8 2 14 £

National Chiao Tung University

B S (HERER] - HEREHEE)

O
1
N
ot
o
HAI
A
5y
—
HAI
KH
s
i
LLLLMLEH
HAI

ARFST%RE - FEFEE A

RS - TRETF ML®AsE

AIEEZE - EH VWIEE FEREARZEM AT
HHEREARS : 2012/08/30~2012/12/31

#3445 HHA : 2013/07/05

1



T
KIGRERRAT T Ry R il & B 2 B AR RRT . — » MK
RE BN BB E (RN R A ~ B RG(E - S REE(L - BEdhES - 2R
KRG RER Ml 8 e 2 #5355 - R B IR UBETR =0 T RIS RE BV H B E 2
SRR » i E P HIBH R 2 R SR T 2 S RO BRI - AR AT
R S5 B PE FE B EE B T A E2 44 £ Dr. Alex K-Y. Jen BB = 1T A HA%Y /(8 B 1Y
ERiGSOR - MR HAR RS STV AR S TR SO TR ER s B S
ST FRIGREEM « Dr. Alex K-Y. Jen (U SE BIXAEAE T 2 A5 SE ROLE T
e S IR B8 - BFZERREEAR - R B A BT SO B S
il A& AT AT K R R 5 T8 T AR PRSI, ~ 5 S LAY B AT -
AFE A B LSS (DB SRAE 2 RRE MR = T RIZAE B, ()8 FIEAER
=177 TR B BR IS RE BRI DL S (3)BH 38 A 580 Hh e 43 g DA B B v e e A Y
KPHREEEA - FERAEGTPRETAR « L\ TR O TR » RMERIIBEE SR
REZRBER @ T RIGREE M - TR R 6.6% » Ky HATZ 254
(cyclopenta[2,1-b;3,4-b ™ Idithiophene, CPDT).Z i 4C#R{H © $EAP > BATHRLTIFH S
ERCRZ AP IEHE T RIGREEA » TeE 2O PIEFIERE By 47.3% » TR
Ko 5.0% » Fs AT AR 2 ARG BN AR = 408k E - BB TE
R AR PR R WS G EA 2 R DU B S SRE SR B A K I RE B -

M+






3L

— - Hify

P9 F R A R TR AT 0 DR (s P T AR R AT A R ARE Ap  FF
M HRRE > PRV TR NI ERE B 2 RS EIR ) 1%
RIS TR RERTR ARG A KISEE - HEE - E6E - HEWES - REEEE I
X RERACEZ - HAREHRFT KA 95% DL ERERSMED » KIHAE
FFFERERE S BT - Fre@BRE NN EREE Y TR - W
BEARIVERRER - KR BIR SRR — 5 - BRIV (AR EE
> LUK E G REE R - REEH R A HE - IR - K5
REZ AN EEZ - TSEORHRE » TR FURIGRE 5 5 & 488
AR B 3096 LA I - HRTHTHE AT R AR A AR LR R
M-V &~ [-VI BEEMR R o IR BRI (b - [EEERS
TEFE $S/ELEN » BATEUR N & - IRIBREE LR FUSET - REGEAEAK
HUARERA BLEER] - HEMOAIESRS § VLT - iSF S KIS
B CWBEE - AT EFERE - RIS —RpA - SRS MRE
H AP B 35 f2 R g

=5 RIS RE B B CARRR ~ SRR 5 - B - AT REREE - AT
BEh R E IR SR - TR S SR E A AW - 2R » & TR
RE B R B PR P S LA AR A R i B AVERE R el - Horh—RHSRR R
R TCHF Z A BEIRSCRITA RIS « ST TR AR A A T
FI=T8: (DRFRE R EDE R B = 53 T KPS RE 45 S T R R B AR5 AR
Bt - IR TR KA - QB A D T A G N E
fin S > DG S B A DR D SR TSl R TR 2 U se
(3)FE FEER AR (A0 3R SRR M) (A S IRIRAETC AP ER - 39
JERE £ (optical path length) » $EFETFIRUHESR - HATERBAURISREEM
SRR 10.7%  REA ST RIS Rs St 2 S AR i = 508



FEERE A SRS H ) S A 2 B R MR eR B UK 5 RE BE A AT S RE K
FETCEEEIRSCR - B HATAl A DEYSORA THE 2 W

AEEABE = FHN TR AR E SR (DRSS 0TEY)
iRy oy ARG RE M 2 RS A B EiE; () — Y B EE S 2 RAER S
o3 FEES Q)FBAIS T RIGREEM T o B R A= Pa HEE K
BRI %1 Dr. Alex K-Y. Jen EEREET RFIKY/ E H AVELIIRISE > HIVRGES
PRETAE ~ S TAE U ROt TR E IR SGE f B = 7 T KSR AT -
Dr. Alex K-Y. Jen BYWIFEEIBAE S 73 T RIZREE A ZATRIBESE ~ St Ko Eam
R TTARAERE S E TR AR - T \ERE S HAE RS - RAE4
FRBEIRE - bR AT PRI A B ST+ DT VB S e/ K S P(RLFE AR BT i
Z %) -

