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Abstract: A novel type of polarization converters (PCs) based on
highly birefringent (Hi-Bi) microfibers is presented. Analytical formulation
based on the Jones Matrix method and a numerical code based on the
Full Vectorial Finite Difference Beam Propagation Method are devel-
oped to analyze the polarization evolutions in such PCs. Two different
design configurations, namely the “one-side” and “two-side” perturbation
configurations, are studied by use of the two methods, and the results
obtained agree well with each others. The PCs can be flexibly designed
to have different operating wavelengths, spectral bandwidths, and devices
lengths. A particular PC based on an elliptical microfiber demonstrates a
bandwidth of ∼ 600 nm around 1550 nm with a device length of ∼ 150 μm.
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1. Introduction

Recently, there has been considerable interest in micro/nanofiber (MNF) based photonic de-
vices, circuits and applications. Optical MNFs can be taper-drawn from standard optical fibers
or glass rods and have potential to be used as low-loss micro/nano scale optical waveg-
uides [1–4]. So far most research exploits the strong external evanescent fields associated with
MNFs, though there are also reports on MNF based mode-coupling devices such as long pe-
riod gratings (LPGs) [5,6] and fiber Bragg gratings (FBGs) [7,8]. Recently, highly birefringent
(Hi-Bi) MNFs have been fabricated and it demonstrates capability of maintaining the state of
polarization during light transmission [9]. These MNFs would find applications in MNF-based
interferometric sensors and coherent transmission systems [10, 11].

Polarization converters (PCs) refer to a class of devices that convert a polarization eigenmode
in a polarization maintaining Hi-Bi waveguide to orthogonal polarization eigenmode. They are
essential functional components in guided wave optical systems such as polarization diversity
heterodyne receivers and highly sensitive fiber sensors [12, 13]. PCs have been implemented
in rib [12], buried [14] and photonic crystal [15] waveguides, and they are very compact in
size but difficult to be integrated into optical fiber systems because of the large fiber-waveguide
coupling loss [12]. PCs based on conventional [16, 17] and photonic crystal [18] Hi-Bi fibers
have been reported, these devices have a length of a few centimeters and can be conveniently
integrated into standard-size optical fiber systems.

In this paper, we present a novel class of Hi-Bi microfiber PCs and report the results of our
theoretical and numerical investigation of such PCs. The microfiber PCs are fabricated directly
on fiber-tapers made from standard-size optical fibers and hence can easily be integrated into
optical fiber systems with low loss. In addition, the microfiber PCs are flexible and have a device
length of a few hundreds of micrometers, which might be used in future MNF-based integrated
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optical circuits [1, 2]. Two PC configurations are proposed, and their polarization-converting
and spectral properties are studied by use of a self-developed code based on the Full Vectorial
Finite Difference Beam Propagation Method (FV-FDBPM).

2. Analysis of Hi-Bi microfiber by FV-FDBPM

Fig. 1. Modal properties of an elliptical Hi-Bi microfiber calculated by use of the FV-
FDBPM code and the FEM software. (a) Dispersion curves of the four lowest-order modes
for b/a = 0.5; (b) The three-region model of the air-clad Hi-Bi microfiber. This model has
been used to model a practical Hi-Bi microfiber fabricated previously [9]. (c)–(f) mode
intensity distributions and (g)–(j) field vectors of the four modes. (c) and (g): oHE11 mode;
(d) and (h): eHE11 mode; (e) and (i): oHE21 mode; (f) and (j): eEH01 mode.

Beam Propagation Method (BPM) is an effective method for studying wave propagation in
waveguides and has been successfully employed to model polarization evolutions in various
waveguides [19–21]. Since MNFs have a high core-cladding refractive-index contrast and their
fields have significant vectorial characteristics [22], we here apply the full vectorial version of
BPM [23–25] to study the MNF-based PCs. We implemented a three-dimension FV-FDBPM
code based on the McKee-Mitchell alternating-direction implicit (ADI) method, the Douglas-
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Rachford splitting [23, 24] and the Transparent Boundary Condition (TBC) [26]. Our FV-
FDBPM code is firstly validated by applying it to calculate the modal and dispersion properties
of an air-cladding Hi-Bi microfiber and comparing with the results obtained previously from a
Full Vector Finite Element Method (FV-FEM) [9].

