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1. Introduction

Understanding the physical origins and mechanisms responsi-
ble for different types of electronic noise is important in optimizing
the performance of a broad range of electronic devices. Electronic
noise can originate from dark currents, temperature fluctuations,
and trap states. The fundamental noise components (shot noise
and thermal noise), are frequency independent, and can be con-
trolled to some extent by the choice of device architecture, and
through optimizing the detailed design [1], including the choice
of active materials, growth technique, operating temperature,
and doping levels.

The presence of defects and impurities results in large fluctua-
tions in electronic conductivity through fluctuations of carrier den-
sity [2], mobility [3] or a combination of the two [4–6]. The net

charge of any defect is then determined by the emission an
ture of carriers. A defect trap is charged upon carrier em
and neutralized upon carrier capture. These fluctuations in
numbers due to trapping, and in some cases phonon scatterin
to generation-recombination (G-R) noise. Studies of hole t
unintentionally p-type doped GaAs layers have been inves
previously [7], together with the low-frequency noise pro
of beryllium-doped GaAs/AlAs [1] quantum well and epitax
ers of Al0.5Ga0.5As [8] grown by molecular beam epitaxy (M

In this article, we investigate p-type beryllium-doped in
photodetectors in which a GaAs emitter is sandwiched be
undoped AlGaAs barriers. Having a doped emitter can l
excess noise owing to traps formed by ionized clustering of
rities [9], and this can reduce the gain of optoelectronic d
This G-R noise has the general property that the noise spectr
sity increases at lower frequencies and so low-frequency
(LFN) measurement can be utilized as a diagnostic tool to c
terize devices [10]. The aim of our present study is to chara
the various contributions of noise on the performance of an
red photodetector, and specifically their effect on device ga
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� At low temperature and low bias, the G-R type shot noise masks all othe
� Grading the barrier of GaAs/AlGaAs heterostructures enhances the escap
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We have measured and an
GaAs/AlGaAs heterojunctio
ise components.
obability of carriers.
escape probability.

ed, at different temperatures and bias voltages, the dark noise spectra of
frared photodetectors, where a highly doped GaAs emitter is sandwiched
The noise and gain mechanisms associated with the carrier transport are
at a lower noise spectral density is observed for a device with a flat barrier,
e lower noise power spectral density of flat barrier device, comparison of
se gain between flat and graded barrier samples confirmed that the escape
ctivity) is enhanced by grading the barrier. The grading suppresses recom-
omentum of carriers in the barrier. Optimizing the emitter thickness of the
wer the
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