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Fig. 1. (color online) The XPS spectrum of Cu(100)

before and after the Art bombarding/annealing treat-
ment. The inset is the LEED of Cu(100).
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Fig. 2. The evolution of (a) C 1s, (b) S 2p and (c) the ratio of C/S with the thickness of C8-BTBT.
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Fig. 3. The evolution of (a) E. region and (b) HOMO leading edge and (¢) IP, WF and HOMO with the

increase of the thickness of C8-BTBT.
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Fig. 4. (a) AFM images (10 um x 10 pm) of 100 A C8-BTBT films on Cu(100), left-corner inset of (a) is
the corresponding magnified image (3 pm x 3 pm), the cross-sectional profile along the black horizontal line

is shown in red line; (b) Grazing X-ray diffraction measurements of Cu(100)(blue line) and 10 nm thickness

C8-BTBT film on Cu(100)(red line).

157901-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 65, No. 15 (2016) 157901

DRI LB A1 HE M C8-BTBT 7E 4 _E T W b 5 k&
B (T) T KT REKL0.026 eV (K NPIRZE S
WA, Rl C8-BTBT 7E Cu b R Bt B 9 3E 5 Fat
SE IR B, Be)E, BT AR SR T 2 A em
FHEAEH, X ANMEH BE— M 7E0.01—0.5 eV Z [H],
Bl i 23 5 3 F- 1) A ESPAT I e HE B PR
k&g B IRl T RMEES, By TRmEE
TR A%, e DR oo BpiRA K.
Bl 4 (a) Frox, HA R 2 8k X B S 2 /)
5, HRA—BEo T2 g e hE T2 T5 T
By T2 MIgEE 7, s BRI S Bk
A, RIEE R ki, C8-BTBT 7E Cu(100) i1)
KN Stranski-Krastanov # 3X, 80 U2 BE &
B

B AFM AT DL A I8 R T SRR AIE, (R R
£E (R 80HE X I/, T GIXRD ] BASR A3 85 K T A
R 1582 T P09 1 R B, DR R AT & T 100 A
JE () C8-BTBT # 5 ) GIXRD £ #, w1 4 (b) fr
7. GIXRD f£ 260 24 3° I B 2. v] 75 S 45 7 5 0,
TSR R U o I8 PR 2 T T R R 3910 30.21 A,
5o TR A FE AR BRI . 3t 1 A AE K T AR Bl P
2 C8-BTBT & 7T REHHS, 5AFM &
KFTED T HI KSR
3.2.3 C8-BTBT/Cu(100) # I it & 45 #) 5

2 ey X &

N T SRR UPS B R 45 M A8 4L 5
VR JL DA B S MBS PN 3 L I 2 T ) SR Bk, AT T
Eyac, HOMO, 1P, 43 FHUA LA K 4 F B S 25U
FHHER R S5 7R 5 . AT L, Cu(100) RAEK T2
—JZ C8-BTBT 7 T )&, FH1H 525 Be g R HLSE,
H—/~0.41 eV [ FTHEM M Cu fll$5 7] C8-BTBT
. X A F TS B A AE A AT A Cu il )
C8-BTBT it EREERN4—16 AR EL, REZ
AR DLEH R . mrHEDT H R A R AR KO AR )
TR A KB R R A . MEER g 32 A
i, RJZ0 TR COR A A, WPaE N E L,
3T A Ui P C— B 7 Y98 B8 TR R A 3 T 15
W2, T e A TR A SRR TH. R R AR 2 A TE K
BHRT B S, AT PRI Eyae. MEREE
B JE P2 () Ak S 3G, R B B AL 4y 1 BT X I8
K, BT BB 2B A B 2 78 56 B 3 I, R AT
REE 2P A JE R KRR N IR Eac.

