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Abstract Organic solar cells have been developing quite rapidly in the past two decades. Tang fabricated the first organic
solar cell with planar heterojunction in 1986, while the power conversion efficiency (PCE) was only 1%. The PCE of sin-
gle-junction organic solar cell has increased to over 17% in 2019. However, the single-junction solar cells are limited in per-
formance by the severe energy loss. Tandem organic solar cells that use an interconnecting layer connecting two sub-cells
provide the possibility of optimizing the devices performance. The two different active layers of sub-cells have
non-overlapping light absorption scales, which make the light utilized more adequately. Therefore, the tandem architecture of
devices can extend the light absorption within the solar spectrum and effectively reduce energy loss resulting from thermali-
zation loss and transmission loss. According to Shockley and Queisser’s calculation, the limitation of the PCE of a tandem
solar cell is 42%, which is higher than 33.8% of a single-junction solar cell. In organic photovoltaics field, the developments
of the tandem solar cells benefit from the optimization of active layers, interconnecting layers and construction methods.
These achievements have resulted in higher PCEs and the devices approaching practical application. At present, the highest
PCE of tandem organic solar cell is 17.3% obtained by Chen’s group in 2018, but it is still far from the PCE limitation. Ac-
cording to Kirchhoff’s law, the open-circuit voltage (Voc) in series tandem cells is theoretically equal to the sum of the Vocs
of sub-cells, and the short-circuit current (Jsc) in parallel cells is equal to the sum of the Jscs of sub-cells. Hence, the series
tandem solar cells still face with the challenge of the unmatched Jscs and the complexed processing methods. Here, this re-
view mainly focuses on the materials used in tandem solar cells, the structure of the interconnecting layers, the processing
methods, the measurement methods and the applications. The critical achievements on tandem organic solar cells in recent
years and the progress of larger scale, flexible tandem devices are summarized in this review. It also presents the outlooks of
the high performance tandem solar cells based on the material and structure requirements.
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Figure 1 (a) Normal structure in series tandem devices; (b) inverted
structure in series tandem devices; (c) parallel tandem devices
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Table 1 Bandgap (£,), VB/HOMO, CB/LUMO, Fermi level (£r) and the roughness (R,) of the materials applied in the ICL of tandem solar cells

HTL/ETL Materials E/eV XE@HOMO (CC%/)LUMO Ei'leV Ry'/mm Ref.
WO; 3.50 —5.40 —1.90 —6.65 3.29(1ITO) (27.2930]
MoO; 3.00 —5.30 —2.30 — — (241
V505 230 —6.55 —4.25 — — 241
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GO 271 — — —4.70 2.30 136371
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GOR 1.50 —5.00 —3.50 — 3.46(ITO) (39
P2Mo-POM 18 2.60 —8.20 —5.60 — — 0]
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Table 2 The interconnecting layers, Voc and the Voc loss of tandem solar cells

T T Voe 2RI ZE (Voc F125). 22 i gl 1 i
SRR FE I [E] J2 S5 M RIS B () B R B Voo, FHTEE
2 st AN A2 SRR Voo B Voe 5 3E
17 T X xFEege it #dE, J i E 5l A PCP-Na.

PFN-Br. CPE-K ¢ CPEPh-Na %5 H A5 #0/NEFHLR  B A
VIR RIS, BB A BN Voe 1K, [RIFELE ] Z 16

Structure Interconnecting Layers Voc'IV Voc/V Voc loss?/V Ref.
ZnO/PEDOT:PSS 1.62 1.56 0.06 271
ZnO/n-PEDOT:PSS 1.57 1.53 0.04 71
ZnO/Al/MoO; 1.84 1.84 0 B8
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Figure 2 The interconnecting layers, Voc and the Voc loss in (a) normal structure and (b) inverted structure tandem solar cells
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Figure 4 The structures of polymer and small molecule electron acceptor materials

FEEAEFDERIGE R, ERAR PO AREZERR SR 2016 4, Lin FPH1% T AN EE R EZ
WA, I HLI TS 15 5 B0 S AR F T A 4 i 15 =5 AR, SLILT 8.48%MI A %2/ 1.97 V HIFF
EEEIOREN S, K R T AR RPCRE B E. Hou A& R T MY TR K ITCCM, 5

388  http://sioc-journal.cn © 2020 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Acta Chim. Sinica 2020, 78, 382—396



