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* The distribution of surface analysis instruments (AES, XPS, SIMS)
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Auger electron v I Scapning probe
spectroscopy - microscopy

Lateral Resolution = 10 nm

Information Depth =~ 10 nm
Depth Resolution = 1 nm

Lateral Resolution = 1 nm
Information Depth = 10 nm

X-ray &
Art Gy,* Ga* 7]

1
El*- : 1
Secondary ion l‘ X-ray photoelectron
mass spectrometry - spectroscopy

Lateral Resolution (inorganic) = 50 nm  Lateral Resolution = 2 gm
Lateral Resolution (organic) > 200 nm  Information Depth = 10 nm
Information Depth = 1 nm Depth Resolution = 1 nm
Depth Resolution (inorganic) = 1 nm

Depth Resolution (organic) = 10 nm
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Surface and Nanoanalysis Bulk
analysis
| ! | | | |

Full chemical structure

Analysis with some structure

Chemical state analysis

Elemental analysis

Material properties
(modulus, density of states)

© Crown Copyright 2002
Simple material contrast
| | | |
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Ultimate Spatial Resolution
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LB layer
i of the molecule
18t 4 (C18H3?)2 hYdrocarbon
LB layer chains of the molecule
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Glass substrate

-

3. XPS MultiQuant was used by Mohai et al. [46] to analyse XPS data from this structure to
obtain the thickness of each layer and to confirm the structure.
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Fig 5a. These different near-surface elemental distributions of
Cuin Au all produced the same Cu peak intensity.
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Cu2
20+ P
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450 500 550 600
Kinetic energy [eV]

Fig Sb. Although producing the same Cu 2p photopeak intensity,
the differences in background at kinetic energies below the
photoelectron peak provides information on the elemental
distribution with denth.
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Schematic drawing showing a
coating on a thin film and on a
nanoparticle. Because of
effects due to the direction of
electron emission, the ratio of
signals from the coating and
the thin film or nanoparticle
will generally differ. However it
is possible to model these
effects. Results of one model
calculation are shown in Figure
14. [After ref [3].]

Cylinder Sphere

O:Q

Film

Diagram showing the relative intensities of
surface and substrate signals for a coating on a
thin film, cylindrical particle and a spherical
particle. The nominal coating thickness is 0.5
nm and an IMFP of =1.65 nm.

- ek e -

000
[T R NS R T NS

Nomalized Signal from outer 0.5 nm

Cyiinder Sphere
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Vaccum

Water

’
Whole particle Cross-section: 110 plane

Model of water-driven structural transformations in nanoparticles at room temperature.
In vacuum, the particle is significantly distorted relative to the bulk structure of ZnS.
When water is present, the structure is similar to the expected ordered ZnS structure.
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'VAMAS TWAZ RE{LZETITICHITHEZEELL
RO ok

A3(f) "Interlaboratory study — Organic depth profiling by argon cluster
ion beams for SIMS”

A7 "Evaluation of electron beam damage of SiO2/Si in Auger
microprobe analysis (S Tanuma and K Yoshihara)”

A9 ”"Evaluation of procedures for automated peak detection in X-ray
Photoelectron Spectra (M Suzuki and S Tanuma)”

A10(c) -new "Interlaboratory comparison of total-X-ray fluorescence
(TXRF) spectroscopy for environmental analysis (A Cinosi)”

A11 "Evaluation of Data-Analysis Algorithms for Angle-Resolved X-ray
Photoelectron Spectroscopy (W S M Werner and CJ Powell)”

Al12 “International Round Robin Test for Graphene Layer-number
Characterization by Kelvin Probe Force Microscopy ”

A13 “Measurement of Lateral Resolution of Confocal Fluorescence
Microscope “
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(b)

Surface and Nanoanalysis

I | 1 Bulk
Full chemical - - - apalysls o
structure Chemical information 2
~ |at <50 nm £
Analysis with
some structure
Chemical state §
analysis s
Elemental

analysis

.;_: “J :' e
|
aterial properties ' i
10dulus, density ‘
of states) é Mass spectrometry of ||
Simple material y surfaces in ambient Quantity Distribution Identity  Structwre  Function  Activity
é : conditions

contrast r\ .- P N i ts f
" l : : 1 | ’ Existing activity in O ew requirements for
O4nm 1nm  10nm  100nm  Tum  10pm  100um 1000 um | TWA?2 TWA 2

Ex sity

Ultimate Spatial Resolution

3 Crown Conpyright 2005

Strategic landscape of techniques relevant to TWA 2 (a) the juxtaposition of
techniques with spatial resolution and chemical information. Recently developed
techniques such as TERS and DESI are highlighted and (b) a map of techniques
relevant to biotechnology shown against information type from quantity to activity
and analysis environment from ex situ to in vivo. Techniques with existing activity in
TWA 2 are coloured green and those with future potential are coloured yellow.
(VAMAS TWAZ2 annual report 2012)
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ISO 18118:2004 ?’SCA— AES & XPS— Guide to the use of

experimentally determined relative sensitivity factors for the
quantitative analysis of homogeneous materials"

