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using field-enhanced oxidation of silicon
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Fig. 7 Schematic diagram of surface modification
using probe scratching

G el oste] B ATAE ANEE
S90m AL gt ofe) xlel FHOZ o8
EoJZ ¢ JF-© 2+ nano-engraving, nanoscratching,
nanoplowing Y olgozZ WHHNG. o9 =

ANE & £ UKol AFM T2HE A5 9 Eﬂf*ﬂ
4347 94 U& WhH A da
(resist) 5olY $F& FE5 & AAsIY A G "}
So Wi oltt

ol M e X8 go FAa 2siEHE g
get 4E Aee Fest LS. of Wuel B



94 . Aduy . B3y FFHIFHARA A2ed A3

He Ao} ol 2WE oj8¥ FHEI wnd
W B8 BLEG 8717 folsi £ Aad &
Ae F2 gEts Aotk olEd WS
Josephoson & Afjunction)@ WE RoZ FHHS
ol 22 g ¢Fuy Ueg Fojuii o]joR
2A% Y% F(nanoconstriction)S A1 ©)
A& Josephoson HALEZM9 AL FHA Hol
229 Fgloly} AWM Es} 75 d Uy o4
HY228 H U FHee Rez SLHYY
£33 AFMY §% HE 5 X (contact mode)E AHE-E
71 W&o e Hule Zasd dEE P
upe} 2383 o] He FEE Qo) ubd glo] nf
n# A b BEel Arle AR uAdd, ol
AnE A9 vk vE §AE d7Ee FaT
GA R o] fHe] H Fol AMSHE AFAA &
z2 2ol AYE, M Hrige A ey,
AGrAel 2L AEE] BEAE d7sien gy
F83A $852 JUE

Aed BPe T2H g8 Aol HH F&
o] Hy sbEetE WRHeE A 238 (static
scratching) 2. 2 B89 g 229 £& AAg H
o} AL wtaAR AMEEe HeE sl Ty
o) FZES AYE AAs wREU) of WS
o] fAx vlwd 44 & 4 ks Aol o
oy YAAEE HelEdY o AFM A9 BEH
o g8 BEAdd AE ¢E + Jdn AMEY F
A Fxo B 4%g o 7i¥d #WS
AFM2 2 &4 o F715Q FHY &4 74
& F Ak

ol BHE HAs] Yt AYD Re) F
A 23 H(dynamic scratching)®] HHoltt’ o]
e 8% 99 HA2E v T
¢ Fi4z AEshE T2 89S HINA 24
W o2 od Edipdent)yE WETH AFM A
Za 5o olpAelE 2Hsd dodo Hojet ¥
gog vrasdel HEge] stdA € =
2H gy Age BHE gAe AR &4 F
7z @u EH £3E @ F dde o] g2
o £ g olRE o vine] 2% AW ¥
UL Folx ad7) ik ol § AHo] o3t
o 2 uHE AFMY Fof7t ulo]l L Fopol] H &
871 Hsted 23] dFHa gt

47144 ed 9ge nusy AZIYAY
Hgo AT gled g8 FestRloE A8

0

o HEA7FIZ Tl Mol & E(glass transition
temperature)7t 2] ZEAT H 943 & 7184 |
olE] 7|5S §¢ A& HE 9EA Hoh ojgA
AN 7122 32 @e g4 g9 A0 7158
HAES FAeEA Ao Hge SR Hae
2 o)FoAn. o)W WP A BM AN AR
B ARE o)FHoH £ 8 Fol7] H3tY Fig,
gofj A8} o] AFM Z2HE 2219 WIE A z}s}
o 7i@e ARt H4 22 3 g AH
FHE Agdsa U

D Cantilever Array Chip e Moltiplex-Driver

[

Fig. 8 The concept of AFM-based storage system

Storage medin
B XYZ Seanner

34 MAE - HY

STME o] &3+ Blhefy] #Ee WEIA of
2 g g2 stolo] dxt A gAtelo] YAFF At
g 971l gozRy Axlel BHEE HEEd
HALEE =48 Wiolnh @3 ARAleld]
e AA2E YrEE AN A7E 9
A 337 Y43l Aolg s{FA €k of Wy
o2 STML HAI2Ed 30nmelste] #HA2E A
ZL2 948 5 ey, sTME o}4389 A B E
AEE o woix] Po2Re Azt BEH o
ALEE ZFA77] Wi 483 A8 25
o ojajgo] glon sTM LN E s A4
F A gg Fed B AYPFE AHor &
c} 7H8 erke Aol dF 29d |2 A8 A
2]7F Holxjol dfa mepd dxpglY 37 g
A el AdEo] Yolxjm, Aol UF FHow
HeiE L & 4 sl A2 g A A
W AREH g ol ANAE £02 AFHE &
A7y Ay & 5 gl

