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Abstract. Hg1_ xCdx Te is an important material for infrared device technology. 
Despite a variety of investigations o~ molecular beam epit~ially (MB~) grown 
Hg-based superlattices and modulation-doped structures, little attention has 
been paid to the study of the photoluminescence properties of the constituent 
materials. We report here on a systematic study of Infrared photoluminescence 
on Hg1_ xCdx Te layers grown by MBE. The Fourier transform photoluminescence 
of Hg1_ xCdx Te layers with 0.25< x <0.93 grown on (110) and (211) GaAs was 
investigated in the spectral range from 0.1 aV to 1.5 eV. Emission lines were 
observed with a full width at half maximum down to 15 meV. Photoluminescence 
and transmission properties are compared over the temperature range from 
4.2 K to 300 K The possible influences of Burstein-Moss shift, impurity 
bands and exponential band tails are discussed. Photoluminescence at high 
temperatures originates from band·ta·band transitions. However, low temperature 
photoluminecence can be attributed either to impurity bands or to additional 
states due to band tails. 

1. Introduction 

Hg1-:l:Cda: 'le can be considered to be the state·of-the-art 
materia) for infrared detection technology. A substan· 
tial part of the experimental effort to understand and 
improve the properties of this material was focused on 
electrical methods [1, 2]. Many of the optical investiga
tions to date have been transmission experiments which 
were performed in order to study effects of band tails 
in this ternary alloy system [3, 4]. The photolumines
cence of Hgl-a:Cd,r Th was first mea~ured by ElIiot et al 
[5] more than 20 years ago. From the observation of 
two emission lines the high energy line was attributed 
to band-band recombination while the low energy line 
was assigned to electron-acceptor transitions. 

In this work, the photoluminescence properties of 
thin molecular beam epitaxially grown Hgl-a:Cd", Th lay
ers were investigated. Additional transmission experi
ments were performed to reveal the position of the 
emission lines with respect to the band gap. The pho
toluminescence spectra are explained by taking into ac
count the exponential band tails dominant in ternary 
systems with varying degrees of disorder. 

2. Experiment 

Epitaxial growth of the Hg1-", Cd", le layers was per
formed in a four-chamber Riber 2300 molecular beam 
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epitaxial (MBE) system, modified to permit the growth 
of Hg-based materials. Details of the growth are de
scribed. by He et al [6]. The thickness of the layers 
was in the range from 4 to 9 /.Lm. The infrared pho
toluminescence and transmission were measured with 
a commercial Bruker IFS88 FI'IR spectrometer, which 
has been altered to enable the collection of lumines
cence light A KBr beamsplitter was used along with 
a mercury cadmium telluride MCT detector cooled to 
77 K. A Nd;YAG laser was employed as the excita
tion source. The excitation power density was in the 
range 1 to 2 W cm-z. In order to separate the weak 
photoluminescence light from the dominant background 
radiation, a double modulation technique was used with 
phase-sensitive detection. The lower detection limit of 
100 me V was imposed by the cut·off energy of the 
Mer detector. The samples were mounted in a helium 
gas-eXChange cryostat equipped with ZnSe windows and 
cooled to temperatures ranging from 4.2 to 300 K 

3. Resul~s 

The 4.2 K photoluminescence spectra of four selected 
Hgl-a: Cd:r; Th layers are shown in figure 1 and a survey 
of all the layers investigated with x-values in the range 
0.25-0.93 is given in figure 2. 
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Figure 1. Photoluminescence of four Hg1- X CcJ.. Te layers 
at a temperatur.e of 4.2 K The scale is arbitrary. 
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Figure 2. Survey of all Hg1- x Cdx Te layers investigated. 
The quasi-diagonal line denotes the relationship between 
energy gap and x-value according to Hansen et a/ [7]. 
The vertical lines correspond to the energy difference 
between the onset of the photoluminescence and Hs 
maximum and schematicaJly represent the linewidth of the 
emission. For clarity the range 0.25< x <0.35 15 enlarged 
In the Inset. 

