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Optimal design of a flexure hinge-based XY AFM scanner for minimizing Abbe errors and the
evaluation of measuring uncertainty of AFM system

D.M. Kim (Mecha. Eng. Dept. KAIST), D.Y. Lee (Mechanical Eng. Dept., KAIST), D. G. Gweon (Mechanical
Eng. Dept., KAIST)

ABSTRACT

To establish of standard technique of nano-length measurement in 2D plane, new AFM system has been designed. In this
system, measurement uncertainty is dominantly affected by the Abbe error of XY scanning stage. No linear stage is perfectly
straight; in other words, every scanning stage is subject to tilting, pitch and yaw motion. In this paper, an AFM system with
minimum offset of XY sensing is designed. And XY scanning stage is designed to minimize rotation angle because Abbe
errors occur through the multiply of offset and rotation angle. To minimize the rotation angle optimal design has performed
by maximizing the stiffness ratio of motiqn direction to the parasitic motion direction of each stage.

This paper describes the design scheme of full AFM system, especially about XY stage. Full range of fabricated XY
scanner is 100um? 00um. And tilting, pitch and yaw motion are measured by autocollimator to evaluate the performance of
XY stage. Using this AFM system, 3um pitch specimen was measured. As a result, the uncertainty of total system has been
evaluated.
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Table 1 Comparison of performance of national standard
nano-length measuring equipment

12 47 S5 2 A7 el

1.1 ZolA AAle Fo EFE 7]l

Bwdel 449 A% £FL olusith o
A FAAE FPFo] o] 45 dE F2eA
el £28 uebb) A8 98 A
oF & Bat drt

A714 et 43 deld Re AN AT
2E JBEY 54FAE 5G] vlmy Fe

H(10um °ldholl deire B8L7 284 ax
2= Aol SYUPTB) 2% 10um o haliA

= #% BE%7} 25mm Ad vks) 100um 9 &3
Aol e 11.5nm olth ol BE BEHEs}
Zojo BAGol A7) 2323 ol vl e

A AT 2atale] qly] W&ol Hold vl
s Axe 92 29 714 F2% o] Abbe
9 Zpojr},

2 =iodAe Ay =4 d9L 4 um oA
100um ©f dFste HHol vla] FAsACt olg
g Aol A A} Fegk 232 290 Abbe

28 Zol7] A3l 2eo)x7} 714 WOz o
TS HA2E EE F3F AAsG.
ol2jgt Aol & rwto g 3o
W Al~Blg FHFEA] o] AAF
G 7takloh

=

K3

to

=
K
=

ﬂ!{ﬂl

2. MA AjAH el o

cEELS
Yrenlg

o]
3
AEsts o]

ool x FAY
Oﬂ sk o]
NZgFEA T}
}@-zqam 2
°J7<}?ﬁﬂl74°1 S st A

1 a8 7o)

—U"Q

1439

lioﬂ

_?,]

2y caﬂae AT 1 Ad N s

o glon] HYE AHE WE 7 =AM Fu
2gx gonag AFM =9 QA 2l Null Control
o] 7tE3aith

£ opy] eaE A48 SteF NE YW} 9
2lshs & Al Xy dEFzuEHe] Be 94
A7

Focus Stags © iz eceo
Camera 28 & ZXFY

APMONRS :xvs 2 (¥ 3

Scanner &

Fig. 1 Total system configuration
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Fig. 2 The relation between Abbe offset and Abbe offset
error

Fig. 3 Design parameter and body number of XY scanner
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Fig. 4 The picture of total AFM system
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Fig. 5 Flexure hinge-based XY scanner
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Fig. 6 The repeatability of AFM system(25 times exp.)
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