1 F F ®R

PBDB-T A N E Z 4K, UL PBDTTT-E-T:
IEICO £ T Hiith, 18 PCEIA S T 13.8%, Vocidid 1 1.8
V. 2018 4F, Yan %31\ P3TEA:FTTB-PDI, il PTB7-Th:
IEICS-4F 70 nilfEiE IR, S Voe N 1.73 V. 2015 4F,
Zhan SFPHRGE T IR E BRI BT 3244 ITIC. Peng R
B, PBDTS-TDZ:ATIC i P 1 % 1) B 2 284,
Voo k8213 V, 7RI T 3B & $hid S ARTERAF =1 Voc
T E. BR/AN T2 AR CLAL, AR TR AT LR,
MATEBESRME. LWz~ ZNHANEEYZK
N2200%% Zhang 25°VPL N2200 1 5214 . PTzBI-Si /£ %%
i, Hil#& T EREMBERME, T/T 172 VI Voc 5

R3 NTBZAEHURIARE R f06 P52 1 R 25 2 R Pk g

11%[¥] PCE {H, 2 Hul &R AV EE 8415 0eE.
SR, IXFPEA PDI 8 NDI ¥ e, HT2E~aH0RI
PEESSR, 2 TP IR, MRS B B 1
TSR R AW, 7525 NARIR G5 F B K e b ok
AR R A, SR, RN EE o
TSR n BT RRE RHUE, A S e A A 1
e B Ay P S N E B Cheng 25074145 1 LA
PBDB-T:IT-M #1 PTB7-Th:FOIC:F8IC 43 HINERT 5 T-H
W2 22281, 23 FAE SRR N 11.52%,
#& H T4 National Renewable Energy Laboratory (NREL)
WAIE 8 JZ A WG AR B 1 B rm 350%

Table 3 The performance of the single-junction devices of different active layers used in tandem solar cells

Sub-cell BHJ ESleV Jsc/(mAscm %) Voc/V FF/% PCE/% Ref.
PBDDA4T-2F:PC; BM 1.75 13.67 0.90 75.00 9.23 23
PBDDA4T-2F:PCsBM 1.75 11.87 0.90 73.00 7.80 23]
PBDB-T:YITI-OF 1.65 13.40 0.98 67.18 8.81 881
PBDB-T:YITI-2F 1.61 15.54 0.93 69.69 10.05 58]
PBDB-T:YITI-4F 1.60 14.41 0.82 59.89 6.64 (881
PBDB-T:F-M 1.68 14.56 0.98 71.00 10.08 (261
PBDB-T:ITCC-M 1.68 14.50 1.03 65.70 9.83 (201
PBDB-T-2F: TfIF-4FIC 1.61 17.40 0.94 75.00 12.30 1631
PBDTTPD:PC,BM 1.82 12.37 0.92 68.00 7.75 1581
PBDT-TPD:PC;,BM 1.84 6.97 0.85 68.00 3.99 (891
PBDTT-TPD:PC; BM 1.86 7.09 0.85 73.00 4.40 891
PBDT-tTPD:PC;,BM 1.85 10.32 0.82 72.00 6.09 1891
PBDTT-ttTPD:PC;,BM 1.84 11.05 0.84 73.00 6.81 (891
PBDTS-TDZ:ITIC 1.61 17.78 1.10 65.40 12.80 (731
PBDTTBO:PC-BM 1.72 13.20 0.86 61.70 7.00 531
PBDTFBZS:PC;,BM 1.81 10.44 0.88 67.20 6.18 150
PTB7:PC;,BM — 14.50 0.74 60.00 6.40 o1
PTB7:PCs BM 1.61 15.80 0.75 69.40 8.30 (681
PTB7-Th:ITIC 1.53 15.43 0.84 68.00 8.79 21
PTB7-Th:4TIC 1.41 18.61 0.77 71.00 10.11 1921
PTB7-Th:6TBA 1.52 15.20 0.98 68.00 10.13 1691
PCPDTBT:PCs,BM 1.36 9.20 0.66 50.00 3.00 (3l
PCPDTFBT:PC¢;BM — 10.61 0.75 62.09 4.90 7

