
(51) Int.C\.' 

GO 1 N 37/00 

GO 1 B 21/30 

GO 1 N 29/00 

(21) 1±11I3~ 

(22) I±IIIB 

(65)01J113~ 

(43)0IJ11B 

( ~~,;Hj!j;J<0)i1l1lll1 

!fI'f1l-'JZ5 -133878 

-'JZJiJG 5 "F (1993) 5 )'J 12 B 

!fI'f1Jll-'JZ6 - 323843 

-'JZJiJG 6 "F (1994) 11 )'J25 B 

(~j!j;J<JJ'll 1 llt:f~""lHl !::I'Ii'~tv')ru'(:: itfll'9 .;;,:tJ (: J: 
r). i*H~l!j~O)[1IJ /:1O)lI91iMtit ~1T -) Jjj('fru':tJ,I!i*t~~ (At 
omie Force Microscope;AFM ) (:::I'lll-(, llt:f'H::n /1' 
1-/(-(7);!t:#milfJi#Z~U ") +)tiilillilfJi#Z~Mifi1!1fil!i::#m1iJ ~ 
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§<8? < f;f$:;lf!;* 1 TEl 2 3m I~~ 
1I\'1!f6_~j;ffjlilf~mp;j 
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ii!!(!J,~:Ii~(7)[1IJ/:1(7),;hRtl NT -j Jjj('fru':tJ,I!iJlt~~ (Atomi c F 

orce Mi crose ope ; AFM ) ~i>l!fIllJ~~J:I::fI""lHl (7)iltiRtl::iJit 
-Cr)'7 ,(, lltf~{::lltfi""lHl C ~~Mru'l:: itfll '9 .;;,:tJ I:: J: 
I), i"!CNJ'l~(7)U1J/:10)lI91ift1t~1TjJjj(Hu':tJ,I!i"!C~~ (At 
omic Force Microscope;AFM ) I:::bl,'(, lltf~{::7J:/1' 
v) ,-(7);!t:#milfJil!i:!:U I) +:5:hllJ 1 )ilfJil!i:!:5t(7)il'l11fil!i::#mIiJ~ 

4E:'E, L, iJ:l:*Mifi1!1fi!!z:#mIiJO):#mI~i'i\L: {t,{¥:"9' {() %t'i'L ~ n / 
+ v }'-(::~I!i8l L'C :: O)%t'ill:~f9!tI:l'9';;':: c H~1!c 
'9 ;:, )JjFr·ru':tJ,I!l*Zli~{::tJ(i {() lltf~m!~::iJit, 
(~j!j;J<JJ'l41 lltr~m1fil!i::#mIiJ~, n:/1'v}(-;!t:#milfJ 

i#Z~tI,T O)i!J;ilfJi#Zxij[{§~(:: J: ") II'trtHa"}I::#m$i'i\%t'GIlJ L, 
lltr~clltf~"" lHl C ~jifO) Fu, (:: it fIlt .;;, :tJ (:: J: i'J 7J :/ + v)' 
-(:: i!J;JliJi#Z%t',jfiJ{§~ C I"J t::. JliJi#Z~O):#mIiJ~ l11J~] L, :::h 
~f9!tI:l'9';;' :: C Hl'1! C '9';;' Jlj!j;J<r)'! 3 ~cil!l!O)JJHru':tJ,I! 
iJlt~~(::bft.;;, !:ref~m!~)ji*, 



(!fBSJlV')~l'*ffi;;J;'~l!SJl J 
(OOOlJ 
(i!lt*lV')j'IJllJjHlf J: (?)!fB8Jl!;J:, JJj('fra'1JmmUfH::t3 

