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Research on the micrometer-scale chromatic confocal thickness measurement
method for transparent coatings on PCBAs under multi-substrate reflection
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Abstract: To address the spectral distortion of printed circuit board assembly (PCBA) transparent coatings caused by differences in
substrate reflection characteristics, as well as issues such as missed detection, peak shift, and inaccurate measurement in traditional
algorithms, this article investigates the problem based on the chromatic confocal measurement principle. The influence of substrate
material and surface appearance on the reflected spectrum is clarified, and the mechanism of peak-position shift under multi-substrate
reflection conditions is analyzed. A robust dual-interface localization framework for transparent coatings is proposed to suppress peak-
position drift. First, sliding quantile baseline correction is used to suppress residual baseline drift and negative values at the noise floor.
Then, the Savitzky-Golay (SG) filtering is used to reduce high-frequency noise while maintaining the peak shape and peak position
stability. Combined with local Gaussian fitting under dual-peak segmentation constraints, the method accurately locates the two peak
positions even when spectral shapes differ significantly. Finally, the geometric thickness is obtained through distance-pixel mapping and
refractive index correction. Repeatability tests are conducted on five types of typical substrate samples. The experimental results show
that the relative standard deviations (RSD) of thickness results at each measuring point range from 0. 34% to 1. 18%. Among them, the
RSD of all measuring points of sample 3 and sample 4 is lower than 0.6% , with average RSD values of 0.46% and 0.36% ,
respectively. The average RSD values of sample 1, sample 2, and sample 5 are 0.89% , 0.83%, and 0.93%, respectively. The

repeated-measurement range of all measurement points is 0. 82~3.59 wm, indicating overall micron-level repeatability. Compared with
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the LS225 coating thickness gauge, the absolute error of all measurement points is less than 5 wm, and the relative error is less than

5%. This study shows that the proposed method achieves micron-level accuracy and high repeatability, providing reliable technical

support for online thickness measurement of PCBA transparent coatings under multi-substrate reflection.
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0 3l

T

BT HL 3 1o o % o TR 1) R NI HR B
P EER printed circuit board assembly, PCBA) 25 1 7% B
B 3P R J2 (A0 =Bl % ) 1) J5E B 42 ) B Ay 552 W 7 ity H, AU
AE SR T SR A SC R B T DR Ok U R TR A R
JE AR ARRAVEN B A R X BEE R e i i
5 i B W EOR A SR T, 7 2 IR 2 TR B R TR L AL A
Mg TSR MBS 2 AS 2T 2 AN
PRGHGI | BRI A A il S AR S TCE DX IR AE M
EORFF LS 2 [H] S B A

FIHT, PCBA 3 I 375 W 7 47 % )23 1 J52 2 ) 4 32 24K
AL ST LN SRR BRI FH T A [T AR B Bt T 4 fi
K HZ 5, HALRRAG TSR BE | ELARAE [ 4k f5 1y 1
RS2 JRE B 5 108 oAk 2 0 JEL A0 T [ JS A
B TRIRE 4 A =, RS B ) 32 FE NS B2 S 3 el , A 34k
PG RE 52 B AR R S R vk AR
fIE MELAR FAEL B4 A, IR HOL = M AR AL
T EAEHE BTz N BN T 3% B 2 i o kA
TG P AR T, T 3 SR AN U HE DL AR AR ]
FEJRELER

ITAEAR BT X 375 BBk i) J52 B ) o | B T L A I Y
DA I 2 DR R 0K Bl 1) 3 B RE O 2 B Tz oF
Y, EBAECURA Y AR SHDGI RS 5 R G0
b, PRI AFTRHR A BB, it TR AR R S,
EARAE] 2. 1 mm, Liu 55" EF X GTEOGREAS B RHEI 2%
M Py AN — 25 B T A2 2t — RO R R B
2, LG o Bt A e, S8 T AL R I i 2 7 AR R
Z2/NF 0.1 pm (RS EERGI 2R A5 o Bl A T
IFREEN S R A BE B, 4 B S rME Bk [ il
BN EART BRI 2204 22 0. 29% , A R THEIE LA TE
Tl PAEE T R R e v, Ak S g R AR e ni 15
ORI T U e AR R DGR R AR IR
SEHRL T RERIE R N 2 ) R i e BREE A R FDE
TR R R BRSO A T A AR B th 42, I & T IREUF
TE AR AMETAE | SCI AT IR S SR I & 514

