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Wl 8 L 280 75 | A R T g B R BR 3 % o7
Ab bR SRAE AR W L 2 T A [ B ORIl A
A LA AR T 0 07 B 03 A 22 5 9 R 2 B BN R .
DLt AR SCHEAT Tt — 25 005 0 M, BF 5 i % 3 068 A [
TR TR AN TR 2 S T2 el AR 1 08 67 B A 5 iy, 5%
b R AN [R] L A SRR A A U B 4 SR G T
SHR .

Pl 3 (a) o 2 58— 5 I, AN [R] VA Al TR 1) AR FE el
AR 0 A A D o IZ R R, IR TR A 3R
0. 2540 I, B BR300 25 SR A 5 AL o H 8 SR B A T 0
22 (8] 4 1) B 5 B SE 0 O /N B F it i 0
RUCISE Y K, AN [R5 BB Ak SR R AT T I T T, I
C A 2 X B BR 45 40 £ 98 WY ) T 3 R e . i
3 (h) B 78, 5 il T80 R R B — 5 I, 76 AN [ 26 58 1Y)

2205004-3



o)
&
a
(=]

©

S49

= —s—upper edge

§ —A—Dbottom edge
8 48 —O—upper center
5 —H-Dbottom center
3

=

S

&)

—~B-

0.15 0.20 0.25 0.30 0.35
Height /A

&5 43 % % 22 H1/2023 £ 11 B /%3340

(b) 51
—— upper edge
50 —A—Dbottom edge
49 Y a A . s A A
—&— upper center

—&—bottom center

IS
Q3

S S N o A o
4 A4 b ©

Y

5 10 15 20 25 30 35 40 45 50
Linewidth /um

o N
v ©

Coherence peak /(4/8)
>
oo

'S
=3

3 ANRVEETE SEHE A AR T B34 o () AN RV RS R B 5 (b) AN R 2k 58
Fig. 3 Coherence peak position distribution of different rectangular gratings. (a) Different groove depths; (b) different linewidths

T e b T 2 T R A2 2 Wi 1 3 R0 5 T A RS X
S, AR 037 B R R O Mk S Y AR AL R B . AR
T, b 7T 5 T B BR 30 4 o7 ¥ Ak SR R A AR 1 i A T
T B, B 3 26 T 19 38 K, i A% A2 DN (AT L B R T
F%9 R 1 U A7 B A T, T 3R T A A 0 AR S R — ik
0L P, LA Wik WA 7 i o A i B 0 A 22
SRR AT LA o BT SR R % 28 S T AR B AL
HH R BRI 5 6, AT R ORI B R 58 W o
2.3 ERAMFESHITET X

HRE 2. 2795 w0 LA 3 9 RE A G B R 30 2% A3

R 08 3 A 22 SRR R R SCER T — R T B BR A
G LB RE S RO TR BR AR AN A 4 R
M TT 4R 5, FOG R W R G AT 2 B 7R 6 H]
T30 52 DL B3 X R A 5 R AT A 98 A [ I, R L
VAR IO 7 vh BT A SRR B T L 2 Y (B B R
Jri AR Ve (L7 19 22 S oR ] (B AR X AR el I
A, DT A5 E A I A B BR A AR R A
JE P LR GO ME o o T AT B A TR B S A
PR RIARE b = 4R SAE G W W /3T E A
P YA TR <

coslilg]ernean] sce vertical scanning
L
prmmemmeos L : ‘
| _ contrast ! v

information areal surface i
7 morphology :
‘ ' measurement i
| editing | coherence i coherence |
' mask [peak detection : . scanning
! interferometry
v ! three- i
i ' | dimensional |

h]fonr%ation Morchology
_________________ .|__________ N | PSR

%.%%%1%/2 J fine height and width information

R U RPN
Fig. 4 Flow chart of proposed algorithm

TE 2. 2795 45 i 2 M &R G A% 3% pR BB R () L il
FLBIAT &yl bR USRS BRI PR B
WAL ECE AT . anE 5Ca) i, R EE AR TR
DAY oy 5 ) b B AR 2 T T v S I i Y
T80, BRI h BT A R A S A s O AT
SR O T A R Y AR A S R AR B A

