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Telecommunication

° G e n e rati n g 1’S a n d O’S Key components of an optical transport network
Reconfigurable Optical
Line interface Add/Drop Multiplexer
M H [e.g. 200 Gbit/s) (ROADM)
* Signal Processing : B

Client interface
[e.g. 100 Gbit/s]

* Nyquist: fearrier = 2fsignal
e Shannon:
e Send-transmit-receive |
* Chip-AON-chip — e, 100300 Corfe]

* Always a need for higher w—— T ——————
ttps://www.osaopn.org/opn/media/Images/Articles eatures/Winz
bandwidth & Speed er-img2.jpg?width=1200

5th October, 2017 SOH Dual-Polarization Modulator 3



Modulators

Power ful Modulations [NRGEETY I * Occupy the largest area on a
nanophotonic chip

* Analog Modulation techniques
 Amplitude
* Frequency
* Phase

Analog
Modulation

https://www.edgefx.in/wp-content/uploads/2014/09/9-27-2014-12-30-50-PM.jpg
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Pockels Effect

« 2"d order nonlinear optic effect

Anatomy of the Pockels Cell ﬁ = ﬁo + SO(X(l)E + )((Z)E: E + X(B)E: E: E + )
Boia ~ Electrode
ot . i Figure 5 : .
Wave — 5 * 15t order linear electro-optic effect
| 1
o . 3
Ng = N¢o — EncorijEd

* Change in n = phase shift

Anésog;orlc 4

a

- Electrode " Output
Wave

» Affected by Second Harmonic Generation

http://www.olympusmicro.com/primer/java/pockelsc
ell/pockelscelljavafigurel.jpg
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Electro-Optic Polymers

* Smart material: guest-host B =By + eo(y VE + yPE:E + y®E:

matrix M(E) = M(0) + @E + BE:E + E:
 Chromophores related to color
e Delocalized m-bonds

asymmetrically oriented to
create a dipole effect

* Applied E-field affects
polarization

* Orientation can be manipulated
to produce phase modulation
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Thermal Poling

* Heat to T,
* Annealing under electric field
* EOP is isotropic until poled VN oS
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Thermal Poling

e EOP is isotropic until poled

* Poling methods
e Corona or Electrode

* Typical modulators are poled

opposite to E-signal
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Dual Polarization

* Typical modulators interact with
one polarization on-axis

Anatomy of the Pockels Cell

Electrode

Polarized . il :
Input ~ . Figure 5
Wave :

An(i:sotsn;o ic .

< rysta
Electrode " Output

. Waee

http://www.olympusmicro.com/primer/java/pockelscell/pockelscelljavafigurel.jpg
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Dual Polarization

5th October, 2017

* Typical modulators interact with
one polarization on-axis

e Possible to interact with
orthogonal dimensions through
the use of the third dimension as a
degree of freedom
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Electrode (Electric Field)

Applied Electric Field
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Confinement in a Single-Mode Fiber

Mm
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Modules & Constraints

* Electromagnetic Waves, Beam Envelopes (ewbe)
» Define linear electro-optic effect (Pockels effect)
 Scattering Boundary Condition: Decaying field beyond sim domain
* Port 1: User Defined, for 45° polarized wave input
* Matched boundary condition: Output

* Electrostatics (es)
* Electric Potential 1 & 2: Apply top and side potential
e Ground: Set uniform ground



Phase Change: Length

Phase Change (rad)

1.8
1.6
1.4

Vx=10V, Vy=0V

— DR1/PMMA Ex ]
—— DR1/PMMA _Ey

— CLD1/PMMA_Ex
—— CLD1/PMMA Ey -

—f— |

_ 5000
Waveguide Length (um)

e Cutline 3D

° A(l) X Linteraction

* Sinusoidal over longer
interaction lengths

* Phase response can be increased
with:
* Pockels coefficient
* Mode field overlap
* Voltage




Phase Change: Applied Electric Field

Phase Change (rad)

1.8
1.6
1.4r
1.2

0.8f
0.6
0.4f
0.2

Waveguide Length=8mm

— DR1/PMMA_Ex
— CLD1/PMMA Ex

5
V_x (V)

* Parametric sweep

° A(l) X Vmodulation
* Sinusoidal over larger voltages

* Phase response can be increased
with:
* Pockels coefficient
* Mode field overlap
* Interaction length




Phase Change: Dual Modulation
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Future Work

* Temperature dependence — polymers

* ES module: thermal poling

* RF module: high frequency modulation

* Characterization of EOPs

* COMSOL voltage dependence stress simulation
* Decreasing footprint of device

 Fabrication techniques

* Boundary Element Method
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Thank You

Yannick.DMello@mail.McGill.ca

For more information, visit our poster!
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Testing DP-EOPM

Electrode

Electrode

Electrode (Grounded)
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Additional Study:

* Reduce cladding radius

* Cladding Radius: 10um
* Original: 20um

* Waveguide Length: 20um
* Original: 8000um

Line Graph: Electric field, x component (V/m)
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Line Graph: Electric field, x component (V/m)
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Line Graph: Electric field, x component (V/m)
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Line Graph: Electric field, x component (V/m)
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Line Graph: Electric field, x component (V/m)
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Additional Study:

* Single-Mode

* \Voltage: 20V
* Original: 10V

* Cladding Radius: 5um
* Original: 20um

* Core Radius: 0.8um
* Original: 2um

* Waveguide Length: 20um
* Original: 8000um
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