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Exciton and charge carrier dynamics in polymer solar cells
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Polymer solar cells based on a donor conjugated polymer and an acceptor fullerene derivative have recently attracted much attention as
a next generation solar cell. The photovoltaic conversion processes include photon absorption, exciton diffusion to a donor/acceptor
interface, charge transfer at the interface, charge dissociation into free charge carriers, and charge collection to each electrode, which are
ranging from 10715 to 10 s on a time scale. Thus, time-resolved spectroscopic techniques such as transient absorption measurements
are one of the most powerful tools for observing these photovoltaic conversion processes directly. In this review, we overview recent
progress in spectroscopic studies on photovoltaic conversion mechanism in polymer solar cells.  First, we describe exciton diffusion
dynamics in crystalline polymer domains studied by analyzing singlet-singlet exciton annihilation. Next, we discuss how polymer
crystallinity impacts on charge generation dynamics in polymer solar cells. Finally, we describe bimolecular charge recombination
dynamics in polymer solar cells studied by transient absorption and transient optoelectronic measurement techniques.
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Fig. 2 Time evolution of singlet excitons in RR-P3HT

films after laser excitation at 620 nm with various fluences.

The absorbance was normalized at 0 ps. Adapted with

permission from Ref. 23. Copyright 2014 American
Chemical Society.
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Fig. 3 Transient absorption spectra of P3HT/PCBM blend
films with different crystallinities: a) RRa-P3HT/PCBM
amorphous blend films and b) RR-P3HT/PCBM highly
crystalline blend films. The broken lines shows the transient
spectra at 0 ps of P3HT neat films. Adapted with permission
from Ref. 31. Copyright 2010 American Chemical Society.
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Table 1 Charge generation efficiency in polymer solar cells with different crystallinities.

Polymer Phase 7ED nco Lozo / nm d/A AELL/ eV Ref.
PNOz4T Highly crystalline ~0.6 ~1 ~0.1 37
RR-P3HT w annealing Highly crystalline ~0.9 >0.9 ~12 3.8 ~1.1 31
RR-P3HT w/o annealing Less crystalline ~0.95 ~0.8 5.7 3.8 ~1.1 31
PNTz4T Less crystalline >095 ~0.75 2.7 35 ~0.3 37
PSBTBT Less crystalline 1 ~0.75 4.6 35 ~0.4 36
PCPDTBT w additive Slightly ordered 1 ~0.7 — — ~0.3 35
PCPDTBT w/o additive Less ordered 1 ~0.5 — — ~0.3 35
RRa-P3HT Amorphous 1 ~0.3 — — ~1.2 31
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Fig. 5 Transient absorption decays of RR-P3HT/PCBM
blend films measured at a) 700 nm and b) 1000 nm under
different excitation intensities. The broken lines represent
fitting curves with an empirical power-law equation (6).
Reprinted with permission from Ref. 49. Copyright 2010
American Chemical Society.
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ST T L BV AR EIT 5, Z O/ VA
WL VAR LSy U 7I3dE - RIEET 20T, B
BERATIC L 0 D3 v U 7 OF & il T& 5, EH
EHREE 225 2 TR BVoclZ K L TRIBEDRIE AT S &
tantIVoclZ &k U THEBI BT L. tan& VocD IZ IR
QO)B AL B Z LD,

Tan = Tan, exp(— (;:/B?F] (10)

—J7, TPCHIE D H13% ¥ U TIREnDFHE T X 552754, K
HOENTEF ¥ U TIRENEVocDBMREE 72y F T2 & n
13 Vocl TR L CTHEEBEEAGIZHEN L. n& VoD I iE(11)
DRALT D 2 EBh 5D,

n=n, exp[%} (11)
A=mhvEB<E Ty U TREPNOFIZE T2 v
T OFEMmE, L+ D THEZOBND, LEA->T, 1sun

