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Two-frequency stimulated emission in Hg(Cd)Te/CdHgTe heterostructure
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In this work, we studied the spectra of stimulated emission of a waveguide heterostructure with quantum wells

based on HgCdTe. In the course of the studies, we used optical pumping, at wavelengths of 2 and 2.3 µm, which

are mainly absorbed, in the barriers and quantum wells, respectively. It was found that in both cases optical

pumping leads to stimulated emission, with a wavelength corresponding to the energy of the fundamental transition

in quantum wells, it being 138meV. With pumping absorbed in barriers, it was found that a short-wavelength

emission line with an energy of 248meV appeared on the spectra, which can be attributed to transitions involving

deep donor levels. At liquid nitrogen temperature, increasing the pumping intensity leads to the appearance of a

narrow peak in the short-wave line and, by selecting the pumping parameters, two-frequency generation at 5 and

7 µm wavelengths can be achieved.
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1. Introduction

Solid solutions of HgCdTe are traditionally used to create

photodetectors of the mid-infrared (IR) range due to the

possibility of continuous variation of the band gap width Eg

in this material from 1.6 eV to zero when the composition

of the solution changes (see, for example, [1]).

Recently, researchers have been very interested in

heterostructures with quantum wells (QW) CdyHg1−yTe/

Hg1−xCdxTe/CdyHg1−yTe, which have a number of unique

properties. For example, if the QW width is greater than the

critical one (dcrit ∼ 6.3 nm), then an inverted band structure

occurs: the bottom of the conduction band is formed by

hole-type states, and the ceiling of the valence band, respec-

tively, is formed by electronic-type states [2]. If we consider

narrower pits, then their zone structure will be normal, and

a hyperbolic law of dispersion is formed near the zero quasi-

pulse, which makes QW Hg1−xCdxTe/CdyHg1−yTe are

attractive for lasers at interband transitions. In this regard,

studies of the generation of radiation in heterostructures

with HgCdTe QW and CdHgTe barriers (Cd ∼ 0.7) were

conducted. Stimulated radiation (SR) in the wavelength

range from 2.5µm (at room temperature) to 31µm was

obtained by optical pumping of waveguide structures (see,
for example, [3–6]).

To date, the greatest progress has been made as semi-

conductor sources The radiation of the mid-IR range was

achieved by quantum cascade lasers (QCL) and interband

cascade lasers (ICL). In the range from 5 to 20 µm QCL

demonstrate record performance in terms of output power

and efficiency [7–9]. However, due to the technological dif-

ficulties of the growth of QCL, their mass use is impossible.

If we consider ICL, then they are a hybrid of QCL and

classical diode lasers. As the sources closest in their device

to QCL, ICL have comparable operating characteristics in

the short-wave region of the mid-IR range [10,11] and the

same disadvantages as QCL, namely the relative complexity

of production, high cost and low possibility of restructuring.

The growth of a large number of QW is not required for

laser diodes based on lead chalcogenides−tin (PbSnSe(Te))
unlike QCL. Like in HgCdTe solid solutions, the band gap

of this material can be changed by varying the composition

of the solid solution, and Auger recombination, which

serves as the main channel of non-radiative recombination

in interband IR sources, is suppressed by virtue of the quasi-

relativistic law of electron and hole dispersion, which made

it possible to obtain radiation using lasers of this type in the

entire wavelength range from 3 to 46 µm [12,13]. Lasers

based on lead chalcogenides have become widespread

as a source of radiation for high-resolution spectroscopy,

however, due to the high residual concentration of elec-

trically active defects and difficulties in manufacturing

heterojunctions, this type of laser is able to work only at

cryogenic temperatures.

HgCdTe heterostructures can serve as the basis for a new

type of mid-IR semiconductor lasers due to the suppression

of auger recombination similar to PbSnSe(Te) lasers, the

high optical quality of heterostructures and the relative ease
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of production compared to cascade lasers due to the smaller

number of QW in the active region.

In this paper, radiation from the heterostructure

Hg1−xCdxTe/CdyHg1−yTe with waveguide layers of variable

composition (
”
varizonal“ layers) in the region 7−10µm.

