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Abstract: The Faraday rotation of Cd

0.8

Mn

0.2

Te and Cd

0.9

Mn

0.1

Te single crystals grown in our laboratory was measured at room tem-

perature. We analyzed our Faraday rotation data in terms of a modified multi-oscillator model by improving the value of the band 

gap at L point in the Brillouin zone (E

1

) and obtained the values of the gap at the Γ point in the Brillouin zone (E

0

) for Cd

0.8

Mn

0.2

Te 

and Cd

0.9

Mn

0.1

Te from the fitting to 1.667 eV and 1.804 eV, respectively. The values of E

0

are more close to the calculated ones than 

nearly all of the previous studies.
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There have been considerable interests in the properties of 

the semi-magnetic semiconductors cadmium manganese tellu-

rium (Cd

1-x

Mn

x

Te or CMT), particularly in its large mag-

neto-optical interactions

[1-2]

. Its potential applications stem 

from the tunability of the energy gap by means of both vary-

ing Mn content and applying magnetic field. In the last two 

decades, many efforts have been done to specify the regularity 

of the Faraday rotation in CMT and other related �-�

compound semi-magnetic semiconductors

[3-5]

. The Faraday 

rotation as a function of magnetic ion concentration (x), tem-

perature and magnetic field in detail has been investigated. 

The research findings indicate that the Faraday rotation results 

from the magnetic-field induced energy splitting including the 

conventional Zeeman splitting and the exchange-induced 

splitting near the band gap. Here the exchange is referred to 

sp-d exchange interaction between the magnetic moments of 

magnetic ions and the free-carrier spins

[1]

. Upon analyzing the 

Faraday rotation data, the key is the application of the Kram-

ers-Kronig relations to the refractive index for a given mate-

rial. The fundamental models analyzing the Faraday rotation

are single-oscillator and multi-oscillator models. The single-

oscillator model is a simplified method, which expresses the 

refractive index involving an interband excitonic transition at 

the fundamental gap E

0

. But, its working conditions are lim-

ited by the magnetic ion concentrations for x�0.05 and the 

very strong excitonic effects at the absorption edge, etc. Multi-

oscillator model is first put forward by Pinkhtin and Yas’kov 

for fitting the refractive index of semiconductors with dia-

mond and zinc-blende structures

[6]

. Their refractive index ex-

pression includes the fundamental-gap contribution at the Γ

point, as well as the contributions from interband transitions at 

the L and X points of the Brillouin zone. Later, Jimé-

nez-González and Aggarwal developed the multi-oscillator 

model for the Faraday rotation using that analytical expression 

for the refractive index suggested by Pinkhtin and Yas’kov

[7]

. 

This Faraday rotation multi-oscillator model is proven to be 

used in more wide-ranges of magnetic ion concentrations and 

temperatures for undoped semi-magnetic semiconductors. 

However, Upon analyzing the Faraday rotation data of CMT 

(x up to 0.268), they did not take the value of the E

1

 gap for 

the Mn concentrations under study but used the CdTe E

1

 value. 

One would expect that the exact use for the value of the E

1

was certainly a valuable improvement. 

For this purpose, we investigated the room-temperature 

Faraday rotation of Cd

0.8

Mn

0.2

Te and Cd

0.9

Mn

0.1

Te single 

crystals grown in our laboratory by a self-designed experi-

mental setup. In this study, we fit the data of the Faraday rota-

tion in terms of a modified multi-oscillator model.

1  Theories

Faraday rotation results from the difference in phase veloc-

ity of left (σ

−

) and right (σ

+

) circularly polarized light 

propagating through a medium along B. The phase difference

ϕ∆  is given by 
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( )

l
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ω

ϕ

− +

∆ = − (1)

where ω  is the angular frequency of the light, c is the speed 

of light in vacuum, l is the distance of the light traveling in the 

medium, and n

�

 is the refractive indices for the two circular 

polarizations 

ˆ

σ

±

. Then, Faraday rotation angle 

F

θ  is given 

by the well known expression

F

( )

2

El

n n

c

θ

η

− +

= −                               (2)

where E is the photon energy and η is Planck’s constant di-

vided by 2π. 

