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Fig. 2 Measured spectral curve for the white LED source
FE LED G IR A G 73 A5 ol LLAE % 48 25 A58 ) A7 AL 400, B R 7 — 78 8 b mJ oMGs 4% b B 058 TR 2K
T W 0 BUE AL AR LS 28 0 A A D't 1 A A6 M 22 55 4 S 1, — iR T 2 38 24 30k 7 L 116 LED DG IR
Al 1] T OB AR S A, RN o

I(z):CJmJa{/zz cos [2k(z— zy)cos O+ ¢ ] sinﬁcos@}S(/e)d/edﬁ (2)

K, CHFBG a N BT R 2 A, th T W B A BUE AL S NA BE (NA = nsina, n 0 TP BT A4
SRR AT S8 ) 5 R D R, k= 2m/ A, A DR U 5 2 Jhy Tl 1) (s B ) 7 B AR AR 5 20 O i AL 5 b O A L 0 2
S (k) A 6 UG 15 588 BE 43 A i 2%

B S PR 45 2 9 LED G IO 4 (e 2)FCA R (2), 9 lin = 1,NA = 0.4, 74 2] 40 18] 3(a) BT /s Y
F G 9 Bl i 56 R w7 2k, RT L O8RS 2 D ) DG LED SEIECRE AR PO B AR 4R 955 2 0o A S W] Y
iR, R A 2T WAE 5 B SO RAE o 138 F T 2 B s S IO 3% Hh B9 2 08 (29 500 nm KA _ED)ARAS(2)
BT AR T RO AR A TR T A (A 3(b)) o 5 BLA R R 0 i 0 0 B S B9 FOE LEDOE
T, JHOUBUIEE IR R X 8245 5 B9 AN RS e 45 21 1 A 2800 )

T ECVT 5 R S A L 6 G 52 46 46 E 28 0 D B UE DS FOG TR e N A SEBRAICR o 1814 BT DB LED
PRSI S A 6 3 S PR e AT (BEALAL B R, W P AT DU, FOE T35 5 A X FK , 50 K A i
P, 33 32 TRy G IR A XU R P SR R I 32 BIDEEE R GE T Y BT 45k B B W R S 2 B IR R A L A
RN

i 2o A [ 58 JEE ) A 8 O R R S BT D U, Al B R A A S BN R 1, SRR B R BT
fF5 A 5Ca)~(d) o I H AT LI B 806 7 47 58 B9 38, 516 3 iz il 26 2245 X%, T 345
TRERK AR FRIRLOEWI AT W LSRR, i o B LED ik A9 32 06 mT SR A BUAR Y OB T
fi 5 oA, 3 5 PR AT LA B b o't 3 XSO0 R A R A R B 4R S RO A B X AR, TR S K

0112003-3



¥ %
504 n “ n L 50 b 4
S s
EN =
5 g
k| k|
=50+ H U =50 1
0 2000 4000 6000 0 2000 4000 6000
Position/nm Position/nm
(a) Before filtering (b) After filtering
M3 WEMENAKLEDARM B aXTHETHELSA &
Fig. 3 Simulated distribution curve of white light interference signal before and after filtering
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Table 1 Basic parameters of the customized bandpass filters
Parameters Group 1 Group 2 Group 3 Group 4
Center wavelength/nm 540 550 585 600
Bandwidth/nm 80 100 170 240
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Fig. 5 Actual white light interference signal with different spectral filters
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Fig. 6 Apparatus of large field-of-view white light interferometer
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Table 2 Test of the effective lateral magnification

Points Direction 1 Direction 2 Direction 3 Direction 4
1 0.95 0.94 0.94 0.94
2 0.94 0.94 0.94 0.94
3 0.94 0.94 0.94 0.94
4 0.94 0.94 0.94 0.94
5 0.94 0.94 0.94 0.94
6 0.94 0.94 0.94 0.94
7 0.94 0.94 0.94 0.94
8 0.94 0.94 0.95 0.94
9 0.94 0.94 0.95 0.95
10 0.95 0.95 0.95 0.95
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Fig. 8 Test of the lateral resolution
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Fig. 11 Measurement result of the standard step 2
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Table 3 Ten repeated measurement results of the standard step sample (unit: ym)

