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Abstract

By using a GaAs/AlGaAs superlattice embedded in a waveguide geometry a one
million fold enhancement for surface emitting harmonic generation can be
obtained. In previous work the cross section was too low for practical applications.
Experimental results and full theoretical treatment will be presented. The
possibility of a visible, surface emitting solid state diode laser, correlators and

spectrometers will be discussed for InGaAs, InP and GaAs geometries. :
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Several years ago Stegeman and Normandin predicted and demonstrated the nonlinear mixing of
oppositely propagating guided waves. The resultant field was coupled to radiation modes and
propagated in a direction perpendicular to the waveguide surface in the case of equal frequency
fundamentals. Its application to picosecond signal processing, the creation of an all-optical
transient digitizer and crude spectrometer ¢!’ demonstrated the potential usefulness of this
interaction. Finally the nonlinear cross section was evaluated for a symmetric GaAs waveguide
structure ‘), Recent work has also apparently rediscovered this geometry and experimentally
verified the GaAs calculations 3.

We previously demonstrated that the radiated harmonic field, in the geometry shown in Fig. 1,
is strongly dependant on the exact shape of the field distribution of the guided fundamental and
that by suitable modifications the overall interaction strength can be increased 2. Considering
the case of a GaAs waveguide with 1.06um light on a buffer layer made of AlGaAs (Fig. 1)
interference effects in dipole contributions and strong absorption of the 0.53um light by the GaAs
will reduce the output intensity.

The option, presented here, is to use a combination of alternating nonlinear materials and changes
in the refractive index to induce a phase coherence at the output plane. The nonlinear cross
section, normalised to an interaction region of 1mm by lcm, is given by I12w)=AnLT'T". A
calculation for a normal GaAs guide compared with a superlattice of half period made of
Al gGa ,As and GaAs is shown in Fig. 2. The waveguide TE, cutoff point is around 0.2 ym. In
the normal guide highly damped oscillations (by absorption) are visible as the guide thickness
is increased. The superlattice geometry (SL) is clearly more efficient by up to 10° for large
thicknesses. The cross section is calculated for a 1um film as a function of the superlatice period
in Fig. 3. The fundamental resonance is evident for kx=1. The resonance peak is fairly broad (only
a few layers are present) making the fabrication non critical of materials parameters.

A waveguide of MBE grown GaAs (0.6um thick) on 1.6um of Al ,Ga (As was compared with
another made of a superlattice of alternating 0.06um Al ,Ga  As/GaAs layers for a total thickness
of 0.6um. The theory predicted an enhancement of approximately 1000. We observed a signal
increase of over 800 in the geometry depicted in Fig. 1. Further experiments with Al gGa ,As on



111 substrates are in progress. We will discuss the possibility of visible surface emitting diode
laser geometries and efficient diode laser spectrometres in a fiber optics context using this work.
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Figure 1.

Experimental geometry used for
nonlinear harmonic cross section
measurements.
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Figure 2. Figure 3.

Enhancement in harmonic signal (log scale) Harmonic signal as a function of

as a function of waveguide guide thickness. the superlattice period. Same curve on

a linear and log scale.



