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A Study on Vibration Reduction Mechanism of Precision Stage for Laser
Direct Imaging
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Recently, Laser Direct Imaging (LDI) has been used to replace lithography in Flexible Printed Circuit Board (FPCB)
manufacturing. However, repeated motion of a linear motor caused residual vibration in the granite on which the workpiece
was placed when the motor either accelerated or decelerated. Because the residual vibration made positioning less
accurate, there were more defective products and worse productivity. This paper proposes a way to reduce vibration in the
granite during the precision stage. First, the frequency domain of the vibrations of a pneumatic vibration isolator is
identified. Second, we present the design of the mechanism using a voice coil actuator and a capacitive displacement
sensor. Third, we apply a feedback control algorithm based on PID to cancel displacement. Consequently, we are able to
propose an optimal way to reduce vibration for the laser direct imaging equipment. The amount of vibration reduction is
evaluated in terms of amplitude and settling time.
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71&9] 832 7| (Flexible Printed Circuit Board, FPCB)

NOMENCLATURE Az 34E B2 HE Y ek hAaE o g e WAS
ARG Shek. e, planig olgR Ax BHL HE WA A
F., = Required force to compensate residual vibration npAT WAE 98 Baek 1hHo] QiEo] TREE AJAle] upz
#= Frequency of residual vibration ARG TSR ) of2igo] ik S, ulg Zwelx Bt
m = Mass of granite 231 Aol 2w v go] 17k ek oheh, miad AR E
d,, = Maximum deviation of granite from origin o3 2= umolo] AWES 2 24 o) A7} 2rte Q@
%(s) = Actual position of granite FEE B itk M2 vhatE olga = whlo) fgtew
d(s) = Direct (%1sturbance.to granite LDI (Laser Direct Imaging) B14]9] =33 FAo] Az} Z7}staL
P(s) = Dynamics of granite QJth! UV-Laser2 102 a1 = o] A<, 5-10 um
R(s) = Transfer function of vibration reduction mechanism MZo| uy 52 el past 2 glon, Zuben|E AfUE
G(s) = Transfer function of PID contoller 0]-83} Step & Scan W43 2 ARESITH
o o1 o

o
=
Step & Scan HHA19] 1= SRl B4L S oS B
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Fig. 1 Motion profile for linear motor of precision stage
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Fig. 4 Spectral analysis of granite with (a) air spring, (b) NBR pad
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Table 1 Specifications of voice coil motor

Item Unit Value
Stroke mm 10

Continuous force N 152.67

Peak force N 610.68

Table 2 Specifications of non-contacting displacement sensor

Item Unit Value
Range pm +500
Bandwidth kHz 1.0
Resolution Nm 5.7
Output signal A" +10 (Analog)
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Fig. 6 Result of finite elements analysis for (a) deformation, (b) equivalent stress of AL6061, (c) deformation, (d) equivalent stress of SUS304
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Fig. 8 Harmonic response to 10 Hz excitation from finite elements
analysis for (a) AL6061, (b) SUS304
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Fig. 9 Block diagram of control system

Table 3 Specifications of real-time controller

Component Details

CPU, EP460EX

800 MHz, 1 GB RAM

DAC, ACC-24E3 6 CH, 16 bits Output

ADC, ACC-28EP 6 CH, 18 bits Input

Table 4 Gains for PID controller

VCMI VCM2
Ky 12 Kp 10
K, 0.1 K, 0.12
Kp 0.1 Kp 0
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Fig. 11 Performance of vibration reduction: Temporal response to
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