturing inadvertently. Phosphorus released from the
source wafers at 925 °C diffuse into the samples leading
either to the symmetric n*"'n'n*" structure for Jo. measure-
ments or to the emitter formation only, depending on the
stacking. For Joe and lifetime measurements high resistiv-
ity (>100 Q-cm) n-type float zone silicon wafers were used,
while solar cells were made from ~1.0 Q-cm mc-Si. The
actual diffusion time was one hour, followed by an oxida-
tion step for 15 min to obtain the in-situ oxide. This one
step furnace process leads to phosphorus diffusion, tex-
tured, in-situ oxide passivated solar cells that are immedi-
ately ready for metallization with no further processing
steps. The complete process sequence is shown in Fig. 3.

SURFACE PASSIVATION AND EMITTER PROPERTIES

The challenge in surface texturing of solar cells is to
find a way to increase photon absorption in the cell while
maintaining low recombination losses at the surface. A
rougher surface is harder to passivate. The DOSS process
already includes an approximately 10 nm in-situ oxide for
passivation, which (after a 15 min forming gas anneal
(FGA)) leads to sufficiently low surface recombination ve-
locities (SRV) on planar surfaces (Fig. 4).

-
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Fig. 4. Effective lifetime and corresponding emitter satura-
tion current of differently textured silicon wafers after
DOSS diffusion with in-situ oxide, and additional SiN
deposition, respectively.

However, oxide passivation was not sufficient on
these RIE-textured surfaces. Only samples with a DRE by
HNOs/HF show sufficiently high effective lifetimes, which
correspond to sufficiently low Joe or SRV (notice the loga-
rithmic scale in Fig. 4). To make use of the well-known
passivation ability of silicon nitride deposited by plasma
enhanced chemical vapor deposition (PECVD), a 63 nm



layer of SiN was deposited on top of the oxidized surfaces.
This stack passivation leads to excellent effective lifetimes
on planar samples and to good results on the HNOs/HF
etched textured samples. RlE-textured surfaces with no
post-treatment or with subsequent KOH etching still show
insufficiently low effective lifetimes, corresponding to high
Joe and SRV's. The same results were found with a stack
passivation consisting of an RTO and ~70 nm of PECVD
SiN, but are not shown here. The high quality of the
DOSS-diffused emitter and the SiO-/SiN stack passivation
results in low emitter saturahon current (Joe) on the planar
samples ~100 fA/cm’ for a 100 Q/sq. emitter (Fig. 4).
However, surface passivation and emitter quality of the
textured samples is poor leading to high J.. values (for the
samples with no DRE after RIE, it was impossible even to
extract a Joe). Emitter saturation current for the best RIE
sample is still 5 times higher than a Joe for a random
pyramid sample processed similarly. Even the samples
that were HNO3s/HF etched after RIE texturing and show
decent surface passivation have excessively high Joe val-
ues that may limit the performance of high lifetime cells.
This indicates poor emitter quality due to plasma-induced
damage from the RIE texturing process. Multi-crystalline
silicon with much smaller lifetimes is dominated by the
base saturation current Jo» rather than by Jee. Therefore,
RIE texturing may be well suited for such materials be-
cause the gain in Js: due to texturing and light absorption
is still able to maintain a sufficient V.., as will be ad-
dressed and demonstrated below.

SOLAR CELLS
Table 2. |-V Data for RIE Multi- -Crystalline Solar Celis
[ Wafer Treatment  Voc Jsc _ FF 1 incroase
(mvV)  (mAiem?) (%)
planar controls 574 2220 0759 97 0%
conditioned texture 566 2343 0733 97 0%
20 sec nitric
Al-assisted 560 2702 0695 105 9%
20 sec nitric
Cr-assisted 576 2477 0756 108 1%
8-min KOH
conditioned texture 577 2512 0748 108 12%
~ 20-25 sec nitric
Al-assisted 573 2583 0739 109 13%
16-sec nitric,
conditioned texture 582 26.96 0.748 117 21%
15 sec nitric
conditioned texture 578 27.14 0.748 117 21%
10 sec nitric
Cr-assisted 583 2918 0756 129 33%
no DRE
Table 3. I-V Data for SiN Coated Solar Cells
[ Wafor Treatment  Voc FF n In-
fplanar controls 584 2825 0772 1 2.7 0%
conditioned texture 575 2893 0757 126 1%
20 sec nitric
conditioned texture 587 3084 0751 136 %
10 sec nitric
Cr-assisted, NOoDRE 591 3063 0759 13.7 8%
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Table 2 shows the averaged efficiencies obtained on
mc-Si with RIE texturing for various damage removal
etches. Table 3 shows the efficiencies after the application
of a 55nm SiN layer which was determined to be the opti-
mal single layer anti-reflection coating (SLARC) by using
the Sunrays modeling program. Also shown in the tables
is the percent increase in efficiency gained by using RIE
texturing compared to the planar surface, relatively. The
results clearly show that there is a definite increase in both
current collection and overall efficiency by using RIE tex-
turing regardless of the DRE. The efficiency improvement
is due largely to the increased current collection while
maintaining similar open circuit voltages. In examining
table 2 it is apparent that the shorter the DRE the higher
the current collection which is supported by the reflectance
data (Fig. 2). The longer the DRE time, the higher the av-
erage weighted AM1.5 Global reflectance. The improved
efficiency is somewhat surprising, because of the extent of
the surface damage expected in the “no DRE” case. Ex-
cessive carrier recombination and a drop in V.. would be
predictable. This is not the case. The in-situ oxide is able
to passivate the textured surface sufficiently to maintain
~575 mV V. that is observed on the planar mc-Si. The
increased current collection aillows for even higher Vq's
~585 mV. A more clear understanding is obtained by ex-
amining the external quantum efficiency, EQE, depicted in
Fig. 5. The blue response of the samples is in agreement
with the surface passivation measurements made earlier
in Fig. 4. The samples that received a DRE show a better
blue response below 450nm demonstrating the superior
front surface passivation. The IQE data for these sam-
ples, not shown here, also support this claim. However,
the improved blue response is not sufficient to compen-
sate for the increased current collection in the “no DRE”
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Fig. 5. External Quantum Efficiency of RIE textured
samples with different Damage Removal Etches applied.

case. The RIE textured samples out perform the planar
sample by collecting over 2 mA/cm? more photocurrent.
Examining the efficiencies in table 3 and the reflectance
curves in Fig. 2 the “10 second nitric’ sample closely re-
sembles the “no DRE” in all aspects. The weighted reflec-
tance is 4.2% compared 3.9% after SiN SLARC applica-
tion. This suggests that a short DRE may achieve an
even better efficiency by slightly improving the blue re-
sponse while still maintaining a low reflectance. The ap-
plication of the RIE textured surfaces resuits in 33% initial



improvement and a 8% relative improvement over planar
mc-Si samples used in this experiment.