olel g BAHE HA ] Y3t ~AREE=E o)
gte] FOJE(E. F. Quate) L5 E & Fig. 83 ol



A4 AR - 84" FFHALTEIA A28 A3

AFMI STM-E2 ZAE3$ hybrid AFM/STM Al AEl 0
2 g3 Al87r9 F(force) Aot PO FHEY
X F 3 E(field-emission current), FHe] =HZH<)

Hed AAE o] &3 AH

FORCE FEEDBACK
| CURRENT

Fig. 9 Schematic diagram of the hybrid AFM/STM
lithography system

AFMS] A S = Aojste FLE A
g BEsH) B AR © ) AGE K74
71n EWe) A4E AZetd FYA A 2Ee]
A7k =38 A WA Sgen, A% v
9 REE YALES wBY W ARF X0l
A Q=S "o 4Bl dHT Agto) A7}
4 5 Q=% Acjsyn.

Fig. 10 SEM images of etched silicon features
patterned by SPL

olzlgt WyoR Zam yoRE Ao
HALE A7t o] siRde] FAFH dnkAel W

TAH FANAY Zol HHE Ayt AEF
AL B3td AdE)Ea & Jjgd v 2ALdY
HEFS TEA dot o Wy 1980dd Fuk
McCord$}t Peaseoll Jajx A& LEEHYoH
100nme) k9] MEZES 7Zte Hel g 48 & st
3% B2 AdFAE o £xot FAY Ao
o]Fo)zx HAA 3mm/s9] £5EZ siloxene(spin on
glass, SOG)°l &S A3 A3y} FEFHAG.

35 § H 2/2g:24h

DPN(Dip Pen Lithography)-2 =2~ € djste]
HZ(C. Mirkin) g ZFNA A& AL A2
£ Fig. 11914 B 8ke} Zo] dl7] FoflA 244
o= FAHE A Lo EHAYE B8 B
AEE AFM HE AMS3te] oz Agstes w
How Bx JeHYE s wHeld.

AFM TIp

Br & <O

Writing direction

e

Molecular ransport

F Water meniscus

Fig. 11 DPN Schematic Diagram (Dip-Pen
Nanolithography: Transport to a surface via

a water meniscus)

oy AFHA&L FEL U]
(thio)E AFM ®ell E3A F&, vtex), 7|54 &
A% 59 & Y 79 ) writingd
S 2X nAExe] fEFe| 7HedtA dc) 53
g H2 Y ME o RaEFo] gl A7EE
e 78 EA0] U] shte He=w Alxd
o2 o8 QY FUT Y AU A 4 Qo
olE g H& ol &3ty HZ wugy aFAME
9 AFM ®HE& ©]83l9 1} Z 2 El(nanoplotter)
€ Medsld & o WE £52 Y JHS g4
g 5 Ade P EISHEGE

T AE 218l 100nm o)3te] &7
& ¥4 2F= v Yo vlaH 7has g



FAY - ARA . BRY - AT A A28 A3D

02 Y 2449 HHYE e 5 UE Uge
2 AANFHAD Fig. 12& A2 719 HEy
g Asjolnt.

o
=

Fig. 12 LFM images of HMDS patterns generated
on A) Silicon oxide, and B) gallium
arsenide

3.6 2¥ZE glaeln

SNOM #laa#ve= #3eg e ¥ &
(aperture)Z B3t Yot ZHT F& oj&3=
Ao 2 Y 2A1d F9E o] &3l a2
Hegtn AZte ¢ o 22y ojn AlgEE H
Fo] AHo| FelAFE Fude P9 ArE F
AstA ZAaHol 100nmoldte © £ E3ae
A5 10°3EY 247 dga g3 A Ut

olzigt F W dntdeogs HEHY S 31A
v 3 41 A7373x)(Optical Data Storage)e] AFg-0]
- oY) WEo FFo FAEE Fol7] Yt
of oAt YArstE W EH ) HolH Zitaper
angle)& St o2 FAYY 2HY Fd A=
(beam intensity)& °]7] ¢35t F4odA] i =
E Z(femtosecond)®] #Ho]A HAE QA7tetd F5
utatS o] B¢ o] M (ablation) @ AT E LHEEH YT,
HZol= SNOMe} Mg A Ee o3 o P
3 q&E Fig. 13904 B viel Zo] Al829
o] LB film’’°]t} SAM(Self Assembled Monolayer)®
T¥3n o|AlE e dd 5 day Aztg 3
AF7F o] FJA 3 glTh

