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High Efficiency Polymer Solar Cells
Employing Indium-Tin-Oxide Nano-Columns
Student: Min-Hsiang Advisors: Prof. Peichen Yu
Institute of Electro-Optical Engineering, National Chiao Tung University
Abstract

In this paper, ITO nanorods are employed to serve as buried electrodes for organic solar
cells. The embedded nano-electrodes allow three-dimensional conducting pathways for
low-mobility holes, offering a highly scaffolded cell architecture in addition to bulk
heterojunctions. According to different subjects, this thesis will be classified into three part: (1)
The material analysis and characteristics of ITO nano-columns. (2) The properties of the
device with embedded nano-electrodes, which are coated by PEDOT:PSS via spin-casting. (3)
The results of analysis for the device with ITO nane-columns, uniformly covered by PEDOT
via electrochemical deposition.

Firstly, the growth mechanism of JI'TO.nanorods was previously demonstrated to be
self-catalyst vapor-liquid-solid (VLS). The.tin component in the ITO nanorods plays a catalyst
to help the growth of nano-columns. Since the organic solar cells are thin-film photovoltaics,
the height of ITO nano-columns is around 100nm~150nm. Despite the short heights, TEM
analysis still showed the crystalline inside the ITO rods. Besides, based on the four-point
measurement, the ITO nano-columns don’t degrade the original electrical performance of ITO
film. Moreover, CAFM proved that the ITO nano-columns even show the excellent capability
of carrier collection. Hence, ITO nano-columns exhibit great potentials for the application to
organic solar cells.

How to effectively cover hole conducting layer onto the nanostructured electrodes is an
essential issue. In this thesis, we compare two methods, spin-casting and electrochemical
deposition, to fabricate the organic photovoltaics. In the second part, the power conversion

efficiency of a organic cell employing spin-coating is increased to about 3.4% and 4.4% under



one-sun and five-sun illumination conditions, respectively, representing an enhancement
factor of up to 10% and 36% compared to a conventional counterpart. Also, the corresponding
device lifetime is prolonged twice as much to about 110 min under five-sun illumination.
However, spin-coating is easy to be planarize the nanostructure, eliminating the benefits of
nano-electrodes.

In the last, we present evidence of balanced electron and hole transport in
polymer-fullerene based solar cells by means of embedded indium-tin-oxide nano-electrodes.
Enabled by a controllable electrochemical deposition, the individual nano-electrodes are
uniformly enclosed by a PEDOT hole-conducting layer, allowing a relatively short route for
holes to reach the anode and hence increasing the effective hole mobility. Besides, devices
with 1TO nano-columns show broadband enhancement in IQE against conventional planar
electrodes. Moreover, nano-electrodes (NEs) even exhibit the wide-angle carrier collection,
proved by higher Jsc at large incident angles and slower degradation in angular response of
IQE, compared to the conventional planar electrodes. Hence, free-standing ITO NEs can’t
only overcome the spatial restraint from the location of photo-generated carriers but achieve
omnidirectional carrier harvesting, exhibiting the potential for the practical solar cell

application.
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f. #4»z% n (Conversion efficiency)
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1-R(A)-T(A)

IQE(A) = (2-10)

2-4 3B anAl TR
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FI U PG AF i S A A L ERY SEF L5 ks 3 ¢ HLUNO (Lowest
Unoccupied Molecular Orbitals) @ % # % HOMO (Highest Occupied Molecular Orbitals) -
Flt g A A AR - AP Jedele 252 pn & o 0t 2 RS A A e (exciton) (R

2-6(%) " Hd 40 At B TS T TR HARD A AT TRk o BA G
Alenge+ & & i (binding energy)#wléh= - @ ¥ E P Hcp Bmevo @ &L EHMES 4o
Si &4 Gads 1dc- B mevdme »ig?d Behi P& d g BHpai T s K7

Ppod & R+ AT g AR kS B AR <t B S -

. 30 5x10"
o E !
Incident photon L o E
=] 7 ax10"” 5,
CH2(CH2)s CH3 = : ue
£ . =
@ r t ﬁ ) é
W2 /) ‘ B e v §
5 s
\ OEle:@ ™ \ B {1x10" 2
e )
. £t L3 E
Exciton © - - 0
P3HT 300 400 500 600 700 800 900

wavelength & /nm

B 2-6 (=) kA2 T () Donor, Accpeter type %45 (%) & Ml ok 3

Band Gap and Efficiencies

Efficiency
35%
Shockley-Queisser Limit
/ Black Body Limit
25%

15%

® a-Si:H

5%

0.5 1

1.5 2 2.5
Semiconductor band gap - Electron Volts

Source: DOE, Lewis Group at Caltech
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e 2.0ev 't > & B> Si %2 GaAs st R AR 0 9
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BnSi 2 GaAs L 45 B HEocs 0 RRFIS G S B T WARR