CONCLUSIONS

RIE textured surfaces show excellent reflectance but
poor surface quality in general, unless the RIE textured
surface receives the proper damage removal etch (DRE).
Even after diffusion and surface passivation by a stack of
either (thermal) DOSS oxide and PECVD silicon nitride, or
rapid thermal oxide (RTO) and PECVD SiN, the surface
recombination is still about a factor 5 times higher than
that of typical random pyramid surface. Chemical etching
after RIE removes the texture to some extent leading to
higher initial reflectance. However, these can still have
much lower reflectance than planar samples, and the sur-
face passivation is improved at least a little. Especially
samples with a HNOs/HF DRE show decent SRV and
therefore might be a good compromise relative to reflec-
tance and surface passivation properties. This is most
evident after the application of a SLARC. Solar cell per-
formance is enhanced to a much greater extent when
compared to a sample that had no DRE. Efficiency jumps
1.9% absolute for a short DRE with nitric and only 0.8%
for no DRE. Even though these samples suffer from dam-
age of the emitter region from the RIE process, solar cells
show improved performance compared to planar refer-
ences. Recent improvements to the DRE process show
promise for more complete damage removal, which should
result in better cell performance, especially for (lower life-
time) mc-Si solar cells.

REFERENCES
{11 M.A. Green, Solar Cells: Operating Principles, Tech-
nology and System Applications, vol. 1. Kensington,
New South Wales: University of New South Wales,
1982.
J. Zhao, A. Wang, M.A. Green, et al., “19.8% efficient
"honeycomb” textured multicrystailine and 24.4%
monocrystalline silicon solar cells”, Appl. Phys. Lett.
73, 1998, pp. 1991-1993.
R. Einhaus, E. Vazsonyi, F. Duerickx, et al., “Recent
Progress with Acidic Texturing Solutions on Different
Muiticrystalline Silicon Materials including Ribbons”,
Proc. 2nd WCPEC, 1998, pp. 1630 - 1633.
R.R. Bilyalov, R. Liidemann, W. Wettling, et al., “Mul-
ticrystalline Silicon Solar Cells with Porous Silicon
Emitter”, Sol. Ener. Mater. Sol. Cells 60, 2000, pp.
391 - 420.
M. Schnell, R. Lidemann and S. Schaefer, “Stain
Etched Porous Silicon - A Simple Method for the Si-
multaneous Formation of Selective Emitter and ARC”,
Proc. 16th EU PVSEC, 2000, pp. in print.
H. Jansen, M.d. Boer, R. Legtenberg, ¢t al., “The
black silicon method: a universal method for deter-
ming parameter settings of a fluorine-based reactive
ion etcher in deep silicon trench etching with profile
control”, Journal of Micromechanics and Microengi-
neering 5, 1995, pp. 115-120.

(2]

131

[4]

(51

16}

374

[7]1 Y. Inomata, K. Fukui and K. Shirasawa, “Surface tex-
turing of large area multicrystalline silicon solar celis
using reactive ion etching mehod”, Sol. Ener. Mater.
Sol. Cells 48, 1997, pp. 237.

S. Schaefer, H. Lautenschlager, G. Emanuel, et al_,
“Plasma Etching and its Effect on Minority Charge
Carrier Lifetimes and Crystalline Silicon Solar Cells”,
Proc. 16th EU PVSEC, 2000, pp. (in print).

8]



	Main Menu
	Table of Contents
	Exit CD-ROM
	---------------------------
	Next Page
	Previous Page
	---------------------------
	Next Hit
	Previous Hit
	Search Results
	New Search
	---------------------------
	2000 28th PVSC Proceedings
	William Cherry Award Address
	Amorphous Silicon Photovoltaics: Order from Disorder  p. 1

	Opening Plenary Session
	20.7% Highest Efficiency Large Area (100.5 cm2) HIT(tm) Cell  p. 7
	Large Area Apollo(r) Module Performance and Reliability  p. 13
	Advances A-Si Development and Manufacturing  p. 19
	Hughes 702 Concentrator Solar Array  p. 25
	Results to Date-Development of New EVA- based Encapsulants, Faster-Curing and Flame Retardant Types  p. 30
	Accelerating Photovoltaic Production through Grid Connected Applications in Developing Countries  p. 36

	Crystalline Silicon Materials
	Characterization of Tri-Crystalline Silicon for Photovoltaic Applications  p. 40
	100 Micron Thick Multicrystalline Si Wafers and Cells from Large Diameter EFG Cylinders  p. 46
	Upgrading Metallurgical Grade (MG) Silicon for Use as Solar Grade Feedstock  p. 49
	Light-Induced Degradation of very Low Resistivity Multicrystalline Silicon Solar Cells  p. 53
	Investigation of Carrier Lifetime in p-Type Cz-Silicon: Specific Limitations and Realistic Prediction of Cell Performance  p. 57
	Gas-Phase Deposited Thin-Film Silicon Emitters for Solar Cells: High Quality Homoepitaxy at 325 B19C  p. 61
	Minority Carrier Properties of Single- and Polycrystalline Silicon Films Formed by Aluminium-Induced Crystallisation  p. 65

	Silicon Cell Processing
	Self-Doping Contacts to Silicon Using Silver Coated With a Dopant Source  p. 69
	Plasma-Texturization for Multicrystalline Silicon Solar Cells  p. 75
	An Overview of Plasma Sources Suitable for Dry Etching of Solar Cells  p. 79
	Lifetime Enhancement in EFG Multicrystalline Silicon  p. 83
	Simultaneous Bulk Hydrogen Passivation and Selective Emitter Formation Assisted by ECR-Plasma Applied to Industrial MC-Si Solar Cells  p. 87
	PECVD SiNx Induced Hydrogen Passivation in String Ribbon Silicon  p. 91
	Hydrogen Passivation of Ribbon Silicon- Electronic Properties and Solar Cell Results  p. 95

	Silicon Device Physics and Characterization
	Lifetime Mapping of Si Wafers with an Infrared-Camera  p. 99
	The Density of States in Heavily Doped Regions of Silicon Solar Cells  p. 104
	Emitter Quantum Efficiency from Contactless Photoconductance Measurements  p. 108
	Defect Monitoring Using Scanning Photoluminescence Spectroscopy in Multicrystalline Silicon Solar Cell  p. 112
	Effects of PN-Junctions Bordering on Surfaces Investigated by Means of 2D-Modeling  p. 116
	Silicon Solar Cell Process Monitoring by PV-Reflectometer  p. 120
	Localization of Shunts Across the Floating Junction of DSBC Solar Cells by Lock-In Thermography  p. 124

	Joint Session: Thin Layer Silicon
	Carrier Collection in Fine-Grained P-N Junction Polysilicon Solar Cells  p. 128
	Use of a Gas Jet Deposition Technique to Prepare Microcrystalline Si Solar Cells  p. 134
	Material Properties of Polysilicon Layers Deposited by Atmospheric Pressure Iodine Vapor Transport  p. 138
	Microcrystalline Silicon Thin-Film Solar Cells Prepared at Low Temperature Using RF-PECVD  p. 142
	Simultaneous Infiltration and Recrystallization of Sisic Ceramics for Crystalline Silicon Thin-Film Solar Cells  p. 146
	High Rate Deposition of Microcrystalline Silicon Solar Cells Using 13.56 MHz PECVD  p. 150
	Metal-Induced Growth of Poly-Si on Foreign Substrates for Solar Cell Applications  p. 154

	Silicon Solar Cells
	Development of Chip-Size Silicon Solar Cells  p. 158
	Silicon Concentrator Cells by Low Cost Process  p. 164
	New Simplified Methods for Patterning the Rear Contact of RP-PERC High-Efficiency Solar Cells  p. 168
	High-Quality Passivated Rear Contact Structure for Silicon Solar Cells Based on Simple Mechanical Abrasion  p. 172
	Back Contact Buried Contact Solar Cells with Metallization Wrap Around Electrodes  p. 176
	Prospects for High Efficiency Silicon Solar Cells in Thin Czochralski Wafers Using Industrial Processes  p. 180
	Next Generation of Industrial Silicon Solar Cells with Efficiencies above 20%  p. 184

