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ABSTRACT

There are obvious advantages of being able to produce and control the state of
polarization of coherence light, including the continuity of the measurement and speedy data
acquisition. In this work, a technique of the phase modulation of light using polarization
maintaining fiber as 2 medium is employed. The modulation method is performed by stretching
the fiber longitudinally, by a modulator with a constant drived frequency. This allows to control
the output polarized light, a rotating plane polarized beam, and orientate at a desired azimuth via
the phase modulation. The results are similarly satisfied to the preliminary theoretical analysis.
According to the study, optical parameters such as index of refraction, reflection coefficients of
surfaces and phase shift of wave plate could be determined. Experimentally, the measured
refraction indices of the samples obtained comparing to the standard refractive indices, where the
measurement error of 3% is noted, and the phase shift measurement error of the wave plate of 2%

is recorded.
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wave represeniation linear_representation
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E = iEo coskz, uag Ey = 3E0 sinkz, (2.14)
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E, = A, sin[kz - ot +¢,]j (2.25)
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Linear Polarization General :
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e, Side Tunnel
Bow-Tie
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- HB ] Elliptical Core
Dumbbell Core
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Side Tunnel
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e SE Bow-Tie
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alsduvuiFadu Tavh PM: Polarization Maintaining, HB: High-Birefringent, LB:
Low- Birefringent, SP: Single-Polarization, TP: Two-Polarization Modes, GE:Gome-

trical Effect, SE: Stress Effect.
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Reference Signal

R - B4

QWP1 L1 L2 Qwp2

Detection Signal
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Modulation Unit ; F : HiBi Fiber ; PBS : Polarizing Beamsplitter
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1. Helium Neon Laser
P 0 A s 2 = P 9 Avd" A'd's’ o 2 A2 d4A
msrumasnuiausaaes sdouissums l9luauitell  Fahdesdrilenende
aMuTuvBdIApMasimuzauaasones 1 luedfeld anunivesnduuash
P} o’ a 4
Woonur uastinnudiuInar lsfiFuduvesuasimmunzay  sawduadosmmlumsidaou

o

9 = Y 3 A = faiq Vet ::’
ABIANDAUAIT WIVDUNAN *umamtmuaﬂmmcmsﬂ‘mmu

Specifications
Laser Type: Helium Neon
Class Laser: 11
Minimum Output: 0.5 mV
Wavelength: 632.8 nm
Beam Diameter: 0.48 mm
Beam Divergence: 1.70mrad
Beam Pointing Stability: <0.10 mrad (259
Polarization: linear (500:1)

Operating Current: 82 mA

2. BPX 65 high speed photodiode
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Absolute maximum ratings

At +25" (unless stated)
Reverse voltage V,

Forward current I,

S0V
10mA

(200mA pulsed 1[ls 1% duty cycle)

Operating temperature range -25°C to+70° C
Storage temperature range -55°C to+125°C
Jnction temp. T, +125°C
Power dissipation Pd 250mwW
(derate linearly 2.5 mW/°C above +25°C)
Shape and dimensions
e
~ DIA.3.9
Cathode is
connected
to case.
Chip placement
accuracy + 0.2mm
of can centre.
2 leads 0.5 max. dia.
01 0.10" P.C.D.
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Electrical characteristics at +25°C (unless stated)

Parameter Test conditions Min. | Typ. Max. | Units

A Radiant sensitive area 1 Mm’

A s | Wavelength of max. sensitivity 850 Nm

max.

R, Responsivity A= 450nm 0.2 AW
A=900nm 0.55 AW
A= 1064nm 0.15 AW

t, Response time (10-90% levels) | R =50C2; V, = 20V;A=900nm 0.5 1 Ns

C, Capacitance V, =0V 15 PF

c, V=1V 12 PF

Cy V, =20V 3.5 PF

f, Cut-off frequency 500 MHz

I, Dark current V, =20V; Dark (E=0) 1 5 NA

S Spectral sensitivity V. = 20V; see Note 1 7 10 NA/L,

NEP | Noise equivalent power V, =20V 36x 10" wAHz "

Note 1. The illuminance indicated refers to unfiltered radiation of a tungsten filament lamp at a
colour temperature of 2856K(standard light A in accordance with DIN 5033 and IEC
publ. 306-1)
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Specifications

Temperature Coefficient :

Multiple Order 0.0015A/Deg.C (Design Temp. 20° C)
Recommended Energy Limits : 500MW/cm’ in 5ns pulse
2MW/cm' CW
Material : Quartz, Single-Crystal

Wavelength : 632.8 nm
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Wavefront Distortion : 1/10 Wave

Parallellelism : 0.5 Second

Surface Quality : 20-10

AR Coating : Less than 0.25% per sueface
Diameter : 25.4 mm

Clear Aperture : 15 mm

Thickness : 8 mm
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The measurement of ellipsometric parameters of various surfaces using a highly

birefringent fiver polarization modulation technique
Suebtakul Suchat Ratchapak Chitarce
) Physic Department, Faculty of Scien;:e and Technology, Thammasat University,
Rangsit Campus, Pathumtani 12121

”Applied Physics Department, Faculty of Science, King Mongjut's Institute of Technology

Ladkrabang, Ladkrabang District, Bangkok 10520

.