In zero-field, according to Kramers-Kronig relations, Pik-

htin and Yas’kov derived a multi-oscillator model for refrac-

tive index n 

[6]
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       (3)

where E

0

, E

1

 and E

2

 are the band gaps at or near the Γ, L and X

points in the Brillouin zone, respectively. E

TO

 is the energy of 

the zone-center TO phonons. F

1

, F

2

 and F

TO

 are the corre-

sponding oscillator strengths for E

1

, E

2

 and E

TO

 transitions.

This expression for n is obtained from the application of the 

Kramers-Kronig relations to the imaginary part of the dielec-

tric constant ε

2

(ω) in the limit of low absorption. For photon 

energies lower than E

0

 the details of the ε

2

(ω) dispersion are 

not important and we need to keep the major factors

[6]

. It is 

possible then to model ε

2

(ω) as a multi-oscillator model,

which contain a constant between E

0

 and E

1

 followed by two 

undamped oscillators at E

1

 and E

2

 as shown in Fig.1. Between

E

0

 and E

1

 we take constant amplitude A of 0.7 E

0

-1/2

 which is 

the average of ε

2

(ω)

[6]

.

For small ∆E

i

 the difference ( )n n

− +

− can be expressed as

i

i

i

E

E

n

nn ∆

∂

∂

≈−

∑

+−

)(

                       (4)

where ∆E

i

 is the difference between the transition energies for 

σ

−

and σ

+

 polarizations in the presence of a magnetic field. 

Fig.1  General tendency of the imaginary part of complex dielectric

constant to the variation of the energy for a typical zinc-

blende semiconductor. The dot lines denote the model

used to approximate ε

2

For E < E

0

, the splittings at the E

2

 and E

TO

 energies were ne-

glected. This is a reasonable approximation since; first, for the 

wavelengths of interest, the dispersion from E

2

 and E

TO

 is 

relatively small; secondly, including of these transitions would 

increase the number of fitting parameters.

Taking partial derivatives for Eq. (3) with respect to E

0

 and 

E

1

, we get
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Using Eqs. (2), (4), (5), (6), we obtain

0 1
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            (7)

We use analytical expressions for 

0

E∆ and

1

E∆ derived by 

Jiménez-Gonzá lez and Aggarwal

[7]

, 
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where x is the Mn

2+

 ions concentration, N

0

is the number of 

unit cells per unit volume, α and β are exchange constants for 

the conduction- and valence-band electrons, respectively, g

Mn

= 2 is the Landé g factor of the Mn

2+

 ions, 

B

µ is the Bohr 

magneton, S =5/2 is the spin of the Mn

2+

 ions, k

B

 is the Boltz-

mann constant, 

0

Θ  is a constant of CMT having values of 

–470

[8]

, and N

0

(α–β)=1.10 eV and 

( )

0

Z

ε∆ =–8.0�10

-5

 eV/T 

for CMT

[9-10]

, g

1

 is the effective interband g factor at the L

point used here as a fitting parameter.

The total fitting formula of interband Faraday rotation of 

CMT is then obtained by inserting Eqs. (5), (6), (8) and (9) 

into Eq. (7).

2 Experimental

Cd

0.8

Mn

0.2

Te and Cd

0.9

Mn

0.1

Te single crystals were grown 

by using Vertical Bridgman (VB) method in our laboratory

[11]

. 

In order to reduce intended impurities, high-purity raw mate-

rials of Cd (99.99999%), Mn (99.999%) and Te (99.99999%) 

were used to synthesize the CMT compound. The Mn concen-

tration was determined by the designed composition of the 

ingots for x=0.1, 0.2. The as-growth ingots were cut predomi-

nantly into the wafers of (111) orientations, which were me-

chanically polished, and then etched with 5% Br-methanol 

0  E

0

E

1

E

2

Energy/eV

A

F

1

F

2

ε

2

(
ω
)
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solution for 1 min. The final thicknesses of the wafers were 1 

mm.

Faraday rotation measurements were made at room tem-

perature using a self-designed experimental setup. A bro-

mine-halogen lamp was used as the radiation source, and a 

triple grating monochromator (WGD-300A) with high resolu-

tion was used to yield monochromatic light. After passing 

through a focusing lens and a polarizer, the monochromatic 

light became parallel polarizing monochromatic light and 

subsequently propagated through the sample placed in the 

electromagnetic field up to 0.2 T, and eventually the rotation 

angle of emergent light was read from the analyzer plate with 

the sensitivity of 0.05

�

. 

