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We present the results of far-infrared magnetotransmission experiments on mercury telluride. The
experiments are performed on n -type samples in the Faraday and Voigt geometries in the wavelength
range from 2 mm to 100 pm at 4.2 K and in magnetic fields up to 58 kG. Both intraband transitions
in the I'y conduction band, such as cyclotron resonance, and interband I'y — I'y transitions are observed:
To analyze the position of the plasma-cylotron-resonance line observed in the Voigt geometry, we
discuss the frequency and magnetic field dependence of all the contributions to the dielectric function
including that which arises from the interband I'y — Iy transitions. The Luttinger parameters 7y;, 7,
and k describing the quantum levels in the I'y; bands near the degeneracy point atk=0are
determined. Absorption lines due to transitions between a discrete acceptor state degenerate with the
conduction band and the quantum levels of the conduction band are observed. The activation energy
of this acceptor state is found to be E, = 0.7 4 0.1 meV.

I. INTRODUCTION

The zero-gap band structure of mercury tellu-
ride (Fig. 1) yields a number of specific problems.
Magnetotransmission through a sample at submil-
limeter frequencies gives direct information on
these special features.

(i) Owing to the degeneracy of the top of the I'y
valence band with the bottom of the I'y conduction
band, there is a mixing of the wave functions of the
electrons and holes near k=0, In this case, the
quantum energy levels in the I'g bands in the pres-
ence of a magnetic field are unevenly spaced for
low quantum numbers. Then, the knowledge of the
effective mass and the Landé factor, sufficient to
describe the levels in the high-quantum-number
limit, is meaningless. The low-quantum-number
levels are described by the parameters introduced
by Luttinger! to interpret the quantum effects ob-
served by Fletcher et al.? in the cyclotron-reso-
nance transition on p-type germanium. The ab-
sorption lines observed in our energy range are
related to intraband and interband transitions be-
tween energy levels close to the I'y point, Taking
into account the results of magnetotransmission
experiments in the near-infrared region, we ob-
tain the values of the Luttinger parameters and a
complete description of the quantum levels.

(ii) The frequency dependence of the dielectric
function is different from what it is in a usual
semiconductor with a finite energy gap. The con-
tribution to the dielectric function of the I'g—~ I’
interband transitions depends strongly on the rela-
tive amplitude of the photon energy and of the Fer-
mi energy, as was shown by Sherrington and Kohn,®
Broerman, * and Grynberg, Le Toullec, and Bal-
kanski.® This effect must be taken into account
when studying magnetoplasma phenomena. In par-
ticular, the theory of the magnetoplasma cyclotron
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resonance in the Voigt configuration must be modi-
fied. We have calculated the positions of this res-
onance, at a given photon energy, as a function of
magnetic field. The observed position is in very
good agreement with the theoretical predictions.

(iii) What is the structure of the impurity levels
in such a material? This problem has been re-
cently discussed theoretically by Gel’mont and
D’yakonov.® We observe absorption lines which
we relate to the presence of impurities giving rise
to discrete acceptor states degenerate with the
conduction-band continuum,

II. EXPERIMENTAL DETAILS
A. Sample Preparation and Handling

The samples used in our experiments were ob-
tained according to the following procedure. A
solution of 0.5 at. % of tellurium in mercury is
heated up to 500 °C in a quartz ampulla and cooled
to room temperature in a 6-day operation. A thin
monocrystalline layer floats on the mercury sur-
face, The thickness of the layer varies from 20 to
80 um. Its surfaces are (111) planes. Samples
from such a layer are chemically etched in a solu-
tion of 5 at. % of bromine in methylic alcohol. The
thickness is reduced to less than 10 um. These
samples are »n type. The free-electron concentra-
tion and the mobility at 4.2 K, deduced from Hall
measurements on similar samples 60 um thick,
are around 2x10' cm=® and 6 x10° cm?V-! sec™!, re-
spectively.