%7 #5847 (flexible substrates) b » 710§ M X B T4 ® = 6 duEiip g * o %

3l 4 S RS .
B R AT RN :r\ﬁ,/*’ﬁﬁﬁl-
a) b) ) d)
electrode
op e top electrode 7/\—’“! T ; (‘\ top
conjugated polymer slection accepior goﬁ/ 'b J\ 5\_5\ H_H J-H_H-Hm
transparent electrode conjugated polymer 3 2’\17 ( ‘1&\4‘3 {
fransparent sleckode fransparent elecirode transparent electrode
e
PN : y
hv——=| ?\ polymer
transparent | top v [ 7
electrode .\\ ‘electrode transparent |_ op -
electrode - electrode b—
N N transparent top electrode
polymer ne electrode o
polymer electron electron >
acceptor acceptor

FI2-8: &70F % il Tt B HE(a)E A 2D E 742 (0Bulk Heterojunction (d)

LERF -+ RELF A &K (B 2-8 a)

HEFB-BRTASHETIEE-85H-28" - 27 17 &7 & Sdk(work

function) % E & 4p & > dopt > F L4 BEPF > I € F]5 7 I eoquasi-Fermi-level » 35 = p

SR B HA D DT ARI AR TR GO AL PR R T BT D S

Ao E R TSR 2 &R ETR.6v) 0 RERE T A s 0 g ld
T+ 2 F mobility 40§ ™ > i = #4ck & (diffusion length)ig i *t 2 & & 05 B > Flpt &

TR awﬁ%‘u% EHMRE D gz E PG oonh S gl o Fla U0 S B A RS R

B w35 (0.1%) -

2. Bk R Fie (Bl 2-8 b)

1986 & C.W. Tang 1* P-type CuPc 2 N-type PV @ i¥2)= 1 gk £ ke - B T
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3. Bulk Heterojunction Solar Cells (B 2-8 c)

-~y
Active layer (80 nmi) '-F':ilmﬂ Al (70 )
;ﬂiiiiﬁigmmmmmr
nnu'au myu
PPV Ceo Solar light
- - ()

W20 (B)ERTHES (4) P @RI UBSPRIEY (2TH B
ﬁ&w%E’ﬁﬁﬁﬂﬁﬁ@ﬁAMn%%M?ﬁﬁm&mﬂ%EPﬂ$94Hﬂﬂ

Eh-A BRETEAL P AR IES ] Iﬁﬁc (photoinduced electron transfer)

(do] 2-0 2 ) 4 & e 1 Lk 95 & Leifes o AL # Cott PG A5 351 A0 L B it
PG A 2 R B A2 Cor LUMO 4o HOMO # £ 4o = #0425 (PPV ¢ LUMO % *% Co 7> Cao
e HOMO > PPV) > ]t & A g FHR-T F TR FH TS > A oheaPF RS BF L F S Ha
THAOFETFEATEERL - H o
IR I -t B TIPSR £ RS O Sl @ (] >t 20nm) > Flet F A * bilayer ehig g
FAFE? PARKENAMPEERLE 20mPF > T+ R FRTIBITEDNT EMRE > 4ot -
U] Tk RS 3 KA B AL 20nm i € ek g 2 ke e TR L0 2
Ae R R RE{ & * Alan Heeger == ;% » #-P-type ehg & + R & # 22 N-type e Co 474 F
B %+ ;% bulk heterojunciton * Kt &% » kg 11 @& PN&d hd fif e > 2 T
i B anfP RE L d 3R S 3 9735 8 e 45 N B (Interpenetrating network) 18 14 fZ 4
(4cf] 2-9 7 ) o % 5 (exciton) B A 4 pF > i{ € X 7| PN etk e A 4 chT Fivh 4>
28 1 %}%F’ -@ P PERTRITICE > RiEEE R E(e. g 184 ¥, phase separation,
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FRREOPT QEEF el RnF B RGBT PN a1 T4 R IR

s

1-1\1,

%2 %4 (phase) ) 5 B 2-8(d) i) > @44 % 23 LiF g B ipE s ? o &

F_k

3§ £ TIE P g T ArF £ 8 RS S phase B 5 B

AFREFAIBENTE AEHEOERE ST BB FERREDERS O FEF
A £ ® Newport = @ #7%8:¢ 1000W Class A s AMI. OG- # B k&R - > K32 K
NREL £ 2 it /B R o 1 (6 B R 7| im e B S Bas R LBy B 2% p b
WA AFEERFEATI Newport REBREEREIHFRL T A 2 RELABE T/
Keithley 2400 #c =% h % %4 27 T 'I’zl_év”"l—V fé_Ai?'J’i% i labview 7 "aARdy % SLE T

AR AN S ' E

Solar cell I-V Measurement

1KW

Power Supply

Class A
AM1.5G
Solar
Simulator
B 2-10. =B i BRMHE & PEHR - 2 1% labview k474 Keithley & /& » ¥ 5~ data

B 4 -

AR L AR ERERR A ark o AP S RERARL A N RTRE
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REFEEHE o B T# (PWM-154) @ ~ 15 R B 5] AML. 5G eng 4% » ¥ 4+ K
F- B BKG-5)# 350nm ¥ 700nm sk g fid iF > 2 AT EE * e B & L d AT
PSHT/PCBM 7 4% = B e 7 HAd & 81 (54 [T 2yt o

2.

il4

g+ rx g iR

Bl 2-11 5 - MBI BRBAR WS c B o chZFERIL e 75 4000 7 (Xe)FE i

N

B KR EEH R ) SET A K P R B R R R R 0 R0 RORIY GREE
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