1994F HAMHIRE (PL: B91R JEOL )
1996 — 1998 PLIZKE
1999 PL -> HZ
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« ERSF elemental relative sensitivity factors
TLRAXNRREFRI (FETR B REHRE)

« ARSF atomic relative sensitivity factors

[ F R X R E R 2

« AMRSF average matrix relative sensitivity factors
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Surface concentration of Au(at%)

T T T XPS
: “&— PERSF |
80| w—-ARSF | I o |
-@--AMRSF| -/
60 | L
! ARyt |
f IR/ | ,
I et . *
-
W
ol I R - |
0 20 40 60 80 100

Bulk concentration of Au (at%)

56



: 8t Rk

2.k

FEREEDOBRIELEEDHD

EREH REAICBIIZTREHFEEDA
- HEREEERAERE (EXIETA REkE)

- KB B (EBREL R ENE XFRT 5 v Rete)

- PRRE | ERIFERL TEIEE DR
D) a4 A ALEIER (XPS)DIEXFREIR

2) Shake-up FEHDEE

3) REMIEINR

: RN =M >>AMRSFER

-> 5 = Aff n+,§—§§1r7b§'s ‘g

BEE(H (spectroscopic factor)

ERBOETFAED
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72 : XPS#HIELT

X#RIT VO RRE F,, 7t AA 1tk 4 p
7% do/dQ. IMFP A , REEFREEHIE &, TS
JRFEE N, JTRIDFEE X, spectroscopic 6 N pur
factor £,
Sk \ A AT 4o %~ 3 BE % %,///aﬁ
=BaJ7J45— B, nitAlEk 4, FE@EBEE T, _
REZZED, IREH 40. 6+9 XPS BEOREMN
» do

I"=F (E) ARNX, f (A, TDAQ) = F, [axQWmod(/&’e ,H)])LhNXl. fB

mod

1- 3cos*O-1)/4
Wmod(ﬁeﬁ’0)= ﬁeﬁ( il(ji )/

I"=FQANX, B  BE(REDAIIR : magic angleZ BE

—EIEDZE &L 54.7°TIE7R0N
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JeAF 2 LmER

. dipole-> quadrupole

do —G—ll—é(%os 0 - 1)} do -9 l—ﬁ(3cosz9—1)+(Zsin28+5)cosH]
d2 4nm 4 d2 4m 4 2
§ . Cooper(1993), Trzhaskovskaya et.a/ (2001,2001)
. B BEL R AT D o
dipole (_) =7
(d_a) _9.L0 1- Py (3cos2 0 - 1)} €2 /o
dQ 4 4 quad
do _o 0 I (v
Jablonski (1995) . I+ ———|=+0
Q) . 4z | 3D \3

at magic angle

(d_o_)quad=ao_x
dQ2) 4 4rx
a=1—a)=1—)L/(7L+7LW) Dl=H(cosoc,a))(1—a))_0'5

H: Chandrasekhar H function Nefedov et al. (2000) 59

D, —ﬁ(3cos2 8—1)+(§Sin2 H+5)cos@}

4 Seah et al. (2006)
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FEXFFRINTGA—FI DL BFINER Yoshikawa et. al.

) 90 (“")Q 0°
20°! :\ polarization :
A/

—
N
EEYEEREN
| n
-
-
-
~

Ni 1 s

SRann /\ >
> X-
VUVY gample rays

.\\A)

. d
-‘g 06} //. "’”S,f’gheo'}f;’;%’gctm,,s X il almost 100% linearly polarized X-ray
2 p / —e—146eV \ ,
~ 04l & ::: ig?:x : - Ni 1s binding energy = 8333 eV
6636V : | X-ray energy kinetic energy of
1094eV" photoelectrons
el —e— 18066V q 8479.4 oV 146.4 eV
- —<«—2979eV: - 8575.7 eV 242.7 eV
0.0 L — P : ! — : 8734.4 eV 401.4 eV
-60 -40 -20 0 20 40 60 8996.1 eV 663.1 eV
Emission angle of photoelectrons O (degree) 9427.6 eV 1094.6 eV
| | | | |, 10139.0 eV 1806 eV
0 20 40 60 70 11312.0 eV 2979 eV

angle relative to surface normal (deg)