=N -
ARG EAFERARMITE 2012/09/01 2 2013/05/15 » FyHHZS /(& H - Eg=
TE R R RN BTSSR AR A BILRIESS — B
SRS 25 BE PR 4RI - SRR R TS B A P
SR ETI R A RS IS - A —HI0R &5
G — ROV (EEHD Dr. Alex K-Y. Jen @41 EHE(E AL
LR P BRI T TR LG R F SR AR E R 52 T
{f - FEEAIB GBI R TAE R IR AR TP - S
SRV - HRRTRGEE I T 2 T A TR AT RIFIR B
FFAIRSRER - BRI 2SN o R R BT 4
B G % T T B FsAT I -
SRV R R TR T « SR TR0 RS TR BB
B TR » BIRPE RS ()EBRRE (SRR T A
‘ =

i
REFEA, QFERIERERSS 73 1R B R RE At LU (3)FR 378 & Hy ol 22

=

==
banl
]

m



P LB SRR B ARG RE A - fEAB A E T T(MTER = DU Dr.
Alex K-Y. Jen Elhi= CRDIBRET 2 EATB VKRR S 01 EREHE
£ % OB OB M o& B e R F M R
poly[2,6-(4,4-b1s(2-ethylhexyl)-4H-cyclopental[2,]1-
b;3,4-b ~ ]dithiophene)-alt-4,7-(5-fluoro-2,1,3-benzothiadiazole)] (PCPDTFBT; %5
0 Figure 1a) BLHHEAERR(1.34 eV) ~ @RCE ~ @ T BB 1.4x107 cm’ V' §7)
AR s BRIt E M S ERG  AHEE S TEAN P B S 0 T KIZREEM - b
FEAE DT AT ETPRE LR - FE LRRELUOEE TR - MCEkII5HEE
= ARE ZARBERR = 0 T RS se A T 45140 Figure 1b) » o302
6.6%(F—) B B % 25 eyclopenta[2,1-b;3,4-b ~ ]dithiophene, CPDT)”
= ERE - E N EEHRERMEED T (HERERIEAHER
ortholorobenzene(ODCB) » &2 = REHY/AR trichlorobenzene(TCB) A 5-E 4T
DR ET S TP (Figure 2) - w1 Z AR (Figure 3) - AR
B HY{EAE(Table 1); Q)5 mEI LR S [ AEghx ST B4 Edig nl b &4t
FEYR AR > BT 2 b Figure 4) - (eiEdk T2 UdE; QOB IiE:
A R 2045 18 w38 o 24 A 3R - BE DR SR AY & 42 (Table 1) ©

BEAN - FAFI R TIBR % =R < R IE W T R RE B T 4T
% Figure 1¢) » o2 S ZE B (average visible transmittance, AVT) &y
47.3%Figure 5) » TTHSE By 5.0%(Table 2) » & B AR IZE A 2 PR
REEEA IR = 4CER(E © SEEL Ay EEATEEREEL T (D5 A SRR
poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate)(PEDOT:PSS) & H FlI A &
HYSRIFE TP B M (Figure 6) > (HECEREM ] [E RS EE S
K (Figure 7 ¢ Table 3); Q)M S0~ B KI5 e Bt B = S s
TEFEIE(98.9% » Figure 8) » ARASEH TR RES EET P M ETE T - 1RG5 T
TERFEEN AR R EERE - WEEEHRA 2GR - IEH S REE HB AR S
REBRAMMOTIFEETELN Figure 1d) °

BERHIRL AR AU A BT g i e 2 & o0 T KPS RE B (Bt 1A



Tl Tt B A (SRERR PP + R ] DR TS K T
IR ABHERSE, B LHORII R -

Table 1. Summary of the photovoltaic device parameters for the single-junction devices.

_ ol Voc Jsc FF PCE Ue
Device Conditions' 2 21 4 21 4
[Volt]  [mAcm™] [%] [%] [em* V= sT] [em* V™ s7]
A Conventional, ODCB 0.74 12.35 5419 5.0 3.1x10™ 2.2x10°
B Conventional, TCB 0.74 13.43 58.05 5.8 2.6x10° 1.5x10°
C Inverted, TCB 0.75 13.70 57.79 6.0 - -
D Inverted, TCB™ 074 1424 61.68 6.6 - -

Table 2. Summary of the photovoltaic device parameters for the semitransparent cells.

Device Ag thickness [nm] Vo [Volt] Jse [MA cm? FF [%] PCE [%] AVT [%]

E 15 0.73 11.90 58.34 5.1 39.4

F 10 0.74 11.39 58.56 5.0 47.3

Table 3. Sheet resistance of 10-nm Ag films coated samples with and without PEDOT:PSS seed layer.

Condition Sheet resistance [Q/sq]

Without PEDOT:PSS Overflow

With PEDOT:PSS 1.57

a) b)

PEDOT:PSS

ITO-coated glass substrate

c) d)

ITO-coated glass substrate
ITO-coated glass substrate

Figure 1. (a) Chemical structure of PCPDTFBT. Schematic representation of the device architecture
used in this study: (b) conventional single-junction solar cell, (c) inverted single-junction solar cell and

(d) double-junction tandem solar cell.



30.0 nm

15.0 nm

0.0 nm

20.0°

10.0 @

Figure 2. AFM topography (top) and phase (bottom) images of PCPDTFBT:PC,;BM films cast from
ODCB (a, ¢) and TCB (b, d). The rms roughness of ODCB- and TCB-cast films is 1.16 nm and 2.28

nm, respectively. The scan size is 2 um x 2 um.
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Figure 3. XRD patterns of PCPDTFBT films cast from: (a) ODCB and (b) TCB.
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Figure 4. Dark J-V characteristics of the as-fabricated devices (see Table 1 for descriptions of the
device types).
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Figure 5. Optical transmittance of the as-fabricated devices (see Table 2 for descriptions of the device
types). The inset shows a photograph of Device F and a bare ITO-coated glass.
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Figure 6. AFM topography images of 10-nm Ag coated samples: (a) without PEDOT:PSS seed layer

(rms roughness = 8.54 nm) and (b) with PEDOT:PSS seed layer (rms roughness = 3.08 nm). The scan
Size is5 um x 5 um.
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Figure 7. Optical transmittance of 10-nm Ag coated samples with and without PEDOT:PSS seed layer.
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Figure 8. Color rendering index of semitransparent cell demonstrated in this study.
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