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Abstract: To measure two Degree-Of-Freedom (DOF) in-plane displacement, a spatially separated
heterodyne grating interferometer was designed and built. The optical configuration, measurement
principle, and in-plane rotary assembling error of this instrument were investigated. Based on the
diffraction of the planar grating and the spatially separated heterodyne grating interferometry, a
symmetrical double-diffracted optical configuration was designed and analyzed. The measurement
principle and the elimination of periodic nonlinear errors were modeled and studied using Jones
matrices for the components. In-plane rotary assembling errors around the z-axis were measured to
decouple the measurement results for the x-and y-axes using a two-dimensional rotation matrix.

Then, the square and circular paths of the grating were driven to evaluate the functionality of the
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proposed interferometer. The experimental results indicate that the proposed interferometer is capable

of measuring the in-plane displacements of a nanopositioning stage within the range of 30 pm after

compensation for the 0. 350° rotary assembling error. The error attributed to mechanical vibration is

less than 0. 15 pm. In this investigation, 2-DOF in-plane measurement was demonstrated using a

spatially separated heterodyne grating interferometer.

Key words: grating interferometry; spatially separated heterodyne interferometry; two degree of

freedom; displacement measurement

1 73l

nu\‘

AR, 4 I o T2 DE DA R R EE R
H# (More Moore)” By 3 J&E PR3 4 J L 2 S 44 i) 72
BB W/ E gk DU 30 A 2 R
PUE= 7 s ) e 3 3 N 1 B[ A R 2
ENE S A PRI S AR e N A= ]
HE, FHDGZ T ZAF K2 SR i b el
R Z —, H e 5 2 e & 1B R T b A Al
T I, TCI EXOERIPLIE R A 18 TR 6k
Vi - THT i BE A0 0 AR SR AN AT A B

TS5 LA K 9000 B 0 & 1) 4 7 28 0
ARG 5 ASC LA HE e o R R A A A
EITTZ RSN SO U L e
TV AR FH A B4 A 0 R L X g R L B R
SEFHE ST 802 A i R 2 A ]
J T IE T AR AR B PR RO T b Y
fili=z b, Ah 22 M v HOR S H O BT B R 2R 2l
FAD 22 100 17 W b i S5 A0 6, 7T DA — 25 R AR
TR R RO O Bl A S A1 22 i
TIALATI IR 52 B A1 26 T 05 5 1R 09 A AR vk iR 22
st 0 S BR N R R B X — A0k
P 25 T DAMESCE THER . o T IR B R
MG IR S | B 0 F T R Ltk = 22, FR AT A SE
FRIE 2 v 2 T 2 ) 0 B KOl B A
TR AR AT S A 220 T Y
FEAF GG IR T T A A AR
PTB 9 J. Guan % A2 T —FhREA SR 22 20
OO 2T BB A A5 4, R RE g ik T 3 BR AR £
PEIR 22 A REVED T (B AP ST 20 e 2R S5 N F T
PR A b,

I3 — 5 T G T P AR Ol 2% 4+ o 4 e
THRERZ A H N &E, S A B R
H — 0 fRT B T 22 2 R FH R A — 4 S 25 B e Herp

—A A A AT A X R O R X e A 2
SRIFAS o AR I Al 2 2 DX ) A L BRI A B
TRBERKIE W T X7 R LERACR . 52
P 3 T WOEAE A A R B ACC R M
ML BTG ] UTE B — I Sk O i b S B
THT P9 E RS o B 4R R L T AR O
Z030) DX g ) o A A Jm S O . TR R AL
09 = H i O T 07 R 2 T ot
e,

TR N g KA R 2 A
7 SR S U R EE A S e R A R SRS
PTG 1 5 45 kR s 0] oy e SO 22 e T
LB T — Bl AT I B =S 1] 3 i 38k 25 T
JEA AL, FREA SR A5 T 3 A
SR S 5 T A I SOt B St B 2
FH . SRk, BT 4 i A =S ] 23 5 24k
25 6T A RE A8 SE B T — H BRI

