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Fig. 1 Formation of PCy, BM single crystals in MDMO-PPV: PCy, BM thin films upon annealing at 130 °C for PCy, BM
mass fraction of 20% (A, B, C), 50% (D, E, F), and 80% (G, H, I). The annealing times are 10 min(A, D,
G), 20 min(B, E, H), and 60 min(E, F, I), i.e. increasing from left to right. The dark features in the images

are PCg; BM single crystals. The SAED pattern inserted in Fig. 1B representatively shows diffraction pattern of the

PC,, BM single crystals obtained '’
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Fig.3 TEM image of the pristine film(A) and the corresponding schematic representation( B) ; TEM image of thermal

annealed film( C) and the corresponding schematic representation( D) [19]
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Fig.4 (A)Degradation of the power conversion efficiency during storage at 65 °C in vacuum for the r. t. /annealed and
I. t. /annealed cells( both annealed at 190 “C for 2 min) ; (B)schematic representations illustrating the morphology of

theactive layer upon drying(top) and annealing( bottom) :for the r. t. (left) and 1. t. (right) layers'®”
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Fig.5 (A)Sketch showing the morphology obtained after longtime thermal annealing with( right column) and without

(left column) the spatial confinement effect of P3HT nanofibers in pristine films; (B) J-V curves of pristine solar

cells prepared from different solvents and the thermal stability of devices annealed at 150 °C for different time !
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Fig.6  (A) Growth rates of PCy, BM single crystals from the thin composite films annealed at 130 °C for the various

confinements. Cluster dimensions vs annealing time ¢ in the fast( diamond, solid) and slow( diamond, open) growth
directions for the free-standing film and in the slow(up-triangle, open) growth direction for the single-sided confined

film; (B)aspect ratio evolution of PCg; BM single crystals vs annealing time under various spatial confinements for thin

composite films annealed at 130 C '*
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Fig.7 (A) Variation in PCg; BM absorption(L = 335 nm) with annealing time. The slope of linear fitting; 1. 69 x
107°(0% ), 1.69 x 10 (0% ), 8.03 x 10™* (4% ), 5.76 x 10™* (8% ), 3.96 x 10 ™* (16% ) ; (b) relative

efficiency of P3HT: PC, BM devices loading different contents of BL as a function of annealing time ")
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Fig.8 (A) Porphyrins used in this study and their chemical structures; ( B) histogram of device efficiency of

P3HT: PCq, BM : porphyrin(3. 78% ) annealed at 130 °C for 3 h, and 12 h; (C) J-V curve of the P3HT:PCy, BM

device with and without BL3 after annealing at 60 °C for one month'*’
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(A) Optical micrographs of PCDTBT: PC,, BM(1:2) thin film mixtures, 85 ~ 100 nm thick, annealed at
140 °C for 1 h in N, environment, supported by three different substrates: SiO,, ZnO and PEDOT: PSS; (B)PCE
analysis as a function of thermal annealing time at 85 °C thermal stress for PCDTBT; PC,, BM solar cells with

conventional architecture(a) and inverted architecture( )’
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Fig. 11  The synthetic route of diblock copolymer poly (1) -block-poly(2)
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crosslinking approach(bottom) "' ; ( B) molecular structure of the polymer TPD-Br' ™", and ( C) molecular structure

of the polymer PBDTTT"*!
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7E 3. 3% 7547 . Holderoft HF5 /N B W S e S M 58] P3HT, 55 PCy, BM L3R il $5 UIE , 7£150 °C
ST 5 PCoy BM KA BN , 1581 T F5E (Y WU%E 22 B 257 W25 25, A 0M | T PCo, BM BUZR 4R, L
158, 283t 3 h BB K ib BR, 25 7 RE B B OR tH WD LA 1Y 1. 85% [ 1) 0. 93% ; i % L iy P3HT/
PCy BMIK Z , 223 h [ AL B, B PR HFE 0300 1 2. 5% %51 0. 5%

Bucknall 25" FI ] DCC 454 5 B I 38 T 15 2 3 5 W& 17 429 PCBA |, 185 PCBCB, 1 [&]
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O 2 L PC o BMA — AN S, A5 8R 10 )2 , PCBCB 4143 (19 1 T3 B 5% 5 PCo, BM41 43 (1) L 757 5 A
2, HAHN B GAR 254 5 A AT A B g B R 40 . 460 150 °C iR 'k 40 h, PCBCB: P3HT ) #%
1 RE LA AUR T REAR D, T PC,, BM: PRHT ZHFACREI R R T 60% .