	Silicon Solar Cell Design
	Simplified Mass-Production Process for 16% Efficiency Multicrystalline Si Solar Cells  p. 188
	R&D Toward a 15+% Efficiency Solar Cell Manufacturing Line for EFG Silicon Wafers  p. 194
	Thin mc Si Low Cost Solar Cells with 15% Efficiency  p. 198
	Strategies for Improving the Efficiency of Cz-Silicon Solar Cells  p. 201
	Roller Printed Multicrystalline Silicon Solar Cells with 16% Efficiency and 25 um Finger Width  p. 205
	Towards Back Contact Silicon Solar Cells with Screen Printed Metallisation  p. 209
	10 x 10 cm2 Screen Printed Back Contact Cell with a Selective Emitter  p. 213

	Silicon Devices and Materials
	A New Technology for Crystalline Silicon Thin Film Solar Cells on Glass Based on Laser Crystallization  p. 217
	Purification of Low Quality Silicon Feedstock  p. 221
	Characterisation of LPE Thin Film Silicon on Low Cost Silicon Substrates  p. 225
	Lateral Growth of Silicon Films from Metal Solutions  p. 229
	Coarse-Grained Crystalline Silicon Thin Film Solar Cells on Laser Perforated SiO2 Barrier Layers  p. 233
	Change of Dislocation Density in Silicon Wafers During Thermal Processing  p. 237
	Single Furnace-step Processed Large Area mc-Si Solar Cells  p. 241
	Evidence of Impurity Gettering by Industrial Phosphorus Diffusion  p. 244
	A Novel Method for Determining Bulk Diffusion Length in Bifacial Silicon Solar Cells  p. 248
	Role of Oxygen Precipitates on the Performance of Crystalline Silicon-based Photovoltaic Devices  p. 252
	Photovoltaic Properties of Polycrystalline Silicon Films Thickened by Laser Melting  p. 256
	Simplification of EWT (Emitter Wrap-Through) Solar Cell Fabrication Using Al-P-Codiffusion  p. 260
	Rapid Photo-Assisted Forming Gas Anneal (FGA) for High Quality Screen-Printed Contacts for Silicon Solar Cells  p. 264
	Passivated Boron Emitters for n-Type Buried Contact Solar Cells  p. 268
	Migration of the Aluminium Enhanced Crystal Growth Process from Quartz to Glass Using EBEP-CVD  p. 272

	Silicon Devices and Materials II
	Deep Level Defects in Oxygen Doped EFG Poly-Si  p. 276
	Quasi Three-Dimensional Simulation for Thin Film Polycrystalline Silicon Solar Cells  p. 280
	Grain Size and Structure Engineering During Al-Induced Crystallization for Si Thin-Film Solar Cells  p. 284
	RTP Emitter Diffusion in an Industrial Process  p. 288
	Synergetic Effect of Aluminum and Thermally Treated Porous Silicon for Bulk Passivation of Multicrystalline Silicon  p. 291
	Degradation of Surface Quality Due to Anti-Reflective Coating Deposition on Silicon Solar Cells  p. 295
	Novel Processing of Solar Cells with Porous Silicon Texturing  p. 299
	Novel Processes for Simplified Buried Contact Solar Cells  p. 303
	PECVD Single-Layer (SiN:H) and Double-Layer (SiN:H/SiO2) ARC on Mono and Multicrystalline Silicon Solar Cells  p. 307
	Separation of Bulk Diffusion Length and Back Surface Recombination Velocity by Improved IQE-Analysis  p. 311
	Type Conversion of Boron-Doped Silicon Wafers by 3-MeV Proton Irradiation  p. 315
	Correlated Light Beam Induced Current and Infrared Thermography Mapping Applied to the Local Characterization of Large Area Multicrystalline Solar Cells  p. 319
	Investigations on Hydrogen in Silicon by Means of Lifetime Measurements  p. 323
	Inclusion of Dielectric Films for Surface Passivation of Buried Contact Solar Cells  p. 327
	The Influence of Surface Modification on Optoelectronic Properties of Monocrystalline Silicon Solar Cells  p. 331
	Progress in the HighVo- and Power Solar Cell  p. 335
	Record Cell Efficiency on Industrial Multicrystalline Silicon by Rapid Thermal Processing  p. 339
	"Camocell" Technology: A New Surface Texturing Process for High Efficiency Color-matched Silicon Solar Cells  p. 343

	Silicon Devices and Materials III
	Study of Si Deposition in a Batch-Type LPCVD-System for Industrial Thin-Film Crystalline Si Solar Cells  p. 347
	Low-Temperature Epitaxial Thickening of Sub-Micron Poly-Si Seeding Layers on Glass Made by Aluminium-Induced Crystallisation  p. 351
	Light Trapping and Reflection Control for Silicon Thin Films Deposited on Glass Substrates Textured by Embossing  p. 355
	Progress on Thin Silicon-on-Ceramic Solar Cells  p. 359
	Effective Passivation on Silicon Using Low Temperature SiNx:H with Quick Hot Steam Annealing  p. 363
	Plasma Surface Texturization for Multicrystalline Silicon Solar Cells  p. 367
	Development of RIE-textured Silicon Solar Cells  p. 371
	Novel Uses of TiO2 in Crystalline Silicon Solar Cells  p. 375
	Rapid Thermal Firing of Screen Printed Contacts for Large Area Crystalline Silicon Solar Cells  p. 379
	Calibration Factors for Lifetime Measurements on Si Ingots with a Localized PCD Method  p. 383
	Analysis of Rear Contacted Solar Cell Structures for Cost-Effective Processes and Materials  p. 387
	Thermal Modifications of Internal Quantum Efficiencies in the Near IR  p. 391
	Diffraction Grating Structures in Solar Cells  p. 395
	The MECOR (Mechanically Corrugated) Silicon Solar Cell Concept  p. 399
	Efficiency Improvement of Buried Contact Solar Cells Using MgF2/CeO2 Double Layer Antireflection Coatings  p. 403
	A New Approach for Forming Device Contacts with Improved Surface Passivation  p. 407
	Observation of Mechanisms of Screen Printed Contact Formation during Heat Treatment on Multicrystalline Silicon Solar Cells by Transmission Electron Microscopy  p. 411
	Optimisation of Boron Rear Diffusion in Buried Contact Solar Cells  p. 414

	Advances in Thin Film Manufacturing
	Polycrystalline Thin-Film Photovoltaic Technologies: From the Laboratory to Commercialization  p. 418
	Formation of Robust Junction Between Cu(InGa)Se2-based Absorber and Zn(O,S,OH)x Buffer Prepared on a 30 cm x 30 cm Submodule  p. 424
	R&D of CdTe-Absorber Photovoltaic Cells, Modules, and Manufacturing Equipment: Plan and Progress to 100 MW/year  p. 428
	Process Characteristics and Production Issues of CIGS Modules Deposited with the Co-Evaporation Method  p. 432
	Highly Efficient Large Area Thin Film CdS/CdTe Submodule  p. 436
	Role of Sodium in the Control of Defect Structures in CIS  p. 440
	(220)-Oriented Cu(In,Ga)Se2-Evidence that It may Improve Solar Cell Performance  p. 446

