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Thin Film (10 nm to 2um)
30 - 600 atomic layers

— S

2 ®|E R E?

F—RTE? REra/UNETE?
RARB R LB AG AT E?

— AN EABREA—F| ANLEE, 2L G
B EE XA RS LMAER LM £



1. xR AHRGAm, AHE. WEHR HA AL A

2. k@G sh—mAZAARLETF, KBAEFHIF2UEEA X
& ok, HEARHRELGLER

3. AR FFHGART, A@AaFan. 2TH7.
B F Ak K & H 5 F 1A Aa.

4, AAAF GO B LA TH, B EARRATHLT
KELHF T At

ko2t kOt ., FaX. AF4&£H
(&T#HAr) . 2Fs (AFExmHKE) . &
5 (F44) $E28092BH K



UHV




_,_A A )

/\‘gﬁg:

Ul

TR T2AN,)2F 64 UNEAE

2AEE FHAGE 2TFBE  oTFHAER 5 5%, 4 2 a4
() (B 4) (NR A3 (AR A4 ()
760 6.7 X106 2.46X10"7 2.9X%10%3 2.9 X107
10 5.1X10* 3.25X10"7 3.8x10? 2.2X107
103 5.1 3.25x10"% 3.8x10" 2.2 X103
106 5.1X103 3.25 X 1010 38 Far'y 2.2

107 5.1X106° 326 %107 | 3.8Xx10M 2:2-X 102
1014 5.1x10" 3.25X10% 3.8X10° 2.2 X108
10-17 5.1xX10" 0.325 3.8x103 2.2 % 10"

SR G EAR AR 10°AF/am?, A 10°Torreg AL 2335 T, JUAkst T & i — /4~
2

EHBS AP AR EGH S



R TiES &

24 K woliE5s AERE  REASHE  BELL

- ksg/:fﬁ ) =k F(a) H-U 0.5~300nm jzz Z:

TOFsIMS cwg g HAARAS 200nmis % At

(s & 15 = ok % F K %) ¥ i LEEH

é;ffgg!ﬁ% QXQLZ% Pe~UEDY) M Zj ZZ’Z

@:;/Agzﬂkzix@ }ﬂbmi;:; "7 Be~uEDx) L jfj Zj;

(;;";:r) ﬁb&ﬁ;ﬁ‘;@% Be~U(WDS) 1~5um Zj;i

(&% ﬂj;,\;;/;;gfa k) af;@ﬁm i gL R

(%%l;sﬂ&%) %F H~U %z FEPT

(8% & F ;rjjf;:‘g&wu%) e o s 3P %jf:?

(% 91 %JU@PS% _— # &€ F Li~U 5~30nm #3444

(f% 245 A @E ;C;,‘Xi; 44 0T %) fret s >0 ﬂf;ﬂ:?




JERER T T BT EOR

-

P d
P
/7
/
/
/
,ﬁﬁ%?%iﬁ%% :
1 (REELS) \ Thermo ESCALAB 250K
wrems | BEREF il ‘o
(TEM/SEM) | (AES) \\
I \
I \ >
I \
I \
&b > INRE YN
EFHEME " ok T \| Z DR X B 28 6 BT BE 15X
(AFM) % /\1;).__|___§ = (UPS) | ESCALAB 250Xi
|73 1 7|§ :
\ I
\ I
I
I

BT IRE \
(EPMA) \
\
\
\
CIREFES \\ EFHEHE
(SIMS) N\ (1SS)
N\
~

XEHEHKEBFE 1
/

(XPS) /



Ot LT HE VS ) AR I B

SS90

Hertz&ZI¥  Einstein i#¥ RutherfordiZ ARTER K. Siegbahn SF—&li{t

SR THEBEM L IXPSEAR KBFEEE BXPSEAE RIXPSIYEEMHE
RUIBIeIER! R —kR, M
FREICIGH

H. Hertz A. Einstein P. Rutherford K. Siegbahn



The Nobel
—— - ‘ Prize in
f\ Chemistry
i 2007 was
awarded to
Gerhard Ertl
"for his studies

of chemical

processes on
solid
surfaces”.

(1981) K M Sieghahn - for his contribution

{ to the development of HR electron spectroscopy
1981 & Siesbahn 12 # 18 T +£ N 42 %5 32 32


http://www.nobelprize.org/nobel_prizes/chemistry/laureates/2007/ertl.html

gl - AREE 2R - ARER
19814F i DURPHEAL  19244F i U /RP)#EA



T PR AR

BRAE M “EBNRER” HAR,
BIEENTE, EMEKBEL.

