Chapter 1 Introduction

1.1 Organic Thin Films

The polymer thin film industry has grown very rapidly in recent decades affecting
diverse commercid sectors, such as dectronics, biotech. Thin film processing is
essentia to the success of the massive semiconductor and microd ectronics industry and
to the growth of the emerging opto-electronics and biosensor industries  The techniques
are widely employed for fabricating coatings to produce optical e ements, to improve
machine tools, and to form protective and anticorrosion layers on many components?

Thin organic films are important for microgectronic devices. Thin conductive,
semi-conductive, and insulating films of metal, ceramics, and polymers are used in
conjunction with photolithography to create integrated circuits with active and passive
devices. Nanometer thin silicon dioxide films are used in M OS and p-MOS integrated
circuits, multi-chip module and photovoltaic fabrication asinterlayer didectric for metd-
insulator structures > * Such thin films must satidy alarge st of rigorous chemicdl,
gructurd, and eectrica requirements. Film composition and thickness must be
rigoroudy controlled to facilitate etching of sub micron features™ * Thefadt growth of
sophisticated processing methods and the ever-increasing complexity of new materias
and devices require fundamenta understanding of thin film processing. This has placed
new and premium demands on engineers and scientists to develop and employ
diagnostics to understand these structures and to monitor and control them in the
fabrication line”

An advantage of thin organic filmsisthat they are highly sdective and highly
sengitive to particular species and can be tailored with desired functions, bio-reactive
properties and incorporated into eectronics, optical and eectrochemica devices. The
molecular dimensions of the organic films make the development of sophidticated
detection systems possible. The operation of biosensors can be divided into three main
events. recognition, perturbation, and transduction. Recognition should be both specific
and sdective. Once the molecules are attached to the recognition Site, a detectible



physica changeistriggered. Thetriggered change can be detected and analyzed by an
indrumenta arrangement.

The development of thin polymer filmsthat are suitable for the fabrication of
high-speed integrated optica devicesis presently amgjor focus of research in nonlinear
optics. ® Polymer materials have been demonstrated to possess large nonlinear optical
(NLO) activity in contrast to traditiona inorganic materials.” Their intrinsic low
dilectric congtant, easy processing and compatibility with microel ectronic processes are
the other mgjor advantages of the polymers. Significant progressin device desgn and
architecture with implementation of poled polymersinto prototype € ectro-optica devices
has been reported recently.® A common method of poling polymer filmsis the Satic
electric field poling and the corona poling at elevated temperature close to polymer glass
trangtion temperature (Tg).

There are numerous thin film thickness measurement techniques. Ellipsometry
can determine both the refractive index and the thickness when film thickness is above 50
Angstroms. An accuracy of ~2A in detecting thickness differences with alatera
resolution of about the size of alaser spot was reported for dlipsometry.® Another
optical microscopy, Nomarski microscopy, can obtain thickness with accuracy about
~30A and latera resolution of 1 mrm.** Rothenhader utilized plasmon-surface
polarization microscopy to messure film thickness by with the sengtivity of ~ 1A with
lateral resolution of 1nm.*® The most detailed and accurate information on thickness
comes from x-ray reflectivity. The reflectivity method provides the information on the
complex refractive index and the roughness of the film.* Contact angles with different
liquids are measured to evaluate wetting properties, surface-free energy, uniformity, and
to get information on the surface order. Electron spectroscopy for chemicad analyss
(ESCA) isused to study surface composition and monolayer structure. Surface imeging
techniques such as AFM and SFM are used to study surface topography. However, these
methods have reduced accuracy with thickness larger than 200nm. For ingtance, the
characteridtic thickness of didectric thin films in microe ectronics ranges from 10 nm to
1 mm. There are other limitations in the gpplication for these techniques for indudtrid
gpplications. X-ray reflectivity and elipsometry cannot be economicaly applied to
record in Stu thin film property changes because of the time required to obtain the



measurement. A differentia interferometer is good to measure “change’ in thickness.
Reflectivity/dlipsometry gives absolute value.