B PCDTBT:PC;,BM 1.82 9.76 0.87 56.00 4.73 1931
P1:PC;BM 1.82 12.27 0.91 68.00 7.62 =
P2:PC;BM 1.82 12.29 1.00 64.00 7.83 23]
PDCBT:PC;BM 1.85 11.28 0.80 69.50 6.31 (7ol
PDCBT:ITIC 1.41 16.50 0.94 65.67 10.16 14
PIDT-phanQ:PCs BM 1.59 8.56 0.85 68.56 5.00 7
PIDT-phanQ:PC; BM 1.59 12.30 0.86 63.00 6.71 91
PIDTT-DFQT:PC;BM 1.75 11.17 0.91 64.00 6.54 1631
P3HT:PC;;BM 1.88 9.27 0.60 66.60 3.77 1591
P3HT:bis PCs;BM 1.92 7.98 0.70 69.20 3.87 1601
P3HT:IC¢BA — 8.81 0.83 63.00 4.60 (891
PFDTBT:PCs;BM — 10.00 0.90 50.00 0.35 121
P3TEA:FTTB-PDI, 1.65 13.89 1.13 65.90 10.37 1831
PSEHTT:IC4BA 1.91 9.98 0.91 66.63 5.99 21
BDT-FBT-2T:PC;;BM 1.72 13.30 0.85 68.00 7.70 1931
P3CT:ZnO 2.12 0.91 0.49 29.60 0.13 1961
TQ1:PC;BM 1.73 9.01 0.87 66.00 5.17 o7l
MDMO-PPV:PC¢;BM — 4.10 0.82 55.00 1.90 1571
Si-PCPDTBT:PC¢,BM — 12.75 0.58 59.00 4.41 1981
pDPP5T-2:PC;,BM — 15.92 0.56 64.00 5.71 18
DTTz:Cyo 1.71 11.87 0.95 54.00 6.02 1641
SMPV1:PC;BM 1.74 12.50 0.94 69.00 8.10 621
DTDCPB:Cy 1.66 16.40 0.90 66.00 9.70 w8l
DR3TSBDT:PC,;BM 1.74 14.36 0.91 72.00 9.45 1]
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W F LR
Sub-cell BHJ ES eV Jsc/(mAscm %) Voc/V FF/% PCE/% Ref.
PBDTTT-E-T:IEICO 1.36 17.98 0.81 64.00 9.32 231
PBDTTT-C-T:PC;;BM 1.60 14.44 0.77 63.14 7.02 4
PBDTT-DPP:PC;;BM 1.44 14.00 0.73 65.00 6.60 1991
PBDTP-DPP:PC;,BM 1.46 13.60 0.76 60.00 6.20 %9
PBDTT-FDPP:PC;,BM 1.55 13.80 0.77 55.00 5.80 91
PBDTP-FDPP:PC;,BM 1.52 7.48 0.77 59.00 3.30 09
PBDT-TS1:PC¢;BM 1.52 15.60 0.80 64.25 8.01 (701
PBDBT-T:NNBDT 1.45 20.06 0.86 68.60 11.87 (781
PTB7:PC;BM — 14.64 0.74 73.00 7.86 89
PTB7-Th:IEICS-4F 1.32 16.80 0.73 61.00 7.50 3]
PTB7-Th:6TIC-4F 1.28 22.09 0.68 70.00 10.46 (100]
PTB7-Th:4TIC 1.41 18.71 0.77 71.00 10.36 1691
PTB7-Th:NOBDT 1.43 19.16 0.77 70.00 10.26 261
PTB7-Th:PC;;BM 1.59 15.74 0.81 66.00 8.41 23
PTB7-Th:T2 1.30 22.65 0.67 66.00 10.10 17
PTB7-Th:ATT-2 131 20.75 0.73 63.00 9.58 toi
PTB7-Th:BT-CIC 1.38 22.10 0.69 70.00 10.70 8
PTB7-Th:PCDTBT:IEICO-4F 1.27 25.30 0.69 70.00 12.20 1631
PTB7-Th:06T-4F:PC;BM 1.20 27.98 0.69 68.60 13.22 (4]
PTB7-Th:BT-CIC:TT-FIC 1.25 25.50 0.69 71.00 12.60 (102]
PIDTT-DFBT:PC;,BM 1.71 12.50 0.97 61.00 7.32 (03]
PIDTT-DFQT:PC;;BM 1.75 11.21 0.93 63.00 6.52 (03]
PDTP-DFBT:PCs,BM 1.38 18.00 0.70 63.40 8.00 (104]
PDTP-DFBT:PC;,BM 1.38 17.80 0.68 65.00 7.90 (281
T PDPPA4T:PC¢;BM 1.42 14.24 0.66 62.88 5.90 (10s]
PDPP4T-2F:PC¢;BM 1.42 15.31 0.78 63.41 7.58 (03]
PDPP4T-2F:PC,;BM 1.39 15.90 0.79 65.81 8.24 [105]
PIDT-phanQ:PC; BM 1.61 11.45 0.87 65.04 6.50 i
P3HT:PCs BM 1.91 7.36 0.60 63.64 2.80 4
P3HT:PC;,BM 1.91 10.80 0.63 69.00 4.70 (3l
P3TI:PC;;BM 1.59 14.00 0.69 64.00 6.18 71
PEHBDT-DFDTBSe:PC;;BM 1.70 11.82 0.75 65.00 5.74 (221
PODBDT-DFDTBSe:PC; BM 1.69 427 0.77 58.00 1.90 221
PMDPP3T:PCs,BM 1.30 15.30 0.61 65.00 6.00 131
PSBTBT:PC;BM 1.48 13.36 0.64 58.36 4.99 (21
PSBTBT:PC;BM 1.48 10.71 0.67 55.80 3.94 1591
PSBTBT-co-PCDTBT:PC;;BM 1.45 3.30 0.58 68.00 1.30 B34
PNDTDPP:PC;BM 1.44 13.34 0.76 68.00 6.92 (106]
PCPDT-FBT:PC;;BM 1.42 14.12 0.74 60.00 6.17 1631
PTTBDT-FTT:PC; BM 1.59 12.75 0.74 66.61 6.29 271
PTBEHT:PCsBM — 9.00 1,40 64.00 0.23 t2l
P3CTTP:ZnO 1.41 0.28 0.25 31.10 0.02 1961
PTzBI-Si:N2200 1.44 15.80 0.86 73.00 9.70 1661
P2F-DO:N2200 1.53 10.08 0.80 58.00 4.68 (721
SMPV1:PC;BM 1.74 12.50 0.94 69.00 8.10 621
DTDCTB:Cs 1.44 11.55 0.81 57.00 5.37 1641
PBFSF:N2200 1.55 11.95 0.83 61.00 6.00 (107]
DPPEZnP-TBO:PC¢;BM 1.42 18.53 0.73 63.30 8.61 1]

