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Thesis Summary (approx.2000 Japanese Characters )

TR 2 = R X — B O R0, A HEBIC L 2EFRA~DOBREN S FHEAET R L X — D K E
R Lo TN D, DT, KEBEMITERAMIICHATCE 2 KBEERAT 2 2 &b, BAOHFILS
W, ZOHO 1 2k LTEST L5 BHERKEEMIL, #Ekov ) a0k ) el Egikz ~—2 L L
T RKBGEM & 137 ) AR EERE WD Z 2D, KR e A CRIENABETH D, ZUT LY. KIFEM
HBRICBWTE =2 2 MEOEBRBZHIF SN, VLR TAMZHEHOL Z Enb, BiTa I« 2 Hk~0Is
FAMARETH B, o T, HAEMRET XX —OW KFEIC LT, R&ERESOMERE5Ex 5, LaL, K
Wit & U COMERERCIAMEREOMEIS SI2 L 0, EAIZE > TR WHEITD 1 ks Tn 3,

ARFZECTRIHR LT D 01E, BEOHBEERKGEM OB E L O MR L E AR R R A2 BEOFIBRICEH
L 7= 5HIfRNT FIE O TH VD | B O RILE RO FELE LTI 4 — RNy 7 b 2 EnHifF a5,
B FREE M OREIT, FEMICEBELHE ) N —T7 727X ORHEOHIERLF ¥ U 7 gk OBEE D
Rk, BUORERERIT AR EZED, L LARRL, AHEEREE O RmICBIT 5 % v U 7EEE
B, KBEFEM A EBRTERE LT 298550 5 OFIINELE 2/ S 2 I B8 1 A B8RP O X v U 7 BEE
FIVEZR &, REBOFEBFECE B LT IR 7SIIZ E A LB F SN TWAHIN o Tz, & 2 TRNZET
W, COMBESEERL, A v E—F U 2ANRBIC L DRERDOBENONT T 57 Y u—F 2MiE LTz, A
WFIED )T, ARSI, HHEXY UV T2 R0 ERETHL Z LICER LT v B —& v A BT
FAW A R FEEERE O 9 bABEOE(LOBLEICHE LT 2T A7 1y b A EB S M O fEHT 288 A L
RS, ZORBEICERY AT HICH D, FrLICAHETHLNIZRROMEERT,

(1) BEEDIE, pn~T oA RA IR KIS E 205K 2 A8 S R I O R & FHBET 2 720,
p B IO nMOFAH-EERBORENTRE L 2 o7, SMTEMEESSHEEEAREOBRE L2 (L EE, 0
EVaT ATy ML ZITY Z LT, pMBL U n MO SR DR SN 2 HIRE O REICE
WCZRLF—BHFHREOR T ER L 2D ¥ ) 7 OEMEFHRT DNHBBEROGELHALNIC Lz, £z, #H
JRD p BUEHEI-ERE R 2 B U, AT TIEDN S NEEER O BHETHEDm Blic o7 N7z 2 2 H LM
L7z,

(2)pn~T B A EEFR R ERO S B ERINC LV BEINT-F v U 7 ONREE O EHREITK
L7z, SRREIE 22 2 CE L7 BRI MIT L0 . 2 > OFEFIREE 23 B 72 58BN B0 5 sy 23
DEEL CTHERB S, TN ENEHEEENIOERIC I VBRI x V THRO L CEEL(LTHD Z L& FH
ELTz, o, EBEOAKERRKGERE AV T, MEEEBLOX Y UV TBBEOCRHMNARETHLZ &
KBRS SN L,

UEDX o, A v E—F U AGNHED ) BRERDICE DTV 2T A7y Mt 2#HA LT, pn~T o
BRI BEERE KB REML D % v U 7 ZEENRITICEL Y A A PRSI R BT B BIIE A 20, ARRFZE R NS T
JERE ORI LY . &0 EEREE O SR EL 2 E AR SN D, Tz, AEEERD
FFORT U vy VR RIRICE | EH L - AEFERIGEROEIICLY, =X X —0OfREICKE<EHRRL S 5
FREMEZ RO TN D,
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Organic photovoltaic cells (OPVs) as a renewable energy source have attracted much attention due to their
ease of manufacture, low cost, flexibility and so on. In 1986, Tang fabricated a bilayer heterojunction
solar cell with an efficiency approaching 1% which was a milestone in the development of organic
photovoltaic (OPV) cells. Since the innovation of Tang’s layered thin film structure, which separates
specific functionalities to discrete layers, OPV cells have experienced dramatic improvement. In recent
years, the power conversion efficiency and the durability of the OPV cells have rapidly improved thanks
to the efforts of many researchers. However, the carrier dynamics in the OPV cells are still not fully
understood because of the complexity of the interactions between each organic layer. To improve device
performance, carrier transport analysis of organic hetero—structured devices is quite important. Carrier
behavior in OPV cells, such as charge separation and recombination, is governed by the interaction of
donor-acceptor interfaces because organic materials have very few carriers. Therefore, understanding
carrier behavior at the donor-acceptor interface is necessary to further improve OPV cells

Standard current-voltage (J-V) measurements only give general information carrier transport. To obtain
deeper physical insight about carrier transport, information about the layer—to—layer carrier dynamics
in each layer is needed. Impedance spectroscopy (IS) is a well-known and fundamental technique to
investigate the electric response of structured devices composed of multi circuit elements.

In this study, the basic carrier dynamics in p—n hetero—structured OPV cells were investigated by impedance
spectroscopy. We introduced a novel representation of impedance spectrum dynamic modulus plot (DMP), which
allowed us to graphically observe the layer—to—layer carrier injection and carrier accumulation behavior.
Firstly, the diode characteristics of the OPV cells were discussed based on analyzing the charge carrier
behavior by means of DMP analysis in the dark condition. We revealed the existence of an internal electric
field which disturbs the carrier transport to the electrodes at the donor-acceptor interface, which governs
the OPV cell performance under the illumination. It is thought that this internal electric field is the
reason for the reduction of the FF of OPV cells.

Secondly, under the light irradiation, we have succeeded in—situ measurement of photo—conductivity of
each layer in the p—n hetero—structured OPV cells by using IS methods. The carriers were generated at
the donor—acceptor interface by the dissociation process of excitons. Therefore, the same amount of holes
and electrons were generated into each layer of OPV cells. Photo conductivity dependence within each layer
on light intensity was investigated. The mobility ratio can be evaluated from the ratio of the conductivity
shifts each of which corresponds to a layer of the cell. The mobility ratio corresponds well the already
reported values.

Further investigation of this phenomenon to reduce the internal electric field will potentially lead to
higher—efficiency organic hetero—structured solar cells. Moreover, IS methods are a useful technique to
elucidate the layer-to—layer carrier dynamics in OPV cells.
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