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Valence-band and conduction-band electronic structure of zinc-blende KM Teepitaxial film has been
investigated by ultraviolet photoemission and inverse-photoemission spectrogtdpi&and IPES The UPS
and IPES spectra exhibit peak structures-dt5, —3.4, and—4.3 eV, and at 3.5 and 6.7 eV relative to the
valence-band maximum, respectively. Based on a one-electron band-structure calculation, peakésaatd
3.5 eV are assigned to emissions from the occupied Mn a@nd unoccupied Mn @] states with nearly
localized character. From their energy positions, a MheXchange splitting energy is estimated to be 6.9
+0.2 eV, which is close to that of Gd,Mn,Te (7.0+0.2 eV) and is slightly larger than that of NiAs-type
MnTe (6.6£0.2 eV).

I. INTRODUCTION magnetic and magneto-optical phenomena taking place in
A stable phas:a of MnTe is a hexagonal NiAs-type Struc'CdlA_>I<\I/\I/Inn)EBTde—.derived partial density of statg®0S) in the
ture below 1040 C.The cubic zmc-blendQB)-MnTe had  \alence bands of ZB-MnTe epitaxial film grown on CdTe
been considered 0 be only a hypothetical compound. 1100 py MBE has been obtained by resonant photoemission
1989, Durbinet al” succeeded in a growth of ZB-MnTe gyneriments in the Mn 8-3d excitation region using syn-
single crystal film and the quantum well by molecular-beamgpotron radiatiort! The Mn 3d DOS s similar to those of
epitaxy (MBE). Anno, Koyanagi, and Matsubarapplied an Cd,_ Mn,Te (Refs. 12—1%and Zn _ ,Mn,Te (Ref. 15 with
ionized cluster beam deposition technifjue grow ZB-  respect to three structures at-6-2.5~—3.5, and around
MnTe film. Several magnetic and optical measurements such g ey relative to the valence-band maximuiiBM ). On
as the magnetic susceptibility and optical absorptioh  the other hand, there has been no information on the
have been performed for ZB-MnTe. conduction-band electronic structure of ZB-MnTe so far.
Recently, II-VI diluted magnetic semiconduct¢dBBMS’s) In this paper, we present the valence-band and
have attracted considerable attention as new-typeonduction-band spectra of ZB-MnT@11) epitaxial film
semiconductor€=1° The DMS's are mixed crystals whose grown onto a GaAg100) substrate, by means dfi situ
lattice is made up in part of substitutional magnetic ions. Onaultraviolet photoemission and inverse-photoemission spec-
of the most extensively studied and most thoroughly undertroscopies(UPS and IPES We attribute the prominent
stood materials of this type is a €dMn,Te mixed crystal ~Structures at-3.4 and 3.5 eV relative to the VBM, to emis-
with ZB-type structure. In the alloy, a fraction of the Cd sions from the occupied Mnd3 and unoccupied Mn @&|
sublattice of CdTe is replaced by Mn atoms randomly withstates with nearly localized character. A Ml @xchange
the Mn concentration of up to 0.77. The distribution of the SPplitting energy Uey), which is defined as the energy nec-
Mn ions over the cation sublattice leads to the magnetic an@SSary to add onedselectron to a MA* ion,***’is estimated
magneto-optical phenomena such as giant Faraday rotatiofp Pe 6.9-0.2 eV. TheU; value of ZB-MnTe is similar to
These phenomena stem from tlsg-band—Mn 3, and

that of Cd_,Mn,Te (7.0:0.2 eV)!® and slightly larger
R 9,20

Mn-Mn exchange interactions through the hybridization be-an 6.6-0.2 eV of NiAs-type MnTé!

tween thesp-band and Mn 8 states.