The sample is then placed between two disks of
brass with a hole pierced in their centers. A thin
indium ring surrounds the sample between the two
disks, and the disks are pressed together until
their distance hardly exceeds the thickness of the
sample [Fig. 2(b)]. This “sandwich” is glued in

3884



8 SUBMILLIMETER CYCLOTRON

one of the experimental positions sketched in Figs,
2(a) and 2(c).

B. Microwave Sources

The experiments were performed at 4.2 K in a
large energy range. We used two types of micro-
wave sources: six backward-wave oscillators,
“carcinotrons”,” emitting, respectively, in the
wavelength range 2 mm, 1 mm, 900 um, 700 um,
600 um, 500 um, and two molecular gas lasers
operated on the following lines: 337 and 311 um
with HCN, 195 pm with DCN, and 118 um with
H,0. Thus we could work at photon energies from
0.5 meV up to 10.5 meV. The output power of the
sources ranges from several milliwatts to a few
watts. Consequently, attenuation is required in
all cases to prevent the destruction of the samples,
which could be due to the strains of overheating.
The amplitude of the power emitted by the sources
at a given wavelength is modulated electronically
at any frequency between 10 and 400 Hz in order
to use a lock-in amplifier. To do this, when using
a carcinotron, one modulates the intensity of the
electron beam by adding an ac voltage to the anode
voltage. In the case of the lasers this is achieved
by modulation of the intensity of the current in the
discharge.

C. Experimental Arrangement

From the source to the sample, the far-infrared
radiation is propagated in oversized waveguides
and light pipes. Conventional attenuators of 4-mm
radiation are used with the carcinotrons, and My-
lar sheets of different thicknesses with the lasers.

The experiments are performed in the axial
magnetic field of a superconducting coil. The
magnetic field can be continuously swept up to
58 kG. A sketch of the various experimental ar-
rangements is shown in Fig. 2. The light received
from the source is reflected by a mirror at 45°.

It propagates towards the sample along a stainless-
steel light pipe, 8 mm in diameter.

For the experiments performed in the Faraday
geometry, the sample holder is glued on the part
shown in Fig. 2(c), whichis placed atthe end of the
light pipe. For the experimentsinthe Voigt con-
tiguration [Fig. 2(a)] a mirror at 45° reflects the
microwave, which is directed onto the sample
placed in a vertical plane. In front of the sample,
a unidirectional grid linearly polarizes the incident
wave. The electric field associated to the micro-
wave can be set either perpendicular to or parallel
to the static magnetic field.

The microwave energy transmitted through the
sample is detected by a bolometer placed behind
the sample. We use & carbon bolometer which is
a regular Allen-Bradley resistor (100 , 110 w).
The resistor is thinned down to about 0.2 mm, and
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has a parallelepiped shape. It is glued on a brass
support, from which it is electrically isolated by
a Mylar sheet, The bottom of the waveguide, and
the sample holder, are located in a chamber
sealed with Wood’s metal, which can be filled with
an exchange gas.

III. RESULTS AND INTERPRETATION

We present in Figs. 3, 4, and 5 some experi-
mental recordings obtained at various wavelengths
for the Faraday geometry (q !l B,) (in Fig. 3), the
Voigt geometry (q 1 B, L E) (in Fig. 4), and the
Voigt geometry (q LB, 1E) (in Fig. 5).

The most evident feature of these recordings is
the small number of lines observed at long wave-
lengths (small photon energies), and the increasing
complexity of the spectrum at short wavelengths
(high photon energies).

For the samples used in the experiments, the
Fermi level at 4.2 K lies in the conduction band,
at an energy of the order of 2 meV above the Ty
point. Photons of energies smaller than the Fermi
energy can only induce intraband transitions,
whereas photons of energies larger than the Fermi
energy can also induce interband transitions be-
tween the I'g bands.

