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NEXAFS and AFM Characterization of Pentacene Grown on
Ultrasmooth OTS Thin Films with Orientation Order Assisted by

Rubbing
Abstract

The present thesis is divided into three parts. The first part discusses using AFM,
XPS and NESAFS to study the self-assembled molecular films of
n-octadecyltrichlorosilane (OTS) on oxidized Si(100). The employed techniques
provide the information about the morphology, electronic structure and molecular
orientation of OTS thin films. We also studied how the morphology and molecular
orientation of OTS thin films could be modified by rubbing. The result shows that the
morphology and tilt angle of carbon chain of OTS can be changed by rubbing.
However, no conclusive evidence of molecular alignment along a particular azimuth
owing to the rubbing action can be found from azimuthal angle dependence NEXAFS
scan. XPS data are also found to be useful in gauging the radiation damage in OTS
films associated with prolonged data acquisition.’In the same way, we also studied the
possible molecular alignment effect mduced by  rubbing on
4-phenylbutyltrichlorosilane (4-PBTS) SAMs.

In the second part, we report on' thepentacene thin films vacuum-deposited on
the OTS films prepared under different conditions that include monolayer and
multilayer respectively treated with and without rubbing. The morphologies of
pentacene thin films are found to be sensitively dependent on the substrate condition.
The AFM imaging reveals a hill-like growth of pentacene on the unrubbed OTS and a
tabletop growth of pentacene on the rubbed OTS. Moreover, the NEXAFS data
indicate that the tilt angle of pentacene molecules evolves with the pentacene film
thickness.

In the last part, we present the fabrication of organic field effect transistor (OFET)
based on the information gained from studying pentacene thin films on the OTS. The
mobility of pentacene was obtained by evaluating the OFET characteristics containing
how the drain current varies with source-drain bias voltage at various set of gate
voltage. Pentacene mobility grown on the rubbed-OTS substrate is significantly
higher by three-order-of-magnitude than that on the unrubbed-OTS substrate.
(6.35%107 vs. 6.15x10 cm?V~'s™). The mobility data seem to bear some relationship

with the morphology of pentacene.
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e BRPBHBEEUTHT LRI ELFHRLE R E
(Vacuum Tubes)= % % = AR "Ghi & A2 - o ¥ - fAfL s 45 X

Eie

327 S %8 (metal-oxide-semiconductor filed effect transistor) i# *
B BT o BaA) FaTHR R e o d R B4
o4k f E X Pl & PH960& 4 d Kahuig frAtalla = A %:g
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1970 # w3 R * 3 B2 FWRRY e h s o
1977 & chB o AchiE T R B L S 7 70 1987 & Koezuka i
* J F> (polythiophene) % 4+ it & 4 ki &% &4 (thin
film transistor TFT ) » & X 2 ¢ + # & I (mobility ) ¥ 7 5
W%ﬁVk“E{F{@ﬁéﬁiﬁﬁﬁﬂﬁé?&@ﬁiﬁ””o
B F 2P RE LD )I*—«L_ % % (pentacene) > %] i

H 5 12F 45 @ 1-3'% 2002 & Klauk %
F (=3 em’V'is!) T I HHF
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e
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34 %AW

WH E W RR AN BT A LA L% LB

B
~5

(Langmuir-Blodgett film)£? p = % H & % (self-assembled monolayer) °
1917# > Langmuir ] * L fci 4 F (amphiphilic molecule)
E’i;ﬂ*ﬁ Mokfepok s Aok — 2 F A e A3 H A3 " Blodgett
BEAFE T BRATE R - o {ot s+ (amphiphilic
molecule) *t-RKiZ iRz 5 Ap fi o B E B4 Bag ﬂi%‘?ﬁ%*ﬁﬁ'lm
AR T VRBESIFMAF A A FTHEEE S R EE L
KA TR 2B PSS AR HFIIT G WAENDER
G drdkm ks & o REH DGR TL-FTA NG By E L 3
AR 4R f# o B D Xerayte B Fae ik v 2 E i b RS R
FroE AT B AT EOT S BE R (R0 2o d R

Moo aa g SRR LG a2 P o AP e i

\“:E"
?ﬁ*

(membranes ) foic?? (micelles) T 5 #59558 ML AvH A F 97k & en
ps > 4 10,19
AT

P H kg Bt At 0 1946% > Zisman R 6 E MR

jeiEeng Ao PV e, B e 2 15 Kuhn 1% = & #

AW

BT P AR I b o Y A A G A E A T o 19838
NuzzofrAllara#-= #r it 4= (dilkylsisulifide ) =%t & & ek & F > F I
WA T kA G b ARG R nE KT e p 2 P
HEWA A E 25 ARTF L oA 4™ g 4 T p
T A RPR 7] o SLFFHIE A R 4F I pAT A —7#53'1?‘?'% ~F O
FBof @zt ¥ il — ¥ ERAHLn B2 >HEAMLZ G § 55
A EFRRY O NREARAMRE T EFEF T o
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Bl o de@B1-49757F ¢ % - 0> 5 Eg A (head group) - iE— FRA I
AREBFTHAMEA T F P ESGIEY o bldeo IR F it A § 82 £ 0
BAGRELE AR B KRS R TERA S TG A
Fem b oo R4l I Ap RS B R 42 e R 4 (van
der Waals force) 7= 3 f4 & * T RPN FALSF T YA R
H; Hunsafp e 40 & $ps) —g-#i 3w f;‘U*Jc B sy =
*HF iczh (endgroup) " RABF R AEET R R ADE G
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& 5 g RARR

Si (100) ¥ & # Semiwafer |n type
0.1~02Q + cm’

Si (100) ¥ & *# T n" type
1~10Q « cm™
SiO, & & 300 nm

> & % rm (trtrahydrofuran > THF) Eluka =99.5%

? % (toluene) J.T.Baker |Low Water
99.5%
Water < 10 ppm

25 p% (2-propanol ) J.T.Baker |3 3 &

7 %% (pentacene ) Acros 98%

SRR D G W T Acros 95%

(n-octadecyltrichlorosilane § £

OTS)

4-phenylbutyltrichlorosilane ( f§ fi- Gelest 95%

4-PBTS )

o e Fluka 95~97%

AL Fluka 64~65%

(o] Merck 35~37%

11




Octadecyltrichlorosilane

Q) e

Cl
/

S1g|

4-phenylbutyltrichlorosilane

pentacene

EE RN Merck AN
NH,OH Merck 20~30%
2P Fluka 30%
i 4 p HF Merck 50%
il Echo EA &
v A% Merck ARSI
Az ok Millipore |18.2 MQ - cm’'
¥ Wiz 99.99%
SN
Si
\
Cl

®2-1 OTS ~ 4-PBTS#2 7 7k % (pentacene) i* 5§ ‘3¢

22 PEHRE
RERA W P
; _ . Digital
Fo %+ 4 B pcsr (Atomic Force Microscopy )
Instruments




4155C Semiconductor Parameter Analyzer

Agilent

Technologies
P % 457 7
e # §§ #+ % Jr ( synchrotron radiation source )
=4 NN
# 4+ FF (mechanical pumps ) Alcatel
4g—+ FF (ion pump ) £ 4x B ZF[j# (titanium
Varian

sublimation pump )

5~ + i (turbo molecular pumps )

Seiko Seiki ¥7

Varian
T+ R E (electron yield detector) poiTaE
#+ ¥ (sputtering ion gun ) Vacuum
Generator

A v 0 B e & Fak & (differentially pumped
quadrupole 'mass spectrometer ) o

T &+ ¥ i & #7 ik (Triple-channeltron electron Vacuum

energy analyzer - CLAM?2 ) Generator

23 FHigsr k>

XPS 2 NEXAFS ¢

ﬁ;\

#y v

ERCAY SR A MRS P LY SRl T 2] AU 7 S

N A

A

/}EIP‘

R TER &

13

VSRR e I iR Stk B 1947 # F S b E R
FLRMEARFER TS AL TRAEH
SO A
KRE X k% od TEFEG > §FLETERER

h
-9

"k

o e g




PP AR TR T RATM o § L N RITRE NG

o R FIRFEF A gL B g FMR S e TR BT

RA T G e g st doBl 2-20 MR Fle H R E Y SR e B A B

dAREZA DT I RE MO R FEH T I RL o F R LT

- FEAZEHT I RLME R T AR KB HER
i

45 5 £ > B

“‘)-

ﬁ_,
" FERERBERRERFLICARS 2 4
EWEEREARKTTE RRAEE TR

B 22 © 5 (7B m”

BrF Higam g P R BT F =2 AR ZERR A A
Fd ATREGRY KB EES O DAcH RS R - 2
BAR T AR - SRS RET R HGHEORRT

MR- FRUE o P B 2005 &L 0 e ki TE R
T kA isti@dg > SETF (2 L28) e (13 228 ) 4
TR FARIETR BFE T TT O (300 EXE ) EE T
e - RIS ECE VR ol N i = R 3 wﬁgﬁqwijﬁ%w@wm
kA B ERI AL 5d AR AN RRE AR
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Bi‘l’ég";}i ﬁ»-&w’ 5'15—5’75@"{"‘5f”ﬁ 7 Eﬁ H’i"ﬁg’@{
& 24A %48 (Wide Range) £ & % *i& Lk AN E
(15~150eV)

’

—\
44

?‘ﬂv‘-
\ﬁ\m z‘%

FRA - d 27 enk )k dp @ LiRa 7 A
2 F i (130~1500eV) X kRN 4% -

rohfp bk &g Bitiedt X X477 2 il

1. 25 ixgehkd g o

£ £+ (polarization)

