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Abstract

Over the last decade, cluster ion beams displays its capability for depth profiling
organic materials and biological specimens. Compared with monatomic ion beams,
cluster ion beams possess non-linear enhancement of sputter yield, minimum damage
accumulation and generate high mass fragments during sputtering. These properties
allow the successful secondary ion mass spectrometry (SIMS) analysis of soft materials
beyond the static limit. While the intensity of molecular ions of high mass is still low,
enhancing the intensity of these secondary ions while preserve samples in their original
state is the key to high sensitivity molecular depth profiles. In this work, bulk
poly(ethylene terephthalate) (PET) was used as modeling materials and was analyzed
using a time-of-flight (ToF) SIMS with a pulsed Bis** primary ion. 10 kV Arsse0” gas
cluster ion beam (GCIB) and low kinetic energy (100-500 V) oxygen ion beam (O3")
were employed to co-sputtering for depth profile and examining the effect of beam
parameters to the yield of positive secondary ions. The result of depth profile showed
that the characteristic signal of PET declines steadily during GCIB sputtering. In other
words, damage accumulation was observed. On the other hand, the secondary ion
intensity can reach a steady state and was enhanced during GCIB-O," cosputtering.
Since the secondary ions were generated by a fixed Bis®* bombardment and was
independent to the sputtering beam parameter, this enhancement of intensity is
attributed to the enhanced ionization yield. This enhanced ionization yield is attributed
to the oxidation of molecules and the formation of hydroxyl group that serve as a proton
donator to particles emitted from the surface. The enhanced ion intensity also masked
the damage to the chemical structure hence steady signal intensity is obtained. However,

as O," is known to alter chemical structure and damage accumulation is apparent
1\



beyond the static limit, high kinetic voltage and fluence leads to the suppression of
molecular ion intensity. Nevertheless, with optimized Arase” and O, ratio that leads to
enhanced ionization yield while the damage is masked, improved depth profile is
obtained. The results indicated that optimized GCIB-O," cosputtering could provide
improved depth profiles from soft materials in terms of sensitivity and preserve the

chemical structural in the remaining surface.
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2
4 1
3 3
b Quasi-successtul depth profile (thin film) d Depth profile of bulk polymer sample

B 2 L7 FAFEALESTAM A d ML AP MEL > 24 M5 sl
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B 3. a3 et 2 Eee

(a) Increasing dose
T TN N
NN NN
P e /\./\\/J\\//\
P P T 7 F
| 1l 1 v
(b) Increasing dose

Bl 4. (@Q)HF L BEB » F B DSIMS 587~ 472 (b)B 4 F T REEAZY 97

S NS § 7 R A



2.2.2 3 % % # (damage cross section)

BPF R B R L HFLF FME AMA T SR P R T
AORTR o HR A G i B F i A d O SR T TR R R
MHEE E G GRD 02 364 A3 S frlsterg endf R FRME T
2o df GRS R R E oo BRI RS S G AFEC SN F
% F d Gillen % « »:1990 # 3 11, 2 {4 s d Cheng % 4 2006 & g m [,

T s cheq(l)* 1245 it SIMS 9 18 hgGRE A F A 4T 2 B

S(f) = Ses + (So — Ss)exp (-G +o)f)|  ea()
So: initial intensity
Sss: signal intensity at steady state
d: the thickness of the altered layer (nm)
f: the primary ion fluence (ion/nm?s)
Y: sputter yield volume (nm®/ion)
o4: damage cross section (nm%/ion)
HP oo dpfcd iR RL G0R P L& & effective disappearance cross section (o) -

dreq(2)# 77T :

Ger = (3)+0a=(1+8)oa  eq(2)
eq(R) P FE T A BT “TiE X AL G o oo LH MBI TR AT G E G f 0 S
HEFAITR Y A F o AR R AR MAp o T R > T 221 ) &2 GRS 1T
B ¢ #rit earegion 1 (transientregion) » A F 5 F 0 P& T BF RBE AT i
WG 2 pARA L o Bl G R Ble o SRR T 40 region 2
(steady-state signal region) - B 5 2 15 keV Au*is o3 2% B i 4 s g sm A 4718
AT A AR T S P T - SRR R R £ I koSN E

0 E A § oredf B G E



EY

W

2, R4 Y v = 224 P 2 P . <
ook LR = clean-up efficiency (g) > K Z &7 ¥ e LB EF Y %
d

dog#ri- %Y 5 B maf s Mot a5 4 5 8 BB Dk # end £ 5 dog P
PR T AR AT 5 A o ke b B AR R ALY B

BAotdog o e A 0 KT 50 gl K H G R 0 Aa o F LR

@5 dogB P4 Yo B PE g ] 0 A T AT REA T GRS

&

R PEL S RIS B R BRA TS PR UL T
Tt b S S 5 T LR A A 17 4 GUR SR & region

1 235 H e RRE A5 25 3052 B % o

1.00 - h
~ , 14 o
5 a=68x10""" cny :
X 0.37 1 v
Z
= o
% 0.14 4 3
=
cC
= "y "
0.05 4 ] '..-.. N
0.02 Y

0.00E+Q00 5.00E+013 1.00E+014
primary won dose densily {ions cm '“]

Bl 5. 12 15 keV Au®i S & B 15 4718 2 45 1 A & f B0
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2.2.3 B & F (sputter yield)

CRGGEA T A 5 A BER DR A SRS AT G ER A

<

B ST & GEH R RS S S5 (erosion rate)
1960 # d Rol % « 41 ff 5 erg o5 12280

1 MM,

YNKx(E) c0s ¢ (M1 My)?

eq(3)
He oY R4 RIRMAS (atomlion) s K 5 A 454 ¥ B> L 53T A FAES hT
Bap d BT @R N AT E B MM A B R F RS oAt RS PR
ERGZREFHRT T E o
d PNl AT T R R A R R T S R EOR T F R
(1)~ St PR 2 i £

R EAS R S AR & FE L Rl R el
W T OUFRAPHE v TR RIS T o #  Xe § O~ AT P T D] R et
BF P RHF A B 52 50keV 2 Bibr o e g~ Sdp i £ 4246 50 keV pF
d 0T T E Y LR BB A G i Bl o RS R TR s ars

~ S TTRARY N BARE RS S RIARF 0 R S BRT LiEmaniih -

R RBEFRSAG DER B ERMPBI T RS Z R AR
(cascade collision) f=® # » &+ (direct ejection) = & > & 3+ 49 ¥4k o2 A2
& BAXX > R EDPRBrd  direct ejection 4%t cascade collision #4) 2 # » #7r o~ B4 4
B PIEE F A%] o BRI FRF o
(B)- =+ T B A FHEFITIRATRARS > RS FARE -

A& DF R ER - RRLFRP 0 RRARFERARN > PRSI AR

Ot dFd d PR E i & d RGN FARF o B FARM o
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| A
102
103 ST IR T BT P B
0.01 0.1 1 10 100 1000 10000
Energy (keV)

Bl 6. 4 siz He (A) ~ Xe (O) ~ Ar () ~ Xe (+2236) % A (x, T3k )4 ikt it & s =118 7
ot
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23 ERF S RFIZHEBPI RN IRFITHFRR

231 AHF BRI HPF D AP THRAFE

B SIMSH ¥ £ * Ga' ~Cs ™ Arffr O, % 8 B 3 g3 § 17— S dps 4 o
MATERERSE L REETHEHEF B AT R A RS IR
SSIMS Tig (7 A 45 > T — A R enT iR A E e & 10%~10% jon/cm? 5 E B
P A e AR R E P NRERGATRE T P RS T AT Fioé

