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Abstract: To address the issue of the decline in micro-positioning accuracy caused by the hysteresis nonlin-
earity characteristic of the piezoelectric ceramic driver during the engraving process of the planar grating en-
graving machine, a composite control error-compensation method based on the segmented Prandtl - Ishlin-
skii (PI) model was proposed to enhance the indexing positioning accuracy and stability of the grating en-
graving. A set of error-monitoring and correction systems for grating micro-positioning with a certain de-
gree of accuracy was designed. By constructing a segmented PI model to describe its nonlinear behavior,

the hysteresis characteristics of the piezoelectric ceramic actuator were identified using the least-squares
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method. The inverse model was used as a feedforward compensation link, combined with closed-loop
feedback control to form a composite control strategy, thereby achieving dynamic error correction. Experi-
mental data show that, compared with before adding the PI inverse model feedforward compensation, the
positioning error of the grating line has been reduced from =420 nm to within =10 nm. Ensure the consis-
tency of the engraved grooves, apply the calibration of the grating etching division degree to correct the po-
sitioning error, providing reliable technical support for the preparation of high-density gratings. Future re-
search will focus on integrating and optimizing intelligent algorithms to further improve positioning accura-
cy, as well as exploring the expansion application of this technology in curved surface gratings and variable
grating pitch etching.
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Fig.1 Micro-positioning Error Monitoring System

O

vix
+
RN
!
51— <
‘
TIERB- 5
Bt
+
MR
!

Y o ROl
e iR

[ MRS = FE LIz |

2 R E PR AR R B IR

Fig.2 Error correction control flow diagram
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Fig. 5 Piezoelectric data acquisition platform
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Fig. 11 Grating profile images of atomic force microscope
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Tab.3 Specifications for the detection parameters of the

engraved grating after correction
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Fig. 12 Comparison of step response time series and frequency response amplitude-frequency characteristics diagram
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Tab.4 Dynamic response performance comparison
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