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An analytical eapression of the Yerdet constant of semimagnetic semsconductors s derved from & ms-
eroscome analysis of the transverse susceplibility responsible for the Faraday effect. This capression is
obtained by integrating, in & space, ihe wave-vecior-dependent trangverse polarizability. The latier is
obtained within the demsity-matrix formalism using 8 Lorentzian shape for the wave-vecior dependence
of the exchange interaction. Using only (w0 parameters, this model reproduces very well Lhe experimen.
tal Faraday-rotation spectra available for both Cd, ., Mn, Te and Za,_ , Ma, Te for varous mangantse
concentrations and sample femperatures, The normalization parameter is independent of the mAnganess
concentration and sample temperature for a glven type of semimagnetic semiconductor, and the same ex-
change parameter is used for sll manganess concentrations i & given (emperatune. Using the experi-
menial dats sbtained in Cd;., Mn, Te samples of precisely known manganess concemirmlions, we are
able 10 estracy the value §= 0,022 a1 77 K and ¢ =0.018 a1t 290 K for the exchange interaction purameisr
with g relative precision of 5%, while for Zn, ., Mn, Te 5 umaller value (g=0.003 st rosm lemperstars)

i obtained from previous studies.

L INTRODUCTION

Semimagnetic semiconductors (SMSCs) represent o
class of materials that exhibit many striking and techno-
logically useful properiies, especially when placed inside
» magnetic field."? Among these properties, the strong

in—exchange interaction occurring belween the J
clectrons of the Mna®" ions and the s-like conduction-
band and p-like wvalence-band electrons’ profoundly
affects all physical phenomena that depend on the Zee-
man splitting of the band sublevels: For instance, this
spin-spin—exchange interaction leads to (he well-known
giant Faraday rotation observed at photon energies E
near the band-gap resonance ! The effect has been sub-
sequently studied in varous SMSC's, in particular, in the
opticaily isotropac Cd ., Mn, Te and Zn, _, Mn_Te "%

Following Bartholomew, Furdyns, and Ramdas’
several authors have analyzed the Faraday-ratation spec-
tra in terms of & single-oscillator model for the refractive
index that involves the interband excitonic Iransition at
the fundamental gap E,. This model reproduces very
well the dependence in {1 —E/E, )" of the Faraday-
rofation specirum nesr the band-gap resonance, bul as
pointed out by Jiménez-Gonzilez, Aggarwal, and Becla,’®
it i3 based on an mappropriate assumption, namely, that
the value of the refractive index is dominated by (he exei-
tonic transition at the fundamental gap. A two-oscillator
model introduced to eaplain the Faraday-rotation spectra
especially in the infrared region of the spectrum'® also
provides satisfactory fits for the Faraday-rotation spectra
but requires two independent parameters for each spec-
trum measured a1 & given Mn'* concentration and sam-
ple temperature.

The effective oscillator models, however, fail to estab-
lish & direct conmection with the microscopic origin of
the Zeeman effect responsible for the Faraday rotation.
On the other hand, in nonmagnetic 11-¥1 semiconduc-
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tord, such & microscopic approach explicitly taking inta
account the k-wave-vector dertmlun ol the valence and
conduction bands was used'"'? and this approach pre-
dicted a resonance behavior for the Farsday-rotation an-
gle 8 proportiondl to (1= E/E 7™ This model was
successfully applied to several large band-gap [1-¥1 semi-
canductors such as ZnS, ZnSe, CdS, and ZnTe. "

In the following, we extend this model o the case of
SMSC's by adding the spin-spin-exchange intersction o
the pure Zeeman efect in the magnetic-ficid-dependent
sphitting of the spin sublevels of each |k ¥ state in the Bril-
louin zone. Moreover, following Bhattacharee," we use
an explicit wave-vecior dependence for the spin-
gpin-exchange interaction in semimagnetic semiconduc-
tors. This model, where the & dependence of the ex-
change interaction plays a crucial role, explains very well
experimental resufts obtsined in SMS5Cs for variouos
Mn'" concentrations by using only two parameters for a
given type of SMSC's.

