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

Dongmin Kim”, Dong Yeon Lee" and Dae Gab Gweon’

ABSTRACT

To establish of standard technique of nano-length measurement in 2D plane, new AFM system has been designed. In
the long range (about several tens of pm ), 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 motion 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 100pmx100pm. And tilting, pitch and yaw motion are measured by autocollimator to evaluate the
performance of XY stage. As a result, XY scanner can have good performance. :

Using this AFM system, 3um pitch specimen was measured. The uncertainty of total system has been evaluated. X
and Y direction performance is different. X-direction measuring performance is better. So to evaluate only 1D pitch
length, X-direction scanning is preferable. Its expanded uncertainty (k=2) is /(3.96) +(4.10x10°* x p)* , Where p is the
measured length in nm.
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k.,k,,k, = translational direction stiffness

ko> kg, » Ky, = rotational direction stiffness
a,, B, a;, B, = scaling factor
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Table 1 Comparison of performance of national
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Fig. 2 The relation between Abbe offset and Abbe offset
error

Fig. 3 Dcsign parameter and body number of XY
scanner

9

D& 4 Xoaxis stage (nney)
0 4 ~
0% 4 o
044 e O VAW
- P ot RN
y 044 < x el
e
& 0%
2 o
€ 034 ;
~ e
04 B e e e U
[
044
8 By o 0 ® o
Ditplacenontiym)
L
ar ] Y-exis stags {outer} .
o8- B
ra
85. 3
e yaes
7 e P e pitch
g a3 - < folt
g 424 Y.
P
BT ’
L ..
SO s - L] L]
-
1 . )
.
2% "
= I o [ 00
Displacamentium)

Fig. 4 The evaluation of stage performance
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Fig. 5 Flexure hinge-based XY scanner
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Fig. 6 The picture of total AFM system
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(i) Index change over dead path B
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Fig. 7 The repeatability of AFM system (25 times
experiment)
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Fig. 8 The drift of measured value
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