TR EOR MBI B R T kg B (A Al ik
TR S A FA L R & La VR T —
B T MR B Y B B T8 X B HIOG 1S A 17
JRIFRARFAE I 5 A R AR 1 1 X SRAE AR ) M, i T

TR R A S R R, Li &N AN
H Ml & A B N LR B T ] T 42 2%l i 3R 45
TR BRI | A DK AR H R 55 55 0 A 2
YR T 2% SCER [ 18 ] BF X R (a dt AR B BRI 5T
TP A B TE AR A 1 43 R A [
AT T VAR FRIBGE B, DAl 2 AE SRS I X S AR 1) L
Ko DO 5 W AR R 5 0™ E Y PR BB, Zhao
LB NTT T SCH ARSI A T D K AR, R A 5 18]
PR e T =l B — TR AR 2 o7 WA AR, AR A5 M2 L PR 4
TR R AR SRR e

PRAT i A2 A 5T 22 LA RS 358 B 5 v I R
T IR PE2R T R X 52 I 55 T 358 A, 3 T AR AR e
SR, B2 2% Tolk 35 b B 5 LR (SR M 5, 4
S SRR ) 132 BH R IR, AR SR T i, SEIE R
SRR 0 25 5 45 5 RS S SFOGS  E W AE  HE 1Ti 3 B 46
TR 5 VB SRR A 2 R A R 2 IR A o7
TR B 52 (N AN 2 S I, Sk 3 [ R, AR SCHE 43 #
AN TR S S Y 4 P B e 7 (i B ML B ) St L, 4 11
T 1 U A7 i A 1 A A 3 B VA JE U T R R A B
e W B A B LR IE A B 2R AL | SR FH R4 R
H— X3 (Savitzky-Golay, SG) JE I ARSI | IE45 4
XU RGN 5 S 11 43 SRS ) e S04 52 TR A L T i .
R 7, T4 55 B2 24 6 25 1 1 LA T 1 ) e
5 TR I ] A

IS B R R R S R R
e 2

L1 A EERRENAENERE

St e (A L E I 3 A SR D e
B 160 5 2% 3 < e K — ol 1A B T — — W 6
22000 S g 4 S S S B e 2 A A [
o B0 26 T 5 e 90 AR ) K (A% %)
{or B O LRI, 3 — WS R N (1) R

2 =f(A) (1

R 2 Sk T B 3 5 Ak X 2
Koy £RR — B G R R, %R % p
TR A 1(p) T g TR 152 — Bl (i ws
OB TR — P KRRE A = A (p) RIS (2) PR
e e T e

s=g(p) =f(A(p)) (2)



% 6 1

XK 55 Z 3R B PCBA 5 B IR 265 I AR OR G0 1y b5 115

EFXEBIARZE (I PCBA =Big) AN B35 | £
TR AT A £ O S P A R B B X R P L 56 1 BT (8
SURZFE) 555 2 FUm (W R RS ) 30 26 R
FE A i SR AR R AR I AR R N R R
W EOGIHGR ], 2O ARG 25 A S GEE | 5 G2 v
T A5 30T AL A AR VF A S Ak SR A 1 e A 356 ot
HA B R R LR uB e VR 0 R RE REAR 55, PT I Z
W, B2, IS IR 0 G T A5 B T WS 5 6 il
25, 38 o WP o7 B v AR B X Iy R AL A (AR A
B op o WRIECARERE -FE BB OC R Al 43k
15 b T A 1 07
21 =f()\(P1)) (3)
2, =f(A(p,))
P A 20 R 2 0 il 1) D' S SRR B
Az =%, -z | (4)
G R-IF M R AR PR g, Az 5IRE
B P B R B ¢ 22 () 5 22 SR S s i, AR SCR R FH
— BRI IEIE A
= (s)

n

Horp, n MURIZAE TAE B BIN IS8T R GE RN
W) BB LA E R AT I 3.1 1 FE Rk )
A RIEF ) AR 220 | TN SEEDSUEE T o B i
b5 N R Y8 L B S 2 NS
1.2 SERRHFHTHERERSN

PCBA =B B g W= 0 ' 4 A 0 S0 T 26
1 B E 2 S AR A AR 2 nl o HErE . SRR IR
DX S0 5 [R5 A (7] 060 il S BELKE | 22 BT L B 3 s A
RLRF SRR IR A S R R e 5 O/ i
IO 2E e W AR A 1 T A 2 S IR 0 A IR LE |
B L R Jay S £ e L A AN ) 25 22 1] S B 5tk B b 3,
P B TV A T 0 0 5 4 e R — - T LR Y
TG PRI TTIERENE T IE . D IR T 22 S ILH I Ak
FER 2 RS A SO IR SE SR A T 7O R AR IR0
USRI E S

