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S BT R A (0 FSBT % & W) FF i W B Sigma
Aldrich, 4y £ 4 10000—20000. K ¥ fift T &A%
s W E N 5 mg/mL (1) FSBT % W e i 75 76 4%
7100 nm & I EE A B, £ )R BEZ9 55 100 nm
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PR FE N 90%, k5 M~ FAT T /K P1. SLie il
BAFEPORBFE S EKE o E =3, BF
ST 3 x 1078, 5 x 1071912 x 10719 mbar
(1 bar = 10° Pa). 7 [F]5 &5 £AE |, FSBT
HIE B SR I FEFHIB KR 75 °CHYEHF
10 min, LAZBRAE & A AT BR TR A 1A SR R TH S
g, ZZBE A RIE R ALZEEE KT 99.999%) M Alfa
Aesar A 7 W15, w8 i H A K B FSBT
IR, 78 R R IE I A T SRR T (QCM)
WM. R TIRMRRMERBUEE, C 1s f1 S 2p ik
REE N 340 eV R FHEEUK, N 1s 358 A 500
eV BRI ER G e, ik F e 29 40 eV I
[FPER GO . T W REMT ) T #uk
2, FERERL BRI —5 V. SREed R, 8 A
TEE Au FERR G Au 4 TSR 2R T RE R
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20°, 35°, 50° F170°), FRAFW U U 5im b5 A i 2 [R) 1)
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T FSBT 7 FH 1 C oo & B A = F A R L 230
5E, o3 =R F B R L R C 1s Wk
AR E T Cr, Cy Ml C3 ZFIAFL AL C
g, Hodr, Cy 7T 285.1 eV AL, AJIHJE Ny ek
FIMIAT C, Cy f1 T 285.5 eV Ab, AT )& N FS 1 BT
KIS E R AT C, WAL T 286.6 eV AL 1) Ca M JE
FORBEM R 5 NAZEEN CIH 7. Feng% A
AR E X PSHT C 1s 45 R ALBR R, JEMAI C It
EHEGRELIEM CREO0.4 eV 90 st g
BRARIE R 5 N RA MM C e &R BN T
286.5—286.8 eV Z [1] B0 fy kit A7 0l & I 45 31 =
ANC 1s TIESRE LA N 1T - 16 : 2, 4558 5 FSBT
S FEERARE A, THE FSBT RN 1s F1S 2p
3 AT 399.9 €V A1165.9 eV AL, 5 C 1s &%
P CH R B EBANE, N5 STEFSBT 4 745 #4 h
R C=N—S —Fh&it), KRN H B L5 4.

16
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1 (a) FSBT 4 T4HUR I OFbRih Cr, o, Ca IAEINRE); (b), (c), (d) 451 4iH% FSBT C 1s, N 1s, S
2p ith; (b) HOH C 1s BT T AMEALTER,; (c) PRI ROk o T ST 11, RS ARSI AL 7 ST (B IE A

X ¥ Vi F8BT B 7 1 A0 — YA 1k 32
B, DG T REE 9 40 oV R ER S 6 ik
Ui, SRR T 5 (a) 1 (b) . HHULTT 19 2, i

FSBT HILhR £ 4.48 eV, H i (A RELL (HOS)
B T % K B 4 (Ep) LA F 1.32 oV, B F 3% (IP) N
5.80 eV, HICHRHGE 45— P71, HEH FSBT
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IR (Eg) N 2.40 eV P12 AT H LR AR R 4
AR (LUS) NETRED (Eyvac) LA 3.40 eV. 1
PR ARE ), J5 3 FSBT it h, 1—4 eV JEH
DA A e 0 1 S Dy ST 2 3 b 1 B 3 m L ) Dk, i
412 eV 05 [ P A 0 JU) 95 - o L4 ) Bk

