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Voice coil motor is an actuator that employs a non-contact electromagnetic
force between its coils and magnets, and is widely used in precision stages on
account of its good linearity between current and force. Additionally, these

advantages are beneficial for implementing the magnetic levitation mechanism.
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Unlike the case of general use of a voice coil motor where 1-DOF translational
motion is applied, 6-DOF magnetic levitation causes variation in the relative
position and orientation between the coil and the magnet. Accordingly, the force
constant also changes. In this study, high-level precision positioning of 20 nm
was realized through the design and control of a magnetic levitation stage using
voice coil motors. In the process, the change in the force of the voice coil motor
was found to be approximately 1% within the range of motion. Therefore, the

proposed design was verified to be suitable for high-precision stages.
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Fig. 1 Topology of voice coil motors for the magnetic levitation
stage (a) symmetric arrangement of four HVCMs (b)
symmetric arrangement of three HVCMs (¢) asymmetric
arangement of three HVCMs (d) symmetric arrangement
of eight HVCMs and VVCMs
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Fig. 2 Designed and fabricated magnetic levitation stage

Table 1 Specifications of voice coil motors

HVCM VVCM
number of coil turns (#) 297 738
max. current (A) 3.427 1.235
electric resistance (Q2) 3.29 11.29
max. force (N) 52.30 28.20
force constant (N/A) 15.26 22.83
power consumption (W) 17.44 17.20
operation duty 45% 100%
dimension (mm X mm X mm)| 90 x 50 x 40 | 55 x 55 x 40
motion range + 1 mm + 1 mm
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Fig. 3 Structures and force generation of VCMs (a) cross-section
of the HVCM (b) cross-section of the VVCM (c) a finite
element simulation model of HVCM (d) a finite element
simulation model of VVCM
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Table 2 Specifications of position feedback sensors

M ¢ Theoretical
Sensor earjlnre:len resolution Bandwidth
& (16 bit A/D)
Levitation/ | C9.5R 1250 um 19.07 nm 15 kHz
Landing | €8S | 2000 um 30.52 nm 15 kHz
o C5S 10 um 150 pm 15 kHz
Positioning
RLE10 1 m 38.63 pm 20 MHz
Control input | Position feedback signals

3 axis Laser
interferometers

8 Current
amplifiers

Maglev stage with VCMs

6 Capacitance sensors
(Homing)

Fig. 9 Experiment set-up of the magnetic levitation stage
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Fig. 10 Motion sequence of the magnetic levitation stage
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Fig. 11 Measured motion trajectory of the magnetic levitation
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9 & 67010) HAB MNE AR &
o sisiel ol AE 4t i 4

=X
=

Z2743HHCSS, Lion Precision, US) ol
A et G v St Yol 22 B
} Alojoll ARGHITE. AlA A 2] ZA $Sol=
AW z9] #o|A 7HIA(RLELO, Renishaw, UK) 3&3} A&
2 HIA(C5S, Lion Precision, US) 3%& o] &3}, Ho|A]
PaAlE o9l 7o) 7hedt AAEA 2EAH0R| 2 E
SHE AAglos AT 4 Stk ZF AA 9] AP
29F Ztt.

Fig. 9% A7|57 AHOIA]Q Ao} AlAE] FAZE U
o W9 MY AZE F=w drol AAZE A0]7](DS1005,
dSPACE, Germany)ol A Aloj2 4:aj3itt. 87] Ho| A7 mE]
o] AFAlRIE Hsll 8709 A¥ AFSZ7I(TA 115, Trust
Automation, US)Z ©|&3IItt. Fig. 102 A7]2A AH|0]A]
9] Ao} &ME=E YETE 27100 o]FA= & fAIA HA]
A2 TA-RF Aol Abg] Za Qeh BAF W 5178 wWHe)
o] FedZ o]&sto] AojE AlARI(starting up). XY FH

or & rr
Tk

3o b

o

==

24

AA

83

0.1 T
E
2005
2
-a "
g |
=% 0

0 10 20 30 40
time (s)

(a) Measurement of motion resolution in x direction

E mmm
§ 0.02 M M
Z Ko W
o
=
0. 02 20 30 120
time (s)

(b) Measurement of motion resolution in y direction

0.08 : : :
S 0.06 | m
0.04 M w
0.02 - w
0
-0.02 . ; -
0 10

30

z posmon (,um

40
time (s)
(c) Measurement of motion resolution in z direction

Fig. 12 Motion resolution test results by consecutive step motion
commands

Y fA= fAISFEA $202 0.8 mm F/gsith(lifting). ol%
x Wy WFOR 0.7 mm 0]F5to] o]F5A= ALY XY HH
Zobof Yx|etcH(centering). ©] YA & HO|AIYRE T H
2ol ZLHo] wof 7t ;"3-_134 AA o] 7\1§ Zgol HEsitt. o]
T Auert ga

s4g N2 m
ol gstof xy B

247 Aoz o

Aol Aol wheh A7|RG 280|129 94A] AlolE T
A3+ Fig. 110] UeHL}. 62%= Alo] daglge Z}WE‘:’EE