¢ Ey=1240/cdge (Aeage N-EEZHT EQE 1 TR R 1E1D).

WRPEIRE R ER,, BJR AT BRI b A AL
NS AR RS T R R, R EARE S
PE AR O F T RESE % BT A Ja T A b I R = )R
&, DEHSIBOCIEE, 8RBT Jse REFRK
G VE R R 5 7 f i R 2 N T R A R % V)
<. RO, MEEVEZREER8Em, wEEA
Wi T REERE @A E, B Vocs Jsc M FF KK,
e EL N T R R R Y B R SR T
T ERI AT AR, DRI, SRS 1 2 5 R MO (5%
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VRSN, L NI, A AR I, i E
MFIEREH R THE =8 1F1 Jsc A FF.

R4 BoR TR EMRI RN TIE R R 5
M. PRl = 2HiE YR ERI T R T 5N i i S
PRI, X T YITI-nF /No>F52 4K, YITI-2F {7 IE
T 28] & &5 T YITI-OF M1 YITI-4F, - H YITI-2F H] /e
Et A 1.51, /NTF YITI-OF (1.99)F1 YITI-4F (3.70), 25 7CH0
BT R B RIS, MR 2 13 m AP
{1 384 R B S Jse (15.54 mAesem 2). AU ifiE
) LAERIR, B0 T RB G2 2= 7GR R
M EEK, TR T IR R m i), SR B
BHES R A A B i AT e . Kb e A2
PBDT-TPD 1 PBDTT-DPP 43 71| ULk 58 FE Al Joe I Ay il
B TSR, SRR B BRI T T .
BEAh, WAk 5 B 45 44 B 0 I P 1 25 R TR 4% L e A O el
BHRTERER. REELM R T EIT: FEEy >
WY > IR > e S R AP L, 5 N FEMEY BB B Akt
’maE R E®E, #lin PBDT-tTPD:PC,,BM Al
PBDTT-ttTPD:PC;BM [ 7GEFE R A3 e =1 T 20 5 1%,
H A PBDTT-ttTPD:PC, BM [ 251 1 REF AR : Jsc=11.05
mAscm %, Voc=0.84 V, FF=73%, PCE=6.81%""\.

