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Fig. 1 (a) Molecular structures and (b) normalized absorption spectra of the photoactive materials for rear cells;
(c) Molecular structures and (d) normalized absorption spectra of the photoactive materials for front cells
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/1), ¥ H LAWK E20 mg/mLiE T &4 (CB),
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Fig. 2 Integrated current density from the AM1.5G
photon flux
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Fig. 3 (a) J-V curves and (b) EQE spectra of PBDB-T:ITCC-M and J52-2F:IT-M OSCs; (c) J-V curves and (d) EQE

spectra of PBDTTT-E-T:IEICO and PTB7-Th:IEICO-4F OSCs
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Voc, 24.7 mA/cm? (1] JscF10.679/IFF. AT Je i
IERSE R, HANTA 7TRERNRA. N7l
— AN B XS B, AT AR ] % T PBDTTT-
E-T:IEICOM#3fF. AH% T PBDTTT-E-T:IEICOf]
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I EQE{# ¥ % T PBDTTT-E-T:IEICO ] %8 14,
X AR AER 43 B 2 FE N 18.4 mA/em? P2 3] T
24.0 mA/em?. AN, fHAFIEREMEZ, PTB7-Th:
IEICO-4F 1] &5 11 75 i i K 77 [h) 52 30 AH X AIC 1)
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NTHAE RN S Z i, RAEH Tk
HIHRE ) — AN R D B #8445 44 ITO/PEDOT:
PSS/152-2F:IT-M/ZnO/PCP-Na/PTB7-Th:IEICO-
4F/PFN-Br (5 nm)/Al (21 4@)fiR). KR4
I RE K B 4b) B, B2 AN & M 2 1 JE B T
TP FEL R B LA R AR L OCEE, FRATIAE
A SR E AR TR 5T IR
FEIRE. R25IH T AFREE T RE4ES5. M
Forh, WLEEIEZE B Voo REFIEL6S VI
Fi GEARZET A 5T IR ES LR 2 A, Xt
VLB E R 2 Re s OE A T, PRIERT
Jo FL R A R A Bk, A5235 TRT R IR
RN JE IR U, ERTTET. BRI E
FER AR T, B )33 R AR N R AR R R AE
0.675/ 4. BRI AR, A B 20 5
AR, X EWRERT 5T R EER ST
BN W ORI L U FC 1 = AR R 2 T FYR )
JEFEN110 nm, 5 IR EE N100 nmif, &)2
IR R ACRIA B e, BD14.9%, XFRE
HIVocN1.65 V, JscN13.3 mA/em?, FF40.680.
X =, & FPBDB-T:ITCC-M/PBDTTT-E-T:
IEICOM Xt HE 234 FIPCE N 13.4%, AH N I s 1A
11.5 mA/em?. SR 1IJ-Vith £t Bl 4(c) s,
AR Z B AT 35 5, ENIMEET 78 =77
WIE, 3R1F 1 14.0% e E R, X R Voc
N1.64 V, JscN12.9 mA/em?, FFN0.664, iXAF
R FATH ML SR L7 3475 BIEIST).

Table 1 Photovoltaic parameters of single-junction devices

Active layer Voc (V) Jsc (mA/cm?) FF PCE ¢ (%) Thickness (nm)
PBDB-T:ITCC-M 0.993 14.7 0.652 9.52(9.28 £0.19) 100
J52-2F:IT-M 0.944 18.3 0.697 12.0 (11.7£0.2) 125
0.950 18.3 0.720 12.5(12.2+0.2) 110
0.952 18.2 0.726 12.6 (12.3+0.2) 100
0.949 17.0 0.725 11.7 (11.3 £0.3) 85
PBDTTT-E-T:IEICO 0.822 18.8 0.661 10.2 (9.82 £ 0.26) 100
PTB7-Th:IEICO-4F @ 0.731 24.4 0.585 10.4 (10.0 £ 0.3) 100
PTB7-Th:IEICO-4F ® 0.705 249 0.663 11.6 (11.3+0.2) 110
0.708 24.7 0.679 119 (11.5+0.3) 100
0.708 23.8 0.686 11.6 (11.2+0.3) 80

