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Fast Vertical Scanning Topography Measurement Based on Spectral
Distribution Characteristics

Zhou Juntao, Gao Zhishan, Sun Yifeng, Ma Jianqiu, Xie Pengfei, Zhang Jiale,

Guo Zhenyan, Yuan Qun’
School of Electronic and Optical Engineering, Nanjing University of Science and Technology, Nanjing 210094,

Jiangsu, China

Abstract The traditional low-coherence vertical scanning method has low measurement efficiency when measuring the
three-dimensional surface topography of steps or groove-like microstructures with a height of tens or hundreds of microns.
For this reason, a fast vertical scanning topography measurement method based on spectral distribution characteristics is
proposed, and this method includes twice vertical scanning processes. An evaluation function to describe the fringe
contrast of a single interferogram is established, the approximate position of the upper and lower surfaces of the test object
is located by coarse scanning, and the upper and lower coarse scanning images are connected to calculate the image
acquisition areas of the fine scanning that cover the coherent areas on the upper and lower surfaces of the test object. The
fine scanning is not performed in other areas, but its displacement is recorded. With the fine scanning interferogram of =/2
scanning phase shift, the three-dimensional surface topography of the test object is restored. The scanning step length of
the coarse scanning is calculated based on the low-coherence spectral distribution, and the step length of the fine scanning
is one-eighth of the center wavelength. Experiments on the step with a height of 7. 805 um and the groove with a depth of
200. 99 pm show that the proposed method reduces the acquisition time by 48.2% and 55.2% respectively, compared
with the traditional vertical scanning method.
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Fig. 1 Schematic diagram of fast vertical scanning topography measurement
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WE 3 TN, a4 E R R A T X
B LSHARMEK o W
76, <<L<(n+1)8, (20)
e S U ol LI NS T I = T e s o B S
LN RT3 XN RE S o+ 108 E S ,n A IE
2 (20) AT 0, 8 UE R 491 il o 2 b A 4
T R TE A A T X R AR D = R R R
Kok
81 <<L/3. (21)
EEEAHSRES, TW RS U 2 A8 1
AL HEAT R B, X 2 3 8O 20T RO B2 R
— W, T 5 A 6 25 A . R fORL A A O R P R
AR 1Y R ] DR 15 27 B BORS 09 A A2 722 Ak, B35 25 &
o Ak A R B DR L R R R

1512003-4



NN nd, R
< »| scanning
L direction
() (-1,
L - .| scanning
L direction

P13 Bl R AT R A8 AL B R S O () SR B o+ L R Y
1500 5 (b) R 4R n I R AV Bl

Fig. 3 Image acquisition situation varying with starting point of

coarse scanning; (a) Acquisiion of n-+1 images;

(b) acquisition of n images

61:71'%0 (22)
g a2 A (22) , R A 7 Ff GE k4 4
FEROR AR K o Rk 0
L3\ A
Ayz)'z’
L floor(+) PREL A T RE S 10 FHCHE . LA, AT
PRAIE 5 IR0 0 5 UK B RS A AP K 0, 18 A/8
2.4 REREBHHE
w4 e s, O, 05 oML o B2 b A b SR
KRB E, O, SR O, 5 R EN S/ L —A S A
A AL BB, 8 R SR B X R AR
ool i O 85 O S 0 TEN SR EUE B O,
M R RO R AW AW O 5 T
R, O A ST X AMEEST O,
M5 M 1 XK OO B o oloE , M
Li=L,=(L—20,)/2,A,5 B, XK5 F&i

T XEES & O, A6 B E DT O, R
BIVEANY R B, W O, 5 7E B3 B 07 et O, RS
AT X B AR EE N T O 5 AT IR A
BB, % Lo=(L —20,)/2 L,/=L — 20, B} , i LU
A5 B, X & BRI O J BT
MR BE R T O B VA s BOfE W O, i A B3R
IR 75, B O, s ST X ERAREE KT O,
AEMTXETARAWES, Y L=L—20.L=
(L —20,)/2 8 7T LLEIE A, 5 B, 14 1) 16 50 55

FT AR T X o B E T T R X A A, S b
TR 18] DI Y A 4R 07 XL

7 W LR T A SR BT X (AL 5 B, TR
XS Ay, 5 By, 18] 89 D0 5, A TE5 B IE ) B9
B, JOHUVA SR AL E a] LA B 9 0 Bk iy X B
KJE AL

3 PREETE LI I 5 ik
B 1 B T 3 45 A R 0 R T O 9

(23)

