S STIRCELL

Newsletter 1l

/) December 2018

Sustainability Innovatidn- /Future

. .6

\\\\\\\

......

.....

H2020-NMBP-03-2016-720907
Advanced strategies for substitution of critical raw materials in photovoltaics

Welcome

The third editon of this
communication is finally here!

This newsletter offers a summary
of the key pr o] &ey teSults, as
well as the following up of the work
plans, the latest news of the
project. This number also presents
the most recent STARCELL project
related events.

Objectives

STARCELL aims to substitute two
critical raw materials (In and Ga) used in
conventional thin film photovoltaic (PV)
technologies, via the introduction of
sustainable Kesterite (Cu,ZnSn(S,Se),
- CZTS) semiconductors.

Targets

To optimize materials,
processes and devices in order
to achieve a Kesterite solar
cell with 18 % efficiencies
(16% at mini-module level) at a
cost 00.30 0/Wp at TRLS5.

This project is supported by European Un i o Hadizon 2020 research and
(048] innovation programme under grant agreement No 720907, project STARCELL
(Advanced strategies for substation of critical raw materials in photovoltaics).




Latest news

18 Month STARCELL Project
& Review Meeting

Tuesday,5 June2018 Duringone and
a half day, the STARCELdonsortium
has organized the 18 Month and
Review Meeting at Midsummer in
Stockholm Sweden presenting and
reviewing the main achievementsof
the projectin the last 18 months Also,
the Meeting includedthe participation
of representativesfrom the European
Commissiorandthe AdvisoryBoard
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STARCEL18 Month Project Meeting at
Midsummer
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Imperial College of Londo
Best Poster Award Winner at
the MRS Fall Meeting in
Boston!

Friday, 30 November2018 Prof Aron
Walsh 3 N2 dwialf) éhe Best Poster
Award in the MRS Fall Meeting in
Boston, for a very relevant work
demonstratingthe ¢ { A S & $ RiC
sulfur vacancies in CZTS
Congratulationgo this STARCEIlpaper
andto the authorsfrom the ICL!
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FALL MEETING
& EXHIBIT
Boslton, Massachusetls

Dr. SamanthaHood and Dr. Aro
ICLposterMRSall meeting
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Workshops

STARCELL organizes a
specific Workshop on
Kesterites in the past E-MRS
Spring Meeting

Monday, 18 June 2018 STARCELdo-
organizedtogether with SwingH2020
project, a special Workshop on
Kesterite,asa part of the SymposiunA
(Thin Film ChalcogenidePhotovoltaic
Materials), in the past EMRS spring
meeting held in Strasbourg, France
during 1822 January 2018 Very
renowned speakershave been invited
to the Workshopincluding Prof Lydia
Helena Wong (NTU, Singapore),Prof
Aron Walsh (ICL,UK)and Dr. Matthias
Maiberg (MLU, Germany), for
discussingthe last advancementsand
perspectiveof Kesterites
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STARCELL

WORKSHOP

Monday, 4 June 2018 STARCE
consortium authored an Industria
Workshopby joining expertsfrom the
PV Industry for discussing the
positioning and perspectives of PV
technologiesin Europe The Workshog
was hosted by Midsummer in
Stockholm, Sweden With
representatives from AYESA and
MIDSUMMERand with the invitation
of CRYSTALS@hd NAMECcluster,an
overview of the future challengesof
the PVIndustrywasgiven At the end,
the participants have the opportunity
to visit the MIDSUMMERFactory The
programfollowed couldbereadas

Dr. Eric Jaremalm(Midsummer} "Thin
Film PV Industry LJS NE& LJS (i
Simon Perraud (NAMEC and CEA)
"Recent initiatives in Europe on
photovoltaics clustering of R&l
projects and moving towards the
industrialization of high-efficiency
0 SOKY 2t P2all JDetéraMeisnel
(Crystalsdl ¢ oCrystalsolroadmap for
kesteritesolarcellsA Yy R dza (i NJ& |
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STARCELL INDUSTRIAL WORKSHOP
MIDSUMMER, Stockholm, Sweden, 4" June 2018
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Workshops

Oth European Kesterite Workshop
The STARCELdonsortium had a very active participation in the last EuropeanKesterite
Workshopheld in Ghent,Belgium,from the 29th to November30th 2018 In this workshop
there were presentedthe most relevantand impactingresultsobtainedin the last year of
the project Several STARCELLesearchers,postdocs and students have participated,
discussing@boutthe lastprogressesswell asnext challenaef this fascinatingechnology