There are saverd methods for determination of optica properties of thin films.
Most methods are based on spectrophotometry, interferometry and polarimetry. The
optica measurement for this sudy is differentia interferometer with a resolution of about
0.05nm and alarger dynamic range of film thickness from 5nm to over 10 nm. The
largest thickness measured will be limited more by the qudity of thefilm (i.e stressand
smoothness) and temperature uniformity rather than the measurement method. Besides
the larger measuring range, differentid interferometry can measure the dynamics due to

the fast regponse and therefore is very useful to monitor and control the red-time
properties changing of thin films.

1.2 Electro-Optical Studies

Thefidd of nonlinear optics became of congderable interest in the 1960s with the
development of promising organic molecular and polymeric materias'® ** 14 Nondinear
optical materias are expected to have awide range of gpplicationsin photonic
technology including harmonic generators, optical computing, telecommunications, laser
lithography, image processing, switching, sensors, and overal photonic transmission.
Recently, agreat interest in organic polymers has developed due to their low cost of
fabrication and greater compatibility with desired substrates as well as tremendous
possihilities for tailoring structures with high mechanica strength and environmentd
dability. However, there are some drawbacks of poled polymers. Therma stability is
one of the mgjor problems. The orientation decays with temperature because the polar
dructure is not in therma equilibrium. This degrades the rdligbility of poled polymersin
practica gpplications. Currently, there are mainly two approaches to solve the problems.
Oneisto choose high glass trangition temperature polymer that shows little relaxation at
room temperature.™® ® The other is to freeze the molecular orientation after poling by
cross-linking.>” The rigid cross-linked structure suppresses relaxation.

It has been more than fifteen years since the firat dectrica field poled second-
order nonlinear polymers were reported.'® During this period awide variety of polymeric
systemns have been formulated and investigated. Mogt of the previous work concentrated



primarily on the polymer systems and the development and decay of the electric fidd
induced ordering.® Others have focused on the relationship between the physical and
chemica properties of second-order nonlinear polymers and their potentia gpplications
in dectro-optical and frequency-doubling devices*2 Now, much of the current work in
thisfield is motivated by an attempt to find practical polymeric materids for these
goplications.

Severd gpproaches have been used to induce organic thin film polar order. The
polar ructure is atained with the orientation of the chromophores in the dectric fidd
around glass transition temperature. Interdigitated 12 and coplanar® electrodes can be
used where one desires the polar axisto liein the plane of the thin film being poled. The
thin polymer film can be formed as a* sandwich” between two pardle conducting plates
in which case the polar axisis perpendicular to the film's plane® Charge injection can
aso occur when pardld plate eectrodes are used, and pinholes can substantialy reduce
the magnitude of the field that can be applied. High fidld strengths can be obtained using
electrode poling provided careful atention is given to materid purity, dugt-free thin-film
processing, and electrode design. Electrode poling is compatible with eectrooptic and
second harmonic device processng requirements. The most commonly used dectrica
field poling technique for polymeric systlemsis corona poling. This technique has been
used for poling second-order nonlinear polymeric systems both at room temperature?®
and at elevated temperature.®! Fidd across the polymer film exceeding 4MV/cm can be
obtained in this way.?? Such high fields are difficult to achieve using electrode poling. In
most cases, electric field poling is done a atemperature near Ty, Recently, Tasaka
invented non-eectrica poling of nove ferrodectric polymers. This poling method
utilizes “ surface energy poling” and takes advantage of the energy difference between the
top and bottom surface of a polar aggregate to form aremnant polarization. This poling
method was proven to be effective for homogenous structures such as polythiouress,
polyvinylfluorides® Due to the different methods of poling, Paresh investigated the
influence of poling methods on the orientationa dynamics of 2- methyl-4-nitro-anilinein
poly (methyl mehtacrylate) by comparing corona discharge and contact éectrode poling
techniques. Results show that under the same conditions, corona poling creates a higher
dignment of moleculesin the direction of the fidd.2*



