%2 5w X

£

[FIEFAIRE

N w—* - uE i A

I Received September 8, 2017; Accepted January 25, 2018

EEREY 7 bTHAICK D EHRODRERIK EE

Y62 47, 4 (2018) 165-173

SEEID

Riffia Ly v b T 524-0033 PR ESFILTT IR AMT 241-41
RSO LEERT T 141-0033 AL ERG) X PH M) 1] 2-8-2

Simultaneous Measurement of Transparent Plate Surface Topography and Thickness
Variation Using Arbitrary Wavelength Shifting Interferometry
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Wavelength scanning interferometry is a known technique to precisely measure the surface topography
and plate thickness for transparent materials, such as glass. However, conventional methods have some
problems in the practical applications that they require precise sample surface position adjustments
relative to the reference surface, and highly accurate linear wavelength scanning. We propose a least-
squares model-fitting algorithm which estimates the surface topography and plate thickness from the
interferograms obtained by arbitrary wavelength shift. The LD wavelength tuned by temperature control
is measured by a wavelength meter, and the measured values are used in the data analysis. The validity
of the proposed method is proved by computer simulations and actual experiments. The actual test
results showed good agreement with those by a conventional method, and a one-sigma repeatability of

2 nm was obtained.
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Fig. 1 Setup for Fizeau interferometer with a wave-
length tunable laser.
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np Air n Air

Fig. 2 Schematic of 3-beam interference in the Fizeau
interferometer.
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Fig. 3 Schematic of data processing for arbitrary wavelength shifting algorithm.
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Fig. 4 Simulated interferogram and wavelength change corresponding to frame number.
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Table 1 Estimation results.

Variable True Estimated Error
I 100 100.00 0.00

¢so [rad] 2.09 2.09 0.00

Ppo [rad] 0.00 0.00 0.00
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Fig. 8 Interference image and estimated phases. (a) Original image, (b) phase of front surface, (c) phase of back surface,
(d) phase of thickness.

(a) (b) (c)
Fig. 9 Measured 3D profiles. (a) Front surface, (b) back surface, (¢) thickness.
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methods. (a) Surface interference image, (b) surface profiles,
(c) back surface interference image, (d) back surface profiles.

47 % 4 75 (2018) 171 (41)

Error (nm)



BT XD BIAL L 7.

AR IR & FERRIFERRIC X b, IREFROZ YR
AL7. JEE 10 mm DM A T AW D FE MR E K5 5
VE, SIS B IR & U CHIE L e DAY 7 b
EHERSR EMRLL 72, WE OB (RMS) 32.0nm T
Hotz, MEFTREIZ, 394 X394 i35 0 HlE IR DB 4T
3s LIERICEHRTDH 3.

AP, SREZEEEENAETHY, HKOMKE
AIZE LD i A U C B 22 12 FE 1 7 00 25 1 %
FHTE 2,

e 1 HAEODRENEE

2EIZBEWT, EEY 7 FEPSMHY 7 bEERD S
7o I, RINZEES OHEMIME S, ZfEH L, Z OHEMEE
AN EREL T2, I TR, ZOHEHERED
R RMER SIEH LTI 5. 405, #EIER
7% £5 AR pgo DHEE ICIUE T EE KD 2

(1) ZEERERAT

S OHEMIE S, BHERFR A es 2 BT LT B &,

So = S+es (1-1)

Thd, ZOLERFONDIMHY 7 F&E AP 1F, K
(12) B XU (1-1) kb,

AY's; = —4m(S+e5)(AN)/ Ao = Adsi—4Ames(AL)/ Aido

(1-2)
El s, ZOXDAUE 2 H B 7 FEROMAET
bHn,
805 = —4mes(AL)/Aido (1-3)

TRIND, ZOEMEIL, g, ALICHBIL, SITKREFL
5\,

oL E, RANCEEEAIC X DS B A HEE i
Oso DRI S0 1%, WR T 7 b & AL DNFIFESIRICEA

it

EHEIE NG, 22T, avg( )i =[1, m]DFHEEE R
T, KX (1:3) BLOA (14) XD
Opso = (4mes/Ao)avg (ALi/ ;)]
= (4mes/ Ao)(ALimax/ 22)
= 2786 imax/ Ao (1-5)
LD, 22T, M ERKEEY 7 VETH D, FE)
PET 2 L, HEERE S IRATERINS,
0S = (A¢so/2m)(Ao/2)
= (Aimax/220)€s (1-6)
Tbb, HEHIERED (Aina/24) 510K 5, 72 Z2IE,
FABIEB TOREDE A, Aina/2 = 0.2/(2%600) =
1/6000TH Y, & =100 um7 51X, 6S=16nm 7% %,
(2) STEREREER
6l o0 PG5 G2 A R 2 BRI IC X DGR 5. 3.1
fliOFEBREMICE T, S OHEHFRAEDS 100 um DIGE %
AT 2 &, SOMMEAEIZ 0.34 rad, & S HfHEEMAEIL
163 nm & 72 0, PEEGMHTHIH & 12IE—KT 2
DLEDORERD 6, HENEDMAZDFEZFEH LoBlms
6EHT S, £7, S, B TOHMIL, ¥ A7 &0z H
WAL T 100 um DOFEECTHRE & Bbh, HEEHEEX
F16nmice 2, 7, ZofEaisd, X (1-6) TEX
N5 &5 ICHENO MK S, 12FH—OEZ IS
DT, 4.1 fiFHROBUIEIE, §4b bl TP
filine & DA% KD ZNIT, KIEICFyrerEhd
R ) e g

e 2 BERIN_FEOHEE

2 EIZE W Tl /N ik o BAR M 22 ik 2 38
5, X (17) 2K (18) ITfAAL, SSE DRRHZELIC
LR ZLn LiEGT, RO 7IUENTEAMG S
%,

T2 ERELT, A (15) &b, A-X=Y
Opso = —avg(ods) (1-4) 7L,
an -2 C, bX S b,x Cp, —b,2 Sy, -b,2Cy 0,2 S,

ax Cg -b=C:L  bES,C, bE2C,C, -b2S,C, -bXC,C, bES,Cq
axSy  —bECgS bE Ssi‘ b CpS —0pESpSq b2 CpSg bES,S;

A=axCy —bZCuCy  0ESGCh  bECh  —0,2S,Ch —b2C,Ch bES,Cy (2-1)
ax SBi —bX CSiSBi bE SSiSBi by CBiSBi —bx Szi b CTiSBi bTZ STiSBi
ax CTi - bxz CSiCT' bxz SSiCTi bBZ CBiCTi - bBZ SBiCTi - sz C;i bTZ STiCTi
ax STi —bX CSiSTi bE SSiSTi by CBiSTi —b,x SBiSTi —bX CTiSTi bz S;‘i
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ZES R EZE S
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P A
LIC
LIS
Y = ZICy (2-3)
LISy
LICy,
LISy,

ThHY, TIxi=1l,m DR %EHRT. £, Cy= cos (Ads),
Ssi = sin (As), Cpi = cos (App), Sp = sin (App), Cp =
cos (Adr), Sy = sin (App) TH 5,
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