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Improvement of Positioning Accuracy
of Ultra-Precision Machine Tools
-Reduction of Laser Measurement Error
Using Wavelength Tracking Compensator-
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Positioning accuracy of ultra-precision machine tools can be improved by control using a laser
interferometer feedback system. The form error generated by machine tools results primarily from measurement
error attributable to a change in the laser wavelength caused by the refractive index of the air, which is in turn
affected by ambient temperature, humidity, and pressure. A wavelength tracking compensator is developed
and adopted to machine tools to reduce the laser measurement error. The compensator can update the precise
refractive index continuously and can also correct the error of deadpath length in the optical path. To evaluate the
compensation performance, measurements were made of the displacement of the tool relative to a workpiece and of
the form error resulting from raster flycutting. Both measurement results show remarkable improvement compared

to the case without compensation, meaning that high positioning accuracy was achieved.
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A basic optical layout of a laser interferometer system.
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Schematic of precision machining system with a wavelength
tracking compensator.
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Setup of the measurement of relative displacement between
tool and workpiece.

= 1000 1012
E "o [ M PV:0.03C ]
- aoo | LI PV:L12% 1 o1
4 [ 4
w 70 [ P PVLSSPa | =
o 600 f | 00E
< 500 a
K a0 | | 1009
o] I {
[a) L
QH 300 [ g o AL o | 1008
- PV:357nm prln
By 200 [ 7R .
Ll f i 1 1007
o] i AD EHifE |
@ 0 Pv:36anm
100 e ————— 1006
0 5 10 15

BR t (hr)

5 BRIEEMAIE /R LOBG O TE— TR
Relative displacement between tool and workpiece without
wavelength tracking compensator.

MBS AL Z PR cEE, TE—- T O
FIRZENRL AD #7075 &8 T DA —X (60 nm F2E ) F
THETEHEENEDNHZ T EZRL TN S.

T, BREWEEEZ M UIRETHE L TR
— TAEY R ORI ZERT AD 72X 6 ISR, T T Tld,
RET—209 27V Y IHEZ 1B, JEREEE
60 Hifd, 7 v RISZAEE L, ZHiE CTHEE L7 B O
845 mm ICERE LTz, Fiz, KICEHEREEZMH L
RV EZICTHENZMERDFRE AL & TOROX
[t P OZA bzl L7z,

X6 XD, HMZEMDIHEAD IZPVIS3nm TH D,
MEEEEZHH L0 E I FRHINSNMET DR
AL = 2350 nm D#] 1/40 £F L {/NERfEL 7H> TV
%. TOFE, REWMERTS T LIcKo THER
OREENRIEICI E LIz L Z/R LTV,

(2) I ISRERIC & %5

BRI OH % 5 A 2 — Y| F2R THGEE L 7z,
FAZ—=YllE, K7IRT XS0, Xl ( LYo
BEm) & Zih ( CEOYBAHZ 1A ) IC[FIRE 2 i
HE N2 EEETEZ VT, Yl ERAm) ZREE



KBFAL EESERANRE A WIZEITGE  No.21, 2007

1000 G c 1010
= [ IREEHIAE PV:0.08% ——
E L3RI PV:3.08% / ﬁ\?:ﬁm‘ ]
| 0 —r -
3 i 1005
» |
i r s
B 1000 | ] g
® 1000 o
ﬂm [ |
# 2000 'ﬁ
9 F 1K
o E e f 1
# - t/ P PV:13.02hP 9%
£ 48 3000 |7 é 1
® AL H#EFEfE PV:2350nm
= 7 ]
-4000 : : ‘ ‘ ‘ 990
0 10 20 30 40 50 60

BFfE t (hr)

B 6 BREEHEREO TH — TR 2L
Relative displacement between tool and workpiece with
wavelength tracking compensator.

L7z XZ HNTOMLZIT, SOz Y Bl5 i o
B9 ETHMMMEZAIKNT 5 /515 TH 5. I
X 2l R RN LIS R TR W TR R Z 2 U,
REBZ(COFEEZITIRT N LR T, TORE
RN TR D BB LRI E NS Y fli5m (F A
> AB) DIFIRFRAICHIN .

A2 —YIH|S2ERIE, NiP ¥ > Z % L7z 10 mm
RO E U, RO Btk O R mir
TR 23O T2 LTz, IMT#%DZ A AB
LowIREEZ L —Y T35 (Zygo & GPI-XPHR)
KXo THEL. ZOMOM TN ZzEELDTEI
IRT.

X 8 1L T Y $ili 75 Rl D FEARAS FE E(FEHIME) 279 .
BICid, BREZED S FHIE NS OLERD IR AL(HE
FEfE ) EXUEZAE P(FERIE ) ZHfRd LTz,

BRESHIEIC K ZTEIREEE PVET 91 nm TH D,
ARFEET % & PRI NSRS 468 nm AV KIRIC
BRI N TS, TOKIIC, FEEOMTOIRMICH
WTEBRBIAIEIC K O NERDKGEDm L, KRR
WD LRELTEMLZITD T ENTES.

5. &8

L—=YHIET « — FXw TR R U 7otk
THIC BT B ALERO Dkt 25 T L2 HE
LT, MEMRAZKIKT 5 7z OB Al 2L E 2 Hi 5
U7z, BiFE U732 RO NEFHIRICEAL T
BREGAHIEZITV, il RN T E — AR R e 22 A
RO FHIEARD T A 2 —YJHilhn 52k 7% @ U TR
ZiTolc. ZTORR, WEZITDEWEGEE LU T
INLREDALERD KGN E L SN D T EMIEE

B SCE RO ESE RS L

51

IE#K HSAMAVEVFIER
SAAB: BRBEEEDAIE R

X7 TR Z—LHIHERE X

Schematic view of raster flycutting.

x1 FAZ—YIHIZMN

Raster flycutting conditions.

I SRR LI U 7= IEEE AR NiP
I
AR o X B
HfELA A e FLA
TH AP 2mm
[EiA % 18mm
LIElEIES 565m/min (5000min)
0 240mm/min (48pmirev)
ENIATHRES 3um
Y Ak ke 15um
FRGIHIREH R WHR49 5y (771> B)
BIEIE Sl (XA R)
BFRE t (hr)
0 5 10 15 20
800 [T 1017
° TREETHIE PV:0.03°C 1
£ 600 VB EEHIE PV:0.16% 1 1015
3 =
s <1400 P PV:305hPa | 1013 &
zgnlg 200 E EJfE PV:9lnm | 1011 =
ws / 1 H
K g LV M AR a9 K
g
K= 200 | - 1 1007
) A AL HEFERE PV :468nm B
-400 ———————————————————— 005
0 2 4 6 8 10
BEEE d (mm)

B8 NiP ¥ - ZHD T AX—YIH%DIRKEE
Form error on the electroless NiP layer machined by raster
cutting.

T&ETz.

BE Xk

D) IHApsc, JESiAe, ARHRES @ KB L ESERAE &
AT, No.17 (2003) p.57.

2) Zygo Corporation: ZMI Optical Wavelength Compensator
Accessory Manual, OMP-0233F.

3) A, TEEPRE— @ KRR, 40 (1974) p.716.

4 P, NHE—K, AR, RJIHEL, NSREEE,
fi b Bk BEER AT, BHER—, JEIESR 2004 R
RN LA AR S S, (2004) p.427.

FTORFA] 7% il - HE 92T LI TEXRE A,



