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HL 5: Photovoltaic

Time: Monday 10:15-13:15

HL 5.1 Mon 10:15 POT 151
Spatially resolved photoluminescence measurements for a
comparative analysis of CulnS, and Cu(In,Ga)S; thin films
— oFLORIAN HEIDEMANNY, LEVENT GUTAY!, RUDOLF BRUGGEMANN?,
SAOUSSEN MERDES®, ALEXANDER MEEDER?, and GOTTFRIED H.
BAUER! — !Institute of Physics, CvO University Oldenburg, Ger-
many — 2SULFURCELL Solartechnik GmbH, Berlin, Germany —
3Helmholtz-Zentrum Berlin, Germany

At present chalcopyrite semiconductors like Cu(In,Ga)Sez and
Cu(In,Ga)S2 are most promising absorbers for thin film solar cells.
Due to their grainy structure and inhomogeneous growth they show
considerable degrees of spatial inhomogeneities in structural, optical
and optoelectronic properties in the length scale of grain sizes. To
analyze these locally fluctuating magnitudes we have performed spec-
trally resolved luminescence measurements with a high lateral resolu-
tion (< 1lpm) in a confocal microscope setup. This makes the deter-
mination of the spatial variation in the splitting of the quasi-Fermi
levels (u = Epn, — EFp) as well as the local absorbance of the material
possible. A comparison of these properties, which are crucial for the
solar light conversion efficiency, is made for CulnS2 and Cu(In,Ga)S2
absorber layers for data obtained from statistically representative scan
areas. The results show that an increase in bandgap and the mean
w due to an incorporation of gallium does not come along with a de-
crease in the variation of p over the absorber layer. A quantification of
the lateral patterns of constant p by Minkowski-operations indicates
similar pattern sizes in the range of a few pum for the analyzed samples.

HL 5.2 Mon 10:30 POT 151
Diffusion processes and chemical changes at the (Zn,Mg)O/
Culn(S,Se)2 interface caused by RF magnetron sputter-
ing deposition — eFELIX ERFURTH!, BENJAMIN HUSSMANN!,
LOTHAR WEINHARDT!, ACHIM SCHOLL!, FRIEDRICH REINERT!, EBER-
HARD UMBAcH!>2, THOMAS NIESEN3, JORG PALM3, SVEN VISBECKS,
ALEXANDER GRIMM?, IVER LAUERMANN?, and REINER KLENK* —
I Universitiat Wiirzburg, Experimentelle Physik 11, 97074 Wiirzburg —
2Forschungszentrum Karlsruhe GmbH, 76133 Karlsruhe — 3 Avancis
GmbH & Co. KG, 81739 Miinchen — *Helmholtz Zentrum Berlin fiir
Materialien und Energie, 14109 Berlin

(Zn,Mg)O buffer layers on Cu(In,Ga)(S,Se)2 thin film solar cells are
a promising alternative to CdS buffer layers. Although in the past
the radio frequency magnetron sputtering deposition on (Zn,Mg)O
has been empirically optimized to reach high efficiencies, only little
is known about the influence of the sputter parameters on the elec-
tronic and chemical structure of the absorber/buffer interface. We
have used in-situ X-ray Photoelectron Spectroscopy (XPS) and X-ray
induced Auger Electron Spectroscopy (XAES) to analyze the influence
of different sputter parameters and to compare samples prepared by
different groups.

All samples show the formation of indium oxide and zinc - sul-
fur/selenide bonds at the buffer/absorber interface. Moreover, the
hydroxide/oxide ratio at the interface is strongly increased as com-
pared to the respective ratio in the bulk. Further studies showed a
diffusion of sodium to the surface for thin (Zn,Mg)O layers.

