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Diffraction Efficiency of Enhanced Phase Grating
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Abstract In order to improve the measurement accuracy of a phase grating position measurement system, it is
necessary to reduce the diffraction efficiency of diffraction signals of the zero order and even diffraction orders, and
enhance the diffraction efficiency of high odd order diffraction signals. At present, the known diffraction efficiency
model of enhanced phase gratings restricts the range of values of the structural parameters. A special high odd order
diffraction signal is used as the optimized target in the design. Therefore, in order to design the phase grating
structure with diffraction enhancement and zero and even order diffraction missing for multiple high odd order
diffraction signals, the diffraction efficiency of the enhanced phase grating is deeply studied. In this work, based on
the scalar diffraction theory, the theoretical models of the phase grating structure and diffraction efficiency are
established; the influences of grating structure parameters such as groove depth, grating ridge width, and grating
ridge position on diffraction efficiency are analyzed. According to the constraints of phase grating position
measurement system, the enhanced grating structure with multiple odd diffraction orders is obtained. This kind of
structure not only makes the zero and even order diffraction missing, but also improves the diffraction efficiency of
the 5™, 7", and 9" order diffraction. This study is helpful to understand the diffraction principle of the enhanced
phase grating and provides support for grating design.
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Fig. 1 Structures of phase grating. (a) Structure of standard phase grating; (b) structure of segmented phase grating
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Fig. 2 Diffraction efficiency of 0th=9th order signals as a function of groove depth.

(a) Zero order; (b) odd diffraction orders; (c¢) even diffraction orders
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Table 1 Structural parameters of phase grating without zero and even order diffraction
Parameter Ridge width Ridge position Groove depth /A
Value 2/14, 1/14, 1/14, 2/14, 1/14 —10/28, —3/28, 1/28, 8/28, 13/28 0.25
F 2 FHANEAT I OB AL G 25 A8 1 277 5 280%
Table 2 Diffraction efficiency of phase grating without zero and even order diffraction
Order 0 1 2 4 5 6 7 8 9
Diffraction efficiency /% 0 1. 59 0 10. 89 0 17.09 0 7.44 0 5.28
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as a function of f,
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Fig. 12 Optimized grating structure when number of ridges N=3. (a) Evaluation function W as a

function of f,; (b) structure of IME3

%3 IME3&MBH
Table 3 Structural parameters of IME3

Ridge Ridge Groove
Parameter ) o
width position depth /A
0.066, 0.368, 0.283, 0,
IME3 0. 250
0.066 0. 283

YA A N =5 B, i (16) 2T

DY M fBRCr—1/Cm) L5 m AT
SRR 5 1Y A7 5 ROCR BB R AEL, 5, = 25 X 4/
(mm)”, b AHLL iSRRI 25 i,

b) Y sinGnnf Dsinfmn(f,+2f,)]1=1/4 i,
55 m AT
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Fig. 13 Diffraction efficiency of odd diffraction order signals as a function of f, and f,. (a) 1st diffraction

order; (b) 3rd diffraction order; (c) 5th diffraction order; (d) 7th diffraction order; (e) 9th diffraction order

ZEG 75 B AT I R B AT SRR PE Y eR N
ADRXFR, % {w, ) =1{0.10, 0. 15, 0. 20, 0. 25,
0. 30}(;5\:':‘3 m:173759779)9W Fﬁfl %u f2 H‘Jﬁ’f’t

WME 14 proax, W H{E S TE £ =0.065, f, =
0. 154 B HUAS 85 L s 09 25 #4 A 4% o IMES, A 14
(D iR, B Hnk 4 iR,

#F 4 IMES 2554
Table 4  Structural parameters of IME5

Parameter

Ridge width

Ridge position Groove depth/A

IMES5 0.065, 0.154, 0.062, 0.154, 0.065 0.4365, 0.3270, 0, 0.3270, 0.4365 0.25

4.4 LERWIE

R UE IME3 Fil IMES B9 523126 28 A K #13E A5
FURIE AR PE SR RCWA J7 20354 4% 45 4 19 7 5
RORJPB IS Qo) KRS L, fFESD
JEHE A 16 pm , MR R iE L A B BT A TE
AP A 633 nm HIE A ST E9 1 BCF L 8B 37 5
FHy 3,48, I HE = AT SR 1,