YRS S A

#3744 (collimation) & 2 £AEE & ]

kX B

fopE o Bt g 4 kihehn B ATV E D 0. 1eVieT o It iE
F AT R A 70R fo

¥ i 5 cnF kil IR UGgER R o L LFR KRR R A
A RFFERSHE S Y T g b 3T TR - o B V-

S e

B PR s REE T A T UL IRE Sie 4t XPS i 4 T
F1:(1) 25 G2 (2) R BEFAT B o 46 G
T REM ER T35 d 2 (Inelastic Mean Free Path » IMFP) 3 {%
<~ o IMFP T & Z L FWHESF TR EE  F2 0 540
B FARF AR A R EFNZ LR IR EHEA
ﬁﬁ%ﬁ@woﬂﬁsiﬁ%%&gﬂﬁﬁﬁmﬁ%aéﬁﬁﬂﬁﬁ
- R p o #EIMFP Godo] o BRI+ 8500 2 47 R9F R 3] 505
%ﬁgﬁigkgﬁiﬁﬁﬁﬁﬁéo@&ﬁﬁ)(%%\“§%$
(MgK, :1253.6eV s AlK, : 1486.6eV) > @ ® &2 B - T £

A —

X kT g Ak R 3 Boa 9 200 £ 1400 eV 2 IMFP 5 10~20 A
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;é’wéﬁﬁi%ﬁﬁé;;%%wﬁﬁ%%ﬁ,?uﬁ
Flzppd BELI R E DAL ZARDER - FEY FF Dk H G
kR B R pEF Nk 3 H 503 100eV 2o oo H

SA) ] R KRR SRk AR RF BB LGRIRE B
O EE g B R A ipl R F sk 53248 % (photo ionization cross
section) i I~ > kM5 (signal) BE P& F ¥ et (SN)
B BAF o

2.4 X %k ¢ + it 3# (X-ray Photoemission Spectroscopy ’ §§ = XPS)

X RGBS 2Z AP VR A5 ~ 2 P2 K (corelevel)
THABFEETEFRPEYE A R BRI T F B AT RATE
B o B AT BRI B REXEERLRLETHRHENTFRYE

it (binding energy ) » B] 2-3 % 77 °

E'1(i11
hv
‘l

I e ¢Sp

e
E; 'S I S
Eb
¥
Sample Spectrometer

Bl 2-3 BIFAT Fda BT+ A7 &R Sl R F o
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it (By) 526 o dlic (eg) 218 > TR T £ 5 1t &ik
rRIF A RS MERIIRTE I AL R BRE
(detector) Jﬁw&(ﬁ%>‘Wﬁi?;ﬁﬁéﬂﬁ%ﬂ%W@ﬁ@
FEaFE RS

E..(Sp)=hv-E, —ed, (2-1)

F_*

X ETFRFY o - AR R LS B Bl i T
H

ST

THEagd TARL SRR ATREF NS

gx’{

Ekin (Sp)min = e¢ - e¢sp (2-2)

EXKRRTF @R ER IR g ARERNLE (AE) A =
FAR R

AE =E,, (sp) - E,.(sP),., =hv—E, —e¢ (2-3)

Hd AR RE ML ST AL PR A
,;‘; i }\. o

EXPSERIY €FRAFZAREN IR ERE T LEFLE
7 o g R AR Rp S F BN S SRS
T f & C(electroegativity) £ £ o § % T+ )25 F
BHORE  BRELARSDAZEF LT AR L AR PRI

ﬁ
IRy
3%
|
=H
4y

-
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S0

N

PlEd R RFed RSB PR I T L
(electrostatic potential ) :x % F i~ 2 L&t c g~ Z2 L35 1

Bk R RITI R TS AN KRB BB E A 2
Fenie* s ¢Sk o PRI 23 4L hmdEavFarn
FRENE AT I i RER BB ER T RPN E S Bl

o

T %

e

P FREA LG MELFAART HRTF RS RE A G D
¥ E B ki 4 247 (angularresolved) B o T < ¢ XPS it ¥ #7
ik By AEARFAEE (take-offangle ) T.&% 5 3 118> w
(NI PITREXIT IO e ) B Lhaamd b FA2 4 %
TR R HEURFRDET I AR T VE R TERFE 0 T

\

v}:\u-

‘a

G OEATY A2 2P EOTE R L kR kD

P!

S BORAE o M S AR I 2 XPS RIme s & OB o
Bl 2-4 » B 4N 4o

D=dsind (2-4)

D £33 %05 ;

:

A AR E A REER ) R 24T o d SR E X IR
’ﬂ“90%ﬁﬁm%éﬁﬂﬁﬁhﬁﬁ%’w%%ﬁﬁo

b p‘&ﬂlﬂ'?\ %ﬁiﬁiﬁ‘ﬂ'° FHE % 4 wﬁ‘* ¥ b en® R A m'ﬁ%F

b

FA RS

R RAR A L 90 0 R AT T A= E & XPS i el 14 o
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Rl2-4 £ F A8 & & ORISR LB -

2.5 7% Xk k 3974%'51‘5‘3""‘#_"5 3# (Near-Edge X-Ray Absorption Fine
Structure > fj £ NEXAFS™)

MR EERF AT ARG E N P E TS B X R
(absorption probability ) £ k=i & bf B¢ (B 2-5)> 7 5 I &
GRS R EFER (GRG0 L EREE X E) pjiihlic: 2§
Fio hips el @ FR PRI EFEPN TE X koo
i (absorption edge)  # X ko jrifl R+ & A4 F ¥ X ke iziic
7RI ZI R o X kwqz kg (X-ray Absorption Spectroscopy, ff Fi-
XAS) 27y X kwjoiadess X kit B8 Gnf Sfm o X ket
kel X ki ety £ 44 53 iT% (near-edge)
X ke ok F 2t ¥ (extended-edge ) X B ek T & $Rix » b
IR G KR - R TED TR B PR AT &
¢ 5 %2435 NEXAFS k4 o
11X kbt BRE > d B enp 2 4 (core level ) 7 F W AR X kg
FE - kPR R P o B 2-5 (A) shf AR T 560w A
BB e 7R AT 2 - k7% 40 Fav 8 (Rydberg states ) ¥ 7
+ Praris 2_ 1 § i 5 (continuum states )° 334t it fE e A (B K-edge
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(T 1s 7 F AT T X Lix £ E)'FiTen X ke je hdicdt X &
iv Befd oo d 3F e riE (peak) ™M E AR (step) frima o AR
- T o ¥ AEAT SR X kS % 3 (NEXAFS) £
B E A X kedzif s (absorption edge) o 4 K-edge » B 4o A%
T HE 50 eV BB o N X KEFFAEERF AF G
5] » 4§l 2-5 (B) » #FJE {8 ¢ K-edge NEXAFS %32 # » & 7 3
5 e i g o RS A f o A e 4R A Ay rig e
e it 2 b d B o nH AR A B R A T s e b (T
SO R ) P A IS T I L PIn foo g B i R X kBt
M FRRAR DU, s > ek AEE 0 P AT R
(electronic relaxation ) »T/& » ¥ & Pt e T iy £ MY F F s
iz # (lionization potential ) ;s 1S —> c*EE B it £ B » T 7 vk g 2E
FE R R R EE- AT o
NEXAFS 3= F 5 X ety R+ P AT+ BT BT
e B RE E i o X R T Rl @RS S P i kT 2 B

F L b T R

l, oc‘é-<f‘ﬂi>roccosz;( (2-5)

-

IV IS?J;%X%/;%%}B’?VIJ d|>{£’ﬁ§i—%§-iﬁi-§pls»—g§;%ﬁ
BEF RS kT IR

f) » f4#:8 1% 4&4E (transition dipole

Il

momentum ) F#ciE F & 2EF o B f)PEHFELFTET - o » EAEL

~ % (vector matrix element ) (f[r|i) % 77 & 5 P~ P & P e fid

X

65 »it X kT HE = B o
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(A) B)

Rydberg n*
ﬁ 3
£ =
3 3
g T — ] o*
a : &
3 3
4 | |
._) U Jw—
1P Photon Energy IP Pheton Energy
[ Lt s o I 0 . S S . 4, S 0 s s - =
Conlinuum |
1 States
Caontinuum !
= SN 03 Cln?fliuqul
! i Barrier a* |
; —-— Vgcuum T Ty
\ Lavel PRI i Valence
" Rydberg ydbarg States
States Slates o (M0's)
h hv
(= ~d
|
1s

B25 (A) R348 (B) BRFAFT 5T T i rEB 2 849 g 4

20w

X ke mic i (NEXAFS) 3 *

FXENTH S o2 EL g e B2 p A o B EST G

BA o EE- Ry > X ko ihlicikcos’ y e Nk 0 He oy %
ARt b o UFEAF LU F X XTHLE Fhe > H Ison

BTt o L PF IS0 HR YT E L E 0 F] L 1s—o fhe BBk
fREEFHRTH oo

Bl 2-6°% Xkridh 20(d HFdmacs ) Fpr 338w
(fr5tkmdLi B ) #fEELaEe R (B) ik tipk

RO AFRIe R (0) #RELF 2w B L Lo &
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V-

=4 (azimuthal) # B Z ¢ - & A F % ? A 5 228 & 4p (amorphous
phase) cos’ @ ‘i A 38 5 120 @ik 5HA F s X k7 Ham
Jew BB G T SN oL F E R e e TP R E

IR o

I.' = cos’ @cos’ o +1/2(sin* Gsin’ &)

=1/3[1+1/2(3cos’ @ —1)(3cos’ a —1)] (2-6)

I, =1/2(sin’ ) (2-7)

¥ a=54.7°% 3 4& (magic angle) ¥ 3cos’a —1 =0 p* pF X k3 jg3p
BREZANEX K »5-40m B o KIF R T h24A THAE L AR
X kiR F L 85% (X RHRAE 85%4A 3T T F 3k
o > 9 15%4A G LE T FREFHRER T 9 ) ok iR F 85%
¥ PNITE T FE2-7-2-80 00T v P @'?m'g’ﬁfi&%lﬁ2—7‘
28 B LB ERE A G AFMEEa o FHIGH BERSE
A A X kA& L MiEkPE (linearly polarized ) » 4R i ¥ & £ T 7 3%
KT o FPs kT et e @iy TPECX LT HES R (E”)
sriiEed (0) s (PT3535 Ofca B9 A4 47) 15l
R R e h R 2GR P e giE nag 33 T R T R ] Ersorg a
Blgz2 bk ER o

