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BIE & W

Introduction

Technical background of a phase contrast microscope and liquid crystal phase shifters will be
introduced. Brief sumary of every hapters of this report will be shown.
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1) M.Born and E.Wolf, Principle of Optics, 4th ed.(Pergamon, Oxford, 1970), p.424.

2) J.Schwider: "Advanced evaluation techniques in interferometry" Progress in Optics XX VIII
(Elsevier, 1990), p.271.
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Common path interferometer using a liquid-crystal phase shifter

In this chapter, we propose a common path phase shifting interferometer
using a nematic liquid—crystal cell as a phase modulator. In the proposed common
path interferometer, the specular component of the object light, separated in the
Fourier transform plane, plays the role of a reference wave for the diffracted
component of the object. A homogeneous—type nematic liquid—crystal cell is used
as a phase only modulator, to introduce an arbitrary phase modulation between the
specular and the diffracted components to achieve phase shifting interferometry.
This makes quantitative measurements possible as well as qualitative observations
for phase objects like in a Zemnike's phase contrast microscope. Finally,.
experiments were carried out to show-the validity of the proposed method. -
Experimental results show that the present. method is quite stable against
mechanical shocks and air fluctuation owing to its common. path arrangement.
The accuracy of the present method was -experimentally verified to be better than
1/30 of wavelength by comparing the results -with those obtained by the
heterodyne interferometer.

Finally, a method of feed-back control for liquid-crystal phase modulator
was proposed to improve the stability and accuracy of the phase modulation.
Experimental results show that the accuracy of A/200 is achieved.
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3, QlEXhaufdkiEx -y WEELEEIMTHS, HEEZRERORDERR
Ba(x )i

A, (x) = E(xe (x), (2-1)

EFEINB, TZT,

£,6e)= 1, (¢ lexpliB (e ), 2-2)

Thd. (x)RPWEKICHTIEAKOREIFTH 5. t (X )RBUROBREBRT
0. ZOMMES, (x )PMUENETH B, ThEhBELAEEL,, [,0V VXL, LI
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WEO 7 — ) TERE. THDE VY XL A OB, OME KR AEBRFI
By 7 MV FHERERATIADEERINATVS, 7-VIERE L TRYKOHEER
ﬁﬁ\Tﬂbt%ﬁu;ot@ﬁénﬂmot%@%mimwﬁtéo—ﬁ\%Wm
Lo THRSAERREBOM D £ BB 5, WSLMEBETRWED 5O OHF KO
ACHHEREEIABTREL OB, COBEEBLTIDIC. WRBELVOAHEIC
REWEBBHHEE NS LEEr, OOBER (EVF—I) 2RVT—REBRINT
W3, £fc. BAEVOHFEICREREBL—BIBRINA TS, EHEBRICER
ShEEVA—VARRERNMRNHAVERET 3 L CORSUBERRFOUES
BEIRORTEINS,

1, for|g|<r,
L (%)= (2-3)
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e(VRBERENVICLBMHERRTH D EVOAMBEEvOBBTH B, o, LI
 BREhEBREBEBILAMHENTHE. RENAEHETERAEKORERER.

AE)AELE

— 2-5)
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B e, ZBBTIRORSZT, (DEBE. EVFR—IH, THDEHEK|E|x, .
EEBTIEFTRERDET, (HEEL . ARXTHAE Sde (HH) RABEFac (X
W) BRAEMRI LT B, CHODRAEAVT(2-S)RRRO LI KEERIONE,

A (B)=E(E)®[z,,(8) +2,(E)B(WV)]. (2-6)

BBOE VR NVOX¥EVYEIXOBEEHRFIDOLEN Y ICERTHAIINENEE, 8
MELETt, (X)BEEH, KEYUTEIILENTES, THULE—BUFREBEELEEUS
Aol Txd, COBE, BAZh3£R

Al(x)=$E( ~x[M){;+ [2,(-xIM) || B() |expli(B . (-x/M) +e(v) +e )]}, 2-7)
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(2-8)
M = ff,
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k1B, ZIT.
L=|E(-x/M)/M?, (2-10)
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| Liquid—crystal Cell No.1 | Liquid—-crystal Cell No.2 |

Merck: ZLI-3270 Roche: BB02/PC

Material

Gap (um) 7 7

An=n,-n,

:

Type

Table 2-1. Specifications of liquid—crystal cells.
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EWEMIC L 5 A4 B e, 130.57 1adTH B T ENb - f, .
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2. 4. 1 HpHBDEOER

