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Development of the disturbance observer for micro-stepping X-Y stage

Kim Jung-Han*

| ]
| Abstract |

The purpose of this study is to design a disturbance observer for a micro-stepping stage to eliminate the
disturbances from cables, friction, mass unbalance of the moving part, etc. The disturbance observer is designed
for air-floating X-Y precision micro-stepping X-Y stage which widely used in stepper machine or semiconductor
manufacturing systems. The micro-stepping X-Y stage has a weak point of the variation of characteristics with
position locations, which caused by various disturbances. In this study, it will be described that a simple and
high throughput disturbance observer algorithm improves the dynamic error and settling time of the
micro-stepping stage.
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Fig. 1 Movement of micro-stepping stage
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Fig. 3 Deployment of X, Y1 and Y2 motor(Top View)

771 HelA Y1, Y2of 271422 dad §AF,,
AF,= 3-89 $H A4,

1
=F 4
5 O, @

—AF,; X0,

1/1 -

FT,OI 6)
OyQ% 27} Fig. 39 4]
Z417F9) SA(Offset)on], F,
o X9 5o ot @),(5)el
L] g]z{guﬂe,] I

K

FuiA 9 Alﬂwﬂ
@A AR 9219
§ AF,, AP, 47}

g LY uo Ha
& w2

o

Aoy 91*& ﬁlﬁ%‘ a4
AAstojof Tt

=

Holx o A A4 &

Hu g

5!

it

t = Az + Bu+ Fr, )

1A ot HddE, AL A28 92, Be 99 9E, v
£ Y, P 97 9Y, ok 9UUEE dein oxy
48 e 2ol s,

e=z—z,

(M

26

AN 2,2 F£F3 A e E 3 A (reference) AT E] 4 o]
I, 4 @)% 22 $RAL BEdnn Ayen?,
x,= Az, (3
eatef g PR (9 Zo] 1A
e=2x —i,.:Ax—i—Bu—l—de—Amr
= Ae+ Bu+ Fx, 9
371 WolgE ZES Yo FH Ago|xE F7|¢q)
oste] RofE|of 7] ARl upHo] A9 glonz, Ao
8% 9E& 3= olF HE7|(Double integrator)® 2

2 2 Atk g A (1002 o4 A MY 2ujo]
B8 2golA9 QAo et WAL Yepd

eZHJ [1 hIﬂ [0.5}12} [q

A71A ef & AR dF 23, eV SEof digt ii}e
UER S, A A07] E8o] HARHE AHHYE A, u &
il A3 B4 Holnf, WHAL ki Alzke] G o]at & ”:“
2 BAR. AR df o di= A ()Y L8 R, A
Bl AFEe AA B &&= Ao gt d7gold. 4 (10)
s,

rulo

€1 =€)+ hel+ 0.5h%u, + &} (11)

di=eb, — el — hel —0.5hu, 12)
€1 = e+ hu,+ dy (13)
di = €41 — € — hy, (14
oA7IA Hof Fupgr}h ko] Futs Bk M wEcky 7}

Hape, @7 28 kol e o o2k o2
(13)225g tg3 2o LA

22t 4 (1),

7l

df—ﬁi-e’é_l—heLl-O Shiu (15)
di =ep—ep_1—huy 4 (16)
A (15), (162 4 3)lA dad A28 99, d7j4d,
Aols &4 59 &g 2gsith 183 Y1 2 Y229 A%
A @), (N4 AFE APy BHES A oe 3
SIRE Y159 A& JFHo2 gt 22 93t 4577}

F4g.



=% Vol.14 No.3 2005. 6.

NEEED

v
dk =efl—ef 1 —he;

amn
—0.5h? (u%tl—2—oz-uzy,)
yl
di=el—el ,—hul ,+h ul (18)

yl

A (1T, (18)) 49 9.3F Al ef Wl e¥ = Y1Zof dhat A
T, uf_, & k-1A1H XZ9] BEo] 7ed Yol
W o Aol y1Z mEd 7lajA dolth. npaviA R

Y25 ik o A57l= (19), Q0)% Zo] 24 Hoh

af =ef—ef_,—hel_,
o (19)
~0.5h% (uf | + ui-1)
20y
d/,zf:e —er_1—hu h——uj_, (20)
y2

714 (19), 20)ellM e er W ep & Y2of #Fote 3}
Aefolct.