ZB-MnTe is an endpoint material of ¢d,Mn,Te. For

example, with increasingx, a lattice constantd of The apparatus used for the present UPS and IPES experi-
Cd,_«Mn,Te decreases while its energy g&p increases, ments is composed of three ultrahigh vacuum chambers; a
and they obey the virtual crystal approximatioRough ex-  sample preparation chamber, an UPS chamber, and an IPES
trapolations of the experimental datadandEy as a func-  chamber. These three chambers are connected through gate
tion of x to thex=1 limit provide 6.30 A and 3.1 eV, which valves and their base pressures arelD 1% 7x 101, and

are close to the data of 6.34 A and 2.92 eV for ZB-MriTe. 5x 10~ 1° Torr, respectively. A schematic illustration of the
Similar extrapolation for Zn ,Te also gives similar values. present experiments is presented in Fig. 1 of Ref. 21.
Accordingly, knowledge of the electronic structure of ZB-  The UPS spectrometer is made up of a He discharge lamp
MnTe plays an important role in understanding the(hv=21.2 and 40.8 e} and a double-stage cylindrical-

II. EXPERIMENT
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mirror analyzer(DCMA) to measure angle-integrated spec- L
tra. A kinetic energy of photoelectrons passing through the upg CBMnTe o @
DCMA was fixed at 16.0 eV and its corresponding energy ‘ , B8.9eV
resolution was 0.2 eV. Under operating the He discharge ) | :
lamp, the pressure of the UPS chamber wasl8 ° Torr.

The IPES spectra were measured using a combination of a
low-energy electron gun of Erdmann—Zipf type with a BaO
cathode and a band-pass-type photon detééfiThe ther-
mal energy spread of the electron gun is 0.25 eV. Light emit-
ted from the samples is reflected by an Al mirror coated with
a MgF; film and focused onto the first dynode covered by a L -
1000-A thick KC1 film, after passing through a S$ren- Theory
trance window. The maximum response of the photon detec-
tor is centered at 9.43 eV with a full width at half maximum /\/
(FWHM) of 0.47 eV. The total energy resolution of the IPES
spectrometer is 0.56 eV. The electron beam was injected
normal to sample surface. The UPS and IPES spectraiwere
situ measured at room temperautre, and connected at the
Fermi level Eg). FIG. 1. (d) The UPS spectra measurechat=21.2 and 40.8 eV

The sample used for the present experiments was ZBand IPES spectrum of ZB-MnTe. Energy is referred to the VBM.
MnTe (111) epitaxial film grown onto Si-dopen-type GaAs The Mn 3d{ and 3| states will nearly localized character are
(100) wafer with misorientation of 2° toward the nepit10] observed at-3.5 and 3.4 eV, respectivelgh) The theoretical total
direction. The impurity concentration of the substrate isDOS derived from the band-structure calculat{&ef. 26.
(1.0-2.5)x10"® cm 2 and its resistivity is (1.5-2.8)

X102 Q cm. Prior to the sample growth, the substrate waswith the spectra measured near the Mp-3d absorption
chemically etched in a 5:1:1 solution of,80,:H,0,:H,0. region (~50 eV) of ZB-MnTe film, which was prepared by

The sample growth was performed using a modified hoMBE and characterized by Auger electron spectroscopy.
wall epitaxy (HWE) system. Polycrystalline NiAs-type Therefore the composition of the grown film in the present
MnTe, which was prepared by quenching an equal amount aéxperiments is expected to be close to 1:1 in Mn:Te within
Mn and Te elements in an evacuated quartz ampoule frorthe characterizations by x-ray diffraction and LEED, and we
1000 °C to room temperature, was put into the furnace as kelieve that the slight deviation does not change the spectral
source material. All components of the HWE system arefeatures essentially. The features of the UPS and IPES spec-
mounted in an ultrahigh vacuum chamber with a base predgfa including the peak structures are clearly observed as
sure of 3x 10~ ° Torr and the HWE chamber is connected to shown below, and the features were unchanged during the
the sample preparation chamber through a gate valve. &xperiments. These results show that the present spectra are
schematic illustration of the HWE system is also shown infree from contamination of the sample surface.

Fig. 2 of Ref. 21.