	CuInSe2 Thin Films
	High Voltage Cu(In,Ga)Se2 Devices with Ga-Profiling Fabricated Using Co-Evaporation  p. 450
	Cu(InAl)Se2 Thin Films and Devices Deposited by Multisource Evaporation  p. 454
	CIGSS Solar Cells Based on CVD ZnO Buffer Layers  p. 458
	Buried PN Homojunction in Cu(InGa)Se2 Solar Cells Formed by Intentional Zn Doping  p. 462
	Characterizing and Controlling Cu(In+Ga) Ratio During CIS Manufacturing  p. 466

	CdTe Thin Films
	High-Efficiency Cd2SnO4/Zn2SnO4/ZnxCd1-x S/CdS/CdTe Polycrystalline Thin-Film Solar Cells  p. 470
	ZnTe:N Back Contacts to CdS/CdTe Solar Cells  p. 475
	Determination of Cu in CdTe/CdS Devices before and after Accelerated Stress Testing  p. 479
	Electronic Structures and Defect Physics of Cd-based Semiconductors  p. 483
	R-EBIC Study of the Electrical Activity of Grain Boundaries in CdTe and Cd(S,Te)  p. 487
	Influence of Window and Absorber Layer Processing on Device Operation in Superstrate Thin Film CdTe Solar Cells  p. 491
	Rapid Optimization of CdTe(1-x)SX Absorber Films and PV Devices by Means of the Combinatorial Method  p. 495

	Thin Film Materials and Processing
	Fabrication of Graded Cu(InGa)Se2 Films by Inline Evaporation  p. 499
	In-Situ Measurements of Cu(In,Ga)Se2 Composition by X-Ray Fluorescence  p. 505
	Rapid Cu(In,Ga)Se2 Growth Using "End Point Detection"  p. 509
	Microstructural Properties of the Surface of Cu(In,Ga)Se2 Thin Films  p. 513
	Non-vacuum Techniques for Fabricating Thin-film CIGS  p. 517
	A Time Resolved Photoluminescence Study on the Effect of Impurities and Heat Treatment CdTe/CdS Solar Cells  p. 521
	Characterization of Layer Thickness and Interdiffusion in CdTe/CdS/ZTO/CTO Solar Cells  p. 525

	Polycrystalline Thin Film Devices
	Improved Efficiency of Cu(In,Ga)Se2 Thin Film Solar Cells with Chemically Deposited ZnS Buffer Layers by Air-Annealing-Formation of Homojunction by Solid Phase Diffusion  p. 529
	Analysis of Stress-Induced Degradation in CdS/CdTe Solar Cells  p. 535
	Insights into the Nonideal Behavior of CdS/CdTe Solar Cells  p. 539
	Local Photocurrent and Resistivity Measurements with Micron Resolution  p. 543
	Nonuniform Power Generation in Polycrystalline Thin Film Photovoltaics  p. 547
	Modeling the Cross-Over of the I-V Characteristics of Thin Film CdTe Solar Cells  p. 551
	Temperature and Illumination Dependent Junction Transport in CdTe-CdS Solar Cells  p. 555

	II-VI Materials and Devices
	Progress in CuInS2 Submodules  p. 559
	Using Single Source Precursors and Spray Chemical Vapor Deposition to Grow Thin-Film CuInS2  p. 563
	CIGS Solar Cells on Flexible Stainless Steel Substrates  p. 567
	Effects of D+ Implantation on the Properties of CdS/CIGS and ZnO/CdS/CIGS Heterostructures  p. 571
	First Solar's CdTe Module Manufacturing Experience; Environmental, Health and Safety Results  p. 575
	Stoichiometry Control of CdTe Thin Film Solar Cells by Close-Spaced Sublimation  p. 579
	Precontact Surface Chemistry Effects on CdS/CdTe Solar Cell Performance and Stability  p. 583
	Ni2P-A Promising Candidate for Back Contacts to CdS/CdTe Solar Cells  p. 587
	Vacuum-Evaporated, CdCl2-Doped Cadmium Sulfide Films for Solar Cell Applications  p. 591
	Atmospheric Pressure Chemical Vapor Deposition of Cadmium Telluride- First PV Devices  p. 595
	Evaluation and Modeling of Junction Parameters in Cu(In,Ga)Se2 Solar Cells  p. 599
	The Effects of CdCl2 on CdTe Electrical Properties Using a New Theory for Grain-Boundary Conduction  p. 603
	Do Sweep Rate Effects Influence Performance Measurements of Thin Film Solar Cells?  p. 607
	ILGAR Technology, VIII-Sulfidic Buffer Layers for Cu(InGa)(S,Se)2 Solar Cells Prepared by Ion Layer Gas Reaction (ILGAR)  p. 610
	Study of Optical, Structural and Morphological Properties on Cd-Free Buffer Materials  p. 614
	Effects of Buffer Layers on SSI CIGSS- Absorber Transient I-V and C-V Behavior  p. 618
	Properties of AgInS2 Films Prepared by Spray Pyrolysis for Solar Cells  p. 622

	II-VI Materials and Devices II
	Deposition Temperature Dependent Properties of MOCVD Grown Polycrystalline CuGaSe2 Thin Films and Solar Cells  p. 626
	Influence of Crystal Orientation on Device Performance of CuInS2 Solar Cells  p. 630
	CIGS Solar Cells Using a Novel Window Zn1-xMgxO Film  p. 634
	Flexible and Light Weight Substrates for Cu(In,Ga)Se2 Solar Cells and Modules  p. 638
	Characteristics of CuInSe2 Bridgman Ingots Grown with Sodium  p. 642
	Study of CdTe/CdS Solar Cells Using CSS CdTe Deposited at Low Temperature  p. 646
	ZnTe Insertion at the Back Contact of 1(m-CdTe Thin Film Solar Cells  p. 650
	Effects of Cu from ZnTe:Cu Contacts in CdS/CdTe Cells  p. 654
	Photoluminescence of CdTe:Cu and CdS:Cu  p. 658
	Application of Tin-Doped Cadmium Oxide Films in CdTe/CdS Solar Cells  p. 662
	Electron Beam Induced Effects in CdTe Photovoltaics  p. 666
	Photocapacitance Analysis of Defect Mechanisms in Cu(In,Ga)Se2 Solar Cells  p. 670
	A Trapped Charge Model for the Transient Effect in CIGS Solar Cells  p. 674
	Investigation of Deep Levels in CdTe/CdS Solar Cells  p. 676
	Admittance Spectroscopy of CdTe-based Solar Cells  p. 680
	The Role of In2Se3 Precursor Properties in Multi-Stage Cu(In,Ga)Se2 Fabrication  p. 684
	Growth Analysis of Chemical Bath Deposited In(OH)xSy Films as Buffer Layers for CuInS2 Thin Film Solar Cells  p. 688
	New Cadmium-Free Buffer Layers as Heterojunction Partners on Cu(In,Ga)(S,Se)2 Thin Film Solar Cells  p. 692
	A Comparative Study of Chemical-Bath-Deposited CdS, (Cd,Zn)S, ZnS, and In(OH)xSy Buffer Layer for CIS-based Solar Cells  p. 696
	CdS Large Area Thin Films Deposited on Soda Lime Glass and Conducting Substrates by Sputtering Technique  p. 700
	Approaching High Efficiencies over 13% with 2 (m Thick CdS/CdTe Thin Film Solar Cells  p. 703

