52 1 2003 1 Vol.52 No.1 January 2003
1000-3290/2003/52 01 /0034-05 ACTA PHYSICA SINICA (©2003 Chin. Phys. Soc.

230026
230026
2002 3 31 2002 6 11

PACC 0779 5225M 4660D

Ash  Nicholls 0.5mm A/60
1 11
STM  AFM
Pohl *  Lewis ° 1984
b 25nm A/20
g . STMNM 1996 !
8 14
4—6
scan-
ning tip microwave near-field microscopy STMNM
7y Helmboltz
1928 . Synge . Gao
“ ” 8 14
9 15 16
1962 Soohoo v 1972
" “ ” KGCX2-201-2 60171044
50125207 20010758025

cgao@ustc. edu. cn



35

2. STMNM

STMNM 1
0 A4

2—3mm.

8 14

fi—Jfo _ 4

ﬁ) B 0 - ZW
: Inl1-25 )
_A(444544,+1
[ e+ey € €
Jo f.
E’ E'
A

b=

€ — ¢

j AeE. E'dy

—_

voltage controlled oscillator

VCO
90°
VCO VCO
)i’fﬁﬁ‘rﬁﬂ%%l
A
AN
A A
g I =0 B
BRI
vy /\
P4y —
e V1< Al A
R r
i
ok
Y e e .
SRR e S < 7;@?%% ) 2 A 2R 4
=Y € > THEHL
E
ijk
1 ,
D, =P+ >k + ?Z,} aELE;
J J R
1 ”
+3;%WE&E+ 2
eff ’ 1 ”
5,] = S[I' + € ij';.AE]f + 75 ijklEl Ek + 3
€ e’/



36

52
EMO _M C ibm—l
_27( €33 + EO m=1 m
xe.r + yew‘ + z + R()/m ez
2 z 2 32 9
X+ 9y 4+ z+ Ry/m
“ ” e, e_y e, Xy z
. R,
8
1 ) (Af,)'q » eV
—Vr fo SV
17 . fo W cn + e Ro
XZ/ bn1+1122]1mn +J2mn
m n=1
10
E!
EMO - .
Jiomon =J”x3{[x2 +9 4 z+% 2]
eff _ 7o, EI EMO , . i y
€ =& + &€y r ot By X[x+y+z+a]
1 ” 1 Mo 1 Mo
+ ~5€ ut E + E E + E + 4 3 y
2 € m 1 ! k k X[x2+y2+z+12]4} d
n 1 1
S‘;jffzey.i,.eyk. EIC+E’>5/[0. 5 .]zmTL :JJJZ_F; z_+_E 7+ 1
1 3%
x{[x2+y2+ Z 4+ — 2]
n
L. : ] [ 2 2 1 2]%
fo :—WJZEIAEVE]dU X X +y + z+m
-1
2 2 21%
= EO €; — € X[x+y+z+1]}d1}.
-3 E & -
11
+e'y Ep+ EY Ejdv. 6
m n
m n
m n
’ m n
A‘fr ? 1 0 ’ Mo 1
) =g R e B 7 . |
0 T J
€’;jk = 533365jk :;:jl'
300 4 1
_A_JZ
—y JZ
Af)n 1 J : 0 721 7M.
= = 5 inElEindv. 8 o
S 2 = w5 150
El EMU ’\ﬂ
“ " 11 0
= 0 100 200
El :# ib”_] m=n

27 €4 + € n

n=1

xex + ye) + zZ + Ro/n ez 2 ]l Jz
X

4y 4 24 R/n "