454 PCBA W ULEHIRIZ (22 EDJZE K & Jm 7 4 S R T
SMILZESE AR SR BOE S 1 5 2R R B R A, G4
FR-4 SR | 11 (0 22 B DX 0 (5 3l 28 BELAR LA SR
04 R P2 SR R Y 19 S O3, D PRAIEAR ] 2 e .
ATAT LUPE, FTAT REAS T ) — D0 R 40 T ARS8 it
2 JF HEATIE 5 S 40 BR A 5 A A O 35 Ak B AT
7 JE B B AR X L TR N i 20 2 LRI
BT 78 w5 R R 1Y 3 B e AR AT = B R S — TR
B IEMREA TN 1 R R 55 R R 2603 B9
XPRESRFRAE 1.3 W 2ntriag—ih .

P R
oy

B2

Bl 1 SEEEA
Fig. 1 Measured sample

1 A X R I REAR g 5 B SO F AR
PCBA 3 [ 35 19 [ 47 400 8 H: B2 54 v, 1 4B 1 &
BB U, £ FEAS 3% T = B R B 45 il FE 80 ~
90 pm X [A], DAY/ JREJE 25 S XS IR X i) 40, 256
FHDGIE LRSS CL3-MGT70, #H] #3 %1 5 4 CCS
Prima, RAER I E N 400 Hz, RAE S B 10 4>, A TR
M 10 W, BREA Y 10 AR FE 5 34 3% B AE [a] —
JEHL IR ML DX I PN, 00 A5 L T 2 B AR
G AL ARSI K B S R 2 HE B, DAUR o R IR
[ — B A PR L S S v B — BObE L S s G
Mk an s 2 froR

(a) BEAT 10K o R 81 678 B 2%

(a) Reflected spectra curves of 10 points of sample 1

10F i i ;
Pl ! S5
0.8 e b A2
I e i R
g | b e
__ ,
Toa ! }
o | X
02 ' 1
(Y

600 800 1000 1200 1400
B E AL E /pixels

(b) A FVREA 3B 1 0UCRAE R ) S G i 2%
(b) Spectra of different samples at the 10th sampling

B2 Sl ROt th £

Fig.2 Measured reflectance spectrum curves



116 f# £ ¥

47

B 2(a) MFEAS 1 ZESRE 10 A RAE 5 R 61
Mgk, 10 Sk iR S AL, EM B RAET S,
551 RNGE 2 S AT O T AL W TE s v A TR
AU, Tl X AFTE/NIEE AR, Fe R BEAILME A 5 5% A%
LB E TN,

& 2(b) FARRIREATES 10 YCRFERT Y I 5638
28, IR T T IH—1b AL B, LB 5 — RE T s
ANFEFLR AN T IS 2 5 5 R IE AL, BT A
TR S AR , AN X e Xt L, FE 2(b)
AT LARER R AN R AS 1 20 B A FEAS RS 2R X[
HARREAR 1~ 4 F7A05 15 5T A0 DL S5 44 , 43 I B 25 S - TR 2
SURE -, H R S A A 2 i
S RE A S W B, A — b5 45 i 4R F2 06 pl g —
FUAHTRIEAE (1. 0) , {ELYR UG A4 4 %o 1 B 22 S A7 Il o 8
FEA 4 B TR 28R, 55 1 i 0gs® i e 2 A
WA, DX T A RIS BEAR 5 J8 T3 R S 3L,
VR )2 - RS T S S S 2 S U, B 2 B T U R B A X B
55, T S W 7R U %, 2 L T DL PR A I A , %
LRSI A [ R BEE A Wt 7 oy 5 R AR R 2R AL, R
RIS T 50 S B 5 0 — R AL B R R R 41 F B
W KOF- 515 SRR E AT 22 5, R 25 SR
WA G S A 2 1) 555 T s o) G s 9 -0y v A
ZIIRRC N — B 5 G R IR T BB — 25| iR
PESE A A ANTRE P | DT RE 10 J 2 P 8 i R
1.3 EEREERSFK G MR ERASE