In this study, we probe the eectro-optica properties of ultrathin organic films
using eectrode poling. An AC dectric fidd is applied to pole Polypropylene oxide
(PPO) at room temperature above its Ty (about —60°C). PPO is acomplex liquid rather
than asolid. Thethermd activity of liquid molecules dramatically reduces the response
time of PPO to the electric fiedld. However, the interaction between dectric field and
polymer molecules is not strong enough to bresk the covaent bonds in PPO molecules.
Therefore, PPO shows long distance order under eectric field even at temperatures above
its Tg. Usudly other polymers have higher Ty than room temperature.  To increase the
activation of polymer molecules, polymers are heated to their Ty while an dectric fild is
applied and then cooled down with the eectric field on to freeze the polarization.?® The
film thicknessis less than 300nm, significantly smdler than reported in literature.  The
interfacid mobility in the thin film dlows for faster dynamics and lower poling fidd.

The NLO activity of poled polymer originates from the molecular lignment of these
polar molecules by dectrica fidd. Highly efficient poling is necessary to redize large
NLO activity. For thefirst time, afast regponse and second order harmonics generation
of organic, polymeric film is observed at very high frequency range.

We dso observe the Kerr effect in PPO film. The eectric birefringence or Kerr
effect isavery powerful experimental method usualy used to obtain information about
molecular structure for molecules under the influence of astrong electrica field.?® 28 In
particular, the Kerr effect in awesk dectric field alows one to define experimentaly the
product of the dipole moment and optica anisotropy. The Kerr effect in a strong
dectrical field can be used to obtain these two characteristics independently.?” 28

The piezodectric effect of organic thin filmisaso sudied. Piezodectric
materids form the basis of awide variety of eectromechanical devices. The
piezodectric effect liesin the micrascopic structura symmetry of crystdline unite cels.
Up to 1960s, al piezoeectric devices made used either asingle crystal structures such as
quartz or polycrystaline ceramics such as lead titanate zirconate perovskites in which the
dipole moments of individud crystdline units could be oriented by an applied eectrica
fied. In 1969, Kawa discovered that strong piezodectric effects could be induced in
poly (vinylidene fluoride) (PVDF) by application of an ectric field?° Due to the grest
potentia of acompletely flexible piezodectric materid that can be inexpengvey



fabricated into thin films, awide variety of devices has been fabricated and developed.?®
These include: audio frequency transducers, such as microphone and headphones having
excdllent frequency response and low digtortion because of the low dengity light weight
transducer film; ultrasonic transducers for underwater applications such as hydrophones
and medica imaging gpplications, dectromechanica transducers for computer and
telephone keypads and a variety of other contactless switching applications. The
commercia devices based on ferrod ectric polymers have been limited by reproducible
and uniform properties and therma stability.2® Such processing complexities required
severd yearsto develop PVDF film into commercid gpplications. Research has been
done to improve the dielectric, piezoelectric properties by modification of the chemica
gructure of the polymer, such as synthesizing copolymer Vinylidene fluoride with
trifluoroethylene (TrFE) or tetrafluoroethylene (TFE).3° Piezod ectric activity has been
observed in awide variety of other polymers such as a completely amorphous aternating
copolymer of vinylidene cyanide and vinyl acetate;®! Nylons such as Nylon 11 and Nylon
9, cyanopolymers such as polyacrylonitriles and poly (vinylidene cyanide)s, polyureas
such as aromatic polyureas and aiphétic polyuress, polythioureas and some biopolymers
such aswood cellulose, cdlulose derivatives, chitin, amylose, bone and collagen, keratin,
and various proteins and DNA and some optical active polymers such as polypropylene
oxide( PPO), poly-b-hydroxy butyrate, and poly-lactic acid.3?

