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Research on quantitative detection method of coating thickness on

complex substrates

Zhu Qiang'?, Zhou Weihu'?, Chen Xiaomei'", Li Guannan', Shi Junkai'

(1. Institute of Microelectronics, Chinese Academy of Sciences, Beijing 100094, China;

2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Banknote which is issued by the government and forced to use. In 2019, the People’s Bank of China
issues the fifth set of RMB. The anti-fouling protection coating is used on both sides, which significantly
improves the cleanliness of paper currency. In order to control the coating quality more reasonably, it is necessary
to detect the coating thickness in the production. The coating thickness of this paper was to investigate, this paper
establishes the optical diffuse reflection model of coating thickness with banknote pattern as a complex substrate

surface, identifies and quantitatively detects the coated and uncoated banknote by using Fourier near-infrared
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spectrometer and confocal laser scanning microscopy system. In this paper, one analytical method based on the

combination of multivariate scattering correction (MSC) and second-order derivative combination analysis is

proposed for the near infrared (NIR) absorption spectrum data of the coating, that could be effectively identified

in the NIR spectrum, and 4 346.764 cm' is determined as the characteristic wave number. Then, the coating

thickness model is decoupled basing on the reflectance and roughness. Finally, the coating thickness changes of

coated banknotes are detected by a confocal laser scanning microscopy system, and they are correlated with the

decoupling result of the model to obtain the actual coating thickness. The final results show that the minimum is

3.807 pum, the maximum is 12.738 um. The detection method has an important practical significance for coating

quality control in banknote production.
Key words: coating thickness;

second-order derivative spectrum;
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uncoated detected by Near-IR spectroscopy
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Fig.3 (a) First-order derivative NIR characteristic absorption spectrum

of 20-yuan coated and uncoated; (b) First-order derivative NIR
characteristic absorption spectrum of 10-yuan coated and
uncoated; (c) First-order derivative NIR characteristic absorption

spectrum of 1-yuan coated and uncoated
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Fig.5 (a) MSC and Second-order derivative NIR characteristic
absorbance of 20-yuan coated and uncoated; (b) MSC and
Second-order derivative NIR characteristic absorbance of 10-yuan
coated and uncoated; (c) MSC and Second-order derivative NIR

characteristic absorbance of 1-yuan coated and uncoated
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Tab.1 Expression of the coated roughness

Type 1-yuan 10-yuan 20-yuan

Region Description Sa/pm Region Description  Sa/um Region Description ~ Sa/um
Plain-Region 1 3.108 Plain-Region 1 3.439 Plain-Region 1 2.472
Plain-Region 2 3.704 Plain-Region 2 3.809 Plain-Region 2 5.353
Plain-Region 3 2.851 Plain-Region 3 3.306 Plain-Region 3 7.192
Plain-Region 4 2.036 Plain-Region 4 8.309 Plain-Region 4 5.227
Complex-Region 5 Coated 14.160 Complex-Region 5 Coated 13.460 Complex-Region 5 Coated 15.938
Plain-Region 6 Complex Region 6 13.624 Complex -Region 6 14.232
Plain-Region 7 Plain-Region 7 6.690 Plain-Region 7 5.777
Plain-Region 8 4.236 Plain-Region 8 5.039 Plain-Region 8 9.440
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Tab.2 Expression of the coated relative thickness
Type 1-yuan 10-yuan 20-yuan
Region Description dy Region Description d, Region Description d,
Plain-Region 1 252.574 Plain-Region 1 265.339 Plain-Region 1 241.245
Plain-Region 2 267.249 Plain-Region 2 273.653 Plain-Region 2 332.216
Plain-Region 3 248.799 Plain-Region 3 261.801 Plain-Region 3 171.205
Plain-Region 4 229.470 Plain-Region 4 218.388 Plain-Region 4 321.753
Complex-Region 5 Coated 116.244  Complex-Region 5 Coated 102.234 Complex-Region 5 Coated 124.223
Plain-Region 6 Complex-Region 6 112.302 Complex-Region 6 107.153
Plain-Region 7 Plain-Region 7 195.219 Plain-Region 7 223.175
Plain-Region 8 247.899 Plain-Region 8 239.415 Plain-Region 8 198.442