First, the GaAs(lOO) substrate was heated at 600 °C for IIl. RESULTS AND DISCUSSION
30 min to remove the oxide layer. After the preheating pro-
cess, the temperature of the substrate was decreased and wagigure 1@ shows the valence-band UPS spectra mea-
kept at 250—-320°C during the growth. The furnace withsured athv=21.2 and 40.8 eV and conduction-band IPES
NiAs-type MnTe was operated at 860 °C and the source maspectrum of ZB-MnTe. The energy is referred to the VBM
terial was evaporated in the range of around 0.3 A /s. Aftedetermined by extrapolating the steep leading edge of the
the growth, the sample was immediately transferred into théighest valence-band peak to the baseline.
analysis chambers for UPS and IPES. In this way, a clean The UPS spectrum &tv=21.2 eV shows the structures at
surface of the ZB-MnTe epitaxial film was successfully ob-—1.5, —3.4, and —4.3 eV, while the spectrum ahv
tained. =40.8 eV exhibits the prominent peak at3.4 eV with a

It is well known that ZB-MnTe epitaxial films witli100 FWHM of 1.3 eV. Two broad structures at~0-2.5 and
or (111) orientations grow on the GaA400 substrates de- around—8 eV are also observed. On the other hand, the
pending on the growth condtidf®® The crystal structure IPES spectrum shows a prominent peak at 3.5 eV with a
and(111) orientation were confirmed by x-ray diffraction for FWHM of 1.1 eV and a broad structure around 6.7 eV. The
the thick films of around 30D A . No other phase such as energy separation between the prominent peaks in the UPS
NiAs-type crystal structure was detected. To avoid an elecand IPES spectra are estimated to bef® eV.
trostatic charging effect in the UPS and, in particular, IPES Figure Xb) shows the total DOS of ZB-MnTe derived
measurements, we reduced the film thickness until the IPESom spin-polarized, self-consistent local-spin density total-
spectrum exhibited no charging effect. THel1) orientation ~ energy band-structure calculations by Wei and Zurger.
was also confirmed by low-energy electron-diffraction Here, to the best of our knowledge, the first kind of antifer-
(LEED) just before starting the UPS and IPES measureromagnetic order is assumed as the magnetic phase of ZB-
ments. The typical thickness value of the film was aroundVinTe (see Fig. 13 in Ref. 26 In the theoretical result, the
100 A . p-d hybridization bands spread over the top 4 eV region in

The obtained UPS spectrumtai=40.8 eV is consistent the valence bands and the DOS located arowiil eV

r
.//
S

hv = 40.8 eV © hv=94eV

Intensity (arb. units)
]

IR T T T T T T B T
-10 -5 10
Energy (eV)




10624 HITOSHI SATOet al. PRB 61

comes from the Te $ states. A high DOS just above the +0.2 eV. Here it should again be emphasized ihasitu

conduction-band minimum is dominantly due to the unoccuneasurements of the UPS and IPES spectra realize a connec-
pied Mn 3d| states. Fr_om centers of gravity of the OCCL_‘p'edtion of these spectra & in the band gap of ZB-MnTe and
Mn 3dT and unoccupied Mn @, bands, thelley value i paue jt possible to estimate the accurbkg, value experi-

estimated to be 4.7 e¥. : ; ;
. . ... _mentally. The experimental result is considerably larger than
The whole feature of the theoretical DOS is in quahtatwethe theoretical result of 4.7 eV, which shows that the

agreement with the experimental spectrum except for th%Iectron—electron correlation effect is essentially important
broad structure around 8 eV in the UPS spectrum &ty y imp

.Jor ZB-MnTe like the other 8 transition-metal compounds.

located at a considerably lower energy side compared with Recently, we have measured the UPS spectranat
the experimental spectrum. =21.2 eV and IPES spectra of cdMn,Te (0=x=<0.7)

