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Picometer Displacement Measurements
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Abstract Laser interference displacement measurement technology has become a fundamental one for the current and
next-generation high-end equipment and ultra-precision metrology due to its large range, high resolution, noncontact, and
traceability. Based on a brief introduction of various existing sub-nanometer laser interferometers, in this study, we review
the research results of sub-nanometer- and picometer-level laser interference displacement measurement technology from
the aspects of precision, accuracy, and speed. First, starting from the principle of laser interferometer, the main errors and
technical difficulties that limit the improvement of resolution and speed of displacement measurements are analyzed.
Second, the major technological breakthroughs made in recent years in laser high-precision frequency stabilization, high-
precision interferometric mirrors, high-speed/high-resolution phase subdivision technology, and environmental
compensation and control are highlighted. Finally, the development trends of the next-generation ultra-precision laser
interference displacement measurement technology is summarized and prospected.

Key words laser interferometer; sub-nanometer and picometer measurements; laser frequency stabilization; signal

processing

H 5 oK o ANTEHE T B2 25 5 7 A 2 4 1 Jo R v 9 R
HWOE T WA AR BA R ER maH AR =P B E 110 TR IR ZOR W EEOE T
e fub R T P P SO T B TR O WAL B RS IR 0. 1 nm REL R AR A o
HL A R A R RR e A U, O RS L 7T, O T BURHDE ZIPL P R & A B A (AL
B S P I E R Z — o AR B XSO E A R RN B O AT A5 1 IR R E R R AL

] o S RS R 0 O T R I BOR AR TR B

Wi BHEE: 2023-01-03; B HHE: 2023-01-14; RABH: 2023-01-17; MEBHABH: 2023-02-07
#E1EE . hupc@hit. edu. cn

0312016-1


https://dx.doi.org/10.3788/LOP230440
mailto:E-mail:hupc@hit.edu.cn
mailto:E-mail:hupc@hit.edu.cn

F605FE3H/2023F2 B/ ERBFFHE

AT AR E A SI L T nm 1 SO ZI BRSO
MR Zh AR R 0. 1 nm, A B T RUE

St B E DA TSR 3 AILAS Sy AR 3R B SR 1
W %% T i 40 NNI, Nanotrace 25 T2, JF B T “4h k" R
JEE ) AR A AE A TR IR TS AR
10 pm PAF B #0615 00 B 5 R AT & o, 5 IR
T E BRIE 3, 3 1 R AEAR I 56 15O Z0 P55 & i e 4 6
PRI T oK W T s 2 90K R AR Bk
gt n] UL R A R T R 1) R X A E
I E Ak 2 H K ey i e Ay HL A B AR B L JE B TN
oK RUBE T DN s 40 38802 26 e e 1) B R IF 5 7 Il

2 PO v s P
R I 010 4 4 08 DL T A 0 1 O
A A 2 TP BT 9 B0 6 OB T 95 0

T 0k B AR GZ 30 4 57 £ 8- 36 45 (Doppler-

Fizeau) RN , T # 4% SORE bl B+ 18] 52 5 303 4k 22 4k, #k
LG . W% /AR (5 5 & H A5 A4 iz 3 B2 /7

Y 1S
fi= 2nv/A , (1)
pa=2nl/2 , (2)
K, 2 W ;o h 238 8 ARFS sn g2 AT
oo LR IE B B AL RS s A S O b K o i X
TV AT 5 B0 2%/ AH o A7 fife 4 B AT ] 22 4R 45 0 it ©
briz gl it F v i B/ RS 1R B .

MY 1 5 I R G0 AT 4 BB IR S R 4y oy R
(2 22 20 WO T WACRRUI (b 22 30) #0633 AU
Kk,

% 22 WOE T 90 I 5 LA JE AN ] 1 s, HL g
1 5 Michelson TW AT , 2% 6 5l &6 66T
5, 40 QPD iy H — X AH B IE AR W 5, A

Ims:ACOS(Zthd[‘F g00+§0d> , (3)

Lm:Asin(Znﬁll+ gooJr(pd) , (4)
A (L., L) R QPD i th W IEA MR 55 A B 5 iR
8 s o, MRIEG AL . 456 5 22 95 5 b 35 50 B Al 4
BEHE AT B I B R S

EM: reference mirror;

MM: measurement mirror;
PBS: polarized beam splitter; QPD: quadrant photodetector

BT &2 30T i i

Fig. 1 Principle of homodyne laser interference measurement
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Fig. 2 Principle of heterodyne laser interference measurement

0312016-2



% 605%E 3H/2023 F2 B/HMAERBFEHE

R A T B R S A L L £ 4 [ B S % B
ST, 6252 3 i I I 56 O B £ 35 A A 1
H5RENEICT WIS #5551,
Ir:A,cos<27rAfH— ga,) , (5)
I.= A, cos(2rAft + @), (6)

o AFCA R @ 43 50 SR RUS O AR 22 AR 5 IR AE )
WA 2. S5 ARG M (6), i 8 il H bR
AR B o

F 2R BOCT AU 50 ¥F 1m0 A IG
It B ARECD R . b2 2O T AR AT SRR Y
Vi TR AE T, 5 T LRt A ARz sh i i £
) 250 3 T AR o W D o e R 22 i ] 25
BYA EHAERM TWESERZ—.
3 WEHKIEOE T PA S H F R 2

LT O T 07 B I B SRR DL R o A
SR BRI T AT R S AR TR R 1
G K A A 43 9 7 B OGN

My JR 5 Tl K24 (HIT) i HUE £ 51 26 40 4% 1 &
R4t XL 29065 . BC 244648 .DPO1-P &I+
WAL PDO2-F B30 2% & DE % 51 {55 5 &b # ¥ o0 44
B, A 3 s o X120 /i A MO 7 ml i b i KRR
FEJE b 0. 02X 10° W #0% ; = RS B DPOL-P T B 4l
KOG DU A0 o 258 AR R EUN T4 T 40 nm /K,
LR 2ZMT 1 nm. 45 & HAT 1024 M 47 40 43
fE 711 DEOS 5 5 4b B MR+, & G0 76 I i vp A oo 1T 5
0. 15 nm W B8 4 BE T .

BC01/02

DE series

PDO2-F

K3 HIT HUE £ %% Il 4 3 5t
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Tablel Typical error term of the laser interferometer

Error source Error model

. . Sub-nanometer and
Traditional interferometer .
petermeter interferometer

Laser frequency stability L ox * Avg/vg
Laser frequency accuracy Ly- A‘Uo/“Uo
Dual-frequency laser frequency stability Le=0fi/fs
Phase measurement error Agp
Periodic nonlinearity error
Air refractive index error Lo An/n
Thermal drift error of optical prism group DE; AT
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Fig. 9 Periodic nonlinearity error mechanism in homodyne and heterodyne interferometers. (a) Lissajous figure of the three errors and

multi-order ghost reflection; (b) spectral distribution of the multi-order ghost reflection and dual-frequency aliasing
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