
L19985A IRP1

b berproeifi lcat tenop
do microscopi ltpca
ile
f卜ea y
 

Mj oN ma mma oChba.iN ior,HoK itasunor,ij
kaa
K iun
)
ktsuoaa,


2Japan,222-07

UME8 MBR8EU3N,_ 

a2bL-h

np sofl mi dbyab
dp nc tins gn

tte
lcannn

teihg
tonras
ietroper

io
io
litoarza

Plitoarza
an

ol SI 3Tk ktaasua65nc,.tenTum.Ens Ma d Ctsuo,idnen,hs-
ktaaAiktasua

SCISYLOFAPPLDPH
E
ANRUOJ

Hi Mu ma dTtsuan,ra
j
i

Y kasuyu
hros

fi
hiecnque, 

tra

bac

ic

tew

h

ifs
itsa
h

bac

lsn
tltonro

l Be.

h fearorc

ti
t
a

furace


taera

bpro
ber

n

h

i
la
bro

use

ica
h
t
t
t

dtel ls efeed kinw has htig

l f ewhas
esmpes oc hed nceb eent pohet
hep ea hes yu gt eeddt mp kt

-
8y.croscopnmi

sresoreassucd b kiasrawacs山emh na ha

-lesouoodr
dt tncossan,i ion ns,treparaltysa,iitvi ionsens,ltu mpep m me

nioltesou

a

ig

le,

h hasaig

Fts orexa.

lioarze

lesu

t

iv

ro


itta

tu
l

nb

S

qua

iot
sa

nt er mp MFM hsag

mpef
NOM wihp dlht h r na

i fesoai tcpropertgne

hec-

iota
ig
nr
ld teniincfttaeons ht 

ltecroncazeloaip
f

an
7,
owevereac,

(
H
MFM) dsnp rids nnige

ho

slpamlnttrqnsihg
ha

othep ･A p rt rt ep ncmp tofl tt mi gaS eionenoioli toarzaransversilcua
a

btt teer
broe

fo
t

ionli tarza

fgeso
o
it tonras
eamase

io
ocuse

l li tearpoarza
lsn

dbya naly dd We dc nc ma ■itane
hot
bo

m l lme du dln･ 7F h b h ac gaf rbisw na ona
dtteece.
tonven

zeran
itw


na

tteir
io

t
i
li tpoarza

teng


ltseece

htmu

L
0.

