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Asymmetric Fabry-Perot modulators (AFPM's) combine the nonlinear effects present in

multiple quantum well (MQW) structures with the interferometric operation of a Fabry-Perot

cavity, thus increasing the modulator performance over simple transmission or reflection

devices1. Parameters commonly used to evaluate the performance of a multiple quantum well

optical modulator are its contrast ratio, dynamic range, and insertion loss. We present the

design analysis of a GaAs/AlGaAs AFPM for operation at 850nm with respect to these

performance parameters.

The reflectivity of the Bragg stack forming the back mirror of the AFPM was found for

different layer materials. The number of layers and the materials used, was determined to

ensure a mirror with a high maximum reflectivity over a range of wavelengths. A high

reflectivity back mirror minimises the insertion loss while a broad reflectivity maxima reduces

the dependence of device operation on the growth quality of the stack. Computations of

transition energies of the MQW showed that for device operation at 850nm, a well width of

84.8A (30 atomic monolayers) was required. Our calculations confirm those reported

elsewhere2, that show for this well width the barrier width may be reduced to approximately

50A without superlattice coupling causing a serious degradation in the width of the excitonic

peaks. The characteristics of the primary exciton peak, have a large effect on the performance

of the AFPM. Calculations indicated that narrow linewidths and large Stark shifts are required

for an optimised contrast ratio, dynamic range and insertion loss. We demonstrate that with

exciton linewidths of 3nm and Stark shifts of 15nm, contrast ratios of 900 are achievable. Of

greater importance to the performance of the AFPM is the quality of the epitaxial growth and

the accuracy of the cavity phase matching. It was found that if the thickness of the cavity

deviates by only 10 monolayers either side of the optimum value the contrast ratio falls from

approximately 27 to 7dB. The dynamic range and insertion loss are less dependent on the

phase conditions, both requiring deviations of ±20 monolayers before they begin to fall off

appreciably. The final design of an AFPM for operation at 850nm is presented.
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