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Summary. Reflectance magnetocireular-dichroism spectra of a ferro-
magnetic semiconduector CdCr,Se, were measured for temperatures between
4.2 K and 157 K. Oft-diagonal elements of the dielectric tensor were cal-
culated from the measured spectra. A number of fine structures was
resolved, the energy position of which was plotted against temperature.
It is found that there are two red-shifting structures: one at 1.1 eV (the
well-known absorption edge) and the other at 1.9 V. Other structures
show slight blue-shift. These energy positions were compared with the
band structure calculated by means of the self-consistent DV-Xu tech-
nique.

PACS. 78.20. — Optical properties and materials.

1. — Introduction.

CdCr,Se, is one of the most extensively studied magnetic semiconductors.
Despite the long history of investigations, the electronic structures of this
material have not been fully understood. However, it seems that researches
on this magnetic semiconductor have entered into a new stage in these few
years, as there has been much progress in both experimental and theoretical
fields, e.g. absorption edge shift (!), photoluminescence (PL) (?), photoemis-

(*) Paper presented at the « V International Conference on Ternary and Multinary
Compounds », held in Cagliari, September 14-16, 1982,

(1) I. BauBERrG and A. MaMaN: Phys. Rev. B, 16, 4535 (1977).

(*) 8. 8. Yao, F. PELLEGRINO and R. R. Arraxo: Phys. Rev. Lelt., 46, 558 (1981).
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sion (*), wave-length modulation (WM) (*) and theoretical calculations (*¢).

It may be significant to present detailed information of the magneto-
optical (MO) spectrum of CdCr.,Se,, since such a spectrum has been known
to offer plenty of information on the electronic structures of magnetic mate-
rials. We, therefore, present in this paper the MO spectra of this material
for various temperatures and give a brief discussion on the electronie structure
based on the experimental results.

2. — Experimentals.

The single erystal of CdCr,Se, used in this study was prepared by the chem-
ical vapour transport technique with CdCl, as a transporting agent and with
a Se excess atmosphere. Magnetic measurements on crystals of the same lot
revealed that 7' is (130+£1) K and 0, is (1544-3) K.

Reflectance magnetocircular-dichroism spectra were measured by means of
the polarization modulation technique, details of which have been published
elsewhere (7). The temperature was varied between 4.2 K and 157 K. The
maximum applied field was 4 kOe, which was sufficient to saturate the sample.
Spurious CD and MCD signals introduced by a window material of a cryostat
have been carefully removed with the aid of a microcomputer.

3. — Results and discussions.

The observed RMCD, AR/R = (R* — R°)/[{(R* 4 I~)/2}; as well as those
of Al = 0+ — 0~ caleulated from the RMCD by the dispersion relation derived
by SaarH (8) are plotted in fig. 1a) and b), R* and 0+ being the reflectivity
and the phase shift for RCP(4) and LCP(—).

From the experimental RMCD data, the spectra of the real and imaginary

A

parts of the off-diagonal element of the dielectrie tensor & were calculated ae-

(3) W. J. MiNiscarco, B. C. McCorruy, N. G. SToFreL and G. MARGARITONDO: Phys.
Rev. B, 25, 2947 (1982).

(%) M. Zvira, O. Ropg, J. Boxk, J. Garpavsk¥ and P, HripEk: Phys. Status Solidi A,
61, K141 (1980).

(%) T. Ocucur, T. Kamara and K. I. GoNpAIra: Phys. Rev. B, 22, 8§72 (1980).

(®) T. Kaupara, T. Ocucnr and K. I. Goxpatra: Jpn. J. Appl. Phys., 19, Suppl. 3,
223 (1980).

() XK. 8aro: Jpn. J. Appl. Phys., 20, 2403 (1981).

(8) D. Y. Syru: J. Opt. Soc. Am., 66, 547 (1976).
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Fig. 1. — Spectra of RMCD (a)) and Af (b)) for temperatures between 4.2K and
157 K.

cording to the procedure deseribed previously in ref. (°), where £ is defined by

& —itg 0
E=| ie, g 0],
0 0 ¢

in which &, = &, + ie; and &, = &, -+ ic, .

In fig. 2a) and b) the spectra of ¢, and &; so obtained by the caleulation are
gshown. There are a doublet structure around 1.1 eV (named A), a shoulder
around 1.6 eV (B), a strong dispersive structure at 1.9 eV (), dispersive shapes
around 2.2 eV (D) and 2.5 eV (E) and a shoulder at 2.8 eV (F). According to
the theory of the magneto-optical effect, the spectrum of ¢, can be decomposed
into a superposition of Lorentzian oscillators. The energy positions of the
Lorentzian oscillators fitted to the experimental spectra are plotted against
temperature in fig. 3. In this plot small structures are neglected for the sake
of simplieity.

(®) K. Saro: J. Phys. Soc. Jpn., 43, 719 (1977).
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TFig. 2. — Speetra of real (a)) and imaginary (b)) parts of the off-diagonal diclectric
clement calculated from RMCD spectra.

The energy positions are then compared with the reported band structure
caleculated by means of the self-consistent DV-Xe method (>%). As shown in
table I, most of the observed MO lines can be associated with transitions across
the gap at some symmetry point I, X, K or L in the Brillouin zone.