&3 20 tEARKRMNE RS E BRI+ BRI R

Tab.3 Complex and plain characteristic expression of 20-yuan Coated and Uncoated

Region

20-yuan coated

20-yuan uncoated

Plain-Region 1

Plain-Region 4

Complex-Region 5

ik A TCE 78 4V LA RS0 43 52 24 0 X, PRI
AR A A5 2 A R R R . AR A A
S, DLEHR B e 8t R 3, & BUR P A e R 52 8
DX 35, A e T L B DU v, HEBR TCR T . 7RI
R BE I, A 50 58 R A LUK AT AL R
VR JZ IR, (A JORIA 45 22 1 DX, R VR R TR
AR 1) HE:

S
Dy =D— 21
=D 20

AP Dy B IR R IR IE ;s D AT RE; S, A
S FR) 0 TR RV AT A T AR5 S, DAy S s ) T AR
e IR 2R 53R 2 b dy RHK, Ak 4 PR .

M 4 FTLAE 00 O3 2 5 2 5 A 5 3
BEAR — B, & RS B I iR JE /N RO 3.807,

R4 ERNHEANEREEE

Tab.4 Expression of the measurement coated thickness by confocal laser scanning microscopy

Type 1-yuan 10-yuan 20-yuan
Region D,/um Region D/um Region D,/um
Plain-Region 1 6.660 Plain-Region 1 8.001 Plain-Region 1 7.332
Plain-Region 2 5.847 Plain-Region 2 9.341 Plain-Region 2 7.267
Plain-Region 3 8.783 Plain-Region 3 5.978 Plain-Region 3 12.738
Plain-Region 4 10.417 Plain-Region 4 6.750 Plain-Region 4 9.565
Complex-Region 5 3.807 Complex-Region 5 4.547 Complex-Region 5 4.015
Plain-Region 6 7.006 Complex-Region 6 4.661 Complex-Region 6 6.223
Plain-Region 7 9.248 Plain-Region 7 7.321
Plain-Region 8 8.779 Plain-Region 8 6.333

20220156-8



s Gk A2

% 12 47

www.irla.cn % 51 %

4457, 4.015 pm, £ A 000 505 2 e /N R BE Ry e K
10.417, 9.341, 12.738 um, [E 405 7% 19 X 3k i 2 JE 13
BN, BB BR300 2 R B R, A A 7 S B
T
35 MEARREESH

VR 2 R B D R 25 A4S R G iR 25 RN BE HL IR
Fo XFRGRZE, T LLE D8 I 25 5 S5 R A o
200 25 AR LU 7 T B . T T REAL 22, )
ANBETHBR o T 3 S22 50 BT & Pl Bl AL 158 2 00
2 5 B T 5 5 TR AR R )

(1) R I B8O 7 AN Bff o

MR 3.2 /N1, SRR 2 2 T BUR S IE (MSC)
5T SAH G AR, A LR )ZFICIR)E 2 R Y]
i, DT 8 U2 PR IE D 8 . 383X — 4k, AT LA
AT WO B, #EMTARE A X (14) RIGRZE
JEEE R FE . BTS2 BELLAMGIE U R 5
Wi, X J2 de A AR 5 IR 1) 5 57 A7 AE — 8 I AN
M, BESETE AL 2 JE A AL, XIS G 2
Ady, A (14) ATAL

) 2n
arcsin Vx =6, = A (d,+Ad)) (22)

A RAHE R AL Ad Y Rl R AL (23):
_ aresin Yx(A+AQ)
27n,

(2) FoA PR 28-S B 0 AN o

H T 4% 5K A BRI B 32 30 7R 8 R B BUE IR DL
T 5 B o S 3R 18 22, T 45 SR AL SR 32 IS )
PRI, o At PR 3R B0 JE AN 8 I 45 R Ad, o