The photoionization cross sections of the Md and Te  (Ref. 18 and Zn_,Mn,Te (0<x=0.7) (Ref. 2] films. The
5p states are almost equaltat=21.2 eV, and the ratitMn UPS spectra of Cd ,Mn, Te exhibit the structure due to the
3d/Te5p) is ~1.1.2" The UPS spectrum atr=21.2 eV, occupied Mn 31 states at—3.4 eV with respect to the
thus provides information on the TepSstates as well as the VBM. On the other hand, with increasing the spectral rise
Mn 3d states. As seen from Fig(d), we find thep-d hy-  at the threshold and the width of the first peak in the IPES
bridization bands spread over the top 5.2 eV region in theépectra become steep and narrow, respectively, while the en-
valence bands, which is wider in comparison with 4 eV de-ergy of the first peak remains almost unchanged at 3.6 eV. In

rived from the band-structure calculation. addition, the first peak is assumed to exhibit a slight increase
The UPS spectrum of CdTe &tr=21.2 eV exhibits in intensity withx.
structures at-1.5 and— 4.4 eV (Ref. 18 and the two struc- With these results, we have assigned the peak at 3.6 eV to

tures are assigned to maxima in the DOS of valence band§e Mn 3d| states and estimated thi value to be 7.0 eV.
derived mainly from flat regions around teandL symme-  The band-structure calculations for CdTe and, Bdh, ¢Te

try points2®2° Assuming the band structures of tap-band  (Ref. 16 also show that the contribution of the Mnd8
states in II-VI and 1j_,Mn,VI semiconductors are almost states shows up just at the first DOS peak of CdTe. The
common to the compounds as the first-orderpresent experimental results of ZB-MnTe support our previ-
approximatiort*®the structures at 1.5 and—4.4 eV inthe ~ ous assignment of the first peak in the IPES spectra of
UPS spectrum of ZB-MnTe are also ascribed to come fronfCd; - Mn,Te to the unoccupied Mnd|, states and the o

flat regions around these symmetry points. value of 7.0 eV.

On the other hand, the photoionization cross section of the In the case of Zp ,Mn,Te (0<x=<0.7), the structure
Mn 3d states is much larger than that of the Tje &ates at due to the occupied Mnd8| states is observed at3.7 eV in
hr=40.8 eV(Mn 3d/Te 5p=~15.4) 2’ The UPS spectrum the UPS spectrd. On the other hand, with increasimgip to
ath»=40.8 eV thus can be regarded as coming mainly fron0.3, the unoccupied Mnd8| states appear as a shoulder at
the Mn 3d states. In fact, the feature of the spectrum is verythe lower energy side of the first peak at 4.0 eV in the IPES
similar to that of the resonant photoemission spectrum in thépectrum of ZnTe. At and above=0.6, the spectral shape
Mn 3p-3d excitation region using synchrotron radiatithh, of the first peak becomes a clear single peak at 3.5 eV. Then,
where the spectrum provides information selectively on théhe energy position of the Mnd3, states was estimated to be
Mn 3d states. The prominent peak at3.4 eV is attributed 3.5 €V by taking directly the peak position, and tbieg
to the nearly localized Mn @] states. The broad structure value of Zn_,Mn,Te was derived to be 720.2 eV
around —8 eV, which cannot be explained by the band- Previously, we paid little attention to the difference be-
structure calculation, is also related to the Mt &ates. This  tween theU ¢ values of 7.0 eV for Cd ,Mn,Te and 7.2 eV
structure shows up due to the electron-electron correlatiofor Zn,_,Mn,Te, and regarded them as almost the same val-
effect as described below. ues within the experimental accuracy. Our view of thg;

As concerns the conduction bands the prominent peak aalues was consistent with the result of the local coordina-
3.5 eV in the IPES spectrum is attributed to the Md|3 tion around a Mn atom in Gd,Mn,Te and Zp_,Mn,Te
states with nearly localized character, based on the ban@btained by means of the extended x-ray absorption fine-
structure calculatiof® The band-structure calculations by structure (EXAFS) spectroscopy>®® The EXAFS experi-
Podgany® also support this assignment. The theoreticalments revealed that a MnJeetrahedron is embedded in
DOS corresponding to the broad structure at 6.7 eV is nothese alloys with a well-preserved form and the Mn-Te dis-
shown in Refs. 26 and 31. The broad structure is assumed tance and the bond angle of the MnTeuster are almost
be due to the higher-lying Mng Te 5d, and Te & states.  independent ok.