The use of such layers reduces the heating of the electronic

subsystem that occurs during the capture of carriers in QW,

i. e. there is a decrease in the energy that must be expended

to the electron for thermalization in QW. This is important

both for injection lasers and when using optical pumping,

which is absorbed in barrier layers.

2. Experiment procedure

A Bruker Vertex 80v IR spectrometer was used to study

the photoluminescence and stimulated radiation spectra.

The test sample was fixed on the cold finger of a closed-

loop helium cryostat and placed in one of the foci of an

elliptical mirror. The second focus was coupled with the

optical scheme of the spectrometer. For optical excitation

of the structure, a pulsed parametric light generator (PLG)

”
Solar“ with pulse length ∼ 10 ns was used. Its feature is

the simultaneous generation of radiation at two wavelengths:

2 and 2.3µm. One of the beams can be blocked or both

wavelengths can be transmitted using the PLG output flap.

Attenuation of radiation was performed using a set of optical

filters. At the entrance to the spectrometer there was an

InAs filter with a transmission range of 400−2700 cm−1,

which absorbed the pump radiation.

The studied structure was grown using molecular beam

epitaxy method on GaAs(013) substrates at the Institute of

Semiconductor Physics of SB RAS (Novosibirsk) [14]. The
growth diagram of the test sample is shown in Figure 1. It is

a heterostructure with five 4 nm QW Cd0.5Hg0.5Te/%break

Hg0.05Cd0.95Te/Cd0.5Hg0.5Te surrounded by wider-band

HgCdTe layers necessary for waveguide implementation.

Radiation localization occurs due to a jump in the refractive

index between the waveguide layers and the CdTe buffer

on the one hand and air — on the other. The structure

implements a dielectric waveguide for radiation at a wave-

length of ∼ 9µm, however, the localization of the TE mode

also occurs at smaller wavelengths. Figure 1 shows the

calculation of the distribution of the electric field in the

structure at wavelengths 5 and 7.5µm.

The differences between the studied structure and typical

waveguide heterostructures based on HgCdTe [3] are the

higher temperature of the substrate during growth (7100 c.u.
compared to the typical temperature of 6500 c.u.) and

the variable composition of cadmium in the waveguide

layers. In addition, in this structure, barriers separating QW

contain only 50%Cd. On the one hand, a decrease in

the cadmium content in the barriers leads to a decrease

in the threshold energy of auger recombination [15] —
according to calculations it is only 35MeV in the studied

structure. At the same time, the use of narrow-band

barriers is preferable when using current pumping, since
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Figure 1. Distribution of cadmium content and electric field TE0

modes in the structure. The boundary of the CdTe buffer and the

main part of the structure is taken as the origin point.

it reduces the energy of carriers captured in QW. The width

of the band gap in the studied structure in the barriers

Cd0.5Hg0.5Te corresponds to the energy of pumping quanta

with a wavelength of 2µm, therefore, both the experimental

scheme when nonequilibrium carriers are excited directly

in the QW, and the case when nonequilibrium carriers

are created in barriers and only then captured in QW are

possible due to the possibility of changing the wavelength

of the radiation of the PLG.

3. Results and discussion

An increase in the pumping power above the threshold

value leads to the generation of a SR with a wavelength

of ∼ 9 µm at a temperature of 20K, regardless of the

used wavelength of the PLG, which is characterized by a

superlinear signal growth and narrowing of the spectrum.

When radiation with a wavelength of 2 µm is completely

cut off, the quantum energy of which is greater than the

width of the band gap in the barriers, an increase in

pumping power above the threshold is accompanied by a

monotonous signal growth, and the spectra are single lines.

