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ABSTRACT HEA gAZled IR} dgez d77
ANzE 24" ANAR7IEe dAL FrE2
In this study, actuator, sensor, guide, power 7 A - BE e A -y Zo Ae RE A
transmission element and control method are Aol 288 F A= JEH EAHL AUz ¢
considered for ultra-precision positioning apparatus. o), 1 #F &3yt 2 Fopolt}. oy 2AY
Through previous process, single plane X-Y stage AXAAEL 214710 HAERAA A A A
with ultra-precision positioning is manufactured. mee AEEE FASHA £ mme 71 2E
Global stage for the purpose of materialization with 232 2t 2AUYXEAA 7142 2752
robust system, is combined by using AC servo t}.@
motor and ball screw and rolling guide. And ogaa B =R olg)d AdAe 878 &
ultra-precision positioning system is developed by Z37) 93 dfo g violam Aozt =
micro stage with elastic hinge type and piezo zY 2HRE ]%‘}cq AEZ A 100mm, $
element. global servo and micro servo for the AdA ¥ale 1ome 23 AXNAHY AN=AS
purpose of materialization positioning accuracy with F&3txp ).
nm(nanometer) are controlled simuitaneously by
using incremental encoder and laser interferometer 2. 243
as displacement measurement sensor. Through € =@M AHgd 2R AAEAR7 T 2
2 ZeolAet 1 9o AN wpelam X

previous process, ultra-precision positioning system
(100mm stroke and T 10nm positioning accuracy) Heolxlzg 748t 228 2HolA e 74U
< o2 7hA] W4 e] AR B =fddAME B
WAl (Lead Screw) 7] & o] &3 HW X-YdEel g

with single plane X-Y stage are materialized.

LM 2 2H oA B L AMGEHT. EYAITE B2
21712 HolEWA MAE AFAs o)&qd A F(Ball Screw)9} B & ) E(Double Nut)Z A4
A7) ALSlE e A2 ¥Ee YL gle 5o 3, AC A B ZE(MITSUBISHI MFS-23)9}
o, AAe #AEL AHH7)&(nformation Techno Letolro o FEHEATE BEEH HA 52
-logy), Yx7]%(Nano Technology), A7 7]&(Bio dEYEY B 2ZF[7EFE 2mm, 97 19mm)of
Technology)oll IAZH1 ). =3 Ymrige 93 HALFoZ WHEH FI2E HolES o
cheFst Bofo] ALHE v|EEA 7|EY 4R F¥r}. mlojaz AR E d¥A WHE
Ztzh thE ®muk ol 3, Ay, nmltle] Ee ALgatg en, <@ AZHTHOR -LABS-AEI010D16)o]
Bopo] N2 th2A wolg oAt A8 FEd.
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Fig.] Modelling of Ultra-precision single plane
X-Y stage
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Fig.2 Block diagram of Ultra-precision X-Y stage
using minimum order observer
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Fig.3 Schematic diagram of Ultra-precision single

plane X-Y stage

Fig.4 Photograph of Ultra-precision single plane X-Y
stage
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g

B Az AFE Fug 242 Figéd 2ol
Gm=96.589dB, Pm=co deg., ©|54f 6dB o]l
dhE 9ol fE 60deg.olAolth. dutHog AlA
dol dAE gKE olFd{7t 6dBoldeolw
Aol &7} 30~60deg.olth. WA g BT
A et Aojriel AA dedenz NEE F
g4 BH4E F3te Aojrle geEvHE dA s
oo, AA% PIDA7|o] HE&F A7 HFZ
(close loop) Fdg H9L& Gm=15314dB,
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Table 1 Control parameters of PID controlier in global

servo for simulation

[ Definition |Symbol| global | micro
- Proportional gain 8 97500 || 0.01
- Integral gain 4 40s™ 800
.Differential gain @ 2000 [ 5x107
__ Sampling time T - 0.0002s [0.0002 s
Converted constant by 1 112 j79x10°
table position for ‘voltage K. v/m v/m

Table 2 Step response of global servo for simulation

; Qeﬁniﬁon global micro
Steady-state. error 0 0
Maximum: overshot[%] 0.1(10%) 0.1(10%)
Rise Timels] 0.047 0.005
Setting_Timefs] 0.062 0.0075
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Fig.13 Step response of dual servo to perform
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Fig. 19 Resolution experiment of global servo
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Fig.20 Positioning of RTI SIMULINK on micro servo

Fig.21 Step response layout of ContolDesk for micro
S€TvVo

J+100m

Displacement (s}

Time{ms)

Fig.22 Step response of micro servo

£ 108m

Dispiacement{s)

