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Abstract—The full-vectorial beam-propagation method with the @ loaging (&) air
improved finite-difference formula is applied to _the analysis of a E, A-:::.--- 2 v E«VEX
TE/TM mode converter based on an asymmetric periodic loaded /I::>| 2 Telocine ;0 T )”‘ }'
waveguide. The polarization conversion behavior is measured at a y i - : 4
microwave frequency. It is demonstrated that the calculated com- TZ: Zload
plete conversion length is in agreement with the experimental re- z (a)
sult.

Index Terms—DPielectric waveguides, FDTD methods, finite-dif- Wioad
ference methods, loaded waveguides, optical waveguides, polariza- foad
tion.
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I. INTRODUCTION Wroa
E/TM mode converters are essential for polarization diver- (b)

sity receivers in coherent optical systems and for sensor . .
L . . Fig. 1. Configurationd,. = 2.8, w,oq = 13 MM, hyoq = 6.5 MM, wioaaq =
applications. Sharst al.[1] proposed passive converters based 5 mm). (a) Overall geometry. (b) Cross section.

on asymmetric periodic-loaded rib waveguides and experimen-

tally demonstrated polarization rotation in the waveguides. Th§ - owave frequency of = 15 GHz. The VBPM with the im-
operation principle of the polarization rotation was explaineg,oved finite-difference formula (IFD-VBPM) [11] is used for
by the coupled-mode theory based on scalar modes [2]. For {hg analysis of propagating field along the waveguide. It is re-
complete design of the loaded waveguides, full-vectorial simyazjed that the polarization-conversion behavior evaluated by
lations [3]—[5] are required. _ the IFD-VBPM agrees well with the experimental result. This
So far, the full-vectorial beam-propagation method (VBPMytter also shows that the results comparable to the IFD-VBPM

has often been utilized for the evaluations of polarizaye gptained from the finite-difference time-domain (FDTD)
tion-conversion properties in asymmetric periodic-loaded riagainog [12].

waveguides [6]-[9]. However, the simulated complete conver-
sio_n !engths do not necessaril)_/ agree With experimentall regults. Il. CONFIGURATION AND EXPERIMENTAL SETUP
This is probably due to the difficulties in accurately fabricating _ _ o
and measuring devices at optical frequencies. It follows that theF19- 1 shows the configuration of a periodically loaded wave-
effectiveness of the VBPM has not completely been proved @ide, which is simply composed of a dielectric rod and load-
the analysis of practical polarization-dependent devices. ~ ings. Note that the simple structure is adequate to evaluate the
We should notice that the devices can geometrically be e¢=,;(ssent|a_1l property of a perlodlcally loaded waveguide, although
panded on the basis of a frequency transformation from optiéaSUperior structure with angled facets [7], [8] has been pro-
to microwave frequencies [10]. The geometric expansion lea@@sed. _
to decreases in the sensitivities to fabrication and measurementhe rod and loadings are made of a polycarbonate. o
errors. Hence, the experimental investigation at microwave fréS- The dimensions of the cross section of the rod are fixed
quencies must be suitable for the confirmation of the validif P& wrod X firoa = 13 mm x 6.5 mm so that the rod op-
of numerical methods developed for an optical waveguide an§[ates as a single-mode waveguide at a testing frequency of
ysis. f =15 GHz (A = 20 mm).
In this letter, polarization conversion in a periodically loaded Thewidth ofthe loading is typically chosen to be halgt.,

waveguide is numerically and experimentally investigated at-§@ioaa = 6.5mm. The thickness of the loading is designated
aStiuad, Which is taken to be two valueg(,q = 2 mm and 3

mm) to investigate the effect of,.4 on polarization conversion

Manuscript received March 19, 2002; revised May 14, 2002. length. The loading lengtt;..q is determined by the phase
The authors are with Faculty of Engineering, Hosei University, Koganei . . .
Tokyo 184-8584, Japan. rhatching condition between the fundamental TE- and TM-like
Publisher Item Identifier 10.1109/LPT.2002.801097. modes in the loading section, as will be shown in Section Il.
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The polarization conversion in the waveguide is measured
using the experimental setup illustrated in Fig. 2. The rod ig.3. Guided mode power féf,.q = 2 mm as a function ofj,aq (Lioaa =
supported by foam-polystyrene pillars and is fed by the hotd” mm).
launcher #1 through a metallic waveguide (WR-51). The dimen- . . ; . .
sions of the horn aperture are X486 mm. When the metallic
waveguide is excited with the fundamental mode whose major
electric field component i&',, part of the power radiating from
the horn is converted into the unguided mode power and the re-
maining power into the&?; mode power [13] (the ratio of the
E7T, mode power to the total radiation power is evaluated to be
greater than 80% by a preliminary calculation). The loadings ! — IFD-VBPM
with a length ofZ;,,,/2 are set on the rod one after another, for sl oTe l , ,
the evaluation of the conversion behavior as a function of the 0 200 400 600 800 1000
overall length of the loading sections. The guided waves in the Zigqq (TIO)

« andy polarizations are alternately received by the horn #2. _ _
The measured power &, is regarded as th&%, (TE) mode 1.y fﬁmfu'ded mode power fofo. = 3 MM as a uncion ohoua (Laoes =

power and that o, as theE}; (TM) mode power.

power (dB)

)
v 'y
[ 72 i Ve
o E;}experunental y

mode is almost converted into tHe’; (TM) mode atV = 5
for toaqa = 2 mm, and atV = 3 for tjg5q = 3 mm.