FAFEIEEG D LR TEAEF R G  L &G
Seof dbs90m  HERTHXETH >4 (V) €7 421
Pt > LR AoR 29 T oo B A AR X4

S=90" A FEAE G = AP P RS 2
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e X-rays
e

el .7 a /g 7
VA (N,”

T
|
|

o

moro
vector

B 2-6 » 5+ X k203 4B M 4HE -

Ratio of intensities measured at normal (0= 90°)
and grazing incidences (5° <0 <30°)

Intensity ratio [1(90° / 1(6)]

0 10 20 30 40 50 60 70 &80 90

Polar angle of vector orbital, o (°) from surface normal

Bl 2-7 X 6 » BF & g2 & 5 0 & g R BE TR o
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Variation of x-ray absorption with azimuthal incidence angle of x-ray (v) for a vector

orbital tilted at «° from the normal of the surface that exhibits mirror plane symmetry
0.40 T F T

| T L . L T L T I VO

550 =90° ) = sin’ a[1+ (2P - 1) cos 5 c0s(2y )

035 «, tilt angle of mol orbital from surf. normal;

&, included angle between two domains.
{a=

§=50°
0.30

u=30°. "
0.25 4 5=g0°

I AD)

0.20 -

0.15

L RS N SO TR YR DL TN S B GO
0 20 40 60 80 100 120 140 160 180

Azimuth angle change (v)

Fl2OX £ TH~ md (V) #0050 E 4405 % & (5) s i M
}?g]o

2.6 =+ 4 Bpcst (Atomic Force Microscope @ :fFLAFM) Fay@ 272

Ja &+ 4 R st (Atomic Force Microscope, AFM ) #_d Binnig -
Quate % Gerber ** 1986 & #1 P » 3" #F 5 45 4 8¢ #cits (scanning
probe microscopy > SPM) - fa o &5 R+ B&fEfric 4 0 VU
WIRAMEAG DRBD TN AR F AP RAPRE P 31T AFM
{yf*"ﬁ"ﬂ TE R ESRT T LRI 3 % s B e BF R AR 2 ( cantilever )

nrh 2 pel FE S AR EEAw kv s o MEFR&EZ 20T

G

25



(topography ) o H W pl#F 4 & & e 2.3 8% 4 » ¥ UL R+
PR BT BB ML FH T 4 B csi(scanning force
microscopes ° SFM ) -

B4R &SRS R (40F) 2-10) - £ F 2 i e
BRIBIFRF - FEETORT -FE2E A BRTRIFH T
SRR EFRTRFE FHEASABRIRS A FE O FHEREL G
2 BT A e i S RATHEE P2 M B s i) B i S R4
b Zgh™ -1 5 # %ﬁ d sk & %3772 (optical deflection measurement
method )~ 7 % 7 /it ;# (tunneling current method )~ 7 % 7# (capacitance
measurement method ) # &+ #7;% (optical interference method ) * 1§
RIPET - E AEE P2 e E (B 2-107 > 5 WRIF Sk g
BodaE NEFES TR ) AR I TR T RAAFS LTI R R 0 F
FHRAEHREZ P 308t 4 Bl 2 FeomFha 2
Bz F AT EERE z(X,y) 2 TR G2 #n Bl o 1995 B T

el Iy e

Feedback Loop Maintains
Constant Cantilever Deflection

r

Controller
Electronics

[j Laser

Scanner

Detector
Electronics

Measures
A-B

A+B

of deflection
signal

split © &
Bgfetgﬂ::t?de N 1 Cantilever & Tip

Einin -

Bl 2-10 B3 4 Bpcdrz R o 2o
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B A B s ek RO T U ST Z 4
(1) #78 5% (contact mode ) © i&H & A F B ) kanid iplH5N » At 3%
TR T OFHEREESEG ALY S RFIERFERS
4 (repulsive force) A # > d >0 4 3R F AR 0 i
JE:8 AFM s R #e® - L a2 5 P &40 52 3 - Bki
O A e R R A 4 L mI % (capillary effect) @ 7

{

PR FHEI R AR R L 2 TR
oo iR E
210N i FUH R 6 AT Ol RS A 2 2 R g
¥ oA AR R &

BY S A BERF Y424 9% 10°N

(2) 244 /¥ ;¢ (non-contactmode) = & 5 f# - 4%7F 3% £ B 7 & IR &
2 4% 8L Flpt g B RN R 0 BRI D H R 42
B LR A B e nm AT R R R
zlei,;%’p} Féek gz Ba~i® 3% 4 (van der Waals force ) % i >
il wAERELE R A G o FEBTIHHE LR “ER AN
e @ IS Z Jf)i?d’ﬁ'ﬁﬂ s AP H A2 T > B E ST F
AG oo ERERG NEALERPRE LG 0 RN B R EZ

AR TEH 4 @ G ER o

(3) #=# 5 (tapping mode ) H H ¥ o 3L /1 > o ff N fo2bdE g N 2 B o
EERIFFESUBARE > TH IR BREFESRTIA S
Bt S 2023 MK P 3 FFELRTFET F B Rl £
%ﬁﬁw%%Wﬁiw%$M%$%@$a%@nﬂéﬁ@g%
FRHE A G 0 H R R R S Rk B 0 ARG H R o
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SRS TS R YRR -t S

~F 2% ¢ * % Digital Instruments 2 2 E & 7| eh + 4 B pcs o Hi50

"1))‘(

B RT B LFH BA5 5 AS-12V(‘E’) » scan size = 10 pm X

10 pm

TAMIEAL T LRIPER B2~

:\v_rt

[
RS

ERE RS % U
M Aok 4k E R (valve) o 7 B RPBEH I FRIE
FARA G EEES 7 & (bipolarfjunction transistor » BJT) ¥ 3-3%
@ oo %8 (field effect transistor » FET.)

Fox fo M end ¢ kAT PR T Bl o - 3R Sl
BHEAEEYE S iR (date HAFGHE) > ¥ 0F S BaRdre w LR
& (source > f§ #SH&) £2/54& (drain f§ #D&) - f* T F /51 1%
F % nid 3E Hox T f 8 (n-channel FET) > Tk i 1 (T RIAL 5 pid if 3
P27 S (p-channel FET) - @ #Frit &t Hvpis @ 55 B > S 257
d B 454 Flta &b 2 25207 i o H 2T L WMER I F
L E3 FBEBEAV gL LA - L KR TpniEs o fLs
o FH>cT %4 (junction field effect transistor) ; ¥ - 5F 5 £ /6 — %
GECP -LEMALFENTFERE L EF EE T A H

( metal-oxide-semiconductor field effect transistor > f§ #zMOSFET )
2 S HAcm2-1177
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Drain(Ty)

=
=

Body

st
(a) (b)

B2-11 2T HSWEHET LB (a) o F2acT il (b) £5
L g fM (i AMOSFET) * -

MOSFET &8 ¢ Z A E RS IS AMEE W & * (O Ml > a3F ?
PR HREELATFRAY RVIGEL RN R TE s R gLk
Vpo eI B BETRE BRIBEPFTUER* T HMTT o A4
LWREBERFEREHV B RETROFMTE L G L 5

AT A e dost SR S A D & A MOSFEF T & 47 11 4
TRARg LA T LA MR R Bl e T FES G D WA
B -MOSFET# ¥ e S0 34 & 6 HHL 2 § 48 HH % 7 4 4049
fries 2 AARIEAPR ¥ 5 X EHHP TS DT H WY S
7 #3F>cT S W (organic field effect transistors » f§ #OFET) - 7 i
LR R AR TS T R SR S T Xk T
B # AL 5 (organic thin film transistors » §§ HOTFT) o 147 L% H#-

YMOSFET & 4 3P 322 fp 43F 1722 12 o
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2.7.2 e F LA it R0

MOSFET?| & 2238 (F p ¥ 5+ 3, B]2-12 o B|2-12¢ &/ F 2T 5H Y
PEERA BLE AREAES DR FOTW (FT T FEE R
& > channel width )22 & F &2 B cngedgl (7 7 F i g £ & > channel
length) ° & $8ch X FEMA < 5 F e enficE » Flt R Fn
TRMERY Y RIS B RAROF T BT HAE TR R
A R RINTARLY - DD € RARE AR A B TR A
WAVE Ve R ¥ S P RARTREFLZE (V,=0) » Fp
i MRz B AT A SV B ARt Rtz B L AT 5
Vis o 1B 5 T i ~ o8 > bW IR A MR PERIEE 28 f T
F(TFmr) sohsp SRAMBLRRIEE 2ins T (T Fin
) e R S R K R R S AT -

x///'L R |
Source | " = |Da|n Vd
Insulator

_T_T

B]2-12 MOSFET?| & B8 iv7 3 B> o

FeR p ML TS AR PR L A (nd R H o
NMOS)  6[f = fk 4@ BT & -85 F -2 SWHA 4 5
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e A T AeB2-13977% o A& B > RF VT LER T ¥ A A (Ep)
SHER BT iR AP ET AT E - B ERED
s fE s FEMPREFR LTI AR F AT MR LT o

i y § vacuum leve/

F2-13 £ /B-%4F Sk -LEmgpeis a7 Lm -

W iE AT 0 T *mw;@mﬁjhjﬁ?@’ﬁﬁﬁﬁﬁﬁg
Pt Gk Y- B (THEME) NIRRT E

T e BB TSR EMY TRl (EAAMER L |
f FRRFETRR) 0 AT KPP L A
ZLHo LERBTHME A A o FREL TRIFAR 4 g
ARSI TR B RS R s FRFEAR L R A
G CESLERE AR Y TRETTIA (FHEE) > IRB2-14%
= o I E g*g)é] pE Aok b ch R T fi;ﬁé_; & & /& V(threshold
voltage) o 2. {6 R M 4r it B * AWM HT T F AT F3p > 2
F R ABRT R G V-V o Fl 4l £ 6 b hakew R TRk TR
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— 2
V>0 —— ol [/
7 V>0 Ve
722

(a) (b)
B2-14 £ 73k (F#Ek) 22738 (a) Held TR i
e L AERATR . (b) ZHRATRALEMNSE LM 6
AAERT IR (FHE) -

B12-15 (a) - (c) # p&Hpc@ Bflile Blr L B2 H A1 TR
PRANETRZFFEERG W RTR RN TR
BihtEF e EZ R TR (V200 R T g3
AT K e B RBER FIVe il (Vg<<Vy) > PR
o T RB R LA 4o B2-15 (a) frw o Bk & e
d W ET BRI T BT B e VT REFT inIp W2 B 4 o M
A AV IV, =V, =V, 0 4eB]2-15 (b) #7771 > Fhfixtear @

F}-
\}g
[

uilig
[
\!