0, = ﬂoor(

& 42 % 5 15 89/2022 £ 8 A /FE2iR

coarse scanning

step

¥ scanning direction

P4 AR b TR 1A DXl Jt P 1
Fig. 4 Schematic diagram of finding image acquisition area of

upper surface

0 Y O R PR A IR S B

obtain spectral distribution of low-coherence light

l

calculate coarse scanning step

!

determine approximate position of upper
and lower surfaces

l

determine image acquisition area of upper
and lower surfaces

l

collect interference images of upper and lower
surfaces by fine vertical scanning

!

recover surface three-dimensional topography
of object

P 5 bR T 4 4 TR A 00 A 7 A

Flow chart of fast vertical scanning topography

-

Fig. 5

measurement

BE T o A7 R A b T A O ik L
AL .

1) o' T S50 8 R 0 4 67 A, U TG A T
4 G T 43 AT o

2) 2 AT T BT WAUE T B
R FL AR, TT 3 s e 2 b 2 v A A DX B
I E PR R K. 2 &R R AR
AH 6 AR T 95 AR 25 F e Y 9 e B, T
ATmEMITHEEDMEE2) .

3) K5 Bl B R R B b T R
N T VR BE B 2 A, 42 R KL 43 5 25 K 30 25 ol ) 47 452 )
P TR A . A — O 4R I 2 R A — iR R
IR i R 0 PE A0 R B, BB A BB R

1512003-5



T TE KB E R Ik

4) P gl I b 2 v R A R 7 A5 T R R
15 B AN SRS B 2 L 28 187 AR X 38

5) Xl TR R i A SR TR X sk e BEORS R B K
A5 [ Bl 7 A DAR AR TS MR IR0 SRS A AR
Bk i 4 X B K

6) M3 3 SR 4B 1 T 95 PR FIORS 41 1 1 7 ko 1 X sk
KB B 30 02 D 5 0 A D e 2 1 R T — 4R TE 90

AR SR R TR L B (HDVSD Ak 2
Bl L 2 T R AR ) T RN Bk i IX K B
T AR TE B I 28 3% 1T = 4R T2 A0 JORS BE %) [ B R IE
Y B RO — K

AR BT AR 7 R B v B AR AT EUBCE oK
B o 94 A 2 R i, (EL R Xk LR i kb 4 AT LR — A
W IE PR O o T R BE 0N LR T O W 4
= Rl ol N T U 2 R P T R A B = L A T e =
B A T X8k, b i T B A R — W OR T X RD AT
5T ST R Bl A 45 S, U R el A
AT XK B LBIE R L+Ho %5 A 5058 g ¢F
B TR B D)L A T R R X S — A o e A o i

(a) 2/(10* nm)

18
17
1.6
15
14
13
12

$ 425 F 15H9/2022 F£ 8 A/FZH

AT XK B LABIE 21 o % T 3 TR A 7 B I 4
RIS 1 b 2 A B R R AR, U 75 A B o R ]
XA I EABIE AL TR . A B AR T X I S A R AR
PR BRI 55 R ATl 2 7 A 9 PP R BT A S R 1 i S A
AT X 8h R R LR RS AR
SR [T DX 9 34 5 R F iR A JF R ViBe 5k 5l 22
A U A R T X

4 = B

R T B UEFE TG A A AR D R 5
I 77 2% i D M L A8 R A I 9 AR O BT AR
M — BRSO 7,805 um B 5 B M (Veeco,
10113-281) o & 58, 3K HAIAH T 5% 09 e B 4 A, gkl
P bR R A XK R L A K o
LK o, HAE 4 58 576 nm . 2205. 84 nm .576 nm F
72 nm. ARG HEE R 7. 805 pm B A A CE TR 3
Yy e R T B B T TR R 2
Ah T A 82 e B 7 B, O DA R A
HEAT PR T B Y S S AT I Y e E = 4R
SRANE 6 B, I g Rk 1R .

® 20

11! e
0 100 200 300 400 500 600 700
2 /pm

16 S5 % B B 2 T = 20 JE 550 160 R AT 5T o (a) 3R THT = BR324 5 (b)) AT 5]

Fig. 6 Recovered three-dimensional surface topography and cross-sectional view of step. (a) Three-dimensional surface topography;

(b) cross-sectional view
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Table 1 Results of experimental measurement
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height /nm
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Fig. 7 Recovered three-dimensional surface topography and cross-sectional view of groove. (a) Three-dimensional surface topography;

(b) cross-sectional view
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