— o = [=] it o] &
fXtzted #o|Zd S o|&% IEX EHoe] S8
2 8 -2 4
1. M = angle X-ray scattering(SAXS), transmission
electron microscopy(TEM, %3} Az} #mA),
AERE o] &35 wue 8t ZHolu} AR scanning electron microscopy(SEM) 5& &

S8l YA w9 Fasth dHH &89 F
A4 o= 59, 3, 54 Z(dielectric layer),
lithography & 9]¢t resist layer, electronic pack-
ing, ¥ lubricating $& & 4 uh! 28lm o
28 7]5d AR e zd’é o gk g g
€ 873ty vk d¥tdo g, Folu uiex) F
Hojl A} o] 271 o) de] FE-E& FHT A
H 3 (block copolymer®} polymer blend %)9] -_rL
29 24& Wi (bulk)e] 7z A g
7F Bohn 28R Aok o9} o] Wiie} EH: Z
A3 F2E 7 1EA FEL FHAA dojue
spEhg-g Aulsta B9 E2lF S 584,
A2 updy Tl F4FE vk o) 1B
2 ®He Bl 383 EA4L 7|54 A5 8T
715 F83% JEL 3 W7 P nR
A FA3 AE A7/ HY 9 £8% gHE 2
ek A=
BT AHe e} B4 HUlE -r]is_ g2 3
HEAHO] MEEe] FEET YA 53] nEA
HUT AHe 54 £4g A% EHHos o)
o] &5+ B4 X-ray photoelectron spectros-
copy(XPS, x-A #Azt 39 )2 infrared spec-
troscopy (IR, A 9J4 FE34 ), electron-energy
loss spectroscopy(EELS),* secondary ion mass
spectroscopy (SIMS, 2z} o] & Agf 249) 5 tem-
perature programmed desorption(TPD),® small-
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¥ 1. ZH EMHo| H|a
A% % e
XPS | 97 B3 F99 24, A3y 2 334
o] 5-(chemical shift)
SIMS EHe A3} depth profile
EELS B EA = 28]
IR B EAse 2e7]
TPD B9 =43 A A
SEM EHe] gy
TEM BHA A 7=
SAXS XA U e =2
o] F7t £3l% (lateral resolution)¢] nm (109m)
BHoh 37] g &d HA o gkn FY97 ghadla 8

TEE nm 27)9] mAFRe EAd A3 ¢
o B AN EHE nm FEe Bysoz
TZ9 HUSAE BAse 97" dAnA
(atomic force microscopy, AFM) 2] f1g)e} 8}
HH &89 #dld NF7ix] EEE =F FA
#39] morphology ¥} ofuz} Ao 3 AR
& 98 7 e WES FHeE 71d3 sesin
A} gt olgf o] AFMe] Sl AdoA sz} A
AR, AFME 919 71&® o §W B4
878= 37 F(ultra-high vacuum, UHV)o]
gaglol d7] FollAl o] 4ol 715d Aol Qm,
53] ti7]l FAA Aol Qe A nRAe] A
T A FAM T o]go] FHed Aol glo] AN
AEAe] AFE 2 8o FoEn Yot e
U, BE B9 BNYe] Zzte] #-wEe siAn
Rol M2 R FRE A Fstn Yxo], AFM
< fdA @AY g2 9 2 vEe da
Soldol AU §17] WEd] AFME 94 Sol4
o] 9l XPS, IR, EELS, SIMS, TPD %3 e ¥
2 A olgshd ©l e mHY g
HE ¥¢ 5 U& Aol B 24 AFMe ¢
2], o] 2 W (scanning mode) ¥ ], oY
ZE BHAA dg F de R 5L 7)eE,
AFME o] &3t Pz HHol Fxo) By B4
9] Ao #ld LFE AT A7 3/ E g9k
o 2 g8e] dE nFY Bux st $ERe @
E =2E F AR wdos 71y Yol 451
AL, AlHEE AP AFMe Tz 44 28
7bed A& nEs Baz .