PLo B e F B iRer L R AR * 4o SFs ~ Ceo & ARTE R AR

W

7]

G RE RS g - A

2

% % 1970 # > Andersen fo Bay 3 L B R S 45 R (Te )44 o pF -
HRsAFIE R4 (TeNmE o wB T 2 smF i sy FE B4
* 5 R AT R lde AsyT s Sept ~ Shyt AL s o movp wan 3 R
RS TR RHA TR R ERIRIRF oA 2 RHEF LA

Fensg i E* o fhe Sarig F RS T HengF gl e - 8 30 1980 £ ¢ H

-

SRAHF R I IARE*TSIMS 247 F > Wong # A F AL B[R B LS
+ (siloxane molecular) & & & + & (Hg') & #7 4 # & F p ¢ % #
(oligosaccharides)[ls] s Ay SR AT AR HG BT R 2§ A S BT 1@ B e
EMERHCENGLE F 5 o 218 > R £ BAYS (liquid metal cluster ions) > 4e:
Au, MBI s o 4 RS S R0 4eiSFs i Ceot 0 4 R EALET I 30
484 SIMS A 45 o
Koetter 4= Benninghoven »* 1998 # 1t i Ar' ~ Xe™ ~ 2 SFs'— 85 iR » ¥
PET-PS 2 PMMA % & » 3 Hift s 478 s sgap s 2 B d Ar'ge 2 Xe'z 4%
B AT R SFsTPE > - A RMA S M ESRE 0 @Y 4T SFSTH IV H

o F 32 1000 2 0 A A IF G E WR M) s (2 52 61) F ek Gillen £



Roberson » 1 * SFs' 5 — I A H EFIF & P A PMMA 2 G54 17 0 4e R
8[22] R

% 7 SF5" > Weibel >+ 2003 & & * 10 keV Cgo & 33 i A 47 & R A %}ii’-[23]’
B TS PiT G T R R A F AT A4 Lo ) Coo R A FH F 4 0 ri

A G R AFTA T TR AR G B o U Coo' P R T BT BB LY

WA AR s B AT EAOE S R L E IS SRTR
PR Bk Coo #E+ RS AP L AR WAKAYE G PREEHES T

it Fgdp o R RE DR SR FHRFES TR 0 F SR ER R s
R ECE ok R BRI PO TE AR E O SRS ¥ L Y o EOLE 3
Fenm At o RfRiriEA 7 F U P F T R - g L g s
bR g ROLE EHGE S AT MR T RURSTE S N st LRI 2 RS A S R 2 K
o T b AT E K B eng AT o AR kR H TG e 3 Ceo Bt o718 3
RS AT o

A EABET Y KRR A S TR AP A E K G BB S
2_ 15 Matsuo 7 14 e Ff -2 o s 3 s % > SIMS 24, 4 2011 # > Rabbani % +
W@Awm%W%W)%Cwﬁii’%ﬁﬁ$04\iﬁﬁﬁiﬁRiﬁJWL
B 9 5 polystylene (PS1000) #% % fA 4+ Wetis chdy - & (FH 3+ d &
2x10% ionslcm?®) % % = & (R A chdp3 B 5 6x10% ionslem?®) 2 TR 0 B A1
* g d fA w5 20keV 1Ce" > Alge' & Alqgop’ 0 it = A #EF RUR ST 357 1
JE 7 PS1000 crgd e+ mL 5 > (e E S k2 43 il B B PE > Ha0E e R 4P
oo R SRR Arooo” % R ER DT L A & F d [M+H] g CrH, BT
Ba ki @ o Coo iS4 e Bl s > 80 CoHy a5 A A A 4 ehs 12 Argg”
LR QL | e R VAR Sies 21 ﬁ%“ A a2 oo b A3 AN
T 0 % Coo WRSIRPF o MEF A L B H S o PRI R NER > B

%é*ﬁ%ﬁﬁ’ﬁi‘ﬁi‘l ?‘F%%i%f“&’]‘ SELER S BV R @ Ar1000+'§53§/ﬁ-’3‘7‘}§1 ’
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Secondary Ion Intensity (Counts/s)

= & 207keV Te'-=Ag
= + LihkeV Teh=Ag
g 100 AVERAGE RATIO 167 |
: .
? 80+ . Se . v 4
3
m
>
2 o .
]
= . jo%
a . A*a Ak L

40 500 000 500

SPUTTERED LAYER (&}

B 7. v s 207 keV Tetz 414 keV Tey i o4 4 o 4144 4 e ot & = 14

Ar* Depth Profile of PMMA Film

10 g

Time (8)

SF:* Depth Profile of PMMA Film

Secondary lon Intensity (Counts/s)

10’ ! :

Si

* 69

0 100 200 300 400 500 600

Time (s)

B 8. A~ wlit* Arter SFs' % iRtk PMMA %8 A % 4 45 |
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% 1.Ga™¥ Coo METRH T I B A 5 s szt @[

Table 2. Yields (¥ (X')), Disappearance Cross Sections (7 (X')), and Secondary lon Formation Efficiencies (E (X'))
for Ceo" and Ga~ Bombardment of PET, PS2000, and Irganox 1010

compound Y (105 a (1071 cmé) E (108 cm—?) N(X;) from (100 nm)?
(positive ions, 10.0 keV, Cg* and Ga*) mass (u) Ga' Cen’* Ga' Coa” Ga* Can* Ga' Ca™
PET (self-supporting thick film) al 25 4270 0.63 1.85 40 2308 0.4 23
104 98 5130 1.93 2.5 51 2052 0.5 21
(M + H) 193 16 1000 2.74 4.76 6 210 0 2
(2M + H) 385 2.5 174 5.1 5.9 0.5 29 0 0.3
575 1 9 7.3 8.6 0.14 10 0 0.1
769 21 10.8 2 0
50200 1116 92400  1.24 2,24 900 41250 9 412
PS2000 (spin-coated monolayer) 91 26 11000 0.55 0.22 47 GE18 0.5 G
178 10 900 177 117 6 764 0 8
1200 74
50-200 467 539000 1.26 1.01 467 58416 5 584
PS2000 (thick multilayer film) 91 90 12000 1.85 0.04 49 300000 0.5 3000
178 10 960 1.5 0.05 6.7 19200 0 192
~ 1200 80
A0—-200 460 35800 117 0.04 393 1395000 4 14000
Irganox 1010 (thick multilayer film) 57 105 13300  2.20 0.081 48 164198 0.5 1642
219 147 20500 39 0.093 38 220430 0.4 2204
527 1.03 215 3.7 0.090 0.3 2389 0 24
731 1.19 506 4.3 0.105 0.3 4810 0 48
1176 237 0.14 1693 17
a1-215 G637 130000 1.91 0.064 334 2031250 3 20312
0-2 x 102 ions/cm? 4-6 x 10" jons/cm?