	Amorphous Silicon Materials and Characterization
	Temperature Dependence of Amorphous Silicon Solar Cell PV Parameters  p. 707
	Effects of H2-Dilution and Plasma Power in Amorphous Silicon Deposition: Comparison of Microstructural Evolution and Solar Cell Performance  p. 713
	Efficient High Deposition Rate All-Hot-Wire Hydrogenated Amorphous Silicon n-i-p Solar Cells  p. 717
	Effect of Substrate Temperature on Plasma Parameter in High Rate Growth of Stable Amorphous Silicon  p. 721
	Interfacial Optical Spectra in Amorphous Silicon Based pin Solar Cells  p. 725
	Characterization of the SnO2/p and ZnO/p Contact Resistance and Junction Properties in a-Si p-i-n Solar Cells and Modules  p. 728
	Non-contacting PV Capacitive Diagnostic (PVCD) System for Real Time in-situ Analysis, QA/QC, and Optimization  p. 732

	Amorphous Silicon Solar Cells
	Stabilized 9% Efficiency of Large-Area (~5000cm2) a-Si/a-SiGe Tandem Submodules Using High-Rate Deposition  p. 736
	Status of Amorphous Silicon Alloy Solar Cells and Modules Made Near the Onset of Microcrystallinity  p. 742
	Efficiency Enhancement of Amorphous Silicon p-i-n Solar Cells by LP-CVD ZnO  p. 746
	The Role of Phase Transitions Between Amorphous and Microcrystalline Silicon on the Performance of Protocrystalline Si:H Solar Cells  p. 750
	Structural and Optical Properties of Textured ZnO:Ga Films for Large Area Thin Film Solar Cells  p. 754
	Texture-etched Zinc Oxide Substrates for Silicon Thin Film Solar Cells- From Laboratory Size to Large Areas  p. 758
	Fabrication Technology of a-Si/a-SiGe/a-SiGe Triple-Junction Plastic Film Substrate Solar Cells  p. 762

	Microcrystalline Silicon Materials and Solar Cells
	Key Issues for the Efficiency Improvement of Silicon Basis Stacked Solar Cells  p. 766
	Real Time Optics of p-Type Silicon Deposition on Specular and Textured ZnO Surfaces  p. 772
	Microcrystalline Silicon-Germanium as a Low-Gap Material for Solar Cells  p. 776
	Control of Crystallinity and Orientation of Microcrystalline Silicon Using in-situ RHEED Observation  p. 780
	Effects of Oxygen Impurity on Microcrystalline Silicon Films  p. 784
	High Rate Deposition of Silicon Thin Films by Hot Wire Cell Method for Solar Cell Applications  p. 788
	Microcrystalline Si and (Si,Ge) Solar Cells on Plastic Substrates  p. 792

	Novel and Nanostructured Materials and Solar Cells
	Charge Recombination and Transport in Dye Sensitised TiO2 Photovoltaic Devices  p. 796
	Electron Transport in Nano-Porous TiO2 Films and Its Effect on Dye-Sensitized Solar Cells  p. 802
	Effect of Sol Processing Parameters on Dye-Sensitized TiO2 Solar Cell by Spin-Coating Method  p. 806
	Grain Size Effects in a Solar Cell with Extremely Thin Absorber  p. 810
	Spectroscopy on Polymer-Fullerene Photovoltaic Cells  p. 814
	Self-Assembled Composite Quantum Dots for Photovoltaic Applications  p. 818

	Amorphous and Nanostructured Devices I
	Expanding Thermal Plasma CVD of Textured ZnO with Focus on Solar Cell Applications  p. 822
	Thin Film Poly-Si Solar Cells Prepared by PECVD Using Very High Excitation Frequency  p. 825
	Improvement in the Conversion Efficiency of Single and Double Junction a-Si Solar Cells by Using High Quality p-SiO:H Window Layer and Seed Layer/Thin n-c Si:H Bilayer  p. 829
	Fast Deposition of (c-Si:H Films from Ar-Diluted SiH4 Plasma in RF Glow Discharge  p. 833
	Deposition of Device-Quality Amorphous and Microcrystalline Silicon Films with a New "Hot Wire" CVD Technique  p. 837
	Microcrystalline Silicon Films Using a Fluoride Seed Layer on Glass Substrates for Solar Cell Applications  p. 841
	a-Si:H-based Triple-Junction Cells Prepared at i-layer Deposition Rates of 10 A/s  Using a 70 MHz PECVD Technique  p. 845
	Influence of Hydrogen, Boron, and Ion Energy on the Structure of Microcrystalline Silicon in Plasma-Assisted Chemical Vapor Deposition  p. 849
	The Degradation Properties of a-Si:H Films Prepared by Less Conventional Methods  p. 853
	A Computer Simulation Method of Dye-Sensitized Nanocrystalline Solar Cells  p. 857
	Detailed Accounting for Quantum Efficiency and Optical Losses in a-Si:H Based Solar Cells  p. 861
	Characterising Quantum Dot Concentrators  p. 865
	Performance Dependence on Grading Width of a-SiGe:H Component Solar Cells  p. 869
	Approach to the Carbon-based Superlattice Structure Solar Cell  p. 873
	Relationship between the Photo-Induced Degradation Characteristics and Film Structure of a-Si:H Films Prepared under Various Conditions  p. 876
	The Photo-Electronic Properties of Porous Si/C60 Junction  p. 880
	Effects of Light Soaking on Amorphous Silicon  p. 884

	Amorphous and Nanostructured Devices II
	Estimation of Initial Growth Process of Microcrystalline Silicon Thin Film Using Double Layered Structure  p. 888
	Natively Textured ZnO Grown by PECVD as Front Electrode Material for Amorphous Silicon Pin Solar Cells  p. 892
	The Effect of SiH4 Flow and H2 Dilution on Hot-Wire (c-Si:H and a-Si:H Films  p. 896
	Large Area Deposition of Hydrogenated Amorphous Silicon by VHF-PECVD Using Novel Electrodes  p. 900
	Absorber Layers for n+n-p+ (c-Si Solar Cells Grown by Electron Cyclotron Resonance (ECR) CVD  p. 904
	Amorphous Silicon Based Tandem Solar Cells Entirely Fabricated by Hot-Wire CVD  p. 908
	Large Area Deposition of Intrinsic Microcrystalline Silicon for Thin Film Solar Cells  p. 912
	Temperature Dependence at Various Intrinsic a-Si:H Growth Rates of p-i-n Deposited Solar Cells  p. 916
	Optimization of Emitter and Interface of Amorphous Silicon/Crystalline Silicon Heterojunction Solar Cells  p. 920
	Low Degradation and High Annealing Effects of Amorphous Silicon Multilayer Processed Through Alternate Hydrogen Dilution  p. 924
	Deposition of Amorphous Silicon Solar Cells via the Pulsed Plasma PECVD Technique  p. 928
	Porous Silicon Texturing of Polysilicon Substrates  p. 932
	Numerical Modeling and Simulation of Constant Photo Current Method on a-Si p-i-n Junction Structure  p. 936
	Quantum Dot Intermediate Band Solar Cell  p. 940
	Quantitative Correlation of High Quality a-Si:H p-i-n Solar Cell Characteristics with Properties of the Bulk and p/i Interface Region  p. 944
	The Effects of Boron and Phosphorus Ion Implantation in C60 Thin Films  p. 948
	Carbon Based Photovoltaic Solar Cell: n-C/p-C Junction on p-Si Substrate  p. 951

