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ABSTRACT

This study develops a broadband differential confocal surface probe (profilometer)
using novel double-slit chromatic confocal measuring principle for in-situ microscopic
surface inspection. In-situ automatic optical inspection (AOI) on microstructures has
become extremely important to ensure manufacturing quality in modern manufacturing
fields. A multi-wavelength differential confocal surface profilometer is developed and
tested by employment of an innovative double-slit conjugate configuration for
generating the differential gradient in confocal measurement. This study aims to realize
the conceptual design work carried previously by Mr. Jun-Da Lin at NTU AOI Lab into
a probe prototype with improved measuring efficiency and accuracy. Two different sizes
of slits are placed in front of their corresponding imaging unit and designed to conjugate
with an object surface underlying inspection, generating the differential gradient by
correlating two focus-depth-response curves. The developed system can achieve one
shot inspection for line-scan profilometry without vertical scanning frequently required
by conventional confocal measurement. Again, the scanning rate is greatly enhanced by
more than 10 times from the achievable frame rate of a spectrometer to the one by a
high speed line CCD. From the experimental test and analyses, it is verified that the
vertical measurement range can be designed for a few hundreds of micrometers while
its vertical measuring repeatability is less than 0.15 micrometers in one standard

deviation. The measuring speed can match tight tact time requirements in in-situ AOI.

Keywords: Optical inspection, confocal microcopy, chromatic confocal, differential

confocal, surface profilometry.
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BN > kg A T d Y (3-1)9F [2]
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n:CV (3-10)
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N(A)=A+—+—+..... 3-11
(W)= A+—z+— (311)

-

He ANBECHitd ¢ 40l £&B2 AT drsda k- 4 FEZ
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1w, ) = 18, (W) ®|h, (w,u)* D, (w) |, (w,u)’ | (3-13)

h, (w,u) = [ [P, (&.m)exp[ ()] drdé (314)

R cag B LA 7 2 s (3-8)7% e 4 (3-15) 7 ¢

£2)¥2) 2

L= expCutman dz (315

R R PRRE S REF Bd M2 BA-T0 FRRACE N
R FR 2 A w iy 0 22 EFRY L Z AR Flpt g s HETE BB
B G BRI R m R EF RY R 2B PIEERER o LAk
HITHREER S RN OREE A g AR ERTREERIER -
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A RABRERMNEINRERPHR AP R Mo I SR KA B
gk > MEHTIAFRFRTRG S o R SRR FRE S BRED
FPlanEREE o T 24 LR R|(CCD & CMOS)%. % k£ F 84k 5 &
MELD T EFR S NS L BAL IR > FHEL AP ET FE G RL PR
BlAR HpEid TR CAERER S5 KR RIEE P gz s L (RGB)
BRIE LI L pRFeksy RAGLdpicdzk » Flpt » 22 LR RIEE &8
BEEFR-GE Bz 2 kA AT L TR FRPHREB-G
§ Rk MR A E o AT B G RRRBIFLER TG BRI RIE
BN EY GF kAL mp o RH B A kBRI REY TApRG SN R
BRI S A A

d 34258 (3-13)F B F55(3-16) 0 11 A QB BT |2 G ¢ kenkap o H Y
Aadrd KERRIBEEY h%d gk ¥k & BEHERF oA FREAEL L & 500nm
7] 600nm z_ fF o

(w,u) =15, (W) ®|h, (w, u)|2}{Dﬂ (w) ®|h, (w,u)’ | (3-16)

X 3'16)5“ﬁ (W U) SRR AT Y g FRP R SR AT o Tt 0 &
TR ERYE - BEREESFT NGO HEEREEDRET DI EERE
R TR I R B & T 5 74 (3-17) »

I g (w,u) =R, I, (w,u) (3-17)
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B 312 # 2 P RARELSGD L FHEHEPFORELEI L2 F o &

l1(w,u) =R 1,(w,u) (3-18)

I'2(w,u) =R, 1,(w,u) (3-19)
|, 81,5 %7 I CCD 3| # I %A 2 ft i 3 chk s o
T A - g R Rl e Mo s CCD EEBFaA %I K(G)
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