A gt clF7]E Al FZ olN A 23 Y S5
22 223 ol BAI-1)9) 4 FTE AR, Aol
299 ol RAHES AT 52 Fig 4= <%
d&71& =3t B Yol Ao Hoj7]e A &Y
Aol

Z3 7

Feed Forwarg
Controller

Disturbance
Observer

Fig. 4 Block diagram including disturbance observer

=1]
=

2y

4, O{ X} HE Mo
7] Wlojg vpo]2 & A" 2o AFojRle o2t
Aate] 7hgAke] A E AAZE sHetslo] Fig. 59F 22 A
¥ AT 7o) ZFolof k. B AoAi 4 (17)
~Q0)7HA) 7t 9| Hejdz HAH Qg 9&7]9 EHgte]
grgo] §olst= g, B(ROM) HojEo] o3t o7 WA},
o7)of oft2 1 FA7|E o|&sto] 2442l Yol A HAYs)
= EFA%(Torque control)S EAF3I= WA 3158 =
Z7)(Amplifier)E 7/38k4itt. Fig. 62 2 —?L°ﬂ*1 :r“ ks
npo] 28 AR AE[o]2]9] ofz} HpAlof et L£RE Ko
Fa=g :
)

H| W 7](Comparator)e]| &J3to] WAIH A BE 3
HAL A HIE & 718 JHE D o)A AEeR &
Ao fixlof M2 F HolEg Axste] A S 2

, =

- "
N

250

-1 }e
H
i

a 50 100 150 200 300 350

Fig. 5 Discretized sin wave signal for coil current

Torque control signal

including disturbance -
estimation
Sin ROM Table
A Phase Coil
g
B Phase Coil
>
Comparator
tn - a
| Upperbit | UP”EL it
Q // Counter
16um
Encoder
Signal ’ "
, X64 Encoder _ LWFLB"
Interpolator

Counter for
position controt

Fig. 6 Torque compensation diagram

27



As}IL, ol7of Rlol7\gh elgh S7)ol 4 A4 23S &
A AA 2 ARl R W4 ey ¥

g 74sgrk

5. 7€ M A} Y oy

A9 ANYEL DSP Aoj7|of Hste] U TEH)
AEZ AWSAT AH0)A2) FHEAY 25 FER, ¥
A Fhe, BIASLS Rasie] oF Skgo Rk EAJshe
Aol e AL Fatdon], A AAEL 25G, A%
T 250mm/ise] T4 1F ZEutd g Agsidt TE =

Zulde sAb el 33 WA 93 1F ZEalde
ARgatgih Agol AHEE Sjojoj Rl g ulojaz Ag)H
AHO|AL AERZFT} BOoWA UL AR @73}
o2 Fe 7% AddAE SE770] tehix) g Aol
EA4olth

Fig. 79)4E 5o A &5 Z2990 SAo 574
H AHLAE dA)g Zoju, o}7]A 7t2%2 AZH20ms/

P

), A22e 2A(16umHE tehi & o 445 4
ok, Fig. 79] 912 A3k 254 AR E BE 45 X2
stelg EAIE Aoju, Fig. 79] ok %] AB% AA 28

o X9} FEA WAT ZE Ao T 74 ALl 9]
A oAS 27 Aoltk. uehy A 24 Ael9] oape
FEE AT oxol], T A2E 2259 ok T

So| B F W2 7|7kl 4T opolrt.
vk Fig. 828 Fig. 155 goloj2d 2ele] giuael
FEAEl 2.5mme}t 4mmo| djato] A Axtolct, Zt
a9} 3R ABE 25 B2 A eAE BAT Aol
............... T.‘.HP‘?‘UQ.,,_,H.,,v..,,.,.,«,‘,,.,,.‘_
S ne'g;L(ﬂlaéung |
g——F . 4

Fig. 7 Velocity profile and position error

28

o, 189 A2&o|A SAYER A 17H] 16um &
2ol sigaka, 7k2 9] 9 2he 20mso] gt 7 17
o] 9o g AT LT AZE FATH ESA Ao
th 78T Y& A4S YiT Y21 A9 §AHeE EAS Hol
BE, Y19 HolEE fr2 ZASIth 24 52 ¢ W
Foz FEG T oF Soms o ThA] Lo WO R TEs
of opdar A oA 24T Aojh. 7 AP 7lE L o
W 92 o|%7] (DOB: Disturbance Observer)7} $12 7
59 HA RYAH] 15 5447 vlaste] Usich
Fig. 894 Fig. 117/2]2] A dlo[€& 25mmE 753
e EH-’] EX]- LRy OL‘%‘ ’é‘;(é /\ ]E]' X'—‘T—’] o'l‘, o
Wshs Ao 1A oA Rt 4377 Qe A

