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due'to the High hole mability in (hin film lransistors (TFTs) and high power conversian
siticiency in polymear solar cells (PSCs) made ol solulion processing technalogy. These
copdlyiiers conaining the strong symmeirc DPP acoepter and r—exended donar endow
fne high crystallinity, planarity. and Intermelecular imaraction, In this study, wé have
gyniheslzed a series ol DPP-based copolymers Deanng mare a—exiended donanting
s tar high—performance arganic THTs and PaCs, blag, we systemalically studied
Ihe elfect of vanous donor units and donor length in these copolymers an e aptical

propenties, 1m morphology. and device properties
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Discontinuous pn—Heterojunction for OTFTs
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Uliization o dlssontintous pr—oragri: heterjunelion s inroduced @s a versalile methad
% improve charge transport in organic thin Him transistors (@TFTs), The method Is
demansitated by depositing t-lype diotlyl perylene tetracarboxylie dimide (FTCO-CR)
discontinuousty onto base priype penfacene OTFTs, A mofe proncunced impact of
e dissontmuous upeer layer 15 obtaineg on the iransistor perlormances when thinner
base |ayers are employed: & > 100-folds enhancement in nele mobilily and a =20
\ znift 1 hreshold valiage are achieved aller appiying PTCDI-CB discontinuously omo
2 nm ik pentacens thin liims, Local surface potential measuremenis (Kelvin-probe
force migroscopy) and tempergture-dependent fransper! measurements [F7=300 %)
gl thal the intertacial dipole lormed al the pn—heterostruclures effectjvely dopes
the hase pertacene fiims a fediction inlrangpor activation engegy.
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Brush painted V:Os as hole transpart faver for high performance polymer based
oploslecironic Ldewces

TAlYL BAe
Due to thelr polenlial such as low—cost, low lemperalure, and easy soiution processabllity,
calymer based light amiting diodes and solar cells have atiractad atlention as nexl
llexible and poriable optoiiegtranic and elsctromic applications: In general device
achiteciure, pmlyl.'3',&—-Er‘1yIen-’;!dunx\.lr'rnc|pf|gnr?!:mc!y-{s?vrem':ﬁulfnrxaleJ { PEDOT:PSE) is
widsly adopted as imerfacial buller fayer for ethcient hale transporting and coliecting
Howeer, hyarescopic and aciiic property of PEDOTRSS leads lo poar long-term stability
drd reliability ol pertermance. Therelore, as an allernative material, we studiad V05
shiricated by simple Brush painting, whick Is very compatibie with roll-io—roll progess
on @ various subst Structural, electrical. optlcal properlles af brush painted ViCs
were charadier alr altec! on pertormance and stabilily of pelymer based devices
wil he cistussed,
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{2-Dinaphihyl-ortho—Carborane Ol Al 204 Lh= Multiple Photoluminescence
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Decarboraned} Naphingl 717} &18H acetylene2| E4E Sai orihe-carborane ] E4-CE|
ol 1, 281 2|2] Maphihyl 717 ZIEE BEES SMEIT SINE HEES HIAEE
42 Naprthyl7| TTSL| (380 nm) 2 LA Naphihy) 7(0fl /3! excimer L2420 nm),
Naphthyi7|2} arthi-cabiorane BR[| ZIS{0iS0| 2J8t BRI nm. CT emssion O] Hel
muliiole photoluminescence?| S THO DFT AMZTE ECZ ortho carboraneHf A
Hol= EXE0| T emissionS Naphthyl 712 a-ortital 2 artho—carborane?) o' —arbital 2|
3 o) 0|23 AsE20) Qs phatoluminescence?l HESE 20 ST E5H
Naphiryl 719 260 SUx(7| x|atE ) (2] 20| FEHOZ HEkEH obie!
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Solution Processed Red Phosphorescent Organic Light—emitting Diodes with
CzPAF—0D as Hosl

EoH, oSl Mz’ sae! saga gelssar: TgYHEtR

The extensively Usad bigalar hast CzPAF-0XD as lor rad phiosphorescent organic light
emithing dicdes (OLEDs) wese fabricaled by solution process, The OLEDs that we prapared
ulizes phosphioraseent dopant materals, Dis—{ phenylisoquinoine)lacelylacatonale)
tidumi 1) (rpia)dacac)), exnibil a Commission |memalional de I'Eclairage (CIE)
coordinsles of (068, 0.31), We have labncated solution processed red OLEDs with
3 conliguration ¢l (TO/PEDOT:PSS/CzPAF-CXD:mCRI (pig)d acac) TmPYPBILIF/AL The
aptimized interlayer OLEDs showed excelian! perlormance = a5 maximum [uminance
dliiciency of 416 cd/A, & makmim power efficiency of 218 Im/AW and a maximum exiern sl
96 % and the driving voltage of 41V