v=SNm, /S, (12)
A MR R Al I AR P A 4 A0 X LR R AE A KD 5

AWM E L. LR RS E AR
o, i TR D RS A A A T LU T Stoilov o
THA M, 3207 Wl 1 1 21 5 0 T 9 B S Y mT AL
BTG S BT LU BE DA G 7 41 i R PR 56 i 114 [ P 4
BT B RO TE S MM TE S w4
Hh G e I £ B R R AR SR A A R BE L A AT S(b) IR
TEFEIE A4S Fa b e i AR g £ Sob, B T
W25 20 XA TS B AT AR B 4R L
T AT SR R R T U T A A A A R, AR R 2R
WA (L T 7 31 8 25 B0 AN [ 58 B9 B8R i ¢ € 7, i T

2205004-4



100

200
X /pixel

300

43 % 20 H9/2023 £ 11 B /K2R

Position /frame Intensity /arb. u{u(}s

= -
52 038
oD 0.6
48
46 0.4
= 0.2
42

0
400 100 200 300 400
X /pixel

B5  FEIEOCHL S E AL (a) fF BT 5 (b) M AR R 5 (o) “H AL EE R

Fig. 5 Edge positioning of rectangular grating. (a) Simulation interferogram; (b) coherence peak information; (c) binarization result

b B AT H W 57 B R T S R 3R (e Ak, 15 2]
B 25 A 5Ce) FIrs o

wE 5Ce) Frn AR SO Bl J R et 254 R &
T A AR X 43, DT A5 31 T A R R S 4 R B BR
G E AR bR B AR B . 2 IR ISO 25178-70 Hp X JE
1 B R 235 40 2R T T B A R E T, T G 4R T N
R R IR AN

ii(“w‘*bﬂ)

W:]:l[:l7n - (13)

K ia;, 0,57 51 W S hAETE B Mt y 7 5 AR
FELR N VB i A SR 22 47 B BR300 % 0 AR bR 5 s m A #1L
Gy b R SC R A n o y O 18] b SR A SR
3 ahirS1He
3.1 LWHRERER

552 T AR SCHR S B BT O MR AE S E0 T
T B FEAR S O T U BT T kAT AT AR SR
FAVEE BT A A A =0 & 0 FOE T B R g k17
TSy CHRIEBE A 6(a) BRI R G EE A
IR R G RGO AR E DL LA .
R A LED, oK 582 nm. #%4H % & i

TR BV VLW 2 (PZT) UGBS T 3 (3 S 4 W ik
@ camera W
Kohler / \
illumination tube lens
white light
source 1 beam
splitter
e
aperture stop field stop
entrance pupil~ PZT
scanning
interferometric :'zl' bl I
microscope {

step structures

1 nm,z 5k MR 2% 5 0.03% (PI, P-528. TCD) ., %
G BT TR RO AR ) Mirau B T W B, K
20X B B AL AR S 0.4, 5 5 W 35 35 [ oA
0.35 mm 0. 35 mm, 50 X ¥ 85 BEFLFE M 0. 55, FH %%
M B R 0. 14 mm X 0. 14 mm, £} X% R [\ /9 I & 55
KAl L e B e W B . BN I AR G 0 SE Y R N
6(b) iR o

