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Abstract: To address the limitations of traditional planar two-dimensional displacement sensors in ultra-
precision lithography and large-area sensor manufacturing, a new method using a spatial alternating mag-
netic field is proposed. This method involves arranging uniform sine/cosine excitation windings on a fixed
ruler and applying time-quadrature electric current to these windings, creating a two-dimensional alternat-
ing magnetic field that links spatial displacement with a time reference. The method achieves spatial dis-
placement measurement through a model of "dimension judgment + displacement decoupling." Dimension
judgment is performed using the binary output signals from a dimension-judgment induction winding array.
The alternating magnetic field is detected by a displacement-decoupling induction winding array arranged
in two dimensions, producing spatial traveling-wave signals and enabling displacement decoupling via
phase comparison. Error analysis of this two-dimensional time-grating displacement measurement model
was conducted through electromagnetic simulation. A prototype and experimental platform were devel-
oped, demonstrating that within a 120 mm X 120 mm range, the maximum measurement errors were
+9.4 um in the X direction and #=9.7 pm in the Y direction, with a resolution of 0.15 pm. This method
achieves micron-level measurement accuracy using millimeter-sized excitation and induction windings,
overcoming the limitations of traditional sensors in ultra-precision lithography and simplifying sensor manu-
facturing. The research holds significant theoretical and practical value.

Key words: two-dimensional displacement measurement; alternating magnetic field; time-grating sen-

sors; combined measurement

th XA B AL AR . Gao & T — A A EE N
0.57 pm & K 60 mm X 60 mm [ 1 — 4 %
R, T A A 5 ) I SR R SR B T ROK L A
PR T 2 nm. Fan %058 T —Fl RSF Oy 55

1 3 =

R 8 A0 B D ik B AR K 4% 1 2 e i KO8R AL
PR S O LA R [ By A AR RS A

18 A% 0 BRI O B D) RE SR 1, R A i — A
e R SR T KT — A B AR B
El R S U N O NS R =R
JE R o B RN 22 4 R R 7 RS AL R AR I T30
DI oRU S A Ge 7 R I 2R T P& — 4 B A% IR
i L% TP Y X R Y Bl b a2 A
(77 Aok 52 B YA R I B . AR, 3X R A
7 3N A I A B A RO T A, A — HE A%
S AR 25 ] 1 B ORIE 58 42 1E 52, 15 ) 2> oy 22 2
BRZEGIABT LR 22, AR IREBK S [F]
i AE B U 22 A5 E I, 22 il SRR 22 AR AR B
TE TR R UE I RS EE

FEl PAY &b = 4 - T 57 A% A% Jak e AR Al 00 2 D B
I J OO R A AR A B B % A

mm X 55 mm ., 1740 line/mm B4 1 Z 46 R,
SEHG A3 AE 25 mm X 25 mm I 53 L P 4E
MEREE R 2.1 pm, B H KA 1 nm, BN
SEUTRLE 38 A S A Sk 0 R o TR AR T
— K ARSI B L AE 25 mm X 25 mm I i
O LY, X, Y 7 ) B RS EE 4301 O 0. 27,0. 31
um. & [ HEIDENHAIN 2> & #f #l #9 PP281
TS A G, AF 68 mm X 68 mm ] £ JE
FBL P, V0 248 2 0 4 4 2 £ 2 pm, 43 B8 7 8 1 nm,
Bonse %" W58 T —Fh i 2 4 85 mm X 60 mm
25 e 5 R A% JERES R A B I 4y HE R 0.1
pum, EE ML T 0.2 um. Hartwell 2 W HF T —
SR TRl 50 pum X 50 pm B S T 25 0 B8 14 R
LWL 0.19 nm, REFEHE T —



2614 err K TR

32 %

A 25 M 2 A B 5 AR FE 46 mm X 46 mm il &
0 [, A R RS R Ol 34 pm, 4 BE 1K
0. 308 pm. Hojjat & 58 T — Ff i i =X 7 1l —
Y (7 B AL RS, E 50 mm X 50 mm I 35 [l N,
Sy ¥HET1 4 10 pme

Zi Al gn, BT sE £ S R AE T 2400
W 8 A% SRR, A7 A6 P O T F AR M S — T
THT 2 O A RO 4 BB vE Ok i, 2 T
PO S T AR RR A, 5 3O T 4k O M AR AR K
AR, HE RS2 B 100 mm X 100 mm DL 7 10 £
KRG . 59— T, 4G MR S )
P BROK B Z O BOK GT5 TE A A S T
Y, 3K B T A U T T2 R A Sk e
FPEE SIS R R L. T
O AR TR A B AL B S Al 1,
I, JF R U A RS A IR R Y A B
=9

AR SCHRE T — b S T 5 AR R 3 0 1 T
Yk B8 D St 5 1, R AE ROV T 4 S )
¥y 57 A ) B9 s 0 HE A B sh Se A A X 5 1)
FY J ) D T Y R AR AR WG Y o it
“ Uk B AW+ 0 B i R Y Jr XS B T 4
o B8 T i, ) Bh R 2k B ) 7 JE 17 28 4 1 31 B
WG 5 2 ZE 1 5 B 414 2 5ok S0 B0 i 4
JE W7, A 30 RO T X5 1 ALY ) 22 B 4
A5 1 57 B IR N 58 41 B 4 i s TR 0 B AT A
50 5 R RS % (E S LA S A RS R
o e AL LR HE T 5 05 ELOF S SR Al b B
Wil TR ML, TR TR R R S
BE S, W UE T %A RS K K AT Oy i T
1Tk

2 I HERIE

2.1 fERIRE

e S AR AR S M AN 1B 1 TR A ROR )
PRI o i RO 5 HE A 39 2 8] R R HE A B I
5%/ R BR IR SR B o Bl Rf B GE A
W SN S AL R B\ X5 1o 437 % RN S8 4 A R Y
J7 i RS R G AL 3 o 2l R 5 ROE X P17

it
e
&
B
i
Rl
%
r
=
=
&

BT T A AL B8 12 TR A 2 4

Fig.1 Structure of planar two-dimensional time-grating

displacement sensor
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Fig.5 Schematic diagram of binarization of dimensional judgment induced signals
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