0 1000 100 M o 1 000 1200 ™Q

1.000 1,00 ™ 300 o0 00 M

B 9. vt s 20 keV ¢ Coo™ ~ Arge’ o Ariooe” #5415 51 PS1000 2. B 2% 10
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232 5 RS HI BT REHS G
T HRIREIERRF I LB > AAFLS LG AR
P e T B IR RIEOER WG A R B RT RS AG T @
Plebs HES ALY TR 0 gt b d N EH BT T ERARUE > T LG K D
oo A A G Kt FREEREEG > MBS R
Keh=t oo R his e o F kg 7 -
Ra o ¥ S RIBIBHEHT L MBI AP FEAEFI LG AP

o A, e 3 PIAEFLERTHLILLEBRS - FBES RS

—-\\

\F‘b

ATEERET D TR B
M
Ec=Eo (M—C) eq(4)
t
Ec: 2= hF » &34k 5B £

Eoi 5 B33 8443 7 IR &Ew i £

g RFRP DT EFREE T chin A1 0 d eqd)T i A
FHRAGFBRI TR E S T TEFRY O HWEY L0 T g S
I ERE R > ARG T UEFTREDLFCET O VR RS B

BRI RE I REBE 2 - i

e

B R AR O S LG o

&
<l

PrEAppdg o B e T A oG ) REBRR D XMEFAFTFSLE RS
Rk Ed S o

B 10 7 Matsuo ' » 3 # 4 & (Molecular Dynamic, MD) #-#t 100~500 eV =
a3 Ar'iz TkeV Ary" ##t Si(100) # 4+ s 4o ) 10(a) i+ ¥ g 7> * 500 eV Ar*
BEL - F=h (FK:2m) RFEfrd- 4 7 L=t i Fofpag <
Bk 100eVAr ¢4 & B3 K BBt cnids > i SR A S B> §AR
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B U WRAPERFF AL > Rd et Arg RS A Bt E B Ar AT F i B

% 100 eV s % ﬁ‘ﬁ“’f% hoeae 4V H RSB H AR T AT S el ke AR R

P BER S R S AR BT g RS R A hd G R F e D

GE A S A e S
PRI ESEES TR S L EegrSiadkp P r e

B%RE 2 AT G R R RO R TR R 4 0 BARNEF Ar A4S < 4 10

B3 4c ] 1000 B PF > HhdrH Rfte B 0 Si RS HP Fbr s A% > 2§ A2

1000 3 & 4 o & e d s R < P iAEaw RS B RS T i

» M

=1

3 %
% i K B R 2 AR 2 MG R B 2 g

AT Fedp s R 2 T

PERRFERTBEN LeVEFNIEET > Hp AFE2 S F o
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Ar, 100eV Ar, 500eV

20A| i

20A| -

500 |mpacts 500 |mpacts' B
1.2x10'¢ atoms/cm 1.2x10¢ atoms/cm?

(a) Monomer lon

Ar,, 1keV (100eV/atom)

XA XX L XL XL XXX XXX T

20A ff

20A

300 impacts
1.6x10'® atoms/cm2

(b) Cluster lon

Bl 10.Si % 5 &% (2)100 V~500 VAr 2 (b) 1KV Aro 33 s 42 # 5 i3 ) 2

U T e S

MD simulation 11500

- 1000

- 500

© Ar-GCIB

5keV
0 e a il i1 el L
10 100 1000 10000

Cluster Size [atoms/cluster]

Damaged Layer Thickness [nm]
Number of Displaced Si atoms

Bl 11 Fd 2364 BHERA P L § AR R R B8 RS R

R el R o
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FRART LW @I FH RO/ (Gas Cluster lon

Beams, GCIB)

1988 & p A5 7 I F WAL T L, 2 s 1097 £ 2R

EPION =@ 5=t 4 2 GCIB (% > Bl 12 2 37 % B i WA A mg&d\f#&?}
P, Fragaps 24 X5 > I FRFMAE- L B350 430
FHEA R L Ranf WITE R S AREEAS R S BEAT I F R
# 1% £ (adiabatic expansion) » & #RCIEFE R € ' 0 F WA F FLARS)

S B AR BRSO NRT S B G HARAR > Rl § WA 2
B 2 BREFLBERY 0 SRS FNET L RS Bt 444
D AR AT F R AR T RIS B R AR

GCIB ** 2000 +# B 4% = SIMS 15 » § g k f 7 &0t &2 F ehiF o 7 4
Zo T WA g A RS BRI Y 2 B % 31 ArGCIB &G SIMS

2o gk 2 RR o

Defining

Neutralizer Aperture

Mechanically

Scanned

Thermionic ! Analysis / Platen
|

Sliﬂmer Filaments I I Magnet

Vacuum debe NV

ngh Pressure Gas»>= e Cluster lon Beam Faraday _I
Dose

S| | D
Noée Ionlzmg/ | I
Electrons [
Accel —+— Extractlon Beam Cluster Control

lonizer Bias Monomer
Supply = Optics Beam

Substrate

Bl 12. GCIB %7+ & g 24
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241 FRAERLF LW SIMS ¥ 2 B —- 4+ A TR B

ole F & 242478 0 § gAY BFE LR AR YOS g RS 0 F
BRFTAHREE FPLTEFRY I FIHRCREY 4G 00 25 BA
Al TS ER S AFV RS -

113 % Mochiji 12 5KV e A 2 Ar'A 45 aspartic acid == = g+ 5 2 B2 >
ol R & Arigoo % T > miz o[> 100 §# Flemusiag B &0 £ AL g R
10 B o @ PN A s F I Y 0 3 WM F gk LHEE > miz 5 700
TS BB L RS TR PEHCE P F o T HE R RS BF LSS
BWFFIHRIHA TR Ehe T 5 B2IRL -

Ninomiya % 4 = 4] * - % 5] % | & <} ehg &3 ~ 45 arginine (Arg) v
glycylglycylglycine (GlyGlyGly) = 4 & wte 5B 50 prw @ 17 = = 4 o
R - BT A FHRSESER LT E AT A& (ArgtH) e
(GlyGlyGly+H) 4p $ gL 5 A F -+ ohig B brAR3 55 - 4o 14 -

Prtem 5 CArGCIB « R H W A3 b - T 2 g A H g+

[l

4y

UES R R S A R A ek

/@fﬁﬁﬁ% B o #‘%ﬂt,{“;‘ ),év”ﬁ Z};_ﬂ .
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[M + Nal*

T 10t [ oo i !

S osol | M H' | @
0.01 N\ ,

= |

.9 060- | M"M

040} Il 0.00:

ol | 400 500 600 700

2 o020t |

E ooopltt W
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£ 0.002;

”~ |

£ 0.04} il

E

£ oooom....._.. bdraasia
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— |

5 i

Y L ——

0

100 200 300 400 500 600 700 800
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(b)

B 13. 1% (a) Arge™ = (b) Ar* A 47 (Asp)s i oz = = 4+ 738 B2

Intensity per incident won | arb, units |

-3
Lol ™ | _
L _,.lr" Fﬂf‘\\_._,_l 1
soan™ b ‘\1
-
L ""'--.H_‘_H.
oo L2 1 L 1 L L L L s
0 300 14000 1500 2000 2300
1
L] T T T T T N 1
—_ E 3 ke Ar cluster — GlyGlyGly (b) ]
i ]':.:'_: r
T EE —— T 30 1
g iF —a—Gly+H' 1
g w0f ] 1
5- 3 | —¥—GlvGlv+H b
"":"' 10° I 1
s [ i
E‘ -
= P
» E
B L

B 14, 3 F 2 chg

2m0”

15107

T L T T T v T v
(a)

GlyGlyGly+H' i
—u—3 keV

At Cluster = GlvGlyGly
—a—B ke¥

— -
“*1&‘.___‘___'

1] 00 1 CHHR 1 50d) 200 2500

Ar cluster size [ atoms |

g+ » sk GlyGlyGly =
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242 F MFAfF 4> SIMS ¢ 20 BH—IF G 4% F

?#»