By 42 32 F gt (pinched off) f/xi&id if &k gL+ TR
2 V=V, = Vo 2 RN G lgssar m i B AR TR Ak B2 BB R

/” IE’ O'Qr%Vd i]&.ég‘iﬂ-{ut ’133@%&4 I" ET‘JF )iAL_F\)igﬁ %% I/E_ffb
Rig i E RL Y 4oB2-15 (¢) #77 o @ F &k 4k BEXT = iF4F
SV(X)=V, =V, > BV Moo HPEm e i - RS ERA G

* J ‘FKZ K:insm FI%& 4 l}‘]ﬂ’b 3 3@7 %L/” IdSSath 7 K;i7 FI% m fﬁ?%”i:%%
:’*L ’ l«LL 'g‘: /ﬁu%&-é é&_"fr?_. /fxl o 31, 34, 36-46

32



Vas

==t = Mg +
Ia
I | i Mo =W - v,h| t

V(’S

> Va = Vo sat '
o
L —— —
-

Vas
Vg =V
BI2-15 %3 HWETETNETRYE G5 L8 (a) &8 % (b)
G ET LA A () el B

Qv =C, (Vg Vi) (2.8)

Cit# WHEE o a3 5 5T % & - 55289 % @%?Liﬁﬂ

TR eReF AL R EFTLEFT 3

E“S*
iz
=
=
&
OO
H\
g
Y

Qo =G (V, =V;, =V (X)) (2.9)
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V- 2o RARIHIRFT v kR g m e RiET o (lg) &7

S\
WluQmob X (210)
W R2EFTHEFTA 2T FBBF  EN L Axzi g £ o

B ko THT AT HE =dV/AXF 22952102 ¢ sz B &G
|, dx =WiC,(V, ~Vy, =V (x))dV (2.11)

" x=0FL &V (X) =051V, # ]l T~ 74 2.1118 51

L :V%ﬂci{(vg _VTh)‘/d _%Vdszjl (2.12)

BRPEMEGRERE S B = é\'vds<<vg iR R H LT TR 382,12

W
l, = T:ulinci (Vg ViV (2.13)

é—fﬁ‘ﬁ]a % % B L oy W BB '§ E@‘%% -? /UIin"’—1 ™ 52’; @Idsﬁivg%ﬁ’%g

B - ¥ M O SR G UAT R AREERERFMAET

(2.14)
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/:— ds,sat ° -F ;Ijgﬁ?_,@rg i 27\‘ d" » '\:2.12
w
Ids,sat :Ilusatci(vg _VTh)2 (2.15)

e feR AT G RS § L IMIET R A F L B ol i

Fu

L 1

— dssat- 216
V) = o R TS (2.16)

HAT R E,Ba'ﬁg%jﬁﬁ?%@}’ﬁg %4 B2-16 B ¢ =+ ERNEA AT R RAET

B2 T RS e TR Rl W TR T M e AR

il
N
’(?u\
=
=
=
~my
¥
o
F
B
\\E‘_
=3
129
F_\.

VGRS ¢ & ISR 7 B V¥
§F3 TinkE e G A c BER2-16L P LEET R RM 45
-

2L 3 3 DI 4 30,34,47-49
A Mg LT F BB

saturation

Drain Current (A)

Source-Drain Voltage (V)
@2-16 3%‘7}3;% B@%’z?ﬁ t; h @FE 22, 34
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PR R RHFER HRIEG AL

3.1 RCA-clean Si(100)

America) FiEd G 0 ARHF B LT F YA RF K 0 12
F Jis o RCAGFi% P e
I N N T A

z
2. B EAFHcRenad § KA - § M ke B i d
T

RCA /';_/71'57; FL g b AN EHGETT P L
12z 20 P AR P RBEERCA Fik o AR Y BL WY
R S 2E R 2 SI(100) N Al B s 2 R Xl 2em X 2 cm e B iR AR
L REE U ER SN EN Y PRy TR R
FRRR LR GAFE o F R E L5 120mL -
RCA jFixdh Fphe™ !
lari2 g3 kitik 10 A4 -

bk Y LT RRT 5 A M HIRS X o

?\P

cEiE BAMHZ o R 15 A 3 pE A )

-

e

dizie e Y L5 ARE 5 A4
e BrFokiriE 10 A4 o
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2.a% pAEREE (9 130°C) 10 A& - F CE ko R
ﬁ?ui%ﬁ%%&§%%°
b.izie e 2.5%E &Y 14 0 kBI - F LR o

)

PSS : S G LE T
d% - EHIEAF = <
3. a.3¢ g e NHOH:H,O,H,O0 = 1:1:3 R &% 7% (5 90°C) ¢
i3

C.

10 4> % kA58 - K EF ik o (LBNHOHEZH,0R & £ 4
HyO e B B3 r w4 » £ 3377 )
b.izie t 2.5%E &Y 14 fir kad - F LBk o
c.lM 2 I Kbk o
4.a.5¢ tF # 0 HCLH,0,H,0=3:1:1:8 £3% (9 90°C) * 104
g % kA - R E -4 F K (A% HClE H0R &
HoO, #8523 » mfl 4e M A aip e )
b.rt 2 dF Rtk 104748
58 RCAFEBOW & ¥ 7 s od Y3 kBB P 2 LB ER;
ﬁ%ﬂﬁﬁnquiﬁﬁ 4107 torr = 4 ) i 7%
RCAF R EAL Y gL~ Boeh new & & > & SR I I
Fenqlaw f 8o TS AR R R UGB EHRILIEA o

-

L 2 N [ 2, +
“J\#L@E—l@ FE fg Bk moo

E:0y
P
R

32 # & m E’] ‘3£%;§8§:$-E51'56

¥ oge &R RCA/FL/;E»@%KL 6 5T BRBEF BT AL BE
= 22 2 :"ﬁ‘ 2 S A= S ‘-:—, L A
B Rz iE, P AR A EXTIT A 5 AR F A
AAB b e Ae s o R - P LY AR R RE S



ﬁﬁg%%é%?ﬁﬂ%’*“%%igﬁﬁéﬁiﬁﬁaiﬁ
B X5 1§ piranha cleaning:§ #%  piranha ;% /% 5 H;SO4,H,0,=7:3 et
PIRE > F R P /R ERTREZRY NI RS T Y
‘|- PF o piranha 3% ¥ 1M #-F L@ b A P eh

5
i T R oG bR 8 T A R B is A - KT

&3 piranhai? R RJZE T H B0 BRRTIDER IR L G

5

a. =*>" % (toluene) B R*® T RFART S~ -

b. Z e i 4w (THF) BR" T3 RF 544 -

c. &~ 2 ps (isopropanol) 3% ® TAZF A RT S5~ 4 -
d. E»>2 33k (Diwater)i3 %P T3 A 2T 5445 -

e

e BRAARFPFEEELSAC F o R REA 95
0.5%- & k- ~ %A= F pemidi ot N = § % 75 ulip
15mu@ﬁ“¥ﬂ’*ﬁﬁiﬁﬁﬁﬁ@%iﬁwﬁﬁ&éﬁ¢0mo

g PEA g E T FARY REART IR A e R TS

Gk ETARRRRFT A
FB T AR AR 0 T @R L g EEEN . TSR
FE il @ AR PR g Za N e ol @ A TN A | S
B f FE N E RGN HEI R A MmE T (9 10” torr)
PR e BFERAFALE - B ,ﬁgﬁ?;;g*ﬁgﬁbﬁv%&'b‘_e&:
7

B %A ALK o P U F E b LG
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S FEEA LT R o

FokEEOE S Sl B E o e kB R AR
FRmERS R (%) h iR ER R4 G kOTS
¥ — t& &4-phenylbutyltrichlorosilane:"SAMs % & ~ H_ik g F it & 3¢

PNECATC = | 7
3.3 R sgpe

R BT E (LCD) > A F 7] o L E & tho 5%
fr#l LCD Bim & enB sl 6ot LB B T TR L
R AL i % A S #5715 A 415 35 % i = (phase)
Bl AR XA 4 o AEKRERA T & AR SR R

SR G hAoG b (T AT R PER S A A BT Lo Bl

3147
Rubbing Cloth
Rubbing Roller \ n@m
Alignment Film
i
Substrate — = | ]  So— ] M (mm)
stage d (mm)
v (mm/sec)

B13-1 %% k%o 7 B o
TR DREBIREREAF R EF R BET R
S BIERR O 0 Ao RI3-297 o AR EF T ARE > BKEHHS
i F S 400 rpm s RF R FE# F S 1000 rpm e 2 %ééé%%fé
BB AEINNAE 42 cmP BB R B RFE TR EREE S
Pom- F o 2 SHEERRSEMIRNT A ERFIRSE R S
R gAY R LT e S AR AL e A kAT
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AT ThF A R R TR o