ibs

一
一


dthe 
htei o-tnrhhrougtid tsavanages

ave 
nasure

offt tseorsS.CltP0ltgneo

eme mett

Mo fSNOM h

ihc,b b herproew

b dtraei isv

･NOM/AFM)
Olgnsbyima gP

ioit txnc

tperureAb ha hab l tsuwaveengt
b b ierproew
丘
Clt tenop al

Sdlmi yoer dinamicf emoe(orctotaep
croscop.
Caitp

116N l,k h K zaaco ogane,42-2y,h lecnoogゆ o fA eadTnLtgrzcuurversln-

yC

yofT 砂oU 

k

Ty o,

Sitener e,

Stao 
h lecnoog

i
t

T h Zecnoog

K ktasua
LFacu

heuamtt
i lcu
f
fi
ids
t
i oq ifyt ma

ilcatpdo

-op

nlltaerab traei
tperur
malla ev sl yo

In
 
dilef

-re

-lverpari

-

dmoe 
iht

-

-pera

nino

esona

i

ti

tgne

n

lpasfurace

brotf

bserv

ht

io

t

tepara

se

teixc

o

yaan
ft teror

a

squenc
fero

S
tra
to

NOM cnbeu dtoo e山ema cdmasi
nsmissin u
hers

nw has

ye da es monr ncef

me hes nohep eads

iorcitomdinana cf em

9･5･ -llffectCaltP0ltgneo le
-eardtttnsraeelhE avea.lvaii Ses,dtu edmo hen

tnerntewotbroea,
le
丘ear- dp ndwihaN nngl

iol tecfeinsidoitgnecma ma nr

ofurac
b berpro
lp
i
amh
f ew

yontes es et

･u21･lpeam

het
i hnquew,

ll
tconro

asse

ica

l se

b t trae er

iユngna

agessuch ldasseveraava,

i

ic


taperur


t

asma ev sv ll
lt

∝h hiso yu

nt ha yo

b kacditynamdT
i Ton.
tepara sd icf

ceforitaomcindtoperae
ilefear-incaleveopel dreaav

ycroscop
Weh ea yd dsnn gn

ilcab t tenop

lyszcs.ittutns eofPh

i lgna.mt M sheMF

n
vercotilib

io

inquesuse

po
d tuc
ssi yt metoo hed
n ofq ead s
dinma

ivtiens

n18J y1

nL ittdbya lfiicab t tenop

9

e

anuar

temihgli fesotproperionh li tepoarzab tesild iceescri tsar

itwigdlht hanelipoarzelane
P
･yroscop

iiznlit gthe ma

ict41,S(
mi
NOM/AFM) 116i" hha

lpsam-ip es

ioinlltonro.btaperure h ligt tyc epoarza

ivltaduan

df nnign
NOM/AFM cn bea dtoteo nOfma cdmainoitgneiob tservahielp

ear
p

n
a

orscaisuse
S

irca998Ame nI

)89

me m.@1lfitga-iron-

f

icatp

gmi

iltc

ma go

eo ll

-iproxmlose

ies, 

ihtg

5-
bty 
I, 
i
Sd o lmi y (NOM)

nb dt nlmi
croscop

eyon

ica
tp
le丘ear-

ioitcal

nt i ssinmo
l1ya nt mi icmfcorce

de.

l f teverorao

o

i

ransm

saca

i

ica

t tconras

tver

cce df borputpe
a
;79

iok tacfidhe

foioni tgai tnves

-

ftiitviens yo

tiecaus
m
ilterai

bserv
tgneerro

iequre
lla

a

in

iltv
i
St
do
yhsbeenr dtoo ethes
masa so ma sbndw ff cma eb

dtulJI･leve
ytoa mp

lp er sa en me cl nmayS
iuanohtt
ie
t
rop

sa
icatop
ti

)tenecanceer

-lioarza

rendtuilight;amp ead f
leahti fcsoh it taracers esmp

haseriotteecugdbySNOM.Al山o h山6d no 山Cp 
h i ltonen pase srarey, ,hercoth
)T.
 eo mphl twaveeng

-hecno

by 

i dtcaelp
NOM a uli hepeo ma
io

h flht gfep ns eo

hea ly ft flndaea nsso ep eo

romlergnem

p

i ton,

ttaio

t

ig

fnor

li toarza

tta

xpa
h

fse
ear

io

a

e

li toarza

is
lp

ht
h

am


d
irov

t

na


ig
ndp ru


ns eoflhtinten


o

tta
dhnssuea

C lftonroo

tperur
icomn

S
t
i

t
gffm t ec ndthes ne hea fsoionitcalp

di iqulSC,
dtya
ltop
n

ht.ihg
io
e

ize

a

loar
ltrresou

itw
igtcroscopSC,ltop
hp dl

mi ywi he ndshh na
llrma

-en
itgnec 

hrovaig

me

ngeofp dlhtcnimp eteslioarze

asure

hca

doilef-

oindr
uc
inhikrn

ievces
ikssar,
torag
i
ta
tgne

l
brasa
ikssa
ica

isze
top
sine edas ed ,s hasma
ld ndma cd es gacco gt

d ittreecornc
ytothe

n7 midbythette1wase:0

hoancmNOM h dt nSitt e(et rtrasp

ib
flgtme oc sotponen

hde

om

irov

w

a

i tt usr

y(quenc

io

asunn


S

d

avein
o
i
tgnebserv

toragncreas

hdotn

theneedtoi es ec

st etMayme oo hema cdmash

tgne -O

ltreadgbtueilh be ascon,

ly.iitcenffu

-tgneodile
nescenc
le

h ltoou
xaFo

ltcrysa a,
SNOM. re ,t sofmamp hef
ndp mi resea Ca丘iitcen ll

iscub
t tnoye
as eend sseds
omiegoilef- dr nisac

dd iysprosumttueibtsus-

.tyiapac

oI 88.