B REIRTEIFERN T LA R A
FEF o

Miyayama % « L {s ¢ * HE 3+ g 83 R 2 § AP hH R T fp'=
(polyimide, P1) # & kst o B 157 g - 407 it £ 0 ArFE Lstts
Pl £ 6 thf fo§ ~ % 23 bl T %> a R 5 G0t GIREF ArRst £ 34 e @
b o 2 (830 Argsee $Hl — £ 6 (TSt > G- BRI 0 & A bbby
ARIT A RAeehPl 2 2 ~F b Flpt o d P EEETE AR T RE G T AL
RS OTIE S G IR A T 0 Rt vt R fﬁ B+ g8+ Saim
532 GCIB 3+ & > 28 h+ g 3+ heBbtae £ T AERH %> ¥ 1 XPS
AYrde ~F v by m IR GCIB & 5 iR &4+ (preferential sputtering) 2. i® A% o

¥ ¢h > Yun % 4 %t 2012 # 2 XPS % Ar GCIB & #¢% 14 ¢ PEDOT:PSS & %%
2 MWNT/PEDOT:PSS #wr it 74 o ~ 2 A4, nmg A g s « g %A
B2 25510 4r 20 keV 2 Arpseo 37+ Hul st i XPS k3 eha 47 3 %#F, )
Hize i& ZadE i (bindingenergy) 2 :ELi= % ST 72 %> ¥k o f% &
‘b sk F + 5 ¥ &k (Ultraviolet photoelectron spectroscopy) 4 47 @ & Boeaif
(valence band) fr# & # % (work function) » &7 iR &+ 5 {8 T & PP BRec g > T

Argsoo B3 R A 74 B0 i AL g S g
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(b L0 ke Ar-= 10 ke GCIB

— (ap 0.5 ke Ar-= 10 keV GCIR oo
£ 100 - & ‘\. ,
= = B0 i e DA Gl B S s anana
£ 80 g
B 60
E G A GCIB § GCIB
g A HES keV| MW keV £ 40 10} ke N
=l o
2 o/ = 0 g
g 0 = 20
-] =
.;t 'D‘ il Al i i ieppipigdamniiiiiobiping o [:I
00 10 00 04 0F 12 L7 21 25 00 10 00 04 0% 1.2 1.7 21 25
I = I e I
Ar dose = 101 GCIB dose = 108 Ar dose = 101% GUIB dose = 101"
(ionsiem®) {inm.'.fr_'mi] [iun::.l'cm:} (ionsiem?)
() 2.0 ke Ar o= 10 ke GCIB (d) 4.0 ke Ar > 10 keV GCIR
< 100 _ oo
= "H. o B -""bu C
2 H = B0
= £
S B0} Ar GCIB R GCIB
g 20 keV 10 keV g 400 keW 11} ke
g 4 N E ] |
3] . 3 Q
Iy} 20
£’ =
- =
o0 = 0
00 10 00 04 08 12 17 21 25 00 10 00 04 08 12 17 21 25
> I I > I
Ar dose = 10! GOIB dose » 1010 Ar dose x 1019 GCIB dose » 10"
{ionsiem?) (ionsfc mll {irm.li.fc'mi] {jnnsi.ﬁ:mzl

Bl 15, R A A B AR Pl A 15 0 2% 2 10 keV Ar GCIB B St eh4 &

S
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243 F Mg+ L3 SIMS ¢ 2 BF—3 JI4IFRA F 2 {7

FACIE FAIREA T A TR RS T RAR A 52 RE G R RS M A
Ao B RGN SR IEG AR Z AR RS R J s
TRF AL F LR CERBRFG RS Fla g AR E AL AR D

N N - PAR U (AR 2 B A AT R A T A R 2EFALAR

M
#

TR g A R AT G S AT R T A RIS 5 df

%%ﬁ?i%ﬁﬁ%’%ﬁ%amw:ﬁﬁé’%%i%é%ﬁm@ﬁgﬁﬁg

G AR F AT B2 P LR BT
4o 16838 1 55 keV Ar £ d 35 4 PMMA ~ PS 2 PC & %t SIMS %7 A
AT 2 F R GUELE R - BT R R R4 B siET
vk

PR B AT E 6 AT dehtl o 7 AT RS B Crd S

A4
“mTy
S

TRRFL AT GRS A A E TR T A

—‘{l Fl—‘.—,;ﬁg

SN

19

15 3 2 m (cross-linking) F & 4 2 5i0F A~ # 2 47 > 4eR] 16(b) 2

N

() FH11 Coo' 5 RIBIEZEF| LR ENLEE > B 17 TLAuJ|* 25 keV
$1Ce0" 2 3 I < o AT HES RS 3 i 5L R stiE AR Y i S n
UTARR 0 B EE T TR L At & F E 2RI A G i B ($Arg) o g 2 R
Ui erf B AR Y Co R ARBC] 0 ok o W BRI Argsgo’ I & i 2 ¥4 (bond
scissions) e < Bk i o

5 ¢k > Shard % 4 12 30 keV Ceo" i ¢ Al ™) g8 g F s+ £ enh 44
SRS A JOBHBET 'R > B 2 Boo] eSS A w4 113 nmPlion 2 4.4 nm¥fion > 4P
H T & £ F] Coo BT 0 § fo§ 3 & iRLARst (preferential sputtering) %
przoth s U Ceo it RLITAEZ AL FIN BB LG I RRARF TR
WGBS X T o 21 > Seki % 4 3 2010 & T 5 o st 55 keV Argge” S i it

o A ET G s % - fRAE (OLEDs) s % 1%, 4 415 OLED %1%
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R GRA AT A0 18 417 0 HARA TP T LF % A Algfr NPD
mE o R RS S AR AW R F AR E T REM G )
P EEE AT BIRSRT LA EF D GRS AT o

Ra R R FART BEDEFT LG OGFES A THT I FF
F SRR e PR ARSI o 822 8 en R (Kinetic energy, E) 2 i
F + ) eh7 ~f(cluster size, n)iB e A % 2TLfE > 24 & > Shen £ A FER * 7 4
HERE R E AT Wt [ A g R Y B FmE EM>5 o b
MR N HGUELT 1 oo en T il PSR A 1B AR R TR 0 it & ENS5 ¥
LB TR R AT R IRIFF T niF ) 0 2 18 A b 55 i PR A o

B LB T EINS5 AR 2T o RSA KRG B R E T SR A

-

wosk o,
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N
ik
R
"31
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4y
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)

-

FH L Ao R SRR B (/2 =179) & H
(M/z =341) 2 355 R AR'E 15 B EIH 0 bl > 5 AEFRITHT L R4S > 00 b
A o ke S T AR T s AR EL S AR R he S S £t T o e
PRI EATFTREREFH A E SR D EFFARP I A EDARFG
BBt AHEFE ENSSPE{ BF o
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(a) 10°

- (b)10’

PMMA ( 92 nm ) /ITO/Glass

Intensity [ arb. unit |

m/z 69
------- m/z115 (In")

PS (58 nm) /ITO/Glass

p——m/z 91
m/z 115 (In")

PC (38 nm) /ITO/Glass

10"4

10" 4

o |t

20x10"  40x10"  6.0x10"
Fluence [ ions/cm” |

2

B 16. 12 5.5keV Ar

—— Ar,

150

=Cq

100

50 +

Number of crosslinks

P YL

2.5keVP=C,,

500
—— ,\rm

> Ar

20x10"  4.0x10" _ 6.0x10"
Fluence [ ions/em” |

) A 5 (a) PMMA (b) PS (c) PC

b)

10

0.0 20x10"  4.0x10"  6.0x10"

Fluence [ ions/cm” |

R

2 G e 7

0

o BN SN A G ML Bot ru N M M N M o N SS S AN [mc e e e un vae - s en e m )

500 1000 1500

Time (fs)

2000

2500 3000

Bl 17. 7 F s stimok st § #4% (Fullerene)iB Az ? #7514 B 5 e Y
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w : - :

5.5 keV Ar cluster i
I i —— Aly2 (mix 315)
F;%E: 0 4 ———- NPD (mz 588} ||
— [ MRS In imiz L15)
=5
! E 10 o
e o oo -
NPD {100 nm) E o
2
Algd (10 nm) E
(11 3 FNUTRY A SR 4
: [§] | [{H] Tl it ‘I___:,'\_*-:_‘I.‘:.ﬂl".-ill
Substrate -1 i r:ﬂ;it‘;: EJ:F.' he
. 1 i AL
{Cilass) 1 : Rt BT ' ‘:' .
' 4 ! . e, I ST LI .
LEH 20w 40xm0" &l B0

Fluence (ionsfcm?)