I' '(, lrtftL:tJ > 7 1-1 \-0:!t;JINJlIliJ!Z~U l'J+jJ'lll;I,)1I1 
lJ!Zltt0;JIN!liJUO i, !milt!:: lrt1"fra'(:1) < 1JiiNelllt(:X1l 
lJI'l\l!JFj~it<#'tH'f'i' ~ !:: HIjIlJ VOlliiflJ!Z;JINi:iJ ElJf 
'(~<, .:c0I11ffa,a"J~~~,**H1J!ttH'9",jj(Vt.f, :B1;U.:c 

':!: IlJI ,t~gtlRIj:t3 1; UlI9!i*(~jj(Vf.j(:Il!I'9 ~ b 0 '( ~ 
~, ~ 01; J ~jj(Vf.i!mfHfi~Iifl,*, i1!iffit"ll'JEIL 71 
"7 :fIlW1l&~I&~~¥t:IT, 12SJ~1J!t:Jit~I±fi, :'E1~ 

'f:1J!t:Jit(:;fllllJ lf~ ~, 
(0002J 
(lfE*0jj(Vt.fl }JR'ffa'1Jml*Uli (Atomic Force Microsc 

ope;AFM ) (;J:lrtf-l~iE!::!m&tV')ra'L:f1"IlJ'~-~1J(:1; I)fiil 
M':!:{Jiljif'9 ~ tJ >7 0}\-{:~ilJfil~ h~ ;JtilL':!: IlJI 'l , 
iJtH~jf{jjM[lI]r'\V')II9!(*1~2'::1T '5:m l I ,miJli;~~'('iI1) ~ (Bi 
nnig, Quate and Gerber, Phys. Rev. Lett. 12, 930, 
1986, ~!!'~) • Martinlo,!;J:tJ >,n/I;-(:*iiHI~!liJ2'::!JOi 
l, :!t;JINJWJlJ!Zlij((?) :Jl:(~iJ> 0lrtfH: 1; ~ 511J ':!:1J!ttH'9 ~ :1J 
it:'2'::JjIJ!fBLJ~ (Y.Martin, C. C, I,illiams, H, K. Wick 
ramasinghe: J. App!. Phys., 61 (1987)4723 ~ffi\) , 
-:1J, Maivald t" t3HFRadmacher 0WIiHWJll'1AFM ':!: 
JjIJ!fB L, lrtf'f ':!: *i~;JIN!liJ !:I-t!:t~ 1IIf0 tJ > 7 I- 1 \ -;JINlllb Jt:10F 
iJ>0, :f1iiJ!i!'i'1HtlRljlt~ (P. Maivald, H,J. Butt, S, 
A. C. Gould, C. B. Prater, B. Drake, J. A. Gurley, 

V, B, Elings, and p, K, Hansma: Nanotechnology 2 

(1991) 103. lHiM. Radmacher, R.I', Ti 11 mann, M, Fri 
tz, and H, E, Gaub: Science, 257(1992)1900~ffi\) , 
;:lr,EB to {;J:, ,!P:0)jfl['9~;b to !mm:;JIN!liJ 2'::l:j. j~ l, lrtff 
0;JINj!J 2'::1J!ttH-n r- > ;f'Jviif,!"Jllli~t~~2::tii!~ U~ (K. T 
akaLa, T. Hasegawa, Snmio Hosaka, Shigeyuki Hosok 
u, Tsutomu Komoda: Appl. Phys. Lett. 55(19S9)17~ 

ffi\) , ~h!;J:, Cretint? ')li*J*liXr>(av)II9!(*1~(::;f1j 

llJ2'tlt~ (B. Cretin and F. Stahl Proc IEEE Ultrason 
ic Symposium, B5, 1992. ~~\O , ~h0V');JIN1ll11ll'1AFM 

(::t3 it ~ ;JIN!liJ!fB:'Et9itllvlhit:'(::t3 1\ c (;J:" ;JINlll11!fB:'E!:: t9i 
tH(7):1Jit:'!;J:~Wt~ iJ', !fB:'E L t~;JIN!liJV')JWJlJ!ZJtt!:: I"J t JWJlJ!Z 
lij(v)i§~!:: ll1J!ttH"t~,\':i:!;J::!tJl\\'('iI1)~, 

(0003J 
(!fB8JliJ'~~i1t U J !:: '9 ~ ~Itl! J liE*O);JIN!liJll'1AFM '(. 