HL 5.3 Mon 10:45 POT 151

Mikroskopische Lumineszenzeigenschaften von polykristal-

linen CulnSs-Diinnschichten — eANJA DEMPEWOLF!, FRANK
BERTRAM!, ALEXANDER FRANKE!, THomAS HEMPEL!, JURGEN
CHRISTEN', JoacHiM KrLAER?, FRANK WiUNscu? und THOMAS

SCHEDEL-NIEDRIG? — lInstitut fiir Experimentelle Physik, Otto-von-
Guericke-Universitit Magdeburg — 2Helmholtz-Zentrum Berlin fiir
Materialien und Energie

Die Lumineszenzeigenschaften von sowohl unpassivierten als
auch SizN- und ZnO/CdS-passivierten polykristallinen CulnSa-
Diinnschichten (CIS) fiir die Anwendung als Absorbermaterial in
Solarzellen wurden mittels orts-, zeit- und spektral aufgeloster Katho-
dolumineszenz (KL) und spektral aufgeloster Photolumineszenz (PL)
untersucht. Die auf einem Glassubstrat mit gesputtertem Mo-Kontakt
durch ein RTP-Verfahren (rapid thermal processing) hergestellten
CIS-Schichten besitzen eine Dicke von etwa 2,1 pum und weisen eine
kornige Oberflichenmorphologie auf. Das integrale Tieftemperatur-
KL-Spektrum (5 K) des CIS wird durch eine exzitonische Lumines-

Location: POT 151

zenz um 1,5 eV dominiert. In lokal aufgelésten Spektren ldsst sich
in einem Energiebereich von 1,35 eV bis 1,56 €V eine Vielzahl von
einzelnen Emissionslinien identifizieren, die vor allem gebundenen
Exzitonen und Donator-Akzeptor-Ubergiingen zugeschrieben werden.
Allgemein zeigen die untersuchten Schichten in der Intensitdt und
Emissionsenergie eine inhomogene Lumineszenzverteilung. So weichen
die Lumineszenzeigenschaften individueller Kérner als auch verschie-
dener Facetten eines einzelnen Korns signifikant voneinander ab.

HL 5.4 Mon 11:00 POT 151
Spectral Response of Culn;_GayxSe; Heterodiodes Operated
at Constant Voc and Constant Igc Compared with Tradi-
tionally Recorded Spectral Quantum Yield — eSVEN BURDORF,
RUDOLF BRUGGEMANN, and GOTTFRIED HEINRICH BAUER — Institute
of Physics, Carl von Ossietzky University Oldenburg D-26111 Olden-
burg, F.R. Germany

Traditional spectral response experiments in solar cells, such as quan-
tum yields show the dependence of the excess carrier contribution and
respective recombination on the depth of the device in terms of the
profile of the optical generation. However, this depth information is
masked by the condition of current continuity that is met by contri-
butions of minority as well as majority carriers across the entire depth
of the device and commonly the information on local properties is not
reflected straightforwardly. In our approach - analogously to the con-
cept of the constant photocurrent method (CPM) - we have adjusted
either constant Voo (c-Voc) or Isc (c-Isc) by recording the spectral
photon fluxes necessary for these conditions. In particular in Voc oper-
ation excess carriers recombine exclusively within the device and thus
the signal is more sensitive against recombination. Our results of the
c-Voc and c-Isc experiments for CIGSe-heterodiodes show significant
differences particularly in the short-wavelength regimes. The compar-
ison of experimental results with numerical modeling shows that this
difference is growing larger with increasing interface recombination.

15 min. break

HL 5.5 Mon 11:30 POT 151
Performance of InGaAsP/InGaAs tandem solar cells with
an InGaAs/GaAsSb tunnel junction — eEROL SAGOL, NADINE
SzaBO, ULF SEIDEL, CHRISTIAN HOHN, KLAUS SCHWARZBURG, and
THOMAS HANNAPPEL — Helmholtz-Zentrum Berlin, Glienicker Str.
100, 14109 Berlin-Germany

Three types of state-of-the-art III-V triple-junction solar cells have al-
ready surpassed the 40% efficiency mark, despite having non-optimized
band gaps. But still considerably higher efficiencies can be achieved
with a four-junction configuration, which has optimized band gaps
around 1.9, 1.4, 1.0 and 0.7 eV. This can be realized with a me-
chanically stacked GaAs-based GalnP/GaAs tandem and an InP-
based InGaAsP/InGaAs tandem cell. For this purpose, we grew In-
GaAsP /InGaAs tandem solar cells lattice-matched to InP by MOVPE.
The InGaAs bottom cell (0.73 €V) and the InGaAsP top cell (1.03 eV)
were connected with a tunnel junction, which was composed of highly
doped n-InGaAs and p-GaAsSb layers. In order to evaluate the perfor-
mance of the tunnel junction, separate devices were grown without the
photoactive layers. High current densities of several thousand A/cm?2
were achieved already in the bias regime of several 100 mV. Hence, volt-
age losses in the tunnel diode should not be of concern for the solar cell
even under extreme concentration ratios (> 1000 suns). Our results
show that the contribution of such a low band gap InGaAsP/InGaAs
tandem bottom cell, reaching efficiencies above 10% under GaAs, is
considerably higher than a conventional germanium subcell.

