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Abstract To solve the problem wherein the structure of a two-dimensional (2D) grating is single and does not match the
actual structure, a 2D metal-medium grating is proposed that has excellent polarization independence and high diffraction
efficiency and wherein the grating structure is more consistent with the actual topography. Based on the intensity
distribution of a two-beam orthogonal exposure single-period interference field, a 2D grating structure based on a light
intensity profile is constructed, and the grating is optimized using a Fourier mode method and particle swarm optimization
algorithm. Results show that, under optimal parameters, the transverse electric and transverse magnetic polarized light
diffraction efficiencies are greater than 95% when the designed 2D grating is incident at the Littrow angle at a 780-nm
wavelength, and it exhibits excellent polarization independence and large preparation tolerance. In addition, a comparison
of the diffraction efficiencies of traditional round and prism gratings with the same structural parameters reveal that a small
change in the grating structure significantly affects the diffraction efficiency of the 2D grating. Finally, the designed
structure based on a light intensity profile can effectively improve the matching degree between the design and actual
grating. This research provides a theoretical basis for the development of high precision 2D grating in the displacement
measurement field.

Key words two-dimensional grating; polarization independent; grating design; displacement measurement

KRB 2024-07-01; 1EEIHHE: 2024-08-20; RABHI: 2024-08-27; MEHAZHBH: 2024-09-03

ELWE.: EZERELSAEITR(2023YFF0715802) |8 5 H SR Bl 2% 3k 4 75 B2 3 4 (12105288) A [ B 2 B 75 4F 81 357 1 iff 25
(2022218) T k48 A ARPFI 34 (202101011391C) (EH 5K A A BL= R B4 H (U21A20509)

BIE1E&E : liwh@ciomp.ac.cn

2011007-1
HEM  hitps://www.cnki.net



1 5]

K 5 A% DA B R 7R B Tl v e % A AR
R T2 BT SR Tl R S OB 2R i

£ 6155 20H/2024 £ 10 B/BHXESHBEFFHE
() 2 9 M Y i AE H R M s T 25 A 4 O ] 5 Bk
1A g 2 A0 e 5 AR Tl i K OSF . K

AN AL I R F2 B OGP I vk A

Hbs A BB T4 Tl 15 502 4 M R DG I T 7
W T L O T B DO K T T

HER T8 FOUME R A o BRI, A X U R IE 22 B ' Uy X
i 28 e C M A BT AR L I T At
) R R, AT A i v sl A I 5 R T R )
PRAEDE A o RO T I 1 ) 28 SAT S AR B U
) NG R 7 B A2 BRI R AR AR R R

B 45 Y 4 R - T 4G, K S 780 nm 4
1 PE 47

BEXSXOL A 8 B OG5 — 4E el i B 25
A Littrow ff1 & A i, S #ik 5 A7 48 57 09 i 41 G 56 1

55 S92 PR 45 K AN VT TR RS R) R 4R HE — Rl R T R OOl o
DEAM 5 0 7k B T R R LA AR AT T

I SR, LA A e o R R A2 R 5
Wi 7N, JLP AN 2 O AT BRI R B2 R , 76 2 2 00 T Al

e
ARAF AR = BORT EE , BAT R A M 2 B R A . i

AR T T SCANEAY 2 I R AR S DR HG 5 R A I
B T AR B T 1) B A

e, LS —4ESEH A L BETE 22 A HEE b AT e R

PP AR . 1 ek T WU A IE 22 B Ot 5 A
W ¥ 7 5 B2 o3 A Al OGRS L
FO 7 B I, ELRE S R DL 22 , S g M i RS 2 . 4k

Shy WG S T 58 rhcs W B S TR 0 EAE L R A
55 56 M0 IR R IR SC I BB v A b G AR R [R] 9 B
T YR M BT SRR AE o SR R 0 L R S R
(FMM) FURL -+ #f (PSO ) 553 % 6 M 45 44 iF 17 18 1k
Wit 04k 25 A 3= B SE e B oA O S 1 AR 09 R B L
BRRKME#E2E, B EITSEHWSEENRG
FIe £ B2 1 45 4 047 A7 93 8508 19 6 e, Ud B 48
S e B I R G L T R A, O i &
B I R SR Y TERE TS AT .

A 205 K 1) i/ 7 A X AT B BOR A BRI d Y
FURT, 0158 51 BE 0 4000 iy e it 5 il 4 147

T —SERF5Y . Chen 55 M — i f 4 0 0 — 4k 45 ) -
A B, B2 Al g U BE A5 AR O 85°HY A & , 18 T AE
A2 4 BB O IS 1 R % il o] 2 e, B 1< 780 nm Y

CIERDNG Y N R - e =3
Fe LA Littrow ffi BE A G B B, (TM) A1 i 0% (TE) i 9=

LEA AT A R mOC B S S PR A A Y DE T, HL

2 e TR
Fef (—1,0) G AT 92K Ry 74. 8% F168. 2% . Mao

o FHBOE A 9 18 6 il 2 — i, 7 208

Z U TR R P R AT IE A B PR O, TR I Ot 2 i
TR IC SR Y D' o [ 8 D WOL TR 9 B Ol 58 70 A 76 P A~
SEUBIER —  F T THD 2 00 B ALSE SOGHME R
BEF DU J5 B B, R A 28 4 S B L 0 S 1 o 220 o