guantum etligiency of 8
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Highly sensitive photocanductor using polymer blends
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Hers we demonsirale 2 smar photoconductor device whare photacanductive gain 1
generaled by anf—slgp phase fepatation ol polymer blends Tre designec phoio—aclive
laver consists of high motiilly DPP—derivalive and various |nsulating amor ohoLs polymers,
Unider tHe oplimized processing soiveril, DPP—denvative formed very uniform tayer al
the @ir—Interiace while (he amorphous polymer was bosilionisy betwsen DFP-denvative
ar the sutistrate, By optimizing the Ihickness and funclional group of amorenous olymer,
Hly high phdtocorductive gain as well as pholo-responsivily.
=d potymer photaconduclor is fully discussed in conjunclian

we could show exceptio
The phyaics betund (he O

With various charactetization 10ols
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Applications of Yterbium in inverted Organic Photovoltaic Cells as High—performance
and Stable Electron Transport

xx8, dne, oMg’ Mgt

The electron transport (ETL) layer improves power conversion efficiency (PCE) in organic
photovoltaic cells (OPVs) by helping form ohmic contact between the aclive layer and
the cathode metal Here, we introduce ytterbium (Yb) as an electron transport fayer
in inveried OPVs where Yb is directly evaporated on indium tin oxide (ITO). The PCE
of the inverted OPVs composed of ITO/Yb/P3HT:PCBM/MoO3/Ag reaches up to 4 3%.
recording 71% of the fill factor (FF) in one sun irradiation, Over 80% of ils original PCE
is retained over 30 days. The results indicate that Yb in inveried OPVs is vaslly superior
1o other ETLs as it improves the majority of the parameters including short circuit current.
FF and PCE. In this report, we will discuss how Yb functions physically and opticaily
in inverted OPVs, making it a promising candidate for achieving high PCE and good
air stability simultaneously,
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Development of Bulk Heterojunction Morphology by the Difference of inter—molecular
Interaction Behaviors

XEH, OEiT, wRY, uag uesl, #avl, wael' posTECH: BAHSL
The study of bulk heterojunction morphology can be controlled by adding a processing
additive in order to improve the power conversion efficiency (PCE) in photovoltaic devices
Here, the phase—separated morphology of an amorphous polymer or a highly ordered
crystalline polymer blends with the fullerene derivatives is systematically examined wilh
various processing additives, which possess the different alkyl lengths or the different
electro—negativity of end—groups. intermolecular interaction between the polymer and
the processing additive, and the fullerene and the processing addilive controls the
morphology and efficiency of photovoltaic devices
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Space Charge Limited Current of High Mobility DPP—based Polymer

2z, oy, mug, #al, Yesl 3 o Feta: Ao

Here we studied the charge transport characteristics of widely studied diketopyrrolopyrrole
(DPP)—based polymers by using space charge limited current theory From electric
field and temperature dependences of charge transport characteristics in hole—only—
device geometry of one of highly conductive DPP—derivatve, we could show that the
density of state (DOS) for charge carrier is significantly narrow in the bulk of
semiconductors. We argue that the intrinsically narrow DOS in the bulk of PDPPDTSE
resulted in significanily superior charge transport behavior, which was not visible in
the case of other low mobilty organic semicondeulors containing intrinsicatly high densily
of trap states in their bulk,
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Thienol3,4-clpyrrole—4,6~dione Based Small Molecules for High Voc Organic
Photovoltaics
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The optoeiectronic properties of organic semiconductors are primarily governed by the type
of conjugated unit in the molecular backbone, Especially, in utilization of the push—pull
concept for designing low bandgap organic materials. selection of electron deficient unit
requires special atlention because the frontier orbital energy level, planatity and dipole
moment in organic molecuies may be determined by the properties of the unit Herein we
report the synthesis and characterization of new organic small molecule (SM) composed
o thienopyrroledione (TPD) as electron—deficient unit and dithiencsilole as elechion—nch
unit. Since TPD has strong electron—accepting properties. it is expecled for TFD to lower the
HOMO energy level of the SM, resulting In high Voc of OPV cell The SM exhibits a deep
HOMO Tevel of — 5.50 as measured by cyclic voltammetry. As a resull. the soler cell dewt
fabricated from the new donor material snows a PCE of 55% wilh a tugh 1y o €




Thieno[3,4-c]pyrrole-4,6-dione Based Small Molecules
for High Voc Organic Photovoltaics
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The optoelectronic properties of organic semiconductors are primarily governed by the type
of conjugated unit in the molecular backbone. Especially, in utilization of the push-pull
concept for designing low bandgap organic materials, selection of electron deficient unit
requires special attention because the frontier orbital energy level, planarity and dipole
moment in organic molecules may be determined by the properties of the unit. Herein we
report the synthesis and characterization of new organic small molecule (SM) composed of
thienopyrroledione (TPD) as clectron-deficient unit and dithienosilole as electron-rich unit.
Since TPD has strong electron-accepting properties, it is expected for TPD to lower the
HOMO energy level of the SM, resulting in high Voc of OPV cell. The SM exhibits a deep
HOMO level of —5.50 as measured by cyclic voltammetry. As a result, the solar cell device
fabricated from the new donor material shows a PCE of 5.5% with a high Voc of 0.95 V,
which is, to the best of our knowledge, the best PCE value reported to date in TPD-based SM

solar cells.