37

e
3000 10
Afr)(2 A T
( fo - €3 e B 12
O 1500 - g W
Mo _Venteg
B0 =R e
01 C
0 500 1000 I 1 Ve +e
Mo 1V &3 0
o B =R 2e, 13
3 C—E33 C—€33 3
2 m=n C = 38.9225 + 3.032¢;; — 0.0941e3’ + 0.00277¢3; .
2% . 14
13 12
|
Mo 1 Voen + g 15
T 38.9225 + 3.032e4,; — 0.0941e}’ + 0.00277e5 Ry 26,
Af ) A V es + & €33
= - 3 T o —=, 16
fo 38.9225 + 3.032e;; — 0.0941e5;° + 0.00277e5; Ry 2¢p €3
|
150 ~
_ v/v,v/v"——v-—v’_A_m=n=1
v~ —+—m=n=5
100 v —e—m=n=10
= / —s—m=n=50
g / —v—m=n=100
7 Y ’.’.__.’._._..—.——I—l——l
50 1 o
m n 0 4 — s—2—2—2—2—2-2 323332
0.000  0.025 0. 050 0.075 0.100
4 5 7/ Ko
4 —r———— 5 m n J>
/T/ —a—m=n=1
/ —+—m=n=5
v /l/"_‘_.—_._—-_ —e—m=n=10 m n
—s—m=n=50
0 —v—m=n=100
g 24
S 1 10
o/./.’_f._-‘.
./‘/V’_‘__—‘———Qi + d 2.
0] T a—a—s—a— . 1.0 0.1
0 1 3
/Ry . 1/2
4 m n I 1/2R, 1/10R, .



38

52

1 Xu Y 1991 Elsevier Science  Amsterdam The Netherlands 10 Soohoo R F 1962 J. Appl. Phys. 33 1276
2 Chen Q and Srancil D D 1994 Appl . Opt . 33 7496 11 Ash E A and Nicholls G 1972 Nature London 237 510
3 Kurimura S and Uesu Y 1997 J. Appl . Phys . 81 369 12 Pohl D W Denk W and Lanz M 1984 Appl . Phys . Lett . 44 651
4 Yan L Zhang Y P Peng Y P et al 2002 Acta Phys . Sin. 51 1017 in 13 Lewis A Isaacson M Murray A and Harootunian A 1983 Biophys .
Chinese 2002 511017 J. 41 405a
5 XuH LiJ Han BS and Wang Y J 1998 Acta Phys. Sin. Overseas 14 Gao C and Xiang X D 1998 Rev. Sci . Instrum . 69 3846
Edition 7 655 15 Chang H Gao C Takeuchi I Yoo Y Wang J Schultz P G and Xiang
6 Xu H Han BS Ma P P et al 1999 Acta Phys. Sin. Overseas Edi- X D 1998 Appl . Phys . Lett . 72 2185
tion 8 14 16 Chang H Takeuchi I and Xiang X D 1999 Appl. Phys. Leit. 74
7 Wei T Xiang X D Wallace-Freedman W G et al 1996 Appl . Phys . 1165
Lett . 68 3506 17 Gao C Duewer F Lu Y and Xiang X D 1998 Appl. Phys. Lett. 73
Gao C Wei T Duewer F et al 1997 Appl. Phys . Lett . 71 1872 1146

9 Synge E H 1928 Phil . Mag . 6 356

The theoretical calibration coefficient in the measurement
of nonlinear dielectric constant with a scanning
tip microwave near-field microscopy *

Liu Xue-Rong Hu Bo Liu Wen-Han
Department of Physics  University of Science and Technology of China Hefei

Gao Chen
230026 China

National Synchrotron Radiation Laboratory University of Science and Technology of China Hefei 230026 China

Received 31 March 2002 revised manuscript received 11 June 2002
Abstract
In this paper the interactions between the tip of the scanning tip microwave near-field microscopy and the nonlinear dielec-
tric material were analyzed. The theoretical calibration coefficient in the measurement of nonlinear dielectric constant as a function
of dielectric constant was obtained. The contributions to the coefficient from different directions and the resolution limit were also

discussed .

Keywords scanning tip microwave near-field microscopy dielectric constant nonlinearity

PACC 0779 5225M 4660D

* Project supported by the Chinese Academy of Sciences 100 People Plan” Knowledge Lnnovation Program Grant No. KGCX2-201-2 by the National Natu-
ral Science Foundation of China Grant No.60171044 by the Funds for Outstanding Young Researchers from the National Natural Science Foundation of

China Grant No.50125207 and by the Doctorate Foundation of the State Education Ministry of China Grant No.20010758025 .