AT

=
=

A ALt vt AAT, Y& Aol 2 +5AY
ol 25mmo A% 3 RUEES BAs)Fo] SHAlsA A
Tek ‘ZASBKS/EFM, B l(l:qlégqs_ T“"—iwl i
Al f §x ?
M i
i ;2 IOV M i
®E ooV

Fig. 8 2.5mm Running without DOB(X axis)

Tek 2.50k$/€ 39 A
0 S SN

TSV WMo oims Chi 7TV

2061

Fig. 9 2.5mm Running with DOB(X axis)



EH=ZEV|AE R =EF Vol.14 No.3 2005. 6.

Tek LSOKS/% 41 Acqs Tek 2Asoi<5/l§r 47 Acgs
£ [

v

|
= w
=
4

T 2GE Y RO T ) b i A IR AT A— W20 oms CRT 7 TAe Y
100 v @R Toov
Fig. 10 2.5mm Running without DOB(Y1 axis) Fig. 12 4mm Running without DOB(X axis)
Tek SR 2.Sak5/f - 29 Acgs ] Tek2.50k$/§ . 32 Acqs, .
[ 1

CHT 200V e T T00V T H20 s CRT T2y

Fig. 11 2.5mm Running with DOB(Y1 axis)

Fig. 13 4mm Running with DOB(X axis)

ox

LAE HAAAE B 4 ook B3 A4 A 93] 3= TekgEB2sKS/S A
XET Y BEoIA oF 15%0l4e] 454K ERipple) T R
Fig. 1258 Fig. 15710 4mme] 75722 24 9L ;H SOOI S \\.f ]
wef §1% 23 Z2AL 2 slofelolth. 2.5mm T / RPN \w g
%R o2 s FE ¥ 202 TS A S
2.5mm A2l9) Aok 2, dmm FEIHE XZ A AATENT A S
A= 9 e 27]7k Qs A7t UHF AH vehfsle o v SRR SES IR I A
o, Y3 BT T o) 2xjel BaE mof F5ich A
BlolElE gelehd FEATL Lold4E 9t o218 =
Fe Aol o] AH Lxket HA Alzto] FohE A TR
Y 5 YUT, Y29 A= 1 ANYESL o Fat,
4mm 159 AL 50% 7}rto] o} AA X7t B Fig. 14 4mm Running without DOB(Y1 axis)

Ao 23U

29



#yst

Tek TR 2.50k5/€ T 33 Acas

TOSV T WEsms Chi TRV

Fig. 15 4mm Rumning with DOB(Y1 axis)

CH RV

Table 1, Table 2= F+EA 27} ZF2} 1mm, 2.5mm, 4mm,
8mm o Z-2-9] Ao HH X9} 3um 2 AJ7HE 9
H27|(DOBYE 9& 4S5} UL 4SS SHstel Hola
Zojth. g JLF ZRAYY] HHAAY AL ImmF
50| 16ms 29250, 2.5mm7} 24ms, 4mm7} 41ms, 0}
oo 2 8mmtEo| 67ms AL} AQEc)

Tableto]] Fzjd vje} Zo], Y& A9 2

B oohet A ooy eate] MM} 3]
Stk X&) A4 ) 94 2 A9, B

BT 07T
27171 2 B2E BA) BAAT, 75 Al Soldss

‘6

o0 718 AEE Yl o ek 2 e e
Witk ol A® AR A XEE BAZAY BY

()] Y1, Y211} ZopA, X2 B 75 A2 35

o= Y1, Y28} 4] Aof7](Position regulating control) 7}
Table 1 Maximum position ermor
Imm | 2.5mm ;| 4mm 8mm
" Without | X 24um | 20um | 35um | 47um
DOB Y1 34um | 35um | 45um 45um
With X 28um | 20um | 23um 16um
DOB Y1 18um | 20um | 26um | 14um
Table 2 Settling time(3um reference)

. Imm | 2.5mm | 4mm 8mm
Without | X 12ms 17ms 51ms 61ms
DOB Y1 42ms 52ms | 43ms 73ms
With X 9ms Ins Tms 6ms
DOB Y1 24ms | 12ms 8ms 11ms

