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Argon ion Laser
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Ti:Sapphire

Birefringent

Beamsplitter EiRI IS

e e.9. pioneered by St. Andrews OPO Group and others
 now a commercial product, e.g. M Squared Lasers
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Induced Irradiance

Lc 2Lc 3lLc 4l c 5Lc 6Lc

Distance Phased Matched Ak=0

Domain Reversal
Domain Disordering
Phase Mismatch

The generated wave must remain in phase with the no  nlinear
polarisation source to build up to a substantive le vel
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#» Common compound semiconductors in photonics
have a zinc-blende (cubic) structure 43m

Introducing heterostructure, e.g. quantum well,
breaks translational invariance in one direction

# Fora [001] grown heterostructure, 2-direction is no
longer equivalent to z, y breaking degeneracy:
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 Create point defects, e.qg.
by ion implantation

« Migration under Rapid As+ ions
Thermal Anneal causes
diffusion of group Il atoms
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properties blue-shifted

-linear for OE integration
-nonlinear for QPM
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14:14 monolayer GaAs/AlAs as-grown and after intermi xing
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@fehsgowy Periodic Gold Mask

e 3.5-4.5 um period gratings written by e-beam in bi-layer PMMA
e Au grating grown to ~2 um thickness by electroplating

Gold Electroplated Mask

PMMA
Seed Ti/Au conducting layer
Protective Dielectric Cap

Substrate

Seed Au/Ti conducting layer
Protective Dielectric Cap

Substrate
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[

* 4 MeV As?* jon implantation, typical dose 2x1013 ions/cm?
 Rapid Thermal Anneal, typically at 775<T for 60s
* Ridge waveguides, typically 3 um wide, fabricated by RIE
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i
e Continuous-wave, Ti:sapphire A=791.7 nm as TM pump
e cw, tunable C-band laser, amplified with EDFA as TE signal
e idler (up to 9 nW) generated in L- & U-bands
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“Bar” cross-talk near band-edge “Cross” cross-talk near half-band-edge
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Optimum coupler length ~220 pm
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University Lasing in GaAs/AlGaAs superlattice

* 100 nm of GaAs/AlGaAs
superlattice grown in centre of el ™
waveguide by MOVPE

- within p-i-n structure

- as-grown wafer displays

electro-luminescence at 772 nm

- annealed under same 121
- . — 500 um long
conditions for QWiI 104 | ——750 um long
———— 1000 um long
— 1250 um long
. . 8 4 1500 um long
» Fabry-Perot ridge waveguide S
lasers fabricated by RIE E 6
S 4
. —
e Lasing around 801 nm .
. : 04— ' ; : : , : ,
A special thanks to John Roberts @Sheffield for -7 20 100 pp 200

perseverance in the development of wafer growth Current (mA)
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Masked region
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« SEM image of etched waveguide _
» key step is removal of Au/Ti layers prior to waveguide
fabrication

(prewous mcomplete removal shown on the right)
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Di-chroic
MMI coupler

DD-QPM
Output channel waveguide Input channel
Asignal + Aidler (Asignal)




of Glasgow Conclusions

* Developed fabrication techniques for QPM waveguides

 Demonstrated frequency conversion in superlattice
semiconductor waveguides

- Pulsed and cw type-1 SHG

- Pulsed type-ll SHG

- Difference Frequency Generation (WDM channel shift )
 Demonstrated MMI dichroic couplers
 Demonstrated lasing at pump wavelengths

 Individual elements in place for self-pumped optica I
frequency conversion and generation

- Self-pumped DFG
- Self-pumped Parametric Amplication & OPO



