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ABSTRACT

A reduced signal-to-noise reduced
photodetector has been designed using single-and
double-quantum well structures as well as phonon
assisted transitions. To increase electron carriers,
delta-doping is used in the first single well. In this
contribution, the energy levels of the single-well—
double-well  structure are  prescribed by
determining the energy spectrum for the interface
phonon potentials and their dispersion curves.

INTRODUCTION

According to “Enhanced Signal-to-Noise in
Photodetectors Interface Phonon-assisted
Transitions”[1], photodetector is designed into
three quantum wells, one single well at the left and
one double well at the right side. The
photodetector absorbs one photon, emits a phonon,
and absorbs another photon with the same energy
the same as the first one. Accordingly, signal-to-
noise as predicted by the Richardson formula is
enhanced since the electron is approximately twice
as deep in its initial state as in the corresponding
single-well photodetector.

This series of processes - absorbing a photon,
emitting a phonon, then absorbing a photon -
works efficiently only if excess electrons are kept
in the first single well. That’s because electrons
are needed for absorbing photons. Delta doping
enhances the electron concentration that can
absorb photons in the first process, and can be
accomplished in a way that has little impacts on
the energy states and offsets of the full
structure.[2,3]

In this contribution, the phononic properties in
this structure will be described, including the
phonon dispersion curve and phonon potential in
the structure in the single-well-—double-well
structure.
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MODEL

Setting up regions for this structure, the
dielectric function should be considered first. As
known, in system such as AlAs and GaAs,
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Since €™, Wy, and w;, depend primarily on
the x-value of Ga, Al,_,.A4s, n-type doping causes
only small changes in the phononic properties.
Accordingly, only the boundaries defined by the
six interfaces in the active part of the single-well—
double-well device, see Figure 1, need to be used
to determine the  phonon modes and their
dispersion curves.

The single-double quantum well structure is
depicted as Fig. 1, and by a Schrodinger equation
calculation of energy levels, it is seen that the
phonon-assisted transition from the single-well to
the double-well can be driven by emission of a
phonon with an energy of 32.19 meV.

The phonon potentials, ¢, in the seven regions,
satisfy the boundary conditions [4],

Pn (Z) = (pn+1(zj (2)
dey dey
En o = Eni1pt 3)

Using the phonon normalization condition [4]
and performing all the calculations for different
wave vectors, g, from 0 to E, where lattice constant

a

of GaAs is 5.65325A, we find the results of
Figures 2-6.

CONCLUSION

Herein, the phononic properties for an
enhanced signal-to-noise photodetector have been
determined. Device design characteristics will be
discussed in the presentation.
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Fig. 1. Structure of single-double well photodetector along z
direction
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Fig. 2. Phonon dispersion curve. Phonon dispersion curves —
as shown as Fig. 2 — form groups near 33.768 meV and
46.692 meV.
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Fig. 3. Phonon potential along z-axis with =1 % 10%
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Fig. 4. Phonon potential along z-axis with ¢=5 x 10®

33410048 meV
33768121 meV|
33768143 meV|
34.16477 meV

45834708 eV
46692325 meV
s 46692882 meV/
47526566 meV|

Phonon Pote

position m

Fig. 5. Phonon potential along z-axis with q=10 x 102
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Fig. 6. Phonon potential along z-axis with q=20 x 102



