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Damage of Metallic Oxides Appeared in XPS Spectral Change after Ton Bombardment
Satoshi HasHIMOTO

Kokan Keisoku K.K.
I-1 Minamiwatarida, Kawasaki, Kanagawa 210-0855

(Received November 26, 2003)
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Table 1. Structual changes of oxides after ion bombardment
classified using XPS spectral change or other tech-

niques 218
Changes Oxides
Ag0, Aur0s, CdO, CorOs, CoaOd,
- Ir0n, MnOgz, MoOs, NbaOs, NbOp,
Additional pesks gy, s, TanOs, UsOs, Va0s,
appears (reduction)

TiOz, Tiz0s, Ni0y, WO, PbO, PbOz,
CuD, Cuz0 Cris, FeaOs, FesOs

FWHM broadening SiOz2, AbOs, GeOz, Y203, CrnOs,
(become amorphous)  MoOh, Biz0s, Sn0z

Ca), Mg0, BeO, Zn0, Co0), MnO,
500, ThOy, ZrOy, HIOz, U0z

No change
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Fig. 1.
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Ti 2p XPS spectra of TiOz single crystal as a func-

tion of sputtering time. Acceleration voltage of Ar
ion is 2kV.®
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Journal of Surface Analysis Vol.20, No. 3 (2014) pp. 211-215
J. D. P. Counsell et. al.

Paper

Reduced Preferential Sputtering of TiO, using Massive

Argon Clusters

1.D.P. Counsell.'* A. I. Roberts," W. Boxford, ' C. Moffitt’ and K. Takahashi®
!Kratos Analvtical Ltd, Trafford Wharf Road, Manchester, M17 1G; UK.
2 Kratos Analytical Inc., 100 Red Schoolhouse Road Building 4,
Chestut Ridge, NY, 10977, United States.
“Kratos Analytical Ltd, Japan Branch, ¢/o Shimad=u Corporation,
380-1 Horivamashita, Hadano, Kanagawa 259-1304, Japan.
*jonathan.counsell@kratos.co.uk

(Received : January 23. 2014: Accepted : February 19, 2014)
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Reduced Preferential Sputtering of TiO, using Massive Argon Clusters
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Fig. 3 Ti 2p spectrum when sputtered 20 nm deep using
20 KV Arsgo .
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Fig. 4 A comparison of the change in Ti 2p spectrum

when sputtered 20 nm using different ion sources.

GCIBIC & B TIO,EfERDERE Y ) — >0

10 KV Ary 500

Ti 2p

O 1s

C1s

pras 45210 6000
o s 4 4
REZIAVE L 5000
35
3
RI\yBtk 3 4000
25
2 5 3000
2
15 2000
1
1000
05
“ars 470 465 460 455 450 ° 540 535 530 525 ° 295 290 285 280
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)
EEMR at. %
Ti2zp [O1s |C1s
R/NYABHT | 21.9 | 48.3 | 29.8
Ri8wHtk | 37.5| 62.5 0.0

@ U LvAc-pl-l I L] I n C' © 2020 ULVAC-PHI, INCORPORATED.

PHYSICAL
ELECTRONICS

ULvACPHI

14




TiO, HiERD I -7 (IRILF—4TF)

5 kV Ary 500 10 KV Ar, 500" 20 kV Ary 500"
of Ti2p of Ti 2p oot Ti 2P

° s o

& S 8
Normalized Intensity

o o o o o

S & &§ 2 &
Normalized Intensity

s o o o

& § % &

°
=

o
o
°
o
o
o

o
>
o
~
o
s

o
o
o

%415 470 465 460 455 450 s 470 465 460 455 450 Pars 470 465 460 455 450
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)

LEFDEREL T, GCIBIX

1. RINWBD) =T 128

2. IRNF—FLFRHETA—UNIEE
3. RN\YR) VT EENZELGEN

""" \. PHYSICAL
@ UWAC-PHL INC. . 2020 ULVAC-PHI, INCORPORATED % ELECTRONICS 15

Metal Oxide - TiO, 25 nm Film on Si @
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GCIB Induced Surface Roughness on Cu GCIB Induced Surface Roughness on Pl
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Applied Surface Science 444 (2018) 633-641