Fed RREIER 5 GE B () M TR )
Table 4 The hole (1) and electron mobility () of different active

layers

) el
BHJ (cm®V 'ss™)  (ecm®V 'esh Ref.
PBDB-T:YITI-0F 5.51X10° 2.76X10°° (881
PBDB-T:YITI-2F 5.91X107° 3.90X10°°
PBDB-T:YITI-4F 5.66X107° 1.53X10°°
PDPP4T:PC¢;BM 6.26X10°* — [105]
PDPP4T-2F:PCs BM 3.10X10°* —
P1:PC;BM 3.68X10°° 7.51X10°° =
P2:PC;;BM 1.43X10°° 7.20X107°
PBDT-TPD:PC;BM 473X10°¢ — 1891
PBDTT-TPD:PC;,BM 6.20X10°° —
PBDT-ttTPD:PC;BM 2.53X10°° —
PBDTT-ttTPD:PC-BM 3.08X10°° —
PBDTT-DPP:PC,,BM 3.10X10°* — 191
PBDTP-DPP:PC;,BM 220X107* —
PBDTT-FDPP:PC;,BM 8.80X10°* —
PBDTP-FDPP:PC,,BM 450%x10°* —

23 HEEEEHNKPHEERM

BT EAEL i EAEL Hl T2, S hs
ST R JE, RIS 2 A MUK P b B Fe S 1
CETRE. R, RS RS SSEEATS S
FHL LA SR 52 B & F I AR N BB ). ALk, D3R
FRERAEI Jsc, T7 MG BETEAR 1 LA 23 C 5 v FELA,
AR R R ] T3S MR JE R ) e B R AN [R] - B v A] £
HeE. MM, X TIFRRSZEMNE, SRS Jsc 5
T T HIME Jsc 2, THHRETFHIMME Jse 2RI
Be. MRS E 8RN Voo S THIM Voc SR,
AN TEA T F IG5/ Voc, BRI HLH VTS AT BA
3 LA [0 955 1 J2 B A3 2 B SR gt %),
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SR, EH Tk = B8 7 (6 F 1) % T2 DA R R R 3% B
K, HRTIHECE Z SR H] &8+ 0 W, AH2CSC
=R G BB R . 2007 4, Hadipour 271D
Sm:Au/PTrFE/Au:PEDOT JNHia])Z, P3HT:PCsBM Fl
PTBEHT:PCsBM 7 ilfEiE1H)ZE, Hil€ 1 HEkS Z 28
RS2 8, HBEBRM Jse N 9.20 mAsem 23 K
THECIIER Jse (1.63 mAecm %), 3 H BB EoR
HEBCRRIHRER R, MR Voc N 0.59 V, #2ik
FHIBHEE Voc (0.6 V). Tang 7R HIK 2 AN 452f
7 W2 BB ORI B 1 SR B B W 28 R4, JF:
B A (R SR I H e e A B AR 1) Jse fH, T FEIER
PR Voo REINTFHIL Vo HIME, #H PCE=5.29%.
2014 4E, Jen UM% T R REIF B R Z AR, A IE LA
FEALEVE AN, WO ITO 5 Ag AR, FFmEget:
HIBRAIEREN: Jsc=16.10 mAscm 2, Voc=0.88 V, PCE
=9.20%. 2017 4F, Jen ZH2Md FH/INoy T 3E & i 52 14
4TIC % T IFBE B 2884, SBAM Jsc 153 20.81
mA<«cm 2, 28T HIBH Jse (12.67 mAecm 2 Al 8.27
mAe«cm 2)Z M1, PCE ##id 11%, VA IEE 223k
131 Jse AMEHLRS R A BRI 7). B H % T
SIS RGE AR I, S Bt Re A
it RS R A