The radiation spectra become more complex if the pump

with a wavelength of 2µm is not cut off (Figure 2). We

observe only SR at a wavelength of ∼ 9µm (line A) with

a slight excess of the threshold power, however, a wide

band of radiation occurs (band B) with an increase of

pumping in the short-wavelength region of the spectrum

(1300−2000 cm−1). The band B cannot be explained by

radiative transitions involving excited states in QW, since

an increase in the intensity of the band with an increase

in pumping power is accompanied by a
”
quenching of the“

line of stimulated radiation of the interband transition of the

ground state in QW. A further increase in pumping leads

to the destruction of SR and only PL is observed on the

spectrum.
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Figure 2. Radiation spectra of the studied structure under pulsed

optical pumping with a wavelength of 2µm at a temperature of

20K at different power. Pmax corresponds to a power density of

60 kW/cm2 . The letters A and B denote, respectively, the SR line

at the interband junctions and a wide band of PL lying higher

in energy.
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Figure 3. Radiation spectra of the studied structure at a

temperature of 80K. The panels a−d correspond to different pump

power ratios at wavelengths 2 and 2.3 µm, which are designated

as P2 and P2.3, respectively. The Latin letters A and B denote the

position of the lines PL/SR.

With increasing temperature, the radiation spectrum

shifts to the short-wave region, and the pumping power at

which the band B is observed decreases. At a temperature

of 80 the K band B is present on all spectra. As the

pumping intensity increases at a wavelength of 2µm, the

amplitude of the band B increases, and a narrow line of SR

is observed against the background of a wide spectrum of

photoluminescence. At high pumping levels, the radiation

in the long-wavelength region of the spectrum completely

disappears, and we observe only SR in the vicinity of the

band B . The radiation spectra of the structure under various

conditions are shown in Figure3.

It is interesting that by exciting the structure simultane-

ously at the wavelengths of 2.3 and 2µm and selecting

the ratio between their amplitudes, it is possible to control

the ratio of the intensities of the bands A and B . This

makes it possible to ensure that stimulated radiation occurs

at the wavelength ∼ 5, ∼ 7.5µm or at both wavelengths

simultaneously. At temperatures > 80K, only a wide

line PL is observed, the position of which corresponds to

the band B .

The attenuation of SR with an increase in the intensity

of optical pumping was observed earlier in heterostructures

based on HgCdTe and was associated with the heating of

the electron gas [16], however, a narrow line lying above

the energy of the main transitions is observed in such

experiments for the first time. Since the high-frequency

band appears only when using short-wave pumping, which

is more efficiently absorbed in barriers, it is natural to

associate it with transitions in barrier layers. The energy

of the observed transitions at T = 20K is in the range

0.29Eg < ~ω < 0.45Eg , where Eg — the width of the band

gap of barriers Hg0.5Cd0.5Te (Eg = 564.5MeV) and can

be explained by the participation of deep impurity centers

in recombination. Deep centers with energies Ev + 0.4Eg ,

Ev + 0.75Eg , where Ev is the energy of the ceiling of

the valence zones were found practically in all studies of

CMT [17–20] in addition to mercury vacancies which are

small acceptors. The nature of these centers, which are

called, respectively, D1 and D2, is not clearly established,

however, the paper [19] showed that the concentration of

centers D1 is proportional to the concentration of holes,

which it made it possible to link this center with vacancies of

cations. Thus, it can be assumed that the observed PL band

occurs as a result of electron capture at deep centers D1

and subsequent radiative recombination with holes from

shallow acceptor levels. In this case, the attenuation of the

line A with an increase in pumping is due to the fact that a

large proportion of electron-hole pairs excited in the barriers

recombine through impurity centers and do not contribute

to radiation from QW.

Earlier it was reported about the observation of similar

transitions during optical measurements [20,21]. PL lines

associated with spontaneous transitions between the deep

donor level lying almost in the center of the band gap and

the valence band were recorded at 94K in [20]. However,

none of the papers reported an observation SR caused by

transitions involving deep impurities.

4. Conclusion

The radiation spectra of a waveguide heterostructure with

QW based on CdHgTe with a variable composition of solid

solution in waveguide layers are studied in this paper. It

is shown that SR occurs in the structure both when using

a pump absorbed in QW, and in the case when the pump
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is absorbed in barriers. This result can be useful when

creating current-pumped sources and for improving the

characteristics of SR with optical pumping.

In the course of the study, in addition to stimulated

radiation associated with interband radiative transitions from

the ground state to QW, radiation in the short-wavelength

region of the spectrum was detected. By selecting the

parameters of the experiment, we were able
”
to switch“

the wavelength of SR from 5 to 7.5µm and simultaneously

observe two lines. This effect can be useful for changing

the wavelength of HgCdTe-based lasers faster than using

temperature.
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