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We report on experimental results of photosignal investigation in HgCdTe, InSb and PbTe semiconductor
p—n junctions under the action of an intense pulsed CO2 laser. The influence of laser power, external bias voltage
as well as the diode temperature on the photosignal formation has been studied. We show that under certain
conditions both classical photovoltaic and hot carrier phenomena may act simultaneously within a junction thus
strongly impacting on responsivity and speed of operation of the device. The drawn conclusions may be of great
importance for the development of high power optoelectronic devices.
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1. Introduction

Classical photovoltage appearing on an illuminated
semiconductor p—n junction is induced by electron—hole
pair generation and their separation in the potential field
of the junction. The fundamental requirement for the op-
eration of such a detector is the incident radiation energy
to be higher than a semiconductor bandgap.

Diodes with a p—n junction remain the most important
infrared (IR) detectors despite numerous attempts to re-
place them with the Schottky barriers, multiple quantum
wells and quantum dots, strain layer superlattices and al-
ternative materials such as high temperature supercon-
ductors or pyroelectric detectors [1-6]. HgCdTe, InSb
and PbTe semiconductor diodes as intrinsic detectors are
widely used to cover the wavelengths of the atmospheric
windows 3-5 pym and 8-14 pym [7].

On the other hand, a wide-gap semiconductor p—n
junction illuminated with IR laser light having photon
energy lower than the bandgap produces a photovoltage
resulting from the free carrier absorption [8-11]. In this
case free carriers obtain additional energy and by over-
coming the potential barrier of the junction form the so-
-called hot carrier photovoltage. Formation of this photo-
voltage has been investigated on relatively wide-gap semi-
conductors’ Ge [8-10], Si [11, 12], GaAs [13, 14] p—n junc-
tions illuminated with a COs laser (wavelength 10.6 pm)
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radiation. Polarity of the hot carrier photovoltage is op-
posite to that of a classical one.

Obviously, if a narrow-gap semiconductor is illumi-
nated with a light with photon energy satisfying con-
ditions for interband absorption, still the intraband
(free carrier) absorption may take action simultaneously.
It was established that photoconductivity in HgCdTe
may be influenced by the free carrier heating even un-
der a moderate intensity IR laser light [15]. Studies
of two-photon interband absorption coefficient in InSh
have revealed influence of free carrier absorption on its
value [16]. Therefore it is important to find meth-
ods clarifying and distinguishing both mentioned absorp-
tion mechanisms which determine detection properties of
semiconductor diodes.

In this paper we report a photosignal on HgCdTe, InSb
and PbTe p—n junctions under pulsed CO4 laser excita-
tion and show presence of both interband and intraband
absorption in these semiconductor structures.

2. Experimental

Hgy.sCdg.2oTe photodiodes were prepared by arsenic
diffusion from the vapor source into n-type single crys-
tal substrates followed by annealing process under Hg-
-saturation condition (n &~ 1+ 6 x 10'5 cm™3 at 77 K).

InSb photodiodes were prepared by liquid-phase epi-
taxy deposition of p-type 10 pm thick layer on n-
-substrate (n = 2 x 10 cm™2 and p ~ 106 cm™3
at 77 K).
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PbTe p—n structures were formed by IngTes gas dif-
fusion into a p-substrate at ~ 70 pum depth (n =~ 6 x
10'® ¢cm™2 and p ~ 10'® ecm~3). Mask pattern with
50 x 50 um? openings was used to form the diode struc-
tures by subsequent mesa etching.

As the IR radiation source the passively Q-switched
COg laser producing 150 ns duration pulses of 10.6 ym
wavelength was used. Maximum laser intensity reached
1 MW /cm?. The laser pulse shape was monitored with
Ge photon-drag detector; the intensity of the light was
varied with neutral teflon filters. All the experiments
were performed at liquid nitrogen temperature.

3. Results
3.1. Radiation power effect

At low intensities CO4 laser radiation induces the clas-
sical photovoltage across the HgCdTe p—n junction (see
Fig. 1, open dots; trace a in the inset). The signal linearly
increases in magnitude with the radiation intensity, and
at high excitation levels starts saturating. The saturation
is related with the potential barrier height of a p—n junc-
tion. Further increase of the radiation intensity causes
raise of another signal component of opposite polarity
(Fig. 1, solid dots; trace b in the inset). This component
is fast, it perfectly follows temporal shape of the wavy
laser pulse and its magnitude also linearly increases with
the intensity. All three facts: polarity, linear course and
fast speed, indicate the second component to be the hot
carrier photovoltage. This photovoltage is much faster
than the classical one since the speed of it is conditioned
by the carrier energy relaxation time (which is usually
of the order of tens of picoseconds in semiconductors),
while the temporal behavior of the classical photovoltage
is determined by the excess carrier lifetime (about 500 ns
in our case).
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Fig. 1. Photovoltage across HgCdTe p—n junction
against laser intensity. Straight lines represent linear
dependence. Inset: wavy laser pulse and photovoltage
pulse shape at lower (a) and higher (b) radiation inten-
sities.