3 ZHEEBNKMHAERM

2 45 B 2 HUKPHBE IR EL XU 28 1, BEE BE K
PR F8E b 5 2 05 1 E R S R EL A R3S, L AR B4R
BEEH Voo L L, B2 2% A4 A BT i 5 4L
%, AL IR Voo A1 PCE. 4RiM0, J& FEHAYA
T % T AR A T G K 5 T L, R T T A
2, wof e 2 A T2 ER ) ARE RR HE
IS, AN )3 1 2 T MR A s L 75 B M R T 21
PEREMEZ R R, FRBORIRGIESR =54 & 28
PEIE JLAE R AR B S i /b T 0 B 2 2. 2007 4R,
Gilot P43 T LA P3HT:PCoBM {E T Hiit,, MDMO-
PPV:PCq;BM {F o H jth A FL L ) = 45 38 1, S8 1F R
Voc 1L E] 2,19 V, HAE/EM™EFTH R K. 2013 4F,
Janssen Y DLEA HAMEK UL TEE Y PMDPP3T A1
PCDTBT fE4:4&, LA ZnO/m-PEDOT {EHh[a] 2414 7 =
GERA BAEBHUN: Jsc=7.34 mAscm %, Voc=2.09 V,
FF=63%, PCE=9.64%. M Voc FITRMIE 2.10 V, 284F
(] Voe 5125 JL - 7] ZU8%. 2014 4, Chen 25008173 50 DLHE Bt
1.9 eV, 1.58 eV Ml 1.4 eV G Z/EE. F. T
W, H=F MR E TR EQE)MIEIL 65%,
TR RS B =45 8 Voc 153 2.28 V, PCE
L F] 11.55%. [F4E, Yusoff U4 T PCE ik
11.83% M1 [ [n] = 4 28 1tF, A iy = 45 2820 1) e s 0%,
BMZHON: Jsc=7.83 mAscm %, Voc=2.24 V, FF=
67.52%. AR AE I = AN IE PR 2 B A AN 1) 6 1 i
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6 Hl, 4> % A PSEHTT:IC4,BA . PTB7:PC;;BM .
PMDPP3T:PC;,BM, H [i] 2 45 # X H n-PEDOT:
PSS/LZO/Cy-SAM. [T, 1EZ MR T A2 R
5 F1 MoOs/Metal/LiF JyH [H] 2 28 A PERE: TEAN A 2644
TEREUAS T PCE ML 11% M2, Bon TGt E A R
e ZEE ES PR R EGE. 2018 4, Janssen
AMOHGE T AN B R, RIEE 14 2, K
11 Z ez, S0P EEZ 27 BL PDCBT
(E,=190 eV). PTB7-Th (E,=1.58 eV). PMDPP3T
(E,=~1.30 eV). PDPPSDTPS (E,=1.13 eV){E4 1k, LA
D-PEDOT:PSS/ZnO NH A2, 84S HN Jsc=5.23
mAscm %, Voc=2.45 V, FF=59%, PCE=7.6%.

=4S ERERERZ AT, ERITET
H AR B R AT REVC LY Jse. RIS T 78 40 F FH K BH
ik, TWEAAART RN ZANFHEMEEE, Fig
PEMBIT SHERKEZ 42/ NS, AT
N RS, IRTFTE R Vo, X ]2 A 4 T
SRETEERESR. Hik, BARIE E24ESE8RE
HAFEGR#S R, (B2 2458 281 R
Tl R, CAREEERASZ e, HE
J7 AT

4 BEANKEEEMNGEHETIZ

B EAAEEE R % T2 R wE 5 foR, 4K
R 73 2 R PR TR B 25 ). ik Bof ek
B G HERERA; (R IERESIE RN ER
FORHR 2%, SIS B RRAS, I HLiE IR I RE b xe DL
HERRE RT3, PRl i R TN . /N
AR, TOVEAE DA AR P AT 42

B S R & TE%
Figure 5 The category of the processing methods on active layers
KA RAT AR B IR g R 8T U) ) DA 5 58 &
Pl a), AH 233 G B VAR 9% . AN, KIEBUIR AL
BORBENS W BR ek L2 st 2 i [ LAY
— M, AR T RO R, E % KA A
PR A A v A R TR U A T2 R ) R L
Forp, @ TTURAR (R ) H TR B T AR DL B Y
R, B Z N TR a0 & A, i1
SRR AR, R DB TR IR, 2015
4, Brabec WAL HRIE TR T EREAE 2 SR
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H 4% B 2 284, SR PCE #id 10%, JEH3KB T
76.6%[1) FF {H. [FI4E, iZU ! e B & ikl 4 7
FLFEERANOK LR AR AE P 1 A2 1F 2, B RR RS
4844 1) PCE #3d 5.8%. Andersen 251N T ENFE A
#7522 em® (KT Z 2, 21K Vo N
9.23 V, PCE 19 1.8%. 2015 4, Andreasen 2SI i
F X SR G H A S R e SO FE, RS HE g
HIERE TSRS T — 250815, 1A RN REM &R T
SHIRFIE RN, 25 5 BRI R I 1) 8, 1% 0 T
VNG R OK B AR O T AR 28 J2 2 A P o) % X

TR VRUE U AV AR 2 J T ATV A R i 4% B 2 A
PF. 6T BN IR, — M3 P 28 4l A 7 1) 4%
Shim Z5CUSREL T 47885 T 20 &S 2 8k, 23 ENS
PEE A /N 73 745 32 AR (DTTz:Cy #1 DTDCTB:Cyy),
i H] J2 4544 BCP:Cgo/BCP:Ag/TAPC:M0O;/TAPC, £
LT B 2R RS Jsc=8.71 mAecm 2, Voc=1.71V,
FF=62%, PCE=9.17%. Forrest 14520519217 5| {1 F] 7%
B VAN BE bR ) % B 2 28R I LV 55 T Rt (1 9 2,
JE L AE F DTDCPB:Cyp, 10 HL It A5 FH E & 45 52 14,
il £ 11 2 2 28 F ) PCE 353 15%, Jsc @it 13%, Voc
Bl 1.6 V. 288V AR vRe e PR ER B s, R HR
KAEK T 28 & I 18], DR L AE B 2 2 s 1 2 1 i)
R D WA .