2 Chlorobenzene is used as a solvent and the device was fabricated according to reported methods; ® Chloroform is used as a
solvent; ¢ The average PCE was calculated from more than 10 devices. The devices based on PBDB-T:ITCC-M and
PBDTTT-E-T:IEICO were farbricated according to the optimal conditions in a previous work than 10 independent cells.
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Table 2 Photovoltaic parameters of tandem devices with different thicknesses of the subcells

Thickness (nm)

Front cell Rear cell Voc (V) Jsc (mAfem?) FF PCE* (%)
130 120 1.79 11.5 0.648 13.4 (12.9+£0.3)
120 100 1.64 12.9 0.675 14.3 (13.8 £0.3)
110 100 1.65 133 0.680 14.9 (14.5+0.2)
100 100 1.65 12.8 0.674 14.2 (13.9+0.2)
110 110 1.65 13.2 0.679 14.8 (14.5+£0.2)
110 80 1.65 12.1 0.677 13.4 (13.0£0.3)

2The average PCE was calculated from more than 10 devices.
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Fig. 4 (a) Device architecture of the tandem OSCs; (b) Schematic energy level diagram of each material in this tandem
OSCs; (c) J-V curves of tandem OSCs; (d) EQE spectra of front and rear subcells and the summed EQE spectra of the

subcells
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Organic Solar Cells with an Efficiency Approaching 15%

Yong Cui, Hui-feng Yao, Chen-yi Yang, Shao-qing Zhang, Jian-hui Hou"
(State Key Laboratory of Polymer Physics and Chemistry, Beijing National Laboratory for Molecular Sciences,
Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190)

Abstract In this work, we focus on the fine-tuning of absorption spectra to achieve well-matched light response
and reducing the energy loss (Eioss = E°P — e*Voc, where E°P is the optical bandgap, and Voc is the open circuit
voltage) for the sub-cells of tandem organic solar cells (OSCs) to improve photovoltaic performance. We select
PTB7-Th:IEICO-4F with a band gap of 1.24 eV as the rear cell and J52-2F:IT-M with a band gap of 1.59 eV as
the front cell to fabricate the tandem OSCs. The absorption spectra of PTB7-Th:IEICO-4F is mainly located in the
region of 600 — 950 nm, while that of J52-2F:IT-M is mainly located in the region of 450 — 750 nm. Their
response spectra are very complementary, and both of the sub-cells show high external quantum efficiency,
prompting the tandem OSCs to realize high-efficiency utilization of solar spectrum in the range of 300 — 1000 nm.
In this tandem OSC, the Eioss in both front and rear cells are also effectively controlled to be 0.64 and 0.53 eV,
respectively. In addition, an efficient interconnection layer (ICL) of ZnO/PCP-Na is used to connect the front and
the rear sub-cells, which shows outstanding diode characteristics and high light transmittance in the long
wavelength direction. In view of these excellent properties, the tandem solar cells manufactured in this work
possess the advantages of high short-circuit current density (Jsc) and Voc, reaching 13.3 mA/cm? and 1.65 V,
respectively. The highest power conversion efficiency (PCE) of the tandem OSC reaches 14.9%. The device
parameters decrease slightly after encapsulation due to the intense ultraviolet irradiation, and a certified PCE of
14.0%, with a Voc of 1.64 V, a Jsc of 12.9 mA/cm?, and a fill factor (FF) of 0.664, recorded by National Institute
of Metrology (NIM), China. This result is the best obtained in the organic photovoltaic field.

Keywords Organic solar cells, Polymer solar cells, Non-fullerene acceptor, Tandem solar cell,

High performance
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Fig. S1 A certified result of the tandem OSCs in National Institute of Metrology, China.
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