	II-V Concentrator Technologies
	Triple-Junction Solar Cell Efficiencies above 32%: The Promise and Challenges of their Application in High Concentration-Ratio PV Systems  p. 955
	30% Monolithic Tandem Concentrator Solar Cells for Concentrations Exceeding 1000 Suns  p. 961
	Ge Concentrator Cells for III-V Multijunction Devices  p. 965
	AM0 Concentration Operation of III-V Compounds Solar Cells  p. 968
	Characterization Testing of Hughes 702 Solar Array  p. 972

	Next-Generation Multijunction III-V Cells
	High Efficiency InGaP/InGaAs Tandem Solar Cells on Ge Substrates  p. 976
	Metamorphic GaInP/GaInAs/Ge Solar Cells  p. 982
	Development of 1.25 eV InGaAsN for Triple Junction Solar Cells  p. 986
	BGaInAs Solar Cells Lattice Matched to GaAs  p. 990
	InGaP/GaAs/Ge Multijunction Solar Cell Efficiency Improvements Using Epitaxial Germanium  p. 994
	Next-Generation, High-Efficiency III-V Multijunction Solar Cells  p. 998
	Achieving 26% Triple Junction Cascade(r) Solar Cell Production  p. 1002
	High Efficiency GaAs-on-Si Solar Cells with High Voc Using Graded GeSi Buffers  p. 1006

	Alternate III-V and TPV Technologies
	GaAs-on-Si Solar Cells for Space Use  p. 1012
	Surface Microstructured Selective Emitters for TPV Systems  p. 1016
	Antireflection Coated Refractory Metal Matched Emitters for Use with GaSb Thermophotovoltaic Generators  p. 1020
	0.55eV n/p/n MIM TPV Cell Development  p. 1024
	Advances in Low-Bandgap InAsSbP/InAs and GaInAsSb/GaSb Thermophotovoltaics  p. 1028

	Space Thin Film Technologies
	Radiation Induced Defects in Cu(In,Ga)Se2 Solar Cells-Comparison of Electron and Proton Irradiation  p. 1032
	Proton-Irradiation of Cu(In,Ga)Se2 and CuInS2 Thin Film Solar Cells  p. 1038
	A 15.2% AMO/1433 W/kg Thin-Film Cu(In,Ga)Se2 Solar Cell for Space Applications  p. 1042
	PV Characterization of CIGS2 Thin Film Solar Cells  p. 1046
	Ultra-Lightweight Amorphous Silicon Solar Cells Deposited on 7.5 (m Thick Stainless Steel Substrates  p. 1050
	Advancements in the Development of Thin Film Amorphous Silicon Space Solar Cell for the PowerSphere Concept  p. 1053
	Effects of 40 keV Electron Irradiation on Dark I-V Characteristics of Single-Junction a-Si:H Solar Cells  p. 1057

	Space Systems
	Terra Flexible Blanket Solar Array Deployment, on-Orbit Performance and Future Applications  p. 1061
	Bifacial Solar Arrays of Russian Space Crafts  p. 1067
	Power Degradation Studies of the Mir Solar Array Return Experiment  p. 1071
	Flight Degradation Data of GaAs-on-Si Solar Cells Mounted on Highly Irradiated ETS-VI  p. 1075
	Thin-Film Silicon Solar Cells for Space Applications: Radiation Hardness and Applications for an Integrated SOLANT (Solar Cell-ANTenna) Module  p. 1079
	Solar Array Trades Between very High-Efficiency Multijunction and Si Space Solar Cells  p. 1083
	The "CURWIN(c)" Design: A Novel Solar Array Concept for Constellations  p. 1087

	Space Environmental Effects Modeling and Analysis
	Analysis and Modeling of the Radiation Response of Multijunction Space Solar Cells  p. 1092
	Proton and Electron Radiation Analysis of GaInP2/GaAs Solar Cells  p. 1098
	Evaluation of Multijunction Solar Cell Performance in Radiation Environments  p. 1102
	Minority Carrier Injection-Enhanced Recovery of Radiation-Induced Defects in p-InGaP and Solar Cells  p. 1106
	Radiation Response of Dual-Junction GayIn1-yP/Ga1-xInxAs Solar Cells  p. 1110
	Improved Radiation Hardness of Silicon Solar Cells  p. 1114
	Multijunction Solar Cell Iso-Junction Dark Current Study  p. 1118

	Concentrator and Multijunction Technology and Production Status
	Experimental Improvement of Concentrator LPE GaAs Solar Cells for Operation at 1000 Suns with an Efficiency of 26.2%  p. 1122
	Procedures for Evaluating Multijunction Concentrators  p. 1126
	G-STAR Space Solar Array Design  p. 1131
	The Stretched Lens Ultralight Concentrator Array  p. 1135
	Solar Cells for NASA Rainbow Concentrator  p. 1139
	1 cm x 1 cm GaAs/AlGaAs MQW Solar Cells under One Sun and Concentrated Sunlight  p. 1142
	Flux Densities in Optimum Nonimaging Fresnel Lens Solar Concentrators for Space  p. 1146
	Over 30% Efficient InGaP/GaAs/GaSb Cell-Interconnected-Circuits for Line-Focus Concentrator Arrays  p. 1150
	Analysis of p+-AlGaAs/n+-InGaP Tunnel Junction for High Solar Concentration Cascade Solar Cells  p. 1154
	Space Concentrator Module Based on Short Focus Linear Fresnel Lenses and GaAs/GaSb Tandem Stacks  p. 1157
	Development of Terrestrial Concentrator Modules Incorporating High-Efficiency Multijunction Cells  p. 1161
	Wide Acceptance Angle, Non-Imaging, Triple Junction Based, 10X Composite Space Concentrator  p. 1165
	Progress in Development of All-Glass Terrestrial Concentrator Modules Based on Composite Fresnel Lenses and III-V Solar Cells  p. 1169
	Very High Efficiency InGaP/GaAs Dual-Junction Solar Cell Manufacturing at EMCORE Photovoltaics  p. 1173
	Advances in Production MBE Grown GaInP/GaAs Cascade Solar Cells  p. 1177
	Triple-Junction GaInP2/GaAs/Ge Solar Cells- Production Status, Qualification Results and Operational Benefits  p. 1181
	AlGaAs/InGaAlP Tunnel Junctions for Multijunction Solar Cells  p. 1185
	Heavily Nitrogen-Doped III-V Semiconductors for High Efficiency Solar Cells  p. 1189
	Three-Terminal Tandem Solar Cells with a Back-Contact Type Bottom Cell  p. 1193
	New Methods for Measuring Performance of Monolithic Multijunction Solar Cells  p. 1197
	Outdoor Meteorological Broadband and Spectral Conditions for Evaluating Photovoltaic Modules  p. 1202
	Non-Ideal Recombination and Transport Mechanisms in Multiple Band Gap Solar Cells  p. 1206
	Modeling of Electron Diffusion Length in GaInAsN Solar Cells  p. 1210