1

S E

R EE D e

XPS 2 NEXAFS 4 s # & 7 123t fogs -+ 4 chu-metal 42 § 7.
(ultra-high vacuum - #§ # UHV) FHLApMp 257 - BB E 7 9 %
i Sho ] 3-3 o (Rl IALEe B Ao 3-4) ARML G BT -

#5375 (manipulator) (T3 B d RS EEE LR Y o SEHL
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S TANA LB AU R AR BREAE LR
(load-lock system)~ # v\ 3 R F 45 ~ T LMPr &+ T
TR~ RETHR RS EREE (doser) ,ﬁ%*ﬁ]‘,ﬁi;{- B oo mrqy

B SHBEr rekdApE R I ER AR R EFE R o
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AR

Bl 3% 48 4 &

Hesb ik

NCP
BFHARE
i T he A R

HE

(a) (b)
Bl 3-4 428 B 2 EkAc LB (a) "RRF L3% (b) "pf ™ L3R o

LI P ST TR IR s GEE R A ST BRI
R TR A R P H W A @ kR B E A F5 4 kg ki
iR G AT T AT Bz W EEDEY A
ﬁii%iﬁ??%%ﬁh.’ BWEZRE R FREFRFE S
( <5x107 torr) o o F BB AT AR TICRE P n L 0 R RS oy

Wz ts o i % R (mechanical pump) T4~ ch1 15> & 3|3

E:0

WA - < F &% 10° Torr=+ » £ & rifha” + §f (turbo
molecular pump) 4 F » B4 ¥ liEd T 10° Torr= & o 5 7 4%
BEEFN S 200 3 A ESFHBE O REBRAET IR AT UL

& PER M (S5ppm) A F R
WHAGE F = > P 3V ARG RIET F A o RIRPF LR

=

EF R R
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R Y DR R BT HROERIR AT Y (m/z) & v 218
£ RR IR b g FORRF T R o Ar U m IR 2 18 0 Rl 4
FoE X (bake out) o H P e et 4% B VERE N BRSO B oA IR i
FOURHRBE A FRE P EERPRFEEE T ARA S
4P i M BY g%&%,{ (outgassing ) » ¢ {7 /& 4 &2 742
BE GO T R oA i FT et 5 MR e 538240 BF X K 110°C
G S R4 T 5 3100 Torr % o Bk MRS 5 B VREEE T R E
R EARY e PR (7 L R BB (filament) A ot oo IF'LK}%;F
(degas)erde iv> T 2 M+ FIFEFR F RGBS FET 3 x107°

Torr= % o

e d 9 3% 0 LRI AR 8 B SR R A B R

*E?i”ﬁ%%%ﬁﬂﬁ%oiﬁﬁﬁ§iﬁgﬁ§ﬁﬁiﬁj

i

T PRSI B ks RS ﬁ“ﬁiaa]ﬂ"’ IE AT

e R EL R R AR L R I LR IR E R £

B4 % %2 10° Torrps » #-% i § %%ﬁﬁﬁgiﬁﬁi)é‘%‘r’%‘[’\ VR
ﬁ%ﬁ“}"ﬁﬁi@ 4% 210" Torr= % o t“Eﬁ#FﬁB&,ﬁ%ﬁgjgs;ggfr?
o I s 1 I SR U s p US5SSR R - et S
FIOARMPR RS BET PR AP o ABERK
% G ELpN 2 R4 b A QR L vl 'E 23 x 107 Torr

T R4 EE 2T A FiE{FXPS s NEXAFSE H 2 UHV 4 5 4

15 2 G| B o Motk 51T S BER) Ep £ e 3
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3.5

Yl

4

Ed8

T
= AN

bR%Y T RAAST LG RN FD
%

e
TRAAFRAEGE- BRI NG ARER A8

}

~

y
e R I rEE el WA RS RT RS TS %
PN

S R ?@gLiﬂg B AP EFSHREABE
#

b A AR S EARY 0 A AN R A § RS 1 2 4
L LA L EER € kg Sl NE R
AR 2 T AZE 1 x 10° Torr » Sl #B 4 4| 4w 15 R 4

%93 % 107 Torr» p* P ehde i soifl B 1R 4 3R AR R H 4T

$HOEZFEUF RS ERY A EL IR AER SRS R
G AE T RTNFEE F o8 1 fRIZE B B S oen
KR ARE ZERF oA PR EF N INLERET kP B
B FRA \:;Lxﬁ_‘_._,:tﬁgf o o F %42 ﬁl%?%}:i@_&#t/%é_?:iﬂ%fi

(

TAriw B E GG R R H KD TR A AT i R
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phase) i o f L #Au(IIDE & ie * 37 'fa'-f ,i‘E"Erfi -]
w v (anneal)) AR FR|icEE R 2 S E BT FAEBE BRI P&
gAY oA TR A R E TEMRA P A T MR

BRA IR T EFF F o
3 s £ 07 Langmuir (1 L=10"orr - sec) 3-8 » #2452
RS T 9 3 lmiedr R R o R R 2 (5% * kRa £ 2400eV

Xk B~ XPS Rl > 2 XPSEIH ¥ v #Audf;, 21 Cls™ & 6 ff Vb ] X

‘w:;

21 50iE hAudf G 0t g Jod FLE R TR AT S Audn B ff 3

BF Pl 2 Audfnd AE/Clsa FHcE o F #¥Au (111) 4o 5

PRI EBE T CFIEGE 2 S EBT REA S FBERSY &

107°C = ?i?éiim?f"/‘ff‘%?‘— EXPS > - BIG FEPFF I2A 4G b o 1
ISPl S &/ N ML El e & Sl )

I B X &1

3.7 NEXAFS £ ip| Jp 72 fj 209

dETHBF oL FLDXEREE A2 LT F g kg

R EA B FhAEE XELANEF Mo AR T BB X

\F‘lﬂ

kKRG ETUEFIRAPAETT 0 1320eV X kit £ 5 6
PR Is S P RS T eg g AP AR S 0 Bl E
SRR kT FIHT IR E X %%:@;ziﬂﬁ Mo st kg3

Y HAOXPS T o iEINAhXPS T F w2 P (XPS RIL)
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¥

Al ger
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'

o 1 =
CE & o

B esdnben e de, A LLL L

VB

hy hw hwv

core
level —-Q—-G—-d—

@ Eleciron O Hole

FETI L E NN B RIUA RN DB 0 35 B if

TraHET - BRFEPPRET ER IR AR A A
RAMPE? FTLHR & - BRFHEMSED §F (valence band)

R W RE AT PTG R S RBAEAN PR T 2

Sh,
e
Ar
vy
o
H N
= »
o
Il
4
5

SN EE R - Y T

< oo

y "
- BRIEFF BT FNEREE BRXERERETE RPN E D

mpE (L EFZBTFHES ) B ﬁ&f’l&’mm+7rﬁi7f'févipﬁif¥¢?
G T - R R R Y kANl koo 2 AR
WAEAELITAARE T2 VURREF AL BERYNERT A ]
FTHOEFRFIAIH S FRPBE I AT ER A A BT I E
F AR E R R LAY A ARET S 0 Tk ETR
PR ERE & EDRERPE B Tr T LA ARG B
% (conductionband) Jeic £ £ » @ P P hT F e fa » Sk E @

BERIRE A EPREBRP > LP PP TT LR WY L
27 SRS AR L BTG AR I B B T R AR T
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—

C R R T R s RN SRk SRS E-3 0 I

¢r——
EF:]I —Ev
Binding Energy (eV) o Kinetic Energy (eV)

L—hv1_—l———-— *

Photoemission

Auger

(b)
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|
!
I
i
I
|
I
Yield Window Settings ||/ :
|

Auger
Partial L7777 7777777777777 77773
Total LLLLII T AT 7 P 7 P P 77 77 7 777 7 77 777 77
E, E,

Bl 3-6 NEXAFS § s $it? » = f67 b T3 & F 1R 58 et i o

FI3627 03 ki B r st X Rpd HiAm AL D o Bl
mnbpgr’] (a)ﬂ%&j—% + hv, # iu/;rf}blﬂfxpxﬂff/é]m 3@

F B (b)) PPk AT I fer btk hvom A4 BT

POEAHEY St I RET AT R () ATAPEARS

«rmg

]
A
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LRI bRN R hvyed - A2 kB T3 o a g ap PO
4 B A EH i%»:/i,;\;,l}]ﬁbt_sbp_g.g]ﬂ’ﬁljl—mfél}la Sl
WAL Tpreo WY TIAS AT LT F AT RRIOR S

S o0 ST Sl o mﬁzqﬁ;uﬁﬁ‘,%‘é,?d;é‘ﬁ:ﬁ?:}%-'jijil’ﬁﬁ'?
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B
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e
ENT A BT F ASFAERL R Fhd DR F
BuotfAmBmAsLkp FTHtEAZ AL ERME LT T
A e j},%l",érf R 7+ 0 o =X 7+ (secondary electrons ) i & %
pAPEIFEE A TL R :*‘f@¥9ﬂ:fim,)g\#§"ﬁﬁvnba* 2R A
THFAFHENRLFIASFF AR DL FHRR T - 2 5 g Fa D

TIBARMTELI R R ERNAF T T X KR kk

i3
¥
T
o

(second-order light > it & 338 T it £ e’ B > KB R %% L~ & 2
- ) & { 2B rek (higherorderlight) &+ 3§ o

X kB SE G A A R S X Esoye ik
Bt T RA L ORGSR E T RSN P X ki B
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Converter
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Dependence of XPS Intensity ratios with the deposition time of pentacene
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200.0 nm Roughness Analysis

100.0 nm R
Image Statistics
Img. Z range 914.65 nm
Img. Mean -0.000008 nm

Img. Raw mean 198.67 nm

0.0 nm Img. Rms (Rq) 40.907 nm
Img. Ra 31.198 nm
Img. Rmax 274,04 nm

Box Statistics

Maan

Rms (Rq)