Standard

2 3 4 5 6 7 8 9 10 Average

Number 1 o
deviation

Step 1 2.052  2.044 2,033 2.032 2.048 2.034 2.062 2.039  2.056  2.063 2.046 0.012
Step 2 20.454 20.449 20474 20455 20.502 20.483 20.461 20.466 20.459 20.472  20.468 0.016
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Table 4 Film thickness measurement results of the central fraction (unit: ym)

X direction
1.04 0.97 0.97 0.97 0.97 1.05
1.04 1.05 0.97 0.96 0.97 1.05
1.04 1.05 1.04 0.96 1.05 1.13
1.04 1.04 1.05 0.96 0.96 1.04
Y direction 1.04 1.04 1.04 1.05 1.05 1.05
1.04 1.04 1.04 1.04 1.04 1.04
1.04 1.04 1.04 1.04 1.04 1.04
1.04 1.04 1.04 1.04 1.04 1.04
1.04 1.03 1.03 1.03 1.04 1.05
1.04 1.04 1.04 1.03 1.04 1.04
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Research on Large Field—of-view White Light Interferometry
Measurement System and Performance

LIU Tao', WANG Zhibin', HU Jaqi', HE Yaonan', JING Weichang', CHEN Enjing’, ZHOU Wenlong’,
YU Guoming', YANG Ning', ZHAO Di*, ZHANG Guofeng', YANG Shuming'
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Abstract: White Light Interferometry (WLI) is a classic low—coherence interferometry. The surface height
information can be obtained with ultra—high precision through the positioning of zero optical path difference
position of white light interference. At the same time, compared with point—sectioning laser confocal
microscope, WLI is a surface-sectioning tomography technology. In particular, its vertical resolution is
comparable to that of an atomic force microscope. White light interferometry measurement technology has been
widely used in the inspection of semiconductor wafer defects, Micro—electromechanical System (MEMS)
sensing structures, ultra—precision optical components, and film thicknesses. Generally, this technology
originated in the late 1980 s in the United States, and domestic researches in this field started late, with the
overall technology lagging behind. In terms of the instrumentation, although there have been breakthroughs,
core components still rely on imports, such as interference objectives, nano—positioning scanners. A large field-
of-view white light interferometric measurement system was built and tested. In this system, a domestic white
light interference objective with a lateral magnification of 2 was used and a 0.5X adapter lens was preferably
configured in the imaging system in front of the image detector. For the white LED illumination source, a
suitable bandpass filter was theoretically evaluated and experimentally confirmed. The center wavelength was
determined through the experimental curve of white light interference along the axial direction. The actual
magnification of WLI system and the distortion of the field of view were achieved through imaging of a two—
dimensional microscopic grid sample. The actual maximum field-of-view at the object side has reached 14 mm.
By selectively filtering the spectrum of the white light source, the white light interference signal can be
effectively modulated. According to this, the axial resolution and horizontal resolution can be changed within a
certain range. For example, by changing the center wavelength of the incident light, the horizontal resolution
can be changed according to the Rayleigh criterion. Experimental results show that: a more ideal white light
interference axial response curve is obtained through suitable spectral filtering; the maximum field—of-view at
the object side is as large as 14 mm; the measurement results of standard step samples with heights of 2.04 pm
and 20.43 pm are 2.05 pm and 20.47 pm, and the repeatability (standard deviation) of 10 measurements is
12 nm and 16 nm, respectively. The measurement result of the 2.04 pm height step was also compared with the
result obtained by the atomic force microscope. Actual measurements were conducted on the roughness sample,
MEMS sensing structure and semiconductor wafer film, demonstrating the feasibility of the developed system
in the field of three-dimensional optical non—-destructive precision inspection. For large field-of-view WLI
systems, the horizontal or lateral resolution is on the order of a few micrometers, so it is difficult to apply WLI
to the three-dimensional reconstruction of fine microstructures. This is an important shortcoming of large field-
of-view WLI systems. Besides, through research, it was found that for ultra-smooth surfaces, such as polished
wafers, it is difficult to measure using traditional vertical scanning interferometry technology, and the phase
shifting method should be used. Measurement of film thickness may be used to monitor morphological changes
in biological transparent film layers. Further research can focus on high—performance white-light interference
objectives, automation of the white-light interferometry measurement process, and implementation of large
field-of-view high—resolution white-light interferometry methods.

Key words: White light interferometry; 3D measurement; Large field-of-view; Filtering; Semiconductor
inspection
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