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In semimagnetic semiconductor Cd1_xMnx Te, we investigate excitation spectra of infrared photolumi
nescence (rvl.2eV) which is related to internal d-d transitions of Mn2+ for various Mn concentrations. 
In the low concentration region (x<0.4) where band gap is smaller than the internal d-d transition, the 
peak position of excitation spectra shifts linearly to x. And in the high concentration region (x>0.4) 
where band gap exceeds Mn absorption energy, the peak position no longer shifts and stays near Mn 
absorption energy. We discuss the direct energy transfer from extended states to localized d-states with 
lattice distortion. 

1. INTRODUCTION 

The ternary compound Cdl-xMnx Te is semi
magnetic semiconductor. And its crystal struc
ture is zincblende type up to xrvO. 7. This ma
terial has two properties as semiconducting and 
magnetic material. Interesting optical and trans
port properties such as giant Faraday rotation [1], 
large Zeeman effect [2], magnetic polaron [3] etc. 
are observed. These effects are interpreted as a 
result of the exchange interaction between the lo
calized 3d electrons of Mn and Bloch electrons 
in conduction and valence bands. And the band 
gap energy increases linearly to Mn concentration 
x as in the usual mixed semiconductor. 

The optical properties of Cd1_xMnx Te have 
been investigated for many years[4]-[9]. In this 
material there are three kinds of intrinsic photo
luminescence(PL) named as exciton PL(EXPL), 
manganese PL (MnPL), and infrared PL(IRPL). 
It is considered that MnPL and IRPL relate to in
ternal d-d transitions of Mn2+ [5, 8]. For these PL, 
it is predicted that the lattice distortion is impor
tant. However there are few reports on lattice dis
tortion in their excited states of MnPL and IRPL. 
About MnPL and IRPL the following results are 
proposed: (i) the differences in position of minima 
of ground states and excited states in configura.
tion coordinate model are large for both MnPL 
and IRPL, (ii) the lattice distortion of the ex
cited states of IRPL is larger than that of MnPL 

762 

under the assumption that only Mn2+ moves and 
the meta-stable position of excited Mn2+ as the 
excited states of IRPL is similar to DX center 
and/or EL2 in AlGaAs and GaAs. From the anal
yses, the thermal barrier from the lowest relaxed 
excited states of MnPL to the excited states of 
IRPL is estimated to be 36meV[8]. 

In this paper we will present the excitation 
spectra of IRPL(IRPLE) for various Mn concen
trations of Cdl-xMnx Te, and discuss the energy 
transfer between localized states and extended 
states. 

2. EXPERIMENTS 

We observed three kinds of PL and IRPLE 
spectra at 140K in single crystals of Cdl-xMnx Te 
grown by a Bridgman technique. We obtain PL 
spectra using Ar+ ion laser of 2.54eV and IRPLE 
spectra using a tunable dye laser pumped by a 
Nd:YAG laser. Lights emitted from samples are 
detected by a photomultiplier tube. And its out
puts are analyzed by phase sensitive detector and 
by digital oscilloscope, respectively. 

3. RESULTS AND DISCUSSIONS 

Typical IRPLE spectra in Cd1_xMnx Te are 
shown in Figs.l and 2 by closed circles for vari-
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Fig. 1 : Normalized excitation spectra of IRPL (closed 
circles) and PL spectra (solid lines) in Cdt-:z:Mn.,Te at 
140K when the band gap energy is smaller than Mn2+ 
d-d absorption energy. Figure(i) x=0.3, and (ii) x=0.4. 
Arrows (a) indicate the peak energy of band gap absorp
tion energy for corresponding Mn concentration x, which 
are determined by reflectivity measurement[4). And ar
rows (b) indicate that of estimated Mn2+ d-d transition 
absorption energy. Photoluminescence near the arrows (a) 
is assighed as EXPL. 

ous x at 140K. And solid lines show PL spectra 
of Cdl-xMnx Te. Arrows (a) indicate the posi
tion of exciton absorption peak energy obtained 
by reflectance measurements and arrows (b) indi
cate that of Mn2+ d-d absorption energy[4]. 

In Figs.l(i) and l(ii) the spectra ofPL and IR
PLE are shown for x:::::0.3 and 0.4, respectively. 
The band gap energy of x:::::0.3 is smaller than 
Mn2+ d-d transition absorption energy estimated 
by extrapolating its concentration dependence in 
the region of x>0.4. The peak of PL spectra 
shown by solid lines near band absorption energy 
is EXPL, and MnPL is not observed in this con
centration. The peak energy of IRPLE is lower 
than the band gap energy by "'30me V. In the case 
of x=0.4 the energy for band absorption and d
d absorption at 140K are same. The features of 
EXPL and IRPLE spectra in Figs.l(i) and l(ii) 
are similar and the peaks are near the correspond
ing band gap energy. This result indicates that 
the effective excitation is band gap excitation. 
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Fig. 2 : Normalized excitation spectra of IRPL (closed 
circles) and PL spectra(solid lines) in Cdt-xMn:z:Te at 
140K when the band gap energy is larger than Mn2+ d-d 
absorption energy. Figure(!) x=0.46, and (ii) x=0.6. Ar
rows (a) indicate the peak energy of band gap absorption 
energy. And arrows (b) indicate that of Mn2+d-d tran
sition absorption energy. Photoluminescence at 2.0eV is 
assigned as MnPL (d-d transition from 4T1 to 6 A1) and 
PL at 2.2eV in figure (i) is assigned as EXPL. 

