Thin film solar cell research at Empa Flexible perovskite/CIGS and all-perovskite tandem solar cells
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Severin Siegrist, Shih-Chi Yang, H. Lai, Y. Zwirner, S. Nishiwaki, F. Fu, R. Carron and A. N. Tiwari Development of high efficiency flexible tandem solar cells for light weight applications (e.g. wearable electronics, etc.).
Laboratory for Thin Films and Photovoltaics, Empa — Swiss Federal Laboratories for Materials Science El | |pa
and Technology, Ueberlandstrasse 129, 8600 Duebendorf, Switzerland Materials Science and Technology Results:
Source: Adv. Energy Mater. 2021, 11, 2102526 Si a-Si:H GaAs CdTe <] IS & €zTS P> shs O PSCs @ OPVs
i i © DSSCs @ All-Perovskites tandem*
BIfaCIaI CIGS SO|ar CE”S 30F  25.4 % (4T, flexible, perovskite/CIG @ OPV/Perovskite tandem*
& o o Sﬁ{ Ki W GaAs/InGaP tandem*
Bifacial device structure Suppression of detrimental GaO, Externally Certified by Fraunhofer ISE B gl shigp Q\%?’ % f‘}T,,f[e_X!blelall-perogs@:te)
O E N -— - -
interlayer by low-temperature process a = N Cgﬁo S e e -
Front lllumination \ Y P p ~ 35 18.8 OA),Q \\\\ gj Q 15.1 % lowest VOC dEﬁC—II (480 mV)
. . \ o . - - - -]
; $ 10f  <Kflexible! 1.24 eV perovskitgy, ({lexible, 1.77 eV perovskite)
1 MgF / Gri E 25/ 1 o
2 AZO /i-ZnO e H ¢ » A O\ O
cds g 204 1 \\\ A
] ) .
3 5] 0 L L L L L L L L L
€ 1.1 12 ] 13 1.4 A 15 1.6 1.7 1.8 N 19 20 2.1
£ 10 ! N \
(Ag,Cu)(In,Ga)Se: 3 . Front illumination ! ~ Eg O Eg portom (€V) N
5 N . . 1 ~ 100
E Rear ilumination PTN 32 S
o ITo 0 w0 20 w0 4k 50 60 70 a0 vel G0 » . " M\f Lo
Valtage (V) w3 hotons ” { —
i i g g {
M Substrate Comparison with state-of-the-art o6 w2 g, ; lo 2
20 I < g { g
State-of-the-art thin film CIGS technology g e i H : 5
25 ps £ ! <
Rear lllumination 8 i» h{
20| 23.35% 23.04% 02 Narrow bandgap 20 : oo
;\? @\‘a“: &0 4 PSC
Summary s I L ) L ]
= New low-temperature process overcomes the long-existing hurdles in bifacial CIGS solar cells Q 0 W PO a0 so e 700 @0 w0 1o oo e o w0 om0 %o ww om0 o
=  Comparable bifacial device performance with state-of-the-art monofacial devices 10+ onsig Pl 2°‘«.\\\° Wavelength (nm) Wavelength (nm)
= Great potential for building-integrated photovoltaics (BIPV . . . . . . .
P grinteg P (BIPV) 18.8 % efficient narrow bandgap 25.4 % efficient flexible perovskite/ Flexible, wide bandgap (1.77 eV)
Outlook 1.24 eV) perovskite solar cell on CIGS 4T tandem solar cell and flexible erovskite solar cell with record
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Realization on light-weight and flexible substrates, e.g. Polyimide o A0 ol 350, flexible substrates all-perovskite 4T tandem solar cell low open-circuit voltage deficit
with 23 % efficiency (only 480 mV)
Device structure Bifacial Perovskite/CIGS tandem solar cells Outlook
o 1 = 100 o ——— =  Boost efficiency of flexible, thin film 4-terminal tandem solar cells to over 25 %.
front ilignation o7 i s S T = Scale-up flexible tandem solar cells/modules.
T 1 < s LCE I '.: 'a.“ T L =  Demonstrate stable and high efficiency thin film tandem solar cells and modules by cost-effective, solution-based methods (slot-die coating).
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