[I. THEORETICAL BACKCROLUMNI

In order io discuss Faraday rotstion, et us
conshder s monmochromatic light beam of freqoency
w| &1z, i =Blulexpi{ ks —arl+c.c.] traveling throngh an
optically isotropic crystal alomg am external magnetic
field H parallel to 2 where %, ¥, and 2 define a righs-
handed coordinete sysiem. Faraday-rotation resulis
from the difference in phase velocity of right
(& _=1/¥UR=i§)] and leh {#, =1 /VIT+ 9] cirew-
larly polarized light waves propagating through the
medium along H The Faraday-rotation angle 8, is then
given by

ﬂp=%¢w-“n+3. il

where E=#w is the photon eoergy, L is the crysial
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length, ¢ ia the light velocity in vacuum, and o _ and 4,
are the refractive indices for & - and &, polarizations,
respectively. For an optically isotropic magnetic crystal,

the permittivity tensar g is given by

Eg £ D
g= |—e, %= 0], (2
Q 0

where £,=n} and ng is the refractive {ndex withonl mag-
netic feld. In Eg. (2), e, is the ld-dependent
ransverse  permiltivity for the Farnday-
otation effect. Taking inlo account the relation
g=1+ 4y existing between L and the susceptibility ten-

sar X mmmmmmhmhmm-
a,,=—fi;-f£x.,+£1 : 3
]

where ¥, (E) is the transverse pari of ¥, which naturaily
depends on the light photon energy E. Note that Eg. {3)
s obtatned under the valid approximation el o<ty
which i the opposite of that taken in Rel. 7. ¥, lE) s
calculated wsing the microscopic theory of susceptibili-
ties'® and is obtained through the summation of the po-
larizability over all the possible quantum sintes. AL very
high magnetic fields K and low temperatures T, the
cyclotron-resonance frequency o is large |Aa, >>ky T,
and the Landau quantization must be taken into sccount
in order 1o describe the quanium states of electrons.'’ On
the contrary, at the moderate magnetic flelds (H <10 T)
and temperatures (T3> 3 Ki, which correspond (o most
experimental situations, the Landsu levels are removed
by collisions and ¥, (E) is simply given by

1 ~
Kl Ed= o J, ey ikt (4

where a, ik, E} is the polarizability at the photon energy
E far electrons of wave vecior k.

Using the microscopic theory of polarizabilities,'®
a,lk Elis given by

TRrACLEILALR

. (5
F(E,—E,) !

a, ke E)= E ol =g
'
where the summation {m,n'} is performed over all the
spin sublevels for iven k state in the valence aad con-
duction bands, In Eq. (5, which is valid only out of reso-
nance, p'°, and E,lm =n.n'] are the occupancy proba-
bility and energy of the level considersd, and P,iP, I
the projection of the dipalar clectric on the X
(1 axis. Introducing the projection P =1/VHP, iP,)
of the dipolar electric operator on the &, palarizations,
a, Lk, E} i given by
_ #E Pan T
i im o Eq':‘-EE'a- —E* FEE fos !

1

wilh

:-‘Ei“ﬁ';‘ﬁ.-.linlfxln':ll’ .
where E,., =E,—E, and £ and m are charge and mas
of electrons, respectively. For & zine-blend-type crystal,
the states involved in Eg. 16} are im]'=ru.Lt.r-'I:-"
(m=n",n and =13} in {he wvalence band and
i ) =e,k,£L) (m =a',n) in the conduction band (see
Fig. |, where the transitions sllowed in the Farsday
ml;unliunmﬂm:hwnr. Assuming that the oacills-
tor strengihs /L' are independent on k and H,"™ and not-
ing that

HiHP:|iHF=]H-J:1HI.P;I=FI1'-H‘

(Ref. 3), (k. E} is given by
aglkE)=LEEd 3 [Jis=Ji-s]. m
L

where E, mdn’mlhppeuﬂuudtmuhi:nd:pua:
moment at k =0, respectively, and Jiglis given by

