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The polarized transmission spectra of a fiber-microsphere system was investigated. Light from an
optical fiber was side coupled into the dielectric microsphere through optical tunneling. It was found
that the polarization of some of the light coupled into the microsphere and back into the fiber
changed by 90°. The experiments showed a level of high signal-to-noise ratio peaks at the resonant
frequencies in the polarized spectra and the possibility of discriminating between TE and TM modes
of the microsphere. ©2005 American Institute of Physics. fDOI: 10.1063/1.1890465g

The unusually high Q-factor that can be obtained in mi-
crosphere resonators has led to the development of several
new sensor concepts based on the coupling of microspheres
with optical fibers.1 The microsphere is coupled to the single
mode fiber at a location on the fiber where the cladding is
removed and the core is tapered by either etching or heating
and then stretching the fiber.1–3 Before and after this tapered
region, light propagates only in the fundamental mode of the
single mode fiber. In the tapered region, a new fundamental
mode is obtained if the fiber is adiabatically tapered.4,5 If this
condition is not met, light propagates in multimodes in the
tapered region. The evanescent field of light in the tapered
fiber extends several light wavelengths away from the sur-
face. When the microsphere, which has the same refractive
index as the fiber, is placed to within the evanescent field,
significant exchange of photons takes place between the ta-
pered fiber and the microsphere resonator.

The coupling of light between the fiber and the micro-
sphere resonator is illustrated in Fig. 1.Ei is the electrical
field in fiber before entering the region of coupling,E f is the
field in fiber after exiting from the coupling region, andEs is
the field inside the sphere after the coupling region. The
electric field in the fiber can be represented in terms of set of
the fiber modes denoted ashvmj. Since light travels only in
the fundamental mode, the set of fiber modes simplifies to
two orthogonal linear polarization modeshvm, m=1 and 2j
with polarization axeshê1,ê2j. Assume that the ratio of the
transmitted light to that of input light in the fiber modem is
rm. The electric field in the microsphere can be represented
by a set of the microsphere whispering-gallerysWGd modes
denoted byhunj. Here the subscriptn represents the group of
the electrical modesTE or TMd, the radial quantum number,
the angular momentum quantum number, and the azimuth
angular momentum quantum number.6,7 Assume that the
single-pass ratio of the fields of the WG moden after the
region of coupling and before the region of coupling isrn8.
The coupling coefficient from the fiber modevm to the mi-
crosphere WG modeun is determined by the overlapping on
the microsphere of the evanescent field of the fiber mode and
the electrical field of the WG mode:7–9

km,n =
v

4
E sD«dsvm

* ·unda, s1d

and the coupling coefficient from the microsphere WG mode
un to the fiber modevm is determined by the overlapping on
the fiber of the evanescent field of the WG mode and the
electrical field of the fiber mode:

kn,m8 =
v

4
E sD«d fun

* ·vmda, s2d

wherev is the light frequency.eda is the double integration
over the cross section of the microsphere in Eq.s1d and over
the cross section of the fiber in Eq.s2d. sD«ds is the dielectric
profile difference between having both microsphere and fiber
present and having fiber alone.sD«d f is the dielectric profile
difference between having both the microsphere and fiber
present and having microsphere alone.

The electrical field of a WG mode is approximately uni-
form in the coupling region since the region is small com-
pared with the microsphere diameter. Assume the polariza-
tion of the electrical field of WG moden at the coupling
region is along axisên with angleu1n to the axisê1 and angle
u2n to the axisê2. The addition of the anglesu1n andu2n is
typically larger than 90° since the axisên is usually not
within the plane consisting ofhê1,ê2j. The coupling coeffi-
cients then become
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FIG. 1. Coupling between fiber and microsphere resonator.
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km,n < cosumnkn s3d

and

kn,m8 < cosumnkn8, s4d

wherekn is the coupling coefficient from the fiber mode to
the sphere moden, andkn8 is the coupling coefficient from
the sphere moden to the fiber mode, as given by Littleet al.7

It is noted that in the coupling region all TE modes have
similar polarization as do all TM modes.