3.1.2 EZ@AREG AFM A 7

2 (a), (b) Ml (c) 733 7R 1 F8BT i HEAEIR
KET K370 °CHI120 °C B K HFEBAIME R
I AFM B FRAT%E UK T F8BT 3 10 % Ak I
JE (T = 130 °C) FIPIANREE (70 °C F1120°C) KA
FL F8BT R L SAE A [FIE KA BT AR 1015 .
R e A A A B, 3B KB 70°C 2 )5, FSBT
VHE B P 2 THHELRRE B AL 0.22 nm 386 01 1 0.28 nm. 11
Bk F]120°C, RAHAE G K E]1.21 nm, JHHIER

5.0 nm

©2.0 pm

0.5
1.0
1.5

() 2.0 pm

KR FER (I B AT Ty) 7T 51 S F8BT ) 3 T HL K
FE BR3P X R RN IR K b B B R R A
Y5y T Bz 2 B HE, 33 5 SR A ) AR TH Y
#i. Roige & NS KRR, BAEWIRKEFEF,
A W3R TDHLRE B2 A8 0 £ [0 et R B 5 P9 35840 1
(145 fm Ak, 5809 8% 18] 1) A B2 XCRIAR ELAE F,
B0 T A P B ek R L R B, AT
BT R TEREYR &L 2 556, Lee A
WFIE 7 IR O TG R AR SR B,
g5 LR, BN RRE (1 3% TH AT LA 0 R AR RN 2R A
WiE Y 2 )2 A TR AR 389 KB RO N T 1 X
fa 350, DR, T AT GE SR K AT fd FSBT 3& &
() 45 i, JE38 0 B B A FSBT F i b AR, AT —
EREE FIREE T FSBT MR AEM R WER

K2 i FSBT MBHE KAT G AFM 1% (a) RiBK; (b) 70 °CiIBK; (c) 120 °C Bk

3.1.3 EABEAETZRLL X HERBMAF
b 4 A1

B3 (a) F1 (b) 2 A 7R T AEAS [F]N S 6 1 £
JE (0°, 20°, 35°, 50° F170°) N FSBT {# ik C ) K i
FIN [ K34 WA 7 =g . 76 C 1 K IRk
P 285.0 eV F1287.5 eV Ab % U6 T 43 51 U K] F
C lsfn* (C=C) REFEMN C 1s [ o* (C—H)
RAEEFIEERE PO 7E292.6 eV A1302.0 eV H
B A 58 0 ) 4 A R F C s o* (C—C) = 8
HUE M ERE BT AN K 3 Ui o, 397.2
eV, 398.4 eV H1401.0 eV Ak F W Az e £4 Y5 - 4% g s
(BT) EN 1s i it (C=N—8) REEHUIE 1IERIT 2%,
AT 406.5 eV, 409.3 eV AL iE I AT B A N 1s
7] o* (C=N-—S) KEBEFIE ERIT P3]) BAR [ 4 1
SE RIS AR TR G @ ALK 43 Fo 7=l NEXAFS 5
W3 . BB AT BAG H, 76 C RN (1 K a4
W e e 0 iR S5 N SR A PR S KT RS R, G5
JE AN S0 M B ARG SC R 0 R T3 () F ()

OEGHSEEN
N T SRELFSBT 80 45 # B 1 (1 15 &, FI

U1 () Stohr J7 FE X 52 56 B 3k 4T 52 B0 A
A

I(a, B)

= A{%P[l + %(3 sina — 1)(3cos? B — 1)]

n %(1 — P) sin26},
o, TR RBPUERIGRE, o RN A, B
SEAL A (RN BT 20 7P 1 I BRIE AR B 5 4 iS5
LIRS A). WAL T P09, AR—A 55
bm S 06 175 0 % A HE B 100 B 5 R DAL €8 0 il
252 SR T B 2 (a) A1 (b) 3 b it g,
TCM KL, BLIN49°, THXTT NI K i, BZ1N
48°. Watts % A\ 7l [ FEE T NEXAFS i 78 FSBT
I C 1Y K 3A R, F8BT 4> T8 42 19, 9-
I BT (FS) ZRMEME T (BT) A JE 5% £
IR 4750, SEATIG R Sk, miEed N
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() K 33 F e T (BT) S48 )
Je £ty 48°, WP F8BT FEAZ M 7 T4 |, 1X—
SE AR IOUE T 7 [ AR & R B8 I BT 2 [A] ff 41 %
F/NT 45°, B ILFAL T F—F. F8F8BT 7
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o