B 18 i * 55keVAr &3+ WA 47 5 K i augEs 2 5
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2.5 # 3% - KBIF A 2 2B

L

BRT

A

&=

AR - I AR LG P §RRD LS Rk e
W L FHIfod BRI ZE LG 2E? NG PR (K1%)GRSF AR BE

F RS 0 IR E 1910 &£ ¥ - X 5 F 4 & (J.J. Thomson) 1Lz 3] » F|pt

et

Bk EUFEER T BN g g A A M HOMEL R B R
33 chgE i+ LR 5 -7 I3 SIMS 47 0 5 ET 0 3 S BT T WG - SUEET
LR E o A5 <3 I fi=Z (isotope)st f2 /i + (heteroatom) %

SRR EAEA G feR Y BTG AR AR TR R A A L o
3OS R T 5 kR ARA L 4 L R B TR A
gﬁﬂi“j‘g‘i #* F RN EHRY - :’zg;g;;};ﬂ,;%'g Ay d ‘%/Egk’j':‘m)fj’“fi[zs] ,

BA2 S FI PR L EFATHE AR AR ) AP 1o s

BB ASARI o tp 2 v T RIFI A SRR o F R RA R AT R -

1. Metal-assisted SIMS (MeA-SIMS)14H

W RNER (b £FR) FETRESAR 0 RESAG S SO F
WV 5 & B &S (metal-cationized ion) ¢ 4ot (M+AU)T ~ (M+AQ)" » frif 4
&3+ (quasi-molecular ions) » 4c: (M-H)* ~ @2M-2H) 2 3185 » = =t & ~ f chap 3
AFA B Fob o 3 N B R AR 3 N EAREER

] 0 & R AT (matrix-effect) o

2. Nanoparticle-enhanced SIMS (NE-SIMS)!#4
NE-SIMS & MeA-SIMS j 247 it » i NE-SIMS 41 ¢ - & 2~10nm &4

2 RS (AUNPS) > #-2 it iR EF G 0 MR T MELR R o
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3. Self-assembled monolayer (SAM) enhanced SIMS!*°]

BRI L AN e R L AT R G A RS
flaasl fws e BEC TR LRI AHAG S mA S
A SAM R B E > R A ERAL F T U @7 3 Rng i ok

TR RFZHE

4. Matrix-enhanced SIMS (ME-SIMS)"#]
ME-SIMS E_#-A 54+ & if § A TR & 15 » dopt » - BT LB A FP i
LI GER P BIA T A S BRI 0 T AT

"R & 43 R (proton-doner): Flit o % A S G el & 58 &

5. Water vapor depositiont®®>%
—BEE AR TRAAFREOATEL 0 2 BT N EFL A e
TL‘§ET7 ﬁr}/}’foL7 7},*& 6m/1\é’?ﬂiﬂﬁ?ﬁ»‘+mﬁ] —'k’E]flgk'[M+H]+

EEEEERTE S LT T K

6. Oxygen-flooding-enhanced SIMSP**7]
HAEPES AR R L0230 @85 BRE 2o X R SR K

EHRETHRS > FIPF CRSEEAGE XTI ATV RS o

,‘/7: m «'7,} S::‘E"J:fi + J‘]‘i‘a’ gé: :,7\‘ {‘é}/ﬁ.:* “\HL%;{,—L_;’ ;T,\‘J;" 2t ;%—g- ’ U'J‘&V MEA SIMS
NE-SIMS 2 SAM-SIMS -  §f o4 {22 414 (oA § 44 % » Flot 5 = f8°
S E A% % SSIMS» @ ME-SIMS 23 58 d +8 % F & @ % 7 3 5 33 s ehbR 3

AT R gEad hiakiid b a2 A5 333041546 = % 0w
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it t£ > 3 % water vapor deposition > F B EIT MR T iR (T 0 ¥ B E @B kB Exw
iR & FAE AR R 0 B AR 4 R PR R AT 3 SIMS
¥ ¢k > g2 #X Oxygen-flooding-enhanced SIMS & 7 % 3 X "> > e § RBawk &
THEAFR G - BT RBAREY TR e R RF LA FEREIFES LG b F
AR WG A NE A LB PR E D S i F FE R

RAVVEMGDEZRESL - X I enT IO d ST AT HET M BT L

oo

PR

FET 0 AR BT 2013 # 0 A 4I* Ceo'#r O 4 w|$ PET - trehalose
Te peptide i+ a0 B S Sk ApS LB E 2 R e SR Y G R g

3+ Bk g (oxygen-flooding) ' #iE T A E &5 5 > 7 Hepy (45 &
TR FF A Aot o A MA S I T RRENEFL 0L G o &
R R E 7 B 0 & ¥ 50 JR Oxygen-flooding-enhanced SIMS 7% 4 o g2 25 @ * O,"
EREE RIEN Sl RN St el b AP SRR AN R ER
BEFd H L o TR R AT G p et I AT 3 R
Foengrid o W f R R B D B 4 0 119 £ XPS A 47.5d Ceo 2 O2

RIS PET & 6 > A 455 % BT BT AT L RN L B4 i B R

S+

e @Y Coo AYFFF T UHLF R RSO G o B 20 I R
EAvE WA BRSO RS AR B EE BT B RRERHE > - XD
B+ gy - PR E O TS E A L RHRES RO IR RS R
B 2T IR A G O E TR - S AL F O Hvk kA § X R
Bt 0 A HRT T o T R RS O 0 MRS 0 A ET g
ARG » VRS - R AS o NE D KRR INE £ X WA

3 | (AI’2500+) R RS 0 RS ATIE A f’f’”fF 7:3 At J}i AR AS "f °
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s 10110 KV/NA CL-0nlly sputter
e HO/300 VINA O cosputtor
—— 100300 VinA O cosputier

I

Intensity (a.u.)

— 2007300 VinA O] cosputter
o

285 280

540

535

Binding Energy (eV)

Bl 19. 12 Coo'¥? O, £ it PET 4 ] 15 2 X-ray k7 3 it 2% 4 70

Scaled intensity

soute’

sone

200’

a0

12000

A mare

- M _’. X g .
a 1ons o b 1ons ‘ C +10n8
a0
(. t 4* )"“*\‘ 209’ 16010
‘ F l|l | ' W
17‘\r \) ?‘“ Aomant 09 00
| |
1 | oo S
\ | l
’ | 410"
400
:m‘"x;‘"'“' —0NS |45 i s — iONS b e doteng G T
4 120 ) 0 ) 00 %0 €0 ° ) 20 00 wo P
m/z m/z m/z

20. ' # Ceo' ¥
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PR RHRERENSL

31 R HEAH

1. B¥¥ - " e - Ay (polyethylene terephthalate, PET)

329 BKERH A

321 #7pFAF - 4+ H¥ &k (Time-of-Flight Secondary lon Mass
Spectrometry, ToF-SIMS )