In Figures 6, 7, and 8 we show the plots for the
three experimental geometries of the positions
in magnetic field of the minima of transmission

P ~
Eg | N
M
A
7
(1] ¥=0 [100]—

FIG. 1. Band structure of HgTe near k=o.
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fy these lines as the cyclotron resonance and the
plasma-shifted cyclotron resonance in Faraday
and Voigt geometries, respectively. This is con-
firmed by the fact that the corresponding absorp-
tion line is very weak in the Voigt geometry with
Eu B,

In the Faraday geometry, the cyclotron-reso-
nance absorption occurs at w,=w. The correspond-
ing transition energy AE =4.,35 meV at B;=10 kG,

yields an apparent effective-mass value of m*
=(0.026+0. 001)m°. As we will show in Sec. III B,
it is related to transitions between the quantum
levels €7(1) and €;(2) labeled according to Luttinger.
In the Voigt geometry, the PCR line is shifted
to lower magnetic fields if compared to the cyclo-
tron-resonance line CR., In Fig. 9 we have plotted
E%(B?) for the PCR line for two samples. The po-
sition of the PCR line shows a parabolic dependence
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on the magnetic field typical of a plasma- shifted
cyclotron resonance. We recall that in Voigt geom-
etry no absorption occurs at w,=w. The carriers
in cyclotron motion are coupled to one another by
the depolarizing electric field. Furthermore, in
a polar semiconductor, they are coupled to the
polar LO phonons via the depolarizing electric
field, This effect has been studied, for example,
by Iwasa et al.® in indium antimonide, They have
shown that a linearly polarized radiation, with the
electric field perpendicular to the static magnetic
field, interacts with the collective normal modes,
which result from the mixing of the plasma-cyclo-
tron-resonance mode at w = (w?+ w)"/? with the
polar LO phonons at w;.

In a zero-gap semiconductor, the propagation of
an electromagnetic radiation is even more compli-
cated. The standard procedure is to write down
all the contributions to the dielectric function and
look for solutions of the wave equation. As we use
sample slabs of a thickness smaller than the wave-
length, we will then have to calculate the transmis
sion minima {o obtain the observed position of the
Voigt cyclotron resonance,

Grynberg, Le Toullec, and Balkanski® have cal-
culated the dielectric function for mercury tellu-
ride in the local limit, and in the absence of mag-
netic field, for different electronic concentrations
at different temperatures. The total dielectric
function reads

Fg-Tg rgTs
e(w)=€el+ae 0 ® (W) +06, p(w) + b€ S (W) .

The interband transitions give rise, in a usual
semiconductor, to the high-frequency contribution

€. to the dielectric function., It is frequency inde-
pendent in the region w< E,/fi. Here it has been
separated in the first two terms €.+ A€ Sur 8 (w).

€., is the high-frequency contribution to the di-
electric function, which arises from the electronic
transitions between all energy bands anywhere in
the Brillouin zone, the I'y—~ I'y interband transitions

sample 2 sample 1
30|

a)

sample 2

0 1 1
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1
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| 1
100 200 B2 (kG2)

FIG. 9. Plot of the position of the P.C.R. line show-
ing its dependence on B},
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excepted.

Aelg.re () is the contribution arising from the
Iy~ Iy interband transitions. Grynberg et al.®
have shown that, at low temperature, this part de-
pends strongly upon the frequency in the energy
range where Zw, the photon energy, is of the order
of the Fermi energy Eg.

A€, (w) is the contribution of the active phonon
modes, and can be written under the general form

AE,h(w) =Z L L

7 wi—w =iTjw ’

where w;, F;, and I'; are respectively the fre-
quency, the oscillator strength and the damping
parameters for the polar TO phonon modes. The
authors of Ref. 5 have shown that there are two
active modes. One of them corresponds to HgTe.
The other may be connected with the possible ex-
istence of Hg,Te.

Aef%.r8 (w) is the well-known contribution of the
free carriers in the I'y conduction band, i.e., the
plasma term,

A€l T8(w) consists of a real and an imaginary
part related by Kramers-Kronig relations:

Ael 8T8 (w) =o€ (w)+iae" (W) .

