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19 2. Envelope peak and fringe peak of the interference fringe.

¥ 3.

g 4.

333

180+
/
A
1704 e —=— Ni
% S . —s—Au
E 1604 o — - ot AL
[5) _ | "“‘“CU
a
£ i
1404 (s-wave)
130 r T - ; v 1
0 115 30 45 60 75 80
incidence angle(degree)
" {a) Phase change(degree)
100 et
S S~
- 9 / —a— Ni
e\_o, M"’"’/’/ —e— Au
g 8o Al
g ~—v»— Cu
D - Pt
E 701 V‘//o’ —— Ag
Ay {(s-wave)
60 r ' v T T y
0 1 30 45 60 75 90
Incidence angle(degree)
(b) Refelctace(%s)
Phase change of s-wave on reflection according to the

incidence angle (when wavelength is 600 nm).

—a— Nj
1801 —e— Ay
e e Al
1504 :’;—:*i ) Cu
2 120] S Pt
b N, % —+— Ag
'g 804 \ (p-wave)
& 80 \
£
o
304
0 15 30 45 60 75 80
Incidence angle(degree)
(a) Phase change(degree)
1004
80+ —n— Nj
—~ B0 —e— Ap
3 A
8 [ —»—Cu
% 60+ - Pt
% 50+ ({ v@?
p-wa
404

30 ) T T T T ;V V Y Y
0 15 30 45 60 75 90

Incidence angle(deree)

(b) Reflectance(%)

Reflectance of p-wave on reflection according to
incidence angle (when wavelength is 600 nm).



334 #=133tE]A] Allsd A4, 20049 8

T3 YdAtZto] 0°(Normal incident angle)d wj shao] w&
YRARA) Q14 st} WSS SR Aol ) & 2
# a9 59 Zr

39 3~39 5ol Exo] S43= WY HEof wh
AA 1 dsbt g & 4 Aok ofiole AR
o] 7M. % Z(envelope peak)Tt 914 % H(phase peak)o]
SEEE WA 914 i) Q3 Lok WEke AE 7MW
o] WAFEAZM] AVWSDE o83 AlEHolAE & 2
ek HRARA] 14 s dojuA] ghethd 3 BEATL 0
o] H Aol 7= F(envelope peak)o] =R, HEAL
Al $4 Wzt dojutd 3 A=A7t 00] H= A-Y 1A
= 7Y Z(envelope peak)o] = o] A= XA =t &
g obt 4 JR(fringe peak)= EA|A Hr

w2tA o33 FFo] F&Tit ol HEUXE Yot B
71 918 3 694 E= Hiet Zol F F2X7t 09] He
AHA AT 7HA = i (envelope peak)T $14 4 H(fringe
peak)7tA] 9] A2E Z1Zt DI, D21 ¥, ol 3] 4
Aoz A Hyoh FIE, 71E w2l AFL g7
FADolRt L 7St IS4 ER A 4 w3l dig
LAFHE HEE dotHgdth

B 19)4 K= upe} Zo] Z g&ult) WhAR] 91 ¥Eke

170+
— .
' ~—a— Ag
g 1504 —e—Cu
5 —a— Ni
% 140' - A'
£~ —e— AU
0. 130’ ¢ Pt
120 (s & p-wave)
400 500 600 700 800 900

Wavelength(nm)
(a) Phase change(degree)

—e— Pt
(s & p-wave)

Reflectance(%)

30 T y T T T
400 500 600 700 800 900
Wavelength(nm)
(b) Refelctace(%)

1% 5. Phase change of s & p-wave on reflection according to
the wavelength (when the incidence angle is 0°).

—| |~ Envelope peak, D1
ringe peak, D2

Intensity
o
¥
\
{

0
Position(um)

% 6. Movement of envelope peak & fringe peak due to phase
change on reflection.

X 1. Distance of envelope peak & fringe peak from the position
where OPD is 0 due to phase change on reflection

Material D1 D2 ID1-D2|
Ni 3.88 nm 7.73 nm 3.85 nm

Cu 6.47 nm 15.32 nm 8.85 nm

Au 14.39 nm 16.33 nm 1.94 nm

Ag 21.13 nm 12.94 nm 8.19 nm

Pt 1.35 nm 4,96 nm 3.61nm
Molybdenum 9.57 nm 0.44nm 10.01 nm

U8} 7HAIE HH(envelope peak)st $4F A H(fringe peak)
o oFeE # 4 Uk

V. 4 M3

R 7HA F< AlEol ol AP TLE Ao g
HEARA] 1A HBkR QL) IR ] mofo] AR o) g
SHQUEAE Yot Botrh AMSSH AJ¥-2 E-Beam Bvaporator
£ X183 FHE oF 800 nm HE FHs}o] WAk A2
2 UZE)T 2Agollth ARE B3 4L Y By=
£ % ARAHOPD)7H 0] AHE & 4k g7 wEol 7y
FH2| 7= “J3(envelope peak) Tt 9143 A H(fringe peak)
o] WM gh4 WistE Q8] o= A= o|FIHAEAE Yot
2ot

A% A, 39 7ol BRo| 7% H(Envelope peak)it
S A (Fringe peak)2] o] D7F WFH(PHAIHE] 7§50
£ 324 om HEO} Ao|7 U (Ag) AL Aol
7.66 nm FE2] Aol7}t g T F 4 UAUch

olg Ngold Azje} ulwa) HW F 29} Pk ¥ 20]
A @0l AgATe} g olA AT} ol A YAF
< AT 5 Ak



(STER) BYFARAANA BHE T WA Y E8] o A7 — AR - AP 335

D |——pt
=
(7]
g 9
c
Z-position(pm)
(a) Pt
-}-D | ——Ag
=
7]
& 0
£
Z-position(um)
(b) Ag

1% 7. The interference fringe when PZT step length is 1 nm.

