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Development of a new measurement platform combined with laser
displacement meter and optical image microscopy for in-situ detection

Student : Chien Kuo Liu Advisors @ Dr. Chi Hsiang Pan

Department of Mechanical Engineering
National Chin-Y1 Institute of Technology
ABSTRACT
Keywords: measurement platform, laser displacement meter, optical image microscopy,
in-situ detection
In this paper, a new measurement platform combined with laser displacement meter and
optical image microscopy for in-situ detection of micro test pieces is developed. The
measurement platform is practical and economical. It utilizes a probe station, generally
used in laboratory, as a common test platform, which is adapted to handle a wide variety
of applications. The platform is easy to be set up without changing too many
components of the probe station. It is just only using design jigs to connect the
triangulation sensor head of laser displacement meter (Keyence LC-2430) with the
revolving nosepiece of optical microscope. Other peripheral Equipment, such as imc
data acquisition device, ui-MUSYCS signal processor, CCD video capture device and
image processing software (Matrox Inspector 3.1) are also combined into the
measurement platform. Therefore, the multi-functions of the optical image microscopy
and the laser displacement meter are integrated in the measurement platform for in-situ

detection of test pieces. The feature of “in-situ” detection is convenient for operation



and can improve accuracy and time saving. Optical image microscopy and laser
displacement meter are commonly used in the laboratory for different detection, but in
most time used individually. Therefore, to combine both detection tools into a new
detection platform will be an innovation. Static and dynamic detection of test pieces can
be performed in-plane (XY surface) and out-of-plane (Z direction) in the measurement
platform. Thermal treatment of micro test structures in the micro heating stage and the

deflection of an electro-static micro cantilever are measured as demonstration.
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#ioqy,:g@%ﬁﬁ%s;:rﬂuﬁ1§~%@*%L”i“ﬁﬁﬁﬂﬁﬁaﬁ°
AL TEY LB RIETIHF S S A SRR L T E R KE T E > e jr

mRmEE® 2> 100% B A p e o

222 BHA LR H R

e S A ,T*uﬁ T HAFRTIERAPE B OTIRT o B A 17AP B R R
R 2 APV RERA G TASBHEE ¥ 37

22217 R kA # % (Acquire An Image )

ARFALTIAfES S

()P ket = (Open Files )
Brcgtl > P T HEAREE T A2 %7 (P % Inspector & 4% cnR@l 4%
5% 0 3% .min ~ jpg ~ .bmp ~ .pex ~ .avi > tif ~ .dicom... F - B ER)

(2)#* & B~ % ( Continuous ~ Snap ~ Sequence )
Matrox Inspector 3.17% ¥ & d B2 i FpP~ s ﬁi%] » 2% & o b|4rg i+ (Frame Grabber )
~ ¥4 B (Scanner)  Hci4p (DSC) £ MAL B RS S B
it R (s o A H AR R % 0 £ U ¥ Inspectordic 88 o 4v 11 R B o
17 o

2.2.2.2 B ikt 3 % 32 (Enhance To Correct For Problems )

Bolbe 36 BB ie - PFELIL B R o 17 TR AR o 0 RS
G-k A3 FET UYIURC B AUFRLEABE LR Y FF AR
CEfERE T - L ER IR PF A §RE L e F EEITE
U0 7R ERY > R E e L doB 23 #5F -
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(d) &= ¥ & #cid 3 (FFT) chig? §)
B 2-3 B ffte 3 5 A2 F]
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2.2.2.3 #FHpcFEe- & #E8 (Identify Feature Of Interest )

Inspector % §Fas » FlU A 3 BT L AT 0 H 4o B R g2 R (Geometric
Model Finder » GMF ) # it @ #5ag R F 0 5 B3 R 3 e v 52 02 o gt
W N L 2t 4R A& fods Search Scale Ranges it > &t R g ¢ E’% f{
SHREFTILH -

2.2.2.4 € RI¥rHEP~2_ e (Measure Feature Of Interest )

% Inspectorsn1 £ f > 4% & 3288 (Point) ~ & (Line) % 5 4 (Area)
SR AGRIELE R AT SER QARG IRBE B S e
TR G R 0 T 5 sﬁ@g@; T R