d1A t19

Japan 

ugus

8

R ieceve

kT yo

(

]8-80470)89(97

Lr

nnig n
no

gas 山s eoourc
ioltresou

layeeng

bta

buw

n
hc inaa
sca

TN

ic

'

lipacn

hw

na hesndt lctpecra

rSNOM

58-4

ト8 92OOS[

-Lt

oint tneres
-tgneo

liogcall gfyi
ma

RODUCTION 

bericatpoun
lldtonroe a,

ecaus
a
i iqu
lamp
l iessaor

n

xp

croscop

bpro

las

nc

3

-
croscoporcitgney,

liispoarzn
roscop

uc
ltecro
ropose
o

b

y(AFM)


eenp ds gm
ha ic eadt ec ec ndgoodphes nb
missi nm 6ma cf emine ic ma ef mp nl db et doher l6

oeec

998 

eenthe 
-feror

tewiot teracnecausle
a
O
tiiotnwhS mpsb et nbRs hei

d.i iquitessanciscouh
deuc
a
leve
itcan rcnr etev sr eofl We 
anbacyAFM feed kc

hiyscsPi ftueoIttnsimercan@1998A

lltonroebrotttap dbha ec

y 
traL ty orenz,roscop ns

･Jcopii･skt@ksuoa･ml iteecroncmh;ori tngaudcorrespon)a d.iI

500.1$/6/3/)8(38/89/9798-1002 998

I



5A 9981lipr3N 81o, ..h Vl8ys o., .P.ppl

Lseradde
iiy
d


AJ.

21
dieod_ idoesh dtpoo

C･ NOM/ Ms

di
 imagngBl-efornear

tysemFA
i donmoe.SStni Ttnmnsi ttonconrasf litopoarza

TF mo SfaraiagidcSh tcema･I

gt mp moeaccu yandatltraerlesaheftoh 
et h S

ssrko ma


faur 
igncea

roug

iS fd

hetrac

le
One 

-

gO

g

ieso 
f 
bproe,f 

troper

lgndd etmo ep nc ma

M 

mi dbyt

cdma ithteF ye

t 
hSieon 

XPRIe1ME ALSEUP mo

i

f

m frn g Ofp NOM/AF

t tonras

b

li toarza

fftec

iagra

io

idc

litoarza

daraa

ta

lagn

Thsascem

he

h

h

TNhsow


tte
ttnsra

insw


te

o


o

igur


ihg
e

E


l

F


i

E

he

tsyse

t
an

tin 
i-bnaae t 

yS AF maNOM/ M. 

ml
idtseec
thea 
seerbproe
e
htf td 

ionb trai山h h fecangeoidoeandt ev

-dtueurillaiohb trailVeh tproacesY nampesmpes

he
 
itna 
iln
l Tgng,
ionb trairhtf8from 70to9% o efeev

dbys eeep ea es etefda dt mp
nt et nphep

hanla
io
h
li toarza
nc 
k. 
bbro
b
d iescr


h fearorc
ewe,
ilci tsarhI

lltconroe

berfiClalf b t toaenoptaperure

dimle月一era

tag

8

lpam

).lzf

missinmo
hthiib dv llmo es essv ya

4
do dsmr na eo

-ncef y( lly1 0k A60n

itgans

0
furac

ipca
ihse

ica

ty

ter

lpo

trae

requenc


o

tenece


rp
trans

resona
bea

io
tepara
l
sa
-ipt mpes nbymaheigtnh lltusconrof tace,

noA･de

dph dtoodeiivd-two

hdot
hn

dわtt tu onroiilitneraihThrp.hcangeilteo
b

mpp m bytev
eekslpssidtotot mo 山e mp nfecc lmema heb sa co re 
paa

ya

he pdTtore.inbprotfhh bieproesmoetpo eaittd ftueodecreasesasilp

bam 

tconrastuneemo dob berprofi
Cla
ltp

JLtne. 

ipcayiuelt ttaconsanvaea nt lima
sdtu

dgt tmp u
il einamp
ilhea

iob tra
ln
iv

ltoage 

htfbtewrograp
ha tb ierwfiilca

ltecro
top
ic een山eenm ho

-hsarpi 

n 
tf

dusee-l lngehT･ 
pohe 

es mo dasa
Claltop

d也es ea mp

b berproe.
b tsen

ett
btewe

f ll iuraceaown,

in
de
itsa
-
ca
ilnge
t

lhe. 