R 2. Comparison of experiment and simulation of coherent
envelope position shift due to phase change on reflection

Material | Theoretical result({D1-D2|)| Experimental result(D)

Pt 3.61 nm 3.24 nm
Ag 8.19 nm 7.66 nm
VL & £

£ Rl MUFFAAACIA WGl £ BYA
B 57 UuAED 2% URgEe Teid ] T4
AT, 0l o] g3 B4 BAL WAL WS S
stoll g3t L 7MY BABFAEAVWSDZ A F
dolde fck Algdold dut F4 2] WA EAS)
o4 WSt Qstel PR JHE BYH S A
o o|§eE Ygkth 7 FHEE JPE FAT A4 A
o] olF 3t HEst Ptk B3], 29 Aol WA ]
AEstz s ZHAIE ol 2117 nm, S ol 1295
m SRk ABdolde] AuE AFE] AT WHoR
W Al £ Alge] e v S ste] ofat 2
2o $1X) Meke Fobralth 1 Ak M= A
S B 9N Hol7t WF AW B9 324 nm, £ A

HY 39 766 i Aol Hg B e Aot Ae
HSehe ggith

MAGZAAAL AR FAE FHold 9 4
AE o183 24 AW ol BRE A HEd F& A
He 2AY Aol T4 AW FA Wt ohfet WA
wAshe Sl wiste] old JRORE HHTHY Aol
gAo)A) ek WA 2L GAolskw Ade] wet 1A
sre] M YAt BUA 2Pt g Gk o
S BA WAFEAYANL FEABS 2T B
BRARAD SAISHE $1AF Wstel] That Qare mlg) els) mAL
2 o Folof Wtk 34 AW EolE HHYL A A
Aol Folrh hgelm BISHT @A He 2L
h+Ah7E ik o)t} Ah: F2 QoA AT whARA WAl
She S MStE Qs A7)E 9% grol B Aeltk. et
A B Rl AN S olgstel Ahg ule R m
A HE AA AR Fol kol e e A& 4
91& Aoltk

ﬂ?‘..'

28

[1] G.Kino and S. Chim, “The Mirau correlation microscope,”
Appl. Opt., vol. 29, no. 26, pp. 3775-3783, 1990

[2] K. Creath, “Sampling requirements for white light
interferometry,” Proc. Fringe ' 97, Academic Verlag, pp.
52-59, 1997

[3]1 P. Groot and L. Deck, “Three-dimensional image by
sub-Nyquist sampling of white-light interferograms,” Opt.
Lett., vol. 18, pp. 1462-1464, 1993

{4] P. D. Groot and L. Deck, “Surface profiling by analysis
of white-light interferograms in the spatial frequency,”
Journal of Morden Optics, vol. 42, no. 2, pp. 389-401,
1995

[5] K. Larkin, “Efficient nonlinear algorithm for envelop
detection in white light interferometry,” J. of Optical Society
of America A, vol. 13, no. 4, pp. 832-843, 1996.

[6] M. C. Park and S. W. Kim, “Direct quadratic polynomial
fitting for fringe peak detection of white light scanning
interferograms,” Opt. Eng., vol. 39, pp. 952-957, 2000.

[7]1 Akkiko Harasaki, Joanna Schmit, and James C. Wyant,
“Offset of coherent envelope position due to phase change
on reflection,” Appl. Opt., vol. 40, no. 13, pp. 2102-2106,
2001.

[8] M. C. Park and S. W. Kim, “Compensation of phase change
on reflection in white-light interferometry for step height,”
Opt. Lett., vol. 26, no. 7, pp. 420-422, 2001.

[9] J. F. Biegen, “Calibration requirements for Mirau and
Linnik microscope interferometers,” Appl. Opt., vol. 28,
no. 11, pp. 1972-1974, 1989.

[10] T. Doi, K.Toyoda, Y.Tanimura, “Effects of phase changes
on reflection and their wavelength dependence in optical



336 F=-338)A) A5 A4, 200413 3Y

profilometry,” Appl. Opt., vol. 36, no. 28, pp. 7157-7161,
1997.

[11] M. Bomn and E. Wolf, “Principles of Optics,” Pergamon
Press, Sixth edition, 316-323, 1985.

[12] J. F. Biegen, “Determination of the phase change on
reflection from two-beam interference,” Opt. Lett., vol. 19,
no. 21, pp. 1690-1692, 1994.

[13] Young-sik Ghim, “Virtual White-light Scanning Inter-
ferometer,” Master’ s thesis, Korea Advanced Institute of
Science and Technology, 2003.

[14] Michael Bass, Eric W. Van Stryland, David R. Williams,

~ William L. Wolfe, “HANDBOOK OF OPTICS,” McGRAW-
HILL, INC., SECOND EDITION, VOLUME 11, 35.13-
35.20, 1995.

Phase change on reflection in a white-light interferometer as polarization is changes
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The phase change due to the reflection from target surfaces in a white-light interferometer induces measurement errors when
target surfaces are composed of dissimilar materials. We prove that this phase change on reflection as the polarization of the
white-light changes causes a shift of both envelope peak position and fringe peak position of several tens of nanometers as the
polarization of the white-light changes. In addition, we propose a new equation for white-light interference fringes depending on

the polarization of the source.
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