The model used to study the properties of the air-cladding Hi-Bi microfiber is shown in
the Fig. 1(b). It comprises an infinite air-cladding and an elliptical core made predominantly
of silica with a tiny circular Ge-doped center region. The Hi-Bi microfiber is featured with a
semi-major diameter “a” and a semi-minor diameter “b”, which are taken to be a = 1 μm and
b = 0.5 μm, respectively. The refractive indices of the air-cladding, the silica and Ge-doped
regions are set, respectively, to nair = 1 , nsilica = 1.444 , and nGe = (1 + 0.36%) nsilica. The
FV-FDBPM computational transverse domain is 5a× 4b and a grid of 195× 80 is used as the
mesh for the finite-difference computation. The transverse grid constant is dx= dy= 0.026 μm,
while the longitudinal interval between sampling points is dz = 5dx.

Figure 1 shows the calculated dispersion and field distribution characteristics of the four
lowest-order modes. The results were obtained from the eigenmodes calculation in which the
Imaginary Distance Propagating method [27] was incorporated into the FV-FDBPM code to
speed up convergence. The first two modes are the oHE11and eHE11, while the second order
modes are oHE21 and eEH01 modes. These four modes correspond, respectively, to the degen-
erated fundamental modes (HEx

11, HEy
11) and the second order modes (HE21, TE01) in a circular

air-cladding microfiber. However, they are no longer degenerate in the Hi-Bi microfiber.
The power distributions of the four modes are shown in Figs. 1(c)–1(f) while the electric

field vectors are in Figs. 1(g)–1(j). As shown in the Fig. 1(a), the modal dispersions calculated
by the FV-FDBPM (marked as solid points) and by the FV-FEM (marked as lines) are in good
agreement with each other.

3. Design and analysis of polarization converters

Fig. 2. Two configurations of Hi-Bi microfiber-based PCs: (a) Fiber surface perturbed from
“one-side”, (b) Fiber surface perturbed from “two-sides”, (c) the cross-section of a per-
turbed region.

It’s been known that asymmetric perturbation of a waveguide causes coupling between two
orthogonal polarization modes and periodic application of such perturbations allow coherent
accumulation of the coupled polarization mode [12,14,16,18]. Figures 2(a) and 2(b) show two
possible designs to achieve polarization coupling or conversion in an elliptical microfiber. In
the first configuration, the microfiber is perturbed periodically on the same side of the ellipse as
shown in Figs. 2(a) and 2(c); while in the second configuration, the cross-section is perturbed
alternatively from two different sides of the ellipse, as shown in Fig. 2(b). The pitch or period
(Λ) of the perturbation is chosen to satisfy the phase matching condition [12, 14]

Λ =
λ

Δne f f
(1)
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where λ is the light wavelength in vacuum and Δne f f is the difference in the effective indices
of the oHE11 and eHE11 modes. Both structures in Fig. 2 might be fabricated by focused ion
beam (FIB) milling [8], lithography-etching [12], Deep-UV lithography technologies [28], or a
precision femtosecond laser micromachining system [6].

3.1. Enhancement of non-dominant electric field

The vector fields of the fundamental oHE11 and eHE11 modes are dominated respectively by the
field components with polarization directions along the major- and minor-axes of the ellipse.
With the coordinate system (x,y) in Fig. 2(c), the non-dominant field component of eigenmode
oHE11 in a perfect elliptical fiber is oHEy

11, which is typically much smaller than the dominant
field component oHEx

11. Similarly, the non-dominant field component of orthogonal eigenmode
(i.e., eHE11) is eHEx

11 and is also much smaller than dominant field component eHEy
11.
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Fig. 3. 3D view of field components (oHEy
11) of the eigenmode oHE11 in (a) a perfect ellip-

tical microfiber and (b) a perturbed elliptical microfiber. The cross-section of the perturbed
microfiber is shown in Fig. 2(c) and b/a=0.5.