(3) B WA & FE

HRIE AT 1 3 A, U J2 V5 B I i AT 5 B 2
R BOE AL AL P R 51, W 2 5 B £ ) A

e N
Adg=~(Ad))* + (Ady)* 24

P XIE R A —, U 4% 1 Jofi X
MBI, Ady ~ +0.246 um,

FH T3 2o AR i R A 81 e 22 D A T A 25
KB NEGSUE 3 07, T HOIER & B R g
R R JZ R B 1 nm, T SRR A% 2 TR
JRE M0 S 3 9 00 i K A ) nm ¢

Ad, (23)

P W8 A - o R 2 A, 6 5 R ) X 38k 10 42 )2
JEL 3 S A, T AR A R DR 5 AT LT AT 7R AR
W5 4346.764 cm™ b 119 S 5 25 FIOML RS B 5 AR
T, 25 A5 o R TS 8 SR, ol T A o R I I 3 52 P
WIEERE

4 & it

SCH R T —FP R X 2 24 62 4 I U 2 TR B
R 7 v, 3 3k ST U 2 R Y BRI G 2R A AL, SR
AL FL IS 2T AN R AR, R  [R) 4 5 (4 T 2 R
18 FH 2 JU B S IE (MSC) 5 By S 40 A 1 20 B 7 i
i 2 R U 30 B5OR S TR A SO IR AR RE A X ). 3
T K AT 20 B3OKT O 1 52 S8 5 AN ek DX 3 R RS
SR, fE R FE TR Z R . HBOEILRER
Gl ORI R R . 40T RSB S
W E RS bR 2R, KW E aH—2, 755
A 7 SRR B, VE R Al IEG 1) 52 2% J81 SC T 4 5 i ok 2 A6
R RN EE A . BRI, SOP IR S RAMUN & 2%
RN IR 2R BRI AR T S H M fH, o iRk An T
2 e SR A A SRR X

S %3k

[1]  Li Luhai, Lan Yujing, Peng Ming, et al. Coating techonology
and its standardization [J]. Chinese Standardization, 2021(S1):
58-62. (in Chinese)

[2] The People's Bank of China, Currency Gold and Silver Bureau
(Security Bureau) [EB/OL]. [2019-04-29] http://www.pbc.gov.
cn/huobijinyinju/147948/147954/147956/3817129/index.html

[3] Gokhan B, Sencer A, Muray S, et al. Reversible decryption of
covert nanometer-thick patterns in modular metamaterials [J].
Optics Letters, 2019, 44(18): 4507-4510.

[4] SCIPA. Protective coating for safety documents[P]. China.
CN104870582 A. 2015-08-26.

[5] CBPM. A UV curable dumb light coating oil with high
antifouling property[P]. China. CN107011768A. 2017-05-04.

[6] Niu Zhiyou. The NIRS analysis of fish meal, concentrate
supplement and MBM content inside[D]. Beijing: China
Agricultural University, 2005. (in Chinese)

[71 LiHongbo. Study on quality detection model of pinus koraiensis
seeds based on near infrared spectroscopy[D]. Harbin: Northeast
Forestry University, 2021. (in Chinese)

[8]  Sun Daiqing, Xie Lirong, Zhou Yan, et al. Application of SG-

20220156-9


http://www.pbc.gov.cn/huobijinyinju/147948/147954/147956/3817129/index.html
http://www.pbc.gov.cn/huobijinyinju/147948/147954/147956/3817129/index.html
https://doi.org/10.1364/OL.44.004507
http://www.pbc.gov.cn/huobijinyinju/147948/147954/147956/3817129/index.html
http://www.pbc.gov.cn/huobijinyinju/147948/147954/147956/3817129/index.html
https://doi.org/10.1364/OL.44.004507

%124

ISk A2

www.irla.cn

% 51 %

[10]

[11]

[12]

[13]

[14]

MSC-MC-UVE-PLS algorithm in whole blood hemoglobin
concentration detection based on near infrared spectroscopy [J].
Spectroscopy and Spectral Analysis, 2021, 41(9): 2754-2758.
(in Chinese)