Each spectrum in figure 1 is dominated by a single 
emission line. Depending on the composition of the lay
ers, the photoluminescence lines cover a wide spectral 
range from the mid-infrared to the near-infrared [7J. 
The full width at half maximum (F'.\'HM) of the emis
sion lines increases with x-value from 15 to 43 meV. 
The narrowest line was obtained from the sample with 
x = 0.3. The corresponding spectrum with its peak at 
an energy of 208 meV and a FWHM of 15 meV is shown 
together with the approximate absorption coefficient Q 

as determined by transmission in figure 3. Clearly it 
can be seen that the majority of the emission occurs 
in the spectral range well beJow the a = 1000 cm-l 
point, which according to convention is defined as the 
bandgap [3]. The corresponding data for 300 K are 
shown in figure 4. In this case the low energy emission 
coincides with the onset of absorption. k the tempera
ture is increased, the photoluminescene is shifted closer 
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Figure 3. 4.2 K photoiumlnescence and absorption at 
4.2 K of HgO•7Cdo.3 Te. The dotted cUlVe is the result of a 
theoretical lineshape calculation with an effective carrier 
temperature of Tell =20 K 
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Figure 4. PhotolumIneSCence and absoijJtlon cl 
Hgo.7Cdo.3 Ta at 300 K The dotted cUlVe represents the 
numerical result with an effective carrier temperature of 
Teft =360 K 

to the absorption edge. At low temperatures, the onset 
of the absorption is found on the high energy side of 
the photoluminescence. In contrast, the photolumines
cence is located above the absorption edge at higher 
temperatures. This behaviour was found to be typical 
of all the samples investigated. 

4. Discussion 

For all high-quality MBE samples investigated a single 
and rather broad e!!'liRsion line was observed. The in
crease of linewidth with increasing x-value is consistent 
with the effects of alloy broadening [8]. Due to the 
decrease in the effective electron mass with decreas
ing bandgap [9], the maximum contribution to alloy 
broadening is shifted from x=O.5 to higher x-values. 
Although the photoluminescence lines are very narrow 
for MBE-grown material, all the linewidths are larger by 
a factor of 2 to 3 than the linewidths for good bulk 
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Hg1_:;-Cd:;-Th [10-12J. MBE growth is carried out far 
from thermal equilibrium at rather low substrate tem
peratures. e. g. 180 oc, which are necessary to grow 
Hg-containing material. This may favour compositional 
fluctuations in excess of the minimum statistical fluc
tuations [8] and could thus account for the enlarged 
linewidths. 

In comparison with the transmission data, most of 
the photoluminescence at 4.2 K was below the corre
sponding absorption edge. Therefore we conc1ude that 
the observed low temperature emission does not arise 
from band-ta-band transitions as suggested by Blliot et 
al [5] and other authors [10, 13-151 but rather from re
combination through states located in the fun'damental 
bandgap of the material, as is the case for Cd1-z-Mns Th 
and binary semiconductors. 

For the correct interpretation of the photolumines
cence, both the transmission and the electrical proper
ties have to be considered. All the layers investigated 
were as-grown n-type with typical carrier concentrations 
in the low 1016 cm-3 range at 4.2 K. In this regime, sub
stantial band tilling could be expected due to the small 
effective electron mass [16}. The shift of the Fermi en
ergy into the conduction band could then cause a blue 
shift of the absorption edge (Burstein-Moss Shift) [17). 
On the other hand, poor sample quality with dominat
ing defect bands could also iead to emission below the 
bandgap. In order to exclude these principal possiblities, 
both photoluminescence and transmission were mea· 
sured on high-quality bulk p-type Hgl_~ Cd:;-Th, from 
which both defect bands and band filling should be ab
sent Here the same characteristic relationship between 
photoluminescence and transmission was observed [18]. 
Another possible source of the photoluminescence is 
due to an additionaJ density-at-states tail in the forbid
den energy gap of Hgl_zCd~ 'le, whose existence has 
been demonstrated in a number of experiments [3, 12, 
19, 20]. Following the concept of Cohen et al [21], the 
absorption in this region is usually [12, 22, 23] described 
as 