2. 27 B BT Y B BRE5 A YA R IR BE Ay = 0. 252,
R Ao B B3 BRSO i e 38 A0 e oA BH I o BRI AR S
FH T 5 Fof 3 18 R BE B2 3T 0. 252, BY S5 JE G M AE g 46 )
RS o R RE & A8 E PTB LI 9 RS-N 43
HERA . 7 () s 1Y KRR AT R I, 9% X35
) A6 T G M A R TR B A AR AR (B 189. 6 nm 1. 0 nm,
SRS PO KZ I R0.32, & FEAARFRIE N 6 pm.
A & B R Bruker 22 B B bR HE S B dl, an & 7(b) B
AN, % XS AR R O A Y R R OB Y AR BR (N
90.5nm=*2.8nm, 5RO K Z LN 0. 16,458
B B8 BRH R 50 pmo 7€ HE AT AR SE A & 22 A, an
FE7Ce) J7T(d) BT, i B2 7™ A e B8 B A v rp X F AR
IR REEE 1 T w7 I[N G B 2 VN OB WA - e T 2338
R 80 R T BE 2R BT AE
E7Ce) J7C0 200 o R AR SO R R0 1R R —
AR IS0 4, ] LR 3, 8 6 I B A0 AR -l IX 0

6 S0 R G (a)Jul U (b) FOL BT W RS W IA

Fig. 6 Experimental system. (a) Optical path diagram; (b) photo of white light microscopic interference system

2205004-5



UM BT RmE . 18 7(g) (7(h) R A 2 R Rk
B A RE il = 2D 3, 52 W 3 A0 L B4R T R i B BB

@

©)
50-
100
g 150:
-8200-
| & 250
300-
350
400

®

B 7 5E IR SRR R )

Fig. 7 Measurement process of rectangular grating sample. (a)

200
< 400 .
5
“ 600 :

200 400 600 800 1000 g

A (a) (b)) FE A Xl s (o) L (d) TR 1R (o) L (OF) 1 IR 4 1
. (b)

43 3% 5 22 #1/2023 £ 11 B /¥ ¥R

SUE GBI E
Intensn;y /arb. units (® Height /nm

L0 5

0.8 Ba
50

06 N 45t ‘ ! I l pe

0.4 46

0.2 % B4 44

E*
0 X o l -
200 300 400 100 200 300 400

0
X /pixel Intensity /a.rb umt%oo (h) X /pixel

Helght /nm

0 i
0 200 400 600 800 1000
X /pixel

-500

X /pixel

M5 (g)  (h) =2 B 50 5 R 2

Sample measurement area; (c), (d) interferogram; (e), (f) mask

matrix; (g), (h) three-dimensional morphology restoration results

o AR SCO7 3 %0 4005 v R S A i ] — DX Jal
SN 100, T 5 SR Ol M 78 R R B DL % 4R Y 4

(a) 90.4 49.8
—e—groove depth
linewidth
90.3 4 inewn 497
£ g
£ 902 49.6 =
) 5
s E
§ 90.1 495 é
3
90.0 -49.4
89.9 ]
2 4 6 8 T
Number

(L e 7 22 A0 249 E0 R X o 1L 1 AR X R 22 L B B ALB

PR A T 45 2R a1 8 7 o
(b) 190.0 6.127
6.126
£ 189.5 6.125 2
= =5
£ =
) 6.124 5
S 189.0 kS
2 6.123 ¢
: 2
3 1885 6.122
—e— groove depth 6.121
—4— linewidth
188.0 5 1 6 3 10 6.120
Number

B8 ik A PEROE o (a) B0 A5 (D) fL B
Fig. 8 Measurement repeatability data. (a) Sample A; (b) sample B

Pl 8 (a) Ry it AP0 A 55 51 A R 3 7 K
188. 97 nm, SARFRAA AU AH X 1R 22 49 0. 33% , bR fE 2= Ny
0.13 nm; 2k 55 V- Y918 4 6. 12 pm , 5 k5 FRAA 09 A 4 15
Z R 2% ArUEZE N 0. 28 pm. [F 8(b) MEE S B A &
SER IR R B S8 A 90. 10 nm, 5 4R BR (H 19 A
BN 0.40%, ki #fE 22 R 0.51 nm; 28 % - ¥ H N
49.52 pm, 5 AR FRAE A9 AH XF 1R 22 0. 96 % , bR ifE 2
0.01 pmo H LA 0 45 50T LUE HY A SO 5 7 i
e 3 AIONE 1) 52 MR R AT B A B R L R A 10 IR
T 25 R AR AE 2 T LR AR SO A BRI &
STk . B T R R TE D 2 R G R B
il AR SC T vk 0 R A B 8 2R TE AR X 1R 25 4 B R (H X i
Je FEAE M bR 2 A X e, DL R R S Y 7