MRS TTOK /YT A —4 (zan = 4.8 pus, n = 5.6 x 10%°
cm3,v=15m=36) ZHAVD L. ¥v VU 7 HILm=16
us, o FEAEAHEEE Ty = Umn = 1.1 x 102 cm3 s 1 & FLfH
HoND, THOMEE, EBERMIZEVFHMELZb D &1F
IF—F L THY, RR-PIHT/IPCBM Y L > RIETIE /L A )
ETOWPERIAEICB N T~ A 7 oo T
EIFEARIBIE L TWA Z L &RE LTV,

B R TS TR ER T, R TIECRME L
X v U T HEMIEMRT P anNCEREENL TSN
LFEMEDBEFTINIEVI ERRESNLTND,
RR-P3HT/PCBM ' L > REDBRBEIE 1Ty = 1074 cm?
VISTRELHE SN TNDEDT, 7P a U EHEERH
FEITy = pgleso = ~10 0 emd st & BAEL b D, —J7, @K
WA SPTPVITPCIIEIZ L 0 RES S B D o i AR
Eidy=~102m3sITHhHY, 70V anNUHEE Lk L
T, ZHbHE/BEBIHE SN TND I ER0H5,
RR-P3HT/PCBM~ L o RIEDEE AL =100 nm& 35 &,
] FIN IR A I ree = LA2iVoc = 0.8 pus& AL bivd, 2
OMEEF vV 7HML6 psk W b +HENO T, 20T H
FEEICEVRIET HANCHIE LS EREN I ND Z &%
BT 5, Lo T, ZOEWEMIY U 7HEMD, &
WEREIIROEIRTH D EWVZ D, 20X REHEA
ZIHT HHEIC OV TR, BIEbERVSED ST
2. BIxIE, 7Y a N UEREE TR COIEEEE
FREAEZRELTWDA, HOBEL7-7 Ly RT3
EOBWNY v U TICHEANMREIND ETEET L E
Blom 5 234218 L TV 559, Deibel 5 13IEE#HEYE > T B L
HEICE DY I ab—a itk o, OO KA A Y
A RZHREEREDMRIFE L, RAAL YA ARKREWEEF
TR EEN T SNDZ EE2RLTND0), Fiz,
FEEICE D AERT 2CTIRIED b B B AT~ D)=
DEWEFEIIEL, BAHEENMETT22E T, ¥ U7
FHONREL 2D T & BRI TN 283557%8), DR T
X, TN OBEBEOERMNFRRHIFS L TWD EEZXBND
N, COBERNNLRATHDLON, HDHNIED L S sy
FHEEDOMEIREREATFICE L TV E V-7
LIRS STV,

5. BHYIC

PA IR A7 30902 @RI 2 L2 R & 4L 5 REH] oy iR
BEEEEEST D2 LIC kY, &0 RKEEO R B
ERIBEOBEN D ERM THRT I ENTED, Th
b HOBBRA MM T 52 LIc kY, CoRinfk
DETFEEEZBEL TVWAONEHLMNCT D ERTT
EThHO., BrREoOm EE2ERT S LTMADRY —LT
D ENZD, 15%IZMTTZ S 675 EELEEIT D
7o O, BRI B AR KT 5 7D OB, AR
WCHBERTIAX—F Ty b, O TEESZMH LE
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FaER ¥ v )7 2 EB T 28 EOREN R REEY
RS2 2 ENMETH D, T D OREBHEEOIFIZIX
HALZ O D O FENEETH O | FIENLDEL
DWFFEHE DB % HifF LIz,

HitE

ARG TR LT ORI, BRI FBE T2
BE S AP HIE S RS TFICB N TThz b
DTH D, FRRTFE F CTHFIEE 2 T3 STV T F R
ZERRER R A B R 1T U ARRIEIC B b o T2 e
AU L BT 5, 2. 2 OFFRIIREF
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ALCADXZE#Z T CEB LI b D TH D, ZOHEMED
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