The structure 4 consists of two peaks 4, and A, with an energy separation
of 0.1 ¢V and shows a shift toward lower energy by decreasing the temperature
(red-shift). The energy position of A, as well as its temperature shift is in good
agreement with that of the carefully measured absorption edge (). The doublet-
shaped fine structure at the absorption edge has also been reported in photo-
conductivity (1°) and polarized absorption (1) spectra. We can associate the
structure with the transitions L,(de) — L,(dy-p) at 0.96 eV and IL,(HV) —
— Ly(dvy-p) at 1.07 eV found in the calculated band structure.

Another red-shifting structure €, the most prominent one, is observed at
1.9 ¢V, which can be decomposed into two peaks C; and C, with opposite

(19 K. Sato and T. TeEraNisur: J. Phys. Sec. Jpn., 29, 523 (1970).
(**) P. Huipeg, I. Barvig, V. Prosser, M. VaxtCek and M. Zvira: Phys. Status
Solidi B, 75, K45 (1976).
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Tig. 3. — Plot of peak positions of &} spectra against temperature. Open circle: positive
peak; closed circle: negative peak. The symbol a denotes the data of Zvira et al. (%),
x represents the photoconductivity peak (1°) and + the absorption edge reported by
BarBeErG and Mayaw (1),

TasLE I. — Comparison of transition energies determined by the present experiment with
those given by the theoretical band caleulation (°).

Symbol Ixperimental Shift Corresponding transition
cnergy position energy from band calculation
(eV) [polarity] (eV)

A L1, 12 red 0.96 (de — dy-p) at L
=l =3 1.07 (HV — dy-p) at L

B 1.53, 1.65 no 1.53 (HV —dy-p) at X
[+1 [+] 1.55 (HV —dy-p) at L

1.60 (HV —dy-p) at I

o) 1.83, 1.91 red 1.74 (HV —dy-p) at I
(+]1 [—]

D 2.10, 2.26 blue 2.14 (de —dy-p) at I’
-1 [+] 2.20 (HV —dy-p) at I

) 2.46, 2.63 blue 2.30 (HV —dy-p) at I
=1 [+] 234 (HV>LC) at I’

I 2.80 blue 2,78 (HV —dy-p) at X
[(+]

HV: highest valence band.
LC: lowest conduction band.
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polarity, the separation of which is about 0.1 eV and can be related to the
spin-orbit spitting. A PL peak has been observed in the vicinity of € (1.8 eV) (?)
and has been attributed to the HV— LC transition. Since the PL peak shows
a slight blue-shift, we consider that this does not correspond to the C-structure.
ZVARA et al. also reported a similar red-shifting strueture at 1.9 ¢V in their WM
spectrum (*). We associate the structure C to the charge-transfer-type transi-
tion I',(HV) - I, (dy-p) in the band diagram. Peaks associated with D, ¥
and F can also be related to the same type of transitions. However, these
exhibit blue-shift, which poses the problem why the same type of transition
causes a red-shift for 4 and € and a blue-shift for the other.

A detailed analysis of MO line shapes would give more definite assignments
of transitions. This study is now in progress.

% sk

The authors are very grateful to Prof. T. KayBarA for helpful discussions.

@® RIASSUNTO (%)

Gli spettri di riflettanza del dicroismo magnetocircolare di un semiconduttore ferro-
magnetico CdCr,Se, sono stati misurati per temperature tra 4.2 K ¢ 157 K. Gli elementi
fuori dalla diagonale del tensore dielettrico sono stati caleolati dagli spettri misurati.
Si ¢ determinato un certo numero di strutture fini, la cui posizione energetica & stata
rappresentata in un grafico rispetto alla temperatura. Si & trovato che ci sono due strut-
ture che =i spostano nel rosso: una a 1.1 eV (il ben noto picco di assorbimento) e I'altra
a 1.9 eV. Altre strutture mostrano un leggero spostamento nel blu, Queste posizioni
di energia sono state confrontate con la struttura di banda calcolata mediante la tec-
nica autoconsistente DV-Xo.

(*)y Traduzione a cura della Redazione.

CriekTpsl 0TpaskaTe LHoil crnocodHoCTH M dj1exTponnast cTpykTypa CdCr,Se;.

Pestome (*). — B obnactr temmnepaTtyp orT 4.2 K 1o 157 K u3aMepsioTcs CleKTpsl OTpaxka-
TebHOI cnocoGHOCTH (heppoMarHUTHOro nosynpoBognuka CdCr,Se,. s H3MEepEeHHBIX
CHEKTPOB BLIYHCIISIIOTCH HeJHArOHalLHLIE JIEMEHTHI AHIJIEKTPHYECKOro Tenzopa. Paspe-
1aeTcs pAg TOHKHX CTPYKTYp, JHEpPreTH4YecKOe NOJIOKEHHE KOTOPBIX BhIYEpYHBAeTCA B
3aBHCHMOCTH OT TeMrepaTypbl. OQOHApyXeHO, YTO CYMIECTBYIOT OBE CTPYKTYpBI, oOna-
JAIOLIHE KPACHbIM CMEILCHHEM; oaHa npH 1.1 3B (XOpowmo H3BECTHBIH Kpaii OTIOMEHHS)
u apyras npua 1.9 3B. Ipyrue crpykrypbl 0071a0a10T TONyObIM CMEIICHHEM. ODHEpPreTH-
YECKHE TOJIOKEHHA 3THX CTPYKTYD CPABHHMBAIOTCH C 30HHOMN CTPYKTYpOIi, BBEIMHCIEHHOIH
¢ noMowpo DV-Xu MeTOaa.

(*) IHepesedeno pedaryuei.
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