E 1 3 () Fias, HOMO A8 AL AR X HL e
e, BEHER 4L, A HOMO e afiiifr & 148
fk. C8-BTBT iy 432 AW, AT 2K AR
PLF 2.5 eV /24 T HOMO i A — W] B[ 8 %, IF
B & 5 R 38 0 AR s, B A . AT
g (4] 78 A VA ER] T S A - B T 28 e A H 25 2%
) S PR B L VR . ARBRIE X R G 2 1 o 2 ol R
0 2% 1) S P ot AR R O B R O T EE A
B 54 T R i 2 0o A 1 % 1) S 1 22 e L G
HOMO HIMRAE BX Eyac HIAEAG B2 IR M B0 R 5 5
/NESF S UPS $R900 21 5% HEL 1 22 5K E Ik 53 10 )~ 5
W Bt 531, JA VEETE T AT L; AE IR AR B IR LT,
100 A B, 32 BRI FE 5o, UPS #2031 £
NIRRT JZ BT G BT, X R I k.
FH I, FRATHE T IX A 0 2 AN 3 — 2P S 2
3 L 431V TH 7 1) FE RS IR E TR A, B OR P S AH
) C8-BTBT 4 1. (EERN32 AW, BT EHE
(KA 26— 2V 5 43 7 W L 1) 2 87 ) A UPS #8300
TREEMSLE SR K, UPS AMYXER I 1 K T 42 B S5y
FHES DT, A — i BN R PRI 31\ A JIG 3B
FEIH P 5 7 WG L, BT DU i HOMO £
S = s Sl1TR U o il s e i S 1 A3 X B0
TR T

K5 (MFEER) C8-BTBT/Cu(100) LIRS LS
Paa i PR S

Fig. 5.
BTBT/Cu(100) interface energy level with the thick-
ness of C8-BTBT. The molecular orientation is also
illustrated.
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Abstract

Using ultraviolet photoemission spectroscopy (UPS), X-ray photoemission spectroscopy (XPS), atomic force mi-
croscopy (AFM), and grazing X-ray diffraction measurement (GIXRD), we systematically investigate the correlations of
interface energy level structure, film growth and the molecular orientation of 2, 7-dioctyl[1]benzothieno-[3, 2-b][1] ben-
zothiophene (C8-BTBT) on Cu(100). We find that the adsorption of the first layer of C8-BTBT molecules on Cu(100)
is a stable physical one, and there is no chemical shift of the S 2p peaks of XPS and the ratio of the output of C to that
of S is the same as the stoichiometric value of the molecular C8-BTBT. The heights of the steps of the upper layers of
C8-BTBT in the AFM images are ~30 A, close to the length of the molecular long c-axis, indicating the standing-up
configuration of the upper molecules. AFM image shows that the upper molecules tend to grow into islands while the
bottom molecules tend to grow into layer, suggesting an Stranski-Krastanov growth mode of multilayer C8-BTBT on
Cu(100). The GIXRD shows an out-of-plane period of 30.21 A, which consistently proves the standing-up configuration
of the outer molecule layer. There is an electric dipole of 0.41 eV at the very interface pointing from the substrate copper
to C8-BTBT, which will reduce the barrier for electron transport and increase the barrier for hole transport from Cu
to C8-BTBT. The vacuum level (Ey..) starts to bend downward after 16 A deposition, and with the increase of the
thickness of the film, a total downward shift of 0.42 eV is observed. The downward shift is ascribed to the changing
of molecular orientation from lying down before 16 A to standing up after 16 A, which establishes an outward-pointing
layer of C—H bonds and accordingly forms a dipole layer depressing the surface barrier. The shape and leading edge of
the hightest occupied molecular orbit (HOMO) also change with the increase of film thickness. These changes are due to
the anisotropy of electron ionization from molecular orbit. The total downward shift of the HOMO is about 0.63 €V. The
downward bending of 0.42 eV for Eyac and 0.63 eV for HOMO with increasing film thickness lead to a slightly decreasing
ionization potential (I P) about 0.1 €V before 32 A and then an increasing IP about 0.31 eV, which finally results in a
total increase of 0.21 eV for I P. The bending electronic structures facilitate electron transport from interface to surface

and hole transport from surface to interface. Our investigation provides valuable information for relevant device design.

Keywords: photoemission spectroscopy, energy level alignment, molecular orientation, film growth
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