Abstract
The polarization modulation technique, which is considered as a technique for controlling

- the state of polarization of light, was studied for a potential of the optical measurent on surfaces of
interest, In this research, a length of highly birefringent optical fiber was used as light medium. The
modulation method was performed by stretching the fiber longitudinally by a modulator with a
constant drive frequency. In this study, optical data such as index of refraction, reflection
coefficients and ellipsometric parameters of surfaces under study were obtained. The experimental

results gained were in good agreement to the corresponding theoretical analysis.
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ABSTRACT

There are obvious advantages of being able to
produce and control the state of polarisation. The
advantages include . the continuity of the data
measurement and speedy acquisition. In this work, a
technique of the phase modulation using polarisation
maintaining fiber as a light medium is employed. This

allows an experimenter to control the output; a
rotating plane polarised beam, to a desired azimuth via
the phase modulation. The study started from a
theoretical analysls based on Jones calculus. Then, the
experimental resulis were observed and appropriately
analysed by ways of Stokes parameters. This was found
that the results were satisfactory because the oulput
characteristics were slightly different from the
preliminary theoretical analysis. The degree of
polarisation of the output was found approximately to
be 98% with an ellipticity in the order of 107,

Keywords : optical modulation, polarisation preserving
Siber
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A Novel Optical Fiber Ellipsometer
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Abstract

In this report, a novel ellipsomster based on 2
highly birefringent fiber is described. The description of
the novel optical fiber ellipsometer is presented and also
its performance was thoroughly investigated by being
used to study materials with different degrees of light
absorption. The results obtained were in agreement with
theorctical values,

1. Imtroduction

The ellipsometer is a familiar instrument which
is widely' used for determining optical constants of
optical surfaces and thin films. The device is a non-
contact sensor which is an important requirement when
non-destructive evalmation of optical constants and
characteristics of a material is needed. Conventionally,
the. cllipsometer arrangement is mainly composed of
bnlkopt!mlcomponnntswlucharelarge rigid and
heavy [1] so that the instrument applications conld be
limited. In this paper an alternative confignration of the
citipsometer is proposed. The novel ellipsometer uses a
highly birefringent fiber as a light propagation medium
which allows an effective technique of polarization
modulation [2] to be implemented. The technique
produces a lincar output polarization, the azimuth of
which is conmmally rotating. This is a major
development in ellipsometry as no- mechanically
adjustment is requmired during the measurement
procedures. The resulting ellipsometric system ig more
compact, flexible and non-mechanical and has potential
for wider applications such as high speed operations.,

In this work, a preliminary performance of the
pmpmd ellipsometric system has been studied by using

instrument to investigate the ellipsometric
charactcnmon of thre¢ different types of materials;
namely, glass (BK7), gallium arsenide and gold plates.

0-7803-5146-0/98/§10.00 ©1998 [EEE.
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2. Experimental Arrangement

- The novel optical fiber ellipsometer
arrangement based on linear polarization modulation
scheme is illustrated in Figure 1. The operation is
summarized briefly as follows. Light from a HeNe laser
isuansfonnedintoadrculmlypolgﬁudbwnbya
quarter-wave plate (QWP1). This is a convenient way to
equally excite both cigenmodes of the fiber. The light
then is launched into the fiber (F) by way of X10
objective lens (L1). Next, the fiber modulation unit
(FMU), driven by a sinusoidal signal with a frequency
of 20 Hz, stretches the fiber longitudinally to modulate
the fiber birefringence. Thus, the phase difference
between the two orthogonally polarized beam emerging
from the eigenmodes of the fiber is accordingly
modulated. At the output end, thess beams are coupled
out of the fiber by the other X10 objective lens (L.2) and
propagate through the second quarter-wave plate
(QWF?) orientated at 45° to the cipenaxes of the fiber,
Theﬁmcunnofthcwaveplawxstotransfomthcoutpm
beams into two orthogonal circularly polarized beams
with opposite handedness. This is equivalent to a linear
polarization state with an azimuth determined by the
phase difference between the two circularty polarized
beams. As the phasc difference is modulated, the
azimuth of polarization is modulated.

A fraction of the output is sampled by a glass
stide (GS), adjusted 1o have an angle of incidence of ~
3°. This fraction passes through a polarizer (P1)
otientsted at a pre-determined direction and onto a
detector (D1) to form a reference signal, From this
signal, ths azimnth of polarization may be determined at
any time, The main light beam i incident onto a sample
(5) at an angle of incidence, @. The reflected light then
propagates throngh a polarizer (P2) with its
transmission axis orientated at 45° to the plane of
mmdmcc,andomoadctmor(DZ)top:mdetheontpm
signal, Both signals (cotpwt and reference) ave then
transferred to an online computer for further analysis.
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Figare 1 Ilustration of an optical fiber based
ellipsometer. P1,2 ; Polarizers y LL2 : Lenses ;
QWP1,2 : Quarter-Wave Plates; GS : Glass Stide; D1,2
: Detectors; FMU : Fiber Modulation Unit; F : Highly
Birefringent Fiber;.S : Sample.