3  Results and Discussions

Fig.2 shows the room-temperature Faraday rotation spec-

tra of CMT ( x=0.1 and 0.2 ). As seen that the CMT single 

crystals exhibit an intensive Faraday effect �Verdet constant

about 10

3

deg/T·cm�. Particularly when the photon energy is 

close to the band gap, the Verdet constant increases rapidly. A 

comparison of the Faraday rotation spectra between 

Cd

0.9

Mn

0.1

Te and Cd

0.8

Mn

0.2

Te shows that the Faraday effect 

increases when Mn concentration increases. This is because 

that when Mn concentration is low, every Mn spinning can be 

seen as a single. In this case, when Mn content increases, the 

exchange interaction between localized Mn

2+

 ions and band 

electrons strikingly intensifies. Our data are in agreement with 

the measured values by Chen and Wang

[12]

. 

The data of the Faraday rotation are fitted to the modified 

multi-oscillator model expressed by Eq. (7). With respect to 

the parameter of F

1

, we use the x = 0 (CdTe) value similar to 

Ref.[7], where F

1

 = 64.375

[6]

. However, in regard to the pa-

rameter of E

1

, we do not use the CdTe E

1

 value of 3.5 eV

[6]

,

but take the value of the E

1

 gap for the Mn concentrations un-

der study. The E

1

values of Cd

0.9

Mn

0.1

Te and Cd

0.8

Mn

0.2

Te are 

3.32 and 3.34 eV, respectively, which are obtained by the em-

pirical formula E

1

=3.311+0.063x+0.358x

2

 put forward by 

Becla et al according to the measured reflectance spectra of 

CMT

[13]

. Finally, we leave with only two fitting parameters E

0

and g

1

, which are shown in Table 1.The difference of the E

1

value between the CMT and the CdTe somewhat makes the 

fitting results an improvement.

As seen from Tab.1 that E

0

 = 1.667 eV for Cd

0.9

Mn

0.1

Te and 

E

0

 = 1.804 eV for Cd

0.8

Mn

0.2

Te, respectively. These values are 

more close to the calculated values based on Liu et al 

[14]

 than 

nearly all of the previous studies. At the same time, they are 

also reasonably close to the measured values and the fitted 

values by Nikitin et al 

[15]

. From Tab.1 we also see that g

1

 = 

4.76 for Cd

0.9

Mn

0.1

Te and g

1

 = 5.56 for Cd

0.8

Mn

0.2

Te, they are 

somewhat greater than the fitted values in Ref.[15]. Not only 

in this study but also in Ref.[15], the values of g

1

 for 

Cd

0.8

Mn

0.2

Te is greater than that for Cd

0.9

Mn

0.1

Te, which indi-

Fig.2  Room-temperature Faraday rotation of CMT for x=0.1, 0.2 as

a function of photon energy. The dots are experiment results,

and the solid lines indicate the best fit to the modified

multi-oscillator model

Table 1  Fitting parameters for the Faraday rotation of CMT

at room temperature

Material E

0

a

 /eV E

0

b

/eV E

0

c

/eV E

0

d

/eV –g

1

a

–g

1

d

Cd

0.9

Mn

0.1

Te 1.667 1.665 1.660 1.650 4.76 3.5

Cd

0.8

Mn

0.2

Te 1.804 1.802 1.791 1.780 5.56 4.8

a 

Fitted values from our experimental results; 

b 

calculated values

according to formula: 

( ) (0)

g g g

E x E x E= + ∆

 in Ref. [14]; 

c

meas- 

ured values in Ref. [15]; 

d

 fitted values in Ref. [15]

cates that Zeeman splitting at the L point of the Brillouinzone 

increases with increasing of manganese concentration.

4  Summary

Faraday rotation of Cd

0.8

Mn

0.2

Te and Cd

0.9

Mn

0.1

Te single 

crystals grown in our laboratory has been measured at room 

temperature by using a self-designed experimental setup. We 

analyze our Faraday rotation data in terms of a modified 

multi -oscillator model. We take the value of the E

1

 gap for the 

Mn concentrations under study, using 3.34 eV for 

Cd

0.8

Mn

0.2

Te and 3.32 eV for Cd

0.9

Mn

0.1

Te, and do not use the 

CdTe E

1

value of 3.5 eV. This modification makes the fitting 

results a valuable improvement. 
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