Multipole term of asymmetry parameter

Asymmetry parameter

Case 1 : excited by linearly polarized light

_jg; =j—;{l+§(3cos2 «9—1)+(;/cos2 0+5)sin6’cosgol

Case 2 : excited by unpolarized or multipole

circularly polarized light

do—i i|:1_18

_ P 2 ¢ Vo2
o dx 4(3cos & 1)+(2sm §+5jcos§}

€: polarization multipole

p: photoelectron

/

Dipole and Multipole shape
Dipole

polarization
X-rays —‘%

Multipole
polarization

X-rays

\_
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[S.Tougaard : Phys. Rev., B34, 6779(1986)]
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spectroscopic factor f
shake-upZEF 5 D FE £ Il

XPS E_QBIﬁIE :Pm+PS ). f:Pm/(Pm+PS)
:Shirely ;& P,, DJ*(?), Tougaard ;& P,,+Py(?) ,REE(L? rasatcsiikzvo,

- Instrinsic plamson Tl (Be, Na., Mg, Al) Steiner et al. 1978 (£E&),
Penn 1976 (§tE) 10 —40%, Hufner 1978

- R#BIZEETE (Yarzhemsky et al. 2002) 274 order many-body approach

1.2

N Seah 2006: angle-averaged REELS
‘. . o ° deconvolution
08 - o
i %; % el v Bes : Shirely I & £*1,,, (theory)[d—2%
< L7ELYRSD : 37%
] Fujikwawa et al 2001:
’ o 10 20 30 40 50 60 70 8 90 Plasmon'f‘(i:Ffi‘ E%Fﬁ?é%‘g

z

FIG. 6. The ratio of peak, Pg, area to total peak area (Pgr+Bg)
including shake-up as a function of Z for ((J) Mg x rays, (O) Al x
rays and (*) the calculations of f by Yarzhemsky et al.>



Plasmon M3t & : Intrisic, Extrinsic LN
TH3n R

— o el LK 5(2001)
. 5,2 ------- Intnpmg o si2,

2, 0 - - - Extrinsic xHEFEZF

= - = - Interference

‘=

%, L. Hedin, J. Michiels and J.
o 10 Inglesfield: Phys. Rev. B 58,
g 15565 (1998).

2

= o

-25 20 -15 -10

Relative Kinetic Energy (eV)

Fig.8 Al 2p plasmon loss structures at Av = 14866 eV

(theoretical calculation).
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T2 EDHIRICDNTEERL =,

ISO*E%W%IJ;EL/L%E*E@WF %24 RSF (ERSF, ARSF, AMRSF) @
FEWVABMRICDWTERISRT S5EEHIC Au-Cue £ D XPS ,AESEE 7 H
FICDNTEHEL .

- IFFEXICEBNAAMRSF (F£7=12ARSF) #HEMICESTEMNEFELLY
s,

F=IR—=R{DBEA TN, BRETHEEET —IR—ABBEL
=hd, COMBERELT,
1) BIBEELRXAT e EELSLNHEBELIRES O IEXTRE/ S
A= DT —IX—R {54
2) spectroscopic factor £ EERHY /5 SE{M
3 ) 2R & T h ik 30 SR i 1E O 4
IBHETHS,
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RERBPORICRA D HOSEDESE

Y I3V

BRERBOERELIVRSFOERNEUNGHFEDXPS, AES 3:RTTAH
— 23—/ ORE (BRERBGTELE S, T REE)

: SESSA (Werner et al. CJP)
:QUAES, QEELS (Tougaard et al.)
:NESLA (Yoshikawa ef al.)

- BENSA-SOESFEEL GERZEREDILXK)
- Q (B4 8%EL) Salvat — Jablonski- Powell
ELSEPA ( 50 eV — 1 MeV) ZETIL

> TMFP , EMFP etc

. IMFP, SP Shinotsuka et al.
relativistic FPA (10 eV — 30 keV(0.5MeV))

> EAL, practical EAL

: SP Denton et al. (Mermin ELF model),
Fernandez-Varea et. al.(*““N-oscillator” model.10 eV — 1MeV)

: EDDF/&& Jablonski, Shinotsuka, Ding
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« Database of IMFPs and SPs
>>

http://www.nims.go.jp/research/organization/akt-

database.html

HELGAHLWVIRILT—EHF
(1 eV — 30,000 eV)

=

RFER, ERFTEERDT —IN—XEHABE
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file://localhost/Users/tanumashigeo_AC/Desktop/2012-02-22/Database%20of%20electron%20inelastic%20mean%20free%20path%20for%20elemental%20solids.pdf
http://www.nims.go.jp/research/organization/akt-database.html
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First Principle Calculation of the Optical Constants and ELFs in a Wide

Energy Range for IlI-V Semiconductors

/ Optical constants \
. LLacking for most compound semiconductors in the range 10 — 100 e\
Experlment\{;<
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s : *IMFP
¥ E =N
~_7| Energy loss function

Theory
SWIEN2k | Im-1/&(w)]
J

\_ | »FEFF

*Stopping power

€=g +ig, = (’”H"k) Energy loss functions of
GaN, GaP, GaAs and GaSb
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