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Polarized transmission spectra of the fiber-microsphere system
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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. @005 American Institute of PhysidDOI: 10.1063/1.1890465

The unusually high Q-factor that can be obtained in mi- ® .
crosphere resonators has led to the development of several kmn=7 | (A&)Vp-Uyda, 1)
new sensor concepts based on the coupling of microspheres

with optical fibers: The microsphere is coupled to the single and the coupling coefficient from the microsphere WG mode
mode fiber at a location on the fiber where the cladding iy to the fiber modey,, is determined by the overlapping on
removed and the core is tapered by either etching or heatingye fiber of the evanescent field of the WG mode and the
and then stretching the fibkr’ Before and after this tapered electrical field of the fiber mode:

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 tapetedf this K o= f (Ae)u, - vpda, 2)
condition is not met, light propagates in multimodes in the T4

tapered region. The evanescent field of light in the tapered , ) i , i
fiber extends several light wavelengths away from the sur\—Nhere“’ s the Ilght_frequencyfo_la is the do%’b'e Integration
ver the cross section of the microsphere in @g.and over

face. When the microsphere, which has the same refractiv. . L . : :
index as the fiber, is placed to within the evanescent fieldt € cross section of the fiber in B@). (As)sis the dielectric

significant exchange of photons takes place between the tg_rofile difference between having both microsphere and fiber
9 . ge ot p P present and having fiber alon@e); is the dielectric profile
pered fiber and the microsphere resonator.

The coupling of light between the fiber and the micro_dlf'ference between having both the microsphere and fiber

h tor is illustrated in Fi is the electrical present and having microsphere alone.
spnere resonator Is Tiustrated in Fig. B is € electrica The electrical field of a WG mode is approximately uni-
field in fiber before entering the region of coupliriy, is the

S - ) . ) form in the coupling region since the region is small com-
field in fiber after exiting from the coupling region, aBdis  ,areq with the microsphere diameter. Assume the polariza-

the field inside the sphere after the coupling region. Thejon of the electrical field of WG moda at the coupling
electric field in the fiber can be represented in terms of set °|fegion is along axi&, with angleé,, to the axisg; and angle
the fiber modes denoted &s,}. Since light travels only in g, "t the axis@,. The addition of the angles,, and 6, is

the fundamental mode, the set of fiber modes simplifies t@ypjcally larger than 90° since the ax, is usually not
two orthogonal linear polarization modég,, m=1 and 2 within the plane consisting ofe;,&,}. The coupling coeffi-
with polarization axeg€,;,&,}. Assume that the ratio of the cjents then become

transmitted light to that of input light in the fiber modeis

rm The electric field in the microsphere can be represented

by a set of the microsphere whispering-gallévyG) modes

denoted by{u,}. Here the subscrigi represents the group of E’i

the electrical mod€TE or TM), the radial quantum number, N
the angular momentum quantum number, and the azimuth

angular momentum quantum numBérAssume that the

single-pass ratio of the fields of the WG modeafter the i
region of coupling and before the region of coupling s {rn}l"g {r.}

The coupling coefficient from the fiber modg, to the mi- i ] § {K' }
crosphere WG moda,, is determined by the overlapping on s / el

the microsphere of the evanescent field of the fiber mode and

the electrical field of the WG mode® B

dcurrent address: World Precision Instruments Inc., 175 Sarasota Center

Blvd., Sarasota, FL 34240; electronic mail: guanguoming@yahoo.com ) ) )
FIG. 1. Coupling between fiber and microsphere resonator.
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Kmn = COSOmnkn (3
and
Kpm = COSOmnKnp, (4)

where k,, is the coupling coefficient from the fiber mode to
the sphere mode, and «/, is the coupling coefficient from
the sphere mode to the fiber mode, as given by Littkt al’
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 = Ei(cosy&, +siny€%,), (5)

Transmittance

Frequency (GHz)

whereE; is the complex amplitude of the electrical field of
the |Igt‘|t incident “PO” the coupll_ng ?reﬁ’ls_ the angle be- FIG. 2. PolarizedT, transmission spectrurfdashed lingand polarizedr,
tweene, and the axis of the polarization ellipse, afits the  transmission spectruitsolid line).