ltonro
l

h towsa

t
a
h


n

i


Figure

i

l


bpro

Ctop a
ene
bpro

2S esnn ge
lf As mo
dtpi oc hed nc eenthet
ea es es glObndt mp

L2n
de
3s.n

yna
lcaa


l iever
i

b herwosecore
a

fi
AFM cnt nd m icmo

nd ddigi 2ad15F

teria
･tena

mindme
LO5mm 
e 

0

laser.

f

bwroe

ape

foa

eht

tapere

tahefto
de
is

i

CO2 Th

xo

dp ith1

bproehet

pan,orllueiltrespecveylSP dtofm thett db 
ionitai derra

00Oiareic
d htuew,
 hisv datll1iill

tperure 
hi

0A.
t
08

ftoap
b li bt tenangesaou
fromtheex hepbyt


na

heltoanifsormedbyc gt

t tuputiase
ig
ogo
ts
r
se
lcooesu 

nu

-r
iasers 

i 

-

lc u

08
o
2

8

o
fpowero

51

t

0nmt kam a mfA 4hi8n mi

0mW i da ninl rwhano
hea ni dahelrg nl ht

-0

fhbeeamoT･source
c(AO)itop-Otcousdbyana

herovrequencytoimp et

.lm

tt

dltuaae

ipo

ibr 
ht

bro

fitra

h

inose-Ot

dltuao

-l lsgna

mo ra ep mott ev

oo eo nf



4000 J.Appl.Phys.,Vor.83,No.8.15AprH1998

00

00

10

0

110!teJuO

!)3u!tX山 Mitsuokaeta/.(a) SNON

/A,"p,血.-" -bIntIoIpt'IcaI.RI

fr" _≡こ --:/II0 30 60 90 120

150 180Rotationangleo fpolarizer(de

g).

17-1J--- _一一一一Jー

-

00

80

加
o

nJL
【.jd

h
!S
uo

l
u〓
)
O

Z
H

eLLuON

A
(C)

A'70nm

Distancelnm]

FIG
.
3
.
(a)Topographicimage,
(b)opticalimageof20-nm-thickchromium
pattemsonthequartzsubstTate,and
(C)opticalprofilecoTTeSPOndingtothe
tinein(b),w
hichareallobservedbySNOM/AFMThelock-intimecon-
stantwas1ms.
ThescanratewastyplCallybetween0.
25and05llneS/s
Thebandwidthofthefeedbacklooptocontrolthetip-Samplesep
arationlS

limitedpnmarilybythemechanica
l
resonanceofthepleZOelectricXYZ

scanner,
ThescannerhasaraJlgeOf50/▲mandaresonance叫uencyof
hundreds Hz.
Theyerticalnoiseleveltothe samplesurfaceinthetopo-

graphicimagewaslessthan0.
5nm

nlngacrossthetopogTaPhicaledge･
However,
thethickness

ofthechromiumfilrnismuchsmallerthantheslopewidth,
andtheenhancementOf山eopdcalintensityat血6edgeis

smalLrmeapertureofthisprobeisroughlyestimatedtobe
70nmindia meter.

Thecontrastofthenear-fieldoptical

imageisglVenby

Contrast-(Jq｣cr
)/(I
q+Ic.),(1)

wherelqand
l
cTare
theaveragesignalintensltyOnthequartz

substrateandonthechromiumBlm,respec
tively･
Theexter-
naltranSmittanceofthequartzsubsb:ateandthatofthechr0-
miumfilmonthequartzsubstrate,measure
dbyaconven-
tionalSpectrophotometerwasabout92%and6.
3%ata

†avelengthof488mm,respect
ively･
InFig･
3(C),
thecontras

tlSaboutO･87,whichisequivalenttotha testimatedfromthe

A_
._ 0r■10!leJuO!)9u!tXu (b)･45

-30 -15 0 15 30 45Rotationang一eof九I4 plate(deg)FIG.4

.(a)Extinctionratio0flightemergingfromthecoreofthebentopdca
l丘berandtheapertureoftheSNOM/AFMprobevstheroLalionangleofthepola
riZer,and(b)extincuonratiooflightemittedbytheape rtureoftheSNOM/AFMprotxvstherotationangleofthequa爪er-wave(ゝ/4)p

