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Table 1 Typical donor/acceptor blend system and photoelectric conversion efficiency
(L3 Ak ZIK PCE/% EEPEN

ReW/ w o P3HT PCBM 3. 60 [15]
PNTDT-2F2T PCBM 9. 44 [9]
PHBT4T-CyCyy PCBM 11. 70 [16]
6T DBP 2.80 [17]
DR3TBDT PCBM 7.38 [18]
NS NG DR3TBDTT PCBM 7.55 [19]
DRCN7T PCBM 9.05 [20]
H22 IDIC 10. 29 [21]
PBDB-T ITCPTC-Th 10. 61 [22]
REW /A Wi PTB7-Th ITIC-Th 8.70 [23]
J61 ITIC 10. 57 [24]
PBDB-TF IT4F 14.57 [10]
REVW/RBEY POPT MEH-CPPV 1. 90 [25]
P3HT F8TBT 1. 85 [26]
P3HT PF12TBT 2.70 [7]
P3HT P(NDI2OD-T2) 1. 40 [27]
TTV7 PC-NDI 3. 60 [28]
PTB7-Th P(NDI2ZOD-T2) 5.70 [29]
Pil-2T-PS5 P(TP) 4.21 [30]
NT N2200 4.70 [31]
PFBZ N2200 8.01 [32]
J51 P(NDI2OD-T2) 8. 30 [33]
PTB7-Th PNDI-T10 7.60 [34]
PSEHTT P(NDI2ZHD-Se) 3. 26 [6]
PTB7-Th P-BNBP-{BT 6. 30 [12]
PTzBI-Si N2200 10. 10 [8]

(if)

- YA
(@) uminum ®) @_ (ii)
UF IAELUMO
s huﬁm [ Luo |
Active layer
(iii) <:‘
PEDOT:PSS ® rowo |_® B
donor lAEHOMO
HOMO
acceptor
BT Ca) K PA A E St 25 2 285 4 0% 5 (b) K PR i R 3t i A4 516 4 B e )
Figure 1  (a) Device structure of typical organic solar cells®*; (b) Basic photophysical

process for organic heterojunction solar cells
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Figure 2 Typical phase-separation processes for (a) nucleation and growth mechanisms;

(b) spinodal decomposition mechanisms!**]
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Figure 3 Schematic phase diagram of crystalline/amorphous blend system, ¢ is the concentration of

amorphous polymers and T is the temperature, T,, ($ is the melting curve of amorphous polymers,

arrows A, B, C, D indicate the quenching conditions™®
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Figure 4 Controllable components of conjugated polymers to obtain optimized crystallization, molecular

orientation, and BH] morphology®"
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Figure 5 TEM images of the 4 X4 matrix of all-polymer blend morphologies for different Mn PTPD3T and

N2200 polymers. Diagonal direction TEMs are highlighted in red. Scale bars are 100nm"*-
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Figure 6 PL spectra obtained from the blend films of (a) PTB7-Th : PNDI-T10 (1 : 1 w: w);
(b) PTB7-Th : PNDI-T20 (1 :1 w: w); (¢) PTB7-Th : PNDI-T50 (1: 1 w$ w); and
(d) PTB7-Th : N2200 (1 : 1 w* w) blends"™"
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Figure 7 (a) Optimized structures, HOMO and LUMO orbitals, for F8T2 with five repeated units (isovalues 0. 01);
(b) AFM topography for F8T2 thin films with (from left to right) 0%, 0.5%, and 1. 0% concentration of DIO.
Root-mean-square (rms) roughness quoted from the very small areas of AFM images cannot be directly
related to height in these soft materials, but it can indicate modifications in the films. No relevant changes in

the morphology are detected, and the maximum rms roughness variation, is 16 %7

-
o

Temperature ((C) ——85
—T5
— 65
55
— 45
— 35
— 25
— Film

ption
o (=]
o ©

-

Normaliz//ed Absor
o
S

/

85°C 0.0 v . 2 25 oC
Disaggregated 400 500 600 700 800
Wavelength (nm)

Strongly aggregated

PffBT4T-20D

S REER R 4 WA PHBTAT-20D W5 K330 HOG B 0. 02mee L' ) — 4 D 7
Figure 8 Temperature-dependent aggregation property of donor polymers. UV-vis absorption spectra of a

PffBT4T-20Dfilm and solution (0. 02mg+mL ' in dichlorobenzene) at temperatures as indicated"™®
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Figure 9 Schematic illustration of three regimes in the X-¢ phase diagram. Regime I, II, III represent high X,
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Figure 10 Upper panel;: AFM phase images; lower panel; TEM images. In these panels, the results for the
PBDTTT-CT : P(NDI2OD-T2) blend films as a function of binary additive ratios are presented"’”’
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Figure 12 Schematic of the drying process for a) polymer: fullerene and b) polymer: polymer solar cells.
With polymer/PCBM blend, a smaller phase separation is formed due to the high Tg of the mixture of P3HT/PCBM.
The red chains represent P3HT, the blue chains represent PNDIT, black dots represent PCBM, and the green

represents solvent'**]
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Mechanism of All Conjugated Polymer Phase Separation and
Research Progress
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Abstract: The all conjugated polymer solar cell has the advantages of adjustable energy level of the receptor, wide
absorption range and solution processing, and has become a development trend in the field of solar cells. Through the
optimization of materials and device structure, the energy conversion efficiency of the device has exceeded 10%. Among
them, the phase separation microstructure of the blend system is a key factor that restricts the further improvement of the
photoelectric conversion efficiency of organic solar cells. In the blend system with crystalline components, due to the change
of the phase behavior of the components themselves, the understanding and understanding of the relationship between
crystallization and phase separation and the particularity of the phase separation mechanism of the crystallization system are
more conducive to effective adjustment of the total The yoke polymer phase separation structure. Based on the traditional
polymer phase separation theory and the classical theory of polymer crystallization, combined with the uniqueness of the
conjugated polymer structure, this paper summarizes the phase separation structure characteristics and difficulties of the
fully conjugated polymer blend system, focusing on thermodynamics and kinetics. The aspects describe the basic methods
and principles of controlling the phase separation structure, and further improve the mechanism of phase separation of
conjugated polymers.

Key words: All conjugated polymer solar cells; Phase separation; Crystallization; Orientation
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