40 % 554 5= = 4 Vol. 40, No. 4
2020 4F 2 A Acta Optica Sinica February, 2020

DU P AT )5 2l i) Ry R RS EE = 4EJE BL
KER' BRE H-F A4 HxE

VEM R 2ENLE K A sh k2 BE . fEEE ST 3610215
IR TR SR G T R bE, B 8 350118

WE - IEAT Y T 22 Bl ) DU A T 9k AR R 3R A S S SR AR AR DL S IR B SRR B S0 B0 T A R R v M R 25, IR 4
PR 22 08 IE R, gl AT 3fe 1k Mk Bt 2l T HE A R G B i e ) 2 2R 3 5Ll e X 4 25 sl i R e ik Mg Bl T
Yok, LR EHR 2B M B0, fme)a 8 P X b S5, X iR 228 IEA R E AT SR 00 B0 Uk . X BE S 4.739 pm A
W29 50 pm 09 & B RE S HEAT IR 40000 S, D00 5t A9 AH X R 25 B TE BT 2.91 % BEAREME IE 5 /Y 0.78 %0 . FEARAS £ 5t
O B 1 5 DU A 25 410 % 2 1T B2 S 8 AN 44 5 0 B T R AT DR B = 01 00 S0 0 L i U7 R U A A 2R SO R I R R
S A5 A 235 A LG A A A 25 01,6204, P A 2 30 45 SR 3R W, 7R SC T VA RR S0 47 i IE ofe vk P 1% 25 i 5 T, v 3 T I
WM . AR SOy R AT Ry R R I A L 0 Bt 5E M R LR RO L RORG BE B9 TROUE S A

KEWR W ZOBHN R T O sl AR A R R R2EEIE

FESES TH742 XEARER A doi: 10.3788/A0S202040.0412001
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Abstract This study analyze two multiplicative errors of parallel object-side differential axial measurements method
under the surface reflectance change and illumination non-uniformity condition, and an error correction model is
proposed. The mathematical expression of the image gray matrix which can characterize multiplicative disturbance
interference is constructed, and the multiplicative disturbance interference errors can be eliminated via logarithmic
difference, which corrects the errors. The verification of the error correction model is then achieved by analyzing
two comparative experiments. In the experiments, the morphometry of the step sample with 4.739 pm height and
50 pm period is measured. The relative error of the measurement is reduced from 2.91% before correction to
0.78% after correction. Under low-magnification objective lens and illumination inhomogeneity measurement
condition, a fast three-dimensional morphology experiment is conducted on coins with uneven surface reflectance.
The relative deviation of the measurement result is 1.62% compared with those obtained by optical surface profiler.
Both the experimental analyses demonstrate that the proposed method can successfully correct the effects of
multiplicative errors and improve the adaptability. The proposed method can provide microtopography detection for
on-line detection of intelligent manufacturing with high applicability, efficiency, and precision.
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differential axial measurement method
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Fig. 3 Calibration curve of axial measurement
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Fig. 4 Coin surface morphology is affected by disturbance error. (a) Uneven illumination;

(b) effect of coin surface reduction by uneven illumination
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calibration curve of axial measurement
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Table 1 Measurement results of step sample in STEP-Si-5-1

Pre-corrected Corrected Pre-corrected Corrected
Step number measurement / measurement / Step number measurement / measurement /
pm pm pm pm
1 5.552 4.825 8 4.824 4.694
2 5.508 4.686 9 4.552 4.683
3 5.425 4.853 10 4,426 4.693
4 5.313 4.684 11 4,115 4.947
5 5.404 4.852 12 4.167 4.742
6 4.983 4.872 13 4.225 4.904
7 4.904 4.653

FEARE (&) FOKRHAE T AT VAR5 10 pom AL BT 1]
8 M M ORI 22 R~ TS S 45 7 A () 7 8 f)
JEBEEMER My M SO PR 22 45 i WA 22 (H
2 e AHMEIEAR B A1 C IR s el s SR )5 4 (12) =0, g
IE THES AP IR 4 R 2 BN RIS Ms My 2
FERYRTELC, AT DME IE RS AR RS2 00 Fr A 45 2R an 181 9 Jir
N R TR 4(b) B3R 2 90 A 45 3R iR 2 18 1
T SRR IR T AR SR B R 1R T A (L B

Fig. 7 Photo of a dime as the second experimental sample (- 25 T R R AR — 30, YR ey ]

B 8 AR SCT7 X T R LB R, (a) M (b) Mys(e) Ms;(d) My;(e) My (D M,
Fig. 8 Measurement images of coin surface morphology by the proposed method. (a) My; (b) My ;
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