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WA JZMBEICHEL, f2HE25 SR I 2 )5 A AR
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JERY (b) W UETE E F (c) YeBUR L3

Fig. 1. (a) Absorption spectra of PBDB-T-2F, IT-4Fand
Y6. (b) Absorption spectra and (c¢) photoluminance spectra
of blended films with different concentrations of Y6.
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1 44.21 mN/m, 1055 = 414> Y6 19 A H fE1L K
28.72 mN/m, 5 "0 R T I FPObORL 22 BE A K.
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B 2 PR AFM BIE, 2 Yo Bl S8 (a) 0, (b) 10%, () 20% F1 (d) 30%
Fig. 2. AFM images measured for active layer with different concentrations of Y6 (a) 0%, (b) 10%, (c) 20%, and (d) 30%.

(a) PM6 (b) Y6 (©) IT-4F
~s 50.45 mN/m s 28.72 mN/m s 44.21 mN/m

&3 AU 4K RN 2 R R R B il A R R R T A HRE R/, (a) PMS6, (b) Y6, (c) IT-4F
Fig. 3. Contact angles and corresponding surface free energies of (a) PM6, (b) Y6, (c) IT-4F.

(c)

!

i
1
1

4 3EVEZ K A I, Ferh Y6 i S e (a) 0, (b) 10%, (c) 20% FiT (d) 30%
Fig. 4. Water contact angle photographs measured for active layer with different concentrations of Y6 (a) 0%, (b) 10%, (c) 20%,
and (d) 30%.

PRI IR TH A BB AR fb. Bz AL SR = R Y6 5 H 0%, 10%. 20% 1 30%. & 5(a) A#s
TCEH I3 Y6 FAIA K 38 B i 1 2 T P ) (2 78 PFE R, B 5 (b) Xty R RERIE]. deF2ty
b, XF g R RE R A FR. SMITO/PEDOT:PSS/PBDB-T-2F:1T-4F:Y6(2%)/

A 5 AN E Y6 B 5 L ) = ook R Zn0O/Ag (100 nm). BARZRIFSEOE 1, Mk
OPVs #af. #%F A #54F B #434F C Fnds 4 D xJ B J-VHRZ WA 6. 4565 6 fisk 1 aTLIAEH, 5]

198801-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 69, No. 19 (2020)

198801

—3.56

(b) B
410

—4.20

—4.30

—4.71
I =5.10

PBDB-T-2F
Y6

ITO
ZnO
Ag

—5.50

PEDOT:PSS

—5.70 66

—7.20

K5 (a) #+PFE5HIEL; (b) OPVs 8% P9 45— 2l Sr iR 5]

Fig. 5. (a) Schematic illustration of the device configuration, (b) energy diagram of individual layer in OPVs.

A=IJCH ST Y6 J5, #BCR I T e AR A
A, HEE Y6 BT i LB &, OPVs #f
{4 PCE M:RER2IUSE LG FREMESE. 2 Y6 it
5 20% B, 2814 PCE fx &~ 12.48%, Mt
TIGHERER 4 (PCE 4 10.59%), PCE 2 Jt i &
ik 17.85%. SR 4 Y6 B 5 b4k sk b=
30% B, #ROFHCR N FFEE 11.82%, X 7] BEJE:
TP 2 2R TADREDRE B2 15 s A, 5 2 3 TR RS
JRE A1 TN 2 XoT S T B e 125 B P 7y A i o s
RELA% 1271,

%1 % OPVs#uflEfiek

Table 1.  Photovoltaic parameters of different devices.