A very similar picture is observed in the dependence
of photosignal detected across the InSb p—n junction on

the laser intensity (Fig. 2). The main difference is that
the classical photovoltage in this case originates from the
two-photon absorption of the COq laser radiation and
therefore follows the square law [16, 17].
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Fig. 2. Photovoltage across InSb p—n junction against
laser intensity. Straight lines represent square (left) and
linear (right) dependences.

It is worth noting that at high enough laser radiation
intensities the classical and the hot carrier photovoltages,
which are of opposite polarities, can reach equal values
of magnitude (see Fig. 1 and Fig. 2).
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Fig. 3. Photovoltage across PbTe p—n junction against

laser intensity. Straight lines represent square (left) and
linear (right) dependences.

Some different behavior is demonstrated by the PbTe
p—n junction. Illumination of it with the laser radiation
also gives rise to the photovoltage with polarity corre-
sponding to the classical one. The signal also tends to
saturate at high laser light intensities (Fig. 3). However,
the dependence is neither linear nor square. Earlier we
have revealed evidence of the two-photon absorption of
the CO4 laser radiation in PbTe Schottky diodes [18] and
close-to-surface p—n junctions [19] at liquid nitrogen tem-
perature (0.22 eV of the forbidden energy gap against
0.117 €V of the photon energy at 80 K). On the other
hand, it was declared that due to very strong free car-
rier absorption of the laser radiation the photosignal in
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the deeply formed p—n junction may result from absorp-
tion on free carriers, heat transfer from the hot electrons
to the photon system, thermal generation of electron—
hole pairs and consequently their separation in the built-
-in electric field of the junction [20]. Since in our case
the index of the photosignal dependence on the laser in-
tensity is about 1.4, we state that both phenomena, i.e.
two-photon absorption and free carrier absorption, are
responsible for the photovoltage formation. In contrast
to the previous HgCdTe and InSb cases, pure hot carrier
photovoltage has not been detected due to the relatively
deeply buried junction.

3.2. Voltage bias effect

If the measurements are performed in the closed circuit
regime, the classical or (and) hot carrier photocurrent
flows across the p—n junction. The strength of the first
one depends on the applied bias voltage U through the
width of the depletion region W [21]:

jph class X W X (‘/0 - U)l/ga (1)

where Vj is the built-in potential barrier of the junction.
Whereas the second one obeys the exponential depen-
dence [14]:

Jph-hot X exp(U). (2),
it means that the forward bias voltage applied on a p—n
junction increases the hot carrier photocurrent, while
the reverse one is favorable for the flow of the classical
photocurrent. Photosignal across the InSb diode traces
perfectly illustrate this consideration (Fig. 4). It is
seen that at high enough forward bias voltage values
the photosignal may consist totally of the hot carrier
component (Fig. 4b, trace 5).
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Fig. 4. Traces of photosignal pulse induced across InSb
p—n junction at zero and reverse bias (a) and at forward
(b) bias voltage: U =0V (1), —0.20 V (2), 0.167 V (3),
0.20 V (4), 0.227 V (5). Positive polarity corresponds
to the classical photovoltage, negative shows hot carrier
photovoltage.

Moreover, it should be noted that the photovoltage it-
self biases the junction, e.g. the generated classical pho-
tovoltage biases the junction in a forward direction thus
favoring the emergence of the hot carrier photovoltage,
and vice versa.

3.3. Temperature effect

Obviously, the classical photovoltage decreases with in-
creasing temperature due to decreasing barrier height.
We have witnessed this correlation in the InSb junctions.
The same conclusion has been drawn from the investiga-
tions of photosignal across the PbTe p—n junction [20].
However, in the view of the increase of lead telluride for-
bidden energy gap with temperature, the two-photon ab-
sorption induced photovoltage can be generated only up
to the 110 K temperature when the gap becomes equal
to doubled energy of the CO; laser radiation photon (if
the Moss—Burstein effect is not taken into account).

As for the hot carrier photovoltage, the temperature
increase encumbers its formation mainly due to the de-
crease of carrier mobility.

4. Conclusions

We have experimentally shown that detection qual-
ity of detectors having a narrow-gap semiconductor p—n
junction and operating in the intrinsic mode can be sig-
nificantly influenced by the free carrier absorption phe-
nomenon. In HgCdTe and InSb cases, at high enough
power of laser radiation the hot carrier photovoltage mag-
nitude reaches the one of the classical photovoltage thus
reducing the responsivity of the detectors. Moreover, the
applied external or optically induced forward bias voltage
also favors rise of the hot carrier photosignal. PbTe case
shows that the influence of free carrier absorption on the
photosignal formation may be conditioned by the depth
of the p—n junction from the surface. Rise of the detec-
tor operation temperature hinders both classical and hot
carrier photosignal formation.
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