By introducing an asymmetric perturbation, the symmetry of the ellipse is altered and the
local fields are tilted and subsequently the hybrid nature of the modes is enhanced. Figures 3(a)
and 3(b) show the calculated electric field component (oHEy

11) of the oHE11 mode for a perfect
elliptical Hi-Bi microfiber in Fig. 2 and the same fiber with a perturbation. The parameters of
the elliptical microfiber are a = 0.8 μm and b = 0.5a, and perturbation is to remove the shaded
region as shown in Fig. 2(c). The shaded region is bounded by a minor elliptic arc and a straight
line connecting the arc’s endpoints. Obviously, the field components (oHEy

11) are dramatically
enhanced near the flat facet. In Fig. 3, the field components oHEy

11 are normalized by local field
components oHEx

11.
To view more clearly the enhancement of the field component oHEy

11, the contours of field
components oHEy

11 as well as the electric field vectors of oHE11 modes for the perfect and the
perturbed structures are shown in the Figs. 4(a) and 4(b), respectively. The contours of electrical
field components oHEx

11 are not shown, since they are close to a Gaussian distribution and well
known. As can be seen from Fig. 4, the field components oHEy

11 in the perturbed structure
is significantly enhanced as compared with the unperturbed structure; this would increase the
overlap with the field component eHEy

11 of eHE11 and cause efficient coupling between the
two polarization modes. This is the physical basis of the PC to be described in the following
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Fig. 4. Contour plotting of the field components (oHEy
11) and the electric field vectors of

the fundamental oHE11 mode in the perfect (a) and the perturbed microfiber (b).

sections.
To investigate the effect of varying geometry of perturbation on the polarization mode cou-

pling, we define a normalized overlap integral between orthogonal polarization modes as fol-
lows

α =
< oHE11,eHE11 >

|oHE11| · |eHE11| =

∣
∣
∣
∣

ˆ
Ω

oHEy
11 · eHEy

11dΩ +

ˆ
Ω

oHEx
11 · eHEx

11dΩ

∣
∣
∣
∣

∣
∣
∣
∣

ˆ
Ω

oHE11 ·oHE∗
11dΩ·

ˆ
Ω

eHE11 · eHE∗
11dΩ

∣
∣
∣
∣

0.5 (2)

It should be mentioned that two fields (oHE11and eHE11) used in the integration are not from
the same longitudinal location, but instead from adjacent half-period subsections. A larger value
of parameter α would mean stronger coupling between the two polarization modes or better
polarization converting efficiency.

We numerically calculated the values of α for various different perturbation geometries
shown in Figs. 5(a) and 5(c), and the results are presented in Figs. 5(b) and 5(d). Figure 5(a)
shows a serial of nine different perturbation geometries, achieved by “cutting” away part of
the ellipse along a straight line with different azimuth angles (θ ) from 0.15π to 0.85π . For the
purpose of comparison, the “cutting away” areas for all the nine geometries are the same and
equal to the shaded which are defined by the straight line y = −b/a(x− a) and the minor arc
of the ellipse. The value of α calculated form Eq. (2) raises from ∼ 0.01 for an azimuth angle
of θ = 0.15π to a maximum value of ∼ 0.084 for θ = 0.5π , and reduces to ∼ 0.01 when θ
is further increased to 0.85π . This shows that the highest polarization converting efficiency is
achieved for θ = 0.5π , corresponding to a “cutting away” along the line y =−b/a(x−a).

For the same azimuth angle of θ = 0.5π , the effect of cutting away depth is also stud-
ied and shown in the Figs. 5(c) and 5(d). The straight lines in Fig. 5(c) is described by
y = −b/a(x− a)+ δ , where δ referred as the “depth” of the cutting away. As shown in Fig.
5(d), α increases with the decreasing δ (deeper cut), and a too shallow cut (with bigger δ )
would lead to ineffective polarization converting, while a too deep cut would caused a large
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Fig. 5. The value of parameter α for different perturbation geometries. (a) Different azimuth
angle θ and (b) corresponding value of α ; (c) Different depth δ and (d) corresponding
value of α .

device loss.

3.2. Analytical formulation

The asymmetric perturbation of the elliptical fiber produces a tilt of its local electrical field and
the principal birefringence axes of the perturbed region may then be regarded being rotated by
angle γ , which may be evaluated by

γ = π/2− arccos(α) (3)

where α is defined in Eq. (2). Figures 6(a) and 6(b) show the cross-sectional profiles of the fiber
and the corresponding principal axes at different waveguide subsections. For the configuration
shown in Fig. 6(a), the principal axes of the perturbed region (i.e., V−

s and V−
f ) differ from the

original axes of the elliptical fiber (i.e., x and y) by an angle γ , while for the design in Fig. 6(b)
the rotation between principal axes of the two subsequent sections (i.e. from V−

s , V−
f to V+

s ,

V+
f ) is 2γ . The angle of rotation within one period of perturbation is shown schematically in