Contents lists available at ScienceDirect

Applied Surface Science

ELSEVIER journal homepage: www.elsevier.com/locate/apsusc

Full Length Article
Inorganic material profiling using Ar}, cluster: Can we achieve high [
quality profiles? G

T. Conard **, C. Fleischmann?, R. Havelund®, A. Franquet ?, C. Poleunis, A. Delcorte , W. Vandervorst *<

*IMEC, MCA, Kapeldreef 75, 3001 Leuven, Belgium

" NPL National Physical Laboratory, Tedington, Middiesex TW11 OLW, United Kingdom +
<Université catholique de Louvain, BSMA, Croix du Sud, 1 Box L7.04.01, B-1348 Louvain-la-Neuve, Belgium 350 eV O
“Instituut voor Kern-en i KU. Leuven, Celestij 00D, B-3001 Leuven, Belgium 2

350 eV Xe*
10 keV Arygpot

IR TA5E A5

Intensity [counts]

11,1
12 Deth [nm]
Fig. 2. Al" depth profile from a 10 nm buried Al-delta layer measured with 350 eV
O (blue), 350eV Xe' (black) or 10keV Artam (red) sputier beam. The depth
libration is made from optical crater depth atthe end of the profile.
The inset show the AFM raughne;s at the crater bottom for the 3 measurement
conditions (Oz = 0.155 nm; Xe = . 0.082 nm; Ar3spo = 2.8 nm). (For interpretation of
the references to colour in this figure legend, the reader is referred to the web
version of this article)
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M. P. Seah (NPL) Universal equation

PHYSICAL CHEMISTRY =

Universal Equation for Argon Gas Cluster Sputtering Yields
M. P. Seah™*

dx.doi.org/10.1021/jpa02684c | J. Phys. Chem. € 2013, 117, 12622—12632

Yin

0.01

0.001 4

INEDEBATEMBIZEDT 0.0001 1
FA—TDBRDERILE 1 10

Eln, eV/atom

This lower sputtering yield for cross-linked material may cause the overall
sputtering yield to fall when profiling polymers with

primary ions other than argon gas clusters in which there is a

significant amount of damaged material remaining on the surface by each
impacting primary ion.

In none of the data analyzed so far is there any indication of a

threshold energy.

100
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R. Simpson (University of Surrey) TaOxMDiEEAEIDHT

Applied Surface Science 405 (2017) 79-87

Contents lists available at ScienceDirect

; Applied Surface Science

ELSEVIER journal homepage: www.elsevier.com/locate/apsusc

Full Length Article

XPS investigation of monatomic and cluster argon ion sputtering of @wmm
tantalum pentoxide

Robin Simpson®P+! Richard G. White®, John F. Watts?, Mark A. Baker#

* The Surface Analysis Laboratory, Department of Mechanical Engineering Sciences, University of Surrey, United Kingdom

R ®Thermo Scientific, East Grinstead, United Kingdom
(@) (b)
Ta 4f spectra

3 keVArt 500 eV Ar*
Onm Asrec | onm As rec

— - 2 400 430 nm
P e - <0.1nm/min
E 60 m 300 min
30nm 100s 3onm 2705 500\min

32031 30 29 28 27 26 25 2 ¥ R N 20 32 3 3029 28 27 26 25 22 23 22 21 20 32 31 30 29 28 27 26 25 24 3 2 AW
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)

Fig. 7. Progression of the Ta 4f spectra during depth profiling of a 30nm Taz0s foil for: (a) 2 keV Ar*; (b) 500eV Ar*; (c) 6keV Aryoon*.
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4 20kV500kPa T 20kv525kPa "1 20kV550kPa
N o

12000]

2 10000

98 295 204 202 290 288 286 284 282 280 278
Binding Eneray (eV)

28 295 294 202 290 788 286 284 262 280 278 8 295 294 297 290 268 286 284 282 280 278
Binding Eneray (oV) Binding Eneray (oV)

Th-test 110 1oro

wool  20kV575kPa 2r 20kV600kPa
- " PMMAIZ&EHIZLST
. C 1s {LFHEEIKREIC
5 izl
of ~ - o

296 206 294 202 200 285 286 284 280 280 278

296 205 204 292 290 288 286 284 282 280 278
Binding Energy (eV)

Binding Energy (eV)
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2\ BZYU> T L — bDOISRE —H A X4KiF : Polyimide film