HAPFHEA - IRI FHRe GFERIE AP N0 AF KRS F A4
F 2 LR ks AR RS £ & DT - o S HURHREVE T G

Bl E e A+ F o ToOF-SIMS 4 6 o ifr &3 &3 hZ B 245 R » Flpt 7 10 =

B2l 3= =cdes Faf ke Ah%Hm LW
ARF A G BERIVE
1. - =@+ & (primary ion source): # ik SIMS ~ 472_ 3 & @k -

2. &~ 147 % (mass analyzer): #-jiik SR F N2 - g+ &2 B F L

B o
3. &3 W pl® (ion detector): B LE2ZBIRR
4, E 7% (vacuum system): 2 7 BRG] o S AT BOp B o BT

Teng RS L g Ea BB FE W > SIMS I 0 F 4t 100 torr 12 T ehg

i}nl
Yot
3

Booogtth s BF UL AR RIEARY 0 F WAET RS S A G Td S R &
O
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a
ELECTRONICS | |
10N MASS
DETECTOR SCAN b
MASS
ANALYSER
DEPTH
PROFILE
[+
ENERGY ‘
ANALYSER
PRIMARY MAGE

IONS SECONDARY

IONS

B 21 SIMS ﬁ_\j\fﬁ_%ﬁ—\ 2 w0

3.2.1.1 - = &3 /& (primary ion source)

RIEFHY - HER AL R0 I RBgE{oTin ik § HESIMS &
WE% BRARFELLALFATE FRAME ST MR F i 687 FW
o AN AT PR K LendtF R e A
(1) T+ &% ;¢ (electron bombardment) :

AT IRFN IR FE2Z LS (o H)FEATI TS
gXBERsla g - hd R NEFRERFFHAL S XTI
REA S Fa a3 AT 0 7 A Rwem 228 - sl BT R
o g RHSES - RTINS ST B F T AIEF L S
Fooz i PR AMFROEET > ¢ X - TH RPN L5 - kB E
B RIR R &G b o HEendp 3 BAoI Ar SR ~Coo &0 HBRER G S A A o
TITHHE A TR
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2) = th (Plasma) :
4N AF RN AL RIRORINBRE  §FTI LR T AR
(space charge effect) s’ 58 a < B4 » L2 liﬁr’ B AR Reng B4 K

M TR A PR RR T LM NR A EE TR

FORW L A GRS R R AT o RARA L TR b RS

=
(\x
[N
e

)
RN
=3

i%‘ﬂfr@i;‘%%t‘ IR |Jig4cﬁﬂ‘;;~h ’ LL‘*‘F'm%/ﬁ»:"*ﬁﬁ#iE@
CEEFORME F D I LR beE ey s (07) 0 A

w0 ed Ll 0 W23 5 RS RS LW

(3) # @ 54 (surface ionization) :

PR R ARG FREE BRI L RAFI AR T I AF > B EBER
RFZERTIIE AT AR I IAEER I B AN
kA G o bldo 4 (CSHHF R o
(4) H»534¢ (field ionization) :

SRS R A RACRI240 2 2 N g A B EPE

Rh IR AT R R BRI AR E SR 0 TEA T
o EAHHTE S - FLR O UR AN REER B2 4 B4 (Taylor
cone) » B H-fE gt X AL THBE N > AR AT IR d 2NiE AR Lgd Gl
£ A O AT X LR AL £ B4+ 48 (liquid metal ion source, LMIG) -
& SIMS # ¥ 2 st 43 R4 Ga', In', Auy' (n=1,3), ™2 % Bi," (=135 &
Bis?) s # ¢ Biy Rt B4 T AT KA 4 PRI R o LMIG 1 & shi
BT AT R L) S E o PR T AR RS R 0 P e A

Bin % & ¥ A F_E $] % 50~100 nm -
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GRID
(+VE W.R.T. FILAMENT)

/
ﬂ / EXTRACTOR
FILAMENT ______n_-__/ / /

e )
GAS
SUPPLY ©©

T
7 ELECTRONS ORBIT
REPELLOR ~ THROUGH CENTRE
(-VE W.R.T. FILAMENT) OF CELL

W22 2+ &% Rl




SUPPORT LEG &
ELECTRICAL CONTACT

EXTRACTOR
INSULATING BASE
HEATER
FILAMENT
NEEDLE
RESERVOIR
LIQUID METAL
— ION EMISSION

NEEDLE TAYLOR CONE

Bl 24. Hpsap N eh i & Bas # 7 2 mE

3212 F &+ %F (mass analyzer)

A RAEFE OV RAGEAINTHER BT HRE KA TH R

BHEA T EARELAN Y AT RS - LENESR S g d
Fh 2w g X TRA T A R FES o J NS e d BEd L RIS A
VRESIPSFRFAREEY R Fpt T e d T N

m  B2R2

— = eq(d)
Bi#uwh RLEZBITEE Vitd TR
d A Ey ER 2 S oS O g B R RS T R
TS o TR Mz IS A RIEL B b oo A5 % g sl
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BoOBBIATEATE(LAY RIS B FTE/T R E (M2)edgs o
Bl25 7 imih Tk pm™ Pl FEBIT A A fr& KA S 48
PIEREMMEL G F -
Q rEAFTEATE
wARH R v BT Ao BT RS o 4o® 2600 25 T

TeR s SRR TROIBRE R AR B BEF 0 2 9

=%
3

PEL-TRNUERR D ERRL B @ U i

=
&
J4

v )i R E BRI 0 S P § FIRLE 4R ARAR KA A R TR -
Flpom = AL R D] Lb‘f q*%f;ﬁj%‘j/fﬁ% i %{Qf*ﬁi“?i&*%ﬁﬁji%

A RIL o
HREEHA ] WRRTEE I FOTEERE FEFR AT o ¥

PRI T EIFME
(3) PR & (75 ¥R
?]27[62]§F?F§%2f%;¥’?€%f§aiﬁ%}§]aE’;’f@%Ec{fﬁiu_:t%g;#i?%wﬁ%
FofE o BRI NS TR SRR el > 2 E - L F a7 (flight
tube) » & 7 ¢ d AL 3L 4SS B HE Y LRERES T
FES S o R B B AR R AR BAEAT R 2
e R P A 1

s
mvz _ mQ)>?

- = > = zelU eq(6)

He om A3 FR VARIER S ARFFPER t EHIF BERT -2
Al Y TR e AT FAAT R OUEURGFERENRE T L0 HT =L el

TEEET RN L E

=

d F 3 E'ﬂ,gg_—i-ﬂ“‘rn?]ilﬁ_r‘]rr’}frkbrﬁ’(“%ﬁpﬁ”?ﬁ”fiﬁ"“ﬁ’—,ﬂ@iﬁi\
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%
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dﬂl%o%%{%%g‘(}i‘lglji:ﬁ%g;_tg _l;i;"_} Kﬂ,ﬁ—ﬁg*q_&‘%?éi: (~
10%) v i tt_”ﬁ 1%3?‘-"$ o F gﬁ):{’:ﬂ;’!* ﬁi:‘_&\}%/i : #%E'J{*ﬁﬂiﬁ. . ¥ .l;]”‘(/fin“?_‘