Cheng 25" S50 T W FR 4 24 ThREAL 1 B3 #4517 2E 4 PCBS 1 PCBSD , £ iU £% 1A 168 FT 7R o
¥ PCBS 5 PCBSD % — 2 it &t L7 il A IP3HT: PCo, BMIE Ji = JCHHIRAA R , J67E 110 “CHAGE K 10 min
TR S, R85 150 CAm#A 10 min 53] % PCBS & PCBSD A9 54, Wil A0 1A T% 55175 31 4 2% i)
PR 24 = JCHAR i P3HT: PCq BM: PCBSD =6:5:1 i, 2853 150 CiB ok 24 h, 25 {FRE R FEARACRA,
REAERFTE 3. 7% 5 24 = eLIR Uil ly P3HT: PCy, BM: PCBS =6:5: 1, MR b [a) R A AR 4 i ViR
P, I H25 24 h B KAHFRE R HOOR4E TR TE 3. 8% ; T P3HT: PCo BMIR R 7EAA R 2614 i 4. 08% 21 fs
FREZ 0.69% . 2014 4F, Chen 25 41T 1 PCBSD 2545 M IO Z 46 S REAL & 8 1 A2 4 COF, &
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Fig. 15 (A) Synthesis of P3HT-azide copolymers and their functions as a hole transporting material for solvent-
(3],

resistant OTFTs and in situ compatibilizer for thermally stable OPVs'™'; ( B) stabilization of the nanomorphology by

solid state reaction of PC,, BM with azide-functionalized conjugated polymer *’

JUIHIR L0 P3HT: PCg, BM: COF =1:0. 9:0. 1 i, g8 FRERFL MR 3. 2% , 16 150 CHRIR K 144 h
Ja , A e B R AT REAE S AE 3. 16% o T P3HT: PCo BMAA ZAEAH [ 25 1 T th 3. 9% SRl F e =
0.29% ,

PCBSD

16 (A)PCBCB fy& Hils£k' ™ s (B) PCBS il PCBSD & MUk 5 (€) COF A ik
Fig. 16 The synthetic route of PCBCB 1 (A4) , PCBS/PCBSD™! (B) and COF( ()™’
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45 h, Ze M RE i L RCRYERETE 3. 4% o X T A BRIA R , tbin PTB7 \PDPPTBT, £33 150 “CiR K 15 h L)
Ja , fn R R AR AR AT R IR B 4. 6% F 3% o % ACHFI X TR G W P, CBM (& R H A — & 514
P

Rumer 2 St T —Fh 5 T4 A WS R BEAL 9 52156 5] DAZH, INf&] 17C iR . %8Bk 5
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| ‘ DAZH crosslinker 1) Add to photoactive
44 ¢ NaN3 Bis-azide }Iayer blgnd @
N, o F Br -~~~ Br N3WN3 MN .
. O~y F 9:1 DMF/H,0 2) UV curing: @ 5},1,',%“.2; ’:f:,";':.’z
F O N, 80°C, 22 h, Dark 254 nm
e N2 (9)
sFPA ~~ Polymer @ Fullerene i
¢ = Additive +
_ \ UV light

BABP s Photocross |3 =
ophase separation:  Amorphous mixed regions  -linking  Fixed morphology:
* Fullerene aggregation + small crystallites Enhanced thermal stability
* Polymer skin blocking Initial device morphology + desired microstructure

electron extraction

17 (A)ZEHF SFPA f953 45K 5 (B) ZCHER] BABP [ 431459 5 (C) DAZH iy 5 1 (L) FIZE Ik
AL SRR T A0, 30 3R A B L e PC, BM FERISE Ay g S

Fig. 17 Molecular structures of crosslinkerss FPA™ (A4) and BABP'*) (B); and ( C) synthesis of the bis-azide
small molecule crosslinker DAZH (top) , crosslinking and thermal ageing( bottom) : photocrosslinking should “lock”
the as-cast morphology, conferring thermal stability, supressing formation of an electron-blocking polymer skin layer

