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Large stroke 2-DOF nano-positioning stage with angle error correction
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Abstract: On the basis of a macro-micro dual driven method, a solution for the large stroke 2-DOF
nano-positioning stage with angle error correction functions is proposed to reduce the measurement er-
rors in a precision measurement system caused by positioning and angular errors of the stage. Firstly,
the principle of the solution is demonstrated. In this solution, the macro stage and micro stage share
the same position feedback systems to form a closed loop control, and both linear positioning errors
and angle errors of macro stage are compensated with the help of a 6-DOF micro stage based on a pie-
zoelectric ceramic actuator and a flexible hinge. Then, the macro stage and micro stage are designed
and manufactured based on the solution. Finally, the performance of the 2-DOF nano-positioning
stage with error correction functions are tested preliminarily. Experimental result indicates that the
stroke of the 2-DOF nano-positioning stage reaches 200 mm X 200 mm. With the correction of the mi-

cro stage under the closed-loop control, all of the angle errors of the stage are reduced from hundreds
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of seconds to less than 10", and the positioning error is reduced from 3 pm to less than 25 nm. Experi-

mental result verifies the effectiveness of the macro-micro dual positioning system.

Key words: 6-DOF stage;macro-micro dual driving;nano-positioning;angle error correction
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Fig.1 Schematic diagram of system design scheme
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Tab.1 Entire error ranges of macro stage
X e Y HE X fh Y %l
o 1% 25 iR 22 TR % iR 2
3 pm 3 pm 4 pm 4 pm
Z2Y 28 X b A
% Ay % £y B A
96" 78" 127" —
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M 2% 1 At R 280 R B A 3R sh 4% & i 5
FAMER S TAEGIRZEN S A EM TESTT
PR IR 2 FTR .
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Tab. 2 Travel indicators of 6-DOF micro stage

X Y 4 Z

9 pm 9 pm 9 pm
L5Y i 28 X Wl fh 28 Z W £

100" 80" 130"
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Fig. 2 Overall structure of 6-DOF micro stage
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Fig. 3 Structure of multi-DOF board
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Fig. 4 Mechanism of rotating around X&Y axis
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Fig. 5 Clamping and preload mechanism for piezoe-

lectric ceramics without stress
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Fig. 6  Mechanical system for large stroke 2-

DOF nano-positioning stage
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Tab.3 Test result of travel ranges for 6-DOF micro stage
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Tab.4 Linear combination positioning test along X axis

T i EHhE

sh &b

KR 2% /nm
% /mm  EE/mm )5 EE/ mm
50 50.002 041  49.999 983 17
100 100. 001 144 99.999 975 25
150 149. 998 401 150. 000 014 14
200 200. 001 889 200.000 018 18
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Tab.5 Linear combination positioning test along Y axis

mH

sl &5 A

Py . p— WAL/ mm R mm MR 2 /nm
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Tab. 6 Combination positioning test of yaw for macro-

micro stage

AR A5, EohG sl & #h IR
/(mm,mm) EME/ (D JEEH/ /("
(50,50) 51.153 55  6.237 32 6.237 32
(50,—50)  6.737 97 5.648 36 5. 648 36
(—50,—50) 43.659 34 8.148 45 8.148 45
(—50,—50) 10.756 28  7.885 73 7.885 73
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Tab. 7 Combination positioning test of rotating around X

axis
A R 1 e WEERME BiRE
/Cmmomm)  EAAE/ )RR/ /M
(50,50) 27.167 68 7.984 66 7.984 66
(—50,—50) 24.426 66 9.564 42 9.564 42
Bk
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