late･extemaltransmittance.Someemissionsourcesother

thantheaperture,suchasdefectsinthecoatedaluminumf

ilmontheprobe,decreasethecontrastof

thenear-fieldimagemuchmorethantheydecreasetheresol

ution.a.Polarizationpropertiesofthebentopticalf

iberprobe¶lepolarizationpropertiesofthelightemitted

bytheapertureweremeasuredwithoutasample.Thismakesit

posIsibletoobtainthepolarizationeffectsofthe

aperturealOnewithout山einteractionbetween山eapemreand

也esample･Therelationbetweentherotationangleofthep

olarizerplacedbeforethefibercouplerandthepolarizationexti

nc-tionratioofthelightemittedbythebentopticalprobe

is r･ShowninFig.4(a).Theextinctionratioisthe

ratioofthemaximum to山emhimum intensitysignalwith･respec

ttotheorientationoftheanalyzer.Inthisstudy,theap

ertureoftheprobeandthecontrastofthenear-fieldo
ptical imagewereestimatedtobeabout150nm indiametera

nd0.87from theoptiCalintensltyProfileofthechromiumpatterns

,respectively.Thelightemittedbythisprobewithar'ela

tivelylargeaperturehadenough intensitytobedetectedint

hefarfield.Lightemittedbythehollowdefectsonth

ecoatedalu-minum film seemedtobenegli

giblebecauseofthegoodcontrastofthenear-fieldopti

calimage.rnlePOlarizationpropertyofthelightemerglngf

romthecoreofthebentoptical丘berwithacleavedendisal

soplot-tedirLFig.4(a).nebentangleofthefiberwasthes

ameasthatoftheprobe.Wh enplanepolarizedlightwascoupled
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thebentopticalfiberwasnomallyellipticallypolarized,be-
causetheanisotropylneitherstressordeformationofthe

coreinthebendproducesretardation.nepolarizationprop-
e止yofthebent丘berwasshowntobethesameasaquarter-
waveplatewithanoptlCaxis,whosedirectionisconsidered

tocorrespondtothebentdirection.nebendofthefiber

perturbedthepolarizationandprovidedaslightlylowextinc-

donratio(100-200‥1)cワmparedwith thehigh extincdon
ratio(>500:I)ofan optlCalfiberwithoutabend.

Thepolarizationpropertyofthelightemittedbythebent
optlCalprobewithataperedendwassimilartothatofthe
bentfiberwithacleavedend,andshowedaslightperturba-
tionandanisotropyofthepolarization.Whentheretardation

of山eincidentlightto血eprobewasadjustedadequatelyby
aquarter-waveplate,planepolarizedlightwithapolariza-
tionextinctionratioofbetterthan70:1emergedfromthe

aperhlrelFig.4(b)].Theplanepolarizationdirectionofthe
incidentlighttotheprobewassetbyahalf-waveplateata

polariZerangleof140oinFig･4(a)･Thequarter-Waveplate
placedaRerthehalf-waveplateyariedtheretardationofthe

inci貞entlight･nleSeresultsshowedthattheapertureorthe
taperedtipoftheprobedegradedtheextinctionratiomore
stronglythanbendingthefiberdid.Ⅰmprovementofthefab-

ricatpnprocessoftheaperture,suchasaperfectlycircular
apertureandsmoothaluminumfi1m,isrequiredtoincrease
theextinctionratio.ByusinganOptical丘berwi山ei山era

smallphotoelasticconstantorasmalldiameter,山eret∬da-
tioncausedbythestressinthebendshoulddecrease.

C.Polarizationcontrastofmagneto-Opticalfi一m

WeconRmedthatSNOM/AFMisapplicabletotheob-

servationofsmallmagneticdomainsinmagneto-optlCalfilm
intransmissionmodeusingtheFaradayeffecLTYleSample
wasa100-nm-thickbismuth-substituteddysprosium-iron-

gametfilm onaglasssubstrate.Thefilmhadaperpendicular
magnetizationoflessthan30emuJcm3･TheFaradayrotation
angleofthesamplewasabout1.7oatthe488nmwavelength
bymeansofthefar-fieldmeasurementInthegametfilm,
bitswithasizeofabout3×1/上mand0_7×1FLmWereWri ト

tenbyaconventionalmagneto-Opticalrecordingsystemus-
1ngafocusedlaserbeam.nlebitlengthwasvariedbythe
irradiationpulsewidthofthewritinglaserbeam.