#8 B % - 1518 (1868-1934) IS {HE S L&
Wz BAE

N,(g) + 3H,(g) = 2NH.(g)




1T A SR 1

B AL J22 Ak A SE it (IR F R N AR H

20074F i VLR 2%

N,(g) + 3H,(9)"®

2NH;(9)

“IE AR A IR Bt T A
i HI DTk NLAEY o AH FTH]

AT

7yi* TN AL ZE B R GRS TH]
RIS, WIS MR

Mo

LR


http://www.nobelprize.org/nobel_prizes/chemistry/laureates/2007/ertl.html

b b

. JI‘/-

Iya] B R - N HE /- ==
R XS SR HEM A g A 1 B
= U A A B o LA e 25 A N =

o B SRR A E
B4 : o RIEFEm SAERAM AR E

e MR RIS R S PRSP I R TP
o - i
ﬁ?ﬁ;_\\ « RIETRILHREA AR KR

\
@ o PURHI SR H R AK R R 2 2454

( f
\Ei?mﬂ// o IR R JE A4 2 A ST R T L
=t P A B T R

o

Solid oxide fuel cell
. cross-section

o R AT A SRR R T

o ZNE PR Z— Pt SR 24t
 RIMKAL S E BT
© REHTTRMESER




XPSZ I 73 AT S H B 2

= XPSER I 70 H
o XPSll &+ AR F B
= fi FHXPSHIA 43 HEXPS 73 Hr 3R 1
w5 FXPSHIA 43 HEXPS 73 M1 5 7
= 5 XPSZE A 5 A SR 2B v B 2 1l

Surface (1 nm) 3 atomic layers

Ultra-thin film (1 to 10 nm)
3 - 30 atomic layers

PERREERAKRE, KB

ARRHTHIE.
XPSHIEEEEBEILEGLRR >
BRI/ MKRERUSI

Thin Film (10 nm to 2um)
30 - 600 atomic layers

S

Note: Approximate layer thickness only. Actual values depend upon materials



XPSH: A T /E J5 i

= XPSZK[H 7 Hr
- R HETFHR
- BFABEFSERT, SEENAKGRRNE
- REPXSLRBER
- XETRBEAETHE OtRT)
BT REESTRMTOEETRIEEE, KE
B FRERCTRET R R TSR

» BE=hv-KE

X-rays

Photoelectron ejected



XPSIEA T AF J5 3

Fo = XPSZKIHI 71

« XPSf&iA

Cr Mo

/

1200 1000 800 600 400 200
Binding Energy (eV)

Elemental information

-HTEERSUTRRAR
- TLRZH
- BT HEHIE
" RIS

Chemical information




S

XPS4E#)

BT EEESHFES (0-5000 eV)
SRR T (< 1.5 KeV) ST (RESRRRBRFRIEEY)

MIEFERANEmEENLR K (~10nm)

B PR
B FEEHRTITE)

BEXER
(~1.5 keV)

sio2/sit¥@ |

—RERENEREEE , EAXPSH) MR LE3AY
BT EERSHEZ(< 10° torr) Si(2p) XPS(ES



XPSTi #) BE =2 5 #r

XP3 Sample : Pd MgKEox 1253 .6el XP3 Sample @ Pd MgKe 1253 .6eV
JE+05 JE+05
Signal Signal
(cps) (cps)
0 0
270 1270 1000 800 600 400 200 0
= &b AR POANT —
HEES S — e EeAR

Ee: FKEINFEEE!
SERIXPSIBR SN RSS!



XPSill &= e 2 “F/40”

n AR AR TR SEAE R, AR TR
EERLESS, SIRARE T A LRI

ER.
MESEF e . <
cEMAF e g @
I: - BRF

Eg: AMEBOEFHEE!
FEAXPSIHEE TTREAIIEN




AETCENI GG

b
He

55 oP

1200 4— ¢ 25\|’. P I - 3d

1100 ﬁ 1] 4s 4d
—1000 / 35\ W ',4 a7
3 ; 4P /1
3 a0 I/ VA
g 700 ” / l / v /
% 600 /I /] N/
2 ool U117/ 7/ aa ‘t“
2 00t 4/ 1/ / VAr:4 /55
D 200 I/ W/ T VA X 1%

A viray,

AL AN 4 7
10(? / '74%4/,111.//1 R
0 10 20 30 40 50 60 70 80 90 100
Atomic number (Z)
400000
1§ (Cu) =

300000 | /
% 200000 |
3 2s ‘ ap

100000 3s

&,

_AU

N

L—M__JLJ

L

1200

1000

800 600

Binding Energy (eV)