30

glEdold HololA of=Ax & FAsHA FAFAY
BHADE Aofsf 2R, 75 A7} golu dA] 77
A Aol A At Y &3 vhbs 2 AXEA o
57l digt 237t A AL A
vpolA R AP F2A B3 gRo] QoA AR &
go] sk wi7hA] 9] 42| A(Phase delay)o] HliLd 2
Heldl, wetba o]F 9= =9 S(Feed-forward)e} AL
TEE YHE o F, B4 F= A 15 F 2sE 3
o zx}& 4 gaste sow A
5 HZA] oA e &
mfzm ool £ ol XY
of-& 2Q3), o]= Az A 7ho] YA A gl A
Belo] Q7] fjolch. & AT 47 Az}
ElojA2} 247} 3um o2 FojebA] Ims o]
A& B ARte Ztlo}ﬂ 5% AL Table °1
shTh A AIZHe] A pol= A Gdo] AAA 7
FHem, ol 7P%ZH & 5 3 EelEe 2

3t AIZ7of elstol A A upo) ofgt ﬂ—é

2 > O
o S
© >

2
{l}e3

J_urN b""—‘
off It ox M
LI o

i
£

6. 28

25 2|

AL A

1=
o

2 aqdAE 37 Weld Beel vojas
oAl 2] Bjg x| A izt o7
AZ FEshsich 2 A7 AN Ak 2]
N3k BAZAHY A ofstol XY 57k A
O T REE I L ELIP
o sl el ol A, Aol ol o
HHO 2 Apfsto], A LS HAA| T
AL, A3 A9 A% 248 20l B
A A7) o 30% HEZ 2 Pastsct
slojziz Agg AdolqE Aol wAls] e He
T2 HoiglolA, Aol WEZS 22717} of$ ofFle A
29, ol A9 £ ATA AN FuEe £

=

=

=
5
o

=
=
=
°©

%

d
il

oy > Q. ol w

o

==
o
s

, A2k A7t

~
25 =

o]
2
il

HU mlo

Moz B2 A7 Ar) AW oAE AaN £ AL
o F9iv.
i3 s
(1) Oh, H. S, Kim, D. H,, and Lee, S. H., 2000, “A

Study on Micro-Step of 2-phase Hybrid Type Linear
Stepping Motor,” Trans. of KIEE, Vol. 49B, No. 5,

pp. 358~363.



% Vol.14 No.3 2005. 6.

(2) Lee, K. W., Jang, W. S, Park, J. B,, Yeo, H. G,
and Yoo, J. Y., 1997, “Development of high perfor-
mance Microstepping Driver,” KIPE, Vol. 2, No. 3,
pp. 37~43.

(3) Komada, S., Ishida, M., Ohnishi, K., and Hori, T.,
1991, “Disturbance Observer-Based Motion Control
of Direct Drive Motors,” IEEE Trans. Energy Conver-
sion, Vol. 6, No. 3, pp. 553~559.

(4) Yamada, K., Komada, S., Ishida, M., and Hori, T.,
1996, “Characteristics of servo system using high
order disturbance observer,” Proceedings of CDC,
Kobe, pp. 3252~3257.

(5) Yong, B. J., 2000, “An advanced disturbance rejection
control for repeatable runout in disk drive systems,”
Journal of Korean Society of Machine Tool Engin-
eers, Vol. 9, No. 1, pp. 60~67.

(6) Tesfaye, A., Lee, H. S., and Tomizuka, M., 2000,

31

“A sensitivity optimization approach to design of
a disturbance observer in digital motion control
system,” IEEE/ASME Trans. Mechatronics, Vol. 5,
No. 1, pp. 32~38.

(7) Yamada, H., Mizuno, T., Izumi, Y., Wakiwaka, H.,
Kataoka, Y., Karita, M., Maeda, M., and Kikuchi,
Y., 1998, “Motion control of linear pulse motor for
artificial heart,” Proceedings ICPE, Seoul, pp. 101~106.

(8) Kim, S. H., and Lee, E. W., 1999, “New techno-
logy trend of Linear Pulse Motors,” Proceedings of
KIEFE, Vol. 48, No. 2, pp. 48~53.

(9) Kim, S. H,, Lee, E. W,, Lee, D. J,, and Koo, T. M,,
1999, “Microstep Drive of 2 Phase 8 Pole HB Type
Linear Pulse Motor for Precise Position Control,”
Trans. KIEE, Vol. 48B, No. 12, pp. 671~678.

(10) Friedland, B., 1987, Control System Design, McGraw-
Hill, pp. 216~218.



