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Research Focus

The laboratory for Thin Films and Photovoltaics is working on thin film solar cells based on chalcoge- Tandem solar cells are the most promising technology to
nide (CIGS, CZTS) and perovskite absorber materials. further increase the efficiency of solar cells beyond the I I

classical detailed balance single junction limit of ~30 %. = =
The primary focus is the development of flexible solar cells and all-thin-film tandem devices. . N —

2-terminal tandem By using a stack of two solar cells of different band Fundamental approaches for dual junction tandems : junction ~__ IIECEL
S A\ gaps, higher efficiencies (n > 40 %) can be achieved Sotiom cell
3" 2-terminal (monolithic) tandem:s:
21 4 CIGS thin film bottom cell: - Reduced material use and optical losses
% 40 - high efficiency (23.35 %) - Current matching necessary
€ / 3 - tunable narrow band-gap (1.0 - 1.3 eV) - Increased growth complexity due to constraints
Eo’m o LGOS ” % - potential for low production cost posed by the sub-cells (roughness, temperature)
“ 2 - allows flexible substrates - Need for tunneling junction / recombination layer | -
) 4-terminal tandem TZ 2 L
S o - Perovskite thin film top cell: 4-terminal tandems: SR & converter @
s i - high efficiency (25.2 %) - High flexibility in composition and production Transoarent & conduotve laycr SR [y==pwatm @
5" 0 - low deposition temperature - Improved stability to variable spectrum and gg | & converter [foutput
T - tunable wide band-gap (1.55 - 1.7 eV) asymmetric degradation of sub-cells ;OT;“;”CF:W&C°”"“"”VG et
§ 0o - allows flexible substrates - Increased optical losses (TCO) and material usage
B s S— - Additional electrical circuit necessary
top cell band gap (eV)
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Results
CIGS bottom cell All-vacuum-processed perovskite top cell
Development of bottom cell with band gap of 1.0 eV Perovskite top cell development without spin coating
CIGS structure WHY ARE WE INTERESTED? Reference Potential WHY ARE WE INTERESTED?
MgF / Grid Traditional CIGS has a bandgap that is too replacements | Perovskite solar cells deposited using wet
AZO /i-ZnO high for the optimal combination in a chemistry processes have problems to
cds tandem devicel AZO evenly cover rough surfaces.
1 100 — . | | . . ZnO-NP SnO2 (ALD) This leads to shunting in the top cell and pre-
0 PCBM C60 (evap.) vents monolithic devices from operating at
- / Cu(ln,Ga)Se2 o (Cs FA)Pb(l Br)s optimal conditions.
=1 o 60} ]
T s STAA NiO (sput.)/
= 40} _ O MnS (evap.)
Mo O State-of-the-art
20} CIGS : Glass PET
Glass substrate N 1> bottom cell - | |
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PV parameters of notable CIGS cells Improvemed stoichiometry in CIS Deposition of CsBr:Pbl, by PVD Formation of perovskite by CVD process
0.62 . . o
Band gap Vqc Jsc FF Eff Hiah RbBF I 160°C 190°C |
-2 % % |g L “‘/
e () i) WG 060l Low RDF - = ] » D ¢ S ‘ FAI —’ Am—y
CIGS on glass 1 1.08 734 39.6 80.4 23.35* - NO RbF - pressure ~5 mbar
(Solar Frontier) —
Flexible CIGS 2 1.14 734 367 772 208 > 0.58¢ = 1 CsBr Pbl>
(Empa) o — : : : :
CIGS on Steel 1 09 203 385 744 2020 < 056! " _ Cell with vacgum .dep(.)SIte(.j absl,orber (J-V) Semltransparent perovskite solar cells
(Empa) ' = T 5ol |Cellarea:0.27 cm? |
Narrow BGCIS®  1.00 609 423 746 19.2 5 PCE:12.8%
' ' ' ' 0.54} ~, — - < J_:20.2 mA/cm?
(Empa) ' : c 10} VSC 0.97V
* Externaly certified values I = FI‘;C, 6.5 504
"Nakamura et al., IEEE Journal of Photovoltaics, vol. 9, no. 6 0.52 | ~+ = 0) —
2Carron et al., Advanced Energy Materials, vol. 9, no. 24 low CGI high CGl =
>Feurer et al., Advanced Energy Materials, vol. 9, no. 35 T _1pl
c
- State-of-the-art CIGS shows high conversion efficiency (20.8 %) on flexible polyimide substrate & 50
- 19.2% efficient CIS cell with 1.00 eV band gap achieved on glass substrate O , , , , , ,
0.0 0.2 04 06 08 1.0 1.2
Main improvements: Bias voltage / V
- Reduced recombination at back contact, bulk and front interface - Two-step vacuum process for absorber deposition implemented
-V of cells considerably enhanced - Alternative charge extraction layers identified and under evaluation
Tandem device performance Summary and Outlook
— Perovskite top-cell - - - Tandem response 4-terminal perovskite/CIS tandem - 19.2% efficient CIS based solar cells with lowest bandgap (1.0 eV) have been achieved
—— CIS bottom-cell - - - CIS standalone solar cells - CIS cells show improved V __and charge carrier collection
100 | | | | | | Voo I FE Eff. - Bottom cell current in 4 terminal configuration can reach values comparable to FAPbI, based
80| (mV) (mAcm?) (%) (%) top cells
x CIS standalone 597 423  74.0 18.7 : : : : :
=~ 60l perovskite top-cell (bwd) 17034 2079  79.8 17.2 -Vacuum-based perovskite absorbers with good phase purity and homogeneity have been achieved
g Perovskite top-cell (MPP) 16.9 - 25 % efficiency demonstrated in 4-terminal tandem configuration
= 40} CIS bottom-cell 565 194 742 8.1
@) _ .
20+ A-terminal tandem 23.0 - Fill factor of both cells is still poor and needs further improvement
Qi . . . Tandem with perovskite top cell from . - ETL/HTL still spin coated, development of vacuum processed extraction layers ongoing
00 409 6\(,)V(;V€?e0n09ht1/onor?] 1200 1400 partner TNO / Solliance. 's%?ni\“ﬁ“é‘“ﬁ - Demonstrate monolithic 2-terminal tandem devices
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