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Structure design of nanometer positioning stage with a large stroke
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Abstract: As the performance of a scanning interference field lithographic system using static three-
step splicing exposure method is related to the positioning accuracy and stability, this paper designs a
2D positioning stage with a large stroke to achieve high positioning accuracy. The friction drive and
piezoelectric ceramic micro displacement mechanism were combined to form a macro-micro feed
mechanism. A closed gas hydrostatic guideway was used to drive the stage to implement the raster
indexing and scanning movement along X, Y directions. The [riction driving mechanism and aerostatic
bearing structure were optimally designed in detail, and the natural frequency of overall structure of
the stage was calculated by finite element analysis. An autocollimator was used to test the linearity of
the guideways in X, Y directions,and results show that yaw and pitch accuracy in both directions are
within &= 0. 04 pm. A laser interferometer was taken to detect the positioning accuracy and positioning
noise of the guideway in X direction and the result shows that for the stage with a stroke of 220 mm in
X direction and 300 mm in Y direction, the positioning accuracy of X direction is better than =5 nm,
and the positional stability is better than +25 nm, meeting the requirements of scanning interference
field exposure system stage for nanometer positioning precision.
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Fig. 1 Overall structure of stage
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Fig. 2 Driving mechanismin X direction
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Fig. 3 Friction driving mechanism
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Fig. 4 Flexibility hinge jointmicro displacement mechanism

KR RGBS EE i B S R
B R T e A 1 OB BCHE 2 0 38 T, DA
PRAUEBE IR 22 5] TR (Al 5 g i T a2 51 1
W8 A RGEFE MR R0, B R IK 3
#Z5| HEWE S Z LR h .

T=CX P, (D
Hr. T RZES| J1, P AL T, CRHESI T RZEL
(C=0.15),

TE5 LR IK BNl R A F A %) JEE 482 BH 2 K JBE 452 0K
SR Gk TAEMRIH AT Wik 1 P=300 N,
WA A S ma R, Y B w2 0,028 mm
B, IE R I8 300 N, 7E 52 BR s i A ok B 41 i
9 0.025~0. 03 mm,

2.3 SEHEESHEIEHWIEIT

FHOIE g TAEG B ARSI E, XY 1
SARERE SRR YR A 85 . SRR R
FHBEA BT VR RSN/ L FR GE e N SR
MNEE Z S, HAE TAE 2 vh #0075 PR 47 1
RS E AL R T ICAT B4 L 5 B i b il 7 1
RE 1. AR R 34 Ak R0 B B 4 $R v oo I
& IFAEAR ] T2 F% A4 8 T K R B b 4 = S B
M ELZITHE . & FHCRHAER S M B, LA
A 4R B 3 el A, RS RO M v X Y A ) B
SRR 22 S A

DL X 1) 200 R0 A 25 4 R )L an sl 5 BT R
X SR R TR B . B R
TAEGH M. X & 59008 o 18 5T % # 7 L
FETEFLE LS S Hh 1 e B2 Bl b & 2 B
MRE T R ET A B 5 S Al R SRR
HESHA. X mE St B.CHIHS D.EW
TR A4 8 P =AM R i T A R 1, b B T O 3



1068 b=

k% TR

5 24 &

BRI TAER M, DE Wy 805 TAER
W7 FT I A R . BL C T TE YT T EE P
A7 BE X S BUIRAN A9 32 Sl kS 2R e 2 MM . DLE

P T AR 2 11 - 1 JEE P AT B2 X S BUK - O 1) B
LR R T SRR
PERR(ES

wam

| |
I\\\\\\\\\\\\\\\\\\\\\\\\\\\\l\\\\\\\]

Difi 257772 ///:BII;".
" /\\V> >\\ j ETfi
' B 5 X ARSI

X gas hydrostatic guideway

XY FRUASER R 2R AR O 0. 15 mm /]
AL 9 75 oKL R A B R #E X AR 0. 014 ~
0.018 mm, X FHAYKEAE S 1 506 N, /K
J7 1] W EE 267 N/, M ) OB W N

Type:Total deformation
Frequency:107.22 Hz
Unit:m

0.170 75 max
0.151 78
0.132 §1
0.113 84
0.094 863
0.075 891
0.056 918
0.037 945
0.018973

0 min

() X [ 3 FH 58 Z il 5%

(a) X moving guideway reverse around Z axle
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(c)Y moving guideway reverse around Z axle
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Fig. 6 Natural frequencies and shapes of stage
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Fig. 7 Linearity of guideways
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