!;J:, i<t!IlJ'9 {" ;JIN!liJ0JWJlJ!Zlij(0 J:.r>lH;J:, tJ >T v) \-vlj!< 
;JINRfJiJ!Zlij('(',{tro t~, '.!l!fi';O)tJ >-r v }'(- -C!;J::!t;JINRfJl!!Z:!i1( 
!;J::lrt*100KHzfl[itl'~ ~ 0'(, ;JIN!liJRfJiJ!Zltt0J:.~J b lOOK 
IIzfl[tJtl"~ -0 t~" Up L il-iVtt3 1; '(f:'Ef4;;;:lr,clJ'7'0rp {:: 
!;J: , 1 MHz ttJ:. 0 JWJ lJ!ZJtt 0;JIN!liJ 2':: l:j. it: iJ;i\' (:f\ll!i\i i5li I , 
Jt:10F~1T-:i b0iJ'~~, LiJ> l, ~01; J ~X1~':!:ilt;RIj 
'9' ~ 0!;J:, v'E*(?l;JIN!liJll'1AFM '(UI£I~'(' ~ -0 t: .. 
( 0 0 04 J .:cV')flr:ll!;J:, .:c(?)1; J ~illiJlillJ!Z(?);JIN!liJ':!:lrt 

1''1(: l:j.,t U:/lI)(:W\~@,iJ'kiJ'iJ> i') !:: ~ i'), lfE*0;JINlllb 
ll'1AFM 2':: t f'l.!IlJ'1j' ~ ~ !:: ~I'~!:: !::, H~ 

~Jtff(:.:c01; J ;;J;'r'lERfJiBtiJ'f1'1lJ II I'~ ~!:: 2'::1J!ttH'9 ~ 
~ !:: i,;,tif*v)AFM l"{;J:/f"fil~l'iI1) -0 tdpt, l'iI1) ~" 
( 0 0 0 5 J U)!fB8Jl (j:, AFM v) .. r_~crp'Itl!,\':i: H¥i;i( L , 

lMHz12!J:. 0 iiiliJ!Z:!iMifl1iifiJ!Z;JIN,U AFM 0lrtfH:!fB:'E ~ 
it, ).!l!fi';0tJ >-r v )'I-'Ii: IllI'l1J!ttH'9 "'~ !:: (:1; ') 
l, AFM{:::t3 it MIi511i't1rl''i'liJ!~2':: lMHz12!J:.0)lillJ!Z:!i1tl" 
ill!l5.E'9 ~ ~ !:: 2':: "fil~(:'9 ", AFM v)jj(Vf.i2::tii!i~'9 ", ~ !:: 2':: 
Ba"J!::'9~ b0l'~~ .. 
(0006J 
(~Itl!H¥i;i('9U~/lI)0ffij(J ~0Bfl"J(:X1Jtll, ~ 

0!fB8}j0};\( 'frB'1J mj~j(~~(::t3 it ~ il'.E!iifiBt;JIN!liJ1J!ttH:1Jit:' 
!;J:, lrtf-l~iE !:;jiil~Mra'(::(1'llJi- ~ 1J (::J: i'), jJli;/I\~jf{l!!Q 