	Alternate III-V and TPV Technologies
	Solar Thermophotovoltaic Using Al2O3/Er3Al5O12 Eutectic Composite Selective Emitter  p. 1214
	A TPV System with Silicon Photocells and a Selective Emitter  p. 1218
	Theoretical Comparison of Rare-Earth Garnet Selective Emitters  p. 1222
	InAsP Cells for Solar Thermophotovoltaic Applications  p. 1226
	Simultaneous Diffusion of Zn and P in InGaAs and GaSb Cells for Solar and Thermophotovoltaic Space Applications  p. 1230
	Strain-balanced In0.62Ga0.38As/In0.47Ga0.53As (InP) Quantum Well Cell for Thermophotovoltaics  p. 1234
	Growth, Processing and Characterization of 0.55-eV n/p/n Monolithic Interconnected Modules  p. 1238
	Developments in Thin-film Photovoltaics for Space  p. 1242
	Tritium-Powered Betavoltaic Cells Based  on Amorphous Silicon  p. 1246
	GaInP2 and GaAs Solar Cells Grown on Si Substrate  p. 1250
	Tritium-Powered Betacells Based on AlxGa1-xAs  p. 1253
	Optical and Electrical Characterization of SiC Devices  p. 1257
	Space Qualification of Amorphous Silicon Alloy Lightweight Modules  p. 1261
	Single-Junction GaSb and Tandem GaSb/InGaAsSb and AlGaAsSb/GaSb Thermophotovoltaic Cells  p. 1265
	GaAsP/InGaAsN Strained Layer Superlattices for Solar Cell Applications  p. 1269
	Strain-Balanced Materials for High-Efficiency Solar Cells  p. 1273
	Improved Dark Current Characteristics of GaAs/InGaAs Multi-Quantum Well Solar Cells Fabricated by Atomic H-Assisted Molecular Beam Epitaxy  p. 1277
	Characterization of GaAs pn Junction Bonded on Selenium Sulphide (SeS2) Treated Si Substrates  p. 1281
	1.62 eV/1.1 eV InGaP/InGaAs Dual-Junction Solar Cell Development on Lattice-Mismatched GaAs  p. 1285
	Thin Hi-ETA(r) Space Silicon Solar Cells with Improved End-of-Life Performance  p. 1289
	Fabrication of Si Trench Solar Cells with Improved Radiation Hardness for Space Applications  p. 1293
	Selective Heteroepitaxy of InGaP/GaAs/Silicon Devices as Low-Cost Photovoltaic/ Photoelectrolysis Cells for Generating Hydrogen from Sunlight  p. 1297

	Space Systems and Environmental Effects Modeling and Analysis
	Photovoltaic Cell Model for the International Space Station  p. 1301
	Simulating Multiple Quantum Well Solar Cells  p. 1304
	Phosphine-added Hydrogen Plasma Passivation of GaAs Solar Cell on Si Substrate  p. 1308
	Electron Beam Induced Current and Cathodoluminescence Study of Proton Irradiated Quantum-Well Solar Cells  p. 1312
	The Effects of Electron Irradiation on Triple- Junction Ga0.5In0.5P/GaAs/Ge Solar Cells  p. 1316
	Characterizing State-of-the-Art Solar Panels- A New Approach for Large Area Testing  p. 1320
	Investigation of Carbon ARC Source as an AM0 Solar Simulator for Use in Characterizing Multijunction Solar Cells  p. 1324
	Investigations to Characterize Multijunction Solar Cells in the Stratosphere Using Low-Cost Balloon and Communication Technologies  p. 1328
	Ground Level Sunlight Calibration of Space Solar Cells: Tenerife '99 Campaign  p. 1332
	Matching of Multijunction Solar Cells for Solar Array Production  p. 1336
	Basic Results of Post-Flight Researches of Solar Array (SA) Returned to the Earth from the Orbital Space Station "MIR" after 10.5 Years of Operation  p. 1340
	SAC-A Satellite: First Experiment of Argentine Solar Cells in Space  p. 1344
	Development of an Electrostatically Clean Solar Array Panel  p. 1348
	Photovoltaic Engineering Testbed- A Facility for Space Callibration and Measurement of Solar Cells on the International Space Station  p. 1352
	The Performance of Advanced Solar Cells for Interplanetary Missions  p. 1354
	A Dust Characterization Experiment for Solar Cells Operating on Mars  p. 1358
	Mars Array Technology Experiment (MATE)  p. 1362
	Powersphere Power System Demonstration Station  p. 1366
	Integrated Solar Power Systems  p. 1370
	Design and Production of Extremely Radiation-Hard 26% InGaP/GaAs/Ge Triple-Junction Solar Cells  p. 1374

	Session on BOS Components, Utility Interconnection & Standards
	Investigation of Ground-Fault Protection Devices for Photovoltaic Power Systems Applications  p. 1378
	Developing Global Quality Standards for the Accreditation of PV Training Programs and the Certification of PV Practitioners' Knowledge and Skills Competencies  p. 1384
	PV Hybrid VRLA Battery Test Results from a Telecommunications Site  p. 1387
	The Impact of Net Metering on the Residential Rooftop PV Market  p. 1391
	Investigation of Factors Influencing the Accuracy of Pyrheliometer Calibrations  p. 1395

	Crystalline and polycrystalline silicon module development, manufacturing, and reliability
	Specific PVMaT R&D on Siemens CZ Silicon Product Manufacturing  p. 1399
	PVMaT Funded Manufacturing Advances in String Ribbon Technology  p. 1403
	Comparison of Module Performance Characterization Methods  p. 1407
	Large Area Roof-mount Silicon-Film(tm) Module and Grid-connected Rooftop System Design  p. 1412
	A Mirror-less Design for Micro-concentrator Modules  p. 1416
	Diagnostic Analysis of Silicon Photovoltaic Modules after 20-Year Field Exposure  p. 1420
	Process Automation for Photovoltaic Module Assembly and Testing  p. 1424

	Thin Film Module Development Manufacturing and Reliability
	Large-Area and High Efficiency a-Si/poly-Si Stacked Solar Cell Submodule  p. 1428
	Amorphous Silicon Based Tandem Junction Thin-Film Technology: A Manufacturing Perspective  p. 1433
	Advances in Large Area CIGS Technology  p. 1437
	Model for the Thermal Characteristics of Flat-Plate Photovoltaic Modules Deployed at Fixed Tilt  p. 1441
	Stabilization and Performance Characteristics of Commercial Amorphous-Silicon PV Modules  p. 1446
	Energy Balances for Photovoltaic Modules: Status and Prospects  p. 1450
	First pin/pin Micromorph Modules by Laser Patterning  p. 1456