TR FE TR A5 R B/ o
3.2 eBMam

FIOE 2 3T AR 32 I T 14l 45 0 3= 1B 30 1Y
e R R A R AR S B R, DA T R A 5T
Kt Ay BT A g R v ) iR 2 TR U A 4 AR A S e
A6 UE AR SC 5 3 % 0 S MU A A 0 T S S
PE o UG, AT L3015 i Al R B 90,5 nm+
2.8 nm £ & A 50 wm (AT SEMHE SRR &L e T
ﬁt?‘l‘%*#%%fﬁlﬁﬂ}? TV R B0 ) VR X S5

5 R BRI

S P sk R e 3 gk A HI UL R R S, BT A
il B B 121 % Bt 8 5 18] $% 3 CCD #UAT y 7 18], {H HR H)
BeAE AR E . WK 9(a) fis il ad A T

2205004-6



&5 43 % % 22 H1/2023 £ 11 B /%3340
BERZEAE 1A AT AR SCHE i F 3l 8 48 A W) i AR} A R
ITEE SR THE AR RBRL A B R AE SIREIR
2 v 1 I o 45 2R 5 bR PR (E 2 R) A A 6 R 25 . g5 SR
1 9(h) BT 7, T8 R TR B 1 % 213 R 7E 0. 8 %0 LAY, T2k
T 0 0% 2 W BEAR /I, 2% SR 3 BHRE T 43 AR B N AR S
PETT L 0 /N o

R RAT LR L B 22, 1T LLAS B0 ARE S 1 O 22 6
A% 228, i 3o X (14) ] DUFE $6 00T 17 B (44 £ 00,

( Zz N Zl )
@, = arctan o
N

Mt o] DLAS )RR SEBRZR SE(H W =d X cos 0,, H: 7,
d RSO NS RO 2R S (H . — it ib , ACHR B b = &

(14)

@ 1 ®)
914 49.520
—a—groove depth
91.3 —£—linewidth 49.515
o E 91.2 49510 £
| d = 2
o B -49.505 &
| w 2] % 91.1 . =
N 1 g =
I 2 910 49.500 2
19 g
1 (59 90.9 1494953
: 90.8 49.490
! . 49.485
L T 04 06 08 10 12 14 16
l, Tilt angle /(°)

9 BB ACA R 2 L Ca) AR A 7R 3 AT 5 (D) S 30 25

Fig. 9 Effect of sample placement angle. (a) Tilt illustration diagram; (b) experimental data

ISO 25178-604 B2 1 FH 1 6 35 43000 &5 By
SR 445 A8 ) R A7 vp ) 9 4 800K T — AR HLIE HF R
WG T EL . R, IR S T8 A 80K FE R
SRR KR R e 1 e A . Wt k%
S F 3 B B 1 T 90 R, T B b e 2R A Ak B Ak
R F A bR, TSRS BRI 22 X5 W 4R L, 5 %R
iR 0, RS RDEP. AxHETER

S A3 B AT TS [RVBCEE 1 T A B0 UL R [R] 2 800
] X S B0 25 SR By s o 25 SR AN E] 10 o, VA R R B R
2k T 45 FL A O AR BR A 09 AE X R 225 19 UK 3 [ 3 7R
0.4% LAY, Hi e 28 58 A G 152 22 K F 10 1l TR J5E (%) A+
YR, 53 1 S 45 AT Ao L, DL 4
SRV T S B A R i 25 O AR SO TR I LB 4 R Y
MR/ IEI T A SO R BEA RAF S

®) 911

49.50
—e—groove depth
- —4—linewidth
’ 49.48
£ g
% 90.9 S
k<l -49.46 E
£9038 &
5 49.44 :
© 90.7 ’
90.6 49.42