the Figs. 6(c) and 6(d), and angle of rotation may be expressed as

ψ = nγ, n = 1 or 2 (4)

with n = 1 for the design in Figs. 6(a) and 6(c), and n = 2 in Figs. 6(b) and 6(d).
Based on the above understanding, we may use the Jones Matrix Method (JMM) to model the

polarization evaluation of the PCs. It has been shown that the JMM is as effective as the Cou-
pled Mode Method in analyzing polarization rotation devices [19] but gives a clearer physical
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Fig. 6. Schematics demonstrating the different waveguide geometries and birefringent prin-
cipal axes. Elliptical microfiber with one-side ((a) and (c)) and two-side ((b) and (d)) per-
turbations. (x,y) coordinates are aligned to the principal axes of the original elliptical mi-
crofiber, they are defined in Fig. 2(c) ; (V−

s , V−
f ) and (V+

s , V+
f ) are the principal axes of the

perturbed sections, and they can be obtained respectively by rotating (x,y) clockwise and
anti-clockwise by an angle γ .

picture. To model polarization evolution in Hi-Bi microfiber PCs, the polarized light needs to be
decomposed locally into a linear combination of the “fast” and “slow” polarization modes and,
at the interface of adjacent subsections, transformation between different coordinate systems
need to be implemented.

Assume that the incident beam is described by the Jones Vector Vin =
[

Vx
Vy

]

, where Vx and Vy

are two complex components. For the “one-side” configuration shown in Fig. 6(c), the output

polarization state Vout =

[

V
′
x

V
′
y

]

may be formulated by

[

V
′
x

V
′
y

]

= W L
d R(−ψ)W R

d R(ψ) · · ·W L
d R(−ψ)W R

d R(ψ)

[
Vx

Vy

]

(5)

R(ψ) =

[
cosψ sinψ
−sinψ cosψ

]

(6)

W x
d = e−iφ x

[
exp(−iΓx/2) 0

0 exp(iΓx/2)

]

(7)

where R(ψ) is the coordinate transformation matrix at the waveguide interface and ψ is defined
in Eq. (4); W x

d is the Jones Matrix of the waveguide sections with Γx = (β x
s − β x

f )Λ/2 and
φ x = (β x

s + β x
f )Λ/4. β x

s and β x
f are the propagation constants along the slow and fast axes

respectively. x = L or R represents the two subsections within a period Λ. For the “one-side”
configuration considered here, R represents the perturbed half period while L represents the un-
perturbed half period. A similar formulation may be developed for the “two-side” configuration
shown in Fig. 6(d).

The polarization evolution over one perturbation period may be described by the following
product of matrices
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WΛ =W L
d R(−ψ)WR

d R(ψ) (8)

Under the phase matching condition as defined in Eq. (1), Eq. (8) can be deduced as

WΛ =

[−cos2ψ −sin2ψ
sin2ψ −cos2ψ

]

(9)

Consider a simple case where only the x- polarized light (i.e, oHE11 mode in the Hi-Bi mi-
crofiber) is exited, then Vin =

[
1
0

]

, the polarization state of the output light after propagating
one period would be

V
′
=

[−cos2ψ −sin2ψ
sin2ψ −cos2ψ

][
1
0

]

≡
[−cos2ψ

sin2ψ

]

(10)

That is, the output polarization may be considered as linearly polarized but being rotated by a
angle of 2ψ as compared with the input polarization. After propagating for N number of peri-
ods, the optical power of converted polarization mode (i.e., y-polarization) may be expressed
as:

P = sin2(2ψ ·N) (11)

where ψ should be taken as γ for the configuration in Fig. 6(c) and as 2γ for the configuration
in Fig. 6(d). The maximum energy conversion between oHE11 and eHE11 modes occurs when
the number of periods approximately satisfies

Nc = π/(4ψ) (12)

and the device length can then be estimated to be Lc = Nc ·Λ.
In summary, in applying the above formulation, the field distributions in the two subsections

within a period are firstly calculated, the values of ψ is then obtained by using Eqs. (2)–(4),
and finally the polarization conversion efficiency and the number of periods required to achieve
maximum polarization conversion are estimated by using Eqs. (11) and (12).