IEXED J)E A 10825 19999 49

2. AFM2| flag|

AFME FAIE ©l'd #u]7 (scanning tunneling
microscopy, STM)o]® AEA Alge] At o
5= 2HE FE] Aste] AdEol AxA A
F¥R ope} AT A8 #7) nEA A5}
HAG YA nE=I] B AT olgsm Yot
AFMZ 27128 A (tip)—F2 A go] 100 A
2 At—9} A8 Az F4dls P8 243y
Alg EHe Fe B9 o B BgE B4
(F84, A, o124, 84 B)d A3 JRE
A&3ct, BE 100~200 zan Z0]9] cantilever &
o f1xstn Js FAZE BH A8 FAE AL A
At Alg FAY 283 P& cantileverE Al
B ¥U% 74 B 9 Ygor PR &
o cantilever?] W9HE &5l e Tz}
549 thd ARE A g3t gy, AA 9} Ax
4 AR 32U g9 AF A 99)E 2338ld
FHe] w4 F2E #Fsh= STMAE gg AFM
< A Als BHETY A4l YL S5z
A=A, =, AT A8 254 o]&E F )
th. AFM cantilevere] #gld) g3e == 3o
o2 77 st ARt b 283 AL 9
27t &9l van der Waals 3eo|t}. 7lzlo] $x3h
% 9A7 A% QA A Y= Lennard-
Jones potential2 E#HH o)A} A AFMe] =
TAME A A& Fof A FA L3}
< Y9 ZAfolAut o= a7 19 YEeRG uie} 2
o] 7t7to] SAF F Az A} w) S FANS B
A& Yepang?

38 12 FA F& Fof ¥A FA g5
= ¥e 7o U AT Iz 2AE ago)
o A3 A} A BAE AHNd, 9
2L A7t & ade] 2EZAN YAz At 3
AN e FoZ olFHd wl AL A= Az o
T dEo] Ak 0T Fe Axt A}
EolE0] AAEY AHA F5o] AAVIHoz vhare
dodle AG7A Fria 9247 Agrt ey
Zagel w2t A7)l white] AL BAAA
ARz A7} 3t Age] AQd F 2 Ad] o]l2w
YARZE 32 00] "t AA van der Waals 3]o)
ol = ARy 9AEe d&2e) o). o
HEz, 38 12 AAe A8 g9 Az g
HEF HHF dgoz YrolAnh HE: Gy
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A
Force
repulsive force

I

intermittent-
contact

distance
(tip-to-sample separation)
»

»

non-contact

.

attractive force

A% 1. Interatomic force vs, distant curve.

= AAe A8 FAT] At & ARG HoH
AA S} Am7te] YAH S whdFolr) HEF
oo FA7 A8 BEHo2RE F4 E= 59 A
o] gixd) glew FHAS AR ARNHLE
long-range van der Waals ¢18olt}. HZ5) vH
& nEZ o]l43ldd AFME A58 4 9oy ol
ol Azt AT AR 2 e oy
7} o]Eo] A= FRE ool gokslaA Pt

2.1 & AFM(Contact-AFM)

F& AFM(EE ¥hg AFM)S FA7L Alsst
B3 H&E 3 oA ZAS A A8 23
d o (EE AE7 ZA olelA £4Y W) A&
o] EWTZ(topography) H3HE +8&317] 93}
cantilever7} whgEe] o]t FRAXA HH o]
cantilever?] W %& FA 3t Wiolth A&7}
W7l FAAM FFE o £F 7l SAs= E
o elate FAL} A EZ A JEI 2AH
gL a3 Folo} U FHYYE UIH=3
A 2937 95t capillary forcet = UHV
dldel Femt meiEy|2 ik @ 194 JEekd
ute} o] HE: g9 van der Waals 3419
71871 e 222 YAE dolA YA ARE
gy 2081 e APz & I3 4¥S
ol& F AL fFostder & darst Aok o=
AA AFMe] ZEdA] cantileverZ AHAE A&
HA H=2Y 7izto] H2E do|FE A Az}
A8 ARt} A7t 2olE7) B cantilever 7}
FHEZE vy o FReAP] oy HRE

cantilever2 o] £-3led & AL 31H A7 A
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mirror -
SRR
\

A
AY
N PSPD
\ detector
Sntieve, N/
sample

PZT
scanner

2] 2. The laser beam-bounce detection scheme.