2.2.2.5 fdp st/ 4 (T E/p B+ it (¥ ¥ > & F &5 2 (Present/Process/Automate )

hiEfmpng 80 E- BRSPS 27 a s ¥Rt g
EABLRAH LD LR ERY LD FRG P J ol B mr :
m & f‘l?“v‘]:u,.:'ﬁﬁii ﬁ,ﬁ v be ) fRA2 o AhE - AN P R %iﬁgmﬁf”ﬁ?
;ﬁ"f“ 7 5 G Wk RO R (X 5 & gk deB AR 5 L i ehfs
FIR e z‘z\/m%ﬁﬁc 2 fRAH KL YRS 0 J kG kg 2~ o

2.3% s34 £ [10]
2.3.1 F St RIE

T 8% & = & & | $ i (Triangulation Technique)£]ig 1) — & F7eh & P
Mo BT B i%Q(Laser Interferometers)p i 2. F > F %]L P E L ALE A
B ~FEBEAIEFZER L > B R A F R ALK AR T REAE
BRI % o - Sk Az &R R 2 Bl ¢ 7 RIR(T
ZHEE ) H IR F(CREEH) - kG R R~ # (Position Sensitive Detector (PSD) &
CMOS/CCD R ip| 7~ &) o F & i 7?% B m&*ﬁ’ TRIZED § o2 F 5 iy L5
7 LG A RERTES A e 0 d BFP ERe et Bigs Ik B3 &
BBk S AR BT B R A *(PSD . CCD)} » 4o 32 ¥ =8 4 #rec % > 4p
$E S ST PSD » gt § M3 5d PSD ehg Stk g 1 >
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W= R RPN ENAPHEHE > DR, BT B E L R
B E o drB 2-4 AT e

T 5k et 8 B 5k (Scattered Or Reflected Light)Beid- >t 38 3 £ a e e & o A
KRDEZ G FRT o F SRV B JRE R RBIE EA G ATE RS RFEL
FlRE~ ¥ RS 2 % D o BI2-53F A A Feowoar 2§ SR PIEE 0 4T
b7 i 2§ SR R EE (Diffuse Head)if & * &4 6 353 g ¥ » 7 BB R G T 5
K ZHL o M F BFF g 0F SPR R EE (Specular Laser Head)if * *t 38 3 & & 3 #2k4r

ﬁ,ﬁ# /%@/TEJ_F;”J. =

iz B O TT AR

\

EHREH —»

HOLES

TAEFERE
Y L -
B 2R E
.

%z
W 2-4 35538l RLE
2327 HBP L BH

YoRI2-597m & F BMHIRERRIEET LB 0 FAHIFEE AR D = AR

> kiR
L5 LEMT S ELedd b o M ARRF T SHFEH > HRIRLLEWT S A
vled s kiR E HIFEE AR W RAL o

> ZEak g 4
ABeNER ANEE 0§ kd KRFNE > FARFHERLE > TR E
RIGFFIN 7 & HICE < B - FEERIPF 2 4 52 Bk BRE
WiERERRAEL o

> =% R R i (PSD)

-
|l

=



4o 8] 2-6 97 7% PSD%%""?Pin--%T#*%% BET HM o § ARSI YRR
FE o o RehERR-g 7 Fﬁﬁﬂé‘:iﬁmﬁiﬂ BB R B 2Rk Ny 0
P ETEE R o RS E I LB fE o e b = & B E o o FR
fo i BH4F BR cPEEAE o
B EE R
/ - & 4 1 5 —]
. AR ERAR
/ 'y
ﬂ{} Ul 30 mm
} - "
-500 £ m
| % _ ! Y W A
FARSHENS gREE D 500 1 m
Bl 2-5 & SR EE2 i@ & RIEET X B
we we [,
L I &P
—-"'Ti"‘ T8 2
TR PHEm
o
NE
M s I _E‘IX;
lrz =1
BI2-6L g% R BT 3B
233 FHTHBILF SiFE
Z A FIFF AU R R A KR B TR FRS A G e kR 0 B R M
HREFEEFFDER OGS - RRFIEE chk S RIT > F LA ST #%ﬂz\» 3!
AAd kAT BRI §F B B JRECA AN et o d S F stk
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- THEHS AR AT- FRFE a2t o b FHERELE S pank HERE
ﬂ&ﬁgﬂlﬁ%&£$41F’méiﬂkiﬁ@°wﬁ%ﬁﬁﬁﬁm%”’
U A A K SRR ¢ T ELE Y (Specular-Reflection) £ B fodg bt 50
( Diffuse-Reflection) ¥ &t f& o 4o@]2-74777 « £ F ¥ #P &7 ﬁﬁ Eﬁs‘?;‘ X
I s o RESEA F Y §FIF - Rehd G TS D
> BE R
ST BLBT R B B AL AL BF AT Fhosia hdh G o H o bpE E
Foafh o {7 GRIpAA G R ek R AR EY LA T A2 ] o
> EghtNE 8
AR M ET A AL Rk TG P o d WEFRF LG T K
$’$~%%#ilﬁi’ﬂ%i4ﬂ%&%@£*+ﬁﬁ*%%’#*
BlZG P B ostmd REAApR > Ft F S Rk ERT A AP 0 i3
FERFT R HE SR L B A RIS E 0 A A AR S o