2 FEkMTF AR S E NS R

ARSCEH Y O R RSN 22 P DG T AL 3
S a3 G A A 22 56 U5 N 25 R 2 i A Sk
PR A 2 B
G OGIR A 226 R B WE 1 s . —
WO H BROROG AR KB 43O LR 50 ¢ 50
Y AE 3 43 685 (Beam Splitter, BS) Ji5 8% 43 1%
TR 43 P28 P TR (VD PR & T ) IS L 43 51 A
T AR A ) Y R O T 8 CAOM, AT AOML)
WHIRE £ ORI f<<f) . WHE PG
WOl B &t — A m ik & (P F1 Py HAR 30
D7 1n) R PR S AR D m &2 o . o T
SR O WA R A A . R, B O
) B A BE 4 T LA — A s 2R
E..— {cos a:) . 5

sin a



45 8 1y

85 s ] g g A 2 A R T A T R A 1729

&5 WG 430 48 i R £F F A A% (FC, Al
FCHRA AR ICEF (Fiber, Ml Fiber,) H- 9k 1%
i ATV SR B b . AR R A AL
RO ROGIRAE , & T X T AU IR T Y
iR LR AL i N A Y2 F EE R T 9k B AT LR e #
AT RLKE R 304 DGR I B8O B L BN AS Ol
LA A 5 R % &) T BB BT A 38
RIMEEL A 225 . UL . Y6 2F 1% i 2 B9 6 2 45 # 7
M SR B TR R TTIZ R .

. pFC, Fiber,

7 \1
| )1 To grating probe
Fiber,

L&D
M AOM, _.'w-ﬂ_.uo"'\-/"

K1 2 obim il B 4k 2250 U8R 36 1

Schematic of separately modulated heterodyne laser

Single-frequency
laser source

Fig. 1

FIE 255 0 ) e O A 22 S URAR FL, PR
[Fi) A0 24 4 DI R 73 ) o ) 9 G U rp ST e AR, T
AT, Rz 4y 25 2 Ah 22 T W Akt ot Ik T &
MG R 2 — . (HAS Rl o B T B A AR 2L
PO RA G TW AT X RS T
JEHLB TR T B ¥ERE . G HR O R
A AR IC 23 KRS8 T 5 M5 5 1 L IR A5 1R 1L
It — 2B W AL A I BERG JE Ah T 3 Al
JCEF AL a1 3 6 ) b 22 SC TR I H 2
W T W B A ORI, LABT Ik i TG EF R B
SRR 5 R 1 DG TR LR X e 45 SR 3 R Y
o,

23 () 73 B X A H B TG T A I sk
a5 2 BFoR, FEH A IR Ot R
(Polarized Beam Splitter, PBS) , — 4~ U 43 2Z — iK%
F (Quarter Wave Plate, QWP) , B4~ 2 45° M X
B R R IR 536 BE (BS) I 4 AN HERE B (RRO Y
W, A T 2 T R I A S TR (GO
FAHN RS 3 >t B4R W 8% (Photodetector, PD),
El e 5 OGAE ) BS i 8™ A 1 2 25 50
HOLWARIR N BS Ml BS,s I THK S EF S«
T Ay J5 1) 1 AR S 0 06 H I A% A3 o) D) A
br PD,,PD, 1 PD, JILAIX 4354 A ff1 4 02 B W) FF
T A b b bs BT HAE 08 A S O6 o  J I FR
R,

From separately modulated laser

J1

ol T
I} Fiber,

1

(a) e 454 5]
(a) Optical configuration

(+1,+1),
(-1,-1), f

Incident beam

(b) AT S AR B 48 1 [
(b) Detailed information of double-diffraction
[l 2 Z3(a) 4 B A R DG Sk 45 1
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Tab. 1 Result of repeatability experiments (pm)
MEws o v | MERE o KL
1 29.999 30. 001 6 30,021 30. 002
2 30,009 29.979 7 30.001 30. 016
3 29.979 29. 994 8 29.995 30. 000
4 29,988 29. 982 9 30.013 30, 015
5 30,021 29. 988 10 30,030 29. 985
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