0.5 15

1.0
Tilt angle /(°)

F10 T 48UM I o (a) 28080 ; (D) 258005 1]

Fig. 10 Effect of interference fringe. (a) Fringe number; (b) fringe direction

(2)91.06 49.54
91.04 4952
g 91.02 4950 &
N =
[=% =
S 91.00 4948 T
e z
§ 90.98 49.46 -
3
90.96 48.44
90.94 5 1 5 § 4942
Number
:|: )
4 én I/E

BEXT R A ISO 25178 £ 51 I 38 45 Gl i, i
LAY UMY IR i G 7 L S o IR, 1 A5 32 b E TE 12
8B E SERIE S 80X — R, AR SO DG
B9 T IR CHAR 05 55 RRAE 20 B th R M il T 4
P 28 G A% it o JORE Y LA 5 U U 32 20000 T 1) T
FRWCT T B T A SRR R B £ S 2R AT A 0
TEAL o 7 AR LR i I R AN B AR T B R 0
37 A SR A A T 0B Al A% DA T 2 W) = 44 TR 3 S D, (R

AN 52 W38 5 AH VAR P T S BB SR X A . D
AR S J A A B A A P S R O 15 S T
PO REAR B, T 0 (H 07 B IR AT — (R 1k Ak 3145 2 5% A Bir
BR300 % 45 JE 0 48 IS R G, DAL TG 52 B AT D' 4 i 2 8K
AR T3 DX T S X i R SR AN T Y = M B
FrREIE , P48 BUY BR 3L 2% 0 B B IR S B AL 2 07
5, AR SCHR 9 J7 95 AT LA 3 A O A v R P AR
i =R IR AR A DXy b R T A HE R B A
R DR T L B o P R A TR R A S R R Ol Al
VR R IS R AT T WIESC 5, R, X AR SCT5 i AT

2205004-7



&5 43 % % 22 H1/2023 £ 11 B /%3340

TR

=R

FZETIP MY, 2B 45 RAR A M UE W] T 4R 7 i i
G RRIE . ARSIk T EPRbR b W/37 ik

U] R S AR 0 L ) S e AR, S B T o i B
ROV T AEIE SCMH R AE S RO G o D & o BE A F 1A
e TR L Bl 2 D't 2 B T TR Sl 45 ) ) 3 B R 2k
Ve RUR P T ) R J AR SCHR R )RR 2 B0 5 12

CIRY,

JEE

(1]

(3]

(4]

(6]

(7]

15 6 T 9 T o I B BE Al B URCR s Ok
HE O M G S I A R TR B IR A FH T

& £ x W

Su R. Coherence scanning interferometry[M]//Leach R K.
Advances in optical surface texture metrology. Glassfields: IOP
Publishing, 2020.

de Groot P. Principles of interference microscopy for the
measurement of surface topography[J]. Advances in Optics and
Photonics, 2015, 7(1): 1-65.

Schmit J, Creath K, Wyant J C. Surface profilers, multiple
wavelength, and white light intereferometry[M]//Malacara D.
Optical shop testing. 3rd ed. Hoboken: John Wiley &. Sons,
Inc., 2007: 667-755.

Harasaki A, Wyant J C. Fringe modulation skewing effect in
white-light vertical scanning interferometry[J]. Applied Optics,
2000, 39(13): 2101-2106.

Geometrical product specifications - surface texture: areal-part
70: material measures: 1SO 25178-70: 2014[S]. Geneva: 1SO,
2014.

Geometrical product specifications - surface texture: areal-part
700: calibration, adjustment and verification of areal topography
measuring instruments: ISO 25178-700: 2021[S]. Geneva: ISO,
2021.

Xie W C, Lehmann P, Niehues J, et al. Signal modeling in low
coherence interference microscopy on example of rectangular

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(17]

grating[J]. Optics Express, 2016, 24(13): 14283-14300.
AR O T Wk B R R RN AR 22 AME (D] KE
KRBT R, 2021.