Small Molecules Based on Thieno[3,4-cpyrrole-4,6-
dione for High V,. Photovoltaics
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Introduction

+ Thienopyrroledione (TPD) as an electron deficient building block

R f \
1 1
0= N0
- Easy synthesis and good solubility
-‘r \ - Highly planar structure, which leads to strong n—r interaction
S l - Strong accepting moiety in donor-acceptor type conjugated materials
TPD

% High V, of TPD-based polymers in photovoltaic cells

PDTSTPD
HOMO= 557 eV

PBDTTPD
HOMO= -5 56 eV

PBTTPD
HOMO= 556 eV

Macromalecules, 2010, 43, 6936 1 Am. Chem Soc, 2010, 132, 5330 [ Am Chem. Soc, 2011, 133 4250

The TPD molety significantly facllitates to offord low-lying HOMO energy fevel
and concomitant high Vo for photaveltaic cells.

Objectives

» To synthesize two TPD-based small molecules with different alkyl chain
position

» To investigate and compare the optical, electrochemical, and
photovoltaic properties of these two small molecules

Results

. |
<« Synthetic scheme of small molecules
v Synthesis of mono-brominated TPD unit
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T L LT = L4 B o C

1) Ac.O, 140 C, overnight; 1) alkylamine, toluene, reflux, 24 b ii) SOCI,, reflux, 12 b, v) H,50,,
CF.COOH. NBS, overnight, v) Zn, EtOH, AcOH, reflux, 1 h

v Synthesis of TPD-based small molecules

OTS(HaxTPDT2),

DTS{MeTPOT2Hex),

< Optical and electrochemical properties of small molecules

v UV-Vis absorption spectra v Cyclic voltammetry
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Wavelength (nm) Wavelength (nm} Potential (V) va AQrAg
EoP (eV) Ec (eV) HOMO {eV) LUMO (eV)
DTS(HexTPDT2), 1.86 172 —5.50 —-3.78
DTS{MeTPDT2Hex), 185 1.67 —5.50 —3.83

»  TPD-based small molecules represent deep HOMO energy Jevel.
«  Two small molecules with different alkyl chain position exhibit similar optical and electrochemical
properties.

< Photovoltaic properties

v DTS{HexTPDT2),:PC;,BM
bt
I 7

ol | Blend ratio®! Voc Jse i PCE
= = — 7 (w/w) V) (mAcm) %)
E 2j a2A = U
3. b 2:1 093 97 0.54 49
Z s 1.5:1 0.94 11.8 0.54 6.0
g ]
s & 11 0.94 10.8 054 5.5
$ 10 !I—- =
§ ! 12 092 8.5 0.53 43
: _'u-u_a‘J ? - Ill_oll 1 1 0.5 vol% DIO is added to chloroform solution
Vohage (V) Device configuration: ITO/PEDOT:PSS/SM:PC,,BM/Ca/Al
v DTS{MeTPDT2Hex},:PC;;BM
2 -
al | A Blend ratio® Voc s " PLE
T | A {w/w) V) {mA cm) (%)
5 a s
3 11 -
g nl 091 56 0.52 27
‘-: % r = 15:1 0.93 6.4 0.52 31
H
bl | —ay 5l 0.92 60 052 29
g i
H Ya 12 0.92 a1 0.50 19
v oAz
o3 03 08 28 08 10 20,5 vol% DIO is added to o-dichlorobenzene solution
Voltage (V) Device configuration: [TO/PEDOT:PSS/SM:PC;,BM/Ca/Al

«  Two small molecules with low-lying HOMO energy level exhibit high Vo in the range of 0.91-0.94 eV.
= DTS(HexTPDT2},showed o higher PCE and Js. as compared to DTS{MeTPDT2Hex},

% SCLC mobilities < TEM images
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Conclusions

» Two TPD-based small molecules were successfully synthesized and
represent low-lying HOMO energy levels of —5.50 eV, and concomitant
high Vs (0.91-0.94 V) of OSCs.

> DTS({HexTPDT2), shows a higher SCLC hole mobility and distinctive
phase separation, leading to high PCE of 6.0% with a J;c of 11.8 mA
cm?, a Vo of 0.94 V and a FF of 0.54.