Aplanepolarizedlightwithhigh extinctionratiowas
emittedbytheaperturebyadjustingthepolarizationstateof
theincidentlighttotheprobe.Figure5(a)showsatopo-

graphicipage,andFigs･5(b)15(d)showthepolarization
contrastlmageSCO汀eSpOndingto山etopographicimage
whentheanalyzerwasorientedtothreedifferentangles,The
scannedareawaslox10FLm2･Thepolarizationcontrastim-

ageshaveagoodcontrastanddistinguish山er∝ordedbits
clearly.Bychangingtheorientationoftheanalyzerthepo-
larizationcontrastislostlFig.5(C)]andinvertedlFigs.5(b)
and5(d)].TheFaradayeffectcausedthepolarizadondirec-
tionofthelightemittedbytheaperturetoberotatedupon
passagethroughtheBametfi1m Theoppositeoftherotary
direction(clockwiseorcounterclockwise)whichdependson
themagnetization(upordown)ofthegarnel別mproduces

thepolarizationcontrastbydetectingaParticularpolariza-

MltSuOkaetaI. 40012prTIFIG･5(a)Top.ographiclmageand(b)-(d)polarizationcontmt
imagesormagneticdomainsinthegarnet丘hnalthreedifferen

tpolarizadonstates,whichaleallobservedbySNOM/AF

M.doncomponentinthetransmittedlightofthegameth
lm･刀letopographicresolutiondependson山eapexshape
of山eoptical斤berprobe.ThetipofthesharpenedoptiCalfi
berwascoatedwith100-150nmaluminumBlm.Theapertureofthe

probewasestimatedtobeabout150nmindiameter.Thediame

terat山eapexor山eprobewasapproximately400mmThetopo
graphicimagehaslowerspatialffequenciesthanthepolarizat
ionc.ontrastimages･Figure6(a)showsthepolariZ?-lioncor

LtraStImageOfsmallbitswithalengthofO･7FLmlnthega
metfi1m.TheoptlCalintensltyProfilewhichcorre-spondsto
thelineinFig.6(a)isshowninFig.6(b).TTlescannedareawas5×5FLm2･Thecontrastofthe

polarizationimageisabout0.3.Theresolutiono
fthepolarizationcon-trastimagesisestimatedtob

ebeyondthedif&actionlimitofaconventionaloptlCalpol
arizlngmicroscope,becausesmallstructuresinthebits

can beobserved.FigWe7shows(a)山etopographicand
(b)山eco汀e-spondingMFM imagesofthegametfi1m.The

scannedareawas15×15FLm2･ⅠntheMFM tipfabricat

ion,athinmag-neticfilmwascoatedonasharpA
FM tip/mediameterattheapexoftheMFM tipwasseveraltens

nm.Thetopo-graphicresolutioninFig.7(a)isbetter
than山atof山eSNOM/AFM.Comparedtothepolarizadoncon
trastimageobtainedbySNOM/AFM,theMFM imageofthe
writtenbitshasgoodresolutionbutaverylowcontrast
orabout1x10-3･nemagnetizationofthisgametfilmwas

muchlessdlan thatofamagnetol0Ptical disk media (ty

pically100-400emu/cm3)･Magneticforcemicrosc?pyhasdifh-
cultylnObservlngdomahswithsmallmagnetlZationdueto

mappingOftheg
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6
.
(a)PolaTiZationconLTaSLimageofTnagnelicdomainswith0.
7J▲m
lengthi nthegaTnet丘1m,an
d(b)op山:alproBle correspondinglothelinein

(a),whユC
hareobse rvedbyS NOM/AFM.

D
.
FuturedemandsofSNOM/AFMforpolarization
contrast

SNOMノAFMwillcreateseveralimprovementsin也e
imagingofpolarizationcontrastinthefuture.
First,
thereso-
lutionofthenear-fieldopticalimagewillbehigher･
The

achievementofhigherresolutionrequlreSaPrObewitha

smalleraperture.
However,
decreaslngtheapertureSizeusu-
allymakesobservlngwithlowernoiselevelmoredifficult
becauseoftheweakerlightemittedbytheaperture.
Weare

currentlyredesignlngthestructureofthetaperedtipsuchas
thetaperedangleandtheradiusoftheapextoobtaina

smalleraperturewhilestillemittinglightwithe
nough inten-sity･Second,theS

NOM/AFM system isabletodetectthe2llmFIG.7.(a)Topographicimageand(b)MFMi
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