=
=
AN
Ji

4. Lz J|go| o))

HE =FiAMe yrnZ28g $R31E 4y 2
STM, AFM, SNOM®|| tj3}o] 7}eFsl A Aud 31 o]
£9 $4£3% AR Yr2ADY A&
Amygitt a8y o] AxyiEe I $89

12

g0} B9 e ARFoln) AAE 1L YR
53 DNA BN EAA A5E & e 2
ANEN g AFANA FAH R o] RoiA T Yu}.

Scanning Near-field
Photolithography

‘ Immerse in solution of HS(CH_} Y

(a)
HS{CH,),,COOH

A58 o oo

279 um 558 um

(b)

Fig. 13 (a) Schematic diagram illustrating the
principles behind SNP, (b) Lines of
mercaptoundecanoic acid written into a
SAM of hexadecanethiol by SNP

YTz 7|&e Yool A& dge
o T3 20100 do0 A 20208 ) E2E Ao E o

B Sle ARG 2 AErlE Adele @
AL O w2 AF, A, 27 FXNY A H

2 98S 8 2oz AT vt F=3 2147
kel =gdte A A, AT 947, ARKe
719 223 H2He] 2 7bsde Ad AR



FAM - ARG - FAE

SEAAEE3] A A2 A3E

A4 7€, A 2ou dA-EA oA iy
Yreoidlg 75t & B9 7leclr|k 3, 21
A71el 45g sHAsA 214719 AR AAE
g5 e Zleold.

214171 8 Z7 A7 X2 H 7)Ed F
Balal gl AL ukRE o] of wWEolu, o
AE] A4 AI7IE ofE2A 3717 e AL

olA] #etrlEAES] oA d At st

Aogs

G., Rohrer, H,,
Microscopy,” Helvetica Physica Acta, Vol. 55, pp.
726-735, 1982.

2. Binning, G., Quate, C. F., "Atomic
Microscope,” Phys. Rev. Lett, Vol. 56(9), pp.
930-933, 1986.

3. Synge, E. H., "A Suggested Method for Extending
Microscopic Resolution into the Ultra-microscopic

The Edinburgh, and Dublin

Philosophical Magazine and Journal of Science,

Vol. 6, pp. 356-362, 1928.

1. Binning, "Scanning Tunneling

Force

Region,"” London,

4. Pohl, D. W. Fischer, U. Ch., Durig, U. T,
"Scanning Near-field Optical Microscopy
(SNOM)," J. Microscopy, Vol. 152(3), pp.

853-861, 1988.

5. Baur, C., Bugacov, A., Koel, B. E., Madhukar, A.
et al., "Nanoparticle Manipulation by Mechanical
Pushing: Underlying Phenomena and Real-time
Monitoring," Nanotechnology, Vol. 9, pp. 360-364,
1998.

6. Beton, P. H., A. W, Moriarty, P,
"Manipulation of Ce molecules on a Si Surface,”
Appl. Phys. Lett., Vol. 67, pp. 1075-1077, 1995.

7. Jung, T. A., Schlittler, R. R., Gimzewski, J. K.,

H,

temperature Positioning of Individual molecules:

Dunn,

Tang, Joachim, C., "Controlled Room-
Molecular Flexure and Motion," Science, Vol. 271,

pp. 181-184, 1996.

8. Stroscio, J. A., Eigler, D. M., "Atomic and
Molecular  Manipulation with the Scanning
Tunneling Microscope,” Science, Vol. 254, pp.

1319-1326, 1991.
9. Cuberes, M. T., Schlitter, R. R., Gimzewski, J. K.,

13

"Room-temperature Repositioninig of Individual
Ceo Cu Steps:
Molecular Counting Device," Appl. Phys. Lett.,
Vol. 69, pp. 3016-3018, 1996.

10.Crommie, M. F., Lutz, C. P., Eigler, D. M,
"Confinement of Electrons to Quantum Corrals on
a Metal Surface," Science, Vol. 262, pp. 218-220,
1993.