Neglecting the effects of nonparabolicity and the
warping of the 'y bands, Grynberg et al.® obtain,
in the random-phase approximation,

x[ (1 re (- f—TF‘))1 (1+exp(E;_;mu))
- (trem(5E)) " (e (57 ") ) ]

2 4R T(E% + P?)V*sin(Q, - 33,)
va0 [(E%+rfw® - o) +4E% v]1

and

1\
ae''(w)=A '—>
fw

«f [mxp (f_T)] B [mxpﬁ_;ﬁw)] B
el e

[mget\V2 m:)l/z
a=2p) (%)

P,=kTn(2v+1) ,

tane EF +R W - ’
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and
tang, = EF .
In the presence of an external magnetic field, one
must take into account the dependence of the dielec-
tric function upon magnetic field.
The contributions e, and Ae,,(w) do not depend
on the magnetic field. In our experiments, the
shift of the plasma cyclotron resonance is impor-
tant only at low frequency, with magnetic fields
smaller than 6 kG. For this range of magnetic
fields we can neglect the quantization of the 'y
bands. In this case, the Fermi energy does not
va.ry with magnetic field and the contribution
A€LET® () does not depend on the magnetic field.
Fmally, we introduce classically the magnetic
field in the plasma term, which we write in the
Drude- Zener approximation of an energy-indepen-
dent relaxation time. The frequency- and magnetic-
field-dependent dielectric function reads

€(w, By = €. + D€L & 8(w) + Agyp(w)
+ Aelntra (w BO)

Then in the Voigt configuration, the normal mode
of wave propagation leading to plasma cyclotron
resonance is given by

€, €t efy/exx = €,€_/€“ )
where

€,= €, +1€,, .

We have
€,(w, By) = €L+ ATET8(w) + Ag,,(w)
i ph
. wh T
i
w 1-ilwz w)T
and
€ (W, By) = €6 + A€ Sor 8 (w) + Ag,p(w)
w3 7(1 - jwT)
+i—2

T o of
w (1=iwt)+(w,T)
Here w? is the quantity
wi=ne®/m¥e, .

n and m} are the free-carrier concentration and
effective mass, respectively, 7 is the momentum
relaxation time, w, is the cyclotron frequency,
and ¢, is the permittivity of free space.

The real and imaginary parts of €, can be writ-
ten

[(4,A.) - (B,B.)] Re €, +[(4,B.) + (A_B,)]Ime .

Re(e,) = (Re E,,)z +(Im €x0)?

[4,.B.)+(A_B,)]Re €~ [(4,4) - (B,B.)] Ime,,
(Re €,,)? + (Im €,,)2 ’

Im(e,) =

where
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2 T
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From this we calculate the transmission coefficient
T through the sample as a function of the magnetic
field. The general formula which takes into ac-

count multiple reflections and interference phenom-
ena is

T=e'°“( (1-R)*+4R?sing, )
(1-Re™F + 4R **sin”[(w/cnd + ®,] |’

with

2%
tang, =y 7z 2

where «a is the absorption coefficient, d is the sam-
ple thickness, » is the index of refraction, % is the
extinction coefficient, and R is the reflection co-
efficient.

The transmission is computed numerically as a
function of magnetic field for different energies.
The value of the effective mass used in the calcu-
lation is the cyclotron mass determined in the
Faraday configuration, and the other parameters
such as €., w,, F;, T, are taken from the work of
Grynberg et al. The only adjustable parameter is
the electronic concentration n. For sample No. 1
we obtain z=1.2X10'® cm™ and for sample No. 2,
n=2x10'" cm™, In Fig. 10 the calculated position
is comparead with the experimental position for
sample No. 1, [For the sake of comparison, we
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have plotted in Fig. 10 the calculated position ob-
tained when supposing that the comtribution of the
I's—~ T’y interband transitions is constant, and al-
lowing €, +A€l5.r8=20¢gand z=1.2x10% cm™3
(open circles). The discrepancy with the experi-
mental results is evident. |