/
— SRS - 5 4tiE5

AAt B=F A B
(a) St (b) #RAHE
B12-7 & 5 22 A5 B30
BI2-82 £2-15 27 7 A * 2 Keyence LC-24307| 5L 5 & =45 3+ cn2R44[10] »

Keyence LC-24307 #% % i ~ & A §3% ehiefs ~ 2B fosedpl > 24 52 A
EE AT R E
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Connecting cable

1 1

1 =

Y

Sensor head
LC-2420/LC-2430

Model ) x

e B 105 unit:mm

Lc-2430 | a5° 30.5 e

Controller

LC-2401/LC-2400A

1 = |

= =l J .=

L= fz:ﬁ.;-? .3::45 [__,r zzgﬁ' T1
S o L

B12-8% ¥t =4 3+ Keyence LC-2430 *+ gLEB][10]
#.2-1 Keyence LC-24304.# 4 [10]

A5 LC-2430
TE & RI27:500 g
#itl F:6.8kg
P TR Specular-Reflective — 30 mm +0.5 mm
£ P § F +500um
£ R LS b E 670nm
% fepE [ :10uS
B Sk BER < 30x20pum
R 0.32um
E s +0.05% of F.S.
B E 100 ps
Pk 50kHz
B 5 20 kHz (-3dB, Averaging measurements: 1)

Tiog pliE

1to 131072 (18 selectable settings)
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234 = &+ R

d B2-91F & 5= & $pl3 £ ¥ = &2 (Triangulation) 8 BRI >
TEH R AFERF DR G 0§ ERIG fr S o PRRAE 2 R E > BT S E B
ORI EE T E R R R 2 (PSD)ehk BB 4 e @ P BRlG frid 6 SuRgE
g0 ® (d) freigplre gy ts8E (0) - & i

d.o
B d,sin ¢ +6 cos ¢

(2-1)

O:F SH3L 587 F Sk 2. B e &
d oA AR B2 FR 3 i (image len) dBE4E
di (RGE A S PSD e

Laser
(0, 0)
source PSD (=%.¥")
\& 6"/
projection/ /7.
condense | \ f di

len ] _b

image
len

(z¥) | do

measuring =
surface

o
<8

base
line

abject { n.{ 1\

B2-9%F s+= & €@ R IL[10]
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2.4 Imc FHL#5 E and p-MUSYCS 2 3.4 4 ehic [ 11]

4§ 2-10(a)#77+ » Imc F L #2~ B (Ime data acquisition device IDAD) » Imc =
STk SR SR R S fa LR e~ 2RIE B E4] Ime FAEEEE G -
%ﬁ‘$§ ~£ﬁnmmﬁﬁﬁﬂi’ﬁ4*?*%f&£&\%@1?ﬁ%
i & > Digital mﬁi% » ﬂfr' Relay ( Alarm) mﬁiﬂ A B phiEF Mg DSP ¥ TR 5L
s Hoa g p\ 7% * #ici* gk (Low Pass, High Pass, Band Stop) ~ tiif
E(MuymnMwymm)\WTAﬁ\%%@F%@E Fha o ¥ 2 88 PC i
W TR 0 Ime FORMI B e 5 A SR YIS 2 TREET AR R

4o @) 2-10(b) #751 > u-Musycs (Multl Synchronous Channel System) % - % i3 5L
AT > R R A AR N > 2 LR Y F RG] KRR S EE K
Toor P RETHET ARSI LA TFERNE FREBT A S
Tk A7~ F P8~ P (Flicker) ~ it 374 2 55 (Ripple Control Signals )
.5 2B RIS T 0 A ATEEP- G ELT 5 e Famos # it 0 H 3% 4218 300 B S
et i~ A BN TR GIEECE B S o

imc Devices

Open...

