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Atomic Force Microscope (AFM) Nanolithography
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Abstract

This review is related to a nano-fabrication process known as atomic force microscope
nanolithography for the next generation of nanoelectronic devices. It has been shown to offer the
advantages of high precision, good reliability, and non-vacuum process. The process can be classified
into 2 methods. (1) Force-assisted AFM nanolithography includes mechanical indentation and plowing,

thermomechanical writing and dip-pen nanolithography. The large force is applied to the AFM tip to
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create the pattern on substrate surface. The main interaction between the tip and the substrates is
mechanical. (2) Bias-assisted AFM nanolithography, a bias voltage is applied between the AFM tip and
substrates. Under an extremely high electric field, the physical and electrochemical processes are
initiated on the substrates and then create the anodic oxidation. The principles and applications of AFM

nanolithography are reviewed.

Keywords: AFM, Nanolithography, Nanoelectronic devices

1. Unin

L‘VIﬂTuTﬁ?luﬂul?uﬁﬂ3111??1?7@)]1&@1351!,?]1468'1653Tc’?ﬁ/i%"lJﬂﬁfs]}TNiE]llﬂﬁlJﬂﬂ’Ni]’i
’Slgﬂﬂ’iﬂﬁﬂﬁ: (electronic  circuits) Qﬂﬂiﬂfﬁﬂ?&lﬂﬂuﬁi (memory devices) HUISUAAIND (display
units), ‘T ToFw (biochips) a2 #512F20M (biosensors) ANUAMT v una T Tad i Tudued
numsianavannsalumsaiazminiugy lassaielusedvu Tuwas s @nsam

- g A a ¢ o A v ' ' A <
Lagtuug ﬂﬁZﬂjuﬂ"ﬁ‘luﬂ1§ﬁiWQﬁQﬂigﬂHﬂigﬂﬂLﬂIulnﬁi o ﬂ”l'iﬁi"l\iﬁu']ﬂﬂ@ﬂ‘lumu"lﬂﬂlﬂﬂ

a J @

' 2 Aas 9y A vy o an Y 1 ax ax
N1 100 nm “INll’J‘ﬁﬂTiTcTiNﬁﬂ‘ﬂi$ﬂHﬁﬁzﬂUuﬂul,llﬁiﬂgﬂ’mﬂuﬁm’sﬁ Vlﬂllﬂ )il tOp'dOWIl agId

a9

AYo o 2l | \.&

A Aa I F A o 1y v A a an
bottom-up Lﬂﬂuﬂﬂuﬂullﬁztﬂuﬂgﬁ]ﬂ wadmTumsaswawlszavsseavu luwas 1aedsns

a9

“I/Q\IJJ‘V‘T(lithography) 1111 top-down Ina1e33 laun I Tad Innsil (photolithography), electron beam

1 < a o} o_ v
lithography i8¢ focused ion beam lithography [1]fJEJNqiﬂﬂmmﬂuﬂmmugﬂiﬂﬂﬂ@SIJ’JEIGQIJLW]u

A A A I o a A a ) A Y = [P= s o Y
inseelioNge MAniuNINuN Tnszuaumsnatsvuaouuazeinnaziding lundlnduu 145
A A~ A 7 9 o ~ Y 1 an . .
s luainavulumsdsyang lassadeszauun Tumasumui 18un 35 nano-imprint

X g
lithography (NIL), soft lithography, (8¢ atomic force microscopy (AFM) nanolithography [1-6] Failu
Qdd'd U 1 £ o %)I a d'd
waddnenmuagiaulylumsadielassadeszauun luwasuazmsis madaniisinignlu

] a Idy a a =1 ] a A ' o [
vymaialuiil maiia ARM u1Tualnns il deduilumaianlaamudmsunmsadialaseadie

1Y o) — Y ' o o ,o’ Y ' a a A [
sazaraateluszavun Tuwas Idegngndoaniud awsahsiIdedeiidszansnmuay la

9w )

o 3 9 o o v a0 Y I 2 A A o
suiludesihluszungyaima Taena hlismauiufeduain AFM flunsesiendidgdmisy
a o’dy a @ Y [} o @ <Y =2 g ]
1 lumsamsizrinuimluszauunTuwas ldearanind Taserdetaeduia (ip) Fuanuin eguu
4 nﬂ a Ay 1 I
Ya18ve39A1U (cantilever) 1@OUATIAAIVUNUAINGDINIATIVERY Tasutiaeenily 2 Tuuams
a1 1aun wuudua (contact mode) uag uny IFUAE (non-contact mode 130 tapping mode)

o o o & 2 o 4
Tagiinnuazdealumsiasedu 0.01 - 0.1 nm sy 1awse lslaledyiaannies AFM