Piezod ectric and pyrodectric polymers are usualy poled under DC field around
Ty with different length of time varying from secondsto hours. Dynamic eectricd field
poling for piezodectric polymers are less reported. However piezodectric polymer
dynamic properties are very import for their gpplications as e ectromechanica sensors.
The properties of severd piezodectric and pyroelectric polymers are compared Table 1.1.



Table 1.1 Comparison of dynamic piezoe ectric and pyrodectric properties of polymers

Polymers Electrical Electricfield Significant properties Reference
frequency strength
Polyvinylidene 0.003-408 Hz 100kV/cm- Excellent resistance to
Fluoride (PVDF) | (25°C) 2.5MV/cm creep, fatigue and 3
chemical attack, high
mechanical and impact
strength, large
piezoelectric effects after
poling
Aliphatic 10Hz 500kV/cm Large reversible
polythioureas (55°C) pyroelectric constant after | *2
poling. Pyrodlectric
congtant is stable at high
temperature 120°C.
N-phenylated 0.01Hz 0.51.5MV/cm | Easy processin colorless,
aromatic (120°C) transparent and flexible 3
polyurea thin films that exhibit
large second-order optica
nonlinearity and
transparency in UV
region.
Poly(vinylidene | 0.00013Hz 50-200kV/cm Very effective control of
Cyanideand (-100°C-150°C) copolymer molecular 3
Vinyl Acetate) orientation by introducing
copolymer large dipole moments
P(VDCN/VAC) cyanide group into
vinylidene polymer
molecules
Nylon 9 80Hz 200-800kV/cm | Odd nylon can have a
(-70°C-80°C) spontaneous polarization | *°
in the unit cell of the
crystdline phase and thus
are good piezoelectric
materials.
Nylon 77 0.017Hz 0.52.5MV Same asnylon 9
(250C) 32
Poly-g 20Hz Y, Synthetic polypeptides
methylglutamate | (-170°C-170°C) with piezoelectric effects | *°
(PMLG)
Poly-g-benzyl-L- | 156Hz, 1.9kHz, | 2MV/cm Ultra-thin biopolymer
glutamate 2.5kHz, 5kHz, PBLG can be grafted onto | *
(PBLG) 10kHz asubstrate and shows
(25°C) large piezoelectric effects
PPO 3kHz83kHz 118-220kV/cm | Fast response to electric Our
(25°C) fidd research




A variety of experimenta techniques have been used to obtain both absolute and
relaive change of the second order harmonics generation. Typical Mach-Zehnder
interferometry is used for measuring second harmonics generation for poled polymers.
There are many techniques that are currently used to measure eectrooptic effect. Hayden
used Mach-Zehnder interferometric technicue for measuring the birefringence
Jungbauer aso reported usng Mach-Zehnder interferometry to measure the eetrooptical
coefficient of poled linear epoxy polymers with tolane chromophores*® Winkelhahn has
reported a Normaski interferometry technique to measure the piezodectric and
electroredtrictive properties of poled-polymer guest-host system consisting of a
polycarbonate host and 4-dimethylamino-4' -nitrogtilbene dye. They can dso determine
the frozen polarization from the ratio between piezod ectric and electrorestriction
constants of the electret film.*® T. Jaworek aso applied optical Normaski interferometer
to measure the thickness change of 15nm thick monomolecular film of polymer-g-benzy-
L-glutamate induced by electric field.** Winkelhahn et . have shown that this setup is
capable of detecting periodic thickness changes with subpicometer resolution at
modulation frequencies between 10Hz and 100kHz.** #? Han introduced asingle beam
polarization interferometry method to measure the Pockels coefficients in a Bii2SiO2g
single crystal.*® Uchiki and K obyashi have described a Fabry- Perot interferometric
technique to measure birefringence.  In this gpproach, the light beam is perpendicular to
the film. Scanning the wavelength generates interference patterns related to thefilm
thickness and refractive index.** Teng and Man used an elliposometric technique to
measure the birefringence. A thin film sampleis prepared with one surface coated with
areflective gold layer. The opposing surfaceisilluminated by alaser beam incident at an
angle of 45°to the surface. The phase difference between the s and p- polarized reflected
beam is measured with a Solid-Babinet compensator. Variations of this difference a the
frequency of an applied dectric filed are messured.*®> An attunated totdl reflection (ATR)
technique has been described that can measure both components of el ectrooptic
coefficient aswell as piezodlectric contribution. *®