9th European Kesterite Workshop
Ghent, 29-30 November 2018

Pre-workshop Student Day Program
This time, the pre-workshop PhD The Kesterite workshop 2018 followed
student meeting was held at the tradition of the previouseditions by
EnergyVille(Thor Park,Poort Genk, stimulating the discussionon the issues
Belgium)from the 29" to November and current understandingof Kesterites
i 30th 2018 The event started with  Aiming to motivate the valued open
£ a speech about advanced Raman characterwith a focuson important and
GHENT spectroscopyasa compositionaland unpublished  results ~ With  the
UNIVERSITY  structural characterization participation of over 100 scientist, from
techniquefor inorganicsolarcellsby 22 different countriesin 5 continents!
Pt Dy Maxim Guc from IREC(Spain) The Workshop started with a Welcome
ety During the afternoon, the students Speechgiven by Johan Lauwaert from
HofAane;p held a very interesting discussion the  Ghent University = STARCELI
) about the role that Kesteritesplay supported this  Workshop and
Imec into the solarcellscommunity After contributedwith 6 Talksand5 Postersas
this, the studentsorganizeda Round well as with the participation of several
IRECEJ Robin experiment in order to PhDstudentsandresearchersnvolvedin
improve the understating of their the STARCEDbkoject
work. Finallyseveralindustrial talks
":HH'TTU were motivationa Wmerformed
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Invited Speakers in the

ENGE 2018 Conference

Monday, 12 November 2018 Dr
YaroslaRomanyukrom EMPAandDr.
Edgardo Saucedo from IREC, were
invited to deliver a review speechon
Kesterites in the 5" International
Conferenceon ElectronidMaterialsand
Nanotechnology for Green
Environment (ENGE2018), that was
held from 11t to November14 2018
in Jeju Korea, and hosted by the
Korean Institute of Metals and
Materials

Thiswasa very prestigiousConference,
and they promoted the STARCELL

project in the frame of the Materials

for renewable solar energy
Symposium
6-2 Materials for inorganic photovoltaics
E rdo Sat i ' Biography
Instit r En y Research
Review on the Doping and Alloying
Strategles for CuzZnSn(S,Se)s
Yaroslav Romanyuk Biography

Alkali Doping for High-efficiency Thin Film
Solar Cells Based on Chalcogenide Cu
(In,Ga)Sez and CuzZnSn(S,Se)s

ENGE2018 STARCEWNaroslavRomanyuk

Yo STIRCELL

EdgardaSaucedo
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Seminar of Dr. Zacharie Jehl

Friday,4 May 2018 Dr. ZacharieJehl
from Universityof Tokyovisited IREC
for establishing scientific
collaborations, giving a Seminar
about the activitiesin photovoltaicat
the University of Tokyo, and
presenting his main investigations
including ultra-thin  Cu(n,GgSe
concepts,and hot carrierssolar cells
basedon IlI-V semiconductors

IREC”

Institut de Recerca en Energia de Catalunya
Catalonia Institute for Energy Research

Seminamwf Dr. Zacharielehl
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Participation of STARCELL at STARCELL

titrriNg

Exploitation

Tuesday5 June2018 In the frame of

the NJour n ®™atériaux Activities
Université Cote d'Azuro
Sunday 16 September 2018

Researcherdrom IMRAparticipatedin
the "Journée Matériaux Université
Cote d'Azur", Nice, FRANCEhat join
the CoOte d'Azur region in France In
this dissemination activity, IMRA
presentedthe main characteristicsaand
most relevantresultsobtainedsofar in
STARCELfor promoting the project
among the different stakeholders of
the region

MLU Open Day

Friday 6 July 2018 On 6" July 2018
STARCELparticipates in the & [ 2 s
Night of { OA & yrgefized in the

frame of the OpenDay at the Martin
LutherUniversityHalle Wittenberg For
the occasion,the PhD student Chris |

Bluhm presented the STARCE
activitiesto the audience,includinga
visitto the UniversityLaboratories

Y STTIYRCELL

the different project meetings, AYESA
organized several interactive
Exploitation activities, which includes
all the consortium, and are very
relevant to obtain and refine
information for the Plan for
Exploitationand Disseminationof the
Results that is under continuous

improvement in the project The
activities included very interactive
exchangeof information between the
partners,in order to identify the most
relevantexploitableresults
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Key 9

Someof the most recent and relevant (key) results succeededduring this last
period (24 M) by the different partners of the STARCELtonsortium are
summarizedand presentedin this section

I: The band tailing evaluation via the Urbach energy

The method based on the Urbach tail model applied to EQEcurves
recorded with setups having large range of the SNRratio seems a good
methodologyto characterizethe band tailing sinceit givesquite reproducible
and consistentresults This methodology (Urbachtail model and EQEfitting)
givesbandtailing UrbachenergyparameterEuof ~20-25 meVfor Cu/Znpartially
disorderedKesterites ThisEuvalueis very closeto the state-of-the-art low band
tailing of CIGS(Ew~20 meV), and a deeper analysisof the loss mechanisms
showsthat the Voc loss from such band tailing of 20-25 meV in the radiative
emissionrepresentsa smallpart (~60 mV) of the total Vocloss(~500 mV versus
the Eg.0 eV, or ~300 mV versusthe ShockleyQueisserlimit). Therefore, Eu
cannotbe responsibleof the largeVocasassumedefore the project.

