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ABSTRACT

In this paper we explore potential applications of a new transparent Electro-Optic Ceramic in 3D imaging as a
fast phase shifter and demonstrate its performance in a newly developed Low Coherence Polarization Interference
Microscopy (LCPIM). The new phase modulator is fast, convenient and inexpensive. It makes the 3D imaging
system that employs it mechanically efficient and compact. The LCPIM proposed in this paper has the advantages
of rapid phase shifting and adjustable reference/objective intensity ratio for maximum contrast. The new phase
modulator has been approved feasible by several experiments.
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1. INTRODUCTION

Interference-based three dimensional (3D) imaging techniques, such as White Light Interferometry(WLI)! ;| Op-
tical Coherence Tomography(OCT)? , and Digital Phase-Shifting Holography(DPSH)? , have drawn a significant
amount of attention of researchers and will continue to be a hot topic in both academia as well as industry.
Interference-based 3D imaging techniques rely on an accurate rate of change of the optical path difference be-
tween the object and reference beams to record the object information. Therefore optical phase modulators that
introduce the variational phase difference play an important role in these techniques.

Many phase modulator designs have been introduced in the literature. One of the most popular of these is
mechanical translating of a reference mirror by the movement of a stepping motor or a piezoelectric transducer.
This schem is low-cost and easy to apply and has frequently been used in commercial WLI and OCT instruments'4

The other widely used technique of phase shifting is called geometric phase modulation, which is based on
polarization optics® or uses a frequency domain optical delay line® . An achromatic phase shift is possible in
this method. More recently in 7 , the author proposed a phase shifter using two acousto-optic modulators. This
latter phase shifter can directly control the phase of a collimated beam and is insensitive to the polarization
of the incident beam when polarization-insensitive AOMs are used. Unlike the other two methods there is no
mechanical movement involved in this design. However, the 3D imaging system that uses this phase modulator
is going to be mechanically complicated and expensive.

In this paper we introduce a new phase modulator made by a newly developed electro-optic transparent
ceramic material called Pb(M g1 /2 Nby /303_PbT7;03(PMN—PT)8 . The new phase shifter, here after referred as
the Ceramic PM (phase modulator), introduces phase variation based on an Electro-optic effect. We will show
later in the paper that the Ceramic PM is an excellent alternative to conventional phase shifters. In particular,
it has a much faster response speed than any of the standard phase modulators and, by working either alone
or together with other phase shifters, it is able to meet the demand of fast phase shifting of ”video rate” 3D

Further author information: (Send correspondence to Janice Y. Cheng)
Janice Y. Cheng: E-mail: ycheng@coe.neu.edu, Telephone: 1 617 373 7791
Qiushui Chen: E-mail: qchen@bostonati.com, Telephone: 1 781 935 2800

Sensors, Cameras, and Systems for Scientific/Industrial Applications VI, edited by Morley M. Blouke,
Proc. of SPIE-IS&T Electronic Imaging, SPIE Vol. 6068, 60680L, © 2006 SPIE-IS&T - 0277-786X/06/$15

SPIE-IS&T/ Vol. 6068 60680L-1



imaging. The interference-based imaging system that utilizes Cerimic PM does not cost much more than that
using a mechanical phase modulator and has the advantages of no moving-parts and compactness.

To study the possibility of using the Ceramic PM in 3D imaging, a novel low-coherence polarization interfer-
ence microscope, hereafter called LCPIM, has been developed. Low coherence interference microscopy combines
an interferometer and microscopy into one instrument and is able to image 3D micro engineering surface struc-
tures* . In its usual operation the object is scanned along the vertical axis (z axis) by a piezoelectric translation
stage and good contrast fringes will be obtained only when the optical path difference between the two paths of
the interferometer is approximately zero. Different types of architecture based on the Mirau correlation micro-
scope* , the Linnik microscope® and the Michelson interferometer? have been discussed in the literature. Our
design of LCPIM employs Michelson interferometer objective and is different from the conventional interference
microscope in two novel ways: (1) the time consumption on phase shifting is dramatically decreased and (2) the
object/reference intensity ratio is adjustable.

This paper is arranged as follows. In section 2 we discuss the properties of PMN-PT material and elaborate
the advantages of Ceramic PM as a phase modulator in 3D imaging. The schematic design of the LCPIM and
integrams processing method is introduced in section 3 . Section 4 is devoted to presenting several experimental
results. Section 5 contains a summary of the results obtained in the paper and suggestions for future work.

2. ELECTRO-OPTIC CERAMIC PHASE MODULATOR
2.1. The PMN-PT Material

It is important to understand the properties of the ceramic material PMN-PT of which our Ceramic PM is
constructed before we go into any details of its operation. This material belongs to the OptoCeramic discipline,
which is a family of transparent oxide electro optic ceramic materials. PMN-PT has an isotropic minimum
energy stable structure and exhibits birefringence in response to an electric field. Compared to crystal materials
it features high EO effect, good transparency, ceramic ruggedness and low cost.

PMN-PT is a quadratic Kerr electro-optic material. The change of its refractive index is proportional to the
square of the electric field. The amount of the phase retardation of PMN-PT can be parameterized by
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where R is the electro-optic coefficient, n is the optical refractive index of the material, A is the wavelength of the
incident light and ¢ is the distance that the light travels inside the material. Figure (1) illustrates measured phase
retardance (phase shift) vs. applied field on a PMN-PT sample with thickness ¢ = 0.45mm at the wavelength
of A = 1.55um. High EO effect of the material implies activation loss is negligible with minimized electric field
induced scattering from the material.

The response time of PMN-PT is very short: in the range of sub-microsecond. The electron and ion movements
responsible for the EO effect of the material are much faster than that of molecular movement in liquid crystal
materials. Figure (2) shows that the switching speed of the Ceramic PM discussed in this paper is about 500ns.

2.2. Ceramic PM in 3D Imaging

There are a number of reasons to believe that the Ceramic PM made from PMN-PT will find its way in 3D
imaging. High EO effect of the material means that no high voltage supply is required, which is very important
in commercial instrumentation. With mature hot-pressing technique, it is much easier and cheaper to make than
crystal phase modulator. The positioning of the Ceramic PM is flexible and it will add no additional instrumental
complication. The imaging system is less sensitive to the environment because there is no movement of Ceramic
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