3. Theoretical Analysis

To analyze the process as shown in Figure 1,
- the electric field £; of the output rotating linearly
polarized light (after QWP2) can be fepresented by a
vector, using Jones notation [3],

Eycosd1t)
Ep sin&(t)

(1)

where &(¢) = time-dependent azimuth of the
polarization beam, Ej = electric vector amplitude and
t =time

After the reflection at a sample surface with an
incident angle of @, the light beam then transversed a
polarizer (P2) with its axis at 45° to the plane of
incidence. The change in polarization of ths light beam
as a result of this, observed at the detector D2, can be
described in terms of the product of Jones matrices as
follows,

Evr= % -21- 7 pejA 0 Eq cos6(s) o
f '% -g- 0 re Eo sin O(t)
polarizer sample  rotating light
(P2) ®) (Ep

where £ r describes the electric field of the detected
light, rp, r; = Fresnel reflection coefficients; for the
incident polarization p, parallel, and s, perpendicular, to
the plane of incidence, 4 = optical phase difference due
to reflection from a sample surface,
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Consequently, the total reflected intensity is
given by

7 = E fE_; (3)
; therefore,

Iy = %[Rp cos? 8(1) + R, sin? &)

+f RoR; sin26(t)cos 4] )

whcreR,-rpz,Rﬁr,)mdi- constant,

In order to characterize a sample by way of
cllipsometry, it is customary to deternmine a ratio pof
the complex Fresnel reflection coefficients for the p and
5 polarization defined to be [4)

4 .
p=-"Le/a

v &)

It is convenient to write o in the form
p = tanye/4 ®

R}
where W = tan~!| £ and A4 are the ellipsometric

Ry
angles,

Since the analyzing beam used in this
experitment is rotating polarized light in which the
azrimuth depends upon the modulation signal, two
required polarization dircctions, the paralle]l .and
perpendicular directions, can easily be identified using
thcmfcrcncesignalpmvidedbythcsigml&omthc‘
detector D1,

thnthclightismodzﬂatedtobcpamueltoan
incident plane, the intensity, [, detected by D2 is given

IpR
- m

P 2
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Likewise, when it becomes perpendicular to the
incident plane, the intensity, /5, is written as

8

The orientation, where the analysis could be
simplified, of the incident polarization occurs when the
azimuth is at 45° to the incident plane and the intensity
is given by

Lics +JRPR_, cosd]

Clearly, ratio of cquations (7) & (8) allows the

ls="2r —2‘1 ©

R
determination of the ratio —}-2-‘-’—, and the substitution of
5

(7, (8) & (9) allows the phase shift 4 to be determined,,

ellipsometricly characterizing the reflecting surfaces
without any mechanical movement of optical
component.

By making use of the Snell's law and
expressions for Fresnel complex reflection coefficients
[5), the cquation used to determine the complex
refractive index characterizing a sample is

N[ 1—p £ 2 L
'N—0'=sm¢[]+(lTp') tan® ¢ | (10)

where ¢ = an incidence angle, My = the complex
refractive index of medium O (medium of incidence), N;
= the complex refractive index of mediym 1 (sample).
Equation (10) shows that the complex refractive index
of medinm 1 can be determined if the refractive index of
medium 0 (medium of incidence) is known and the
¢llipsometric ratio p is measured at angle of incidence
. Normalty, the medium 0 is air which has a refractive
index of 1,00,

4. Experimental Results

To illustrate the performance of the optical
fiber based ellipsometer, three different types of
materials were studied and their characteristic were
measured in terms of ellipsometric parameters i and A
as a function of the angle of incidence. The materials
incinde a glass plate (BK7), gallinm arsenide plate and

208

gold plate, The selection of materials under stady is
based on their different degrees of light absorption at the
wavelength used. The glass plate, at the wavelength of
632.8 nm, is non-absorbing while gallium arsenide and
gold are known to be low and high absorbing materials
at the wavelength. According to such a distinctive
absorbing property for each sample, their characteristics
measured in terms of w and 4 were distingnishable from
one another as illustrated in Figores 2, 3 and 4 . In these
figures, comparison between measured and theoretical y
and 4 as well as the indices of refraction for each
sample were presented.

5. Conclusion

In conclusion, the preliminary study of the
novel optical fiber ellipsometer performance has been
demonstrated. The experimental resalts indicated that
the instrument ig capable of determining ellipsometric
parameters as well as refractive indices of materals
with different degrees of light absorption. This
preliminary study is necessary 2s, for further work, it is
well-known that these pdrameters have to be known
prior to characterizing even more complex samples such
as thin films if the materials are utilized as the thin film
substrate {7],
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