AHFEOENUEZRRBTAILDOERET>1t, MMATHBELZRFO>UMEGHKELT
BeDXFNI—VEBLUERBROMEBFEHB LU, RIS, XENF - LT
VT g Ny —=VaFEBEZRVT oy bLA, RIZ. ChoDNy -V 42 EH
TANVLRERGRULBRBEREREICH/NEFE L, ChOoDBERRIIISIERAX
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REORLBMBHAEAR Lie S5 12 UTHERS R MARHT OMAREIZA
%uf4y$%%%mm1%ﬂbto%@%%%gm&}nmﬁto

Phase Grating No.1 No.2

Mean Amplitude (rad)

Standard Deviation o (rad)

Table 2-II. Mean amplitudes and standard deviations of phase variation of gratings.
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Fig.2.1 Optical system of common path PSI using liquid—crystal
phase modulator.
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Fig.2.2 Phase modulations of two liquid-crystal cells Nos. 1
and 2 as a function of applied voltage.
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Fig.2.3 Dependence of transmittance of liquid-crystal cell,
No.2, on applied voltage.
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Fig.2.4 Spatial properties of (a) direction of polarization of
transmitted light through liquid—crystal cell No.1 under the
applied voltage 15V, and (b) phase modulation of liquid-
crystal cell No.2 across the pinhole of ‘electrode under the
applied voltage giving the phase modulation /2.
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Fig.2.5 Four images of character pattern observed under the
additional phase shifts of (a) e(v)=0, (b)7/2, (c)x, and (d)37/2.
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Fig.2.6 Phase distribution of object evaluated from the observed
images shown in Figs.5(a)-(d). Phase distributions are
represented in (a) gray level and (b) by three dimenssional
plotting.
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Fig.2.7 Measured amplitudes of phase variation of phase
gratings. Holizontal and vertical axes are the values obtained by
means of heterodyne interferometer and the present method,

respectively.



Fig.2.8 Four images of tissue of onion observed under the addi-
tional phase shifts of (a) e(v)=0, (b)z/2, (c)x, and (d)37/2.



Fig.2.9 Evaluated phase distribution of tissue of onion. Gray
level corresponds to 0 - 27 rad. '
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Fig.2.10  Improved optical system employing TNLC.
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Fig.2.11 Optical system for feed—back control.
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Phase modulation characteristics ofsurface stabilized
ferro-electric liquid crystals

Optical modulation characteristics especially phase modulation of surface stabilized ferro-electric
and anti- ferro-electric liquid crystals are investigated theoretically and experimentally. Fermo-electric
liguid crystal cells under one stable state are simulated by an wuni-axial crystal model.
Antiferro-electric liquid crystal cells under intermidiate state are simulated by superposition of two
uni-axial crystals on a plane. Experimental results of intensity modulation and phase modulation
well agreed with theoretical results. Temperature dependence of optical properties is also discussed.
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Fig.3-1 Schematic disctiption of moleculer orientation of surface

stabilized FLC cells (a) and AFLC cells (b).
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Fig.3-2 Coordinate system of an FLC cell sandwitched by two polarizers.
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Fig.3-3 Intensity transmittance of an FLC cell sandwitched by two

paralell polarizers calculated from Eq.(3-8) .
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Fig.3-4 Intensity difference (broken line) and phase difference (solid line)

"between two stationary states calculated from Eq.(3-10) and Eq.(3-8).
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Fig.3-5 Intensity transmittance of an FLC cell sandwitched by two

paralell polarizers calculated from Eq.(3-12) .
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Fig.3-11 Intensity transmittance of two states of an FLC cell sandwitched
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Temperature:23°C

x/2} d”‘ o
/ AN o -"'ﬁ.\

" \o\ ,9’ -1 = ‘Q \

Phase wodulation (rad)
[—]
L‘/
R
o
Intensity modulation

+ Phase modulation
o Intensity modulation

0 80 80 90 120 150 180

Azimuthal angle (degree)

Fig.3-12 Intensity difference (O) and phase difference (@) between two

stationary states of the FLC cell.



b4 30
E=)
= ""°‘a~~3._~
5 T 120
% N
3 TR .—._.-.—.WO\.~ \\
. \
g ’\0\.° N 110
o \\
E’ .\o‘\
A \
\
0 L L . L WA 0
10 20 30 40 50 60 70

Fig.3-13 Temperature dependence of phase modulation and tilt angle of

the FLC cell.