at the cathode, and fullerene crystals in the bulk'*’
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254 nmffEEAMEIR 10 min 785338k, FET 70 “CIB K 10 min PEAF[E AL, 15 B FaE ITES . &AL, 25
85 CiB K 130 h, Ml A DAZH FGIRAVFRE RS AL A 1 7. 0% B3 4. 1% 5 T AN DAZH [ 3 1F RE i
FER AR 6. 0% THEF 3. 5% o HWTFL S80I, 2860 DAZH 195 AR KARTF T 38R E . fRMF
FEVEA T —E PR
1.2.7 FIANREMAR  HIh P B J7 2wl R e A5 S0 5 AT 23 B 4 M U, 5 B0 e A
RS GE 221, U F B MERE ROV L 08 4 . R be SERERENS B 20 m AR T, , KORIAI
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FIAEALER (TIO, ) T2 22 7% A — A TR 2 AR 5 B i R ™ A M 2, i ok R B i, it
JE AR 43 B A AT AR G R o BE— 2R ST 0 B, X 2400 20 S A [ Fy ok L 5 S 7
200 °C P S AL R L , PSMHOCTZAS N AR 1Y) P3CT; FR22 1 300 °C i Ab B, JR LR M 25, T B 4 I
PERIEHEEHE PT (LA 18) o JETFPAMHOCT: PCy, BMAA 2 ) K BH il i it , L AE B 6 B OR FE AR K
FHYGHR ST & A U [ 5 AR, 24005 1) P3CT: PCoy BM AR, Hit i B 08 3R A A )RR 45 4F
4000 h {75 BA Fa i B R R o

(0] \L/\/\ 0. _OH
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(soluble) (insoluble) (insoluble)

18 PIMHOCT (R4 5 - S 40 Jg P3CT, )iy P
Fig. 18  Thermo-cleavage reaction of PAMHOCT to P3CT and PT™"]
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Maes %™ SEFASHF AR PCPDTQ, (2F) BETT4 B AN IRl b SE 05 25 BE R & 4, R4 4 PL P2 Fil
P3 I EE S BEAKURs D (WL 194) o WFFE R B, 00 Joe B M 5 1) 86 2 RE 6 A 80 R DB U= R AL, 2
THasF e BOCR  UE A G4 X E B2 MTE B 6 S SR o DRI v <5 I 6 2 52 A9 2R 45 9 P2
HA e A U ERE R ARARACR 5. 63% o T35, WHTT A B doe ik ik 2 JEE (1 i/ oA 2 F PR R E 1k A5 T A 119
$&Tho 7585 CHUB IR, beEil 5 B /N1y P3 BHRL B a8 R A2 M e, WAL 19B s, #AGB K
120 h )5, =FHWIESOFBEA KAV R A (B 19C) o O T 2E— 0T R E P 22 51 1 I AT At T e 4
TP T, [AIESLRT P2 A P3 (P2 M1 P31 T, ML) AYIE KR 120 °C B 7 HGB K 14 h, =F
PFRER AR LA TS 85 CHIBHAFT & . P1OCHUR B TR IE PCo BM YR AE 1 P2 F1 P3
WIEB IR BA KA . XULIA B AL AIRE T, AR e E A E VR — N . F AT, i
BEA SCHRAR B 127 IR A o

C P1 P2 P3

1 on gt s &

02r o p2 1.
P1: x=100, y=0 R.'«’\/l:/\/ ap3 185°C
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e i Time/h
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Fig. 19 (A)Chemical structures of P1, P2 and P3; relative eficiency decay profiles for the three PCPDTQ, (2F):

PC,, BM polymer solar cells upon exposure to a temperature of 85 °C for 120 h; ( C) TEM images( with SAED inserts)
of the active layers of pristine and aged(120 h at 85 °C) PI ~P3:PC,, BM polymer solar cells™"
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Fig.20 (A) Chemical structures of PPDTBT, PPDTFBT and PPDT2FBT; ( B) PCE evolutions as a function of
annealing time at 130 °C of PPDTBT, PPDTFBT and PPDT2FBT devices™"
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Fig.21  (A) Chemical structures of PDTSBT and PDTSBT-F; (B) J-V curves of PDTSBT-F devices after annealing
for 10 min and 20 min at 180 °C "
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Fig.22 (A) Chemical structures of PBTT-DTFFBT and PBDT-DTFFBT; (B) J-V curves of PBTT-DTFFBT devices
after annealing for 80 min at 180 °C "’
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Fig.23  (A) Chemical structures of P1, P2 and P3; (B)normalized PCE evolutions as a function of annealing time
at 130 C of P1 ~P3; (C) schematic diagram of P3 blend. The arrow in (C) represents the diffusion pathway of
PC,, BM molecules™’
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Advances on Device Thermal Stability of
Polymer Solar Cells
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Abstract The device efficiency and thermal stability are two crucial factors in realizing the commercial
application of polymer solar cells( PSCs). The power conversion efficiency (PCE) has been boosted up over
10% during the last decade. And a lot of work was directed at improving the thermal stability of device. In
this paper, the development of morphological stability on polymer solar cells is reviewed. Several approaches
of improving the morphological stability are illustrated in detail. And a promising future perspective is
presented.
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