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Ultra high precision Dual stage system Using Air bearing and VCM for Nano
level Scanning
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ABSTRACT

This paper presents one-axis high precision scanning system and illustrates the design of modified X-Y-O stage as a
tracker using VCM and commercialized air bearings for it. The scanning system for 100nm resolution is composed of
the 3-axis stage and one axis long stroke linear motor stage as a follower. In this study a previous proposed and
presented structure of VCM for the fine stage is modified. The tracker has 3 DOF(X-Y-O ) motions by four VCM
actuators which are located on the same plane. So 4 actuating forces are suggested and designed to create least pitch and
roll motions. This article will show about the design especially about optimal design. The design focus of this fine stage
is to have high acceleration to accomplish high throughput. The optimal design of maximizing acceleration is performed
in restrained size. The most sensitive constraint of this optimal design is heat dissipation of coil. There are 5 design
variables. Because the relationship between design variables and system parameters are quite complicated, it is very
difficult to set design variables manually. Due to it, computer based optimal design procedure using MATLAB is used.
Then, this paper also describes the procedures of selecting design variables for the optimal design and a mathematical
formulation of the optimization problem. Based on the solution of the optimization problem, the final design of the stage
is also presented. The results can be verified by MAXWELL. The designed stage has the acceleration of about 5 m/s’
with 40kg total mass including wafer chuck and interferometer mirror. And the temperature of coil is increased 50°C. In
addition, the tracker is controlled by high precision controller system with HP interferometer for it and linear scaler for
the follower. At that time, the scanning system has high precision resolution about 5nm and scanning resolution about
40nm in 25mm/s constant speed
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F = Lorentz Force generated by magnetic flux and current
™)

n = Numbers of Coil turn

B = Magnetic flux density(T)

i = Current through the coil(A)

ly= Effective coil length in Magnetic field(m)

P = Permeance(H or Wb/A)

A = Sectioned Area(m?)

! = Length of Magnetic field path(m)

4 = Permeability of material(H/m)

R = Reluctance seen by the mmf source(coil)(1/H)
R..i = Resistance of coil(Q )

f= Actuating frequency(Hz)

k = Back-emf constant(N* sec/m)

h = Conductance(kcal/m*/h/C)

k = Thermal conductivity(kcal/m/h/C)

4 T= Temperature Changed in coil(C)

gs = Heat Power dissipated in coil(W)

Rperma = Heat Resistance( CT/W)
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Fig. 1 Schematic of Tracker and Follower
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Temperature (AT ) 50
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Table 2 Measuring conditions of scanning system

Parameter I\C/Ingilxl::r%

Ves(Constant Velocity) 500mmy/s
1z..(Deceleration Region) 25mm
lacc(Acceleration Region) 25mm
Tseuing{Settling Time) 0.1sec
Ineasure(Measurement Region) 400mm
Tine_sumping(Stepping Time) 0.1sec

Table 2 & Eq. (3)9 A/NE Fudto Eq. )
Zol veM 2.2 TAE EdAY EFoA veMm
o €& wAANE ANNFIE HAA &5 AR
o gz FANE F Utk oA HH HA A,
g aAEe) g =hew g

2 1‘,_«+1£

)
Duty =—Ves_Ves' 02 _ 14 60, 4
T, 12
V—kx _V=2Q2xnBl)x 5)
Is+R R,

23 A2RY] &5 wWE EYRFA veM



714 Ady - H9w gsd-

$E%- o449

c OB #FAUTEA] A B Ass

Fig. 8 Schematic diagram of heat dissipation of VCM

P oz AgEE AR Aded 2d A4
2 FASE €5 A9 2d3kg)d Eq (4)lA
AFE Axde] wg AIZF B &E o] &3y A~
dol X HAY s dFa = H3E A2® dA
Al wreddich 22] 3 Fig. 8 & Zo]l VCM ZYUolA
s dFE Axd dF{E Bt HEd

=
o] j, W&o Ui 8 AFL Eq. (N~ (022 &
A9 4, e 2He Yol 4, & 7Y 9
SRS A% T4 Hol, 4 E AAI 29 B
HA, 4,5 VCM 9 95 Ho], I22d 4, & VCM
7 AgHANE 2" 94 Holg EHEF}
o] W, F&A e & AL FAFY
q: _ichail (6)
Rrma = %)
Thermal _1 hAIAI
1
RThermal‘Z = 2hAi,A2 (8)
L frea 1
RThermaI‘J_I = Reps + Reo =ﬁ+ hAir 4, ®
Lia 1
R7719rmalf372 = Regna + R(‘onv - ﬁ-*. hA‘-rAS (10)

108

J F4E¢ Bl z%% A vem
o :YA vaw Eﬁﬂ(d Dol ®E 9
Hag A= gdeke -l—]- Zo] %9 5]“1,

O

Eq(3) ~ ()& B 4&74]*4 Aeste] € 24
2 2% 270& Eq (12)% z—M A g

AT
quul =

total

(1

Dutyxq, <q,, (12)

Table 1 ~2 9} Eq. (2) ~ (12)8 °©]&3}3, Fig. 4
AA 18]z AEe] w2} MATLAB SQP(Sequential
Quadratic Programming) #4 AAHAHE o] &3}
AAR Age dA A A2¥EY FEL
Table 3 oA 7]&dch a2z, Hejdx Wy
o A% dx9t 3 29 FEM & © 8% A& 2
X Fig. 9% Zo] X893 4 FEM ol 9%
g Bt o 0521 o AE YEE e
Huldx Wiz o 10% oo A& Heln
Atk Hejd2x A & A& diEd 2d
o] B&31ql7]el A FAjoltt

Table 3 Parameter values of the design and optimal VCM
for Tracker

Parameter Optimal Value Design Value
I 40 40
tm 15.4 154
t 11.74 11.8
d, 0.79 0.76
t 15.2 152
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Table 4 Design results of VCM

Parameter Design Value
i(Maximum current) 3.8A
B(Flux density in air 0.54T

gap)
Iz (Effective coil
length) 40mm
n (Number of turns) 636 turns
F(Force in one axis) 211.9N
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Table 5 Specifications of the proposed scanning system

Parameter Value Tracking Results
Ta
(De/Accleration 1 sec. +60nm
Time)
Tev
(Constant speed 3sec. +18.86nm(2 o)
Time)
Vcs o, i
(Constant velocity) 25mm/s | <20.08% Vel. Ripple
L
(o) % A ) 100mm
Repeatability 24.1nm(30)
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