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Phase-Shifting Interferometer Using Two Phase-Shifted Fringe Patterns in Quadrature

Suezou NAKADATE, Tomohiro KIIRE, Kazunori SHI0ZAWA and Masato SHIBUYA

Tokyo Polytechnic University, Faculty of Engineering, 1583 liyama, Atsugi 243-0297

A new type phase-shifting interferometer is presented. Two fringe patterns whose phases are
shifted 90 degrees are captured in each state of an object measured. Phase calculation methods
with four fringes give two phase distributions which are the original phase of the interferometer
and phase difference between two states of the interferometer. Phase errors by calculation are
analyzed theoretically and standard deviations of maximum phase errors are evaluated by
computer simulations in the phase calculation method proposed. Fundamental experiment results

are also given.
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Fig. 1 Interferograms due to aberrations of a lens. Fringe

patterns: (a), (b) before a defocus of a lens, (c), (d) after
the defocus of 11 of the lens.
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Fig. 2 Phase distributions caIculated with the frmges
shown in Fig. 1, (a) 26+ ¢, (b) phase difference of ¢, and
(c) original phase distribution 26, where spatial smooth-
ings of 33 pixels are used.
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Fig. 3 Illustration of a fringe profile with intensity noise of 7.

252%20THY, Fig.2(a) DRIAE» S (b) OAIAE %
FATRDIEbDTH L, 2NZNOLMESFITIFEER
EDEMBDHY, Mt/ 4 XLk >TWwBH, 3X3 2
IV OERZETFIIC X ) AEESRICE S £ D Hir o
T, ZOZMFYE, SEELZHET 2EROFR
5 E RS ICOWT, FRFEN 1 EfT- ).

4. BRAMERZEOEREN

ZITR, BELULAHETERC L 2B AMEEE 21
FHNC RS 5 E1T 3, BORMEREE LTI, &
HER OB ERCRIERFORED SR ENFEZ5NE, %
T, THRICRE 1 X85 258 0MHEERRD 2,
THRONA T AFW AT, THHBOEHSS B TH
D, ME /A XA =Bn £ B 2540 FBERED
A% Fig. 3R L7z, 22T, n XEE B IcHd 3
SAXDEEETRT DT, FHEDS/NHEEz on
5. BME/AXORKERTXTOTHETHUME A
ET5L, R(L)DCOD/AX2EAREORKMEZ
C=C+24l LEG 3, EfERHEICLY, R (3) D&
BE DA R REARKNEE I,

E=C*—S*=E+4CAI +4SAI =4B>(1+4n) (11)

EFETS, 22T, JAXD2R\EIZEHRL, KHEOD
E, C, SORKMEIFN (1), (2) kv 2 ZFh 4B
2B, 2B £ L7z, A (1) ORELOFEMAND 4n 55/ 4
ABATHS, 22T, Fig 4 ZF T & 3 I EERS F
V0T, RERSEN1IDELYhH->Th, (UfAHE
dp O—#HIZRbhz v, 22T ASRE L 2
50T, E, FRAB*THEILTE 2L Lk, ko<
Figd &0, Z0L & DRAMAMEREE do i3, de=8n &
REL22L0TE2, AL LI BFET20+0 DEKX
BEZREL2 L, 400+0)282n ke h, S HE
WOMFE20 DEZEE, LE2ODEEN S 4(26) =8

33FB 75 (2004)

Sine (F)
+1
-1 “J /Cosine (E
56 Y ( )
-1

Fig. 4 Illustration of phase error caused by intensity
noises.
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Fig.5 Flowchart of computer simulation of a phase error
of 260+ ¢.
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Fig. 6 Standard deviations of calculated phase errors due
to intensity noises in interferograms used.
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Fig. 7 Standard deviations of calculated phase errors due
to phase errors in interferograms used.
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Fig.8 A schematic diagram of a phase-shifting interfer-
ometer to evaluate the phase calculation method presented.
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Fig.9 Quadrature phase-shifting interferograms. (a), (b)
Phase shifted fringes in one state of the interferometer.
(c), (d) Phase shifted fringes after uniform displacement
of the reference mirror.

(o) BRINZANNAN
Fig. 10 Phase distribution calculated with fringe patterns
shown in Fig. 9. Phase distributions proportional to (a) 26+
@, (b) ¢ which is the phase difference, (c) 26 which is
obtained by subtraction between the phases of 26+ ¢ and ¢.
These phase distributions are obtained using the spatial
smoothings of 5X5 pixels before the phase calculations.
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