46 COMPARATIVE STUDY OF S-BEND AND DIRECTIONAL COUPLER
o ANALYSIS METHODS

G. franssens and P. Kaczmarski, Laboratory of Electromagnetism and Acoustics, University of
. IMEC, Sint Pietersnicuwstraat 41, B-9000 Gent, Belgium;
and C. Weinert, Heinrich Hertz Institut (HHI), Einsteinufer 37, D-1000 Berlin, Federal Republic of

m: H. Bastiaansen and J. van der Tol, Dr. Neher Laboratory (RNL), Dutch PTT, Postbus 421, 2260 AK
d , The Netherlands;
: W' Faculteit der Elektrotec

Erijnen, H. 1}oekszra and Th. Popma, University of Twente (UT), Postbus 217, 7500 AE Enschede, The

] IW, Technical Rescarch Centre of Finland (VTT), Semiconductor Laboratory, Otakaari 7B, SF-02150

hniek, Technische Universiteit Delft (TUD), Postbus 5031, 2600 GA Delit,

By, Finland;
@ Lawinger and G. Zesch, Deutsche Bundespost TELEKOM (DBT), Postfach 10 00 03, D-6100 Darmstadt,
- gueral Republic of Germany;

1 G, Institute for Quantum Electronics, Swiss Federal Institute of Technology (ETH), Hoenggerberg, CH-8093
tarich, Switzerland;

X Taylor. D. Robbins and J. Buus, Plessey Research Caswell Limited, Towcester, Northants NN128EQ,

{ Croston, GEC-Marconi Research Centre, West Hanningfield Road, Great Baddow, Chelmsford, Essex CM2
, England;
ﬁmfia, A. Galtarossa and C. Someda, University of Padova (UP), Dipartimento di Ellettronica ¢
! ica. Via Gradenigo 6/A, Padova, Italy;
¥ Potenza, CSELT, Via G. Reiss, Romoli 274, 10148 Torino, Italy;
} Gerdes and R. Pregla, Department of Electrical Engineering, FernUniversitit Hagen, Postfach 940, D-5800
Hagen, Federal Republic of Germany.

Abstract

Modelling methods for the calculation of the insertion loss of S bends and for the design of a
&rectional coupler are compared. Accurate experimental data are available for the analysed
waveguide structures.

The COST (European Cooperation in the Field of Scientific and Technical Research)
project 216 consists in studying the technology and characterization of advanced devices for
optical switching and routing. Within the Working Group "Device Modeling" attention is
focussed on the modeling of optical waveguide switches. As a first effort the group compared
various modeling techniques for the eigenmode analysis of integrated optical ridge
waveguides [1,2]. This paper reports dn a comparative study of analysis methods to calculate
the insertion loss of S-bends and to design a directional coupler. In the case of the S-bends the
wial loss is calculated as function of the radii of the bends and the effect of a transverse offset
between the two curved sections of the S-bend is investigated. For the directional coupler the
coupling length of the parallel guides is calculated and the influence of the S-bends on the
overall coupling of the device is investigated. In order to make a sound comparison between
the numerical and experimental results, much attention was paid to a careful selection of
accurate experimental data. The working group acknowledges the Technical University of
Delft and the Heinrich Hertz Institute for providing these data.

2 Anal res and compared modeling technigu

Two types of ridge waveguides are considered: a weakly guiding one (the HHI guide,
Fig. 1) and a strongly guiding one (the RNL-TUD guide, Fig. 3). S-bends were fabricated for
both types. The directional coupler is based on the HHI guide (Fig 2). The waveguide
parameters for both types are given in Table 1. For the HHI guide the quasi-TE fundamental
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mode is used and for the RNL-TUD guide the quasi-TM modes EHopo and EHop1 are
considered.
For the directional coupler the power ratio at B with respect to the input power at Ais
calculated with h = 25. mm, r = 40. mm, a gap g = 2.5 pum, and for lengths of the straight |
guidesx =1, 2., 3., and 4. mm (hereafter refered to as task I). !
For the HHI S-bend the total insertion loss is calculated with height h = 25. mm, offset s =0.
pm and for radii r = 10., 15., 25., and 40. mm (task IL.1). The same calculation is done with h
=25. mm, r = 15. mm and for offsets s = 0.,0.5,1.,,and 1.5 pm (task I1.2).
This calculation is repeated with the RNL-TUD S-bend (Fig. 4) for the following 5 cases: 2
=50 um, s = 1.53 pm; r2 =75 pm, s = 1.20 pm; r2 = 100 pm, s = 1.05 um; r2 = 150 pm, s =
0.85 pm; r2 = 200 pm, s = 0.73 pm and with fixed parameters: h = 410 pm, 11 = 200 um
(task IID).

