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Planar two-dimensional time grating based on the orthogonal dual traveling
wave magnetic field displacement sensor
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Abstract:To meet the urgent demand for precise two-dimensional positioning technology in the fields of semiconductor industry and
aerospace, a planar two-dimensional time grating displacement sensor based on the orthogonal double traveling wave magnetic field is
proposed in this article. The sensor consists of a stationary part and a movable part. The stationary part is composed of a magnetic
conductive base and the excitation coils arranged in the x and y directions. The movable part is composed of the magnetic conductive
base and the induction coils arranged in the x and y directions. An orthogonal traveling wave magnetic field is generated when the sine
and cosine excitation signals are applied to excitation coils. The displacement values in x and y directions are obtained by calculating
the inductive electromotive force. In this article, the working principle and structure of the sensor is firstly introduced. Then, the
electromagnetic field simulation of the sensor model is carried out. According to the simulation results, the error is traceability
analyzed and the sensor structure is optimized. Finally, the sensor prototype is fabricated by the printed circuit board technology, and
the corresponding electrical system is designed for experimental verification. Results show that the sensor can realize two-dimensional
displacement measurement, and the measurement range is up to 160 mmx160 mm. The peak to peak value of displacement error in
the x-direction is 32. 8 wm, and the peak to peak value of displacement error in the y-direction is 34. 5 pm within a pitch.
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Fig.2 Two-dimensional time grating displacement

sensor structure
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Fig.3 Signal processing circuit block diagram
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Table 1 Parameters of the simulation model
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(a) Structure diagram of sensor after optimization

‘0’?‘0‘ RRLIRRS ‘0'.';'9’?‘0
,
)

R
R
i
0‘&{;&2‘!\{}‘&‘& -

0
'0
510 15 20

L
‘.owo. W’

B 18] /s
(a) tRALSExTT T B T LA R
(a) Simulation results of the
electromagnetic field in the x —
direction after optimization

5 10 15 20 25 30
i ) s
(b) tRAL Gy 77 W R U B 4 R

(b) Simulation results of the
electromagnetic field in the x —
direction after optimization

AR AR LI TRERAE S

Fig. 7 Electromagnetic field simulation results after optimization

o xJ5 e xJ7 ]

of TR A e
:@30 r\.\ /\ gzo
w20 , @ 15
EIO/ \/ ‘ B
ol . s

ol | tor |/ Th v sl

2 4 6 8 10 12 14 16 18 20 1 2345678910

R /mm REHIR
(a) AL BN AR 2R (b) tAL 517 EA R R ZE K B

(b)Simulation displacement error
frequency char after optimization

(a) Simulation displacement error
curve after optimization

K8 ffesa i Eas

Fig. 8 Simulation results after optimization

4 E Iy

K AR A S5 1 IR 455 70 455 78 1) R B R R B AR
(‘printed circuit board , PCB) ¥ ARl , il VE 5 4 ih 26 &l i
K 9(a) i, B KB WE 9(b) iR, #ELETFH
mE 9(e) B, R8RS @ A R iR b RO

175 mmx175 mm,ﬁéﬁ[{}ﬂﬂ%@fﬂ 160 mmx160 mm,fjJ
RO 20 mmx20 mm, SZECR RS % 42 80 &, F
3 PN 222 57 JE DM R Ay i 3l S it R i D't
MR R £ 1 pm, RGEMAT RS422 # AT v A 4
g TR e XS

TG2D_X+Y_104
TG2D_X+Y_R04

(b) R L FEIPCB AR
(b) Induction coil PCB board

(a) WL I PCB R
(a) Excitation coil PCB board

~@:

THEBITR

-
meuuw,
RRRuRumBRan,

(c) Experiment platform

KO RGNS SR

Fig.9 Sensor prototype and experimental setup

N T SR AR AR SR FH B R T 1 P RE R IR £k e
TE x D5 1) R B — AT, SO R A5 R X5 2] 2



64 f# £ ¥

43

Jr ALy J7 e s, Be2E M mnIE 10 Firs, /T LR
WARIZ N T5 10 I LS TR ZE 29+ 1 451557 PR 22 26 1 )
AR IE SR 2 AT LAE WA il 47,

25 x 77 1) 20 X,y
20 -y A 15
£ 15 g
?HTH 10 *TH 10
K5 w5
R0 R 0
& g &
2 4 6 8101214161820 2 4 6 8101214161820
A F/mm A #/mm
(@) xIT T BE IR E (b) yIT TR N IR ZE