Temperature (' C)

4 Temperature:18°C
3
= 7 /f2} #,,-c\ Pala N
= A "\
3 M«ﬂ \q\ / \Kg.
.d-l Qoo . ‘r-v?
—l_ﬂ‘ 0 Mowg -y - 'p‘”
3 \ “"""w.a-.‘.L 0‘5
8 \ *a #
[ \.,“ ‘o..o,ﬁ'
E -7 l2F
A * Applied voltage:0¥~+3QV
o Applied Voltage:0¥~-30V
- ! | L 1 L
0 30 60 90 120 150 180
Azimuthal angle (degree)

Fig.3-14 Phase differences between two FLC states and an intermediate

state of the AFLC cell.

tilt angle (degree)

E=



4 30
o ~
[ LM
by QL
£ — 5
3 T
— f2r Yo, 2
= oo
=4 S =]
g \\ -J «

ot N 10 hat
2 .\'\'\ b\ o
. "~ N\ L od
£= '\ N
A LN
0\. \‘°
0 1 2 — \?\0 a8 8 0
10 20 30 40 50 60 70

Temperature (' C)

Fig.3-15 Temperature dependence of phase modulation and tilt angle of

the AFLC cell.




$4E BAMHKOEENHIERBE —HALRSE—

Nonlinear optical property of green tea éxtract _
- Phase modulation property -

Recently, it has been reported that a chinese tea or green tea dissolved in
alcohol can produce very strong phase modulation. In this research work, we
studied fundamental properties of green tea from the point of optically controllable
phase modulator. Phase modulations were measured as a function of absorbed
power. It was newly fond that there are two different mechanism which causes
refractive index change. One mechanism is due to laser heating which depends
on dn/dt, ie., refractive index change due to the change of temperature.
However, second mechanism can not be explained from the theory of heating.
Finally, an application of this phenomenon as a self-align phase filter is
demonstrated.
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Fig.4.1 Diffraction pattern from a tea cell.
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Fig.4.6 Optical system to write phase grating.
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Fig.4.9 Optical system using tea plate as a phase filter.
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Fig.4.10 Observed images at different incident power to tea cell.
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Phase contrast microscope using a liquid-crystal phase shifter

First, image in the phase contrast microscope was theoretically analyzed. It
was theoretically shown that a qualitative measurement is possible from the dark-
and bright—contrast images by means of an optical transfer function of the imaging
system. Nematic and antiferoelectric liquid—crystal phase modulators were
employed in a commercial-base phase contrast microscope with a slight
reformation of the optical system. It was experimentally shown that image can be
switched electrically between a dark-contrast and bright-contrast one.
Furthermore, it was confirmed that the contrast of the image is improved by
subtracting dark-contrast image from bright-contrast one.
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l ' Table.5-1 Driving voltage and phase modulation of AFLC at
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Table.5-II Driving voltages required for phase modulations for
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Fig.5.1 Optical system of phase contrast microscope.
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Fig.5.2 Electrode formed on liquid-crystal cell.
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Fig.5.3 Arrangement of two polarizer and (a) nematic and (b)
~ antiferoelectric liquid-crystal cell.
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Fig.5.4 Dependence of phase modulation of nematic liquid—
crystal on applied voltage.
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Fig.5.5 Photograph of improved phase contrast microscope.
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Fig.5.6 Observed phase-shifted images using nematic liquid—
crystal. (a)lmage for phase shift ¢ =0, (b) 7 /2, (¢)-7 /2 rad, and
(d)difference between (b) and (c).
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Fig.5.7 Observed phase-shifted images using AFLC. (a)Image
for phase shift ¢=0, (b)1.13, (c)-0.935 rad, and (d)difference
between (b) and (c).
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Fig.5.8 Profile of phase gratings. (a)rectangular grating and
(b)steplike grating.
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Fig.5.9 Observed phase shifted images of rectangular grating,
(a)lmage with ¢=0, (b)7/2, (c)-7/2 rad, and (d)difference
between (b) and (c).
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Fig.5.10 Observed phase shifted images of steplike grating.
(a)Image with ¢=0, (b)7/2, (c)-7/2 rad, and (d)difference
between (b) and (c).
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Fig.5.11 Observed phase shifted images of rectangular grating
with AFLC. (a)lmage with ¢ =0, (b)1.13, (c)-0.935 rad, and
(d)difference between (b) and (c).
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Fig.5.12 Observed phase shifted images of steplike grating with
AFLC. (a)lmage with ¢=0, (b)1.13, (c)-0.935 rad, and
(d)difference between (b) and (c).
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Conclusions

In this study, to realize quantization of phase contrast microscopic images, fundamental optical
systems were presented and phase shifters including liquid crystal and green tea extra were investig.ated. A
commertioally distributed phase contrast microscope was improved to equip variable phase shifter made of
liquid crystals. Results and future review will be sumarized here.
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