HL 5.6 Mon 11:45 POT 151
3D photonic crystal interlayers for mircomorph thin film sil-
icon tandem cell — ANDREAS BIELAWNY!, ¢JOHANNES UPPINGl,
PauL T. MicLeAl, RALF B. WEHRSPOHN!, CARSTEN ROCKSTUHLZ,
FALK LEDERER2, MARIUS PETERs®, LORENZ STEIDL?, RUDOLF
ZENTEL*, SEUNG-MO LEE®, MATO KNEZ®, ANDREAS LAMBERTZS, and
REINHARD CARIUS® — lInstitute of Physics, mikroMD, University of
Halle Wittenberg — 2Institue of Physics, Solid States Optics, Uni-
versity of Jena — 3Freiburg Centre for Material Research, Univer-
sity of Freiburg — *Dept. of Chemistry, Pharmacy and Earth Sci-



Monday

ence, University of Mainz — 5Max Planck Institute of Microstructure
Physics Halle — SInstitute of Energy Research, IEF-5 Photovoltaics,
Forschungszentrum Jiilich GmbH

The concept of 3D photonic intermediate reflectors for micromorph
silicon tandem cells has been investigated toward first prototype cells.
The reflector enhances the absorption of spectrally selected light in the
top cell and decreases the current mismatch between both junctions.
Our device is an inverted opal structure made of ZnO and built using
self organized nanoparticles and atomic layer deposition coating meth-
ods. This 3D photonic crystal intermediate layer is less dependent of
the angle of incidence than other state of the art thickness dependent
massive interlayers. We present design rules, preparation and char-
acterization of a 3D photonic thin film device. A first prototype is
compared to a state of the art reference silicon tandem cell.

HL 5.7 Mon 12:00 POT 151

Silicon nitride passivation of phosphorus highly doped emit-

ters for p-type silicon solar cells — eKAMAL KATKHOUDA!-2,
KARSTEN MEYER!, KEVIN LAUER32, ROMAN PETRES?, SVIATOSLAV
SHOKHOVETS?, and GERHARD GoBscH? — lersol Solar Energy AG,

Wilhelm-Wolff-Str. 23, 99099 Erfurt, Germany — 2TU Ilmenau, In-
stitut fiir Physik, Weimarer Str. 32, 98693 Ilmenau, Germany —
3CiS Forschungsinstitut fiir Mikrosensorik und Photovoltaik GmbH,
SolarZentrum Erfurt, Konrad-Zuse-Str. 14, 99099 Erfurt, Germany —
4ISC International Solar Energy Research Centre Konstanz, Rudolf-
Diesel-Str. 15, 78467 Konstanz, Germany

Solar cell passivation has always been an attractive topic for photo-
voltaic researches as this can enhance the performance of the solar cell
remarkably. For a solar cell fabricated on p-type silicon it is necessary
to achieve a good passivation on a phosphorus highly doped emitter.
Silicon dangling bonds saturation and the field effect induced by built-
in charge in the passivation-layer are the two well-known passivation
effects on silicon surfaces. Some commonly used passivation layers,
like SiO2 and SiNx, result in a positive built-in charge while others,
e.g. Al203, produce a negative charge. Our main focus in this work
are SiNx passivation films which were deposited by plasma enhanced
chemical vapor deposition (PECVD) technique on different phosphorus
highly doped emitter under varying gas flux ratio of silane and ammo-
nia in the PECVD chamber. Optical properties of the films were char-
acterized by spectroscopic ellipsometry while their passivation quality
was studied by means of emitter saturation current measurement.