5 BEANAPRRERMANIRGE

J-V M ZEF1 EQE i e 1) 2 28 J2 A HLOK FBH g Fith
BRI TFB, kAN S Z 28 f R 2R 5 Ak
BPE, TEANEERMEN TERER IS ESRT
IR 7%, J-V BRI T v B d R S AR A [,
X HIAE T 75 B K B AL A8 oGl AT RS iR . @
W IR R TT SR 2 6UR R G IR B IR R AT
MR, A EET -V th 4, 2228401 EQE Ml 75 22
BRI SHOREE. SIZHMN Jse Z 2T b
Jsc IRRHI. PR, A 0CR A BT IR, A rTEE
Hh 22 52 B 1% B0 T TG T e S AR F I R 2
LS R AHIER EQE Hi£R!M™. Jhy1 A0k X Fi iz i,
MR — M7 Hh EQE W, #H KA ARG
SE PR BOG I T, A8 5 — AR B b Ak T
T IR, RIS A i B A B W v ) FRR R
T e T FRIA. SR, B B H A Tk S
e R, AT A AN H AN AL T A H R 1 R R S
(B 14 J2 B A P 37 AN S5 T FUAORN 53 10 J2 T2 Js P PN 2 v
). 10, 2010 4F Janssen 1 REZH S0} i — L R HEAT
TERNIRIE, $2 HIMA B G H it 2 = A A A
W, SFEEGRFIREEER, AF EQE N E B fli =y PRI,
WMRABATEERBIE, BESHTH Jsoo PCE ZHEHT
ANH G H E. T % Janssen ZFHE H A Lt I B HE
JEXTHIEHATAEIE, Tl BEQE il i (8 8 kg . 1xX
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LRk

Fho7 e i HE ) 2 = ek =45 0L E S 284, Carlo
Rasi 2705 (i B 6 5 B BUE B IE, 193] 7 =4
M =ASTHIBUER EQE %L, 1 EQE #h&k fns sk
B J-V 2 HE 1S B = S5 88 4E ) J-V 2k 5 s2e
HILFrEae—3

6 EZREBHIKPREERMAEBIAFER

FHECTEHLR BH B i th, A5 B PH B8 FELIt BT 1) 2% 1%
BIZR A SRPERR AR s s Al 2 B T R (1 B A 5t
WEEE T ERIE S FANBESREIER . B
K THI AR &5 75 THT AR SR T 70 B SR X o) & 22 PR 28 A 1T
5, W ITO Ml A B m - HUEPE . AP+
RG22 55 whN, R 7038 £ 0 T6 1TO & J2 s At T
JE— e zuo EOUEH SAM-MUA/Ag ¥
ITO {EH, FHEHETE Ag A ESIN TeO,, 155K
POERSTEEST, TEITO & Z4 T REIL R ITO &2
FAE /K. 2014 4F, Brabec ZH" 58 o F1) 14 78 2 1 LS
L& T SRR SRR, JEE SR PCE
KF] 6.12%, R4 PCE B4 6%. 2018 4F, Glaser
PR PTB7:PC, BM it Z il 4 17 24 em® [ K THI AR
SR, JeiE I X AR AR S T AR 84%, #R4F
(1] PCE 153 5.2%, A& i K S 2 8 1F ) im0
Chen %5®If{| P3TEA:FTTB-PDL, #1 PTB7-Th:IEICS-4F
TERIE M E 4 T BRS80SO FREesR
It 20%, &2 BIERERESEUN: Jsc=9.62 mAscm 2,
Voc=1.73 V, FF=63%, PCE=10.50%.