v)[lI]r'\0I19!ijlHtHd };\('fra'1Jmj~H~ (Atomic Force M 
icroscope;AFM ) I'l, lrtf-l(:tJ>TVI\-V'):!t;JIN 
JWJiBtliU i') +5J';:lr,I,JWJlJ!ZliMiI'.E!iifiBt;JIN!liJ2'::!fB:'E l, lrtf-l 
0i1'.E!iiflJ!Z;JINlllJJ0;JIN$li\(::(.l\:#-9' ~ ;Jtill. 2':: tJ >-1- v ) \-(::~il 
Jfilll, ~ 0;JtilL ':!: 1J!t tH '9 ~ ~ !:: ':!: *f~X!:: In, ~, t 
t::, ~ v)!fB8Jlv)JJj('fra'1JJllllJjU~I:to it ~ lrtfjlifl,*:1Jit:' 
{j:, lrt*l,,<iE!:: !miMfa'(: {1'Ill'9 ~ 1J (: 1; i') jJli;Jl\1lll:l!!Q0 
[lI]r'\0iltill!l2'::rr-jJJj('frB'1JM:liIJli;~lii (Atomic Force Micro 
scope: AFM ) 'Ii: f'l.!1lJ lt~ lrtmE<liil 0JJtlP!1:1Jit:' '(' ~ ') l , 
~JtfH.:lrt:f'f~iE!:: !miMfB'(:11'1lJ-g-~ IJ (.: 1; V), j~H,lljf{ 

l!!QO)[lI]r'\0119!(K!1~ ':!:rr -:i JjjFfra'1J JllllJji(~~ (Atomic Force 
Microscope; ilFM ) 1::f3l>l, lrtfH:tJ >T 0)\-0:!t 

;JINJWJiJ!Zltt 1; i') +clJ';:lr,1 'JWJiBtltt0i1'.E! iifiJ!Z;JIN!liJ ~!fB:'E L, lrt 
:f~V')iI'.E!iiflJ!Z;JIN!liJ0;JIN$li\(: i.l\:#'9 ~ ;Jtill. 2':: tJ >1-v) \-(: 
ailJfil ,~0;Jtill.2'::1J!ttH'9~~!::Hl~!:: In'~ .. 
(0007J 
(1'F1ll J L\('fra'1JJllllJli;~IH::t3\ '-C lrtff(::tJ >T v)\

v):!t;JINJWJiJ!ZJtt 1; l')+clJ' r'lE I 'iI'.E!iiflJ!ZJWJiJ!Zlij(0;JINi:iJ 2'::!JO i 
~, !m~t!:: lrtf'fra'i:i1 < 1JiJ'~fjlllti:X1 V(9Fl\l!JFj~iMf 
,t12'::'f''9v),(, il'.E!1iflJ!Zv)~***M'!BnJZ~tl~, ~0i1'.E!1if 

lJ!Zv)01M}l\l! 2'::1J!ttH L ~(iI'.E!iiflJ!Z2'::1J!ttH'9 ~" 
(0008J 
(5Ji;!iiliJlill J ttT, ~ 0!fBS}jV'lJl'*ffi 2'::'5Ji;!iiliJlill 2':: 'f'i-[;illliil 

(::-)1 \c~Jta}j'9 ~, [;ill H::t3I\c u;J:JJj(Tra'1Jll1!j~H~'(' 
~ ~, JJj('fra'1Jll1!j~J:~~ 1 {;J:lrtns 2 !:: lrt:f'lE 2 H~!liJ'9 
~lrtflE~~!liJ!Ji!i@'3 !:: !m~t4 !:: iJ >'H/;-m~II!Ji!i@, 5 
ti/iIjVilJ!Ji!i@'6 !::&r/~'f'!Ji!i@'7!:: 2'::(Jlij7_-C\'~, lrtrls 
2 (HO)'jl<liili:lrtf-l 8 2':: lJ'X i') ftin~ !:: iJ'l' ,/<, iJ'''"Jlrt 
1''f$2 {;J:~Jtf'fh~~!liJ!Ji!i@, 3 (:1; -) -(,~~!liJ~h~, !mM 4 
{;J:lrt*~E2J_O)ii\f-l8{::t§i')iILl l, TJ>H)\-
1107\:;!!ffij(:ijj!J!i'~hn,~" tJ>-rv)\-mll!l!Ji!i@'5 
{;J:1--4f-'iE:'E!Ji!iili'1 2tYG1J!ttH1l& 1 3 !:;;IP0~ i'), I
-4f-!fB:'E!Ji!i@'1 2 (;l:v-4f- c'-L,2':: iJ >T!/)\-l 
H::.Qj(~tL, tt~YG1J!ttH~13{;J:tJ>TI-)\-11iJ>to 