g7} FolEx ¥ A EEHE W] op|EE 9
a] gtk

HEE Ausgs AFME 33 29 =A/E vk}
7ro] cantileverollA] ¥RALE laser Ate] WS
position-sensitive photodiode(PSPD)& ©¢] &3}
Z2Xsm ARt 2L cantileverd] $3 WHYHT
22 7hssith ol #HE ¥ A%<l SEMi A
@2t o B 37 Belse] FERER opve ®
A el E Fo] EHAA ofF S5 AT &
Aol gl&g omgrl. A AFMo] cantilever?
WY E Zxhd 44 wo] WA 4% F P
2 AF3le FAe FRE Y & Utk 43
o] WL scanner?] ¥ol7} AAFA TLF
glomz cantileverd] WHHE o]R3le FHeo
Tz2 gAssich 44 3 WPEL cantileverd] W
918k8  feedback circuit®] oz o] &3l
scanner& ¢ ol &2 €2 o cantilevere] HLZFE-
A (A8 7R 3ol 4A) A AFste ¥
o2 RA9 FRE scanner?] FAWEL EFL
ZRE doZth dA ol WA vimsie, 4
3] =AWE feedback circuit®] ZHEAJZF wEdl
FA £t 2225 A} AR jo] & =
Hog dutdoz o de ol &H1 Ut

2.2 4|®= AFM(Non-contact AFM, NC-AFM)

NC-AFM<2 cantileverZl A|59 FH <X (F
A-ANBET A= 4 e 8 A 9E 49)4
Al cantilever®] ¥4 AE4(F2 100~400 kHz)

oM 44 Bol B EE 49 Bol 2 A9 Ao

A
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2 AFsd AA-A 8 Az ol we 39
AFFY AZe] ¥slE SH3e Aot a8l 1
oA Jeld ule} o] NC-AFME& H& AFMial
vt AA-AEe] HEFo) A gln FE
AFM9) 0|85+ 3(108~107"N)d] H|3}e] uf$
A& F(eF 1072N) & ol g-3tma HFPoly mujs}
A& A g2 A7 o #gsich

NC-AFMd A cantilevere] g9 Zalg=9} A -
Alg7Ee] Azle ded Ze WAz dydd.
Cantilever®] 2% ZFu<4E cantilevers spring
constant®] A|FZof| v S} cantilever?] spring
constants= cantileverd] WXz o] 7174 w
2 ¥tk 2z, O8 19 3-Ag Ao g
el e 71€7le FA-A80Y Ad o
HPth metA, cantilevero] 3% Folgro] Wsle
A -A 82 A (FE BRTR)] Wl g
& ¥e ¥9 7ler] WEe 3z "t NC-
AFMe] &3 ¥hH 2 feedback ©]&3} cantile-
ver®] 3% FH5o AF NELS dA ()= HA
HFA-A 8] AYE A TS on))3)
A FABEE scannerg 9] ol & FojHA =
Al HHel TEZE scanner? FAWEke] &%
2 2RE oA

AdlM Adwd upe} o] NC-AFMe HE
AFM3} Blusle] Alge] Wyo] 31 A2 st
o Aol At Alge] WAFo] e dddl Alw
d d3lds HEF NC-AFM 2% e FRTFE
& yepd = ok 23y 93 Alge g9 o
#£9 2 monolayer®] 2o] EAsh= A$ 18l 3
3} o] g FETRE Yl ALE YL #
jtefol stk O8] 304 Jehd upe} o] H&
AFMe] #$- ?47117} HFE FAF3S A4} ol
EA3=s EHE YERE v, NC-AFME a4
29 39 & -Jéﬂ’ Zlojt].

2.3 Lateral Force Microscopy(LFM, ELr=
Friction Force Microscopy)
LFM2 HZ AFM &A3%oz2 A8 gds 34
b 28-3h= mlAFd) 93l cantilevere] 23
J4 HEHo] o= ol E Suurake] w9
£33l A9 viFHL TAEE= AFMe)
& F3Holth. LFML EHERY o]adAq)

?_51" EH ol fid YJRE AFE, ¥
Holl SR ehs edged) 5L TS 2 Yehd 5 ¢
ot 33 4914 Uebd uls} o] cantilevers] 3

05 r\'

o

O

EX2Hen J1E 4 100 2 3 19999 49

kl

non-contact AFM image

water

contact AFM image

J# 3. Contact and non-contact AFM images of a
surface with a droplet of water.,

€4S BY rhEEe wslel gWze s)ev)
F 7 &S FE uhEy W] A4S A7)
T BE3 39 F 3%y 240] the “5'— uhg
g W3l ot o 29 HEYS vEpd £ g
M2 g 7ehE 71478 ke T2 E 2 o)
oA AAZ AEHE Yehd = UrhBM o B
T 5E N2 228 YsiMes LFM 13
< HF AFM J€¥3 FA) &35ojo} st} E
8, A Adgoz A v} Aggoz &
q4d o & 2709 LFM 18¢ v zsld e
7VHE 71719 710e= FEE BHAS Folo} 3
E}_'ls