$ [
ot |afes]
AE(k,s)| AE k51— ET]
with AEUksI=E,ke/2)~E, ks /2 B,ks/2) and
f,[k,e.ﬂ] are the occupancy probabilities of the
v,

k./1) and lck,e/2) spin sublevels in the valence
and conduction bands, respectively, and we have e=%1

&

Jisi=|al (&)

H=0 H=0
e, b, s>
||:.E:r
|1:.h-.—l:.".t:r
(= Tq- a- a-
jv.k. 3R>
RS i B
[v. k>
|w. b =l

[w, ki, =kt

FIG. . Schemanc illustration of the transitions between the
spin-aplit valence- wnd conductionand sublevels |k} in the
Farsday configuration,




2202 S HUOONNARD-BRUYERE & al 0

EF1) fors=2%3 {+1], respeciively. The energies of the
spin sublevels in the conduction and valence bands are

given by
£ bt e T TV X
and

E lk 5| kT g

where m, and m, are the cffective masses of clectrons

and holes in the conduction and walence bands [light
(5=1| and heavy {x=13) electrons], respectively, g and
§,, are the Lande factors of elecirons in the conduction
and lght {5 =1} and heavy (3 =3) valence bands, respec-
I;wnly., g =0.927% 107" erg/G being the Bohr magne-

. In Egs. 19a) and (9b) the terma AM and BM /3 are
in:mdu:.ad to take the exchangs miermction into account,
M being the magnetization of Mn*" ions, and A and 8
being given by

= ) 10

Bunba A +kj

and
t!

-—E 8 (10b)

Emnbip k¥4 kg
where g, 18 the Landé factor of Mo ions and & and
—#& are the valoes per atom of the exchange int in

the conduction and valence bands, respectively, Y For
the sake of simplicity, the wave-vector dependence of the
eachange intersction' is taken into sccount in Equ. (10
by the Lorentzian factor kf/(k]+k?), where ky is a
fitting paraméter.

MNote that such a wave-vector dependence of the ex-
change intersction was already observed, for instance, in
Cd,_,Mn,Te, the pseudo-Zeeman splitting being 168
times smaller at the L point in the A direction than at the
F p-u:l:lll near the band-gap resonance of the semiconduc-
tor.™ 1t is also important to anticipate here that this k
dependence of the exchange intersction it essential {n ob-
tgining & good agreement with experimental results,
Inﬁed.wh&nlhhkd:pnﬁmuhmulmhmn:-
count, the analytical solution exhibits & resonance in
{1=E/E, )" near the band-gap resonance” instead of
the (1 —E.-’-E )% behavior experimentally observed.’

Al high bl!l!.pttll:lul-l‘!:l 1t§plﬂ-111r T > &0 K} the magneti-
zation can be lineanzed in

Nl gty PSLS + 10

M= =ar—ean S

whese Ny 15 the total density of cation sites, § =1 is the

spin of the Mn'* jons, and lx)= @ with x the Mn'"

concentration. The constant 8y has the values —470 and

—i:nlil K fior Cd;_,Mn_ Te and Zn;_, Mn, Te, respactive-
Iy.

The Faraday-rotation angle &, is then calculated for

inrge. pap semiconductors | [J(k8/21=1  gnd
Fetk,e/1)=0] by analytically performing the integration
in Eq. (4. Since in the temperature and magnetic field
ranges considered 8§, 15 proportionsl o H, we use the
Verdel constant ¥IE}= &, /I LHT whise expiression is-oh-
tained as

VIEy=Z X1+ CYgiX) [ I}
H‘i!JJI-E.-"'E and
ﬂ’EIn A
Fm amy
1&I'I|:| i] ]
3l
m
Mgy ‘hj"h""%rll""h] m_: ' 113
e E[ = Eunftg¥15 +1)
C= e, n’ “""" 2 :
114)
and
_E_
E T -ﬂ'u.t {135)

where m~ l=m M 4+m ! (j=1,3) and Q= qE"J"E.
with g =#kj /(2m,E, b E, being the gap energy of
CdTeat 77 Ktﬂ:dumuﬂnrd‘u‘:m
The photon energy dependence of the Yerdet constant
i given by S and g X for the pure Zecman and ex-
change coniribations, respectively, with
- | I
e TES TS 7
|
O+ 0+ X2+ 0P

