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A Study on the Con-focal Microscope for the Surface Measurements

Young June Kang#, Dae Ho Song’, Won Jae Ryu”, Sung Hoon Baik™

ABSTRACT

In modern industry, the accuracy and the surface-finish requirements for mechanical parts have been becoming ever
more stringent. In addition, measuring and understanding of surface topography are rapidly attracting the attention of the
physicist and the chemist as well as the engineer. Optical measuring method has been used in vibration measurement,
crack and defect detection with the advent of opto-mechatronics, and it is expected to play an important role in surface
topography. In this study, the principle of confocal microscope is described, and the advanced 3-D surface measuring
system that has better performance than the traditional confocal microscope is developed. Suitable fixtures are developed
and integrated with the computer system for generating 3-D surface and form data. Software for data acquisition and

analysis of various parameters in surface geometrical features has been developed.

Key Words : Surface Measurements(3E ¥ 3 43 A), Con-focal Microscope(CFM, F&x3 &ul73)

LLME

oo AdelA FEH
mechatronics o] o]&E 7lx|31 AF
g, 2% AE T EeoplA #
o2 AFI Y3, ¥A F4EY
Al d Feg gEs

ti o mo i

= A2 R, o)
ZA ddEe EHA &4& FA H

R
H
=
2
2
r:]_‘
24
)
i
o

e oo

O$ r.or(_,’

X o
pe

v 2002 69 179 B

# ZAA2}, ABYEGR T AGITA =D T
Email yjkang@moak.chonbuk.ac.kr Tel.(063)270-2453

* AEdcta g AALA S

= 8% 449 474 ,

73

4 A pEelAY 54 4= 2L 23 JYe
Ags 7He 59 BARES ¢ Ak’ o)s
S YN FAHCZE ojn] g0 AthE
T2 d9gE 8% AS s sy E

%4

AF7E @23 o] R oy} Al o]
o digk AT A olFeiXA Gz P AF
olojAl sjko] AJF3] KT 1 Ut

2 d7oAe T2 duRe dld g
Mg, 7|Ed AHEEY F2F d93E A
At A A8HE NS 29 F U&= A
Z8& MR L, o] Al2He EilFe FdA
7171 9% QFE FI Rk g, o] &4
AN2'E o433l 3 Ak FAS SHFoZH



AR THAA A20W Asz

o] ZHA=RY Hee HANYH

Beam path from the light source

--------------------- Reflected beam path from the object
Light source Light source Llight source
g & Deteclor Pinhols g Bt

& Detscior Pinhols Delector Pinhale
kY \

)

Lens

Object plane 3

Focal plane — " AVAY,
©Object plane

{c)YOut of Focus

Focal plane

{@) In Focus {b) Co-Focus

Fig. 1 The confocal principle

z :
}2) l
s :
S \
: | e
L h :
(a) (b) (¢) Z-Position
Fig. 2 The intensity variation in the general CFM
) according to the position of the object
2. Y AlAHe #ae Ty
21 32 el
23 dYAL Fig. 1 oA Bolx AXNY F

X U2 FE A% A=E 53 A8 Fd9
FAEIAL, Alg FWHAA wAEY YE He
A7l H3tE F HEV2 HESto] HAY Ag=
A3EAH B ARE 53 +2& 72 Q)
o} Fig. 1 9 @9 ()= A Il 23 Huy
o7 QlojA B RN WALEE 3o 9
o) EE FAA F AE7)d AEET. 9w
o Fig. 1 (b)) B, 24 ¥do) =4 Pdxn o
A3t wAtE Fol [P WES FHRE F
A&7 AEd. a29A, EAE Fig. 1 9 9
2NN (c)e] AXZA o) FAZIHA F P&V 2
YHAME = 3& AEs Hd Fig 29 e 3 73

74

---------- Beam Path
B Ostector
—% — Pinhak
Lipht Source ’ Beam Sphtter

oblactvs Len: <>

N

COblect EEEEREREET t
X-Scan [C]
Y-Scan

Fig. 3 The scanning type confocal microscope

E X J4E ¢ 5 JW F Fig. 29 o=
M T Huo] vtz B4 gU 24
"ol A3 AXE YeERE Hoju} B4

ol g HEE ol &3 FTxH v
HHEQ F3 dAuAoEE ISY £ Qe AR
AU AAZY ®olo BIE 3 AY e
22 T e FH] AU}?