Select device...

Exit

(a) (b)
B 2-10 (a)lme 7235~ B (b) i-MUSYCS = 354 45 504 [11]

T m.ma

25VIA-30J L 3 %A 4 E[12]
ﬁJwA@&ﬁm%%ﬂmﬁ5%%+%&ﬁiéwVM&HA%%é
(Video Crossline Generator) » B pcdi ™ 5 R T A% L8 SEFRE P L ir
&’%@241%ﬁ’ﬁWAﬁ?ugﬁ%kﬁ&ﬁMzﬁﬁﬁﬁﬁﬁ‘@ﬁ%
FHEERTRBRNETCEINRET TPE S AR RAK-VIAS0 L FMmE 4 Benp h
FiBHEI nlx %ﬁi'“k’ CCOEFBEBYCREREFRE AL 2 ¢ LFaE
Fik:e > VIA-30] ¥ A RGB & 7w B Hcimfpis + * 7 ¢ * o

2 E
T
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FZRBRT 2R
3A%pT B2 4%

iﬁeﬂ*ﬁﬁéﬁéiwﬁﬁﬁ%kié’ﬁﬁ”“%%%ﬁf&i o
545 57 (Sensor Head)f & * 35 4 5 2. % 5 HUBCHLR A L - SRR kR
% CCD Bk BB FRE Y 2 T g ke T A ,‘g\)&@m,g,\*%@’\%ﬁj\ RIA 3T

wwﬁﬁxﬁ;mm,ywﬁ%d%%wf&f%?ﬂWH'ﬂ$1“$
352 EAEE) BR (BR)ERFEFBREANM TN - B 3-1 57 fH2 *K
PR RIT SRR B AW {

o7 4
e
g

O: gsiptisg

a i H i #5%
(1) 4 5HDEH#H B Esasd
@:ﬁ;&n‘ﬁzﬁﬁ' CRME
@):+¥sELs g

(@): e # 5 S =
B sz 2

(§):Vatrox Inspector # i

DESEHIEIEE S S T F 8

3.20p LR
Tz PR P A RE S T sk B R p SR e gjamw iTiE
PN o dopt AT Efﬁ’j&uimg BIATA (5B 2-5) 0 d AP ERT TR Y 2 IEE L p
Mitutoyo F70 3|8 dcés o & w §E3t(Focus Distance) 3 95mm > @ #7i¢ * 2
Keyence LC-2430 = & 3 ﬁhﬂ%’ﬁ?*ﬁ + % 68x70x25mm > 1 {F§EH 5 30mm > ©
AANBMES LG IR o TR 32977 o FI A B BT > = 4§ EIFEE A
FEE 2 *”&*k#ﬁﬁ%T’ﬂﬁ R S S R RN S Sy
el o L Gd F AR & T SRR ST T AR LR > 4o 3-3 A7 0 @ F
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kR REREL T L BA-B] 3-4 47 o B AR T 1§ 8k L eha R 2 (Working
Wath) » e 2 1 (FFERF FliHE @ co% 0 dopt RV 24 il 3 B R 4 o

T0mm

3
L.

S0mm A TR

F

Mitutoyo FI0BIEER#

[ 3-2 Mitutoyo F70 5 st & T o JESAe T 5 245 34 1 IT R4 4400 R B

S A e A0 8%

VASRREAH
| FEREst
mE

; WGt
i 0584

% 12

O: sxenuna |

| |- ‘/‘

B A8

BI3-3 1% 058 %3 s kT L W
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HER

