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Analysis of Optical Waveguides
with High-Reflection Coatings
Using the FD-TD Method

Junji YamauchiMember, IEEE Hiroyuki Kanbara, and Hisamatsu Nakarllow, IEEE

Abstract—An optical waveguide with a high-reflection coating 2.5 -
is investigated using the finite-difference time-domain (FD-TD) ) air
method. The obtained reflectivities are compared with those from = :
the transmission matrix method. Calculation shows the existence y . T
of the field propagating along the coating layers, resulting in . T
deterioration of reflectivity, particularly for TM wave. 1

Ngy, | Meof 4 Ba
. Index Terms—Finite-difference method, high-reflection coat- 0 54| incidence plane
ng- 2.0 0 2.0
——x[um]
I. INTRODUCTION Fig. 1. Configuration of an HR-coated waveguide.
HIGH-REFLECTION (HR) mirror consisting of alter-
nating dielectric layers [1]-[3] is useful in many appli- 10—

cations, since mirrors made of metallic films often cause severe _
heating problems. So far, the transmission matrix method = 0.8
(TMM) [4] has widely been used to design an HR coating. E
However, the TMM assumes a homogeneous medium in 3 0.6
the transverse direction, so that the estimated results do not % 0.4
necessarily agree with the experimental results [1], particularly ~ ™ - > TE-MODE
for a waveguide facet with an HR coating. Furthermore, the % 0.2 A a TM-MODE A
TMM does not give information on polarization dependence = | “\}f e TMM
at normal InCIdence' . ) . L. 0.0 O.élg O_Zt';lg 0_25‘1g 0<25‘lg 0.25Ilg 0251g

In this letter, we numerically investigate the reflectivity of | 4,0, | si | ALO, | si | ALO; | Si |
an HR coating consisting of quarter-wavelengiy /4) layers layer optical thickness

of two different materials. For the analysis, the finite-differencl_e - . .

. . . . . Ig. 2. Power reflectivity alh = 0.8 um as a function of layer thickness
time-domain (FD-TD) method [5]-{7] is used, since it allowsy, ajternating layers.

us to study the reflection of optical power from alternating

layered media [8]. It is found that the reflectivity for the TM

wave considerably differs from those obtained from the TMM. '
Further calculation shows the existence of the field propagating = ; 41 /f ¥
along the coating layers, and this results in deterioration of >
reflectivity, particularly for the TM wave. § 0.6F 4
it
2 0.4- i
Il. CONFIGURATION AND NUMERICAL METHOD . O~——0 TE-MODE
L . . . . 200l &——2a TM-MODE |
For simplicity, we consider a two-dimensional waveguide ¢ *<f . MM
whose facet is coated with alternating dielectric layers, as 0.0 , l ‘ ‘ |
shown in Fig. 1. We choose D3 as the low-index dielectric 0.0 0.3 0.6 0.9 1.2 1.5

adjacent to the facet and Si as the high-index dielectric core width, 2d [um]
material, i.e.n;, = 1.7 andng = 3.5. The refractive indices
of the core and the cladding are taken toshe, = 3.6 and
ncr, = 3.24, respectively.

Fig. 3. Power reflectivity as a function of core width.

The FD-TD method is used to analyze the field distribution
¥ﬁnu3$ﬂpt receiveghl\t/lr?y(Zjil l997;fr|§vi5_ed June C|’>_|0, 19%7-, o a7 in this structure. The incident field€, or TMy mode) is
€ authors are wi e College or Engineering, Aosel University, o-7- . . . . .
Kajino-cho, Koganei, Tokyo 184, Japan. éthed toward thet+z dllrec.tlon. from the incidence plang
Publisher Item Identifier S 1041-1135(98)00438-8. indicated by the dotted line in Fig. 1, so that the computation
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Fig. 4. Steady-state field distributions and corresponding Poynting vector piots {5 ¢m). (a) TE; mode and (bJTMy mode.
region is divided into reflected- and total-field regions [6]. The 10— e :
computational parameters are as followsz ~ 0.012 um, - : o——OTE-MODE
Az = 0.004pm, andcAt = 0.001.:m, wherec is the velocity Z 0.8 a—— TH-MODE-
of light in free space. To avoid undesirable reflection fromthe = | | X \y 777
computational boundaries, the perfectly matched layer (PML) & 0.6 i
[9] is placed at the edge of the computational region. The “é o4l =% ANy qeyr ]
effectiveness of the PML has already been verified in optical .
waveguiding problems [7], [10]. In this analysis, the reflection %’ 0.2 B
coefficient is taken to be?(0) = 10~%, and the number of = j
i 0.0 o
PML layers is 16. 0.2 0.8 12 76
A [pm]
lll. RESULTS Fig. 5. Power reflectivity as a function of wavelength

We first consider reflectivities as a function of layer thick-
ness for alternating layers for #D3 (A, /4 thick) and Si §,/4 TMM is 0.99. Incidentally, it is worth mentioning that a single
thick) sandwich. The core width of the waveguide is taken d&yer coating by AJO5 acts as an antireflection coating [11],
2d ~ 0.487m, which corresponds to a normalized frequencyhose reflectivity is less than 0.02.
of V.= 3.0 atA = 0.8 um. Fig. 2 shows the reflectivities The field profiles for both polarizations spread, as the core
of the fundamental modes for TE and TM waves\at 0.8 width is increased. Note that the TMM assumes a plane wave
pm. For comparison, the data obtained from the TMM is alsa a homogeneous medium. Therefore, it is expected that the
presented. From Fig. 2 we can see how the proper combinatiesults for both polarizations obtained from the FD-TD method
of \,/4 layers leads to a reasonable reflectivity. The resulégpproach the value estimated from the TMM with increase
obtained from the TE wave are close to those obtained frdm the core width. Fig. 3 shows the power reflectivity as a
the TMM. It should be noted, however, that the results fdunction of core width. The results are for six layers when
the TM wave differ from the TMM results. For example, thehe fundamental mode is excited. The core width ranges from
maximum reflectivities observed at six layers are 0.97 for ti¥el ~ 0.243 m to 1.217um, corresponding to a normalized
TE wave and 0.88 for the TM wave, while the result from th&equency range fromiV¥ = 1.5 to 7.5. As expected, the
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calculated results for both polarizations approach the TMMking the finite-difference time-domain method. The numerical

result with increase in the core width. When the core widtlesults are compared with those obtained from the conven-

is larger thared =1 um (V' = 6), the difference among themtional TMM. It is found that the field propagating along

is almost negligible. the coating layers reduces reflectivity, particularly for TM
Typical steady-state field distributions for both polarizationgolarization. The TMM gives reliable results, only when the

are shown in Fig. 4. The results are for a six-layer stack wittore width of the waveguide is large enough, elg.>> 6.

2d ~ 0.487 um. Corresponding Poynting vector plots are also

presented. The arrow length is scaled according to the power REEERENCES

magnitude, in which the power of less tha25 dB is omitted.
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