(a) CHIKH

o
©
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XN/ (%)

o o
N
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JETHER eV
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IR
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|
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T E B C RHLE A AETE, oy TR 2
ZENm U RRYE X L R F8BT MR A 4o I I
R R B ER TE 3 (), BIFSBT 2+ UL S
Fob IR 341 49° I 1 75 SR R THHES ).

(b) P
NI Kl E

1/

0 20 40 60 80
KBNS/ )

405 410

JFRER eV

ARG TR C B K 1 (a) N [ K 34 (b) B4 77780 X SHERBOR S5 141 (a) A1 (b) EH )

WE NIRRT CH K AN B K AR o 528 R X 5T NG AN i A (i s s (2 Seia iodi, miar
R IRNZ RS WAELR); (c) NEXAFS LRI AR EE] (d) F8BT 7 TR L HFIH A 7 5

3.2 Al/FSBT RmEMRMAR

3.2.1 SRPES# X%

Kl 4 (a), (d) M (g) 70l T C 1s, N 1s M1 S
2p 1 SRPES i bl Al 78 75 B A fLita s, hmiK
I, BEE ALDTREFERIG N, C 1s, N 1s #1S 2p
g F 5 P 45 BRSO 55, R RS, BT R 5 A e Y
B A A e AL, X YR TR ) R 4R Al
P F8BT # 4T AF Jay 48 B 145 2% I 15 4l F8BT (1)
LUMO fig g 51 e fg i 25 M pra Y. Btz 4h, ©
1s ETEAR S5 & R v I 98, TN 1s AI'S 2p I B
AT .

NTHEAAFR ALEE T C 1s g MA2R1, &
MR [E ALEBE T C 1s B 0047 AR b B8 g 73
() ff v i F2 a0 Bl 4 (b) B s, F8BT LYTAR T ALLL
Ji, C 1s R TJEA K Cy, Cy M Cy =AM IS, H
BT Cy, Cs M Ce =10, o, Cy 145G BB
T C1§1.0 eV, Cs MG GREMKT C3140.6 eV, T

Co MEEABEICT CLI52.0 eV. Cy /£ AL Cy WFh
SN A B T R 29) . Salaneck £5 N R B, Al4:
5RO L5 (PPV) DL R WY (PS) i a-C
P A st e 1290 TR AT BAAA K AL € R
a-C PR T HAN G Cy. Cs MIPET AL T
H5S RN FHN--SHEEBITE, A5 N R4 T
Frikh C=N—AL 1M Ce MBI C, 5 ALK
TN, AT ARG Y. AR SRk iRE, R
G L R AR G 0% R Bk
’ﬂﬂ /;Tl-% [22,40,41}‘

W 4 (c) Fias, FSBT EJUA T 0.5 nm AlJg,
Cy VERRFEAE C 1s TR I L B BS A 350, 17 Co A1 Cy
1 b U B R PRI, UEEHTEML R R O 5 ALE &
RAE L, T Co M Cy P 5 AUR A T I 2
N, - SFEHIR Cy A1 Cs 172 4E. O FILLEAEDT
T 1.0 nm AlGHFERMEVDN, SRR, AlS5 C 4
Folt S B2 A2 B Cg LU T U530 T3 K.
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n n 0'4
= 15 =
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2 0.3
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M 0 o ]
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0 2.0 () S 0
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LE AR eV LELRE feV ATJERE /nm
1.01 (d) 0.124 (f)
N 1s : 1.0
hv =500 eV [ | AFJEE/nm N N
P 0.09 0.8
.a E
3 E R
e E N 0.6
5 £ 0.061 b
@ E 2 0.4
= = =0
B 0.03
0.2
0.008 0
404 402 400 398 396 0 0.5 1.0 1.5 20
LERE eV AIRJEEE /nm