400

200

0

28

L]
63 545
47
107 87
748

Au

19597

Counts /s

Counts /s

—— IR

3000000

2000000 1

Id

)

R(AQ)

3d

3p

1000000 \\w ) 4s 4p
0 \\
Yy
0 f t t t t + t t 1
1200 1000 800 600 400 200 0
Binding Energy (eV)
600000
‘£ (Au)
500000 T 4f
400000 1 4d \
300000 T 4p \
4s } ‘

200000 1

100000

0

1200 1000

LJ\_J'"
800 600 400 200 0
Binding Energy (eV)




XPSiE 7=

JUER

A

1A

|

il

1 8 M ENERERABEARMERNXPSIERMREE

m ERa] LA R X m AR 7 HEm MRS
55, XERBRFHmESRNRIGIERKR

S22, AF—L&RKEFCHION

B —RENIAURIBITEZRENE, Bgd—SiTEXETRAEELL, i)
AR AR X T = AOtERI ELEE

» 60000

=

Q
®]

100000

80000 1

40000 1

20000

0 t

5 NlS‘
)
‘ Cl 2p
|

C1ls

i

Au4f

1200

1000

800 600
Binding Energy (eV)

400

200

/s

90000

80000 L
70000 [
60000 [
50000 [
40000 I

30000 1

20000

10000

Na 1s

| /éﬂ
B e

-

O 1s

ML

(

!L

1200 1000

800 600
Binding Energy (eV)

200




XPSiE~fl— o= S 1H 5

—= HF
RFEtETE mF —B7F Al2p Region

HERF1ER

Aluminium Oxide Metallic Aluminium
~76 eV ~73 eV

78 77 76 75 74 73 712
HF— [EF% Binding Energy (eV)
BHI%S

MEE— P REZLEAFEBNMS, BLABEFHALCHAFEIMEARR (BHE
CHEEERZEN) . HRBENESEESEEN. XMEIERIIIRAL
247 (chemical shift) ., B{fFERRA:

NS, BOMNGFHLD, HRMRNES, Sk = "l
RS, BONRTIN, GRS, EAkEHD 0 e M



XPSHANAT LIRS

=EEF |

SAVAEISY
BFLELREE

=HRFEA:

!

BT |

Nucleus

2208005

FEHR R AR T

BE = hv - KE \-

[

FHHIIEER




% (Monolayers)

XPSHIZE

2

. 14
10()[)%‘ 10 -:— ks
: | . XPSE—MEESSMEATE
f S [- -0 EFE
100F %
: <|F Feoe = 0.9
- " XPS Range (AlKalpha) - i o A
3 Sn L ahowani 1 W8 XPSHILARBI# I R mAY e = 2H Rk
5 ..‘"bf‘ I()() ‘:n S ,V' l()()“ < L 0 .
L nergy (ev) G
10F g
E *. !B
XPSEILEEISHTTENSEE
| E' : see
E ¢ XPS Range (AlKalpha)
aaal s aaassl AP | |
10 100 1000

Electron Energy (eV)



L TV 0 M SR - A1 70 HEXPS
MBS REEERRTRER T o

BEERNAEAREE, HEi)EEI
XPSHUSRARBARESE _ [ >
| =1*exp(-d/Acos0)

- AEMX, BREHR

- ARXPSFRtma
- ERAERA -90° ~ +90°

'Bulk Angle' 'Surface Angle' - OJEIEHITFEERE
o - = =
- < = -
3 = -] 3]
2 = S =
A AT
Binding Energy

Binding Energy




Multi-Overlayer Calculator

X

. Helays
b axiruim -—— Instument -
el |52.38 I T IThetaF‘mbe I = 4 Mg
— Recipe |dhite ——
MHame I j Save | MHew | & nm
A
— Layer data
Chemical Calculated
Eﬁ;ﬁi #F5 Peak Faormula Use Depth
1 [C1s x| |cHz 0545
20 [ Heat x| |2 f0.248
36 Ovedayerd  |SiZpOx =] sz [1:35
[sizp3 =] s
Electron Attenuation... | MaterlalF‘ropertles
— M avigatar

ilﬂ jil I E?;;r_l Calculate

| Cancel | Accept I

10

u]

0.0

= T e

1

20 30 40 a0 &0

70

e

* #*

C1%Si2p3
HfafSiZpa
Si2pOxSizpa
CAsHigH
HfafrSiZp 0

Felative Intensity (%)