(a) Pitch internal error in x direction

K10 BRI S D 22

Fig. 10  Single direction measurement error within pitch

(b) Pitch internal error in y direction

PR L BT y=2 J7 LA 0.5 mm A5 KT R
AR AR 22 M A 11 (a) Fis , 20 B0t n
NI ARZEAR NP 11(b) FrR, 1A% EaS 15 1 Pyl
iR ZIEIE(E x J7 M 32.8 wm,y 7~ 34.5 wm, 53
BER 0.2 o RSB IR 22 AR R 5 0 LR 22 MK I e
Bl B h g AT — kS kR 22 X E i
WA 2ET R, R, AU 5 5 (IR AR 4
AL TEAS 25 5 | R AR s R 22

30 60
~ X7 ~ X
g b \ YEm o 50 yFH
=15 g 40
# 10 2
s i -
§§ 0 T E20
S
~ 10
10 0 I ? TotT ot otefe
2 4 6 8101214161820 1 2345678910
fir#%/mm REHR
(a) BB IRZE M 4% (b) LB IRZEHRAE
(a) Displacement error curve (b) Displacement error frequency chart
11 SEgah R
Fig. 11 Diagram of experimental results
5 & it

ARSI T — Y 7 2 A 0 D 4R T — b
BT AE SR T I RE 7 0 T — e A % AL e . R
JFl T 4 P 16 A S A L WAL 5 A T 2 B U T B, TRV
RS IBUR N LS 5 J AT R 5, B e 21 T Rl
R R RN e S B, R I e P 7 5 LR e 1
MRG0 EER T AR EE AL 4 PR R
RIS 24 Vel 5 ) A% AH 11 5 20t A% e BEAT 25 H AL ,
DT A RRE, FBJR A PCB HARGIVE 1L AR R L
IR RS 5 AT SR I TE . SERR A5 SRR LA
FEVTREN x J7 RS IR ZE VI (E D 32. 8 pum,y J7 [0 fi4%
RPN 34.5 pm, 73 HER N 0.2 wm, 1E4E TR EY

A K X R B A A 0 A 1R 2 801 U 40 Ar 115 22 b
AL BEAT AT ST LA e A TR AR KT E A0 3 B R, AR
Xof i — 2 v Y T 2 B A R AT
PSSR X

[1] LIUCH, JYWE W Y, JENG W Y, et al. Design and
control of a long-traveling nano-positioning stage [ J ].
Precis,2010,34(3) :497-506.

[2] GAO W, KIM S W, BOSSE H, et al. Measurement
technologies for precision positioning[ J]. CIRP Annals,
2015,64(2) :773-796.

[3] oo, Tk, &M, % T Pt wi s — i

Pt it I it JRUR 5 a5 A A A [ ) ] AR A SR 2 4k,
2021,42(9) :225-235.
WU L, WANG X D, TONG P, el al. Measurement
principle and structure optimization of two-dimensional
displacement sensor based on planar standing wave
magnetic field [ J ]. Chinese Journal of Scientific
Instrument ,2021,42(9) ;225-235.

[ 47 RS, R/, AT 5. ol B 325 N B B8 A 7 i

WFE [ J]. 0 4 5 408 % 4, 2020, 34 (2) .
107-114.
ZHU G,YU X Y,FU M, et al. Research on high prec-
ision adaptive digital phase shift method[ J]. Journal of
Electronic Measurement and Instrumentation, 2020,
34(2).107-114.

[5] ZHUK Y, GUO B, LU Y Y, et al. Single-spot two-
dimensional displacement measurement based on self-
mixing interferometry[ J ]. Optica,2017, 4(7) :729-735.

[6] ISHIKAWA I, SAWADA R, HIGURASHI E, et al.
Integrated micro-displacement sensor that measures tilting
angle and linear movement of an external mirror [ J].
Sensors & Actuators A Physical, 2007, 138 (2):
269-275.

[7] LINJ, GUAN J, WEN F, et al. High-resolution and
wide range displacement measurement based on planar
grating [ J ]. Optics Communications, 2017, 404,
132-138.

[8] LUZ, WEI P, WANG C, et al. Two-degree-of-freedom
displacement measurement system based on double
diffraction gratings [ J ]. Measurement Science and
Technology, 2016, 27(7) :074012.

(9] ERFEMk, RAEZE, U KRGO 2 BB PHE RS
25530 1], Bt 2013, 34(5) :16-18.

QIAN G L, WU J H, LI CH M. The analysis of wave
aberration of meter-sized mosaic-grating made in

holographic exposure system[ J]. Laser Magazine, 2013,

34(5) :16-18.