22 2= HolZel SR

TxE WAL 2 A% PAel w22
B4, HALR F4 293 vholAE A= W
PHoz FEE ¢ gtk

2.2.1 A7 ey

Fig. 3 & 71 dwrA &
dvlF oz JQAF == BEAS
Zolv] Aol W AEE A& Wyolg ! o)
g WAL FE7)Y deEhds AE7 BAY @
Aol gig Ae)7] wREel, EA 3 Y A4S
271 e ENE A3HZ-Scan), FH$(X-Scan)
283 AF(Y-Scan)?] 3 F BP0 F o)A §
& Stage 7} asich =3 BA 9 o) FAMIY
43NEE Ay A% duayFol B}
ol Z& 27 B9 FxH FuFL EAN
olF Ao BAst= AEFEFH Stage AHAY o]F &
2§ expajle] QrlE A, EH AU
7} 43 53 499 Azl Age] glo]
Aol 7Fs3t AP N5 24Pz =
B B =3 228 ¢ I Ao Qoh 2

of

27
&

=
=



4
2
}ql
Jo

44 - Y E

FAYZEIA] A20A As5F

—

222 HEAE W4 :

UutE o2 Fig 4 9 ZE& FRE FAHHE 3
7 9 ¥(Nipkow Disk) F2]e] F2H #An73L 4dA
3 YR 20 ym ~ 30 pm XL AAL ztE=
To] ¥ Nipkow Disk & ©]€3ld B4 ¥H
o HARAZF AFe] NEdEF 3 FHoltp? F &
& AU HYFLS 3 A Nipkow Disk o
A} Hia1, o)F 2% o] Nipkow Disk 7} 22
UE FHE A3 dEA= A EG 23
oA wkAlE & T}A] Nipkow Disk & #alA] ¥
i, 35 F Z2HWAA wALE Frlo] dge] 7
He A B33t cCch o) =384 gt} o] I
Ao A diEA=z] o3 FHoj®g B9 JAL
Nipkow Disk Hell R3|A Hi Ftelctes FA=RE
3} Nipkow Disk Hell 23 AJg29] g 4
£ 9A st 2A "o} o|u, Nipkow Disk S
CCD stulgte] 94 85 £xrch FH was
AATIE EA9 EE AMNE I AL
UA Bk bR o2 E 2400 pm ©]Fe £ER
AN BAE z & PdoE 4949 tFe
2 o|F3EE sl 2 z HAFEHY 2 Ad N
ES BT AT H, olEL 23 3 249 o
ol2g WA Fog A

4e =EsHA 9k
< HEN2Y 4, 53] At g 4gs

l Laser

7
/ \\

£ Lens
cCDh

TR Cemera
L
/ \ W

N/

t EBEEER Object

Beam
Splitter

Nipkow Disk

Motor

Fig. 4 Nipkow disk type confocal microscope

75

Haztstr] s dFe] FAE ALl of
gt A} Nipkow Disk & Az Ao} FHE 9
A AHe] HARNA F=F 7Y AViet 9
A& AAsoof i Aok}

223 OO| 2= Higd W4y

dutH o= Fig 59 & AL %E wlo)a
EJ= uld w22 FAHHoZ vidd rlo]ja=
AZE A1g3t= WE 22 Nipkow Disk 43 v}
A2 BA E9E ANeR A3 F 9
£ Wyolt} kA9, Nipkow Disk HHlite &)
ojm g e 27 FHgo] ¥gHA ¥ F
&4 Eg e EA0) i’ FARE Awn
d FAezRE U Fo] FAE Fo HYPF
oz WMEHo FIE ALH FEEVE AR
Fo "ol R2A=2 MEE FiA S QIEY
BHe ALY aEln EAZEE ukilE B
A wlelagzdz widd F 2ErE 59
%, A= AES 53l CCD Camera o) YALE}
A "ot o714, Nipkow Disk 213 wlzizl=]2
e EXE z ¥goz 4 7FoE ojFdx
5 & Z z FHp] AT FEE I F
CCD 7iuilgtel 2zt o] g IW FRE AL
3] 3 k) GAeE 2getE FARE e
o] A2 &FA Eisoly FA AHYE7} ulo)
AzAze 77 Fo & FHSHe= @] gl
A% HA SR 43 T Kol A}
o] e wixA #7)1x] 5o AAl] @ol
AHEE I 1T}