T HEXPSI & 25 51| -Hf 42

1007
4907
a07
7071
G0
a07

AT,

HfO2 layer

Si Substrate

2
Depth (nm

Hfdf
O1=
SiZpOx
SizZzpz2



R 2 THHRBURKX P S0 Jie 2R N — =25 1 R ZI PR BE w1

BIERAJER TR RIIYRE D MEEALEL0 nm,  BRAIX NI &S]
HEMN BRI FESRH TRERINT - B3Rz

BoPERESIT ~10 nm BFRAMFEESIrEHEL pm
'"Bulk Angle' 'Surface Angle' 1 IOOF . p =
2 /?-s\ 3 E S 80
& s 8 E ;
o Z0
Rmdmg Fneil/ Binding Ene. PN =E=El Silicon (Si) MM
oM C . .
A Titanium = 40
c :‘:‘hh Silicide (TiSi) S
é « 20

<
7

100 200 300
Depth (nm)




100
< 80
S
Silicon (Si) g 60
Titanium <
silicide (TiSi) s 40r 7
= 20 Si2p
Silicon (Si) <

e ‘., A A ALY 20 A 300
Depth (nm)




£EF K. AHLRAS BE T R KA R

Etch Crater

Analysis Area

BEAKS: #REHR. 24 aR R o4 @4 ¢G10042






X4t & 4% %404 &

1, @& % XPS: Mg/Alsimat. & & AIKa,
AES: &F#, UPS: %¥sh£&, 1SS: &F &
2, 4F R ELMBHBRNE

3»#“?;%é B AR44 (ko
. HLHE T, EaKE)

4, #HEF£4E 54 4 4%



KB FERER FEpTeY

BFPMRER

3 - X {
::-j;.; > NS
------ X R g e '\ 4l':
A\ . A=
/ 4 : s /& ol
§ b = ‘S 4 ’l Y .
. U i ’ A
a~ . ; 9 5 ‘ > "E& n
-

L*%D

L__ N N i ey § S |

ESCALAB 250X @%ﬁ‘élaﬁ(%#




SRS ALY R SNV
L YTy
THX. Y. Z ohr 2t A26%
e tba, 4 KKG, #£10°Pa
Z5h 10 4L, # T B
%o & ORI, BoAHGRHEHST
MMT a8 2mimisTi
o , B wH sl P
oA AR Ko

WUt L2 R A
A B R T
ROAE R

L 7T 2t 4% &6 ot 4T

XA, B % st

25 R AR A
R i o



1. &R
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AlKo. 1486.6eV (0.83412nm)
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BeKa 108.9 5.0 NeKa, 849.0 0.3
YMC 132.3 0.47 NiLa 851.5 2.3
ZrM¢ 151.4 0.77 CulLa 929.7 2.0
NbM¢ 171.4 1.21 ZnLo 0L+ 120
MoM¢ 192.3 1.53 NaKa, 1040 | 0.4
RuMC 236.9 2.49 MgKa 1253.6  |0.7
RhMC 260.1 4.0 AlKa. 1486.6  |0.85
CKa, 278.0 6.0 SiKa 17395 |1.0
TiL 395.3 3.0 ZrLa, 2042 1)7
TiLa 452.2 3.0 TiKa 4510 2.0
OKa 524.9 4.0 CrKa, 5417 2.5
CrlLa 572.8 3.0 CaKa 8048 2.6
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Honggang Yin, Kai Zhou et al, Nanoscale, 2018, 10, 18064—
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A. TEM images of o-PDANPs synthesized in the presence of 100 mM SP
B. TEM images of r-PDANPs fabricated by the reduction of NaBH,
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Table 1 The elemental analysis results from XP5 and the O/C ratio of the PDANPs
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A. FTIR spectra of DA (a), o-PDANPs oxidized by
10 mM (b) and 100 mM (c) SP, and r-PDANPs
reduced by NaBH4 (d).

B. XPS spectra of o-PDANPs synthesized using

C. XPS spectra of 0-PDANPs synthesized using

| D.XPS spectra of r-PDANPs.

Sample C(at%) Ofat%) N (at%) RatioofO/C  C=C/C-C (at%) C-O/C-N (at%) C=O0 (at%)
0-PDANPs (oxidized by 10 mM SP) 78.00 16.35 5.65 0.21 57.77 26.80 15.43
0-PDANPs (oxidized by 100 mM SP)  63.62 30.50 5.88 0.48 41.09 32.08 26.83
r-PDANPs 73.67 22.29 1,04 0.30 70.96 22.93 6.11
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XPS spectra of valence band maximum (VBM) for HfO, (a) and ZITO (b) films; the
reflection electron energy loss spectra to determine the bandgap of HfO, (c) and ZITO (d)
films.
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Table 1. Values of valence band offsets determined in these experiments (eV).