The IPES spectra of CdTi®ef. 18 and ZnTe(Ref. 2] also The present experiments for ZB-MnTe show thatltg;
show the structures around 6.4 and 6.7 eV, respectively, ancalue is 6.9 eV and only th&l 4 value of Zn_,Mn,Te is

are attributed to the DOS features around the L Anslym-  slightly larger among those of ¢d,Mn,Te, Zn_,Mn,Te,
metry points in comparison with the theoretical DO%s**  and ZB-MnTe. The Mn-Te distance and the bond angle of
The broad structure at 6.7 eV in the IPES spectrum of ZBthe MnTeg cluster in Cd_,Mn,Te (Ref. 35 and
MnTe would also be ascribed to come from flat regionsZn,_,Mn,Te (Ref. 36 are, on the other hand, almost the
around these symmetry points. same as those of ZB-MnTeThese facts bring up a possibil-

From the energy positions of the prominent peaks at ity of the smallerU value for Zn_,Mn,Te, passed unno-
—3.4 and 3.5 eV attributed to the Mnd3 and Mn 3| ticed so far; the structure due to the Mul 3 states in the
states, respectively, th8; value is estimated to be 6.9 IPES spectra of Zn ,Mn,Te is actually at a lower energy
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FIG. 2. Comparison between the IPES spectra of ZNn,Te L
for x=0.3 and 0.6(Ref. 21, dotted curvesand the spectra con- -10 _5 0 5 10
structed using those of ZnT@&ef. 21 and ZB-MnTe with molar Energy (eV)
ratios (solid curve$. The IPES spectra of Zn,Mn,Te (Ref. 2]
are comparatively well reproduced by the constructed spectra. The FIG. 3. The UPS spectra measuredat=21.2 and 40.8 eV and
IPES spectra of ZnTe and ZB-MnTe are also shown. IPES spectrum of NiAs-type MnT€Refs. 19 and 20together with
those of ZB-MnTe. Energy is referred to the VBM. Thie; value

. is smaller and the bandwidth of tiped hybridization band is wider
than 3.5 eV, though the peak looks experimentally at 3.5 Vi Njas-type MnTe. The differences of each spectra are summa-
lower energy by 0.5 eV than the first peak in the IPES specyized in Table |I.

trum of ZnTe.

To examine the possibility, we compare the IPES Spec”%osition of the Mn @| states in Zp_,
of Zn,_,Mn, Te (Ref. 21 with the spectra constructed using 2 eV,
those of ZnTe(Ref. 21) and ZB-MnTe in Fig. 2. Before the g,y on the discussion above, we change our view on
construction, we _tentatlvely place the first peak of Z_B-MnTethe previous resuliRef. 21 and again assume thé.; value
at 3.2 eV, assuming that théy value of Zn_,Mn,Teis 6.9 of 7y, Mn,Te to be 6.9-0.2 eV, which is close to those of
ev, and normalize the intensities of the first peaks of Z”Tebdl_anxTe and ZB-MnTe. The present results for ZB-
and ZB-MnTe to unity. MnTe provide us with the unified picture for the electronic