BRItz 4b, TobL—F HL 2% 4k K BH R F it R R .
Du %2187 CdTe/PPV (K444 etk 284, seil T
1800 h JEA4ERE R 23 4F 2% 80% ) mifa E 1. Heeger
MBI IE T L E B EE (a-SEH)/FEJE i . LR Y
PSBTBT-co-PCDTBT 5 PC,BM FLRAE T FEIb T 12
2 K PH RE LI, TSR 7R H 3.2%0) PCE. 2016
4, Janssen HMHRIE T a-Si:H 5 PMDPP3T:PC4BM [¥]
ZeAb R BHAE Hth, #8441 PCE A 31 11.6%, Voc 15 F] 1.55
V. 2019 4, Zuo ML H HLET X 5 %4KH (FAPBBr,Cls.,)
FAEA MUK PH BE b I L, S8 F BB Voe
(2.23 V)5 FF 18(74%), PCE £ 11%. F5%kH KFHAE
MWE M 2009 FER RS, MR CEBIT 25%, HFEFfHEA
B R FIBEPHER S, RIS A HL24L KB fE
A AT LSO AN, 7 R 5CRRN S2 Br N 5 T s
LR ).

7 REERE

AL EE X B R A HUARH fE A U R A AR
VERI TARREITERIR, BE5 T B ZATHUKRH A8 i FEoR
TR MRS SRR R T2 MTTVE L
FESRAE B R A4 A f it 7 THT OB FEE fE. A
2007 F£ES, BEAVUKHAERMISG T 2E 1R,
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EE B E RS R AR QLIRS 17.3%, 4
REVMBZSMFREZGET 1%, TI-AHLZR4
B R AT B e R AT 12%. X LRI FT R 7T )
T B R AT B R 5 T T 5 48 B R AR AR 5
FUAT, SRS Sa A ALK BH e Bl i s i il 25
mA-cm °, BB EE T 0.8 V, i S Eh R &
TEMIRE, BIZATHURFHBE 1 SRR AT iR 3
20%. B, EmEND I SEFEZENHE
SR THEONILE ITERE, R8RS T RELAE
HEARPERE. HHIE = A ST\ R e R 5@ /LB W
A o A B2 J2 AT LARE — 20 250w AR A6 F RSP,
XTI R S F I ) 26 A BB BV . RS Tk
JETTH, AR B S A LR B S AR S A A T S B
Jsc M Voc S8, BT IEM R KRS % VI mEZ
AT R 2 TR R A AT

N TR T & R A UK BE R kA B
FF - HSSBUOCMARRL, AR A Pk BB 2 1 5 25
SRV &[] RN E = ST T D i D il B BP0 g
e, KBS TESR . AR s T 2R ek A G

(WFETEVEZ 5T, #5200 T ah 84, Femia iR
TR B R AT M BOR T SR vt FoA R E P RE 103
JERPRE e, By B R 2 AR v e N 7 R S
N, SRR R B A AR, K, TR
FAORERE B A BAR 10T 456 e LA LB (3R T 7%
R LASEHLAS = FF (KHTSE; R, B85 1 ) Voe 45
RIRTTREAR, TR E Voo, e, W IEZE AT A H
ERWb ST FRIN T, PRI Al A TR .

QFEFR TR RTT T, 5 BRE 2 R0 Ft i = S AR A Bt
BA VB EIFOC rERERTIN Ve RE. &L, HET
A EAEHRA R AT B0 M A A, DARBTS 2N
AR, LRk, Ta]J= P ST = 6 F e LR fE
i Bt BRI AN R S 42

G)fEfil % LT, H5, & EIT A KRR ] %
B A SRR Tk, HUK, AR R 2k
E R AR RS, ARSI A AR e AR A2 K I [A]
VAR P SR AR,

EEEN

Ik, AIFREEERE 2016 AL, TPEHSE
EAG 5 BT 50 BT 4R S HE AT 20 IR AL 28 I e AA 22 Ak 3k it T AR,
TR AARA LA EEEM ALK k.
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¥ F R

IR, HFMRFEL b BRI LAIRE R
AR E, TEAFAMNKIER LR H &S RENT.

R

A, 2016 TP EHFRLEFTHT G FHELL
25 BT 25 2016 22 £ 2019 £4H, TA T K
F LB KA KAFE P KNEHF TSR, B 2019
F 7 Ak BT AL F A R BTE SRR TR R AT
WL G R. BT o) A AR Btk R4 SRR R
R K@ FE AR B ARG,

AR, . PR R HEA S, LFAH KRR
#d%. 2006 S£F & B A AL AR BT BAT 5. 2006 F
£ 2008 T £ B KEEHASBAF L5 T4 2008
F £ 2010 FEE£E AN E HEALLE. 2010 T+ BH
PRAFZFRTITIEARTR. BT 6 A AR K 4EH
HHE G AR BRI fm AR AT R A BURAR T AL
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