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i P 4w A AR = AR EE Mo O, iy B84 9E i 24
H2.8~3.2 eV, HAAMPENZIREW,ZHZEZ
[F) 5 0 8 A g/ P A2 At E AR, i 5 Al /N oy 7 B
FARALTIZ N TG b A AL R S
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emitting diodes, OLEDs) 43 1 , MoO3 1E 2 %5 7
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Fig. 1 UPS survey and Fermi level UPS spectra of Au standard sample

(a), (b) UPS survey and Fermi level UPS spectrum without bias voltage; (c¢), (d) UPS survey and Fermi

level UPS spectrum with —10 V bias voltage
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(a) Cls spectra; (b) Si2p spectra; (¢) Si2p fitting spectrum of Si/20MoQO,
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A 3 (a) BT WL, X Si 3 JiS #F 47 26 1 9 0 e, BE
il 22 T B Al e /D . 2 B 3(h) Ak 1% SiAO
) 2 i AL 22 R S AR Ak T T, R 3R DT T S 1 S
FER R BT Si(Si2p 45 A RN 99. 4 eV) . 455
& 3(c) F1ge 1 WL8E SiFl Mo (1 & & Ak 2 R 28 28 4k
AL A Bl MoO, J5 B2 126 i 8 i, Si/20MoO, #f iy
s BT I (Si2p £5 A RBIE (L 102. 1 eV) A Y
SO, 42 i, 3 2t F A A BAE L Si5 MoO, & E
T2 R, 3643 Sipk Ak A4 il B 1 S10,7 s Mo,
5B JEE 3 A 0. 5 A 3 % 20 A i, Mo* 1l Mo™
J5L - B S 1 5 v /) 156 B B T A Mo Bl A I i
J3E I T VR K A AR A T Moo TR T LU A B TR
S50 T4 5 2 B A R S 3K ) 100 A, A A A
PO STAEAE T AR K I 2 Si0,, 156 B 51w v & A= 78

100 A LI, T o Mo 29 Mo 5 BLE JE B S 150
AmF, XPS# WA E] SifF 5, O Fl Mo JiUF Ll JF 8
TR, X U B Si 2 I 55 1 MoO, 2 & T ik
B XPS 4 A I % BE % PR

& 4 S~ A [a] R BE ) MoO, 1 I #9 Mo3d #14 1%
&, 5% 2 AR TR 25 ) Mo3d.. W& 457 Fil & 258, M
4 Mo3d & 43 #F XPS 3% [ m] U, 20 38 5 5 3 I
20 A B, Mo ££ 7 Mo’, Mo*" , Mo™ #1 Mo®" P4 i 4
A. B E20H, Mo3ds,, W7 B 43 5k 227. 7+
0.1, 230.140.1, 231.640.1 1 232.6+0.1 eV.
LR 5 SOk [ 18-19 i 18 A7 — 2, U W IR A 25 Mo
(9 A B AT RE & MoOs 5 Si & A2 I, MoO, 8 18 Ji ik
AN A B9 Mo ™21,

*£1 Si/xMoO,HfESi,Of Mo TTEWIEFLt

Table 1 Atomic ratio of Si, O and Mo elements in Si/x MoQj, film /%%
B Si 0 Mo
Mo"! Mo’ Mo*" Mo™" Mo®"
Si 98.70 0.91 — — — — —

Si/0. 5MoO, 91.99 5.81 0.95 0. 40 0.33 0.14 0.08
Si/1MoO; 85.11 10. 23 1.93 0.57 0.69 0.48 0.19
Si/2Mo0O, 77.17 15.49 3.63 0.50 1.31 1.30 0.52
Si/5Mo0O; 61.52 26. 24 7.54 0.48 1.47 3.97 1.62
Si/10Mo0O, 44.94 38. 20 13.41 0. 36 1.42 5.22 6.41
Si/20Mo0O, 25.96 51.50 20. 36 0.25 0.70 2.69 16.72
Si/50Mo0, 5.48 65.82 27.66 — — 4.48 23.18
Si/100Mo0O; 0.61 69. 21 30.18 — — — 30.18
Si/150Mo0O, — 69. 67 30. 33 — — — 30. 33
Si/200MoO; — 69.57 30.43 — — — 30.43
Si/500Mo0O; — 69. 33 30. 67 — — — 30.67
Si/1000Mo0O, — 69.73 30. 27 — — — 30. 27
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Fig.4 Mo3d fitting spectra of MoQOj films with different thicknesses

%2 Zzlﬁ.lm?é.‘\ﬁ"'] MoSds/zﬂé{Eiﬂ#‘lﬁé}ﬁ
Table 2 Overview of the Mo3ds, and Mo3ds, main peak fitting parameters for different oxidation states.