1.5 (g) S 2p 0.8 (i)
hv =340 eV
1.2
" AlRJESE /nm 0.6
B 3
§ 0.9 E(
2 " 0.4
% 0.6 éé —— C 1s
% : 0.2 —@— N 1s
= 0.3 M .
‘A* S 2p
ol 20 .
168 166 164 162 160 0 0.5 1.0 1.5 2.0 0 0.5 1.0 1.5 2.0
Litfig/eV AlWJEEE /nm AIYJESE /nm
4 (a), (d) M (g) HHNARF ALUEE T C 1s, N 1s, S 2p ih; (b), (e) 2354 Al FIEEN 1.0 nm B4 C 1s fl

N 1s iR MFRE LR O T RIBTTE, B 040 RV ALFREIREL); (), () M (h) 2518 C 1s, N 1s
S 2p # WA AR & S TR LL LRl AL JBEERE NI ARG DL, (i) MANE ALEJER C 1s, N 1s fl S 2p i

REGALREAEIL; (b) th A B XTI Co HRITBTEOR

5C 1sil AR, FSBT R Al 2 )5,
N IsiE7EMRLE & feum W B 748 7 — AN Fnig. i
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Abstract

The surface morphology and molecular orientation of m-conjugated polymers, along with the chemical interaction
and electronic structure at the interface between metals and these polymers, strongly affect the performance of the
polymer-based organic electronic and optoelectronic devices. In this study, atomic force microscopy (AFM), synchrotron
radiation photoemission spectroscopy (SRPES), and near edge X-ray absorption fine structure (NEXAFS) have been
used to in situ investigate the morphology, structure, and molecular orientation of spin-coated poly(9,9-dioctylfluorene-
co-benzothiodiazole) (F8BT) films and their interaction with the vapor-deposited Al metal. F8BT films were prepared
by spin-coating the F8BT chloroform solution onto clean gold-coated silicon wafer surfaces. The room temperature
spin-coated F8BT film is rather flat, while mild annealing treatments (120 °C) below the glass transition temperature
(Ty = 130 °C) lead to an apparent increase of surface roughness of F8BT film, which is helpful to effectively increase the
contact areas between metals and F8BT. After 70 °C annealing in vacuum, the aromatic rings of F8BT preferentially
stand more edge-on, making an average tilt angle of approximately 49° with the substrate, while the 9,9-dioctylfluorene
unit (F8) and the benzothiodiazole unit (BT) nearly lie in the same plane. Upon vapor-depositing Al metal onto F8BT
at room temperature, strong chemical interactions occur between Al and F8BT, as evidenced by the distinct changes of
the S 2p, N 1s and C 1s spectra. Al reacts with S atoms more strongly than with N and C atoms in F8BT. In addition,
obvious structural changes in valence band of F8BT are also observed during the Al deposition. Furthermore, Al dopes
electrons into F8BT, leading to downward band bending, formation of interfacial dipole at the Al/F8BT interface,
and partial occupation of lowest unoccupied molecular orbits (LUMO). However, no doping-induced gap states can be
observed during the formation of Al/F8BT interface. Through the investigation of the core-level and valence band spectra
evolution of F8BT together with the shifts of secondary electron cutoff during Al deposition, an energy level alignment
diagram at the Al/F8BT interface is derived. The information gained through this study will help better understand
the correlation between the interface structures of metal electrodes on semiconducting, T-conjugated polymer materials
and the performances of real polymer-based electronic and optoelectronic devices, which will in turn help develop the

more efficient polymer-based organic devices.

Keywords: F8BT, surface morphology, synchrotron radiation photoelectron spectroscopy, near edge

X-ray absorption fine structure
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