S

HfO, ZITO Zn 2p3 Core Zn 2p3-ZITO
Core VBM Core level  Hf 4f-HfO, VBM VBM level VBM Zn 2p3-Hf 4f  Valence band offset
Hf 4f 3.10 18.54 15.44 2.67 1021.89 1019.22 1003.38 0.40
Zn 2p3-Hf 4p3 0.41
Zn 2p3 -Hf 5p3 0.45
Sn 3d5-Hf 4f 0.41
Sn 3d5-Hf 4p3 0.40
Table 2: Summary of valence band [ erlAly i 0.38
offsets determined using other core In 3d5-Hf 4p3 0.37
levels. In 3d5-Hf 4d5 0.44
In 3d5 -Hf 5p3 0.43
Average 0.41
Std dev 0.05

Range 0.09
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In-situ XPS 77 #
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a) the Ag 3d spectra of AgCI/TiO, under X-ray irradiation; b) the CI 2p spectra of AgCI/TiO, under X-ray irradiation.



In-situ XPS 43 #-Ag 3d

a | Ag3d — black b | Ag3d Ag 3ds,
— brig 2
T — Ir 10 min i (AgCl
— Ir 20 min
1 visible light irradiation  [jjj — Ir30 min Ag3dy,
5 | : — Ir 40 min = (AgCl
n n
= = E
2 2
= =
= = J
380 378 376 374 372 370 368 366 364 362 360 378 376 374 372 370 368 366 364 362
Binding Energy (eV) Binding Energy (eV)
Ag 3d 100+ —m— AgCl
_ Acsta(| 8 o —o—Ag )
Ag (0 g 804
] Ag 3, A8 O
5 Ag 3d;,
3 {1 @zop £ 60
z £
E ] <
204
] 0-
378 376 374 372 370 368 366 364 362 black 0 10 20 30 40 50
Binding Energy (eV) Time (min)

a) the Ag 3d spectra of AgCI/TiO, under simultaneously visible light illumination; b) the Ag 3d spectrum of fresh AgCI/TiO,
in black; c) the Ag 3d spectrum of fresh AgCI/TiO, at the beginning of visible light illumination; d) the atomic percent of Ag*
and Ag (0) in the surface of as-prepared AgCI/TiO, under simultaneously visible light illumination.
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a) the CI 2p spectra of AgCI/TiO, under simultaneously visible light illumination; b) the CI 2p spectrum of fresh AgCI/TiO,
in black; c) the CI 2p spectrum of fresh AgCI/TiO, at the beginning of visible light illumination; d) the atomic percent of CI-
and ClI (0) in the surface of as-prepared AgCI/TiO, under simultaneously visible light illumination.
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a) VB spectrum for the AgCI/TiOx catalyst; b) UPS spectrum for the AgCI/TiOx catalyst; ¢) REELs spectrum for the
AgCI/TiOx catalyst; d) The energy band diagram of the AgCI/TiOx catalyst.
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* Thermo XPSTEZMuh (MEXPSERSL. MRS, MESHEIANIESEL
REEFER)

« LV HR: http://xpssimplified.com/

« AZHR: http://www.thermo.com.cn/xps

« Thermo Avantage® {4 &bk

* http://www.surfsciftp.co.uk/avant5/download.php

- DITIREPNEFZE, AILUNOIEE CESSUEESNISTEIRRE
« http:/Ixpssimplified.com/periodictable.php
 http://www.lasurface.com/database/elementxps.php
 http://srdata.nist.gov/xps/selEnergyType.aspx
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http://xpssimplified.com/periodictable.php
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http://atc.cqu.edu.cn/nr.jsp?urltype=news.NewsContentUrl&wbtreeid=2124&wbnewsi
d=4493&archive=0
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http://atc.cqu.edu.cn/nr.jsp?urltype=news.NewsContentUrl&wbtreeid=2124&wbn
ewsid=47628&archive=0
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http://atc.cqu.edu.cn/nr.jsp?urltype=news.NewsContentUrl&wbtreeid=2124&wbnewsid=4493&archive=0
http://atc.cqu.edu.cn/system/_content/download.jsp?urltype=news.DownloadAttachUrl&owner=1364604641&wbfileid=2286114
http://atc.cqu.edu.cn/system/_content/download.jsp?urltype=news.DownloadAttachUrl&owner=1364604641&wbfileid=2286113
http://atc.cqu.edu.cn/system/_content/download.jsp?urltype=news.DownloadAttachUrl&owner=1364604641&wbfileid=2368392
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