FE i Mo3d;,/eV (L/G)/% FWHM/eV ABE(Mo3d;,,—Mo3ds,)/ eV Lvtosassa/ Tvtosas s
Mo®" 232.64+0.1 13 1.0£0.2 3.1340.05 2/3
Mo’ 231.640.1 30 1.440.2 3.1340.05 2/3
Mo* 230.140.1 30 1.840.2 3.13£0.05 2/3
Mo’? 227.74+0.1 30 0.7+0.2 3.1340.05 2/3

T ra) 4 Jd B3 Mo W BUR X Fk (Tail Mix 60.00% , Tail Height 0.00% , Tail Exponent 0.023)
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O
2
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Fig. 5
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5 FE 2 Y 2 i X I R AR AR B & A U
DA P H 2 ST AT B )5 B Mo O, /B Y

(a) AFM image and (b) height profile of MoO, film with theoretical thickness 1000 A
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W22 0.05 eV G , TIpRECH 5. 66 eV.  Fifi 5 v f8 5
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0L 2R BE R 3] 100 A B O m B TR . XY
411100 A J5 FUAEFE Mo® AR X 1V, 138 B R ] J5E
1) Si/MoO, i i H: 5L 11 B8 P AF — 5 3 [l P T ey JBE
P,

4+
Ih ek B, g5 53 T3 3. L) Si/5MoO; 2k il 5 H:
(a) TR 05Mo0, oo ®)
—Si/1Mo () —Si/100Mo0),|
_~ 00, —i/150M00, — —
E — s wm ——Si/200Ma0, 3 =
a ——Si/10Mo0, —Si/500M00), < s
E: —sinooomo0)) S| ::
E E E
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B S
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Fig.6 (a) UPS spectra of MoO; film with different thickness, (b)secondary electron cutoff UPS spectrum

of Si/5Mo0; and (c-f) UPS valence band spectra

e T AR R A T00(CVBM) A7 B R T 28 0K
AEZ) W]l i UPS 3% 181 /9 7 3 e i (1K 25 4 g i ) 4%
R, B 1 PR 4R 120 BE b T o Ak A e 5

() 2 i X L 9 888 A b BAE . LA Si/5MoO;
(I 6(d) s ), 15 45 2 VBM (A T 2% K fig
)N 3. 36 eV, HAR R L B 4% A T 1R R B
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£ 3 Si/xMoO,HEEH UPS Ul & B HH X #&
Table 3 The related values of Si/xMoQ; film measured by UPS
. . P AL/ eV
FE b TR H TR eV DIk EL/ eV ARER e
Si 4.67 4.62 0.25 4.87
Si/0. 5MoO; 4.67 4.62 0. 36 7.62
Si/1Mo0O, 4.77 4.72 0.41 7.96
Si/2Mo0O; 5.02 4.97 3.35 8.32
Si/5Mo0; 5.71 5.66 3.36 9.02
Si/10Mo0O, 6.21 6.16 3.12 9.28
Si/20MoO; 6.49 6.44 2.89 9.33
Si/50Mo0O; 6.72 6.67 2.73 9.40
Si/100MoO, 6. 86 6.81 2.68 9.49
Si/150Mo0O; 6. 86 6.81 2.69 9.50
Si/200MoO, 6.88 6.83 2.69 9.52
Si/500Mo0O; 6.87 6.82 2.69 9.51
Si/1000Mo0O, 6.87 6.82 2.68 9.50
Si/aMoO; 1 VBM (MR T SR REL ML ZS REH) H L ANME(E (20 2.7 eV, AHX T 2OKRES) . X T i

T2 3. MK 6(d)ME 6(e)al F Y, JE BE &5 0
Mo® i i8 JFE A SR 25 Mo, #ok e L i3S
Z AR B B BA A X 5 XPS X N . K7

BN 5 X

AT WL B ) 4 25 L 2% MoO, 1 B AR BB, VBM

Kk 3 B MoO,, L2 3] VBM [ K 25 i, iX 7% B Bl
oK AE B 32 3§ I CBM, 3% IX B8 i 7 & &
=

667 _6.81 681 6.83 682 (.82
6.16 L0.44 i — Eye
5.66 E—
—
4.62 462 4.72 497
— L]
WF
C
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é - -— b e - - - — — -— - -.Q.}Q.:..:..r().ﬁ); —————————— - E‘
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Fig. 7 Energy level structure schematics of Si/aMoO; film(note that the Fermi level is used as the reference

R BB (KRR NS % 0 I E R 0 eV, VBM (X T 3% K fiE
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Study of semiconductor interface energy level structure by

photoelectron spectroscopy

YANG Muzi',ZHOU Yifan', SHE Fengquan'?, GAO Aosong"*, GONG Li',ZHANG Xiaoqi', CHEN Jian', XIE Fangyan'
(1. Instrumental Analysis & Research Center, Sun Yat-sen University, Guangzhou 510275, China; 2. School of
Chemistry, Sun Yat-sen University, Guangzhou 510275, China)

Abstract : Interface energy level tailoring is one of the key issues in the study of optimizing material
performance, and the interface issues are also a hot spot in current research. In this paper, MoO; films
of various thickness were vapor-deposited on silicon wafers, the surface composition and interface energy
level of Si/MoQO; film were analyzed by XPS and UPS measurements. It was also introduced how to
obtain work function and valence band maximum through UPS data, and to acquire information on
interface chemistry and interface interaction from XPS spectra. The AFM measurement confirmed that
the actual thickness of the vapor-deposited film is similar to the theoretical thickness measured using the
crystal oscillator. The XPS results revealed that the film was not completely MoO; when the thickness
of the film is less than 50 A, and Si signal can still be detected when the film thickness is less than
150 A. The UPS results revealed that work function of the film tends to be stable with value of 6.81
eV as film thickness up to 100 A. These results indicated that the interface energy level of Si/MoO; can
be adjusted by controlling the thickness further to the materials

of evaporated MoO;,, improve

performance of materials. In summary, photoelectron spectroscopy is an effective and convenient
characterization method for investigating interface issues.

Key words : MoO; ; XPS; UPS ; work function ; interface energy level