The compared modeling techniques [2] are: the effective index method (EIM), either
on its own or in conjunction with the beam propagation method (BPM), the corrected
effective index method (CEIM), the discrete sine method (DSM), the domain integral method
(DIM), the coupled mode theory (CMT), the method of lines (MoL), conformal mapping to
straighten out the bends, the leaky mode method (LMM) and a perturbation method (PM),
The reader is referred to [2] for more details about most of those methods. Figs. 5-7 indicate
which method or combination of methods was used by each research group.

waveguide parameters (in pm): w t dt A

task 1. HHI directional coupler: 3. 1.1 0.225 1.286
task 11: HHI S-bend: 2. 1.3 0.300 1.286
task 11I: RNL-TUD S-bend ws = 2.5 WC =3.5 0.240 0.100 0.6328

Table 1: Waveguide parameters

3. Numerical results
Task I. Fig. 5 represents the power ratio P(B)/P(A) for the four lengths z of the parallel

section as obtained by each research group. From coupled mode theory, it fgllows that the
cross-coupling between two straight parallel guides is given by P(z) = P(0) sin[Kc z], where -
the coupling constant K¢ = (n/2)/Lc, and Lc is the coupling length. By defining y = arcsin
[\f ((P(2)/P(A))], and z as the length of the straight guides of the coupler, the obtained datacan
be converted to a linear y(z) graph. This graph has the form y(z) = K¢ 2ladd + z), where
21add stands for an additional physical length representing the coupling between the S-bends .
at the beginning and end of the coupler. The coupling in the physical coupler is thea
equivalent to the coupling between a pair of parallel guides with physical length z + 2ladd-
Task II. A comparison of the calculated and measured values for the S-bend loss will
be presented. :
Task I1I. Figs. 6 - 7 show the computed and measured total insertion loss of the RNL-
TUD S-bend structure. The differences between the calculated results increase sharply
the curvature of the bend. For the fundamental mode, the mean of the calculated value
about 0.5 - 1.0 dB below the measured figure (except at 12 = 50 pm), but shows the s2
general behavior as the measurements. Due to the use of different widths for the straight 2
curved parts of the guide and of a transverse offset, low insertion losses can be obtained
rather high curvatures with this type of waveguide (< 1 dB for r2 = 150 pm). By optimiz
this technique a bending loss of 0.6 dB for a radius of 50 pm was recently reported [3].
For the second mode, the differences between the calculated and measured values 1S &
larger. Since a mode of a higher order is more difficult both to model and to measure £

could be expected.

4. Conclusions ;
Most of the available numerical methods to analyse realistic passive device struch

such as S-bends and directional couplers, have been reviewed. In this way both the &
of the different methods and the way they are actually implemented by the different ¢
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pe compared. We refer the reader to the oral presentation of this paper for a

«e discussion of the results. Some general conclusions are given here.

From Fig. 5, it can be seen that there is a good agreement between the different

ions of the EIM+BPM combination and between the EIM, CEIM and an exact

as the DIM. The small differences between the different BPM results are due to

in discretization and parameters such as the propagation step size and absorber

sadicions. For some methods such as the DSM, the MoL and CMT the difference with the

poreet methods grows slightly with the length of the device.

: For the RNL-TUD S-bends there is less agreement between the simulations, as can be
Figs. 6 - 7. Between the different implementations of the EIM+BPM-+conformal

ﬁ”“‘ g schemes the agreement is good for small curvatures and offsets. However, they
e rapidly with the curvature and the offset of the bend. The other methods show larger
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Fig. 1. HHI ridge waveguide: cross section. Fig. 3 RNL-TUD rib waveguide: cross section.

Fig. 4 RNL-TUD S-bend.

ECOC ‘90 - 177




Io ljy width w fength 2
—>

gap g //’:_:}Eslgm h

J

i—/ — %1
.—»
radius r
Fig. 2 HHI coupler.
m
]
bl 450
b @ UG:EIM+BPM
=) e VTT:EIM+BPM
. 3607 = DBT:EIM+BPM
:[,.: o HHI:EIM+BPM
< = UT:EIM+BPM
o 270 A o Plessey:EIM+BPM
o A GEC:EIM+BPM
= a ETH:MoL+CMT
X 180 - = UT:DSM
Ko + RNL-TUD:DIM
£ ® RNL-TUD:EIM
3 | x RNL-TUD:CEIM
= 90 x DBT:CMT
] = UT:EIM
3 0 T v L] v L] M 1] r L] M
> 0 1. 2 3 4 5
X (mm)
Fig. 5 Task l: HHI coupler.
Total loss (dB) Total loss (dB)
8 / 25
O VTT:EIM+BPM+conf T O VTT:EIM+BPM+conf
B ETH:MoL ] M ETH:MolL
[0 RNL-TUD:EIM+BPM+cont . [J RNL-TUD:EIM+BPMscont
6 A UG:EIM+BPM.cont / A UG:EIM+BPM+conf
q A UT:EIM+BPM+cont 4 ./ A UT:EIM+BPMsconf
® RNL-TUD:experiment @ RNL-TUD:experiment
15 e meree?

10 -

/¥ )

S I ’

’ T T T L] T 23’
0 50 100 150 200 250 25 50 75 100 125 150 175 200
radius (m!M

radius (micron)

Fig. 6 Task lll.1: RNL-TUD S-bend, EH(00)-mode. Fig.7 Task Jil.1: RNL-TUD S-bend, EH(01)"
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