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Chip morphology measurement method and system development
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Abstract: Because of the small measurement range and long measurement time, the traditional detection methods can not meet
the requirements of on-line, in-machine and large-format detection. In this paper, a chip surface morphology measurement method com-
bining white light scanning interferometry and atomic force microscopy is presented. Based on the analysis of the characteristics of
white light scanning interferometry and atomic force microscopy, a measurement scheme with two complementary methods was con-
structed. Firstly, the white light scanning interferometry was used to scan and inspect the chip in a large range with a high speed, and
then the atomic force microscopy was used to measure the key areas by fine scanning. The measurement system was designed and inte-
grated. The testing results showed that the system can accurately detect the nano-scale surface morphology in a range of millimeter.
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Fig.1  Chip surface topography measurement system
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Fig.2  White light scanning interference microscope
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Fig.3 Head-scanning AFM
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(b) Detection results of AFM
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Fig.4 Topographic image of the chip
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Fig.5 3D topography measurement results of white light

scanning interferometry
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Fig.6 3D topography measurement results of AFM

x b/
Wilo =1 /% /mm

574

5

v Fli/um

10

(a) JEAIHRE R TR 1]
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(b) Grating sample surface topography image
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Fig.7 Measurement results of grating sample surface
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Tab.2  Grating depth of analysis section
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Fig.9 Measurement results of common silicon probe for grating

samples with large depth-width ratio
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Fig.10 Measurementresults of large length-diameter ratio carbon

nano silicon probe for large depth-width ratio grating samples

3 it

PR T — R e T = R S G IR
TR AR R GE, RGEEM T FOLHMT
WM R WA, T R
o SR DT BB AP S 00N 4 AT 6 3]
TN SR, FHIE T 00 WU EHEX D
T VAL TC AT 053 B B NG A R AT 508 43 B )
AR St o S ok R ) BRI T AR U A Y A
PEFIATATE, SEELT 1. 6mmx 1. 35 mm KA
N EAE A 10 pm . 15 R 400 nm 1Y ERIE 28 1/
SERMIRIE RGN, SN 3 pm . TR 520 nm
(R E 45 Fa RT3 R 800 nm ., TR EE A 400 nm AT IE
RS2 R TR SRR T



142 - BigH5H*®

2023 F % 43 % % 1

[1]

[2]

[3]

(4]

[5]

[6]

[7]

[8]

[9]

[10]

S 30k
VALADE C, HAZART J, BERARD-BERGERY S, et al.
Tilted beam SEM, 3D metrology for industry[C]// Metrol-
ogy, Inspection, and Process Control for Microlithography
XXXIIL San Jose: SPIE Advanced Lithography, 2019.
ZHANG X X, ZHOU H, GE Z H, et al. Addressing Fin-
FET metrology challenges in 1 X node using tilt-beam criti-
cal dimension scanning electron microscope [J]. Journal
of micro/nanolithography, MEMS and MOEMS, 2014, 13
(4): 41407.
MAEL, RENWM, LUOXN, et al. Multi-beam inspection
(MBI) development progress and applications[ C ]/ Metrol-
ogy, Inspection, and Process Control for Microlithography
XXXIV. San Jose: SPIE Advanced Lithography, 2020.
HAMED S, RODOLF H, BERT D, et al. High-through-
put atomic force microscopes operating in parallel[J]. Re-
view of scientific instruments, 2017, 88: 33703.
HOLZ M, REUTER C, REUM A, et al. High throughput
AFM inspection system with parallel active cantilevers
[ C]// Photomask Technology, 2019.
NIKOONAHAD M, LESLIE B C, STOKOWSKISE, et al.
New laser scanning techniques for wafer inspection [J].
Proceedings of SPIE—the international society for optical
engineering, 1995, 210(1):93-99.
ZEFINE . BT Y 3D B e G I A 52 B 44 K 2 R AG
[J]. AR, 2013,33(4) - 36.
LI L P. New 3D defect detection technology enables rapid
detection at the nanoscale [J]. Metrology and measure-
ment technology, 2013, 33(4): 36. (in Chinese)
NAGARAJA R, PATRICK K, ANAND G. High through-
put wafer defect monitor for integrated metrology applica-
tions in photolithography [C]. San Jose: SPIE Advanced
Lithography, 2008.
2R, ARAM, A, L T TARKGER TR S
OGS AR L], THIBAR, 2022, 42(2): 91-96
LIQ, REND M, LAN Y B, et al. Optical microprobe for
surface topography measurement at nanometer scale [ ] ].
Metrology and measurement technology, 2022, 42 (2) :
91-96. (in Chinese)
AR R DG T80 = 4E I8 5500 4 OC BB R B Y
[D]. KA. hEBABER Y (hE R B KR h
LS P EESET) , 2021.
YAO D. Research on key technologies of large field of
view white light interferometry for 3D topography measure-
ment[ D ]. Changchun: University of Chinese Academy of
Sciences (Changchun Institute of Optics, Fine Mechanics

and Physics, CAS), 2021. (in Chinese)

(11] 4, REfE, KW, . —MET R 8

B4 e (58 3 ThD LR B 0 Oy vk (D). b ok,
2022, 49(2): 45-48.
WANG W, WU A H, ZHANG J H, et al. A method for
measuring wafer surface roughness based on atomic force
microscope [J]. Shanghai measurement and testing,
2022, 49(2): 45-48. (in Chinese)

[12] ZHANG G F, YANG SM, FLREGGE J, et al. Fiber op-
tic white light interferometer for areal surface measurement
[J]. Measurement science and technology, 2019,31(12).

[13] OKAMOTO K, SUGAWARA Y, MORITA S. The elimi-
nation of the “artifact” in the electrostatic force measure-
ment using a novel noncontact atomic force microscope/
electrostatic force microscope [J]. Applied surface sci-
ence, 2002, 188:381-385.

[14] GOLEK F, MAZUR P, RYSZKA Z, et al. AFM image ar-
tifacts[ J ]. Applied surface science, 2014, 304: 11-19.

[15] CHENG BY, YANG SM, LI W, et al. Controlled growth
of a single carbon nanotube on an AFM probe [J/OL]. Mi-
crosystems nanoengineering, 2021. https://doi. org/10.
1038/s41378-021-00310-w.

R 24 4 )

F—1EE . BRZA999—), F, 1h7E
KIEN, WEitsd, FEMEF N
e A

BWEE: BWIH0979—), 5, ##Z,
LA, ERARHAEREE G
H. EFRE SR E . ER
Yk v 2 4 (ISNM) &1 . BEVEE &
RBHE A A B Sk Ao MRS )
SRl B, R EH E R R R
TRELIH 20 451, K FHEARBL
200 55 s BEAL/ TF EBRE N & &
FIT00 T, FRA TR E FKATL 2= 5B 730, 41
IS 2 TR SR BAR =2 (ASPEN) i | hE &
MR Ap o8 55 BRSNS TE B BR 2 AR SOk S 4t iy
WAl E 30 43k, HAE IMS, JPEM-GT, IJRAT, NMME,
MST,PE,IJAMT, Photonics 55 PR P4 Zs FN & R 255