LFM& AFMox¢} & PSPDE o]g&s}e
cantilever®] HEYE A 12, a8 59
Al YEebd ble} o] AFME cantilevere] 42w}
o] WSS F4%7) 95t 270¢] PSPDy} 9
83 v LFME 4719 PSPDE 71Xz 2 424t
3 s AAFe FAd 23 £ QA
AFH] glemz gEE AusE AFME F2
AFM3} LFM O¥& A9 A3 3.
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{ / V
[sample W/ /1SS T Y S 1
different material

LFM image

sampie ]

LFM image

17| 4. Lateral deflection of the cantilever from the
changes in surface friction (top) and from changes in
slope (bottom) .

A
vertical
deflection
B
detector
lateral
component
A Jc A
vertical
8 D, component
detector

& 5. The PSPD for AFM (top) and LFM (bottom} .

2.4 Force Modulation Microscopy(FMM)

FMM& AFM A7} A8} FEF et FARE L
feedback& cantilevere] 437 wH$jsro] UA 3}
FA(LR ¥ SAHE o]8F AFM)HEE it
o|g} FAlol O 6°lA1&t o], AA(EE AlR)
o F7148%1 AFANEE 713l £t 1™, A8
o] g4 AFe] zlolof] 7[eE o] cantileverd] 7l
A FFAZ] AE A3/t el o]z Al5e
e dist ARE AFgct diFoz AFe
gus RERT Ruge R A AZo] v y
Bdrh, FMME& LFM3# mp27lAl 2 A9 vlAl+
Zo Q& 7IAH EQ9 HRE 4V] YA A
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cantilever

sample actuator

2] 6. The amplitude of cantilever oscilation varies
according to the mechanical properties of the sample
surface.

cantilever oscillation signal
1

canlilever b ,/\ " ,’\‘ )
Y g

sample
actuator

driving signal to sample actuator

out of phase

&} 7. The phase lag varies in response to the me-
chanical properties of the sample surface.

% AFME o]43 9 3¢ 195 FMM 189&
BAl EA 3l HLEA sledof .

2.5 Phase Detection Microscopy(PDM, &&=
Phase Imaging Microscopy)

a3 7& PDMY FXd=EE EoEth. PDM&
FMM3#} ul37}x] 2 cantilever7} €33 712 A
=3t gJo} FMM#e] xjo]d e NC-AFM 499
A cantilever’} FEL FEE 3 cantilever
of Ro® A9} cantilevere] &3 Azte] AolE
ZA g} ol F AF Ao ¥sle ZWY 24
o] ttE  yehpy dURtH o A5 &l A
Aol o AY(EE, o A4 AF4) o F 49
Wiyt A Jepdeh. PDM 218e NC-AFM
a7 FAld ZAR oo HHe] Fejo g AR
o} HW vAl7zxe] ZIAIAY EA4d dE FRE
deg 5 AUrh

ooz AET wAE AFMe2¥E 18 A
8 EHO P4 diF HEE & F UL o8
Z3H7} FAld LFM, FMM, PDM @& &3
3lE AR A 7|AF (B BEFH) FEE IS
T USE 1T HiH. o5 FHY ol AFM
8 T o ZA%<l magnetic force microscopy,
electrostatic force microscopy, thermal scan-
ning microscopy’® S¢] B0} gJoi} o]EL 31
2 3] SAEN de] o] &HX gAY A%

© 71238 AFM FujA] 7]F0] E£EE QA
ool AFstA] et
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3. AFM2 TEX HH FHEMolo S8

AFMe] o3 ZFHE |43t 7|Hd ="
& BUA AA L&A 3He e 2Ny ®
Aol FAE mAFRe] E8ld A &FPo2 u)4
T2 24L& Wil 37149 ¥UEE =F& A9E
Eo] AFMe| $8& 7193] n@ 1z} o)

