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Ultra Precision Positioning System for

Servo Motor-piezo Actuator Using the Dual Servo Loop

and Digital Filter Implementation

Dong Sung Lee*, Jong Ho Park*, Heui Jae Pa

ABSTRACT

In this paper, an ultra precision positioning system has been developed using dual servo loop control. For
positioning system having long distance with ultra precision , the combination of global stage and micro
stage was required. A servo motor based ball screw is used as a global stage and the piezo actuator as
a micro stage. For the improvement of positional precision, the digital Chebyshev filter is implemented in

the developed to dual servo system. Therefore, the positional repeatability has been achieved within =+

+

10 um, and this technique can be applied to develop precision semiconductor equipments such as

lithography steppers and probers.
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Table 1 Digital Chebyshev filter coefficients

aji b
NG 2 1 2
1
1 -1.6658 | 0.8483 -1.8901 1.0000
2 -1.7900 | 0.9681 -1.8901 1.0000
3 -1.6080 | 0.7015 | -1.8501 1.0000
4 -1.8537 | 09116 -1.8901 1.0000
B 5 -1.9147 | 0.9802 -1.8901 1.0000

K = 0.9782

43 UiY HEHE S8 0|ZAME FIZ A|A
Aol fixiHof

Chebyshev HEJ7} F7hg A 2dle] EZXM
Fig. 1091 e}t ek 5, dojd FAHFA2EH
o] 9}z A=WAZE7}L pCcol YHHHE, PC Hol7}
FEEo] o] FAMR Ao} REXE FFEi vleja
2 o)A e G2 AH A &F& FA
AR A E F3P3ch B JFoM wlola
2 gl 9] EF Aol PIAlOlE ZF2H 2~
o]x]9] LEAojolE PID HAE F3sI o,
nlojag AHOX A E 4% Huwg 2y g
& F feug mEA/E AMEEHAl st
a3zt Aol Rz vl e AR WHe
= F3tod ALE3eh Fig. 11a%k 11bE 500nm
28 fg™gd dig sEFHezA, AdAd
Chebyshev HE]E AFS-3F A3} AL&31#] e A
& Hwdtd 91X A& F¥y3 Afoltt UH
AHE H(Fig. 11a)@ YRR H FE| AME Fo&
+10nm BEe] AAAELLEE 7HX = AoR e
ok kA pEE olFAME Ax®e a&AS
Agstr] Al 100ume] YA A Hd st =
29 zeol ARk FEdta wholas AE oA
TE3tA ¥ Aee, 2 2oz} vloja
2 2Ho|XE BT TE3e 49E FES &
EAQS #Z9n) Figl2ax 229 2HolA
g FEdte A9EAM o 3um AE A A
z Z A¥o] 2o e AE ¢ F

= F2Y Aol e} vlo]aR 2
ojA & A TEE WY §H SAHo2AM AT
3 R EAQSH gon oz ARE X
g el PFHEOZ 10nm oo == RS ¥
4 9ot Wl ol F:AE A" F&Ado] ¢
FEAon, F&A XNAA A x®lozZAY )
ol stk =g AA A2" FE A F5F
F29] wolx HE olon Y wolE T A
28 43gg & 5 Yt [9JEL gxd dH
of o9& Aggoz AlrdHo Heg Y F

At 2ES AU

i

161



olgA - etE S - utal A R AYF A A6 H3E

; .
: DSp Board PID loop
Ke+K;S+K/S

A(S) l 1

micro stage !
G,(S}y -

Global Stage l
G,(S) I

T ‘J : T
| Cheby shev Filter |t
; H(S) |

L e

Fig. 10 Block diagram for the dual

600 -y
550
520
aso
4o
aso
200

nmizso
200

150

100

Fig. 1la S00nm step response without Chebyshev
filter

100000 ™

99000 e vrrnen e

Glabal Servo Position Erfor
[T LT J) S ———

87000

96000

nm
95000

94000

93000

92000}

0.0 0.5 1.0 15 20 2.5 3.0

Fig. 12a Response of global stage under 100um
command showing 3um positional error

with noise components

servo loop implementing digital filter

600

550 [

S

400

aso 1

AR 1Y

2590
200 |
150 |
100

50 -

11b  500nm
filter

Fig.

step response with Chebyshev

nm T T T T T

100000 - (

Micro Stage Compansation

98000 formmrrrireies SO SNV SOV S

Wllcm Stage On

96000
94000 L f

92000 b
n " i
0.0 0.5 1.0 1.5 2.0 2.5 3.0
sec

Fig. 12b Response of global-micro stage under

100um command showing about 10

nanometre noise components

162




SERREE SR

@S 4EFesA Hi16d A3Z

5. 88

MEEEH-GATE7 2 TAYE ol FME Ao
Alz=dlo] FHEE oM A2LE g Zr

() AEEEHEZH g 0X]), ¢dT+F7|(vtela
2agolAh)2 FAEHE olFAEAC Axwo]
T o} oF 200mme] FF A HajA 10nm2
HXW 7HA e Alz"o] dE A

() 233 AXZAEGE 94 wolaR 2golx7}
@ﬁlﬂﬁiatﬁ, 845, FH45 79 2HoAH
A7 o|FR L, AFEA vlolag 2
ol Ao tigt A W 4 JFErt 7heste v
24 AXNAA FokRo 8ol 7lddrh
(3) olFMRA]F 2] AXNGULEE FFA7]7]
%’46}1*1 oz RE e dg Fa v‘i—*—io} a3y
g FstAY utadg A xlEglo] s
20%, lﬁ gxdg Jej& FaiA ¢ 2&F
ATk upEbd AR Aol A
g T Aage JFE
A8l dx" FEE o]
apgkste] Alzgle] 913

L=
=2 A=
1)
E'_

%

zﬂﬂo}ﬂ A dAd
%HEH 10x}4 Chebyshev 47l 7dEHA o,
MATLAB &7ZolA A :#HzE Fdtd s
E &3 Chebyshev HE|7} A, F+HHU.

(5) oIFMEA 2" FEEAHE FHAs7] s
229 2ol A¢E FFIE 4 Z22d &
o]« ¢}t mlo]laz 2golArt A FEHE Z
SZ 100um? $1x A #Hol hg Alx®le] $HE
e #EI9er AR Ao BE AT
LA AR wol= Qo] ol whaj Fa
o] ALolE ¢ 10nmAEY wolR AEglo] ¢
ofgloiA spate olFARAI AR &G0l UF
= et

(6) NEE o] FA KA 289, 22y F34
2o 249 whxA] FujEet ofye AYW ZAF
oz ALgE £ Qe HAVERA S8}
w9 FH A 7ld =T Ak

AElOo A
-t

163

%7
o) wEe 19069 BF & WEARL &
Fulol ol AUANAE
s
LoBEEsrdads fUHE 99 39 A
g g3 AW 6AFE LFA2Y AW
Hgth MarereEE

. J.M.Paros and L.Weisbold,
Flexure Hinges,” Machine Design, 1965.

. S.T.Smith and D.G. Chetwynd, "Foundation of
ULTRAPRECISION MECHANISM DESIGN"

Gordon and Breach Science Publishers, pp.99-100
,1994.

"How to design

4. Leonard Meitrovitch, "Elements Of Vibration
Analysis," McGraw-Hill  Internationi  Editions,
1986.

. R.G. Brown "Signals And Applied Kalman
Filtering," Wiley, 1985.

.ol 5 A, 4R, “o] FA B A F Lo} chebyshev
e E ol &3 wr=A Fulg Y AAZA
71& g FFLEEE A dedd =
7, p874-878, 1998.