Fig. 3 shows the guided mode power f@f,g = 2 mm as a
The IFD-VBPM formulated by the two transverse electriunction of zj..q. The 2104 IS defined as the length, where the
field components [11] is applied to the design and evaluatideadings are set on the rod (see Fig. 1). The power is normal-

of the waveguide. The waveguide is assumed to be linear log®d to the excited”, mode power. The data calculated by the
less medium in the calculation. The rod is excited with#je  IFD-VBPM are presented by solid lines. As expected, almost
mode whose field profiles are obtained by the imaginary disemplete conversion can be obtaineckgty = 635 mm (=
tance scheme [11], [14]. The computational parameters are fixgl,. ). The calculated conversion behavior agrees well with
to beAz = Ay = 0.5 mm andAz = 1 mm. The number of the experimental data plotted by solid and open circles.
transverse grid points i5, x L, = 150 x 150. The perfectly  Fig. 4 shows the conversion property tgf,q4 = 3 mm. Good
matched layer is employed for absorbing outgoing waves at thgreement is again found between the numerical and experi-
computational edges. mental results. The almost complete conversion length is de-
As mentioned previously, the knowledge of the eigenmodeseased from 635 to 486 mfa- 3L;o,q ), Whent,,q is changed
is of fundamental importance in the design of the loading seftem 2 to 3 mm.
tion. Li,.q is taken to be half of the beat length between the Although not presented, we numerically and experimentally
fundamental TE- and TM-like modes in the loading section, i.ecpnfirmed that properties similar to those in Figs. 3 and 4 are
Licaa = 7/(BrE — fr™m), WhereSrg and Sy are the propa- obtained for the TM-to-TEEY, -to-E¥;) mode conversion.
gation constants of the TE- and TM-like mod@s and S Note that reflected waves should be generated at the interface
can be obtained using the imaginary distance scheme. As alretween the loading sections. Unfortunately, the IFD-VBPM as-
sult, the loading lengths fai,.a = 2 and3 mm are calculated sumes only forward traveling waves, so that the reflected waves
to be Lj,.qa = 127 and162 mm, respectively. are neglected. To investigate the influence of the reflected waves
The constructive interference between the TE- and TM-liken the conversion behavior, we also analyze the waveguide by
modes in the loading sections will lead to a complete pthe FDTD method that is applicable to treating reflection prob-
larization conversion. The converted power is given bigms.
P. = sin®(kL1aaN) [7, €q. (1)], wheres is a coupling coeffi-  The values obtained by the FDTD analysis are plotted by
cient andN is the number of loadings. WheM L, is equal dotted lines in Figs. 3 and 4. As can be seen, the conversion be-
to 7 /2|x|, the complete conversion can be obtained. Auxiliafyavior evaluated by the FDTD method substantially agrees with
calculations showed that the values|sf for #1.,.a = 2 and that by the IFD-VBPM. The overall loss during the complete
3 mm are approximately 26107 and 3.1x 1072, respec- conversion process (including scattering and reflection losses) is
tively. Consequently, it is expected that the excitgf] (TE) calculated to be approximately 1 dB figf.a = 2 mm. Note that

I1l. DISCUSSION
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the discrepancy between the IFD-VBPM and the FDTD method
is observed for low-power levels of less thaB0 dB. Thisisbe- [y
cause the propagating minor field for the IFD-VBPM is slightly
deformed by numerical artifacts, which may be caused by th )

: ]
negligence of the reflected waves and by the use of the sIowI3
varying envelope approximation.

As is well known, the IFD-VBPM requires less compu- [
tational time and memories in comparison with the FDTD
method. The calculations have been performed on a PC with4]
Pentium 1-GHz processor and 2-GB memories. For example,
we need approximately 7 days and 1.9 GB memories in the
FDTD analysis to obtain the data fef,,q = 1100 mm. On [5]
the other hand, the IFD-VBPM requires approximately 10 min
and 70 MB. It is concluded that the IFD-VBPM enables us to [g]
efficiently evaluate polarization-dependent devices, provided

that reflected waves are negligible. 0

[8]
IV. CONCLUSION

Polarization conversion in a periodically loaded dielectric el
waveguide has been investigated numerically and experimen-
tally at a microwave frequency. The IFD-VBPM is used for [10]
the analysis of propagating field along the waveguide. The
calculated complete conversion length agrees well with the
experimental result. It is demonstrated that the IFD-VBPM it
powerful tool of analyzing practical polarization-dependent

devices.
[12]

(13]
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