Li P. Surface topography evaluation and error compensation
based on white light interferometry[D]. Dalian: Dalian University
of Technology, 2021.

de Groot P, Colonna de Lega X, Kramer J, et al. Determination
of fringe order in white-light interference microscopy[J]. Applied
Optics, 2002, 41(22): 4571-4578.

Sang M, DuX Y, Wang S, et al. Gap-matching algorithm with
the impCEEMDAN in scanning white-light interference
microscopy[J]. Optics Express, 2020, 28(10): 15101-15111.
Geometrical product specifications-Surface texture: profile
method; measurement standards-partl: material measures: ISO
5436-1:2000[S]. Geneva: ISO, 2000.

Lehmann P, Xie W C, Niehues J. Transfer characteristics of
rectangular phase gratings in interference microscopy[J]. Optics
Letters, 2012, 37(4): 758-760.

Xie W C. Transfer characteristics of white light interferometers
and confocal microscopes[D]. Kassel: University of Kassel,
2017.

Xie W C,
transfer  characteristics  of  vertical ~scanning  white-light
interferometers[J]. Applied Optics, 2012, 51(11): 1795-1803.

de Groot

Lehmann P, Niehues J. Lateral resolution and

P. Derivation of algorithms for phase-shifting
interferometry using the concept of a data-sampling window[J].
Applied Optics, 1995, 34(22): 4723-4730.

mas I, RRE, N0, AR RIS B O S JE AR I Uy vk Ry
WO a7 244, 2022, 51(8): 0851501.

GaoZ S, Yuan Q, Sun Y F, et al. Micro-optical nondestructive
testing method for microstructure (invited) [J]. Acta Photonica
Sinica, 2022, 51(8): 0851501.

Geometrical product specifications - surface texture: areal-part
604: nominal characteristics of noncontact(coherence scanning
interferometry) instruments: ISO 25178-604: 2013[S]. Geneva:
ISO, 2013.

Calculation Method for Characteristic Parameters of Rectangular Gratings
Under Batwing Effect

Fan Xiaoxin', Zhang Jiale', Gao Zhishan', Ma Jianqiu', Li Heran', Chen Lu®, Lei Lihua’,

Fu Yunxia’, Xu Zhiyi', Zhu Dan', Guo Zhenyan', Yuan Qun"
'School of Electronic and Optical Engineering, Nanjing University of Science & Technology, Nanjing 210094,

Jiangsu, China;

*Jiangsu Institute of Metrology, Nanjing 210023, Jiangsu, China;
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Abstract

Objective

White light interferometry, as an effective non-destructive method, is widely employed for measuring

characteristic parameters of microstructures. Among these microstructures, the rectangular grating is a typical periodic

step structure and has extensive utilization in precision machining due to its diverse materialization properties based on

surface morphology characteristic parameters. However, when the groove depth of the grating is smaller than the

coherence length of the adopted light source, the batwing effect occurs near or at the edge of the step in the sample under

measurement. ISO series 25178 provides a standard morphology for calculating the characteristic parameters of groove

depth and linewidth through three-dimensional surface morphology analysis, which necessitates determining the position of

the step edge. The batwing effect poses challenges to precisely locating the step edge position and may result in a false
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representation of information near the edge of the step discontinuity. We propose a new algorithm for determining the

characteristic parameters of rectangular gratings by utilizing the distribution difference of the coherence signals between the
upper and lower surfaces, thus avoiding the traditional method of extracting step edge position from three-dimensional
surface morphology. The introduced algorithm demonstrates excellent measurement accuracy, high repeatability, and

exceptional robustness in calculating the desired characteristic parameters of rectangular gratings.