Mirror

Lens  Pinhole

CCD Camera

Lens

Beam Splitter 1

W Micro-lens array
Object

Fig. 5 Microlens array type confocal microscope



34T -

FUE - FEA - QA E

3 AYZHA H20A A5z

23 &3 Al2aHel 7Y

2 AFgAE 7129 #2373 A9F 94
o delA B9 EES FUANL SARE
227171 A A29e TS

1/4...
Plate

= .\F

Ph & Oet

Ph & Dot =i/

-~ . Beam Path
M Misror

S.F : Spatial Filter

C.L : Collimation Lens

PBS : Polarized Beam Splifter
0.L : Objective Lens

Ob & Tr : Object & Translator
BS : Beam Splitter

F.P : Focal Plane

Ph & Det : Pinhole & Detector

Fig. 6 The diagram of the advanced CFM

Fig. 6 o AJ2® TAEE dvjnd, Jdeo=
58 U2 #olAe T HE(spatial filter) S 3}
A FulEm AJE WZ(collimation lens)S =]
A BYPsA APsA 9ok 28z, A B
E87|(polarized beam splitten)I X s HFE F&
gAtsle] 2EE T, p WYY FL g2 JWs
] Ma-plate ¢ B AZE AR 7R AP}
A @t EXNA viAlg P& oA By F B
7)ol =284 aok. sAg o) FAAA r4-

76

plate € F U EIA3UA p AP Fo] A ¢
Hyd Feg uiHA dd 2N ENERY
¥AlE Fo] WY F RYE FHSA gz g
At F B80]2 AYsA gk oA F 23
71 T el Foz geAAM Zz A=s W
F(pinhole) 5& B3 T F AHE7|AAM 2z
A& 9.

A9 N&" FAAA 71EY F2H v
WA Zel WF F FFV) djA guk F 2
1€ SIS AR, doA P e Yo
ANEAZ o AT e F 2VE F
W AAA He 5 BA BE FRHEA Y
5o} Al2"e) AL #olAs} skl &89 1/4
gl AMRE T+ glenE, B dRdyE 99
Aaw FRAAM 288D ANH AY F 2
71¢k Ma-plate S Ao H g5t o] WP
F& JAEY o)§F22H o)A &E 1/2 A
E7A Al&"e AHEE F JEF ).

I 4
(a) _/}&
: z
IRef F ;
(b /\
' Le T
[

Fig. 7 The intensity variation in the advanced CFM

Fig. 7@ I, ¥ L= Fig. 6 9 A& T %
A BE A2 2AAYE FHOE ME ¥y
Wake] 22 A AN F A F AE)
2 JYHe Aot SHNN 2 IAZHEA
BEUARRE AAHE Gaussian X9 HuAES
ARk g R3S AN SANY AR
A i XY,Z W3 2 FolA z-dke] A
£ ASHEAY 3 Hol FIANAH ZSHANES
9E37] S8 B AFN4E F e AN
L3 L9 F 79 JZE dof o1g8tE 2 Ay



P @RI HYA A 20 A5E

WA g 3t AaEe Hesdd. [ FL =
HEZEA] & Aol sl =9 xHAY 9=
I upgFog 77h e AGurE "o FHE
71X BoJA)e AlZo)EE Fig. T(a)ol A o)
SRS zAAG AZste e FAoz 7
F AedA A2 diA"e dehd aaa 5 oAl
EL3DLY 2AFLE /ey FxH @9 &
A Al g AN AL BE g 3
Aol HF3tE o] AW AAL Gwkel 719
ot B_s,g Hele] Nz HuHe AAHL st
3L AASATE B g oopda), oled 2 )
e HW«I M-S Z & el dF 2L =
AR AAES 1 o o ZH A
Z g JIELR 3 1 99 YA RE HE
Fol AR ol dsiME XY waute
NS AN AR doR gholl gk z
’éi%el Z & o] Al B¥XE S8 T¥
2 2E AHell i) z-g3e] 2780 I
&9 F2F dnF Aol vis] A
A 5 A B3 ol 2L 2 Ay
AA, AEAEA ] F Mol gt z-wgk
%KHH Fig. 7 ()% 7S dHA=~
(Reference)E& FoloF o} HHAL L, & UE

p

p

I

.1,‘

{1:1

EJ{N'—

o b 4 R Lo
?:2.