B. Intraband and Interband Transitions

The quantum energy levels, in both the conduc-
tion and the valence bands near the I'g point, are
determined by a set of five parameters introduced
by Luttinger.! The problem is therefore to find
the set which fits, at the same time, the I'y~ T’y
intraband transitions and the 'y~ I'y interband
transitions. Futhermore, this set of parameters
must also fit the interband I'g—~ I'g transitions ob-
served by Guldner, Rigaux, Mycielski, and Gryn-
berg9 on samples similar to ours, in their mag-
netotransmission experiments in the infrared re-
gion (see preceding paper). In our energy range,
the effects of nonparabolicity are negligible.
Following Groves, Brown, and Pidgeon,10 we
neglect the possible existence of k linear terms
in the I'y valence band. Furthermore, Laewetz'!
has shown by a semiphenomenological calcula-
tion that the warping of the I'g bands is negli-
gible. The energy separation between the I'y
and the I'g bands is very large: A~1 eV. There-
fore, we also neglect the direct influence of the
spin-orbit interaction on the I'y bands. Under
these simplifying assumptions the quantum levels
in the I'y bands fall into two sets, corresponding to
my=+3, —%and m;=+5, — 3, respectively. They
are given according to Ref, 1 by:

&) =2(n-7-3 eO)=30-7 -3« ,

ei(n) =nn-— (%71 +y— %K) i{['—)-"l - (71 -K +%;)]2
+37%( —1)}2 for n=2;

Ez(o) = %(7’1 + ;) - %K, 53(1) = %(71 + :;) - %K )

&n)=rm-Gr-r+3)x{{yn+ (- k- 31)P
+372 - 1)}Y2 for n=2

The plus sign corresponds to the holes and the
minus sign to the electrons. The levels ¢(0), ¢ (1),
€,(0), and €,(1) are the levels €;(») and €;(x) for
n=0,1. The transitions favored by the selection
rules are the following:

(i) inside a given set of levels the transitions
with An=+1 (i.e., cyclotron resonance); (ii) from
one set to the other, transitions with an=0 (we
shall note these As=x1, because at high quantum
number they would correspond to spin transitions);
(iii) interband transitions with Az =+ 1 in the same
set of levels.

The best agreement between the experimental
and the calculated energies of the transitions is
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obtained with the following values of the parameters:

7=-8.3£0.2; 7,=-12,8:£0.6; xk=-10.5£0.4.

In Fig. 11 the calculated energy levels are shown
We can attribute all the ob-

as a function of By.
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served absorption lines to definite transitions. A
summary of the experimental and calculated values
of the energies of the transitions in the Faraday
geometry is given in Table I and Fig. 12, with the
corresponding selection rules. One line labeled
IB, corresponds to An=- 3. This selection rule
can be explained if warping and k linear terms are
included. It may also arise from impurities,
rather than from interband transitions. One can
see that at high photon energy the “combined Az =1,
As =1 resonance” is observed.

C. Impurity Levels

In Figs. 6,7, and 8 we observe one line labeled
Imp, which appears for magnetic fields larger than
20 kG and which extrapolates for zero magnetic
field at a negative energy of the order of 0.7 meV.
We tentatively attribute this line to transitions
from an impurity level which lies in the conduction
band, to one of the quantum levels which has an
energy larger than the Fermi energy.

In a zero-gap semiconductor, an acceptor level
is degenerate with the conduction-band continuum.
In first approximation, the wave function of the
acceptor is constructed from valence-band wave
functions, with some mixing of conduction-band
wave functions because of the degeneracy at I'y at
k=0. Therefore, an acceptor impurity can create
discrete levels for the ground state and the excited
states, because of the heavy effective mass of the
valence band. On the contrary, a donor impurity
cannot create discrete levels, which would be de-
generated with the valence-band continuum, be-
cause of the light effective mass of the conduction

PHOTON ENERGY (meV)

o8

Sample 1

n=12.10%em3
T=4.2K

FARADAY
q/BglE FIG. 12. Absorptions
and corresponding transi-
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Imp ometry.