Mean roughness (Ra)
Max height (Rmax)
Surface area
surface area diff

=1

=t \ ' -‘ )
Bld-4 K SASR T B AR AFME B> 7 8 * % 6 ek o

EURES 1 LU r:”:g_kﬁ%\ » BT Mmodlﬁed RCA i E AL f
PAG I 0 FRE- HAILAM A G o {4 J& 7 fopiranha
BT L3RR Lo s B4 T o B g B modified RCA T

P e R iy § B O~ piranhaid % 4e # 2 fz\ W5 A4 B e K piranhai iR
LS PR G R R e B4A-6RTR o d BP T UEIF S H T A
¥ Aot o A PR G B R ' ] R § 0.815 nmehge [
& igpiranhas e JLE A2 T R L o T IR E TR & 0 B EAFME)

L e 4 A s £ G @RCAG*2 (6B 7 & fpiranhas

RE A e
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.Q

1 200.0 nm

Roughness Analysis

Image Statistics

Img. Z range 1.627 pm
Img. Mean 0.00006 nm
Img. Raw mean -1.272 pm
mg. rms (Red)  44.547 nm
Img. Ra 21.863 rm
Img. Rmax 1.626 pm
Box Statistics
Mean -1.183 nm
Rms  (Rq) 12.670 nm
Mean roughness (Rad B.060 nm
Max height C(Rmax) 425,36 nm
Surface area 41.806 um?
Surface area diff 3.533 %

Roughness Analysis

Mean roughness (Ra)
Max height (Rmax)
Surface area
Surface area diff

5.0 nm Image Statistics
Img. Z range 25.910 nm
Img. Mean 0000000 nm
Img. Raw mean 421.47 nm

oopm| Ime- Rms ) 0.815 nm
Img. Ra 0.429 nm
Img. Rmax 25.922 nm

Box Statistics
Mearn
Rms (Rg)

B4-6 £ SiBpiranhai3 ik e 5/ e % 5 4 5 AFMP

m LR oo
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-5.0

e O

4220TSp EEEwEF s d g g

d 1ol S AFME ok R M it 7 B
o HT g B BT i KOTSAR 2 ¢ 0 45
BB BEEWSE SR o B4-T~4-94 Y % 2

10.0 pm

FE%-IO.S nm

5.4 nm

0.0 nm

Roughness Analysis

Image Statistics

Img. Z range
Img. Mean
Img. Raw mean
Img. Rms (Rg)
Img. Ra

Img. Rmax

17.271 nm
-0.000005 nm
1.598 pm
0.545 nm
0.405 nm
17.256 nm

Section Analysis

(
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10.

ETTRS

Surface distance

vert distance
Angle

Surface distance
Horiz distance
vert distance
Angle

Surface distance
Horiz distance
Wert distance
Angle

Spectral period
Spectral freg
Spectral RMS amp

Horiz distance(L)

78.189 nm
78.125 nm
2.421 nm
1.775 @
DC

0 Hz
0.0004 nm

£-KOTSi3 % izie 1.5/ pF o




0 2.5 5.0 7.5 10.0 12.5 pm
nm Section Analysis
&
Y
%3 : :
Yy 5.0 10.0 15.
Hm
Bl4-8 OTSTAFMF e ook &= kit &

10.9 nm

5.5 nm

0.0 nm
Roughness Analysis
Image Statistics
Img. Z range 30.481 nm
Img. Mean -0.000000 nm
Img. Raw mean -1,142 pm
ing. ’ms =) (0,829 nm
Img. Ra 0.544 nm
Img. Rmax 30,481 nm
Surface distance B1.858 nm
Horiz distance(l) 81.806 nm
vert distance 2.091 nm
1.464 °

surface distance
Horiz distance
vert distance
Angle
Spectral period D
spectral freg 0 Hz
Spectral RMS amp 0.0003 nm

i

K OTSi%

10.0 nm

5.0 nm

0.0 rm

iR

Image Statistics

Roughness Analysis

Img. Z range 56.697 nm
Img. Mean -0.000002 nm
Img. Raw mean 219.57 nm
Img. #ms k) 1.550 nm
Img. Ra 0.685 nm
Img. Rmax 56.672 nm
Section Analysis
o Surface distance 1.381 pm
=3 Horiz distance(L) 1.381 pm
S‘ i vert distance 4.856 nm
' Angle 0.202 °
Surface distance
Horiz distance
= vert distance
anale
sSurface distance
= Horiz distance
P vert distance
T i i 0 ' i Angle
0 2.5 5.0 7.5 10.0 134 spectral period [iled
Hm Spectral freq 0 Hz
Spectral RMS amp 0.003 nm

B14-9 OTSHAFM - ff » 5 5
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g2 Ve
ERES
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£-KOTSiA i 2ie 1.5/ FFAFMB e (R14-7) ¥ %G 3% 5 2
BoOHNTLERFARASFFRAF AR ALS~24

ETTR

W E B 4G
nmgEFled 2 pRERT COTSA S FE A § 745 F R 9243
nm’""” o EE R R T LR EL § B LOTSA 3
Eh-fitpidat REFRT ER4a o £-KOTSHREE84)
PFAFME . (R14-8) P RBIIH S L F Thhi g » iz Ti 4
Y UPBIIMAF R S - FROAL R AL 524 m P
SrACHE IS B By FLOTS o £ -KOTSi% %2 7% AFMZ . ( §14-9)
FrgPAge ) LE B RAERR S A R (24 nm~T7.2 nm)

b
FABG LR i'ﬂ_f:{’fw‘i;*i'j{ B A 6 wRie B L
% A8 PEX P ) zAFMﬁ?’ %4 ;w"%ﬁ:{irFE] (4-10) - & -KOTS%
B 48 PE L B 4 m;a_v ’EE - ‘.,. 2% \ii;:—’ 14 R 3 0.748 nmAp

WAzl { Thadg o Red8 ] £ 0TS B X

Y s 4% 2, 2 2
U S - - A

0.0 10.0 nm

5.0 pm
0.0 nm
Roughness Analysis
Image Statistics
Img. Z range 64,992 nm
Img. Mean 0. 000001 nm
Img. Raw mean  -1,639 pm
tmg. #me (k) ().748 nm
Img. Ra 0.489 nm
Img. Rmax 64,992 nm

B14-10 OTSeHAFME: th » % 0% & 2 & -KOTS;3 % 2248 | PF o
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Y- 2 0 &3 ROTSRRiE® (kAR 5 OTSKAR D105 ) 2
T LB HAFME > e R ] 5 3% 217X 5 Bk hel4-11224-12 ¢

UL SR PR TOTSE A+ EME HHRF R
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AR PRAd e RN EFE G AL kTR R
23 o ¥ L EOTSS £ PR Kb R2ud g » 2 &
TAF T A G M o ARERER3I BT R o T UFIRTEE]

AEEA G E R RS O A10-20nmE £ f P NS 5B RS S

20.0 nm

10.0 nm

0.0 nm
10.0

Digital Instruments NanoScope

Scan size 10.00 pm
Scan rate 2.441 Hz
=] Number of samples 256
Image Data Height
Data scale 20,00 nm

B4-11 OTSHAFME o> & if 2 5 5 -ROTSia R izie3x o
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100.0 nm

50.0 nm

nm

190

0.0 nm
10.0

95

5.0 Digital Instruments NanoScope

Scan size 10.00 pm
Scan rate 2.491 Hz
=7 Number of samples 256
4] Image Data Height
Data scale 100.0 rm
10.0
pm
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20.0 nm

10.0 nm

rub
0.0 nm VY
Roughness Analysis
Image Statistics
. Z range 18.763 nm
. Mean 0.000000 nm
. Raw mean 981.75 rm
. rms (Rq)  1.945 nm
. Ra 1.329 nm
. Rmax 18.763 nm
b 100.0 nm
( ) 3.00
50,0 nm
2.00 rub
v
0.0 nm
Roughness Analysis
1.00 Image Statistics
Img. Z range 27.881 nm
Img. Mean 0.000000 nm
Img. Raw mean 1.058 pm
Img. Rms (Rgy  1.816 nm
Img. Ra 1.228 nm
0 Img. Rmax 27,881 nm
0 1.00 2.00 3.00 wm

F14-15 OTS Sk AT (HAFME > (a)F "k OTSi3 i 232 3% (b)F 'k

OTSi3 iRz T o
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(a)

20,0 nm

10.0 nm
0.0 nm
2.50
Digital Instruments NanoScope
Scan size 5,000 um
Scan rate 2.348 nHz
Number of samples 256
Image Data Height
Data scale 20.00 rm
o
Q 2,50 5.00 M
Section Analysis
e
= surface distance
=] z distance(L)
t distance
Surface distance
Horiz distance
= vert distance
= | | angle
to 2.50 5.00 ral period oc
wm tral freg 0 Mz
ctral RMS amp 0 nm
20,0 nm
i.00
10.0 rm
-2.00
0.0 nm
1.00
Digital Instruments NanoScope
Scan size 3.092 pm
Scan rate 2,654 Hz
Number of samples 256
Image Data Height
Data scale 20,00 nm
0
.00 um
Section Analysis
T i surface distance
< Horiz distance(L)

-10.0

=)
[
=
=
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vert distance

Angle 4.5682

surface distance

Heriz distance

vert distance

Angle

Spectral period bc

0 Hz
0.0004 nm

Spectral freg
Spectral RMS amp

% PAFME: > ZEMF25 4 (a)
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(a)

2.00
1.00
Digital Instruments NanoScope
Scan size 2.524 ym
Scan rate 2.261 Hz
Number of samples 256
Image Data Height
Data scale 50.00 nm
0
0 1.00 2.00 pm
Section Analysis
Surface distance 18B7.65 nm
o Horiz distance(l)  187.36 nm
< vert distance 5.690 nm
= Angle 1.740 °
o
Surface distance
Horiz distance
o Vert distance
&7 angle
&
vy | I Spectral period bc
0 1.00 2.00 spectral freq 0 Hz
Hm Spectral RMS amp 0.0010 nm
il 1 | T O T B W
50.0 nm
(:l) ) 3.00
25.0 nm
2.00
0.0 nm