B 3-4 7 S48 30 5 5k LB IZ B

Pt 5T B2 F ST R L B M A R E & - R FIPL RIS E 4 2 3R
moeipE 1 4™ Bl 3-5 #17 o JI* FBPH ARG 2 M26X0.75mm 47 7 #-= & F
BHIFER B Fe b B B & o139 Keyence LC-2430 3 547 5 2 ¥ T3¢ (B 3-6)7in & 2>
4o 3-7 BArw 0 A1 = 4 e4.5mm T 74 - LC-2430 kT Vg > FgrgnE |
BE SR 3 4r 3-8 WA 0 A F AR EICE 0 T ORI E A F A AR

o P Bt 3
— o
A4838.95x0.05
a-‘_—"?,,f
- o
.
uI
— b o . . . . . g — %}
=
¥
— ]
2R.5
T 2
T
=3 e
e - L
-1 i
= ))

B 3-5ic5 1% ~H
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B8
Sensor head al :
LC-2420/LC-2430

[ 58.5
68
f—— a5 5
j'—?5—" el 225
S%l 5 e et :
.able lanol
1 20em -
-
\ 70 61
[ a5
* 55 * >
T X (<0517 3xe45
=, ¥ r ‘r\ {rmownting holde)
e P 4.5 &0
fo— 35 5 j
— D25 e -1 T 5 pa—
e iy
2* —y
CO I ]
Model ] x
LC-2420 53% 10.5 iy
unit:mm
LC-2430 45% 30.5

B 3-6 LC-2430 = & § 545 =p ¢t BLBI[10]

14.5 C 7
[Gas &
L ‘._,.I..\ | et ,‘H/\ ﬂ
A
—é,r} 55

700,

4

<

23

50

E:_glL_A"_"_m“-

3

Bl 3-7 i B 233
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Bl 3-8 & BHELA Fic L 3

Bl % in B #= Q-q’kfﬂ“;ﬁ?bk’#:«’r’”ﬁﬁ is ’%%‘d x g ks 2 CCD %
i BB FRIGE T 2 Folfe T A 'W@A\*?ﬁiwi P A AT R 24P
B 2250 2 lv-ﬂ%ﬁdq’ﬁﬁfﬁ'?f"”‘ ARV ERIDEFREP BT 2
B(=E) 3R (BR)ERHFEHFENM TR > 2403 T4oB 3-9 77 o

CCD% CCDEHSR
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AE |
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33 F SR

g3 &GOSR IR S N E o B R F Mg kR o
Kenyence = 7 # 2. %4 FAL[10] > #ri2 f2 F 448 ¢ F 4o W] 3-10 =57 > &
iRz B R (Bl) o §otkdmnip =32 it Rz s HF R F <3 F &
PhipE R 2 58 (B) v > a TAMB): td TAEE N

B=(A1/A)x tan6x1.5

B 4oR 3-11 #F7 » A 5= 4 F SHFFF2 1 (FEES 30mm 0 Al 5 F sS4 R
E2 PR 20mm 0 5= & T EFERR L T HFHBAR PG A E45E o a C
Z A T MR T b SR VS 10mm o 5] F S EcE et

B=(20/30) x tan45°%1.5=2mm.

1

ﬁ_\\\ﬁr
£ on E

& C

B] 3-10 F &403%3 T 2 H

RS>

B 3-11 F S A8 3 e kit 7 L W)

27



FrRisEaF g fiemey

41 EH]ivz 2%
L 1 2E Y FRERAE BB LD SRS £ BT A %) 0 T
o PERFARBTMEFBRR TR ]l T o 4ELE ARV E R R SREEY S
R ﬁ”%@ﬁ’iﬁ“ﬁﬁ“(@4-1)1%&4E7#§’(§14-2) Fedea =
Aj0 = e Bl 4-3 97 0 2R 1022 R AR E 180 R 2% % M6x20
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LR SR Y o
 4-1 e £ 4

KK 4 Yy (4 )ik 3 4
g (KG/m™3) 8.96 ) 7.85 7.75

Bl a1 & B4ctlint 1 Bl42 Abjk e 1352 2 ~3

W43 ic5 12325
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B g gV = #*?%&ﬁ,mﬁaﬂﬁyﬁﬁﬁi@ﬁhﬁ’%@52%ﬁo

WS-1int KR EMMESE WS 2*?%&ﬁluﬁ?%&%$ﬁi”ﬁ

ST A E e B ki

dONRRIT SR YW R - B2 FRET ML AR E R N
BEphE £ TP A B R B SR B 4ol 553 9 o M RS
EARARTGEI 32 BFo ¥ S d BENE2ABHT R LBEY o
Foced 58 3 RS F HA KK R B Y o 28 B8 T R L
boB] 5-4 #5 o