phase difference between two components aléengnd &;.
Inside the sphere, the electrical field of the WG modes con- o
structively builds up on the coupling light from the fiber. ?ilgglrembc?dt\éve'?'ﬂethtsvopct):gzz?nt:?tgiczfstgte t\rqveGs;nrr?gefr:nSe;hce
Assume the light in the WG modehas the phase changg ave the fdllowin relationshio: q y
per round and the electrical field of the light has the loss rattla~I 9 b:

a,, per unit distance. The total electrical field in fiber after ,
e_xiting from the co_upling_ region will be_ the ad_dition of the T2 K%l Ti2=r,. (9)
field of the transmitted light and the field of light coupled Kn,2

from the sphere: Note all TE modes are grouped into a line in the ploﬂ'ﬁff"

E-E D K1nkh 1 €XP(— aplp +igp) Vs T%’Z since they have similar polarization. The same is true
= r, + - > S
TS 11l exp- anln i) for the TM modes.

The experiment setup reported in Ref. 1 was modified to

i5 Ko nkn1 €XP(— apln +igy) | . measure the polarized transmission spectra. Light from an
+elsiny 11" exp— anl +i 1 infrared distributed feedback laser diot313 nm nominal
n n nbn+ien) . . . . .
wavelength is optically isolated and coupled into a Corning
Ko nKn 2 €XP(— apln +ign) | s SMF-28 single mode fiber using a standard fiber coupler. The
+EY |+ 2 11! exp(— anly + i) e’siny wavelength of the laser diode is tuned by ramping the oper-
. n nene e ating curren{tuning coefficient 0.01 nm/maA, determined by
K1 nKn2 €XP(— apln tigy) | . a wavemeter A length of about 1 cm of the optical fiber is
+cosy, — _ - €2, (6)  tapered by etching with 25% hydrofluoric acid. An
n 1-r, exp(— apl, +ien)

~400 um diameter microsphere is evanescently coupled to
whereL, is the one roundtrip distance of the light in WG the tapered fiber. The transmitted light intensity at the other
moden. Note the electrical field of the transmitted light in fiber end is detected by an InGaAs photodetector. An IR
fiber destructively adds the electrical field of the light from polarizer mounted in between the fiber end and photodetec-
the microsphere due to the phase jump after each coupling‘._or selects the polarization of transmitted light. To record the
The polarized transmittance is defined as the ratio of thd1 spectrum, the polarizer was aligned for the maximum
intensity of output light with polarization along one specific transmission of the light when the light frequency is not
axis to the intensity of the input light. Assume that the inputresonant with any WG mode of the microsphere. To record
light is linearly polarized along;. When the light is in reso- the T, spectrum, the polarizer was aligned for the minimum
nance with the microsphere WG moudgthe polarized trans- transmission of the off-resonance light.
mittance alongg, is Figure 2 shows the recordéld spectrum(dashed ling
2 and theT, spectrum(solid line). The transmission at the
7) off-resonance frequency was the level of the background in
T, 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-
2 cantly. This can be achieved by using a linearly polarized
: 8 light source and short, straight fiber sections to reduce the
birefringence effect. Even for long transmitting distances,
The T, spectrum has dips at the resonant frequencies and théanWiggeranet al’° found that there are two orthogonal
transmittance is near}zl without resonance while th€,  orientations in the optical fiber along which light input that is
spectrum has peaks at the resonant frequencies and the tratisearly polarized will exit the fiber linearly polarized. By
mittance is near zero without resonance. The resonant pealomparing the two spectra, we found that resonance 7, 9, and
in the T, spectrum can be optimized or be suppressed byl belong to one electrical mode and resonance 1, 2, 3, 6,

varying the coupling coefficients, for example, changing theand 15 belong to the other electrical mode. The signal-to-
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Kl,nKr,Ll exp(— aplp)
1-r] exp(- anly)

T1= r1+

and the polarized transmittance aloggis

Kl,nKr,1,2 exp(— anlp)
1-r] expi- ayly,)

T2=
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