(
E- Eo\ 

amil = nu exp lifIj ) 
o , 

(1) 

where Wo denotes the strength of the band tail and Eo 
marks the transition energy between the Kane absorp
tion as described by Anderson [24] and the additional 
tail. 1YPical1y the values for Wo range from 2 to 10 meV 
[3, 4, 22]. 1b obtain the position of the Fermi energy, 
both the magnitude of the density of states due to the 
tail and the measured carrier concentration have to be 
considered. The well known Fermi integral fonnalism 
for parabolic bands [25] can be extended in order to 
account qualitatively for the additional density of states 
below the bandgap: 

no = ,Ne (l!t JElexp(r,)de 
r 3/ 2 -00 1 + exp (40 -71) 

+ 100 .fide ) 
£,l+exp(4O-1J) 

- N. Flail 
- c 1/2 (2) 
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Figure 5. Integral over the quasi-Fermi Integral given 
in equation (2) for different values of the dimensionless 
quantity ft which describes the strength of the exponential 
tail. 

The effect of an additional density of states due to 
the tail 'VVith ft = Wo/2kT as a variabie parameter 
is shown in figure 5. Assuming for example that the 
reduced Fermi energy 71 is located at the bottom edge 
of the conduction band (11 = 0), Fl~~ has a value of 
apprOximately 1 if tail effects are absent (COt = 0). The 
corresponding carrier concentration is then given by 
Ne. A much higher carrier concentration is possible 
if ft is assumed to have a value of 10. In this case 
the carrier concentration can be larger by two orders 
of magnitude without moving the Fermi energy into 
the band. From this one can see that a high carrier 
concentration does not shift the Fermi energy into the 
cond uction band if band tails are allowed. Therefore the 
classical band tilling phenomena shou1d be negligible, 
especially in cases where E't is large. This is the case for 
MBE-grown Hgl_~Cd:;-re. Quaiitatively the same effect 
could be caused by impurity bands, which are to be 
expected above a criticaJ carrier concentration as low 
as nait ~ 5.5 x 1014 crn-S [26] for x = 0.3 material. 

The exponential behaviour of O! also plays a key 
, role 1."1 the numerical simulation of the photolumines

cence lineshape. Fol1owing the concept developed by 
Herrmann et of [12] and' employing the notation given 
by Anderson [27], the spontaneous photoluminescence 
is described by 

(3) 

E = nw is the quantum energy and Eg is the energy 
gap. The two quasi-Fermi energies Qn and Qp for 
electrons and holes are positive if they are located in 
the conduction or valence band respectively. In our 
calculations the values for both Qn and Qp had to be 
selected in the range from -5 to -10 meV in order to flt 
the experimental data. Here the absorption coefficie.nt 
a as given by Anderson [24] and modified to include 
band tails was employed. The factor ao was chosen to 
ensure continuity of both the absorption coefficient and 



its derivative at the transition point Eo. The results of 
these calculations are included in figures 3 and 4 (dot
ted curves). For the 4.2 K spectrum in figure 3, a tail 
parameter of 7.4 meV had to be used, which is con~ 
siderably larger than other Jaw-temperature values for 
bulk material [3, 4, 22]. The value scales approximately 
with the enlarged FWHM and indicates that permanent 
broadening mechanisms are present in the MBE samples 
investigated as a result of the non-equilibrium nature 
of the MBE growth. At 300 K we obtained a taU pa
rameter of 10.3 me V (figure 3). This is also larger than 
values found in bulk material at this temperature. How
ever, the phonon-activated enhancement of this quantity 
compares well with the results on bulk material [18, 22]. 

A comparison of figures 3 and 4 shows that this 
model can describe both the low and high tempera
ture photoluminescence. At low temperatures however, 
the emission occurs mainly in the spectral region that 
is assigned to an exponential tail. Due to .thermal ef
fects, the room temperature emission follows mainly the 
Kane-like absorption. 

5. Conclusion 

From a systematic comparison of photoluminescene and 
transmission properties of MBE grown Hgl_rCd"" Th lay
ers we conclude that the photoluminescence properties 
over a wide range of temperature can be described by a 
model taking into account exponential band tails. This 
model accurately predicts the photoluminescence line
shape. At low temperatures photoluminescence 'arises 
from states in an exponential tail, i.e. in the funda
mental bandgap. Significant contributions from states 
within the conventional conduction or valence bands 
are observed only at higher temperatures. 
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