B 5-375E8 23 #nT 3 B

31



NEEEE S =

#2-013IN3AIM

W& S
T E_ N
pEe= B
WS L
R

Bl S-4 20 550 3 s da s £ OSHEE K e 3 Sk A B g

B ARG o LR R PR TR S22 RS T o B2
R FE I E Y 2 REEE > SEEESERMNREL T PEGRFER
BRAZATHFEFEEL S 3 SW e VR LS RS M AL 2
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B 5-6 117 B 252 7 % f BLACBLIB I § o Bh i §

5.1.2 #RlE & if:z#?&ﬁ&ﬁ-

A2 f]* Mahr MS-222 = & A8 k2 R 0 kSR F BHCE ol g §
BRimAS 3t R HPE S B AR TR 0 AR 57 AT o AF BREHE T B
| YIS 0.09mm % 5 g B Gtk B AT AR ok SLBRLRIGE B TR0 S %@“?‘
Flav e wis > gt i 3@ 3B fe 2 LMk ERReH
Bk BEATH AR B FIUN 20 8 o hoB) 5-8 AT o AP B ITT 10 X e H 0T
T bk T RIS 0.09mm 2 [Fl3E P o F Sk BEE LA G BlAo @] 50 T 0 B AL
2R T % 0.04mm .
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20._]

4 {7 Mahrst s 5420.09mmE AL
BB AD

B 5-9 T 6tk ELIEBEA H F)

5.1.3 #RlT ¢ ERFRFRES

*AF ) MahrMS-222 = st ~ & & % R E 5 > 4@ 5-100 kFHHE L E &
MR R H%E: o BB A2 HPT 5 E2 MS-222 = &k B F kBRI
RS AR 2B S8 FiTi s 4ol 5-11 977 » B2 % 1L fided 5-1 %7
T A2 RpT éfé_:"ﬁé +Z R 5 0.0009~0.0039mm > A =~ E KL REE S
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‘ Kreis Nr. Durchmesser in
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251 AR RBERRI RS ¢ 4 R2E 1L HRA

8 < (mm) 0.09 | 0.14 0.2 0.28 0.4 0.56 0.8 1.1 1.6

MR SRR
% (mm)

0.0909 | 0.142 | 0.2017 | 0.2812 | 0.4034 | 0.5625 | 0.8039 | 1.1022 | 1.6022

£ £ ¥ (mm) 0.0009 | 0.002 | 0.0017 | 0.0012 | 0.0034 | 0.0025 | 0.0039 | 0.0022 | 0.0022

Mahr MS-222 = =%

~ 2 ERIEE 0.09 | 0.139 | 0.199 0.28 0.4 0.562 | 0.802 | 1.101 1.6
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£ £ ¥ (mm) 0 0.001 | 0.001 0 0 0.002 | 0.002 | 0.001 0

5.2 kB R 2 HRR
(1) #H>F i
% Matrox Inspector 3.1 #t84L T #» » 7 —FI Fl4cB 5-12 21 E 5 - pt1 B
FIF ] CCD B P fful 5 Fid AR - Hlwsd v do™ 977 o

'ﬂﬁ|“ & |t st

L 2 3 4 5 6
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DERP—- RB e
NI - O Sy X I o
PRABEAE O TRERT FHE
NS -2 W) S
DR R R
DER PR R
() #E¥
% File sn™ 4L F ¢ > %% Save & §_Save As &7 5 £ &7 OB
thE o AoB 5-13 47 > TR ETE AR F (Jpg » mim ~ bmp ~ pex
s tga ~ img ~ raw) °

AN LD B~ W N =
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A B IR AL R o Aot A B Fm;‘ Ao
FEenk BRI FHEZ 24T B 5-14 971 0 EHE NEW 40
HTF o H 2355 ume

€ LSAE S e | R [
] 5-14 Matrox Inspector 3.1 # ¢ 71-3 H]

ot E RT3 2 B @ % Renishaw RGH-40 g3 sk & < (v 5 & 1
B kS 4] 5-15 SR 0 L kR EE S A0um e R MALIH L F <
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