11.Lyo, 1.-W., Avouris, P., "Field-induced Nanometer

moleculesat Operation of a

to Atomic-scale Manipulation of Silicon Surface
with STM," Science, Vol. 253, pp. 173-176, 1991.

12.Dagata, J. A., Schneir, J., Harary, H. H., Evans, C.
J., Postek, M. T., Bennett, J., "Modification of
Hydrogen-passivated Silicon by a Scanning
Tunneling Microscope Operating in Air," Appl.
Phys. Lett., Vol. 56, pp. 2001-2003, 1990.

13.Shiracashi, J., Matsumoto, K., Miura, N., Konagai,
M., "Single-electron Transisitor with Nb/Nb oxide
System Fabrication by Atomic Force Microscope
Nano-oxidation Process," Jpn. J. Appl. Phys., Vol.
36, pp. 1257-1260, 1997.

14.Matsumoto, K., Ishii, M. et al., "Room temperature
operation of Single Electron Transistor Made by
the Scanning Tunneling Microscope Nanooxidation
Process for the TiOx/TiO system,” Appl. Phys.
Lett., Vol. 68, pp. 34-36, 1996.

15.McCord, M. A, R. F,
Tunneling Microscope for Surface Modification," J.
Phys. Collog., Vol. 47, pp. 485-491, 1986.

16.Sohn, L. L., Willet, R. L.,
Nanostructures Using an
Microscope-based Lithography," Appl, Phys. Lett.,
Vol. 67, pp. 1552-1554, 1995.

B, Blick, H., F,
"Josephoson Junctions Defined by a Nanoplough,”
Appl. Phys. Lett., Vol. 73, pp. 2051-2054, 1998.

18.Carpick, R. W., Salmeron, M., "Scratching the
Surface: Fundamental Investigations of Tribology

Pease, "A Scanning

"Fabrication of

Atomic Force

17.Irmer, Simmel, et al,

with Atomic Force Microscopy,” Chem. Review,
Vol. 97, pp. 1163-1194, 1997.

19.Hamin, H. J.,, Terris, B. D, Fan, L. S, et al,
"High-density Data Storage Using Proximal Probe
Techniques,” IBM J. of Res. and Dev., Vol. 36,
pp. 681-699, 1995.



BAY - ARA - FAE - FHLFTHIA A20d A3z

20.Soh, H. T., Guarini, K. W, Quate, C. F,
"Scanning Probe Lithography," Kluwer Academic
Publishers, 2001.

21.Park, S. W, Soh, H. T, Quate, C. F.,, Park, S.-1,
"Nanometer Scale Lithography at High Scanning
Speeds with the Atomic Force Microscope Using
Spin On Glass,” Appl. Phys. Lett., Vol. 67 pp.
2415-2417, 1995.

22.Piner, R., Zhu, J., Xu, F., Hong, S. and Mirking,
C., "Dip-pen Nanolithography," Science, Vol. 283,
pp. 661-663.

23.Hong, S., Mirkin, C. A., "A Nanoplotter ofr Soft
Lithography with Both Parallel and Serial Writing
Capabilities," Science, Vol. 288, pp. 1808-1811,
2000.

24.Ivanisevic, A, Mirkin,b C. A, "Dip-Pen'
Nanolithography on Semiconductor Surfaces," J.
Am. Chem. Soc., Vol. 123, pp. 7887-7889, 2001.

25.Yatsui, T., Kourogi, M., Ohtsu, M., "Increasing
Throughput of a Near-field Optical Fiber Probe
over 1000 Times by the Use of a Triple-tapered
Structure," Appl. Phys. Lett., Vol. 73, pp.
2090-2092, 1998.

26.Lieberman, K., Shani, Y., Melnik, 1., Yoffe, S.,
Sharon, Y., "Near-field Optical Photomask Repair
with a Femtosecond Laser,” J. Microscopy, Vol.
194, pp. 537-541, 1999.

27.Jiang, S. Ichihashi, J., Monobe, H., Fujihira, M.,
Ohtsu, M., "Highly Localized Photochemical
Process in LB films of Photo Chromatic Material
by Using a Photon Scanning Tunneling
Microscope,” Optics Communications, Vol. 106,
pp. 173-177, 1994,

28.Sun, S, Chong, K. S. L. Leggett, G. J,
"Nanoscale Molecular Patterns Fabrications by
Using Scanning Near-Field Optical Lithography,”
J. Am. Chem. Soc., Vol. 124, pp. 2414-2415, 2002.

14