Although the properties of abulk materid are well characterized, thin film
behavior is expected to be substantialy different. One reason isthat thin film properties
are grongly influenced by interfacid properties. The thin film has a substantidly higher



surface-to-volume retio than does a bulk materid. Therefore, the study of the opticdl,
eectrical and chemica properties of thin film materid is of increasng importancein
opto- and microelectronics.

It iswell known that the Structure and processing of thin films play avitd rolein
determining the film properties. The understanding of film/subdirate interaction and thin
film interfaciad mobility under externd forcing fied islimited. These effects could be
important to the integrity and performance of eectronic devices. Especialy asthe
miniaturization with high- speed devices continues, the desired thickness of such inter-
connect didectric film reduces concomitantly making interfacia effect sgnificant. Itis
very important to quantitatively study the effect of geometric confinement such as
thickness and dectricd field. Research has shown that thin organic films undergo
catastrophic breakdown when stressed by high dectric fields and not dl organic films of
the same thickness undergo breskdown at the same eectrical strength. Therefore, it is
necessary to study polymer chain dynamics under dectric field to improve the
reproducibility and reliability of microdectronic devices.

1.3 A Brief Introduction to I nterferometry

Heterodyne interferometry is a non-destructive technique for measuring the
thickness change of thinfilms. Thefilm thicknessis determined by measuring the phase
difference of the interference of reference beam and sample beam. The techniqueis
cgpable of monitoring in red time the thickness and refractive index change of thin films
dueto external stimuli. The high resolution (about 0.05nm) provides smdll rddive
changes of refractive index asfilm is subjected to agtimulus. The focus of thisresearch
isto study quantitatively the effect of geometric confinement (i.e. thickness), interfacia
effects, and eectrica field on the PPO polymer chain dynamics. Thisthess presentsthe
results of PPO thin film, where both linear and second order harmonics generation sgnd
a high frequency dectric field is observed. In this sudy, the experimenta techniques
amultaneoudy measure the film refractive index change and thickness change under
electric fiedd independently to obtain the changesin film thickness and chain orientation
asafunction of dectricd field strength and frequency. The measurement e ucidates the
polymer chain dynamics,



Chapter 2 Interferometry

Interferometry is based upon comparing the difference in optica path length
integrated dong aray in the film to the optical path along a reference path or to an
absolute value of phase. The opticd path length change may occur dueto changesin
refractive index and/or film thickness. The measurement probes displacemernt,
deformation, shape and surface characterizatics such as roughness:? It can a'so provide
information about dengty fluctuation, temperature and the Y oung’s modulus of thin film.
As anondestructive diagnosgtic technique, laser interferometry has been utilized in slicon
processing thin film thickness, etching, and deposition monitor and control.?

Modern laser Interferometry covers a variety of optica and optoel ectronic
techniques based on optica interference.® In generd, it isa complex opto-eectronic
measuring System that includes alaser, an optica unit, a photoelectric transducer,
eectronics, and software tools. Modern laser interferometers can measure linear
displacements, speed, acceleration, vibration parameters, smoothness, angles of rotation,
and indices of refraction. In thiswork, we study the polymer chain dynamics. We can
demondtrate the great advantage of heterodyne interferometry in this measurement by
comparing with other current available interferometry methods.