Methods We propose an algorithm for precise positioning of the step edge in rectangular gratings based on the
distribution difference of the coherence peak among different sampling points. The algorithm is designed to improve the
detection efficiency of characteristic parameters by incorporating parallel processing techniques. Firstly, during vertical
scanning, the coherence signals undergo modulation. Simultaneously, the contrast information is obtained by the gravity
method to extract the center of gravity position of the modulation envelope across all sampling points within the field of
view. Then, the peak of the contrast envelope is calculated to further accentuate the discrepancy between the upper and
lower surfaces of the rectangular grating. By identifying these surfaces, we acquire the step position information, which
allows to generate the mask matrix and determine the linewidth values. To obtain the groove depth, we combine the mask
matrix and three-dimensional surface morphology of the rectangular grating. Meanwhile, we extend the application of the
"W/3" guideline specifically for the rectangular grating structure to mitigate the influence of the batwing effect on depth
measurements. Additionally, we incorporate the Stoilov algorithm to calculate the contrast information during the vertical
scanning, enabling simultaneous determination of the step edge position and three-dimensional surface morphology. This
parallel processing approach enhances the efficiency and accuracy of the algorithm. Generally, our algorithm provides an
effective means for precisely positioning the step edge in rectangular gratings, while considering the influence of the

batwing effect on depth measurements.

Results and Discussions Experiments are conducted via a self-developed white light interferometry system to evaluate
the feasibility and accuracy of the proposed method. Two rectangular gratings with different characteristic parameters are
selected as measurement samples. The first sample calibrated by Physikalisch-Technische Bundesanstalt (PTB) has a
groove depth of 189.6 nm+ 1.0 nm and a linewidth of 6 pm. The second sample certified by VLSI standards traceable to
the National Institute of Standards and Technology (NIST) has a groove depth of 90.5 nm=+2.8 nm and a linewidth of
50 pm. Ten repeatability measurements are performed in the same area of each sample based on the proposed algorithm.
For the first sample, the average depth value is determined to be 188. 97 nm with a relative error of 0. 33% [Fig. 8(a)].
The average linewidth value is measured to be 6. 12 pm with a relative error of 2% [Fig. 8(b)]. Similarly, for the second
sample, the average depth value is 90. 10 nm with a relative error of 0.40% [Fig. 8(c)]. The average linewidth value is
determined to be 99.04 pm with a relative error of 0.96% [Fig. 8(d)]. These measurement results demonstrate the
accuracy and effectiveness of the algorithm. Furthermore, the standard deviation of the ten repeatability measurement
results is analyzed to assess the algorithm stability. The small standard deviation confirms the consistent and reliable
performance of the proposed method. Additionally, the influence of error terms during the experiment on the measurement
results is investigated. Specifically, variations in sample placement tilt angle, interference fringe numbers, and
interference fringe direction are examined. The results indicate that these error terms exert minimal effect on the
measurements, highlighting the robustness of the proposed algorithm. In general, the experimental results validate the
feasibility and accuracy of the algorithm in accurately determining the groove depth and linewidth of rectangular gratings.
The algorithm exhibits stability and robustness and becomes a reliable tool for precise metrology in surface morphology

measurements.

Conclusions We present a new approach for accurately measuring the characteristic parameters of rectangular gratings under
the batwing effect. Unlike conventional calibration methods, our method focuses on the distribution difference of coherence
signals between the upper and lower surfaces of the grating. This approach addresses the limitations of ISO series 25178 in
accurately measuring the characteristic parameters in the presence of the batwing effect. To validate this method, we conduct
simulations of interferograms during the vertical scanning based on linear system theory. By analyzing the modulation envelope
of these interferograms, we can precisely detect the step edge position and distinguish the upper and lower surfaces of the grating
sample. Finally, by applying ISO standards, we accurately measure the characteristic parameters of the rectangular grating.
Experimental results using two rectangular gratings with different groove depths and linewidths demonstrate the repeatability and
robustness of our method. The implementation of the "W /3" guideline in measuring rectangular gratings is significantly improved
to accurately measure the characteristic parameters. Importantly, our method features high efficiency, high precision, and fine
repeatability without requiring any physical upgrades to the instrument. Considering the ongoing trend towards miniaturization of

rectangular gratings, our method has broader applications.

Key words microscopic interferometry; rectangular grating; batwing effect; characteristic parameter; binarization
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