1 1
30 40
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TABLE I. Experimental absorptions and corresponding transitions in the Faraday geom-
etry. Comparison between the observed and the calculated energies of the transitions.
Experimental slope Calculated slope
Name meV/10 kG Transition meV/10 kG Error  Selection rules
S 1.65 €1(1) —e,(1) 1.7 3% An=0, As=1
1B, 2.40 €,(0) ~€,(1) 2.40 An=1, As=0
1B, 3.25 €,%(4) —€,(1) 3.15 3% Ap=-3, As=0
CR 4,35 €,(1) —~€,7(2) 4.35 ov . An=1, As=0
COMB 5.05 €;(1) —€,7(2) 5.25 4% An=1, As=1
IB, 6.35 €,*(3) ~€,7(2) 6.25 29 An==-1, As=0
1B, 13.2 €,°(3) ~€,"(4) 13.2 An=1, As=0
band. tion band, taking into account the effects of non-

For magnetic fields larger than 20 kG, the im-
purity level lies under all the quantum levels of the
conduction band except the level €,(1). The ab-
sorption line corresponds to the transition of elec-
trons from the impurity level to one of the empty
levels of the conduction band.

IV. DISCUSSION

In Fig. 11 one can see that at high quantum num-
ber » >3 the levels of each set in the conduction and
valence bands become evenly spaced. Thus one
can define an effective mass and a Landé factor.
For instance, we have

€:(4) - €1(3)=€3(4) - €3(3)=3.45 meV
at 10 kG and around 12 meV.
From this we obtain
m% >3, E~12 meV)=0, 034m, .
In the same way, we have
(4) - €7(4) = 3(3) - €;(3) =1 meV
at 10 kG and around 12 meV. Then we obtain
g¥ >3, E~12 meV)=-17.3 .
For the valence band we obtain
m¥ (E=1meV)=0.24myand g¥ (E=1meV)=-8

at 10 kG and 1 meV.

Guldner et al.® have adjusted the Iy~ I'g transi-
tions in the high-energy region, where there are no
quantum effects. They used the nonparabolic mod-
el of Kane applied by Kacman and Zawadzki'? to the
zero-gap semiconductors. They obtained the band-
edge values for the I'g conduction band:

m¥ (E=0)=(0.031+0.001)m, ,
gx (E=0)=-22x4 .

These values are fitting parameters and cannot be
experimentally observed because of the Luttinger
effect. From these values one can calculate the
effective mass at a given energy E in the conduc-

parabolicity:
m¥ (E)=m¥* (E=0)(1+2E/E,) ,

where E, is the energy separation between the I'g
and T’y levels.

One obtains m* (E=12 meV)=0,033m,, in very
good agreement with the value taken from the Lut-
tinger levels, in an energy range where nonparabo-
licity is almost negligible. At the same energy,
the value of the Lande factor should be smaller
than it is at the bottom of the band. One should
obtain g* (E=12 meV)~ - 20, in agreement with the
value obtained from the Luttinger theory. In order
to discuss further the validity of our parameters,
we have tried to compare them with the experi-
mental data of other workers on the I'y conduction
band.

Stradling and Antcliffe’® have studied the tem-
perature dependence of the quantum oscillations of
magnetoresistance in samples of concentration
n=2x10'"% cm™, They obtain m}=(0.029 0. 003)m,.
This value obviously corresponds to a mean value
between the apparent effective mass m¥*=0.026m,
corresponding to the transition €j(1)~ €;(2), and
the value 0. 034, obtained from the high-quantum-
number levels which are evenly spaced.

Tsidilkovski and Ponomarev** and Bashirov and
Gadzhieval® have studied the positions of the maxi-
ma of the first Shubnikov-de Haas ocillations,
which only give the product | g*| m*, and therefore
are difficult to analyze. Saleh and Fan'® have
studied the magneto-optical-absorption transitions
in the 3.5-35um range. From the separation of
the n =3 level they obtain | g¥| =19+ 3.