5512 1 iy

5o A BT RSSO T IERE 7 0 T — A2 A% 1 s 65

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

BARKER M J, COLCLOUGH M S. A two-dimensional
capacitive position transducer with rotation output[J].
Review of Scientific Instruments, 1997, 68 ( 8 ).
3238-3240.

BN, TV T L A AL AR R R R
RLF BRIt iR R GEWESE [ D] AU #HIT
K2 ,2008.

ZHANG Y H. Study on 2D wide-range high-precision
displacement measuring method and system based on
planar with  direct  decoupling
effect D]. Hangzhou: Zhejiang University, 2008.

VAN DE VEN O S, VOGEL J G, XIA S, et al. Self-

aligning and self-calibrating capacitive sensor system for

capacitive  sensor

displacement measurement in inaccessible industrial
environments[ J |. IEEE Transactions on Instrumentation
and Measurement,2018, 67(2) :350-358.

BEC. 4 TAEAZ A & RS L
BUID]. AR ATk K2 ,2020.

CHENG ZH J. Optimization and testing of multi-degree-
of-freedom measurement system with two-dimensional
workbench[ D ]. Hefei; Hefei University of Technology,
2020.

S, B (I S A T ARG R R 2SS
FMEBEFE[ D], TP, 2018, 44(8) :102-106.
ZHANG R, HUANG Q X, WU T T, et al. Research of
compensating angle error to the 2D stage in real time[ J].
China Measurement&Test, 2018, 44(8) :102-106.

WU L, TANG Q, CHEN X, et al.
dimensional sensor with inductive spiral coils[J].
Sensors Journal, 2019, 19(1) .4857-4865.
ZHAO B, WANG L, TAN J B. Design and realization of

a three degrees of freedom displacement measurement

A novel two

IEEE

system composed of hall sensors based on magnetic field
fitting by an elliptic function [ J]. Sensors ( Basel),
2015,15(9) :22530-22546.

HOJJAT Y, KARAFI M R, GHANBARI M, et al
Development of an inductive encoder for simultaneous
measurement of two-dimensional displacement [ J ].
Journal of Advanced
Technology,2011,53(5-8) . 681-688.
BABU A, GEORGE B. Design and development of a new
IEEE

International Manufacturing

on-contact inductive displacement sensor [ J ].
Sensors Journal, 2017, 18(3) :976-984.
ANANDAN N, GEORGE B. Design and development of

a planar linear variable differential transformer for

displacement sensing[ J]. IEEE Sensors Journal, 2017,
17(1) :5298-5305.
[20] RANA S, GEORGE B, JAGADEESH KUMAR V. Self-

novel

IEEE

balancing signal conditioning circuit for a
noncontact inductive displacement sensor [ J ].
Transactions on Instrumentation and Measurement, 2017,
66(5) :985-991.

R, AR, Gk, 5. BT 1 2k R 2 BE 119 i e i
WHSE B 15 R [ 0], AR A R 27 4, 2017, 38 (1) :
83-90.

WU L, PENG D L, LU J, et al. Linear time grating

[21]

displacement sensor based on linear array of planar
coils[ J].
2017, 38(1) :83-90.

WU L, TONG P, WANG X D, et al. An absolute linear

Chinese Journal of Scientific Instrument,

(22]

displacement sensor based on orthogonal dual traveling
wave magnetic field[ J]. IEEE Sensors Journal, 2022,
22(6) :6019-6026.

EEE N

R 5= GEIEEH) , 9 5 AE 2008 4 Al
2011 A DRI TR 2 A 27 e 2 3 FIAR
200, 2017 AR T H PR ARAG I 2417
IR R PR T R 2 BLBORS: I R AR 5 2 75 24
F RS T AR O RIS 51, 2T 7 18]
R AR BALAS
E-mail: ant56@ 126. com

Wu Liang ( Corresponding author) received his B. Sc. degree
and M. Sc. degree both from Chongqing University of Technology
in 2008 and 2011, and Ph. D. degree from Chongging University
in 2017 ,respectively. He is currently an associate research fellow
with the Engineering Research Center of Mechanical Testing
Technology and Equipment, Ministry of Education, Chongging
University of Technology. His main research interests include
precision testing technique and instrument.

BA R, 2021 47 F 5 RHL TR 4R A 7
i, B R TR AL R E
BERFFETT 1] A R S A
E-mail ; ant56@ 126. com

A Yanchen received her B. Sc. degree from
Chongqing University of Technology in 2021.
She is currently a M. Sc. candidate at Chongqing University of
Technology. Her main research interests include intelligent

instruments and sensor.