> o 39

o rlo o fan

Ir

WS AR, B AFiME ten ge
AE AREA AHAE o T =0 LA
I -1
Ref — ( : 2) (1

(I, +1,)

A ADMA I3 LA e & ZHZE e}
W Aol Fig. 7 (b)olth. o] 2HNA Le 2 EAF
T o] £ A2"e z.vud &4 sl WY
€ uvEetdth o] Le 77 AR EHE W= 24
Aol wel, M= 23 Hdx W A
of wal 2" 4 sk olFHA siA #HE st
o Folle 2.9 2~ B4& Agsta x4
g 2 Y- 290 AN dojRiE L, B L 2
(1) }'\}% %‘%H IRcf = 2:-‘01 IRef - xy 7]' E‘]_t' ny%
ARFoEZN EH HHE d& $ Ut

€ 47N e X-8%, YU # 2-8% 20
S Aojdn F FE7)28E Fojz A3t 99
2] 4L AL F UAEE Visual C++ 6.0 P
d g ol g3 mrIRS A A3},

7

[ 0]
H

¥

+
30
£

{ _lE
i
jo

L
i

=]
2 ol

o,
tjo
tilo }-);-
)Y b
2 gl

2
el
2

L o

B

N
i =)
e 2 jo oy M

ok
e
ob ol

of
oot
tlo

e 4n

£ o &

JH%'

o.>L
=

.
Hr 1>
b o
off o
o -
o} o
o2 off ©
AN

B2

e |

)

c
re
o

rﬂ
e ‘o
2

—_—

7
AA Al
m JE9 ©AE e
7“ Xﬂ%}o}oi e 7% 9y Tgg
ER3sAT, Unix sy f3 9y g
7"’3}@‘:} , 0.1 mm ¢} 0.03 mm ¢ ©@x&
gFu)E /‘]:5'% AZsle] 1 FHE Pollshmg 11
23t} Aol ALE3EAT) npx Yo g W g
T4 AEES FY 9N E5E SAs A
Y ANHog Alg3lglen 1 A} Fig. 8~Fig.
16 o YeRY gl

g
2
%
o
2
—lJ
m[m

e ¥

{3 mm)

ER a

X {5 mm)}

Fig. 8 Experimental results of the lustrousless painted
object

(mm) =

X {5 mm)

Fig. 9 Experimental results of the lustrous painted object



o
o2
G

PR HLETHYA A20d Asx

Fig. 8 < ZEM(primen)A|2) £33 WA w38
EZF 03 mm @3S A|EE 533 Adjo|m
Fig. 9 & qAAY #%3 W4 T8&8 =43 AH
9 &3 Aol F3L AW AAd YA
TP3A) g3 IR AXT FEE FHew o
FEMS UYL 2 &3 HYE 5 mm(X) x 3
mm(Y)°I 3L, 352 0.1 mm(X) x 0.1 mm(Y)°]
Rt o] F AFoA BEo] AR FH A3
fluctuation ©] YER} 3 gle} ojR& Ex mwe
ARZN 23 AepringE £89 4A 727
A o FFoE RARG. o|AL g A 7}
< 23 Izt 2 SoAe ZHdAY 73
=89 d4AA77 449 §% =88 37 9
ol Fig. 8 A Fig. 9 Bt} fluctuation ©] A35}7)
Hehd ZE B F3F Jbsslg. ol 92
AAZ7) 814 Smoothing X&) 3§ A7} Fig. 10
* Fig. 11 ol YEh} Qo)

Smoothing A 2]l = oJ¥] 7}x] LmEFo) A}

L

X {5 mm)

Fig. 10 3 x 3 Smoothed results of the lustrousless painted
object

{mm) e

10

X {5 mm)

Fig. 11 3 x 3 Smoothed results of the lustrous painted
object

78

WO-3.05
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Fig. 13 Experimental results of the specimen with 0.03 mm
height step
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Table 1 Experimental results by the beam size

Diameters of | The Standard The Range of
Laser beam Deviation Measurement
5
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Table 2 Experimental results by the pinhole size

Diameters of | The Standard The Range of
Pin-hole Deviation Measurement
25 pm 0.6072 um 0.2 mm
10 um 0.3171 um 0.1 mm
5 pm 0.1529 um 0.05 mm
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