AH11.AH53 75—~ Ji 19 9 19 56 i 45 #4 4n &1
15 iR, R # MG e TE i 1% 00 T 4K
BATH PR, & 16 ik, R RCWA Fi

(10) T 545 25 44 I A7 B 0%, e 5 i, B4R
AHIT 9 Z ORI AT 565 SR Bk 9, AR 5 vy 47 A0 33
PR AT S RORBAR  HLAE 9 AT 5 PR A I R0R N
0.17% ; 84K AHS53 M5 155 5 T k(55 . 2
e HAFAE R R AT B Rk AR 5, LSS 7.9 firdit
PRAE 5 AT ROCRALA 0. 07 % F1 0. 04 % 32 3EF
R RCR B 0. 015%™ 51 IME3  IMES i % 4%
B AT S GOk A5 5 B, I B TR I 385 T 55 5.7.9
ST AE 5, b IME3 B4 5.7.9 15 5 90 ik 15
SHINT RS 2. 06%.2.49%.1.29% ;
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Fig. 14 Optimized grating structure when number of ridges N=5. (a) Evaluation function as

a function of f, and f,; (b) structure of IME5
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Fig. 15 Structures of phase grating in a period. (a) AH11; (b) AH53
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Fig. 16 Diffraction results of each structure obtained by rigorous coupled-wave analysis method for TM

polarization illumination. (a) AH11; (b) AH53; (c¢) IME3; (d) IMES
IMES A9%8 5.7.9 fi7 3 SR A5 5 W AT 9 308 43 51 R F AHIL M AH53, il ad b F 5 o™ A& 5-G )% Al
3.16%,2.13%,3. 49% , ¥ tk, IME3 il IME5 ff T Fr A7 S ES T A S BT T AHLL, &

1205001-10



HRIeT =41 % £ 12 H/2021 £ 6 B/FHIR

TR ME X T AR, ME IR R AR, A SO BE KR 52 bR i AT 5 318
265 s AHS3 M AT R N 22 f O, HOAR BEATT ST AOBR L 38 0 UM R R T AT K 5 A5 L B Y
BB AR S TM fR 4R T3 245 28 I 22 5K (0. 6100) S5 HAE SRR T 2 A5 A BB R A B X O
5 TE fif 1545 Rl 228/ (0. 04 00) . X FBRE MHUEIEESUN T AR BRI, &R R 2/
PR 0 R AR L e A 2 e A o A TR R R A kT

F 5 LB G PR AR AT S B T Y 2% 45 R AT A ROR

Table 5 Comparison of diffraction efficiency of each structure calculated by using RCWA and scalar diffraction theory %

AHI11 AH53 IME3 IMES5
Scalar Scalar Scalar Scalar
Ofder LM TE  diffraction TM  TE  diffraction  TM  TE diffracion TM TE diffraction

theory theory theory theory
0 0 0 0 4.96 5.53 5.957 0.02 0.12 0 0.04 0.32 0
1 14.12 14.12 14.12 3.80 3.69 3.53 9.73 9.73 9.85 0.90 0.87 0. 90
2 0 0 0 0.49 0.48 0.47 0.01 0.08 0. 00 0.01 0.03 0
3 1.57 1.57 1.57 0.41 0.40 0. 39 0.20 0.21 0.17 5.30 5.38 5. 31
4 0.00 0.00 0. 00 2.14 2.08 2.09 0.00 0.01 0. 00 0 0.01 0
5 0.56 0.56 0. 56 5.03 4.92 5.08 2.16 2.21 2.06 3.24  3.27 3.26
6 0 0 0 0.87 0.86 0.93 0 0 0 0.01 0.05 0
7 0.29 0.29 0.29 0.06 0.06 0.07 2.46 2.53 2.46 2.11 2.15 2.13
8 0 0 0 0.02 0.02 0.03 0.00 0.01 0 0 0.02 0
9 0.17 0.17 0.17 0.02 0.02 0. 04 1.20 1.25 1. 29 3.43 3.56 3.49
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