NG — R AN [ B MR R G 3 A 5 5 [ 1)
PRRIVER, LT 1.2 5 0SSN S 5 ST , %o i S S ek
PEATIAGN , I DRI o] UL P £ B i 245 i 0 AR AiF 5 v A
PR R ORRS: 45 G H A DL 2 T 270 U B HE % i 45
1 T A 5, T I S SRR HG I LA 4 25, 4%
)X AN 7] B L g T SO 1 5 T AR A

1) BEREMETE S, DL FR-4 S BH AR | 41 f6 B A5 45
A AEORLIRZ AR, IS F R I B S S i,
A B W AT B S S A 5, i [ e M R A
AHN P BEARXT AR b 122 2 TR0 AT R Ry 1 ) L0
glp  Horp A 2 B A1 I ) ARG ELAR AR 1 B T (R 3 e
55 , VT B A SRy BI] , D A7 2 (57 AU R

2) YR B R R LA B2 X O R, %
S FL X AT DA% U B3 3t o EL A e v S R, LI I
BB, P SE W H A 1 A 2 B T 0 o
T, AF R BB A S O S O, W T A A T 5 AR
TSRS B M R T 1T, 25 5 5 | A RS 504 TE Ak
TR E I,

3) SR M AT S S AR . L S gl SR BELASL I AR SR, X
AT LR MRS A A S S8 A1 VA S22 — 35 i % T 174 T 0 il
e, LA SR HON A 2 B I 04 T (1 G PR AL

A RETE VT MR P R N A W | S B g TR R AL
55 2 S TH] WY Gl O A TR AR

4) Baimn e R AL DUR (G SR AR SO0 AR a8k
JER S S R A e LB IR S A o R, B Il e e i AR
5 2 SR AL MR (B s ELARBE . S LRI, i S FE R
TR T il A B AL B AT ] L BR 7 A TP 75 A/ A T
TRLAN AT LA (L7 o2 0 22

BT BRI, S 1A 1 R SEDN AR A B B SR T
TN GEIERFIE REAR 1~ 5 5 BRI RS RS2 % 1y
REBMINR 1 PR, R 1 IHAG SRR, 5
GAUHTUEV PCBA KL A A S ML R Jm ik

x1 BAESSERRHELBEMNXR
Table 1 Correspondence between sample numbers and

substrate reflection types

A i

ok B
P

AN AT

WG 25 ) B T ,,‘_,‘_ ) = "
LR RS WL 255 A 45 3 G , 45 2 B T g ] A

B 1 22 PR B W
L BB 751
R R e

py PG RUBE RAPKEGE BRI WO
WEl RN AR

SRS 5 2 S Ko
L e A
Py T B AR, K

JERE
H R 5
WEe R

RS mmm

55 2 S Il R BB, SR
WAL RE B B A B DU

BB SR

A5
F SR A

S 2 S THI W FUD A R 55 e B 57
FERZIR | 7] BE 5 BT DL SR AR

23 b ANTR]HE IR B S A P e e oS XSS T [ 30 ) o
HEIMC IR M AL AR LU KY- S B B AR T B
PR ENE S — BRI, R, A e B Bk — 20 AU A7 ffg
P ) 0 JEE 23 0 Wi A2 B9 4 AL RE , O Hig it h i 6 R 1
WA 5 (N T 3

2 SERRHGAELTLES XA EIERE
BT &

2.1 ZEEREEGHTHIEMLRBSHR

Z IS T 1 B S A A 75 B AR S5 T8 i)
BN T SRS R 75 558 55 AL 7S | 000 A5 75
AIRTRN

I(p) =1,(p) +b(p) +e&(p) (6)

Horp, p RIEik AR F AL E 1, (p) A FRAR G



% 6 1

XK 55 Z 3R B PCBA 5 B IR 265 I AR OR G0 1y b5 117

530(p) R EE R G B F Ge i 5 A A Sk 45 T
¥ se(p) HBEHLIER

W ST W A3 5 SL Sy Je 3 A AL A, 06 Tt i 30
eIk RS T SRS R, BARIEAT p, 62— B b B
SR (py) = 05 2SR BT (p,) < OB, X7 R 3H A
{H . BRGNS BUR R F 91, (AR 0 T 4R
S0 P PR R Sy 1 5 R 4 S HBOR A, BRI I v R P O £
PRESOE 23 BT U A RS LB