	Terrestrial Modules and BOS Components
	Decade of PV Industry R&D Advances in Silicon Module Manufacturing  p. 1460
	Irradiance-Dependence and Translation of the I-V Characteristics of Crystalline Silicon Solar Cells  p. 1464
	Progress Towards Commercialization of a 4.5-Sun, Flat-Plate Concentrating PV Module and System  p. 1468
	PV Modules Characterization in Rural Electrification Actions  p. 1472
	ISO 14000 Introduction in the Photovoltaic Industry  p. 1476
	Comparison of 12-Month kWh/kWp Energy Output Testing of Two Different Crystalline Silicon Cell Technologies with Annual Sales of over 20 MWp  p. 1479
	Reliability and Performance Testing of Photovoltaic Modules  p. 1483
	Applications for Infrared Imaging Equipment in Photovoltaic Cell, Module, and System Testing  p. 1487
	Photothermal Stability of Encapsulated Silicon Solar Cells and Encapsulation Materials upon Accelerated Exposures-II  p. 1491
	A Flat-Plate Concentrator: Micro-Concentrator Design Overview  p. 1495
	Nontraditional Light Sources for Solar Cell and Module Testing  p. 1498
	Ten Years of Manufacturing R&D in PVMaT-Technical Accomplishments, Return on Investment, and Where We Go Next  p. 1502
	Predicting kWh/kWp Performance for Amorphous Silicon Thin Film Modules  p. 1505
	AC Modules Based on Stacked a-Si-Alloy and c-Si Solar Cells: Design, Technology and Performance Evaluation  p. 1509
	A Comparison of Window/Buffer Layer Materials for CdTe Thin Film Modules Using Environmental Risk Assessment  p. 1513
	Maximum Power Point Tracking for Building Integrated Photovoltaic Ventilation Systems  p. 1517
	Electrical Connector Contact Resistance Behaviour within a PV Shingle Roof  p. 1521
	Long-Term Monitoring of Photovoltaic Modules in South Africa  p. 1525
	Water Pumping from Photovoltaic Cells Using a Current-Fed Parallel Resonant Push-Pull Inverter  p. 1529

	Building Integrated PV Systems
	Improvement of the Fire-Proofing and Fire-Resistance Properties of PV Modules for Building's Exterior Walls  p. 1533
	Concepts for Integrating PV into Rural Alaskan Housing and Utilities  p. 1539
	Field Installed Peal and Stick PV Laminates for Metal Roofs  p. 1543
	A PV Window Awning System on the University of Texas Houston Health Science Center Using AC-Modules  p. 1545

	Off-Grid Systems
	A New Approach in Size Optimization and Performance Prediction of Photovoltaic-Hybrid Power Systems  p. 1548
	A Photovoltaic/Fuel Cell Power System for a Remote Telecommunications Station  p. 1552
	Procedures for Determining the Performance of Stand-Alone Photovoltaic Systems  p. 1556
	Photovoltaic System for the Funicular of Leghorn, Italy  p. 1560
	Photovoltaic Power for Refrigeration of Transported Perishable Goods  p. 1563
	Hybrid Diesel/Photovoltaic Systems without Storage for Isolated Mini-Grids in Northern Brazil  p. 1567
	Ramakrishna Mission Initiative Impact Study- A Rural Electrification Project in West Bengal, India  p. 1571

	Grid-Connected Systems
	Four-Year Performance Assessment of the 342 kW PV System at Georgia Tech  p. 1575
	Team-up Results: Costs, Performance, and Business Experiences  p. 1579
	The Massachusetts Electric Solar Project: A Pilot Project to Commercialize Residential PV Systems  p. 1583
	Ageing Effect on the Performance of a-Si Photovoltaic Modules in a Grid Connected System: Experimental Data and Simulation Results  p. 1587
	Islanding Phenomenon of Grid Connected PV Systems  p. 1591

	BIPV and Off-Grid Systems
	Performance of Light-weighted PV Arrays Installed on Building Walls in a Snowy Country in Japan  p. 1595
	On-Site BIPV Array Shading Evaluation Tool Using Stereo-Fisheye Photographs  p. 1599
	A Realised Control System for a Hybridsystem Consisting of a PV-Plant and Steam Engine with Combined Heat and Power  p. 1603
	FLC-based Photovoltaic Battery Diesel Hybrid System Management and Control  p. 1607
	The PV-Powered DC Floating Pump System- A New Revolution  p. 1611
	A Stable 2-W Supply Optical-Powering System  p. 1614
	A Fuzzy Logic Controller for Stand Alone PV Systems  p. 1618
	Analysis of Point Focusing, High Concentration Photovoltaic Array  p. 1622
	The RETScreen Model for Assessing Potential PV Projects  p. 1626
	A Simple Method in Sizing Related to the Reliability Supply of Small Stand-Alone Photovoltaic Systems  p. 1630
	Evaluation of an EDLC-Battery Hybrid Stand-Alone Photovoltaic Power System  p. 1634
	PV System for Lighting of Pedestrian Crossing  p. 1638
	Optimizing Photovoltaic Array Size in a Hybrid Power System  p. 1640
	On Photovoltaics Integration in Tunnel-Shaped Sound Barriers  p. 1644
	Study on Simple Assessment Method of BIPV Power Generation for Architects  p. 1648
	A Development of Smart Power Conditioner for Value Added PV Applications  p. 1652

	Grid-connected systems, codes, standards and utility interconnection
	Fuzzy Modeling of Photovoltaic Panel Equivalent Circuit  p. 1656
	Wide Bandwidth Single and Three-Phase PLL Structures for Grid-Tied PV Systems  p. 1660
	Design, Development and Performance of 50 kW Grid Connected PV System with Three Phase Current-Controlled Inverter  p. 1664
	Universidad Verde-200 kWp Grid Connected PV System  p. 1668
	Power Generation Mechanism of a Grid-Connected Photovoltaic System  p. 1671
	Using Power Line Carrier Communications to Prevent Islanding  p. 1675
	Battery Charging-Discharging Control Method for PV System Capacity Reduction  p. 1679
	Islanding of Grid-Connected AC Module Inverters  p. 1683
	PV Systems with/without Grid Back-Up for Housing Applications  p. 1687
	Removing Barriers to Utility Interconnected Photovoltaic Inverters  p. 1691
	The Motional Analysis of Cloud Albedo Patterns by Using GMS Images  p. 1695
	Comparative Study of Maximum Power Point Tracking Algorithms Using an Experimental, Programmable, Maximum Power Point Tracking Testbed  p. 1699
	Modeling and Operation of a 10 kW Photovoltaic Power Generator Using Equivalent Electric Circuit Method  p. 1703
	Maximum Power Point Tracking Control of Photovoltaic Generation System under Nonuniform Insolation by Means of Monitoring Cells  p. 1707
	Performance Monitoring of a Northern 3.2 kWp Grid-Connected Photovoltaic System  p. 1711
	Fuzzy Logic Control of Predictive Current Control for Grid-connected Single Phase Inverter  p. 1715
	Analysis of Utility Interactive Photovoltaic Generation System Using a Single Power Static Inverter  p. 1719
	Photovoltaic System in Telecommunications Building Using AC Modules  p. 1723
	Fuzzy Logic-based Solar Charge Controller for Microbatteries  p. 1726

	National and Deployment Programs
	Current Status and Future Prospect of Photovoltaic Technologies in Japan  p. 1730
	R&D Activities in the Field of Photovoltaics and the European Commission  p. 1734
	Outlook for the U.S. PV Research Program and Implications for Terrestrial Systems and Applications  p. 1736

	National and Deployment Programs
	The Utility Model for Rural Pre-Electrification with Photovoltaic: CEMIG's LUZ Solar Programme  p. 1740
	Commencement of World's First Bachelor of Engineering in Photovoltaics and Solar Engineering  p. 1744
	The National Photovoltaic Program "100,000 Solar House (GER) in Mongolia"  p. 1748
	Progress on DOE/BES-Supported Research on Photovoltaics  p. 1752
	Quality Control and Performance Monitoring in the 1 MW PV Project in Amersfoort, The Netherlands  p. 1756