In order to test the quality of our parameters
we proceed as follows. We first estimate the en-
ergy E of the quantum levels involved in each ex-
periment. Then we calculate the effective mass at
E using the above formula with the band-edge mass
m¥ (E=0 meV)=0, 031m, Using the formula given
by Kacman and Zawadzki, '2 we finally calculate
the Lande factor by
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TABLE II. Cyclotron mass and Landé factor in the conduction band. Comparison between the experimental values
found by other workers and the calculated values of m} and g%, using our values of the Luttinger parameters and taking
into account the corrections due to the energy of the levels involved in each of these experiments.

Quantum number of

Energy E of quantum

Calculated values with

our parameters Experimental values

level involved level involved (in meV) m%(E)/m, Igx(E)|  mXE)/m, | gX(E) |
Stradling and
Anteliffe 2.2 0.031 29 0.029
Tsidilkovski and n=1 36.1 0.038 22 19<1g,1<29
Ponomarev c
Bashirov and n=1 58.4 0.043 18.5 17
Gadzhieva
Saleh and Fan n=3 46 0,040 20.3 0.028 19

. (@:2[1-(;% - 1) (3E—f2‘A)]

This formula is only valid for high energies and
high quantum numbers. E is the energy taken from
the top of the valence band, and A is the spin-orbit
interaction energy. The results of the comparisons
between experiment and theory are summarized in
Table II.

In conclusion, it seems that most of the experi-
mental results can be interpreted with the given
parameters, if one takes into account the Luttinger
effect for the levels of low quantum numbers and
the nonparabolicity effects for energies larger than
40 meV.

As for the impurity states, we may add the fol-
lowing. Finck et al.!” have studied the mobility as
a function of temperature in mercury telluride sam-
ples of low electronic concentration. They ob-
serve two minima of the mobility, which they at-
tribute to a resonant scattering when the Fermi
energy is equal to the activation energy of the ac-
ceptor level. They find two acceptor states cor-
responding to the activation energies E,4, = 2.25
meV and E,_=9.5 meV. The same effect has been
observed by Ivanov-Omskii et al.!® Furthermore,
Finck et al.'” observe a systematic decrease of the
mobility at temperatures lower than 2 K, and sug-
gest that this could be due to a resonant scattering
on copper occurring at T<1.5 K. Sologub et al.'?
have performed measurements down to 0. 05 K, and
observe a mobility anomaly around 1 K which could
have the same origin. The corresponding acceptor
state lies at an energy of the order of £E,~0.8+0,2
meV, It is probably this state that we observe.

On the other hand, Gel’mont and D’yakonov® have
calculated the ionization energy for the ground
state of an acceptor, in the hydrogenoid approxima-
tion in the absence of magnetic field., This model
could apply for instance to acceptor states arising
from mercury vacancies. They find about 6 meV
and a half-width of the order of 1.2 meV. In this

model the impurity level that we observe at 0,7
meV above the I'g point would correspond to one of
the excited states of the impurity. The electric
concentration 7~ 2x 10*® cm-? observed in these
samples at 4.2 K is of the order of magnitude of
what it would be in intrinsic crystals. Since we ob-
serve acceptor states there must also exist donor
impurities for compensation. These donor im-
purities have energies degenerate with the valence
band but do not lead to discrete observable levels.

V. SUMMARY AND CONCLUSIONS

We have performed the first observation of
cyclotron resonance in HgTe. To interpret the po-
sition of the plasma- shifted cyclotron resonance
in the geometry of Voigt, we have taken into ac-
count the frequency-dependent contribution of the
IT'g—~ I'y interband transitions to the dielectric con-
stant, and introduced classically the magnetic field
in the plasma term. The result of the calculation
is in excellent agreement with the experimental
results, The interpretation of the absorption lines
due to intraband and interband transitions leads us
to the determination of the Luttinger parameters,
which describe the quantum energy levels of both
I'g bands in a magnetic field near the degeneracy
point at I'g. This determination was made much
easier by a constant comparison with the results
of the magnetotransmission experiments reported
in the preceding paper. Finally, we have also ob-
served transitions between a discrete acceptor
state and the quantum levels of the conduction band.
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