In order to achieve interference between two coherent beams of light, an
interferometer dividesthe initia beam into two or more partsthat travel diverse optica
paths and then reunite to produce an interference pattern. One criterion for classifying
interferometers distinguishes the manner in which the initid beam is separated.  Two
methods are commonly used to obtain two beams from asingle source. Wavefront
divison and Amplitude division.>® Wavefront division uses aperturesto isolate from
separated portions of the primary wavefront. British scientist Thomas Y oung (1773
1829) firdt investigated the interference between the waves generated by two pinholes
illuminated by awesk light source*® Y oung's double dit is one case of wavefront
divison. Amplitude-divison interferometers instead use some type of beam splitter that
dividestheinitia beam into two beams. Michelson interferometer is one of the examples
of amplitude divison interferometer. Michelson interferometry, first introduced by
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Albert Michelson in 1881 has played a very important role in modern physics. Figure 2.1
shows the schematic of Michelson interferometer.

/S S Mirror 2
Light source I
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1 Mirror 1
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Y
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Figure 2.1 Schematic of Michelson interferometer

One of the mirrorsis movable dong the direction of the beam by means of an
accurate trace and micrometer screw. In thisway, the distance between the optical path 2
and 3 can be gradually varied and therefore Michelson interferometer is easily adaptable
to the measurement of thin films, and aso adaptable to the determination of the refraction
index of gases. But the resolution is limited by signd to noise ratio coming from low
frequency noise.

The other means of dlassfication distinguishes interferometry by the interference
of two beams or multiple beams. Micheson interferometer is one case of two beams
interference, whereas, Fabry-Perot interferometer operates with multiple beams. Fabry-
Perot interferometer makes use of plane parald plate to produce an interference pattern
by the multiple beams of tranamitted light. Figure 2.2 shows the schematic of a Fabry-
Perot interferometer.
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Figure 2.2 Fabry-Perot interferometer

Fabry-Perot interferometry can be used for precise waveength measurements,
andysis of hyperfine spectrd line structure, determination of refractive indices of gases,
and the cdibration of the standard meter in terms of wavelengths>® Asfor the thin film
thickness changes, it is not as sensitive as differentia interferometry.*’

Michelson, Van Cittert, Zernike and Wolf aso contributed to the statistical
characteritics of light sources and their role in shaping the interference pattern. Basov,
Prokhorov, and Townes were awarded the Nobd price for their origina contribution to
the foundation of laser interferometry applied to quantum eectronics*® The advent of
lasers (i.e., high tempora and spatia coherent sources) makes photoel ectric detection and
the introduction of light modulation possible.  This invention not only incresses the
sengtivity by severa orders of magnitude, but aso makes dynamic measurement possible
dueto low time lag photo-detectors. The invention of new kinds of interferometry, such
as homodyne, heterodyne, holographic, Doppler, and Speckle interferometers also rely on
the laser source.

Heterodyne interferometry techniques involve the use of two beams split from the
same laser. The reference beam has its phase shifted by a specified amount. The phase

difference between the reference beam and the measuring beam variesin alinear manner



and results from the changesin the optical path of the measuring beam. The two beams
of different phases interfere and yield an optica signd picked up by a photodetector that
delivers dectric Sgnd to a phase meter that measures the phase difference. The
heterodyne interferometer diminishes the role of low frequency noise and hence,
improves Sgnd-to-noiseratio. This method provides an opportunity to detect more
accuratdly fringes, amplify opticd systems, and extend the cgpahilities of
interferometers*® In view of the quantum nature of lasers, radiation and the random
character of emission of photoelectrons, the photocurrent contains a fluctuating
component (shot Noise).