Hak-Jun Lee, Dahoon Ahn

6719] PID #|o}7]2 ol gsto] THIGIT. B4 Alo] 1Ak
HEzHo| A= £7F AL 37]9] B Wiy} ghashy, HA
9 b7 Aol 917 A% g ANZ TEd HEE AP &
Aol W} Wt AS B 4 oltk. 94 24 AUEE B
371 §isl A 4Ele ebstel Fig. 129 20| H4 Bol5S
ToH3TE x, y, z WEPEE 20 nm, 12 nm, 15 nm9) step motion

o] FEHE e g3ttt

2 3749 7k 2 ZAE g —Oﬂ /\}3

froold o
o

i 2] Aol & 3ol
A9 woﬂ we} wgsts Holas %JEEM W st A
gelolds) BAslgen, 0|2 £3
2 7o} Alo] A B8 Bikw Eof u
ATk 3 47|54 Ao] Tl zl E
£ 9 2gA54E Ao B0} 340 Hz 049 13}
FRREE HRIsieiT) tgo A7|RA Aol E A
54 9 913 AolE S8sto] 20 nmo] HUES
ARAARN Y H5E AT

R

7|

o

o] Hj]-‘— X—l‘ﬂ(_,,]-?ﬂ-ﬂ X%EE}LL?_)_Q] xﬂg_]_gg ?_F%OZ]:[LXHE}
A1 (No.2019R1G1A1099736) Y T E W EE/ZE nE T3}
£2529] 21Y (A Z 20CTAP-C157468-02) 0.2 4288
AFHEYT

%Y

9
7]

3

A
A=}

L

References

[1] Otsuka, J., 1992, Nanometer Level Positioning using Three
Kinds Nanotechnology, 3:1 29-36,
https://doi.org/10.1088/0957-4484/3/1/006.

[2] Futami, S., Furutani, A., Yoshida, S.,
Positioning and its Micro-dynamics, Nanotechnology, 1:1
31-37, https://doi.org/10.1088/0957-4484/1/1/006.

[3]Ro, S.-K., Park, J.-K., 2008, Development of a Miniature

of Lead Screws,

1990, Nanometer

84

Air-bearing Stage with a Moving-magnet Linear Motor, Int. J.
Precis. Eng. Manuf., 9:1 19-24.

[4] Ro, S. -K., Kim, S., Kwak, Y., Park, C. H., 2010, A Linear Air
Bearing Stage with Active Magnetic Preloads for Ultraprecise
Straight Motion, Precis. Eng.-J. Int. Soc. Precis. Eng.

34:1 186-194, https://doi.org/10.1016/
j-precisioneng.2009.06.010.

[5] Kim, K., Choi, Y.-M., Nam, B.-U., Lee, M.-G., 2012, Dual

Servo Stage without Mechanical Coupling for Process of

Nanotechnol.,

Manufacture and Inspection of Flat Panel Displays via Modular
Design Approach, Int. J. Precis. Eng. Manuf., 13:3 407-412,
https://doi.org/10.1007/s12541-012-0052-0.

[6] Kim, W.-J., Trumper, D. L., 1998, High-precision Magnetic
Levitation Stage for Photolithography, Precis. Eng.-J. Int. Soc.

22:2 66-77, https://doi.org/
10.1016/S0141-6359(98)00009-9.

[7] Compter, J. C., 2004, Electro-dynamic Planar Motor, Precis.

28:2 171-180,
https://doi.org/10.1016/j.precisioneng.2003.08.002.

[8] Peijnenburg, A. T. A., Vermeulena, J. P. M., Eijk, J.V., 2006,
Magnetic Levitation Systems Compared to Conventional
Bearing Systems, Microelectron. Eng., 83:4-9 1372-1375,
https://doi.org/10.1016/j.mee.2006.01.248.

[9] Jansen, J. W., van Lierop, C. M. M., Lomonova, E. A., Vandenput,
A.J. A., 2008, Ironless Magnetically Levitated Planar Actuator,
J. Appl. Phys., 103 07E905, https://doi.org/10.1063/1.2832310.

[10] Boeij, J. D., Lomonova, E., 2009, Experimental Verification of

Look-up Table based Real-time Commutation of 6-DOF

Precis. Eng. Nanotechnol.,

Eng.-J. Int. Soc. Precis. Eng. Nanotechnol.,

Planar Actuators, Journal of System Design and Dynamics, 3:4
563-571, https://doi.org/10.1299/jsdd.3.563.

[11] Jung, K. S., Lee, S. H., Baek, Y. S., 2002, Feasibility Study of
General-purpose Precision Stage Using A Novel Contact-Free
Surface Actuator Based on Magnetic Suspension Technology,
Trans. Korean Soc. Mech. Eng. A, 26:3 452-460.

[12] Lee, S. H., Baek, Y. S., 2003, Contact-free Linear Actuator
Using Active Magnetic Bearing, J. Korean Soc. Precis. Eng.,
20:7 91-98.

[13] Ahn, D., Kim, H., Choi, K., Choi, Y.-M., Lim, J.-Y., 2020,
Design Process of Square Column-shaped Voice Coil Motor
for Magnetic Levitation Stage, Int. J. Appl. Electromagn.
Mech., 62:3 517-540, https://doi.org/10.3233/JAE-190029.



Journal of the Korean Society of Manufacturing Technology Engineers 31:2 (2022) 77~85

Hak-Jun Lee
Senior researcher in the Department of Smart
-y . Manufacturing R&D System, Korea Institute
— of Industrial Technology. His research interest
\ Y / is precision motion mechanism and

semiconductor/display equipment.
E-mail: hak1414@kitech.re.kr

Dahoon Ahn

Professor in the Department of Mechanical
System Design Engineering, Seoul National
University of Science and Technology. His

research interest is precision motion

mechanism and energy harvesting.
E-mail: dhahn@seoultech.ac.kr

85



	보이스코일모터를 이용한 초정밀 자기부상 스테이지
	ABSTRACT
	1. 서론
	2. 본론
	3. 결론
	References