Walheim!” $o] 3 18 immiscible polystyrene/
poly(methyl methacrylate) (PS/PMMA) E2d=
o] spin Z¥E ot A AFUE F dHE A
HEHE D& #8e] AT AFMe e
Z 4 4 ot I8 82 toluene g0 =2E S0,
7189 spin ZgE PS/PMMA A 8¢ HE
AFM 293} FMM 2%0]th. d2| 8o AFM &

B agolw 12 8b= AFM 193 ZAle) =4
d FMM Tdojth. g¥e] e 28 ¢ ¥e §
Ho2RE ¢ 30nm FolE ZHe islandE A}
I A€ vehllE ¥, Al 8488 243
+ FMM T8 & islande] 24¢] F9)9] 4=} o
2o g geE #4880 U ®W AT
Z2| 24E Fotiy] 9sle o] A7 F PSE A
g2 oz A A cyclohexaneo @ 3 & 7
< BFHFEE FAA 338 AFM3} FMMe] 1
e 77 O8” 8ot 18 8ddl vehigith a8
8ct= 13! 8a®} A L EWUFZE YehfAp
island®] #90]7} ¢ 50nmz Z7}E Yot gz
FMM 182 island$} of @& HH Alo]d] g©Al9)
2ol 7} gl-&& YER o] islandF4 2] PS7 A9

% 8. AFM images (7.5X7.5 um) of a 70 nm thick PS/PMMA fim on a siicon oxide surface. The topographic
image (a) and the elasticity mode image (b) were obtained in a single scan. The elasticity contrast in (b) reveals a
difference in the composition makeup of the elevated islands, compared to the lower lying surface. In {c) and (d),
the PS phase was removed with cyciohexane, and the topographic image (c) shows unchanged PMMA-rich islands
on top of a continuous PMMA layer that covers the silicon oxide surface. The corresponding elasticity image (d)

shows no contrast.
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o2 AAHNLE ¢ & Utk 222 O8 89}
2 8 wudezA o] A e M &
A veht island= PMMAZE %3l 1 FH&
PS7} E53L & & Uk o9} Zo] Agd EA
e dREe AYFo R AAsE AL 53k
N 7R 24¢ 4 FE AT FMMe] A&
o] g-3te] A S} NBHY A4 BAEE Aol E ol
sl m e 24 4 FE Uth F PS4 v
w3td PMMAYE o gdsioz @489 zolE
o] &-5led PSe} PMMAE F4¥she Ao|th

HE 23WE ol g3l HHe] Feof nAFze
Z4E @ 5 UY vieh o] NC-AFMe] F¢=
olg} FAFE ARE AFsh=tl 21 o] Chen'® 52
Az & veldglel. Poly(sebacic anhy-
dride) (PSA)$} poly(DL-lactic acid) (PLA)Z
FAE BESNAH nEA BAsE ofoF &yt o] &
g5 nExe] W 2 £ 93 oo &
9] £57} 2RE® =3, PSAE PLART A4
Hog ey 2w PSA/PLA A=A #4
d PLAZL Adideozm FE3HA EAstd PSA
g B33on =9 RiHE SEF UMY
t}. 282 g, o] uExz BACE 7154 Asd &
2317 9 E PSA/PLA Bdco EaHs &
TE A & ojo} gt o|& HAsted AFM
PSA/PLA E¥= BWe Feiot =4 S4& W3l
e oFF f43H o185z sk O™ 9+ 90%
PSA/10% PLA ER=9] AlgA FAl S3€
NC-AFM¢] &e] 29 (a)3 PDM 18 ()& =
Alslgch e oA wEAALE 7 PSA
A Ro] 2 e} PLAS micro-domaing 732
g 4 gixvt PDM A ZdMe FEAARAY
PLA A¥o] PSA A&7 Z &= vehd o]
Edc ¥H9 ¢ 50%+= PLA Aol AL ¢
+ dth. AFM JgdA PSA AE3 PLA &9
T¥& PSA/PLA ZAuld @& XPS £4og
gel=l it

opx|gt g4 o= EWH uMFRd gt 94
Eolygdo] HE3 AFMe ddE& HEAF+ van
der Vegte®} Hadziicannou?] 7u&48% 134
Huxz gt AFMd] 94 Sl & Fo3tr] 93t
o A #8H ZAL7E 2 AFES ZYHIY
FAE g 38F 8718 Zde A Al
5 X9 EAse #8719 o2} van der Waals
Fr ¥ A (A& 48, $4233, Coulomb
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(b)
a#] 9. Comparison of topography (a) and phase-de-
tection imaging (b) of blends with buk compositions
of 10% PSA/90% PLA.