Alsq QFL$wasbeenproposedasan alternative metric to evaluatethe Voc
deficit comingfrom the absorberquality. In view of theseresultsit is quite likely
that the Vocdeficit is causedoy bulk recombinationdue to someremainingdeep
defects Otherwise, despite the relatively low Urbach energy, the EQE of
Kesteritesare still rather inclinedwith respectto the parent CiIGSechnology this
might be causedby the Cu/Zndisorder(the maximumattainableorderingat RT
being~80%) or by somekind of bandgapfluctuation.
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Figure 1. Band tail Urbach energy (EU) Figure2. QFLS o€EZTSSMRA samples (with full Cu/Zn disorder) with or without a

: : - passivation layer, posinnealed at different temperatures, and compared to QFLS of b
determination from EQE/fitting of f(QE)versus absorber. Left: different passivation layers; right: CZTS without or with HfO2 passivat

photonenergyEto extractEu layer at different postinnealing temperatures.
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Key 9

Il Demonstration of a i U graded bandgap

Both front gradingand backgradinghave beententatively implementedin
Kesterite devices It is worth to be aware that the most promising route
concerningoackgradingusescationic(Gé€ Sn substitutionwhile the font grading
Is tackled with anionic (S/Se)gradient As far as front gradingis concerned,
objectivesof the STARCEIproject havebeenfulfilled sincea bandgapwidening
up to 140 meV hasbeen obtained, which is translatedin a 30 mV reduction of
the Vo deficit. However, further optimization of the sulfurization processis
required to avoid absorberdegradationduring this step which leadsto reduced
Jc-and FFand henceslightlylower power conversionefficiency Onthe contrary,
backcontactgradingimplementationdoesnot meet the expectationand only a
very shallow (~ 20 meV) bandgapgrading can be maintained throughout the
absorber after synthesis The reason lies into the fact that in the case of
CuZnESn,GéSe, the high temperature selenizationstep tends to homogenize
the cationic distribution and reducethe desired back bandgapgrading Similar
behavior occurs when back grading with anions (Se) has been tested (not
describedin this deliverable) Significantprogressediave been made during the
STARCELWUtroject towards bandgapgraded Kesterite absorbersbut additional
effort (both on theoreticaland experimentalpoints of view)to achievethis goal
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Figure3. (a) Schematic of experimental series. (b) Calcul@gdse+Shprofiles from SIMS measurements
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lIl: Impact of new materials and processes optimization for Cd-free
buffer layers

Different routes have beentested to replace CdSbuffer layer in Kesterite
solarcells First,CBDof a ZnMgObuffer layeron CZTSSkasbeentested. It has
been shownthat controlling simultaneouslythe thickness,the Mg content and
the morphologyof the buffer layer on the absorberis particularly challenging
Thus,it hasnot beenpossibleto achievethe exactlydesiredZnMgObuffer layer
and consequentlynaximumefficiencyhasbeenlimited to 5% whichis aboutthe
half of the efficiencyobtained with the reference CdSbuffer layer Sputtering
deposition of buffer layers for Kesterite solar cells never meet successin
literature but is howevernecessaryor the Midsummerprocess Thus,deposition
of ZnOSAand ZnSnby sputteringhavebeenstudied Asfar asZnOSs concerned,
no workingdevicehasbeenobtainedwhateverthe absorber(CZT®r CZTSeand
the ZnOSsputtering condition Particularlyvariation of the [S]/([S]+[Se])atio in
the [0-1] range has been unsuccessfullytested for both CZTSand CZTSe
absorbers Most of the effort for sputtered Cdfree buffer layers have been
dedicated on ZnSnOfor CZTSabsorbers By optimizing sputtering conditions
(power, pressure,O, in carrier gas),but aswell exploringnew strategies(ZnSnO
dopingwith SF reactivesputtering,absorbersurfacecleaningby reactiveetching
in sputtering chamber),Mo/CZTSZnSn@®ZnQAI deviceswith higher VOCthan
the referencecellshavebeen obtained However,due to insufficientJSGnd FF,

thesedevicesexhibitonly limited efficiencies Table I. Performance parameters of
CZTSe solar cells based on CdS
(3) 10 (b) TR : referenceand alternativebufferlayers
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