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Design of WDM Optical Components -
Integrated Waveguides, Arrayed
Waveguide Gratings, and Fibre Gratings
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Introduction

Topics: Design and simulation of

1. Apodized and chirped grating on an optical fibre.
2. 8 channel AWG (Arrayed Waveguide Grating).

3. Optical combiner using integrated waveguides.

Using Optiwave software



Pzeudo-Random BINRZ Pulse Generator 1.0

Bit rate = Bit rate Bitsfs

Single Fiber

Fiber Coupler

Single W aveguide

W aveguide Coupler

Other "W avequide

[ I
bmas et |
I-al-_
l:m_
Lt
Co ]
[Fe—
[
L :-.
i
—
Impod caclls | Dposl Proile.

v Fital P

‘il L |
[

I - :
h el | I ] - Fawi
Dhidddng e
© rewm Rl Frokmerearay
Fm.
Caps | L T T '.'-|I|||||I-H|!
[IE ] Il |t = g
=
L T L Capaner
o i 7| Wk | Erale
Do g o
e
i 5 L
o ¥ 1 ]
Bafrm
wocriPrafls | Dopant Prolls




- PL0. =1t
Pzeudo-Random BiNRE Pulse Generator 1.0
Bit rate = Bit rate Bitsfs *
i W A
: | s

Grating Apodization
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Inverse Problem

Desired Spectrum
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Reconstruction
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2. Arrayed Waveguide Gratlngs (AWG)
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BPM simulation zones



010.. 1

Pzeudo-Random BiNRZ Pulse Generator 1.0
Bit rate = Bit rate Bitsis

"u*& m——

al0l =
T ———

] m) &) e)s] ol @la)| mls S| e ]=]n)| # @) )]

Optical Fisld Optical Field

Width | I'I.'|:|'

.12 [nfc) 135
Distanee {mm)
Al @ |
Flald _-'r H.ﬂ
0,478 -
- S350
0382 + n
o 0.287 R 22
< z‘ e — 1L
ol . ] Ea ;
i
kel B { a3z - -ao
0,000 bomancet, D i o
—BD -00 -200 Q0 20 4040 ARG < —an
Width {pm} .
Peo Halp, pram Pl L. = f y ik Lt .
l.Sdd 1546 L.54B 155 1.952 1.5354 |.508

wavelength [pm)

T - —

L.556




I ‘ Opt'.wave L‘. f:;;‘ﬂkma anm. | -_"1'._? r

3. Optical Power Combiner

Portl__ ! Port 2

_’POI”[?) ...............

*Design a waveguide junction which takes
power coming in Port 1 and Port 3 and
combines them into Port 2 with no loss.
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Simulated Y Coupler
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3 Port Networks

a, . — b,
1<_P01’t1 ”””P()rtzq_a2

b; <
S matrix is the relation between Basic results from
Waves entering and waves exiting Electromagnetic theory:
. . T
0 T Ta- Reciprocity: o =
bl Sll SIZ Sl3 al . eC p OC ty S S
bz - S21 Szz 823 a, 1.€. 821 - S12 and S23 — 832
b3 S31 832 833 3

-ed L AL Loss-less: SS_T — I
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Trouble with 3 Ports

2 2 _
Ideal power combiner would have [S.[ =1 and Syl =1

and Reciprocity would imply  |S,/ =1 and [S,,| =1

But this 1s impossible!
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4 Port Networks
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4 Port Combiner

Q| — '_’b2
b1<— .4—32
a3_>ﬁﬁﬁ | o ?_>b4
b3‘_"' _ '4_34
0] 0 1 0 1]
V20 1|1 0 j oo
0 ~J2/0 j 0 1|-]
0 j 01 00




Bit rate = Bit rate Bitsfs

Pzeudo-Random BiNRE Pulse Generator 1.0

HI:IHF“-H'rl imulstor - [0 DptiDeselopment' Pre s OpbSemines 2001 BelencedYaCsupler nrn]

Fle Edt Wes Calnidstions Took Seifinge Heo

= % @1 25 0 &l T4 S| ol |w]nw] [+ <]|@] 1]

=101 x|

Optical Fiald

Width LT ITI:I'

0.3 0.5 0.8

Distance (o)

Fiald _-"l H.n
La16 - 15000
LLSE - J 14078
;0848 .
: - Ladsn ¥
= pfes :
paan |- - 148
. - = . J | 4p00
-128 0.0 LA 260
Widith {pm)

For Halp, prass FL Emah

Optical Field




Pzeudo-Random BiNRZ Pulse Generator 1.0 “
Bit rate = Bit rate Bitsfs

vl
Micro-ring Resonator
(Couplers and Beyond)
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BPM is a unidirectional simulation tool. Typical applications: Mach Zehnder interferometer,
couplers, Y junctions, ...

Modeling of devices like micro-ring resonators, Cylindrical Micro-cavities, photonic

bandgap crystals, requires Omni-directional modeling tools ( FTDT, Helmholtz FEM
solver)

—b 0 5
in Through
Micro-ring resonator
Device suitable 0
for WDM Why not use BPM ¢
networks
—

drop



Pzeudo-Random BiNRE Pulse Generator 1.0
Bit rate = Bit rate Bitsfs

I (9 Optiwave

Segmentation of the Problem

L
V, \Z
L V3 Cl V4
N — Couplerl ——
Bent WG2 Bent WG1

Vs V',
N_ ] V' C2 Ve
~— 1 Coupler2 I

Coupling between the waveguide and the ring occurs over a finite length L

— » The problem can be split into smaller problems regarding the beam
propagation in the coupler and the straight and bent waveguides, as long as we
are able to match the interfaces.

BPM provides means for analyzing both couplers, straight and bent waveguides.

Is there a way to use the available resources?
circuit theory with devices as N-ports?



Ié%CMﬁwm@

L

Bit

Pzeudo-Random BiNRZ Pulse Generator 1.0

rate = Bit rate Bits/s

e |

Micro Ring Coupler

Weak coupling
C <<t




¢ O ti wave v - GEnem.lr 10
; P k | B -

Ring BPM Zone

Fields in waveguides at end of BPM propagation zone
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norm of the scattering matrix coefficients
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Bent Waveguide Propagation through both straight and bent waveguides can
be simulated by a simple phase shift and attenuation, using

V’N the factor: e _ J ,B L

Where [ is a complex propagation constant.

Based on the 4-port description of the couplers and simplifying the waveguide propagation
as an induced phase shift, we arrive at an expression for the output of the through port:

2 1-tte P |
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Conclusions

This presentation has demonstrated the use of
Optiwave software in the design of

1. Gratings in optical fibres
2. Arrayed Waveguide Gratings
3. Integrated waveguides

The software 1s useful for both proof of concept and
Optimization.

By breaking problems into smaller parts, sometimes
the limitations of the methods can be overcome.



