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Study on Superlattice Infrared Photodetectors and Emitting Diodes
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In this proposal, we will develop a
technigue to measure the noise power of
the photocurrent to investigate the
localized states. In  particular, the
associated lifetime of the free carriers with
the localized states is our primary interest.
The carrier lifetime is an important
parameter for those devices such as laser
diodes and detectors. With simple
measurement of |-V characteristics or
absorption spectrum, we can not determine
its value. However, it can be derived from
the noise power of the photocurrent in the
devices. Theratio of the photocurrent noise
power over 4ely, where Iy, is the
photocurrent gives the noise current gain.
The noise current gain also equals the ratio
of the lifetime over the transit time. In
average, a free carrier passes through the
samplein atransit time. Its magnitude may
be changed with the sample length or the
applied voltage. Therefore, the lifetime
measured with the photocurrent noise is
not limited by the frequency capability of
the measurement system. This is the best
advantage of this method to measure the
carrier lifetime.

In the future three years, we will keep
going on the development of the
measurement technique of the photocurrent
noise. The devices we will investigate are
involved with the GaN bulk, quantum
wells, quantum dots, or C-base
nanostructures. For the GaN bulk, we will
study the localized states caused by the



impurities and defects while for the others,
the localized states by the nanostructures.
In addition to the noise measurement, we
will also proceed the measurements of the
FTIR absorption spectrum,
photoluminescence, Raman absorption

spectrum, and step scan radiation spectrum.

Based on all the experimenta results, the
lifetime can be analyzed for which of the
radiative or nonradiative transitions is
more important. In particular, the
mechanism rendering the nonradiative
transition is our primary concern. In the
future plan, al of the results derived from
this proposal will be utilized to design the
optoelectronic  devices  with  such
nanostructures.

Keywords. localized state, nanostructure,
quantum well, quantum dot, noise
measurement.
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The noise characteristics are an
important  factor to determine the
performance of an infrared photodetector,
especially the noise equivalent differentia
temperature and the detectivity. In this
paper, we report the 77K noise
characteristics of an infrared hot-electron
transistor (IHET) whose sample structure
is shown in Fig. 1. The IHET contains a
multiple quantum well photodetector
(QWIP) between the emitter and the base,
and a double barrier energy filter between
the base and the collector.

In the noise measurement, the QWIP
is under a fixed bias Vgg while the base

and the collector are kept at the same
ground potential (see Fig.1l). The
background noise from the measurement
set-up is well calibrated and subtracted to
get the noise power from the IHET. The
emitter noise power (Sg) measured from

the emitter current (Ig) represents the noise

characteristics of the QWIP structure. The
collector noise power (Sc) measured from

the collector current (Ic) is the noise

behavior of hot electrons injected from the
QWIP and tunneling through the energy
filter. The solid circlesin Fig. 2 and 3 are
the experimental results of Sg and S¢

respectively. In addition, we also measure
the dark currents (I and 1c), the emitter

photocurrent gain g and the emitter
differential conductance G at 77K.

At 77K, the dominant current in the
QWIP is due to the electrons excited by
thermally assisted tunneling. These
electrons, travelling above the barriers and
scattered by phonons or impurities, are
finally trapped into another quantum well.
The noise due to the thermal excitation and
the trapping by quantum wellsis similar to
the generation-recombination noise (G-R
noise) in the photoconductor. The noise

power due to this mechanism' can be
written as 4eglg. The reason we use the

photocurrent gain is because the thermal
excitation is similar to the photon
excitation. The dash-dot line in Fig. 2 is
the G-R noise power. Besides, the
scattering process is also a noise source
which is similar to the therma noise in a
conductor. This thermal noise power is
4KTG and aso shown as dashed linein Fig.
2. Suppose the thermal noise and the G-R
noise are independent. The sum of these
two noise power is shown as the solid
curve in Fig. 2 and agrees well with the
experimental data. At low biases, the
thermal noise is dominant since the electric
field within the barriers is weak and the
current gain is small. When the bias is



larger than 2.5V, the G-R noise becomes —
more important.
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In the collector, the shot noise power, i S
2¢elc, is estimated and compared with the Sk '/ i
experimental data. They agree with each iy Thm{/,se
other very well up to Vgg = 5V. According uw@ A 1
to binomial statistics, if the probability /"GR noise gl 1
when an event occurs is much less than 1, 102 ¢ : - — :
the variance, s, of the number of the event o v"w; '
is equal to its average number.’ Suppose Fig, 2 Bmittr noise power (sold circles)
the event is the tunneling of the injected estimatedgeneration-recombination
hot electrons through the energy filter. the thonmal noise power. Thesotid
Assume the minimum measurement time is Dovape. e sum of the two noise
t and the average number of the tunneling
electrons within t is N. The relation 10° ——
between N and I is I = eN/t. Then the o s
noise power is €’s?%/(Bt?)= 2el. where > ’ N\
B=1/(2t) is measurement bandwidth. We § ety RO
also measure the transfer ratio a (= Ic/lg) § ol
and find a < 0.04 up to Vgg = 5V. This J |
confirms that the tunneling probability is h « v 5
smal and the collector noise is a shot "
noise. Fig. 3 Collector noise power (solid circles)

versus V.. The solid line is the esti-

In summary, we measure and study mated shot noise power.
the emitter and collector noise of an IHET,
and find that the QWIP noise can be NN 7}4;@;’%
described as the sum of the thermal noise 1. B.F.Levine C. G. Bethea, G. Hasnain,
and G-R'n0|se while the colllector noise is V. O. Shen, E. Pelve, R. R. Abbott, and
a shot noise when thg tunnellng probability S. J. Hseih, Appl. Phys. Lett. 56, 851,
through the energy filter is much less than (1990).
1

2. C. V. Heer, SQatistical Mechanics,
Kinetic  Theory, and Sochastic
Processes, P.84~P.86, Academic Press,
New York, 1972.
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QWIP:
Well: GaAs 50 A; n=1.2x10"cm”
| Bamier: AlGaAs x~028(161 A); 0305(167 A); 035(173 A)
E: Gas 6000 A; o=1.2x1¢" cai”
B: InGaAs y=0.1(300 A); GaAs(200 A); n=1.0x10* cm?
C: GaAs 11000 A; n=1.2x10* co®
Encrgy filter: AlGaAs x=0.3(40 A); GaAs (50 A); AlGaAs x=0.3(40 A); AlGaAs x=0.25(2000 A)
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Fig. 1 The sample struccure of the infrared hot-electron transistor and its
band diagram under a fixed bias VBE.
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