Wang Liusan, Huang Ziling, Wang Rujing. Identification of
soybean seed coat crack based on near infrared spectroscopy and
machine learning [J]. Transactions of the Chinese Society for
Agricultural Machinery, 2021, 52(6): 361-368. (in Chinese)

Li Chunlin. Sensory and chemical quality evaluation of Longjing

Tea using chemometrics and near-infrared spectroscopy
technique[D]. Hangzhou: Zhejiang University, 2019. (in
Chinese)

Jung D, Kim U, Hwang K. Optical properties of a
thermochromic film fabricated with nanoporous monoclinic VO,
particles [J]. Journal of Ceramic Science and Technology,
2020, 11(2): 73-79.

Xia Chunyan, Xu Fangfang, Zhang Xin, et al. Rapid
determination of coating film thickness of tianshu tablets by near
infrared spectroscopy [J]. Chinese Journal of Experimental
Traditional Medical Formulae, 2020, 26(1): 118-124.

Shikhar M, Noritaka O, Md. Nayeem H, et al. Terahertz time of
flight spectroscopy as a coating thickness reference method for
partial least squares near infrared spectroscopy models [J].
Analytical Chemistry, 2020, 92(5): 3658-3665.

P R. Wahl, A. Peter, M. Wolfgang, et al. How to measure

coating thikness of tablets: Method comparison of optical

2022015610

[15]

[16]

[17]

(18]

[19]

[20]

coherence tomography, near-infrared spectroscopy and weight-,

height- and diameter gain [J]. Pharmaceutics and
Biopharmaceutics, 2019, 142(2019): 344-352.

M. Andersson, M. Josefson, F. W. Langkidle, et al. Monitoring
of a film coating process for tablets using near infrared
reflectance spectrometry [J]. Pharmaceutical and Biomedical
Analysis, 1999, 20(1999): 27-37.

He Jianping, Jin Ping. Study on the application of DBPSO
algorithm to thickness measurement of surface insulation coating
of silicon steel by NIR spectrometry [J]. Spectroscopy and
Spectral Ananlysis, 2011, 31(9): 2416-2419.

Ming Liangshan, Zhu Lin, Li Zhe, et al. Quality assessment of
film coating tablet samples using confocal laser scanning
microscopy imaging and near infrared spectroscopy [J]. Chinese
Journal of Modern Applied Pharmacy, 2021, 38(11): 1281-
1288. (in Chinese)

Balakrishnan A, Jena G, George R P, et al. Polydimethy-
Isiloxane-graphene oxide nanocomposite coatings with improved
anti-corrosion and anti-biofouling properties [J]. Environmental
Science and Pollution Research, 2020, 28(6): 7404-7422.

Wu J G. Modern Fourier Transform Infrared Spectroscopy
Technology and Application[M]. Beijing: Scientific and
Technical Documentation Press, 1994: 256-257. (in Chinese)
1SO 25178-2012, Surfaces characterization : Parameters and 3 D

filters[S].


https://doi.org/10.3964/j.issn.1000-0593(2021)09-2754-05
https://doi.org/10.1021/acs.analchem.9b04750
https://doi.org/10.3964/j.issn.1000-0593(2021)09-2754-05
https://doi.org/10.1021/acs.analchem.9b04750
https://doi.org/10.3964/j.issn.1000-0593(2021)09-2754-05
https://doi.org/10.1021/acs.analchem.9b04750
https://doi.org/10.3964/j.issn.1000-0593(2021)09-2754-05
https://doi.org/10.1021/acs.analchem.9b04750

	0 引　言
	1 涂层厚度光学模型
	2 材料与实验方法
	2.1 样品
	2.2 测试仪器

	3 实验结果与讨论
	3.1 特征光谱区域
	3.2 特征波数
	3.3 图纹粗糙度及模型解耦
	3.4 测量涂层厚度与解耦厚度关联
	3.5 测量不确定度分析

	4 结　论
	参考文献