FRCL 0 SRR A AT PR R -

Detector

B 25. B i3S 5 kon 2 B0

Entrance Exit
Slit Quadrupole Slit

\ Rods /

0000

B 26 = a2 R AR LR
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grid
~~~__ SOURCE

ANALYZER DETECTOR
Flight tube

matnx/sample ! !
. 1 e s . i
E Positive ions !*
| !
J— = = !
Sampler holder  , = 2
S
F20000 V
d, L Drift path
B, N
| I |
E=\./d, E=0
Acceleration Field-free region
region

B 27 PR E Ak £ W

3.2.1.3 i Bl ® (ion detector)

WO E AT B s g FHT R R E AR
TP - BLF KRB oo RPIRAFFF LY T o oa BRIETE
PR RFF T A Tn o BN e kT AR o R
JeAR A o B AR LR AR

Fro#keni R B ¥ ¢ 7 B 28 577 iz % 47 (Faraday Cup) ™ - §] 29

L

Ay

Heid i 4 (Microchannel plate, MCP) o 2 1 5 4r £ & et 7 - #3885 § -
ek A FLA o HadR - DR AR o TR P R E AR S

o F AAR IR - BT g REARIT I AR fro g A

TSR o d il ORI RIS 0 fI* Tk (£23~230 keV)ieid d 247 F
Bkez Zdps > A BH GRS > L @I RF I T RFE LY 0 €
FEMA G s RS o B D SRS - HAERE ST I MCP i ¥ &
S BRARE TR 0 FRt 0 ELE Flo AT S BT AR Bl fadE e ARk
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BRI (5 F T % kRl ) AUl (< 10° counts/sec) © !

i Amplifier
lon beam >
.-".* | ‘
F
v AN
lons
.......... Electrons

B 28. Faraday Cup =+ 7 B

65KV %OO
% Microchannel

plate (MCP)
DE50V]_
il
D6KV — e
.
Scintillator
HV
—700V : Optical lens
Overall gain ~ 2x10° Photomultiplier

tube (PMT)

Ground

B 29. Microchannel plate 7 %, %
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3.2.2 h + 4 B pcsr (Atomic Force Microscope)

R 4 BB R R R I A ek eh- 4 22 1985 # 4 Binning, Gerber 4
Quate T8 M » ¥ &+ F ~EZ ~ ¥ F ~ MBEHL I RApHBE THIT > F R LA
RiZ o - @@ F iy o 3 4 Biks s Bl REI ) BAF 4
BRSTLEGRIFTOIIG PG Ra kBN FRP PR R TRE
2 E 3 RIS B 2R o

AFM 2 & 2 4 4o @] 301 > 3 & d w BI04 ke
(1) F&a A
(2) 7 5= =i
(3) = % "Lk 1P| E (position-sensitive photo detector, PSPD detector)

(4) == B R T L IFH T (piezoelectric scanner)

PRSP A P RFRF O BFROE R R L € XL IFES SRR F S
TSR F 2 Behieh 4 qeesg > afFEFFFE R0 R RITHER S
RS H > TEJ FERHERELRFS ST > Ld ZF G RTHEF I
F UL R E o w R LR BRI RS E G AR T ERRAFA L LR BT
FRPEHE O BFLRBSE IO i@ﬂ%&ﬂ%é’ﬁ%?%ﬁﬂw
Yoo ¥d wAE KA ATRWYRE LWFL R e DB RS Bisdr
BT &R Bhr 43R AFFHRSEG 2R -

3+ Baiv* 4 KheIEREGE T4 (repulsive force) ~ #x 514 (attractive
force)r 2 =B 3 § 4 (Van der Walls force) » # 245 ™ 71 Lennard-Jones potential

\' ’#{71‘[’]3,7% F&mﬁ]}'gﬁ.ﬁlﬁs Lmle’sbrﬁ‘g %

612 06
V(r) =4¢ [(;) —(;)] eq(7)
B o 5-FLRFIFDRETS 5L RFIFPRIA el AT F &K
(permittivity) > o5 B3+ enEjZ > r 3 & R+ 20 B chjESE o
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BI3LAI: R+ Bl ivr 4 grppgpenb 241 R powmgl4 B gd
FH-AFM & 5 = A AR IERCS B 5Y (contact mode)~ =%k 3¢ (Tapping mode)
& ZEEG Y (non-contact mode) - A B EHRB A FR RS AR o ERC
EEFAE- Ao ERELBF SR SRR I BEFE A
BAREIRAR R T B 4o 320 d B A B R MR FH RS
Fot e0iEH 4 Rd S RAFFL DR IRIF I B ARG L g A Fop ISR
AHESEA G Fapeg > L1 TRy LA TR EFFHOA G R
RS T O R AR S ot R S e B AR EARY o d T iER T

PN R S F Y EROBRAR AR 0 TP ERE 2R E L5 DR

4 (lateral force)fi | » $1303E P A G B R G T T L @ LR N B A
LI AL 6 0 TR IR R R AR -
deflection
sensor
v
oscillator I
cantilever h

piezo 2,

crystal .. g .-'. \’9 o
L BN X
&

n v piezo translator

Bl 30. AFM % 15§
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Farce
Tapping/ Intermittent

Contact Repulsive

T

Separation
Distance

1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1
|

'

Attractive

Contact Man-Contact

Bl 31.AFM 4+ 22 45 4 5 (v% 4 7 3 BE7

Intermittent contact

B 32. Tapping mode # 4 % & = ;%[
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3.2.3#F 4% 4 » # Bk (Stylus Surface Profilometer)
ﬁyﬁ%a%@ﬁ;—ﬁgﬁﬂm@ﬁg@ﬁmwwﬁﬁﬁﬁﬁﬁﬁiw’
HR@I A W 2 o] 33 MEFEEFFES L5 0 B3 linear variable
MW%MHWMMMMU&ﬁ%ﬁ#E%E%éﬁ%ﬂgﬁ#?ﬂjm’@—ﬁ
FeJR 8 N E IR 0 G B BT R o
*F % % 5% Bruker o @ ]33 e DektakXT £ 45N ki Br ik o #9700 17 0l 5

AR PUR SRR 0 T gk 3 R STiE 5 (Sputter rate) o

et

# &

Bl 33 4N 45 WAk T A
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EEETE

331p$‘1 IF/’t‘;@l‘%
¥-PET £ = 14Admmx 1.Amm 335 > T 28 502 A% /fs]n%“‘ P A

/ﬁﬁ‘fw/ﬁ/mlogé" %‘}E;“é " 1 ,3;-‘? 31#*27?3—‘*‘1“ °

3.3.2 ToF-SIMS % 7

A3 & * PHITRIFT V nanoTOF (ULVAC-PHI > Chigasaki > Japan) i st » i%
Eiig 4B 34 v g o % GCIB (Arasoe’) ¥ Gas gun (0;°)4f PET 7
B0 £ 2 LMIG (Big®™ ) A 41815 e 4 & @ AR 2 = 3T 5B triple
focusing time-of-flight (TRIFT)cHf & 4 47 & 347 -

AR P TS

A ¥5 8% Jh: 30 kV 1.2 nA Bis?* » unbunch mode *% @#p# f¥ (pulse length) % 10.8 ns >
bunch mode 7% frpF ¥ P 5 6.3 ns » "% f~4E & (pulse rate) 5 8206 Hz » H »t 2 o 3
A (eucentric height) 12 60° > 3 2 & £ & » » 5+ Big” 35 £ 9 910 ion/cycle -
¥ # B 5 50pumx 50pm -

M S+ar S JR (sputter source): 10 KV 2x10° Alem? Arasge’ @ ¥t 2 w0 B B 12 60°~ B4 3
HEAG > T RPHKER S L TR (200250~ 500 V)& Tia g R (2x10°
8x107° 32x10° Alcm?)eh O, &t i » (£ 5 £ RETH S R > >0 2 < F &1L 45%4 » b
3P AR o O 8 A m AT B4 B L 158°0 B35 L E A e

Bl o

—l \
P

B
Bz
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Energy Slit