3.3. Numerical simulation and discussion

The analytical formulation in section 3.2 provides the “rule of the thumb” for the design of
microfiber based PCs. In the following, we present the results of numerically simulation by use
of the FV-FDBPM and compare with the results from the analytical formulation in Section 3.2.
The elliptical microfiber studied has semi-diameters a= 0.8 μm and b= 0.5a. The FV-FDBPM
computational transverse domain is 4a× 4a and the mesh grid used for finite-difference com-
putation is 111×111. The transverse grid constant is dx = dy = 0.0297 μm, while the spacing
between the longitudinal sampling points is dz = 3dx.

Figure 7 shows the calculated evolutions of electric field distributions for the eigenmodes for
a “two-side” configuration as shown in Fig. 6(d). The “cutting away” areas are defined by an
azimuth angle of θ = π/2 and a depth of δ = 0. It is assumed that the x-polarization dominated
eigenmode oHE11 is exited at the z = 0 and the pitch of the perturbation is 36 μm. It can
be seen that the light power in the x-polarization is completely coupled to the y-polarization
after a propagation distance of ∼ 144 μm or ∼ 4 periods. Light would couple back to the
x-polarization after the maximum power transfer occur.

Figures 8(a) and 8(b) display the power exchanged between the two polarizations as the
function of propagation distance for the “two-side” and “one-side” perturbation configurations
respectively. The dotted lines are the raw results obtained from the FDBPM and it’s obvious
that the power losses increase with propagation distance, as can be seen from the Px(raw)
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Fig. 7. Evolution of electric field distributions of two orthogonal polarizations in a
microfiber-based PC.
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Fig. 8. Evolution of light power in two polarizations with propagation distance in
microfiber-based PCs. (a) a “two-side” configuration, and (b) the “one-side” configuration.

and Py(raw) curves. The dash- and solid-lines are the normalized results which are calculated
by using Pi = Pi(raw)/[Px(raw)+Py(raw)], where i = x or y. It can be seen from Fig. 8 that
number of period required for maximum conversion is ∼ 4 for the two-side configuration and ∼
8 for the one-side configuration. This indicates that the converting efficiency of the double-side
configuration is approximately twice that of the single-side configuration. This is consistent
with the analytical formulation in Section 3.2 in which the polarization rotation angle ψ for the
two-side configuration is twice that of the one-side configuration. This doubled device length
of the one-side configuration could lead to narrower spectral bandwidth of the PCs, which will
be discussed later in this section. From Fig. 8, the device losses corresponding to complete
polarization conversions, which occurs at ∼ 144 μm for the two-side configuration and ∼ 288
μm for the one-side configuration, are ∼ 1.9 dB and ∼ 2.1 dB respectively. These values are
similar to the PC fabricated on the rig waveguide [12]. The device loss is believed to arise
mainly from the discontinuities between waveguide sections.

The polarization conversion characteristics of the microfiber PCs with different perturbation
defined in Figs. 5(a) and 5(c) were studied by use of the FV-FDBPM code and the analytical
formulation (the α-method), and the results for the two-side configuration are shown in Figs. 9
and 10. As shown in the Fig. 9(a), different θ leads to different propagating distance (Lc) for
achieving total polarization conversion. The number of periods Nc required to achieve complete
polarization conversion as function of azimuth angle is shown in the Fig. 9(b). The red square-
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Fig. 9. Polarization evolutions for different perturbation azimuth angle θ (defined in Fig.
5(a)) (a) Normalized power of the coupled polarization as function of propagating distance
for different θ values. (b) Number of periods needed to achieve complete polarization con-
version for different θ values.
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Fig. 10. Polarization evolutions for different perturbation depth δ (defined in Fig. 5(c))
in a Hi-bi microfiber PC with two-side deformations. (a) Normalized power of coupled
polarization as function of propagation distance for different values of δ . (b) Number of
periods needed to achieve complete polarization conversion as function of δ .

dots are the results from FV-FDBPM while the dashed line is from the analytical formulation
described in Section 3.2. The close agreement between the two methods indicates the simple
analytical formulation in Section 3.2 provides a good estimation for designing the microfiber-
based PCs.

Likewise, Fig. 10 shows the polarization converting characteristics of PCs with different
values of δ as defined in Fig. 5(c). The polarization converting efficiency decreases with in-
creasing δ , and the the numbers of period Nc required for complete conversion increases with
increasing value of δ . Again the results from the FV-FDBPM code and the α-method are con-
gruous, which verifies the effectiveness of the analytical formulation in Section 3.2. The device
loss for complete polarization conversion for δ = b/8 and from 0.3π to 0.6π are found to be
less than 2.2 dB.