111



NsaTImemaniaanizais U0 23 Ui 1 @eunniau-iguieu 2557

g lumsdenldanude I luewan

2. mAila AFM inlualnnsil

maiia AFM i Tud Inas il wmatinidssgnd1laradudalumsadegduuunes

v [ o ara J 1
Tassadnluszavu TuuasTasordendnnmsniaildnduazinii lumsaswainate 1wy n1sya

= a dy a A Y a a'sl A o o <3 dy a
lfllEJHL"INﬂﬂﬂuwuNULWﬂﬁlWLﬂﬂg‘IJL!JJ‘]JGI"liﬂ/lﬁ't‘]\ifﬂi‘Wﬁ'ﬁ)"I]ﬂﬂ"liﬂﬂilllﬁf!ﬁ“llu"lﬂmﬂﬂuwuW'Jiﬂflﬂ"lﬁ

v
o A v o I w J

o S o o X a "o
WanN N1IAU LASNITHHUUBILUVNIN uaﬂmﬂummﬁnﬁﬂaﬂﬂmﬁum mmm‘ﬂ@ummmdﬁﬂﬂ

' vy
v A AN A o "

Wiaiemisnildinadjnsenldfluaiifiiudadiedraieri liing Tnseaseesn ladun
u

@ ]

i
A a Yy = ¥ e B M o A !
N N’J@’Ji’)fﬂx’ihlﬂﬂﬂﬂ'w [7] Iﬂﬂf’ﬂﬂ?iﬂﬂﬂ$ﬁ51\1§ﬂLLUUﬂTinl‘W‘]Ju3ﬁﬂ§ﬂﬂﬁﬂﬂﬂﬁ1ﬂﬁﬁ1ﬂ 1Y

=

L) a o a a a = Y o é’ ]
a1sneaaih Tang Tnawes uag Frlumna  mals AFM wluainns il ldlmswannaulugag
{ < ' I [ o ° '
goansnssnidun Taena ldansouwdsesn lailudesnguamnanmssiiau 18un (1) Force-
assisted AFM U1 U@ Inns1wl uaz (2) Bias-assisted AFM w1 1ua Inns 1 [7] dawnsuimaiia Force-
a = 1 1 3 o X 1 A @ 4 a
assisted AFM w10 Tnns Wl vz 1dussmgaIdundmediudaadanniwsei lglums Saiudsves
o [} aaa 1 [} 1 < o dy a I a =
A1081910 AFM Tagdasendiulvyszrina)aradndauasiuiiszunum®ana Faamise
I " 9o dy A & = . . A .
LLﬂﬂﬂﬂﬂLﬂuﬁM’Jﬂﬁy‘hlﬂﬂﬂu fA® mechanical indentation 4L8& plowing, thermomechanical writing L0
o @ a o L a I a ia
dip-pen nanolithography (DPN) @115 u1naHA Bias-assisted AFM 11 Tu@ Inns il ilumailaniiey
v '
dmsunsaditaquilueenlod dateiaues AFM vzgnluneadasauin ihiaddunny
o o ! 2. wine A & o @ w1
1A lure 10° vim 89 10" vim Tasdmeadasaimihidlud lihdwmsosuaenseualiih
moldauliihngetemldinanszuiums Iihadag (electrostatic) 1WilinTi (electrochemical)
1 ad @
m3yvanasedidnaseuainawin’ it (electron field emission)  miswanareau lnives
ad a o 5] o 1 a
lad1ann3n (dielectric breakdown) 1A% MIUANAIVOINY (explosive gas discharge) m”lﬂqmimﬂ
Taseafnluszavu Tumasiunwl §isernn Tueendiadi (nanooxidation) 51N 1 naAgUAUAIN

WANNITNIIUYD9IT (1) Force-assisted AFM 1111a 1nn319 11ag (2) Bias-assisted AFM 111ua

Tnns il

112



A o A

NyAsIMeIaasaanszait Ui 23 p1d 1 Reunnsinu-iguien 2557

> —~~ S SRR B R L i A A A — ‘*

310 1. ¥dnN5V03T% (a) Force-assisted AFM 11 T1a 1319 18 (b) bias-assisted AFM 11 Tua 13713 [8]

2135 F orce-assisted AFM uﬂu’ﬁiﬂnmﬁ

2.1.1 Mechanical indentation and plowing
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