Esaz (( .[ \ EsA 1

- Imaging
ESA3 I C Aportire
Post — ESA .

High Mass
Blanker

Cesium
Gas Gun Gun a LMIG

Cg Gun
ArGCIB ¢

Sample

B 34. TRIFT 7 & 447 £7 2 B

Analysis beam
30kV 1.2 nABiy**
Sputtering beam

A +
Ar;500

PET

B 35. Fo&Y “7ie * chEd R & B

47



3.3.3AFM &7

Mepat B oAmE  p A EARE- I is > Bt AFM (JPK, NanoWizard®)§t s + o
%ﬁ RGP B S e oo e kER > RSB ;Y (tapping mode) Bl & % o 0 B I8R5 o
£ 1 JPKSPM DP #irt et » EF (s & m A, % Jek & (roughness) F 3t o

3.3.4 Stylus Surface Profilometer & ip]

Hembt e PET 325 p 8B~ 18 > 3F 4531 & o vk (Stylus Surface
Profilometer, DektakXT, Bruker) & ip| & 2 BB b7 B #9708 i@éfiﬂ‘éii‘f i

BEPEER > e @ L B RE R RE o
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Srd PRERAUE
4.1 HE T R B

A 417 SIMS B F hdk g Tl o 4RSS # PET 2 B 5F - PET
it 3% % (CooHeOa)n » # 455 4ol 36 - B 37 RI At — = 45 R (Bis®) A 45 4
%o @ PET W - A3 B2 BHEFA F P BB NAET ST

At s A ERFFBRB OIS IRY > V2 T RIS LS

ek

)2 S|
BB R RE N FM AT RLEPERE L TR A gy
k w3tk o T [CroHgOs+H] 2 [CroHgOs-CoOHA+H]™ » # 12 vt i~ 45 & B & cril i

Sdc o M H LS o

0 /o——
'—'_‘CH2 C
! \
H,C——0O ¢
L J41n

Bl 36. PET &4

8.00E+05 °>_®;s/°h
HC, C.
7.00E+05 s N
& OH 193
Z 6.00E+05 o/
o=—=cC C x4
5.00E+05 \\1
=, 4.00E+05 \1‘49

00E+05

Intensity (counts)

N W

O0E+05

1.00E+05

0.00E+00
0 25 50 75 100 125 150 175 200

m/z

B 37.Bis® a4+ 545 PET St 2 i 35 ¥ R
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4.2 v 02 38T REPGURA 1T 2%

S e F _'rﬁAI’25oo+-02 = %ﬁfm?@ o ) o ’F-T -3{,’%; -i»p?[: A
A GRS P AR S F LH bR F RIS AT R O 7 i

P RS 0 F AR A L -

4.2.1 02+ 33 2. T R4 B R 58
BI3BIWMAOENTRBARALT 1R OF B2 BE BY chy fhd st
3] 2 e G $ e B B ACA B A SRS IRR ST AR S0 G SUBLRE B AR YR
T et e - (normalize ) o % r2ot OB BT (S OB B R L > (8 R
POUTRET 2.y o o BRI PPRA AT 0 B FRI 222 & 4rithareq(l) 0
SHpR Y F RS FRMARAEIRIL 0 T 2D eql)F A T Ao
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% 2. % % 0E R EF PET » 12 i [CgHsO:g]+ ~ [C10H904]+7; OB A 17 AT T m%:iﬁltfﬁ"_

[CeHsO3]" [C10HgO4]"
Current
Sputter damage damage
density
condition cross-section cross-section
(Alcm?)
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2x107° 1.91x107Y 3.12x10Y
Single 250 V
8x10° 9.23x107*8 1.38x107Y
0,
32x10° 1.62x10718 2.51x10™8
2x107° 5.29x10™ 8.47x10™
Single 500 V
8x10° 1.19x10Y 1.86x107
0,
32x107 3.86x107"8 1.23x107Y
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03, A EE TR PET P> ¥ 00 AcE [CeHsOs] 2 28 A 47 9718 | eh 4 B (&
Effective
Current Damage clean-up
Sputter yield damage Altered layer
Sputter condition density Nsteady/No cross-section efficiency
Y (cm?fion) cross-section d (cm)
(Alcm?) 64 (cm?/ion) €
oerr (cm?/ion)
Single 10 KV Araso’ 2x10°® 4.52x10% 0.37 1.51x10% 9.51x10" 8.10x10° 0.59
2x107° 2.28x10°% 0.51 9.59x10716 4.70x107'° 4.67x10° 1.04
cosputter with 200 V
8x107 2.29x10°% 0.77 3.62x107° 8.33x107%¢ 8.22x10” 3.35
0,"
32x10° 3.44x10% 0.97 8.58x10™ 2.57x10° 4.14x10°® 32.33
2x107° 3.02x10% 0.47 1.24x107 6.57x107° 5.18x10° 0.89
cosputter with 250 V
8x10° 3.14x10% 0.78 3.25x107® 7.15x10716 1.24x10°® 3.55
0,"
32x10° 3.97x10% 0.92 8.62x107H 6.90x107° 5.00x10°® 11.50
2x107° 4.01x10% 0.96 7.97x107 3.19x10"® 5.25x10°® 24.00
cosputter with 500 V
8x107 451x102 0.96 8.40x10™ 3.36x107° 5.59x10° 24.00
0,"
32x107 4.88x10% 0.89 9.68x10™ 1.06x107 5.66x10° 8.09
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Effective
Current Damage clean-up
Sputter yield damage Altered layer
Sputter condition density Nsteady/No cross-section efficiency
Y (cm®ion) cross-section d (cm)
(Alcm?) 64 (cm?/ion) £
oerr (cm?/ion)
Single 10 KV Arasoo’ 2x10°® 4.52x10% 0.26 1.77x10™ 1.31x10° 9.83x10° 0.35
2x107° 2.28x107% 0.4 1.52x107" 9.12x1076 3.75x10°® 0.67
cosputter with 200 V
8x107 2.29x10% 0.67 4.60x10™° 1.52x107 7.43x107 2.03
0,"
32x10° 3.44x10% 0.96 4.97x101 1.99x10%° 7.22x108 24.00
2x107° 3.02x10% 0.43 1.40x10%° 7.98x10716 5.01x10°° 0.75
cosputter with 250 V
8x107° 3.14x10% 0.76 1.80x107" 4.32x1076 2.30x10°° 3.17
0,
32x10° 3.97x10% 0.86 5.68x10™ 7.95x107° 8.12x10°® 6.14
2x107 4.01x102 0.84 3.37x107° 5.39x107° 1.42x10° 5.25
cosputter with 500 V
8x107 451x10% 0.88 7.69x107 9.23x10® 6.66x107 7.30
0,"
32x10° 4.88x102 0.67 7.89x107 2.60x107 9.23x10°® 2.03
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% 5.PET 5 Argsoo & O 3% Rl 54 14 ehd 6 e b Bt 22 R b ig

Current density | Sputter depth | Sputter time | Sputter rate | Roughness
Sputter condition
(Alcm?) (nm) (min) (nm/min) (nm)
Pristine surface 2.0
Single Aryse” 10kV 2x10°® 203.6 60 3.4 36.4
Single O, 500 V 32x10° 768 960 0.8
2x10° 1027.3 60 17.1 8.9
Cosputter with
8x10° 1030.9 60 17.2 21.2
0, 200V
32x10° 1549.9 60 25.8 25.8
2x10° 1358.2 60 22.6 30.0
Cosputter with
8x107 1414.3 60 23.6 34.4
0, 250 V
32x10° 1785.6 60 29.8 53.7
2x107° 1806.7 60 30.1 40.9
Cosputter with
8x10° 2027.6 60 33.8 88.1
0, 500 V
32x10° 2195.0 60 36.6 51.1
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