1.00
Digital Instruments NanoScope
Scan size 3,366 pm
Scan rate 2.654 Hz
Number of samples 256
Image Data Height
Data scale 50.00 nm
(1]
0 1.00 2.00 3.00 Hm
Section Analysis
Surface distance 396.32 nm
no Horiz distance(L) 394.45 nm
= | Vert distance 6.695 nm
< Angle 0.972 @
< - Angle
surface distance
Horiz distance
vert distance
=
&S Angle
ik ; : : Spectral period [i1d
[} 1.00 2.00 31.00 Spectral freqg 0 Hz
pm Spectral RMS amp 0 nm
- - ’ s -
7 >+ 1 OTS# w (hAFME 104 43
Bl4-17 Z4ET k2~ F 2T O0TS% w chAFME tfo Z4EPF R 104 45 (a

A A GRERIZ (b) At SRR -
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4.2.5 4-Phentylbutyltrichlorosilane % %

T Y - 5= & # %' & $ 4-Phentylbutyltrichlorosilane ( 12
THAHAPBTS) - F CHAM I AL EEEN o e T kB
R AOTSE G ixie PR G 48 ) PP 2 A 5 A SR WaJd2 i & SR W
Rd® o o W B~ H AFMB o0 B 2 % 4-§l4-18 (a) ~ (b) » fiE & 32 AFM
Frifd T g ) E B R 2 OTS 40 020 b 1 SR WAL i
B ARSI R P RASIGE At € AR

iR A Fd e FY FREZZFHESIPTCA S - H FHEMR
RIEEERSHEEPTCE A 1140%) - 2 AFME A B4-19 (a) »
(b) o d AFME: 7 12 5 FIPTCA =+ fud M| W AJZ 8 hfk 1 + A 47

\Et

Bd s BAGKE - RRZRHGHE 2 $ KL 59057 m > 52
TOURREAN T G 30 e RN B [ TR T AFME ) e
e PR RIT R A SR SR IRIE Sl ) 5 R s K
N REm S RDASLE A G PTCA T Ap$tA 1593 2 T h

AR AR (10452 nm) B AT F ARG Tl Fpon i
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10.0 nm

Roughness Analysis

Image Statistics

Img. Z range 16.554 nm
Img. Mean -0.000000 nm
Img. Raw mean 218,35 rm
Img. Rms (Ra)  0.622 nm
Img. Ra 0.434 nm
Img. Rmax 16.554 nm

(b) 10.0 10.0 nm

Roughness Analysis

Image Statistics

Img. Z range 57.719 rm
B 5.0 nm TImg. Mean 0.000001 nm
Img. Raw mean 688.94 nm
Img. Rms (Rg) 0.785 nm
Img. Ra 0.402 nm
Img. Rmax 57.594 rm
0.0 nm
5.0
Box Statistics
Mean 0 0RE nm
7.5 rRms (Rg) 0.429 nm
Mean roughness (Ra) 0.317 nm
Max height (Rmax) 5.615 nm
surface area 78.208 um?
Surface area diff 0.010 %
0
0 2.5 5.0 7.5 10.0 pm

i

B14-18 4-PBTSHAFM % % (a) #&-K4-PBTS;Ai%i2i22% » & S|
2 (b) #-K4-PBTS/A % iE€2% » SR el o
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pigital Instruments NanoScope

Scan size 10.00 wm
Scan rate 2.142 Wz
Number of samples 256
Image Data Height
Data scale 50,00 nm
o 2.5 5.0 ] 10,0 pm
Section Analysis
rim Surface distance 52.563 nm

Horiz distance(L) 351.56 nm

Surface distance

Heriz distance

ol Vert distance
s angle
L ' ' ' ' 3 .
ig 1 par
0 2.5 5.0 7.5 10.0 SPACEFAL peliod p
Hm Spectral freg 0 Hz
Spectral RMS amp 0.003 rm

10.0 50.0 nm
75 25.0 nm
0.0 nm
5.0
2.5 Digital Instruments ManoScope
Scan size 10.00 um
Scan rate 5.086 Hz
Number of samples 256
Image Data Height
Data scale 50.00 nm
0
4] 2.0 5.0 7.5 10.0 um
Section Analysis
mm Surface distance 195.88 nm
= Horiz distancedl) 195.31 nm
= vert distance 10.452 nm
Angle 3.063 °
Surface distance
Horiz distance
&7 Vert distance
Angle
Surface distance
= Horiz distance
= wert distance
&~
v i 1 1 | Angle
0 2.5 5.0 7.5 1o0.0 Spectral period DC
Hm spectral freg 0 Hz
Spectral RMS amp 0 nm

Bl4-19 %487 % 45 2 OTS% o cHAFME: (> F4EPERF 14 404)
(a) AMAEIERIE (b) AM ShHRIL -
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42.6 AFME G BRRH A K2 S T

kit
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B
=
!

5 EAFME (7 B £ L RN T 5 R
P HERERST LR

2.4-1 Si(100) % 5 AFM ff s % £

ik TR A 4
Si(100) rms 41 nm
Si1(100)+RCA cleaning « B rms 44.5 nm

2 %@ ¥ rms 12.6 nm

Si(100)+RCA cleaning+5 hr piranha solution rms 0.8 nm

"Jﬁﬂz,

# 44 Si(100).5RCA cleaningz_ {$1¥ #¢piranha solution 7 -] pF¥ {7 3

i‘ﬂ_ﬁj%\' \i °

#4-2 & J\OTS/F. &z AFMP l‘g»"l' ﬁg_,rﬂ .

e S i & B e %
&k OTS 3z 1.5 ) p&F rms 0.54 nm

% 8 B 1.5~2.4nm

&K OTS 3 ikizie 84 /] p rms 0.829 nm
% B A& 2.0~24nm

AL OTSBZirzEe Tx rms 1.55 nm
e 8RB 24~72nm

£k OTS B iRixiz 48 /| p* rms 0.748 nm

OTSiZie FERF 548/ v L@ F| 3T i ehf Wik o o
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%\4-3 4 J\OTS/F, /|>? /,\/E?AFME l‘g\-‘fk‘ IE’.

T’ & iE 2 KA 5
7k OTS Bieizie 3 % 9 20nm B HE A G
7k OTS izigixie 7= % 50~ 100 nm B % § ik A 5

B3 A B KEET COTSAF €758 5 Koe 4§ kand L5 0 #

i mZEW A T oo

24-4 LFEiEETOTSh ks + W SR W AJE AFME: i i % #032 ¢

g E (A LS
#°k OTS % kixie 1.5 /] pF rms 0.325 nm
£k OTS % kixie 48 /| p= = #[f] rms 0.333 nm
. $° # rms 0.207 nm
#°K OTS i3 igixie 84 4 p= rms 0.920 nm
&K OTS i3 %= TR rms 0.816 nm
3 'k OTS iz iRizie 3 % rms 1.9 nm
3k OTS B iRiziE 7= rms 1.8 nm
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AP GBI AIEES € RTRFREME Rk AT A G
LR G Gtk st

#4-6 4-PBTS p 2 50589 & 5| AFME i & BT :

Ea AN TS R
&k 4-PBTS i3 % 2¢ 48 /| & rms 0.622 nm
A ER) IR
&k 4-PBTS 3% i2ie 48 /] & rms 0.429 nm
G
FA4ET RE A F 140 sec FRK~FZa B RLERS
A A G AR
AT RE A 140 sec SRS E AR B A AL R R
P AR <L

A GBI AIEE S R TR F R B Rk AT A SR
LR G Gtk st

4.3 NEXAFS.2 %
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B REG ) I ELSEPRFT UL Sk E (polar angle) £2 2 i+ &
(azimuth angle) = %4 2% » H T & 40T  f& 4 (polar angle > 120
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(a) unrubbed OTS 48hr
- - hv T

T

4

&é'“-i«.t..'.;“ b i

Edge-jump normalized TEY signal (a.u.)

22t

s1=s2=25um 90°

y T T T T T T T T T T T T T !
280 285 290 295 300 305 310 315 320
Photon Energy (eV)

(b) unrubbed_OTS_48hr

Edge-jump normalized TEY signal (a.u.)

s1=s2=25um

280 I 2é5 I 250 I 2£|a5 I 360 I 365 | 31|0 | 31|5 I 320
Photon Energy (eV)

B14-20 OTS f ‘e % & 5¢h C-K edge NEXAFS k% 27 (a)1& & 0B 1%

(b)> = & b % (0=90") » 4% 05+ 5 & -KOTS;3 % 27248/ & o
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(a) unrubbed_OTS/vater_3days

Edge-jump normalized TEY signal (a.u.)

—n—20°
s1=s2=75um | e—9g0Q°
T T T T T T X T ¥ T 5 T T T v
280 285 290 295 300 305 310 315 320
Photon Energy(eV)
(b) __ lunrubbed_OTS/water_3days
3
T
g 909
Rey
¥ 60°
>
w 45°
}_
o 30°
N °
T 0
£
o
=
j=h
=
=
O
o
L=
tH s1=s2=75um

280 . 2é5 ’ 2EI30 | 265 . 360 . 365 . 3‘i 0 | 31I 5 | 320
Photon Energy(eV)
B14-22 OTS f ‘&% % & e C-K edge NEXAFS % 2 27 (a) 45 & 0B
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(a) unrubbed_OTS/water 7days t

Edge-jump normalized TEY signal (a.u.)

s1=82=75um | —e¢ — 9Q°

! T T T T T y T ¥ T y T T T Y
280 285 290 295 300 305 310 315 320
Photon Energy(eV)

(b) _  |unrubbed_OTS/water_7days
=
s
©
5 90°
w
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Intensity (Arb. Units)

280 290 300 310 320
Photon Energy (eV)

Bl4-24 (a)F % 5 X3k it % » 5Cd arachidatek & % & 0k 4-NEXAFS

B> TEINRRA RS EFXR N AR R PR S

Bredge jump 0 BEAIN A A OE AP HCE 2 edge jumpip fe B % (b) E R 4

Bl P 2 €L FXCE » 5 4 R %1 H0E Zedge jumpdt A o & R
g R G NE B4 R BT et B RS

96



Ca Arachidate/Si(111) NEXAFS
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(a) rubbed_OTS/water_3days

Edge-jump normalized TEY signal (a.u.)
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MRS =8 (¢) P07 30" 245" 60°290° > &% A u
#14-37(b) £ B14-38(b) o o 5 % ¥ EFFI4-PBTS A F $30 9+ 2§

FulaP S

(a) dose PTC 1.7min on unrub 4-PBTS

—=—20"
s1=s2=25um [—-—90°

Edge-jump normalized TEY signal (a.u.)