¢18 F)o] A= Alg HHd O ZEr|E 7
© PRy 248 ZAe] ZE7)9 AlE [
T2 FE7] Ateld A== I AVE FF3
o wA7Re 3EE 24L& & 5 drh. HEd
A9} NE BEHA SAEE FL7] Alele] e
AzA ] B3 Johnson-Kendall-Robertse] o]&0
2 uad P44 F%3 € 5+ Yo a8 102
8% AFM3} LFM & o] &3] 20 tm =7]9] A&
& ZE ARAA 42 2dolth O 10(a)e &
o] 71Ed 22 BAY Zolj(12/Y B¥x)E
A7t A= COOH¢t CH,¢ #E&7]|8 7=
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©)

(d)

J#&l 10. (a) Schematic representation of the chemically patterned CH3/COOH substrate. The 20X 20 um squares
are COOH functionalized {gray), whereas the surrounding area is CHj; functionalized (white), (b) topography AFM
image (36X35 um) of the COOH/CHj, patterned gold substrate, the black-to-white height scale is 13nm, (c)
simultaneously recorded lateral force image with a CONH, functionalized tip, (d) lateral force image recorded with a
CHj3 functionalized tip. Areas exhibiting high friction appear bright, low-friction areas appear dark.

alkanethiol dlu}e] sgloz AAE A8E A3
rk Al FEoA wule] g4 Aoyl goma
F OA TR ®olY zlole Qe ALt 1
g 10(b)= siEt oz WEEs g IAAE Ale
3l P& AFMoz de e agelth o] 1y
A4 COOHs} CH; sjele] Eo] xjo]7} Qlom=
F Ao FAANA Eo] Hole eI {1 E
| E5ls ®x A o)zt v Ve B
T Bolmg FHel 3y A g FRE
< 7 itk J8 10(c)= CONH,z2 3" 37
o] &8l A& LFM a1¥e vehlley 338y

My pe M g

IEXetn 7l A 10A 25 19999 49

2g7] Aoldl o &g s} a3 vehd
t}. CONH, #4-7]& 71 3A¢} COOH #4718
zt= JEl Alold] van der Waals 3Ht} & 44
Ae] B ulFgo] 718 HI o= can-
tilevere] HEHE F7MFInE OgA we B
ol €. Y CH; #4718 ZE= g
CONH, #8718 7K A Aleldl= van der
Waals #te] Hg3tnz aglo)y o5e Hio
g 38 10@)= CHy2 ¥8d IAE o] 4sy
€2 LFM J¥¢ Jeped 333 247] 3o
o 2% &9 vzt a8 10(c)d) Hlstkd AA
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o2 Hov A= Yeds ¢ F Utk CHs
712 Wy A< COOH CH; sjd 254
= van der Waals 35t Z4-31 ¢l FAlet B
Wzl van der Waals §vl 223 of, H3A
van der Waals 3& & #8-7)(CH;-CH;) & 2
& 17} M2 g& #H47](CH;-COOH)E 71 7
Rt} zng npFEe Ze FA47E 7MY o
zA f@oh.? weky CH; #ee ¥ COOH Hd
& oJFA yehdth 18, o]t npEE e zlo]
Lt 442%37 van der Waals 3 Alo]9] zolrc
Homz 299 thul= AdlFoez AA vehdo.

4.4d £

AFME A2 89hd SRk 289 I 4L
Aol nme] 37 B502 vehd 4 Yow ¥
B 23] ohd thE AFM 2343} A 3¢
B3l AlEEHe E83 548 33 F Aok
A E FH 94X &= EEFH 549 FHL
4 2271 dolve 28EANA ulAlTRe] 249
e ARE 4 F Aok &8 JAA 33y 7
4718 e AgES I3 FAE HFHe=
A EY TR g Ui Solgdo] BEFH
AFM9] g3 & Bgs & 5 Aot 2d, 539
Fz9 24L& 7 FHARY dEiAE AFM &
Aoz d& F U ARE W A= Uk
ooz, AFMe 9 & 5as S5 944 5ol4
o] e BHEAMHT WIPst] AFME o]&3hd
AEA FE F7FYe] gt dAe] e
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