X SEBRAE 5 I EUPE p, + Ap AbHEFT— 2R R TF,
LB WMAELEAEL (p, + Ap) = 0, ATFFIE(EAR R B m s
Eislin Vo

b'(p,) +&'(p,)

Ap *——[,,(po) (7)

(7)) AT, W A EEZ LR b (p) 5
WEFE B e (p,) SEIRIFEMA, W1 (p,) PR RGEXT I3 1Y)
TRURFRRE , YIEEATAEN] RS W 7 U B R A 3
FIRES | HE IR EAR 38 B 00 R oM A% S BE AL 8 5 1 06

Y2 PN VTS S NIDS v BEDE K i =W S e A
E AR E P

DRI e o7 B i RE 2 BRAS MR 110 B B B A Al 3t
IV FHRAE SR | e Skt R SE e A% i) 1 25 ma &K 4
HHRH B P T A B RO T (B e 1 T 3
2.2 M EIEEE R EHELR

PIINRIEZ i SURNE T2 AP NIl & S WS
YU SE (NLANRRE S5 )AL, AR SR At 1 T i) a5 ] 94 J= U5
T V52 ) 15 R JER A A (2 T YRR, an Al 3 s, G
AU A RO S A 1 e I A S R Sk
RS T ) 555 T 55 AL T U (LS 5 1) 2R R PR W) Bt I >R
e B B AM b e SRR AL 30, B 85 55 W A5 1F T 1 S A
W LU 5 6 SR b 308 3 XA A 00 -5 738 3 5 TR 9
JRyER LT 11, Dok 585 = e 2 3 -5 408 AT 3 AR XoF 2 U E A3 )
T R EGE— 1 25T SR A i ol S B AR R
WA, AR o U T W (R 7 PO R P 5 — B0, A
T A Je 0 V5 figp S P A A A £

3 g A% A
( HATULE ) [ wamwmSsaE ) [ SREefoER )
1) BE 15 Sk
/ \ \ g 400 ( / \
o & 6) IR A& il
200 Hgi—REE 04k 1517 = s00 [ 690501
RN = 702.55
mﬁo B pivels 250 [
500 0 Frrmapuie?! | atboinppecagnsy
250 M > + > malls P— > 600 800 1000
3 7)3 R ) ixels
T AR SRR R
A g gL
JE U S e ¢ 5) XU U5
- J
3) R EIES i
) N

Pl 3 WU TR E (37 I HE SR

Fig.3 Framework of the proposed method
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Table 2 Comparison of peak localization methods

ik m(py) o(pr) u(py) o(py) w(4p) o (4p)

WA 727. 000 0 741. 800 0.422 14. 800 0.422

JR i 726.528 0.037 8 741.304 0.209 14. 776 0.210
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Table 4 Repeated measurement results
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Fig. 8 Coating thickness gauge measurement process

AT ENEX LA R

Table S Comparison of results obtained using two

different measurement methods

FEA = ¥IE/ pm 22/ pm RSD/%
=8 82. 00 2.54 1. 00
m2 87.45 2.13 0.79
FEA 1 3 87.37 1.80 0.78
M4 84.77 2.06 0.95
»S 81.72 2.20 0.95
ol 86. 31 1.28 1.05
M2 80. 47 0. 84 0.41
KA 2 M3 84. 46 1. 89 1.00
m4 86. 44 1.27 0.81
M5 83.43 1.31 0. 86
Ml 89. 57 1.34 0.41
m2 89. 00 1.20 0.43
FEA 3 M3 84.38 1.43 0.54
M4 88. 19 1.73 0.55
»S 86.71 1. 18 0.38
ol 85.45 1.20 0.38
2 89. 12 1.03 0.34
FEAR 4 M3 89. 00 1.05 0.41
M4 88.98 0. 86 0.35
=3 89. 10 0.82 0.34
Ml 85.56 3.26 1.11
m2 81.57 1.95 0. 86
FEA 5 M3 84.24 3.59 1.18
M4 84.55 2.08 0.71
»S 83.20 1.94 0.79

1T RERS PR RO 9 T 5 1, (HL55 5 S R e A5 B L 4TS
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pm pm pm %

9| 82. 00 81.5 0.50 0.61

M2 87.45 85.7 1.75 2.04

FEA 1 "3 87.37 86. 4 0.97 1.12
4 84.77 83.8 0.97 1.16

55 81.72 81.7 0. 02 0.02
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&2 80. 47 79.6 0. 87 1.09
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M2 81.57 84.7 -3.13 -3.70
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