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300 mm-Travel Stage of Grating Ruling Engine and Its
Self-Adaptive Control Method
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(Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences ,

Changchun , Jilin 130033, China)

Abstract Stage properties and its control algorithms of grating-ruling engine are important reasons that directly
influence the ruling accuracy of large grating. In order to improve the running accuracy of grating ruling engine, a
300 mm travel macro-micro stage using PZT as actuator of the micro positioning stage is developed. Mathematical
model of micro-positioning stage is established, and the influence of stage’s parameters on the dynamic performance
of the system is analyzed by simulation. Micro-positioning stage is closed-loop controlled by BP neural network
proportion integration differentiation (PID) method. Simulation results show that the dynamic performance of micro-
positioning stage which is closely related with grating quality can be improved in general trend by increasing the
stiffness or damping between inside and outside stage. Positioning experiments of stage, which is used to emptily rule
35 line/mm or higher line density grating and employ dual-frequency laser interferometer as nano-positioning
measurement standard, show that BP neural network PID algorithm can achieve 3¢ positioning error of macro-micro
stage to be no more than 5.0 nm. The studies above can provide theoretical and technical guidance for structure
design and control-algorithm choice of macro-micro stage of large grating ruling engine.
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1: micro stage

2: macro stage

3: PZT actuator

4: tension spring

5: elastic steel sheet

6: guide rail

T: laser interferometer
8: measuring mirror

9: host block

10: grating blank

B RS LG RERE., (O FRE: (b =4EE

Fig. 1 Schematic of macro-micro table. (a) Top view; (b) three-dimensional view
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Fig. 2 Macro-micro stage and its drivers Fig. 3 Positioning curve of macro-micro stage
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Fig. 4 Simplified system model of micro stage
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Fig. 6 Output-result analysis of macro stage

2.3 WEMIEERZEINEEREST
XF M 20 R HL IR E AL T AE & Bt A A
B KO E AL T AR G 3 BRI R G e
FVER A | A B A o T AE 5 247 40 K 2 A i T
B AT FAa i 5ol AAE S A0 3 T Pk i [l 3] 51
5 i FRAR B LR R DA B R BUE 0 A B B9 98 oK E

2
2l i

Vo

REAE . D 5 58 5 AR G0 I BB A5 A 2 DDA O
(1RGSR 5 0B D 0 UE A2 TAR & &
0 R R R (] L B AR G R L S

Bl 7 B4 T NANG B S BUE L TAE & RGEH
PRI ] RS R R A O AR R oy MO B R m,
N BB A7) T 2 A AR 6 R [R] R
PR 28 G0 10 1R B I IR) 2 2y 5 B e R E HL
T B BRI SE AR L s A R R T A B AT
B T o 30 P % B BN ) AR s el P 7 () R Y A
1 J R X 2R G0 R ) R S HL A R G R
BEREARMUE O AR & 2 GE i I & . 55 2R 4 AR
NS G R T . B8 4 il TN B R S
EMTAEG ARG EM R, A8 m AL NE
JRCHE o /DN B GE I S — B RES [ A AR
R EL3E — B [ A5 930 =3 % Bz f) BEL JE L 4 L A &R
GLR ] 22 /N
100

(=]

N s O ®
oS O

Overshoot /%

0
0

50
100
m, 150 20070 m

T WARRRSRGMEERNXR. (0 SHEBEHANXER; (D) SBIHENXER

Fig. 7 Relationships between the mass of inner-outer stage and system dynamic performance.

(a) Relationship with adjustment time; (b) relationship with overshoot
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