A G820 5 K ) il T

BT B SN 620 e NI s 4 A 5 5 43
T ./E»/
2 M, 7E 3 K A 650 nm Ak 4 A4S 1 AT 5y 5 AT 5 Ak

g ~14% . Zhou 2 BF i — b U 43 SR f0 B Ag — 4k
S, BT 45 # Sk N BE AT AR SR 70°HY IRl 5, R HIE 28 4

- ZH

S | R 7 iy U R ) B O 2

B R &0 4Bt
I E 1R, Hoh b g ek 5 A B 2R 58, T LU

Wil 75 2 95 0 98N, AR S A R A AN ) SRR R
By
1550 nm &b 4/~ 1 AT 53 By B A7 59 352 343k 2] 22 % LA
e

o RS 7 A A G AL 056 B ik B
A G S OB, G I £ S

VY 3
AT o i FH SO 3T 80 & 1 4k S0 i 9 e B A
A - eI . Xie SEUVR M —FhBE Au

HANTF RIS 24 4 98 BRI, Gl 52 B B 4
YESC M, BETE A5 A D U BE 5 FA D 70 [ £, 6 IE

S T R BRGNS A2 i s A L 4 A4S 1 AT

UEZETE 5 24 5 T8 LL B WA /N, 22 T8 10 DU £ 3% 7 A2 15
Z=
RO R T 21.8% , BAT S 2 KT 88.8% . Zhang

U, e S PR EDE i 2208 1) R i 3 . AU 20 i T2
K R BEAT e R I, 0 ol R T A R AR (R 45 4 AL 1) 42 0
MU R, X T XOL AT 85 B il 4 — 2L, 24
R BT R (R[] 69 o5 9 e B [ B Al

SEPFAE , LA THBETH 454 5 S Bt 4 A DL JEE E
AR Y AE 22 A B W I R A BN B T R 220 ol )

T R S R A B DR 5O 2 SR
Wipotw A 56, B 2(a) R 1B HR T ¥ 78 1F 58 W
YRR G A JE 3056 20 i A0 SR R G o0 A o B3R
85 mm X 85 mm [ K R SF 4 Al 4 e, ek N ORI AT T — 1k, B 5 ' 9 A 4 A B R /D
1200 line/mm , B 1145 ¥ 4 U BE M6 £ R 700 TR 5, 4 BIK, 45 (B 26 40 J50 A TR JE2 2 o ok 0 310 22 9 L 31X 5 RO 3R
W K24 780 nm 4t TE H1 TM fl ¥ 3% LA Littrow A 5 1 T 95 W ) B 1) A ' W R A Ak R S AR — 3
SR 437 5 AR 43 R 58. 0% FT57. 2% o Lin 25T i DRI, B H 5 T O ik 45 (1 28 48 B PR TR A R S it G 3 A
Bt ah#, DL T 45 0 5 S PR 45 F A DL L B .
4

—HH T A2 WA B BE Au s SOBHE, 76 1E A B

FAFT WK 632, 8 nm Ab TE il TM (1 55 20 &40% m]
i: 18 32% R Huang %[18—19] \Kang /i\‘_(i‘F[ZO] ;Fﬂ Ll /i\‘_é‘F:Zl] DY J;H

%
(5] A% Bl 52 L 45 4 15 3 — ZR 91 el , H I R gk
TPl E . &5 L rak , WO o I 38 B 2 il 4 — 4k St
HEM  hitps://www.cnki.net

T o, i 2(b) FiR L B 0 38 W Hg K, G M i 8 1 151
WHE 3

S8 1A 25 1 4 2 7 9 20 R /I S S 9 JE S8 AR I
N R 2 8 A2 R 22 I AN TR Y i 58 H A AN TR A D
2011007-2



F ] %1

£ 6155 20H/2024 £ 10 B/ B ESBEFFHE

BT BOEHIE 32 BB # — iU AR A IG 30 131 52 A 22 T8 21 IR 14 15 78

Fig. 1 Evolution of grating bottom pattern from diamond to circle in the fabrication of a two-dimensional grating mask by two-beam

orthogonal exposure
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Fig. 2 Relationship between bottom contour pattern and light intensity of interference field after two-dimensional grating development.

(a) Distribution of light intensities in a single period of two-beam orthogonal exposure; (b) bottom contours of two-dimensional

grating with different form factors
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Fig. 3 Schematic diagram of two-dimensional grating. (a) Grating

use condition; (b) three-dimensional morphology of grating;

(c) top view of grating; (d) cross-section of grating
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Fig. 5 Variation in diffraction efficiency of grating with wavelength and incideng angle. (a) Wavelength; (b) incident angle
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Fig. 7 Tolerances of etching depth and duty cycle. (a) TE polarization; (b) TM polarization
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Fig. 9 Tolerances of duty cycle and sidewall angle. (a) TE polarization; (b) TM polarization
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Fig. 10 Traditional design structure. (a) Round table; (b) prism table
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Fig. 11 Tolerances of etching depth and duty cycle for round table structure. (a) TE polarization; (b) TM polarization
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