15 min. break

HL 5.8 Mon 12:30 POT 151
Influence of the excess carrier density depth profile on the
photoluminescence yield — oSEBASTIAN KNABE and GOTTFRIED
H. BAUER — Institute of Physics, University of Oldenburg, Germany

The photoluminescence (PL) emitted from excited semiconductors pro-
vides access via Planck’s generalizes law to parameters like splitting of
quasi-Fermi-levels, optical absorption, temperature and is originated
by radiative recombination. The photon flux monitored in the detector
is composed of the individual fluxes emitted from each volume element
of the sample isotropically into the solid angle 4 m and particularly
propagating across the sample to the surface.

We numerically reproduce the spectral PL by a one-dimensional dif-
fusion excess carrier profile for depth dependent emission, including
surface recombination velocities, excess carrier lifetimes and diffusion

lengths, considering as well optical absorption, reflection at surfaces
and according phase accumulation by a matrix transfer approach.

As the splitting of quasi-Fermi-levels usually is deduced experimen-
tally from the high energy wing of the spectral PL-yield we show the
limits and quantify the accuracy of this methods versus different excess
depth profiles resulting from various surface recombination velocities
and from depth dependent carrier lifetimes as well. We furthermore
discuss the difference in spectral PL-behavior between a plane wave
approach applicable for layer thicknesses being small compared with
the laser excitation area and small spot excitation e.g. for SNOM
experiments.

HL 5.9 Mon 12:45 POT 151
Diffusion of substrate impurities into solar-grade CIGS layer
structures — oSHAHMAHMOOD OBEIDI', RoLAND WURZ2, AXEL
E1ckE?, and NicoLAaAs STOLwLIK! — lInstitute of Materials Physics,
University of Miinster, Wilhelm-Klemm-Str. 10, 48149 Miinster,
Germany — 2Zentrum fiir Sonnenenergie- und Wasserstoff-Forschung
Baden-Wiirttemberg, Industriestr. 6, 70565 Stuttgart, Germany

The deposition of CIGS involves the diffusion of impurities out of the
substrate through the Mo back contact into the absorber layer of the
solar cell. In some cases, e.g., Fe the performance of the cell is found
to suffer. Therefore it is important to study the diffusion behaviour of
such impurities both qualitatively and quantitatively. We investigated
the diffusion of iron in polycrystalline CIGS after growth. In order
to start with Fe-free CIGS layers before the diffusion experiment we
chose CIGS/Mo/float-glass structures as samples and provided them
with front-side Fe sources. Two methods were applied: the radiotracer
method using Fe-59 as suitable isotope and secondary ion mass spec-
trometry (SIMS) with natural Fe as diffusion source. Diffusion anneals
in the temperature range from 200°C to 500°C were performed in a
lamp furnace or an oil bath. The values for the diffusion coefficient
range from 7.5-1071% t0 8.8:10712 cm?s~! in the temperature interval
investigated. An activation enthalpy of 1.0 eV was determined from
an Arrhenius fit and the extrapolation of the Arrhenius line to the
CIGS deposition temperature (550°C) yields a diffusion coefficient of
2.0-10719 cm?s~1. We will discuss to what extent the present results
may be interpreted in terms of grain boundary diffusion.

HL 5.10 Mon 13:00 POT 151
Carrier collection efficiency in chalcopyrite solar cells with
varied absorber layer thickness — eHEINER LENDZIAN!, JANET
NEERKEN!, MARTIN KNIPPER!, JURGEN PaRisi?, INGO RIEDEL!, STE-
FAN JosT?, THoMAS DALIBOR?, and JORG PALM? — !Energy- and
Semiconductor Research Laboratory, Department of Physics, Carl von
Ossietzky University of Oldenburg, D-26111 Oldenburg, Germany —
2AVANCIS GmbH & Co. KG, Otto-Hahn-Ring 6, Gebdude 31, D-
81739 Munich, Germany

In this contribution we examine the effect of thickness-reduced ab-
sorber thin films employed in efficient chalcopyrite solar cells on the
presence of defect states and photon conversion efficiency as well as the
inherent limitation of carrier collection lengths. The investigated solar
cells were produced in a well controlled and reliable pilot line and were
characterized by means of current-voltage and capacitance-voltage pro-
filing. Furthermore, the spectral absorption coefficient was measured
and the resulting absorption depth is compared to the results obtained
from spectral response measurements. The analysis yields an accurate
determination of effective carrier collection lengths and thereby a good
estimate of optimal absorption layer thicknesses.