Light inside the fiber is generally elliptically polarized
due to birefringence in the fiber. The electrical field of the
input light at the coupling position can be written as:

Ei = Eiscosgê1 + singeidê2d, s5d

whereEi is the complex amplitude of the electrical field of
the light incident upon the coupling area,g is the angle be-
tweenê1 and the axis of the polarization ellipse, andd is the
phase difference between two components alongê2 and ê1.
Inside the sphere, the electrical field of the WG modes con-
structively builds up on the coupling light from the fiber.
Assume the light in the WG moden has the phase changewn
per round and the electrical field of the light has the loss rate
an per unit distance. The total electrical field in fiber after
exiting from the coupling region will be the addition of the
field of the transmitted light and the field of light coupled
from the sphere:

E f = EiHFr1 + o
n

k1,nkn,18 exps− anLn + iwnd
1 − rn8 exps− anLn + iwnd Gcosg

+ eid singo
n

k2,nkn,18 exps− anLn + iwnd
1 − rn8 exps− anLn + iwnd Jê1

+ EiHFr2 + o
n

k2,nkn,28 exps− anLn + iwnd
1 − rn8 exps− anLn + iwnd Geidsing

+ cosgo
n

k1,nkn,28 exps− anLn + iwnd
1 − rn8 exps− anLn + iwnd Jê2, s6d

whereLn is the one roundtrip distance of the light in WG
moden. Note the electrical field of the transmitted light in
fiber destructively adds the electrical field of the light from
the microsphere due to the phase jump after each coupling.

The polarized transmittance is defined as the ratio of the
intensity of output light with polarization along one specific
axis to the intensity of the input light. Assume that the input
light is linearly polarized alongê1. When the light is in reso-
nance with the microsphere WG moden, the polarized trans-
mittance alongê1 is

T1 = Ur1 +
k1,nkn,18 exps− anLnd
1 − rn8 exps− anLnd

U2

, s7d

and the polarized transmittance alongê2 is

T2 = Uk1,nkn,28 exps− anLnd
1 − rn8 exps− anLnd

U2

. s8d

TheT1 spectrum has dips at the resonant frequencies and the
transmittance is nearr1

2<1 without resonance while theT2
spectrum has peaks at the resonant frequencies and the trans-
mittance is near zero without resonance. The resonant peak
in the T2 spectrum can be optimized or be suppressed by
varying the coupling coefficients, for example, changing the

angle between the polarizations of the WG mode and the
fiber mode. The two transmittances at the same frequency
have the following relationship:

T1
1/2 + Ukn,18

kn,28
UT2

1/2 = r1. s9d

Note all TE modes are grouped into a line in the plot ofT1
1/2

vs T2
1/2 since they have similar polarization. The same is true

for the TM modes.
The experiment setup reported in Ref. 1 was modified to

measure the polarized transmission spectra. Light from an
infrared distributed feedback laser diodes1313 nm nominal
wavelengthd is optically isolated and coupled into a Corning
SMF-28 single mode fiber using a standard fiber coupler. The
wavelength of the laser diode is tuned by ramping the oper-
ating currentstuning coefficient 0.01 nm/mA, determined by
a wavemeterd. A length of about 1 cm of the optical fiber is
tapered by etching with 25% hydrofluoric acid. An
,400 mm diameter microsphere is evanescently coupled to
the tapered fiber. The transmitted light intensity at the other
fiber end is detected by an InGaAs photodetector. An IR
polarizer mounted in between the fiber end and photodetec-
tor selects the polarization of transmitted light. To record the
T1 spectrum, the polarizer was aligned for the maximum
transmission of the light when the light frequency is not
resonant with any WG mode of the microsphere. To record
the T2 spectrum, the polarizer was aligned for the minimum
transmission of the off-resonance light.

Figure 2 shows the recordedT1 spectrumsdashed lined
and theT2 spectrumssolid lined. The transmission at the
off-resonance frequency was the level of the background in
T2 spectrum due to the ellipse polarization of the input light.
The use of linearly polarized input light can reduce this
background and increase the signal-to-noise ratio signifi-
cantly. This can be achieved by using a linearly polarized
light source and short, straight fiber sections to reduce the
birefringence effect. Even for long transmitting distances,
VanWiggeranet al.10 found that there are two orthogonal
orientations in the optical fiber along which light input that is
linearly polarized will exit the fiber linearly polarized. By
comparing the two spectra, we found that resonance 7, 9, and
11 belong to one electrical mode and resonance 1, 2, 3, 6,
and 15 belong to the other electrical mode. The signal-to-

FIG. 2. PolarizedT1 transmission spectrumsdashed lined and polarizedT2

transmission spectrumssolid lined.
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noise ratios for resonance 7, 9, and 11 were suppressed inT2
spectrum compared with those inT1 spectrum. The reason
for this suppression is that the polarizations of these WG
modes are near vertical to the axisê2.
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