—r
280 285 290 295 300 305 310 315 320
Photon Energy(eV)

(b) dose PTC 1.7min on unrub 4-PBTS

Edge-jump normalized TEY signal (a.u.)

s1=52=25um

L L} 1 1 T L} 1
280 285 290 295 300 305 310 315 320
Photon Energy(eV)

B4-37 Z4EE K 7 %% 0 C-Kedge NEXAFS £ 3 2 (a)i& & Ocrkf
Hb)> Ak ekl R(0=90") S AHIER Z KSR RIE &K
4-PBTSi3 % i&i# 23 o
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(a) . dose PTC 1.7min on unrub 4-PBTS
3 r-, hv
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(b) dose PTC 1.7min on rub 4-PBTS

Edge-jump normalized TEY signal (a.u.)

s1=52=25um
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dose 1.7 min PTC on unrub 4-PBTS thin film
unrub 4-PBTS thin film

Edge-jump normalized TEY signal (a.u.)
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(@) [unrub_OTS_2day C 1s_50um

Intensity (a.u.)
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#4-10 OTS p e 55 & WX PS it 3 5 i fieid S 3k

Cls Peak | Relative | C1s | Peak | Relative
binding | width | Peak area | binding | width | Peak area
energy energy

(eV) (eV)

OTS 285.16 | 0.814 1
48hr_unrub 25 pm
OTS 285.2 | 0.845 1
48hr_rub 25 pm
OTS 285.2 1.02 0.4 284.6 | 1.02 0.6
48hr_unrub 50 um
OTS 285.2 1.32 0.4 284.7 | 1.32 0.6
48hr_rub 50 um

d 24-102 H fp - cnfmiF ke i Bl 2w B ILTIAp R iE 2T b
B&d - RS S e R E AT P xi'f*‘,;’K 7 285.2eV
PHcE o ARERAEEP V- BAFACE R IR 4284.6 eV
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&% Plig 8+ i3 £ (radiation damage ) € i = Ci ik & i L1 L & a0 45 &
£ 05eV~07eV o ik Y TE A K BEACE P S BN
LR T AR At o R AL S RS G T AR
52852 eV 2 RE N TLOTSA FC IshEi - P AR » B ksl
N S RIE G T s T {5 BE 0 %OTSA S B £ 5]
A e RN
¥ oob s B OTS P e 3 s XPSat 38 A 45 7 18 IR > (B k) ek
ol b R R SRR BRI R 2 o R P R G
RIMCHEAZ § $300TSp @A 4 233 ent 2o bl4od] § 54
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unrub_OTS/water_3day_C 1s_50um
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(a)

unrub_OTS/water_7day_C 1s_50um

Intensity (a.u.)
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Intensity (a.u.)
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£4-11 OTSp e %

5 R EXPS i 3 O ek ik

Cls Peak |Relative| C1s | Peak |Relative
binding | width | Peak |binding | width | Peak
energy area | energy area

(eV) (eV)

OTS_ water 285.53 | 1.32 0.25 | 28493 | 1.32 0.75
3day unrub 50 um
OTS_ water 285.65 | 0.81 0.25 | 285.05 | 0.81 0.75
3day rub 50 um
OTS_water 285.57 | 0.93 0.28 | 284.97 | 0.93 0.72
7day unrub 50 um
OTS_water 285.75 0.8 0.22 | 285.15| 0.8 0.78
7day rub 50 pm
OTSp 22 5 Bk md o 2 F %=

#lo e e TR w A Bk K OTS 5 k> H

Bl4-135777F o £ 4-1182 Bl4-43 ~ 4-44cndcdyp » 7 ¢ 7 108 T HF
ot St A - RO IR AFAAE AR RSB R T ik
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%R F b ok
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>+ P AR ET A - T2 ASIFO-SiEESART R A G 3F S
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RPF2LEOTIRLER | P izt T §pAd itk
A ILSI-O-SiE S i F F B S e R B B AR LM
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(b)

Intensity (a.u.)

(a)

Intensity (a.u.)

dose PTC 2min on rub OTS_C 1s_50um
v

wa ST

2 %

T —T T 1 - 3 T S
289 288 287 286 285 284 283 282 281

Photon Energy (eV)

dose PTC 2min on unrub OTS_C 1s_50um

—r
289 288 287 286 285 284 283 282 281
Photon Energy (eV)
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Bl4-45 Z4EE Rk T k% C 1s XPSH# fieid % % » A&
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Intensity (a.u.)

(b)

Intensity (a.u.)

B4-46 F4EH K T % 1C [s XPSH fieia %% » A i
KOTS:% %272 2% () & # A S| AI2 (b) A M S| W aaT

dose PTC 10min on unrub OTS_C 1s_50um

T

Photon Energy (eV)

dose PTC 10min on rub OTS_C 1s_50um

Photon Energy (eV)

50 um °
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#.4-12 4T % XPSa: 3 ¥ A feik S

Cls Peak |Relative| C 1s | Peak [Relative
binding | width | Peak |binding| width | Peak

energy area | energy area

(eV) (eV)

dose PTC 2 minon | 284.37 | 1.087 0.7 | 2853 |1.087| 0.3
unrub OTS 50 um

dose PTC 2 minon | 284.5 | 1.047 0.9 |28545|1.047| 0.1
rub OTS 50 um

dose PTC 10 min on | 284.46 | 0.99 0.83 28546 099 | 0.17
unrub OTS 50 um

dose PTC 10 min on | 28445 1.011 |-.0.87 |285.45|1.011| 0.13
rub OTS 50 um

B Bl4-45 - 4-468 242107k BB ST UE R AL A AR
BT ehy 3 XPSE B A LM £ %A BEMcE difes
FREEARE Bk o iBA BAFACE 52844 eVEI285.4 eV L %
v ez ¥ f T BE A T PR 5 284.40VE22853 eVt & o g
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§ RXPSPeR LM AL 2 o B0 Bk el g R
En e BE o FPRE R B LOTSE o ¥ v
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)
o
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<
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¥
5

Tooper g 4 nC IsT 3 Far 936 eV ABERT LI Tmpd £
(mean free path) * R F HBA A E 2T REZLFIF R NE
15A FIP 8 4 ptis 2 TR Pk p AOTSHEWAC 1sT F 40§ 07
o XPSHM 7 LA S L REE R AR B S aite L
AL BEFRSFE I RTAIARE ST R F RS T

135



o

Y
J=4
e

b A-12F MR SRS Y o MRS & R A XPS
LG FN T o AXPSh Y AHRAKREAG DT REF A
F oAt A XPSA Y T AR AR AFETIRE AT FA

HIP3 AR TP 2R EEESFRIRZZATRHESZSIRET

3 A HOTS e 5, o

4.4.4 4-Phentylbutyltrichlorosilane § + it 3# 2 %

¥ - 8% b ep e % wA-PBTSS H_i % XPSH A 471 &
W R L R oow RiEA A ok AT B E (FXPST

L5

’ "

¥ i 2 47 o 3T 4-PBTS =208 2idp i XPShmdF Bl 5B R T

""B‘bp

TR 218 enC kB AT AT B S 5 B Ae R 4-47 ~ 4-48 5 e s Sk

b B

= »

£4-13%F 7

136



(a) |unrub_4-PBTS_2days_C 1s_50um
s
-~ h P
3 .-
& - 4
2 = '
= ]
2 e .
= e »
— —.-: ; 5
e — P -
' ] ] ' I 1 ' I I 4 I
280 288 287 286 285 284 283 282

281
Photon Energy (eV)

(b) [|rub_4-PBTS_2days_C 1s_50um
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(a) |dose 1.7min PTC on unrub 4-PBTS_C 1s_50um
ﬁ.
L] \ﬁg

Intensity (a.u.)
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T T
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(b) |dose 1.7min PTC on rub 4-PBTS_C 1s_50um
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#4-13 4-PBTSp &

FOE R A 4R T TR XPSAu ¥ A ek Sk

C1s | Peak | Relative | C1ls | Peak |Relative
binding | width [Peak area|binding | width | Peak
energy energy area

(eV) (eV)

4-PBTS 284.5 | 0.95 0.9 285.2 | 0.95 0.1

48 hr unrub 50 um
4-PBTS 284.5 | 1.01 0.9 285.3 | 1.01 0.1

48 hr rub 50 um
dose PTC 1.7 minon | 2844 | 1.2 0.87 | 2853 | 1.2 0.13
unrub 4-PBTS 50 um

dose PTC 1.7 minon | 2844 1 0.94 | :0.72 | 2854 | 094 | 0.28

rub 4-PBTS 50 um
24-PBTS p e K w8 o & S HEdcBl2-1 - figh + ¢ A5
FHRIMAA 0 F e XPSac P BRI KRBOTSA F 5 977 b o off

WARFET UL LB BAEACE > 4w 52845 eVE2853 eV ot b4
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7 e o

b s R AU P TR T RF A G 2 OTSHEehp iz ¥ 47
T R BT M o R SRS G AL* top contact
A e B AR AN IR B Y f mEEEE A

OTS: p B EFEYAMA Z 7 MWL AR £ FTI RE AT F
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