1
+
(=X Mun—=x2+g'p

1

As shown hereafter, when FIE) is given by Eg. (13),
the constant C which contuins the oscillstor strength
(d’E, ) and mwmmhm,n-numd:mdsw-
ther on the Mn®* concentration nor on the ssmple tem-
perature.

In Egs. (12)-{17) we have neglecied the small Hght-
hole  contribution which s proportional o
N+ NoB/3lim  /my 7 and is, therefore, less than
1% of the heavy-hole contribution (Npo—Ng8L It 18
ablso imporiant to note that the resulis given by Ega.

(12)~(17) mre valid only if the light frequency is not oo
nhlmlhth-nd-ﬂp resonance, or equivalemtly for

(A +BM |77
El

e L (16

piXl=—

(L&)

|—,r:=-:=-]1q

where [ 4 + 8)M represents the maximum spin-exchangs
interaction-induced Zeeman splitting for 2 SMSC placed



50 FARADAY-ROTATION SPECTRA OF SEMIMAGNETIC . . 12

in the magnetic ficld 4 at the temperature T
For small values of 010 <<1—1X), B1X) redueces to
1 |

(X)=— -
. (1+XP?  (1=xpPR

2 11s)

which leads 1o the same resonance form in (1— )™/ g
the experimental results and has, as expecied, & sign
which is opposite to that of the pure Zeeman contribu-
tion (LX), Let us also remurk that at very low [requen-
cies (X <<l), fIX) and g{X) reduce to 3X7/4 and
—15X%/4, respectively. The X? dependence of these
functions is a supplementary indication of the validity of
our analysis in this frequency range ' 12

HI. EXPERIMENTAL RESULTS AND DISCUSSION

Experimenis were performed in single crystals of
Cdy_,Mn, Te grown using cither the Bridgeman (x —=()
and 0.03) or the traveling heater (x~0. 10 and 0.2%)
method.” The Mn* concentration of the three samples
wsed was determined from electron  beam-indsced
Stomic emission in the x-ray range by the Laboratoire
de Physique du Solide
Meudon (Francel at (3.340.3%), (9.7+0.3 %, and
124.840.3 %), The samples were placed inside o magner-
Ic crynstal providing tempersiures befween 3 and 300 K
and magnetic Belds up to 5 T. Faraday-rotation MEASIrE.
ments were performed by wsing glan-prism polarizers.
The light source was & cw Ar-laser-pumped Ti-sapphire
laser in the range 1.18-1.82 eV and a BRO optical pira-
metric generator amplifier pumped by the third harmonic
of & single pulse (30 ps duration) delivered by a mode.
locked Nd-YAG laser, where YAG denotes ¥ilriam
dluminum gamnet, in the range 0.90-1.20 eV. ™ All the
Faraday-rotation angles measured in these experiments
were correcled from the small Faraday romtion of the
windows of the cryostat,

Experiments were performed in pure CdTe samples in
arder to determine the constants entering in the pure
Zeeman contribution o F(E), since the spin-exchange

interaction is absent in this case. Figure 2 shows the Ver:
3% CdT
= &
5 10 F
L g
3ol ﬂ
el
E o f I’M-H
5 [ = T=TTK
=
35
n aaa s b il 4 Lok o
0. 0.7 1.0 13 16

Bhoon enegy (eV]

FIG. T Verdet dispersion for purs CdTe 31 290 K (open dig-
Mandst =nd 77 K lopen squares and cirgles for twn different
sampbes).