Timetsac)
Fig.24 Resolution experiment of micro servo by closed
loop

44. TAHAME AMAZE Hof
2 ANE wo]mR R PID A7
Hgste YXAH HEg s A7 ZZe v
AME TEEWNE 5 E& BRYFHoH,
Totd 2 AMBe} vlolaARAH A4
gAstA, 24 X AGE st oA

ox O N
_% to mu 4 pllm

oo U7 HizA4 #FZ7](Minium  Order
Observer)& 2 &38lo] FAAMEY HAAZ AAE
PRE N

59 Mme X3 Az Ao SIMULINKE
Fig. 259 zZon, Y& X3 $IF FxE 71X
i ok Fig272 HF AAF HH@ S 87 A
AoyzzZ ol ConrtolDeske] 3l o)),

| ‘. : _ ................... _.iIIZZE,L—»ﬁJ o

,,,,,,,,,,,,,,,,,,,,,,, PRl

Fig.25 Dual positioning of RTI SIMULINK on dual
Servo

GRS

S i - -
. e

feu
Y aEA e

Fig.27 Resolution layout of ContolDesk for dual servo

0.2

LXT N 3

008 L

Disptacement {m)
o
8

o 2 4 6 [} 1 2

Time{sec)
Fig.28 Resolution experiment of X-axis dual
positioning control

— 427 -



Displacement ()

L] 2 4 6 8 © 2
Time(sac}

Fig.29 Resolution experiment of Y-axis dual
positioning control

e
)

o
E

°
8

De210

Y-Axis Dispacement(sn)
e
3

o
?

002 000 002 004 006 000 010 012
X-Axis Dispacement(ss)

Fig.30 Resolution experiment of X-Y axis dual
positioning control

Fig.283} Fig29%& Hd MR B85 482 3 A

ojt}. ¢4 AP Fig.19¢] 228 MR R
AYF vlag A voja g MBI A& %05
oA 107t A BR8-S o 4 vt Fig.30
& X-Y #5223+ A& e Rlojtt. 99
o] A¥ & B3t & E V7Y BT S AT

A3 £10m ojsk2 vebsko

4.2 B

E =EAA o]Foid 2AY #HE X-Y 2H
ol o] AlEHoIAT HoldTH el &I MY
A+ W&y d¥e g 2o
3. B XY ZgolX ZAUAXAHA 2+
At EE AE7]Fe AojAd A Matlabs
o] 2% Simulations E3d AHo)r) HEHNE
FRggon, 7189 Aol gnYEe Ha B
Hatel] ArhAlol o2& HAEE HaRF BE7
E A8 FEAE Ao 4auES agdstgde
B, Aloizlel dAAH $FHE FASAh
4. Matlab Simulink®} dSPACE<®] ControiDesk& 9]
£ HAZL 2A}YWAXNEL 4¥8S B3l ANE
o}l Adel 239 HAZ2H4H ARE vl
EA% 2, A A0l ¢ugdEFe HE XY &
HojA =QdAXNAA 2 AT H5&
g3t At

—

5. B =82 2AY AAZAA7FA AHEHE
Ao olEl, A, 7tol=7]F, FHALE 24, A
oj7l¥dl distdqd n&AE T ALY HH
X-Y 2€o]A & 3¢k, AP on, dFstd
AAE AN2d2 7dstaA AC ME RES B
VAL B8 WA e Thol=E AREhy :Li“’
oA g FAsa, ¢HLAG BAERA %

o] &3 wmojaz AHo|AE ALE3I 2A
AAdA A2dE ML dc. mEe Ax
BAEE T8 Aty NAAYA Bl e
A AEEE FA}IIRGE JdIgde day
¢} HolA JHHAZMHE AAFAH AMZ &&
o 228 ARG vlolag Xre HAL A
Z AE %3l AEEH 100mm, 9 =X B
g% t10me HWH XY 2Ho]A XY )X

AN LEE FE3AT

& oo o e {>

L&n@ﬁ

b
o

#7|

£ ERe 3% ARARAR AGYY A7
MEQ Hol A& 87| EATAE S 20024E A
Tl A gel o3 ATANS.

T

ra

1oojxd, "109%9 Im7} o= A4 - Y7l
", Aol 2 o=dld A 113 Fd 3 2001

2. Simokohbe 9]2¢1, "Control performance of
Lead screw Positioning with Intelligent
Control Methods", HZE ¥%EITESE vol. 64.
No. 11, p.1627~1632, 1998.

3. Benjamin C. Kuo, "Automatic Control
Systems" Prentice Hall. Englewood Cliffs.
N. J 07632, p689~699, 1994

4. 0)Fg, "O]FARE o] & 2HE X-Y Ho
2 AW 3ARE ARA WA =E, @
=371+ 9, pp. 28, 1997

5 w714, HAYE, Fol¥, g&AFE, “DC Servo
Motorg ©]-&% =LA XZA 77 HAHH
AgdoXd 2 A% H/, d=xF3A7A
83 X, A978 6%, pp.164~169, 2000

6. AAE, olvtdl, FolF, TAZ, HAE,

“Laser Interferometer& o]-&% ZAUHYAZA
d Fed Aade] HFEH AEYold B A
o0d%s HrP, dFFTFA7IAES A, 119 15,
ppl7~25, 2002

— 428 -