The functional spectral bandwidth of the presented Hi-Bi microfiber PCs is also investigated.
As shown previously [9], the dispersion properties of the microfibers can be flexibly designed
by varying the dimensions of the fibers, which may be exploited for designing microfiber PCs
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Fig. 11. (a) Birefringence as the functions of wavelength for various fiber semi-major diam-
eters a (b = 0.5a); (b) pitches required for phase matching between the two polarizations
as function of wavelength.
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Fig. 12. Power exchange between two polarizations as the function of light wavelength. (a)
Λ = 36 μm and only the coupled polarization (Py) is shown for the two-side configuration.
(b) Λ = 42 μm and only the coupled power is shown for the one-side configuration. The
parameters of the Hi-Bi microfiber are same as in Fig. 8.

with different spectral bandwidth. As samples, Fig. 11(a) shows the birefringence of the fun-
damental modes as function of optical wavelength for elliptical microfibers with b = 0.5a and
a = 0.5, 0.8 ,1.0 μm. The corresponding pitch to achieve phase matching or resonating cou-
pling between the orthogonal polarizations as function of wavelength is shown in Fig. 11(b).
The variation of birefringence and corresponding pitchs are dramatic for different values of
semi-diameter a and these facts may be utilized to design PCs with different operating wave-
lengths and bandwidths. As shown in the Fig. 11(b), for different values of a, the “Λ− λ”
curves have flat dispersion regions around different wavelength, and this property may be used
to design broadband PCs at different wavelengths. Take the fiber with a = 0.8 μm as an ex-
ample, the dispersion curve (the red circle-line in the Fig. 11(b)) exhibits a broad flat region
around λ = 1.5 μm and Λ = 35 μm. This indicates that broadband PCs around 1.5 μm may
be realized if the pitch of the PC is chosen to be ∼ 35 μm. In addition, the very short device
length (only 4 periods are required for the two-side configuration) which is resulted from the
high polarization converting efficiency also leads to broadband performance. Thus, a combina-
tion of the flat phase matching curve and the short device length would allow PCs with a super
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broad spectral bandwidth.
Figure 12 shows the power exchange between two polarizations as function of wavelength

with different pitches for a Hi-Bi microfiber PC with b = 0.5a and a = 0.8 μm. As shown in
Fig. 12(a), the PC with the “two-side” configuration has ∼ 600 nm bandwidth. For the one-side
configuration, shown as square-dotted lines, the conversion bandwidth is significantly narrower,
indicating the effect of device length on the bandwidth of the PCs.

Figure 12(b) shows an example of PCs with a narrower converting bandwidth, obtained by
operating at a higher slope point in the “Λ− λ” curve and using a longer device length. The
setting of Λ = 42 μm leads to blue shift of the resonating wavelength to ∼ 1.16 μm at which
the dispersion slope is higher than at ∼ 1.5 μm . The perturbation geometry used is shown in
Fig. 5(c) with δ = b/8, and this would result a weaker coupling and hence a longer propagat-
ing length to achieve maximum polarization conversion. The number of periods required for
complete polarization conversion is Nc = 7 for the two-side configuration and Nc = 14 for the
one-side configuration. The spectral bandwidth is obviously narrower for the one-side configu-
ration because of the longer device length.

4. Conclusion

Novel PCs based on Hi-Bi microfibers are presented. The PCs may be made by periodically
perturbing an elliptical microfiber asymmetrically from one side or two sides of the fiber sur-
face. One possible fabrication method is to “cut” an elliptical fiber with a femtosecond infrared
laser. A simplified analytical model based on the Jones Matrix formulation was developed to
understand the physics behind the polarization conversion and to describe the process of po-
larization evolution when light propagate through different distance or number of perturbation
periods. A self-developed FV-FDBPM code was used to simulate the details of polarization
evaluations for different perturbation geometries characterized by the azimuth angle (θ ) and
depth (δ ) of the perturbations. The device length, defined as the propagation distance where the
power in one of polarizations is completely converted to orthogonal polarization, for the two-
side configuration is about half of the one-side configuration for the same perturbation azimuth
angle and depth. By varying the parameters of the elliptical fibers and the perturbation, the PCs
may be flexibly designed to achieve different operating wavelengths, spectral bandwidths, and
devices lengths. A particular PC based on an elliptical microfiber demonstrated a bandwidth of
∼ 600 nm around 1550 nm with a device length of only ∼ 150 μm.
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