de Bellevoe du CNRS in-

duﬂnﬂmlu:fuulinnd’ﬂ:ﬂulnurnfwlwcm
samples of different origins at 77 K (open squares and o
cles, for samples | and 2 respectively, in Fig. 2 and f
the sample | at room temperatlure (open diamonds in Fi
21, The dais cannot be fited safisfactarily by Eq. (|
with x =0 when using the values E,“ ==1.528 and 1.5%

eV st room and nitrogen femperature, respectively,
This discrepancy, already noticed by Atsuko Ebin
Tliﬂ[ﬂ,ﬂdﬁlilﬂnﬂhiﬂﬂjﬂ,“ﬂlﬂb:dlﬂhinq
ative contributicn to V[ E) which would be more res
nant than that of the band electrons. Note that this b
pothesis is coherent with the sharp decrease of FiE) ol
mdmmehud-ﬂpmuumpll. Howes
a.mudﬂumupﬂtnmhlrendu:rmubuimbrn
ing Eq. (12} with x =0 when an effective value (£

Beans
was taken for the band-gap energy of CdTe, Indeed, i
Fig. 2, the continuous lines represent the fits (o exper

mental results abisined with the same E;':rr. =] g g

for both temperatures. In order to obtain these fits w
took Z =10.7 and 9.8 deg/kG/cm for T =290 and 77 K
respectively. As we are mostly interested in describin
the eschange-interaction part of the Faraday-rotatis
effecs, in  the following X s replaced b
-f"l'ﬁlm.f'ﬁ;m. in f1X) for describing the pure Zee
man contribution to FiE} in cadmiom manganeie tellu
ride. Note, however, that the fir is not valid for X greate)
than 0.94,

Figures Jinl-3e) show the Verdet constant MERsLUres
in Cdy_,Mn, Te at 77 and 290 K for x =0.031, 0.007
and 0,248, respectively, as a function of the photon ener.
gy in the 1.20-1.90 eV range. In this figure, open circles
and iriangles correspond 1o measurements performed at
77 and 290 K, respectively. The continuous lines in Figs.
Mal-e) are the fits obtained at the corresponding tem-
peratures by using Egqe (120-(17). The EAp emerEY A
pearing in these equations was calculated from the Mug
concentration by asing the equation

E =0 _jl'Elu.r-r. +I'El'n.r:

with E =1.528 and 1.596 eV | =1.90 and 3.0%
Frgm, .E.““_.

eV} for CdTe (MnTe) &t room and liguid-nitrogen tem-
perature, respectively.! In these fits, the same value of
C=8.74x10" degeV'? K/IkG ¢m) was used for all ex.
periments, thus confirming that this quantity depends
neither on x nor on T. Moreover, the same value of g
was taken at a given temperature whatever the Mn?®
concentration was (¢ =0.022 and 0.018 at 77 and 0K,
respectively). This indicates that the wave-vector depen-
dence of the exchange interaction does not depend on the
Mn'* concentration as observed expetimentally for the
Zegman lthIiI?l measured at the T and L points of the
Brilloun zone™ On the contrary, &% the value of g varies
with the lemperature, this & dependence of the exchange
interaction slightly depends on T at least in the high-
lemperature regime of our experiments. In Figa. Vbl and
Jich the fits were stopped n1 X =0.975 in order to satisly
condition (18}, while in Fig. Mal it was restricted to
X =0.94 since the pure Zeeman <ontribution, which is
relatively leege in this low concentration caee, 15 not Aned

L]
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carrectly by cur model for X larger than (.94 {sexc Fig, 2
Note that, in our analysis, only three independent param-
eters are needed to fit the experimental reaults of six spac-
tra of the Yerdet constant and thess, as seen in Fig. 3, are
very good over a large frequency range,

Figure 4 shows the Verdet constant of Cd,_, Mn_Te
Iz =0.097) ;t 77 K plotied ss & function of the photon
energy in the infrared region of the spectrum [0.6-1.2
e¥). The experimental results {open circles in Fig. 4) are
very well fitted by using exactly the same wvaloes
g =0.022 and © =8_T4 X 107 for the fres parameters as in
Fig- ). The very good quality of the fit demonatrates that
our theory is alse valid in the infrared region of the spec-
trum far from the band-gap resonance.