TM-test.112_1.pro TM-test.113_1.pro
100 100
— ——— Cfs | Cls
/// ols /’ ol |
~ 80 Nis ~ 80 Nis
£ £
§ 5
E 60 1 % 60 1
] -]
g 20kV525kPa s 20kV550kPa
S 40 1 S 40 1
2 2 #BiEdHY
2 o =|
5 20 E 5 =z
S 1 S . Qo/ = > s
< 0: 3% @ N O8%] CutRFEDT A=Y
0 . : 0 . .
0 5 10 15 0 5 10 15
Sputter Time (min) Sputter Time (min)
TM-test.114_1.pro TM-test.115_1.pro
100 100
Cls Cis
Otls Ots
. 80 Nis ~ 80 -  Mis
e £
: 2 K515
‘:-j! 60 R @ 60 B E EZ]
k] -]
€ €
8 20kV575kPa 8 20kV600kPa
S 40 1 S 40 1
[&] o
L e
£ €
s 0: 12% g 2 O: 12%
< <
0 . : 0 . .
0 5 10 15 0 5 10 15
Sputter Time (min) Sputter Time (min)
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I\ BHU T — DI SRE—HA X4FF : Polyimide film

-
20kV525kPa 20kV550kPa =120kV550kPa 20KV525KkPA
. ‘ - e
2 800 300¢
S 5 600f )
0
1 400( 150¢
o
b
ELR XN EOR XN 5, R ) i e 3,
20kV575kPa 20kV600kPa 20KV575kPa 20kV600kPa 20KV575KP. ] 20kV600kPa
. . o
. a
.
o o 3 3 3 250
3 3 5 600 ] 3 K
w0
1 1 400 a« v 150
i 100
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&SRS — A XUz ()]

PMMA/SiO2Ltt PMMA Polyimide
(Cross-linking)
20kV 500kPa -
Argi7* 21.8eViatom IR Sl
20KV 525kPa 1845 18881
Arip33” 19.4eV/atom
5| 20KV 550kPa 815 18580
Ari156 17.3eV/atom
20KV 575kPa - -
Aryss” 9.8eV/atoms ERE el
20KV 600kPa - -
Aryoss” 9.8eV/atoms ERE el
BR/ARBERECEEMHEEZASL
$EHEF ¥ & Cross-linking polymerD 5 & (X & EIZHIF95HY
ZTOMDRYT—EDEAEHLEIZBEILTIEH A XHANSNEE
RINYEAL—RDENT Iz, KYRANEEZLOND
B lEE AT VD BB A28 I ER
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M. P. Seah (NPL) Universal equation @

100

10 ~

1 4

014.

Yin

0.01 1
0.001 4

0.0001 4"~ ‘,_ Polyimide <:| Polyimide
- — less damage damaged
0.00001

1 100
Eln, eV/atom
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ITO (E#E8{tiE) PET (3ECross-linking polymer) f&fE[E

Quantes+GCIB

Cls Ols

%441:20 kV, 500 kPa, Arg,,*

191205.103_1.pro

80 Clslst

3000~ 25 6000 —

2500 5000 —

=20

13
=]

2000 4000

Atomic Concentration (%)

F152
=3

2 1500 22 3000

3 o0

L10s

1000 @ 2000~

500 1000

% ——— 295 250 285 260 540 535 530 525
0 2 4 6 8 10 12 14 16 18 20 Binding Energy (eV) Binding Energy (eV)
Sputter Time (min)

EHEREMIZXTLT10 nm/minLL EDERR /25 L—k
PETO b2t S KBS AN AT BB B BIE & HE ML
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 GCIBOREMBINDIGRAZMHTER
v BB (O3S B0 — Z 2 IR SGCIBOEMIS DT T HMH TEE
v BB (L LT3, MEACHBC, IMECHVRER TR/ (Y 5 TESH R

» GCIBISRHI—HA XDHE
vV —RICOSRI—HA X NETWNZEEFNWRI WA D DINEZERY
v Polyimide (Cross-linking polymer) (CHWTIE. EEHD 7RUDREENFET D

HTRRT L ICRBILESNRARES LB, IBIOBERD, ZIDOHEE
HN—TEBRBEELT, Arygy,® & Aryyy,* D2RAEBED LW,
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Quantes with GCIB ()]

Dual X-ray source x Dual source ion gun

Al Ka Art
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