V')tZ~tYG2':: 1J!ttH L c ;Ij > 7 v) \- 1 1 (?lill.ili'&U"~l;\'2':: 
iitill!l9' ~, YG~tH~ 1 3 !:: II {;J:J:. T1Ctl4 7l'iIIIjO)ill.ili' 
iiI&~:J'C1J!ttH~ ( P S D) 'li:f'l.!IlJ'9 ~ C::!:: iJIl''/< ~" 
(0009J [;ill2 



it:JW:,H 1 4:1: J['Zi1(t, lJef!f 8 z-ni3llf1fIjU~(j:7')-;/, 
1 5 'd:' c''C'5IPl mn .. ~ (7) J:: -3 'd:'tllpx:(7)JJl\H8':!Jilli!!j~J: 
~l!(:ti I 1'(, lJefH:: i'Fffit ~ it!!iifit:(7)tlltH Z-1T -j fJhi\
(j:, 1J;(7)t~HH1T~) .. jfl1iifit:JW:,H(::JW:$M~W!J~ht~illi 

Ji'iJi~i§~z-1JOx. ~ C, illiJi'iJi~i§~fi;;t / (7)1,'" lJef'{~Uil 

(j:illilliJi~lg~ c I"J t lliJit:*Xw 'C'JW:j:ir'9-~ c ~ (7)II;'f, lJeff 
(::)lIili' Lt~iJ /T V)\-7'Gftffij(7)lm~t(j:, [ill %::JG Lt~ J:: 
:l (::, Im~t c lJeff~Uil(7)Rgllit z (7)1l!I~c l '( Ji'iJit:~(" 'C 
~1i;-t ~:!J F z-'ii!:(n iJ', iJ /T V)\-(7);!liJW:lliJi~~iJ' 
IW]it:~ uJ J:: V) ::k$M(: (IJ;I l:1;lflil'(j:, iJ /1' v) \-(j:Ii'iJit:~ 
(,l 'C'JW:!WJ'C' ~ 'd:' \1. -1i, [ill 3 (::JG lJ~ J:: -3 (:, :!J F (j: 
ImM c lJef'{~Uil(7)Ngllit z (::.l1l '(9F**JIlia'J(::~1i;"9- is (7) 
'C, 1 Ji'iJjtij'F;lS]-t ~ c fl~lM:!JiJ'Jil<iS ~ c (::'d:' ~. ~ (7) 
:!J(::J:: ') -C iJ /T v) \-(j:-JEftJi'ii?f:Jf I?tL~. ') 
Il'C, illiJi'iJit:(§~iJ! 0 F F (::'d:' ~ c, ~ (7)~ij'[ {, i!!\ < 'd:' 
~ ,.: (7)*Ci5f1;, iJ / 'r JJ,-(7)~(j'[ z- tlltH-t is il':lIVJl!'i 7 
1 H'1;;t- r~iJ'I?~-~iJ /1'v)\-~tifflj~li 5 (7)tH 
:!Ji§!j(j:, illiIWJit:(§!jz- ~,jJiJ-9 ~ ~,jJiH§lj c IFi] t JIli z- JIl( 