The present-day heterodyne interferometers employ external modulation based
on Doppler, Bragg, and Pockels effects.*® The Doppler diffraction modulator operates on
the principle of diffraction of the laser beam by a moving grating of the amplitude or
phase type. The diffraction grating can be viewed as a trangparency with the
transmission which periodically changes dong one of the coordinates. The power of the
diffracted beam is proportiond to the square of the depth of the transmisson modulation.
Therefore, the diffraction grating acts as both a frequency modulator and also abeam
splitter.

An acousto- optic modulator creates a dynamic ultrasound wave thet diffracts the
laser beam smilar to that achieved by amoving amplitude grating. The medium
traversed by the ultrasonic wave acts as amoving phase grating sSnce the wave
periodicaly changes the dendity of the medium, and therefore varies the its refractive
index. There are two types of acousto-optic modulators. The Raman-Nath modulator
works at relatively low frequenciesin the range of 1-10MHz and a short interaction
length. Whereas Bragg modulator works at higher frequencies and within alonger
interaction length whenever the incident laser beam dtrikes the acoustic column a a
Bragg angle!

Classcd interferometers produce a stationary interference pattern by
superimposing two coherent beams.  Switching interferometers produce a nonstationary

interference pattern because one of the beams undergoes phase modulation. Laser-

L gg=arcsin(l /2L ), | isthe wave length of theincident laser beam, L ,is the wavelength of the acoustic
wave moving in the medium.



Doppler anemometers intended to measure flow velocities, the interference pattern results
from the interference of two coherent beams, one of which is scattered by moving
particles. Due to the Doppler effect (The movement of awave source can affect the
observed frequency), the frequency of the scattered beam differs from that of the probing
beam resulting the nondtationary interference pattern. Laser-Doppler interferometer is
used to measure the velocities of both liquid and gas flow.

Holographic interferometry was invented between 1965-1966. The principle of
holographic interferometry is that illuminating a hologram with the coherent light beam
reconstructs the image of an object.®° If it is possible to obtain two or more smilar wave
representative of the object images at different moments of time, these waves will
interfere and produce the fringe pattern which can provide information on the varying
object. In comparison with the methods of classcal interferometry, holographic
interferometry offers a number of enhancements. holographic plate can record the waves
from a scattered object at different time, image recording can be made at different
wavelength, If the object surface Sructure isinvariable, it has no effect on the
interference pattern that reproduces the changes in the objects and thereforeit is suitable
for trangparent and diffuse objects. Holographic interferometry can aso provide the
opportunities of observing the interference pattern of laser propagating in different
directions and thus obtain a large amount of information on the digtribution and changes
of opticd inhomogeneitiesin the object. Implementation of holographic interferometry is
complicated. The firgt chalenge hasto do with alow sengtivity of the high-resolution
holographic recording materials. The second difficulty liesin the stringent requirements
imposed upon the time and space coherence of light sources. Thethird and dso themain
difficulty relates to the conflicting requirements on the localization of interference
fringes. On the one hand, the locdization of fringesis actudly unavalable & ahigh
coherence of the laser source. On the other hand, a decrease in the degree of coherence
due to the diffuse scattering of the light by the object and to object deformation limitsthe
fringe locdization region that may not coincide with the object surface. 1n generd,
holographic interferometry can analyze changes in the structure of trangparent objects
such as plasmaor glass, plagtic and crystaline e ements, and to investigate the object

14



deformations or vibrations and to study the time variation of the light field from the an
object.

When an object with adiffuse surface is illuminated by coherent light or itsimage
isformed with the aid of an optical system, a pattern of small light and dark spots or
speckles appears. Speckle interferometry utilizes this phenomenon to measure
displacements, deformations, and rotations of diffuse objects or their parts. Compared
with others interferometry methods, speckle interferometry has such advantages asmple
optica system tolerant to the stability and vibrationresstance of the ingalations,
amplicity of anadyzing experimenta data, and adjustable sengitivity.

From the above discussion, we can see that for changesin thin film, heterodyne

interferometer is a suitable probe that is nondestructive, reasonably smple and accurate.
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