In Figs.2(i) and 2(ii), IRPLE and PL spectra 
are shown for x=0.46 and for x=0.6, respectively. 
In this case d-d transition absorption energy is 
smaller than exciton absorption energy. Photo
luminescence at 2.0eV is assigned as MnPL, the 
internal transition from 4T 1 to 6 A1. In Fig.2(i) 
the sharp PL at 2.2eV is assigned as EXPL. For 
x=0.46 the peak of IRPLE is not observed near 
band gap absorption energy, but at 2.15eV of 
Mn2+ d-d transition absorption peak. In Fig.2(ii) 
for the case of x=0.6 the peak of IRPLE is ob
served at 2.15eV as in the case of x=0.46. In this 
case EXPL is not shown, but observed at 2.4eV. 
In Fig.2 there is no peak near the band gap en
ergy and the threshold of IRPLE is at the lower 
energy than the band gap energy. This result in
dicate that the band gap excitation is not effective 
to IRPL, but the internal transition is effective. 

In Fig.3 the various peak positions are shown 
as a function of Mn concentration x. Closed cir
cles show the peak energy of IRPLE. And closed 
triangles, reversed triangles and diamonds show 



the peak energy of EXPL, MnPL and IRPL, re
spectively. Solid line (a) shows the exciton ab
sorption peak energy and solid line (b) shows Mn2+ 
absorption peak energy, which are determined by 
reflectivity measurement[4]. Here EXPL shifts 
linearly to higher energy increasing x. Further 
MnPL and IRPL do not shift with x in compari
son with the large shift of EXPL. Manganese PL 
is not observed in the region of x<0.4, but IRPL 
is observed even in small x as x==0.2. At 140K full 
widths at half maximum are "'30meV for EXPL, 
about "'160meV for MnPL, and about "'140meV 
for IRPL. The line shapes of IRPL spectra are al
most same for the samples of all x we measured. 

As shown in Fig.3 the concentration depen
dence of the peak energy of IRPLE has change 
around x=0.4. When the band gap is smaller 
than Mn2+ d-d absorption energy, the peak of 
IRPLE shifts with band gap. When the band 
gap energy crosses over Mn2+ d-d absorption en- . 
ergy, peak energy of IRPLE becomes constant at 
2.15eV. 

In Cdl-xMnx Te, roughly, there are two types 
of energy states. One is band states like conduc
tion band and valence band. The other is local
ized states such as 3d multiplet states. In the 
latter case, excitation and relaxation process are 
discussed using configuration coordinate model. 
In high Mn concentration region, the proposed 
configuration coordinate model for explaining the 
temperature dependence of MnPL and IRPL[8] 
and time profile of the intensity of IRPL[9] is ap
plicable. However in low Mn concentration re
gion, there is no relaxation process from the ex
cited states of MnPL to the excited states of IRPL. 
Because there is no peak at 2.15eV in IRPLE for 
x<0.4, but at the band gap energy. The character 
of effective excitation of IRPL changes from band 
gap excitation to internal d-d transitions. Thus 
the energy transfer from band gap excitation to 
internal d-d transitions is realized. 

3. CONCLUSIONS 

We measure the excitation spectra of infrared 
photoluminescence for various Mn concentration 
in semimagnetic semiconductor Cdl-xMnx Te. We 
find the peak of the excitation spectra of IRPL 
shifts with Mn concentration for x<0.4, and is 
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Fig.3 : The peak positions at 140K are shown as a func
tion of Mn concentration x. Closed circles show the peak 
energy of IRPLE. And closed triangles, reversed triangles 
and diamonds show the peak energy of EXPL, MnPL and 
IRPL, respectively. Solid line (a) shows the band gap 
absorption energy, solid line (b) shows Mn2+ absorption 
peak energy, which are measured by photo reflectivity[4], 
and its extrapolation is shown by dots. 

constant at d-d absorption energy 2.15eV for x>0.4. 
From these experimental results we suggest the 
energy transfer from band gap excitation to in
ternal d-d transitions. 

ACKNOWLEDGMENTS 

The authors would like to express their thanks 
to Prof. Y. Oka and Dr. I. Souma of Tohoku U ni
versity for supplying single crystal of Cdl-xMnx Te 
and also to Prof. J. Watanabe for valuable dis
cussions. This work has been supported in part 
by Grant-in-Aid for General Scientific Research 
(B) No.06452037 from The Ministry of Educa
tion, Science and Culture of Japan. 

REFERENCES 

1. J. A. Gaj, R. R. Galazka and M. Nawrochi, 
Solid State Commun. 25(1978)193. 



2. N. B. Brandt and V. V. Moshchalkov, Adv. 
Phys. 33(1984) 193; J. K. Furdyna, J. Appl. 
Phys. 53(1982)7637. 

3. A. Golnik, J. Ginter and A. Gaj, J. Phys. C: 
Solid State Phys. 16(1983)6073. 

4. Y. R. Lee, A. K. Ramdas, Solid State Com
mun. 51(1984)861. 

5. M. M. Moriwaki, R. Y. Tao, R. R. Galazka, 
W. M. Becker and J. W. Richardson, Physica 
117B& 118B(1983)467. 

765 

6. W. M. Becker, Semiconductors and 
Semimetals 25(1988) and reference therein. 

7. J. Watanabe, H. Arai, T. Nouchi and J. 
Nakahara, J. Phys. Soc. Jpn. 61(1992)2227. 

8. J. Nakahara, J. Watanabe and T. Nouchi, 
Jpn. J. Appl. Phys. 32(1993)Suppl. 32-1, 
242. 

9. K. Takamura, J. D. Park, J. Gregus and J. 
Nakahara, J. Crys. Res. Tech(1996) to be 
published. 