is ~ c (::'d:' is. 
(00101 AFM z-a'ZJl:!L'(, ['JiJ2(7)tllpx:(7)~liz-IlIJ'it 

Lt::. iJ/Tv/\-(j:Park Scientific f±i!l!!(7)}\;t'JE~ 

0, 0 2 4 N/ m, ;!liJW:Ji'iJit:~ 3 3 KHz (7) {, (7) Z- ffi \1 

t:. iJ /T v J\-(7)~Ij'[(j:il':!WJl!'i7"" r- y'1 :;f- )~ -Ctll 
tH Lt~ .. lJeffc ImllMfu'(7):!JiJ'-JEilliIF 0 (::~- is J:: :i 
(::, 7"" H'1;;t- ri§~(7)ll'Iimpx:JtiJ'-JEilliI(::'d:'iS J:: 
J (::zijlilleI,/,fljIj1i\llIIDNjH:J::..-,'(, z'l!iIIe:I.~l'(:nli1f-t 

~ 1Il:EE Nlj1i\ll L t: c' ~ (7)i}(!t~'C'EE1Il: r- 7 >''7. f' 
~~®'ia"J!ilJJi'iJit:i§~ (r--/J\-:;( r-) UOx.~ ciJ /T 
v)\-(j:lI;'ffu'a"J(:~li;-t ~~ij'[z-JG-tiJ;, ~ (7)~ij'[c7)1I;'f 

fu''F;le;(j:, z'iIIeI~'fljIj1i\llIIDNjW)(tffl(::J:: V), lJef.{clm 
*Mfu,(7):!J (7)'F;l!]illi!iJ' F 0 (::'d:' ~ J:: J (:: (*Ji'i~ tLi:: , 
(00111 [ill4 (a) (::J±il.n'1/.7.7";>.-"t(::1Jox. 

t::Wr®'ia"JilliJi'iJit:i§lj ( r- - / J \-.7. r-) (7)B!,$***z- JG 
i". ~ (7)B!,*Ulc7) F"JjjIH::[illJG 2' i1'( I ''d:' l\iJ'r'1JJi'iJit:i.';~ 
iJ; Ih if" ~ ~ "CB!,ilf}~-lR(.';~c7) Ji'iJit:~(j:700Hz , r1lJJi'iJ~,H.'; 

{j-il)Ji'iJit:~W,17MHz , JW:$lHj:+l0dbmTIh..-,t::. [ill4 
(b) (j:~1\f'{c V(oY'):l/JjtmCiJlr (100) illlz-ffi\l 

t~rJilil'(7)iJ >7 J.-c)(-c7)Jt:;>;:Z-JG-t. ~= 'C', J:JIlJ ~ iJ' 
lJef'l(::tli',!I-t ~ 1irPJ, riPJ '" iJ'Ji2'iJ'~ 1iiPJ (:.l1Jt-t 
~ .. i'iiiJi'iJit:JW:!WJiJ'::f /{::r;: is c iJ >'T v J(-(j:[ill 3 
(b) (:'JG-t J:: J (:lJef'liJ't,ii2'iJ'iS1irPJ(:.~Ij'[Lt~. 
( 0 0 1 2 1 [ill 5 (a) (j:~i!,tzz-B!,Ml** C'9- is i'iiiJllJi!,tziil 

~'C', JW:$,l'jiJ'lI;'fru9 (::Jtf'7lJ L'( Jl!I1JO-t ~ i~JIliiJ'¥i V))!R 2' tL 
-1:, c' B!, Ml*-lRi§ ~ (7) )lIJ i~~ (j:7 OOHz , illi JlIJ it: i§ ~ (7) JlIJ it:~1t 
(j:3,17MHz 'C'Ih..-,t~. [ill5 (b) (j:~(7)i§~(7)J::-3'd:'r~J 

Ji'iJit:i§~Hn;(t~±!;i\-(7)iJ /T v }\-~Ij'[(7)Jt:;>;:il:ZJIli'C 
Ih ~ .i'iiiJi'iJit:i§~(1)JW:$,l'jfhJ\ 2' l'ru9(j:, iJ /7 v J\-(j: 

" ~5Eil)JW:~M(7)~J5illiIH!U is c 
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