Device Voo/V Jyo/(mA-cm2) FF/%  PCE/%
Device A 0.82 20.49 65.22 10.59
Device B 0.82 20.76 65.21 11.05
Device C 0.83 22.09 68.45 12.48
Device D 0.82 21.63 66.43 11.82

R T WS AHE SR TR A, eI T AR
MR FRCE (external quantum efficiency, EQE)
Mk, a7 i, i EQE & T LLE W, Mg
Y6 7E = Uk & I 7 L e B, SR A K
500 nm FfT A1 800 nm DA [ w21 7h X s 15 7 75 2
vk ) EQE W B EE, MAE 700 nm (A9 EQE
M) 107 3 20 S /N (A B2, AR SCIE 1(c) AT
DIE N, SMASE =45 Y6 G PE)Z= AR AE L,
TOGHE M2 M AR 700 nm BFF T E AR B A
PL I, RUIHAEIZ G N2 A X 22 MR L ik
KT EseR. M EQE 25 R EmME Y6 i
o7 EER4RE s, #80F EQE 78 700 nm BiF R N B f 1

T 20
g
©
<
&
E —#— Device A ﬁ
R —e— Device B o
3 0l —»— Device C
2 —A— Device D
=]
&
-
=]
O

O 1 1 1

0 0.2 0.4 0.6

Voltage/V

Bl 6  OPVs#RfFry J-V £ IE
Fig. 6. J-V curves of OPVs devices.
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60

40

EQE/%

—a— Device A
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~¥- Device D

20

400 500 600 700 800 900
Wavelength/nm

Bl 7 A XN EQE £
Fig. 7. EQE curves of OPVs device.
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F Y6 7 500 nm FlIT £1 40 X 38 A7 7 458 55 0 2 Wi
U, B Y6 it E ) dR R, R DA R A
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Abstract

Organic photovoltaics (OPVs) have been considered as one of the preliminary candidates for the third-
generation solar cells due to their particularly advantages, such as light-weight, low cost, solution processability
and mechanical flexibility. In recent years, the power conversion efficiency (PCE) of OPVs has achieved
remarkable progress with the development of non-fullerene acceptors (NFAs), which exhibit stronger capability
of light absorption and stability than the fullerene acceptors. However, the narrow absorption properties of
organic materials still restrict the further breakthrough of the performance of OPVs. It is difficult for the binary
heterojunction films to realize the effective wide spectrum utilization of solar energy. Ternary strategy, which
consists of one donor and two acceptors or two donors and one acceptor in a bulk-heterojunction, has proven to
be an effective and facile way to enhance performances of OPVs. The emergence of new NFAs such as ITIC, IT-
4F, Y6 etc. greatly increases the selectivity of acceptors in a ternary system. It is necessary to investigate the
compatibility of latest NFA materials and corresponding ternary device performance.

In this article, we report a new ternary OPV system with dual NFAs and a polymer donor. The excellent
NFA material (Y6), which was first reported in 2019, is used as the third component. Different concentrations
of Y6 are introduced into the binary system based on PBDB-T-2F:IT-4F. The compatibility between materials
and device performances are investigated through absorption capability of blend films, AFM, water contact
angle, GISAXS, and corresponding electrical properties of devices. The 12.48% PCE is achieved from ternary
OPVs with PBDB-T:IT-4F as the active layers containing 20wt% Y6 in acceptors, resulting from the enhanced
Jy of 22.09 mA /cm?, V,, of 0.83 V and FF of 68.45%. The origin of the improvement of the ternary OPVs is
summarized below. Firstly, an apparently complementary absorption spectrum is obtained through the
introduction of Y6, which has a stronger photo harvesting capability in the spectral range from 750 to 950 nm
than IT-4F, and higher short current density (J) is observed in the ternary devices than in the binary device.
Secondly, a rougher surface of the active layer is observed by increasing the Y6 concentration, which may result
in an inferior exciton dissociation and charge transport process, the existence of larger-scaled crystal is proved
by the GISAXS technology. Thirdly, the introduced Y6 can help to suppress the bimolecular recombination,
which is in favor of the incremental device performance. Approximately 17.85% PCE improvement is obtained
in comparison with PBDB-T-2F:IT-4F based binary OPVs.

Keywords: organic photovoltaics, ternary OPVs, non-fullerene accepter, high efficiency
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