The first peaks in the IPES spectra of ZnTe and ZB-MnTestructure of the Cd ,Mn,Te, Zn,_,Mn,Te, and ZB-MnTe.
are composed of thep-band states, the Mnd3states, and  To derive the more accurate energy position of the Mij 3
the background due to incident electrons scattered inelaststates of Zp_,Mn,Te, the resonant IPES experiments in the
cally before emitting photons. To evaluate the ratio of themn 3p-3d excitation region, which provide information se-
inverse-photoemission intensities for the first peaks, informalectively on the unoccupied Mnd3 states, are required.
tion on the cross sections of each state and contribution of Next we compare the UPS and IPES spectra of ZB-MnTe
the background is required. However, it is generally difficultwith those of NiAs-type MnTé>?° Figure 3a) shows the
at present. In particular, the method to deduce the backJPS spectrum atv=21.2 eV and IPES spectrum of NiAs-
ground of the IPES spectra has not been established, dype MnTe (Refs. 19 and 20together with those of ZB-
though attempts using electron-energy-loss spectra hawdnTe. The energy is referred to the VBM of the respective
been carried out/ samples. The UPS spectrum fat=21.2 eV of NiAs-type

In the present paper, for simplicity, we have constructedinTe shows three structures at2.4, — 3.8, and—5.0 eV,
the IPES spectra of Zn,Mn,Te using those of ZnTe and and thep-d hybridization bands spread over the top 6.5 eV
ZB-MnTe with just the molar ratio. The results are shown inregion in the valence bands, which is wider than 5.2 eV of
Fig. 2 by solid curves together with the IPES spectra of ZnTeZB-MnTe. The IPES spectrum of NiAs-type MnTe exhibits
and ZB-MnTe. It should be noticed that the spectra cona prominent peak at 2.9 eV and a broad structure around 6.5
structed with just the molar ratio®nTe/ZB-MnTe of 0.3/  eV.
0.7 and 0.6/0.4, comparatively well reproduce the features, in The UPS spectra adtv=40.8 eV and again the IPES
particular, peak positions of the IPES spectra ofspectra of both phases are compared in Fig).3rhe whole
Zn,_,Mn,Te with x=0.3 andx=0.6' shown by dotted feature of their spectra is similar. The prominent peaks at
curves, respectively. This suggests that the inverse=3.7 and 2.9 eV of NiAs-type MnTe are due to the occupied
photoemission intensities of the first peaks are accidentallivin 3d7 and unoccupied Mn @] states with nearly local-
almost the same for ZnTe and ZB-MnTe and the energyzed character, respectively. This provides thg; value of

Mn,Te is around
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TABLE |. Experimental results of ZB-MnTe and NiAs-type =40.8 eV. This structure cannot be explained by the band-
MnTe (Refs. 19 and 20 Ug;, Mn 3d exchange splitting energy;  structure calculations based on the one-electron picture. The
W,.q, bandwidth of UPS spectrum atv=21.2 eV;Ezq;, energy  whole feature of the Mn @ partial DOS of ZB-MnTe(Ref.
position of main peak in UPS spectrum lat=40.8 eV, Eyq 11) is similar to those of Cd ,Mn,Te (Refs. 12—14% and
energy position of main peak in IPES spectrum. All values are i”an_XMnxTe (Ref. 15 with respect to three characteristic
eV units. The bond lengths are also shown in A unitRas structures: valence bands at-6-2.5 eV, a main peak at
~—3.5 eV, and a satellite structure around@ eV. The Mn

ZB-MnTe NiAs-type MnTe 3d spectrum has been explained by a configuration interac-
Symmetry Cubic Hexagonal tion (CI) theory with a multielectron pictur&*°In compari-
Uett 6.9 6.6 son with the CI theory applied to the Mnd3spectrum of
Wo.g 5.2 6.5 Cd,_,Mn,Te 1* the satellite structure around8 eV is
Esai —34 -37 attributed to transition ?ntd4 f'inal states. On the cher hand,
Esq, 3.5 29 the strupture at 8 —5 including the main peak is assigned
R[Mn-Te] 274 292 to d°L final states, wheré represents a ligand hofé.
R[Mn-Mn] 4.47 3.36
R[Te-Te] 4.47 4.12 IV. SUMMARY

The valence-band and conduction-band electronic struc-
ture of ZB-MnTe (111 epitaxial film grown on the GaAs
(100 substrate has been investigated ibysitu measure-
ments of the UPS and IPES spectra. On the basis of the
one-electron band-theof§?%%23* peaks structures at
—4.3, —1.5, and 6.7 eV are ascribed to the DOS maxima
derived mainly from the flat regions around the X, L, and L

. - andA symmetry points, respectively, assuming common fea-
bridization of NiAs-type MnTe should be lower than that of tures in 11Vl and I Mn, VI compounds as the first-order

ZB-MnTe and therefore its bandwidth of tiped hybridiza- approximatior? In addition. the prominent peaks at3.4
tion band is expected to be narrower, which is in contradic- Eg 35 eV aré attributed té) the cl)acc ied IVhFJ: 2and ndc-
tion to the present experimental result. However, as pointed .~ ibu up! 1 u
out by Podgeny 3! it is important to take into account also cupied 3| states with nearly localized character, respec-

' ; : tively, and theU .4 value is derived to be 690.2 eV.
the Mn-Mn and Te-Te distances in both phases for a com- e
parison. They are 3.36 and 4.12 A in NiAs-type MnTe and The_ Wh_o'? feature of the UPS and IPES spectra of ZB-
4.47 and 4.47 A in ZB-MnTe, respectivelgee Table )L MnTe is similar to that of CdMn,Te, and thell ¢y value

’ of ZB-MnTe is also close to 7.0 eV of Gd,Mn,Te.'® Com-

Much smaller values of the Mn-Mn and Te-Te distances in~" .
NiAs-t MnT ider Mnd3-T bandwidth i parison of the IPES spectra of ZnMn,Te (Ref. 21 with
IASlype Vin € cause a wider e S bandwidth in the spectra constructed using those of ZnRef. 21 and

comparison with ZB-MnTe. Furthermore, an atomic volumeZB MnTe. led h h . imation for th
of ZB-MnTe is also larger by-27% than NiAs-type MnTe -MnTe, led us to change the previous es_tlmauon or the
of value of Zn _,Mn,Te and again assume it to be 6.9 eV.

and we expect a denser system to exhibit more delocalize . o
P y he present results for ZB-MnTe provide us the unified

states’! . .
(gr::ture for the electronic structure of the £CdMn,Te,

6.6 eV, which is slightly smaller than 6.9 eV of ZB-MnTe.
The broad structure around8 eV is also observed in the
UPS spectrum atvr=40.8 eV of NiAs-type MnTe.

The Mn-Te distances in NiAs-type MnTe and ZB-MnTe
are 2.92 and 2.74 A |, respectivelsee Table)l Taking into
account only the Mn-Te distance, the degree of ghe hy-

The p-d bandwidths for both ph , thus, lai
e p-d bandwidths for both phases are, thus, explaine  Mn,Te, and ZB-MnTe.

by taking into account the distances of the second neare .

; ; On the other hand, thd . value and the bandwidth of the
neighbor and the atomic volume. The small&y; value of et

J it p-d hybridization band of ZB-MnTe is slightly larger and

NiAs-type MnTe is also described from the viewpoint of the X . . ;
yP P narrower in comparison with those of NiAs-type Mn¥e?

more delocalized Mn @ states due to the shorter Mn-Mn - . .
respectively. These experimental results are explained by

distance, and this leads to the weaker Mir&d Coulomb L ;
interaction with the Mn atom. taking into account the second nearest neighbor and the
patomic volume™?

The differences between ZB- and NiAs-type MnTe suc
as thep-d bandwidth, theJ .+ value, and energy positions of
the occupied Mn @1 and unoccupied Mn @] states rela-
tive to the VBM are qualititvely reproduced by the band-  The authors are grateful to Professor K. Ando for provid-
structure calculation® The experimental results for both ing us information on the sample preparation, to J. Harada
phases as well as the interatomic distances are summarizedd K. Miyazaki for their assistance in the sample prepara-
in Table I. tion, and to Y. Kani for the data analysis. This work was

Finally, we comment on the broad structure arounl  supported by the Grant-in-Aid for Scientific Research from
eV in the UPS spectrum of ZB-MnTe measured hat  the Ministry of Education, Science and Culture, Japan.
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