Figure 5 shows the Verdet constant in Cd;_,Mn, Te

3

WVIDE wuitsani [daph cm)

5888

3
| i i i

tE- 1A 1A 15 18 AT
proton enengy [av]

53 &

Verdat constant |degG om]

8

_.m iaill '} 1 1 i 1
12 13 14 15 16 1.7 18 18
phaton enengy (e

F1G. 3. ¥erdet dispersion for Cd,.., Mn, Te 81 290 K {open
treangles) and 77 K lopen circles) for three different Ma'* con-
centrations: x =(.033, 0.097, and 0.248 in ia)-ic), respectively,
Solid lines are the s by our model.
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FlG, 4. Verder dispersion for Cd ., Ma, Te 12 =0.097) a1 77
K in the infrared reghon of the spectrum. Solid line 15 the Bt by
ozt ],

Lz =0.097) at 77 K plotted a5 a function of the ph
energy in the resonant part of the spectrum with an ex-
panded scale (1.5-1.7 e¥V). The open circles represent the
expenimental resulis and the three dotied, continuoos,
and broken lines are the fits obtained by using g =0.012,
0.022, and 0,032, respectively. These fits were obtained
by adjusting the value of C in the infrared region of the
Spectrum in order to get & good fit in this spectral region.
As the influence of ¢ is significant only near the bund-gap
rescngnce [see Egs. (1200171, the fits provided exacitly
the same curve as the continuous line in Fig. 4 whaiever
the value of g was. As shown in Fig. 5, this is not the
Case near resonance, 50 that it was possible to determine g
with a 3% relative precision (g =0.022+:0.0001 ), This in-
dicates that the slight temperature dependence of the &
dependence of the exchange interaction is real.

The resonance in (| =X1~"7 of the Verdet constant al-
resdy observed ﬂplnmnnt:lllfj' when the spin-exchange
interaction was 1" was also verified by plod-
ting [ W{E)]™**? as a function of X for measurements per-

- 16 1.7
phaton enargy [eV]

FIG. 5. Verdet dispersion for Cd,_, Mna, Te |x =0.097) a1 77
K near the bandl-gap resonance, Dotted, solid, and broken linss
are the fits by owr model with ¢ =0012, 0022, and G031, re-
speciively.
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formed in Cd;_,Mn, Te {x =0.033, 0.087, and 0.249) at
m“ﬂ.rm;mlm temperature. Results were similar for the
different Mn®* concentrations so that only those ob-
wined for x =0.097 are plotted in Fig. 6. The expeni-
mental results (open circles in Fig. 81 which, nsturally,
are very well Gited through the use of Eq. (12} in ths
whole spectral range (continuous line in Fig. &) can alo
be adequately described by a straight line (broken line in
Fig. 61 Mote, however. that this simplification is valid
only in the lmited range X =0.85 to 0.97, and that the
intercept on the X axis s not obtained for X =1 but rath-
er for X =1.013, this small difference being evidenily re-
lagad to the value of g.

Crir model was also used to fit the experimental results
pbitzined by other groups in Cd; _ Mn, Te, in particular,
&l room lem ure."*"" The fits obtained with the
game value ¢ =0.018 (at 300 K for the exchange parame-
ter were all excellent, even st very low Mn'* concentra-
tions {x =0.01, for instance,’), provided that the values
of C and = were sometimes slightly adjusted by less than
[0%. These small discrepancies were probably due to
small mmprecisions, in particular, in the knowledge of x.
Indeed, as shown in Fig. 7, good fits were obtained in the
case of Ref. 10 with no adjustment of x which was pre-
cisely known. For x =0, 179 and 0,268 the same value of
 as in our experiments was ussd and a shightly different
value [C=7.50% 10" degeV'™ K/(kG em)] was utilized
for x =0.076, this small difference being possibly dus to
some tmprecision in the sample thickness.

Our theoretical analvsis was also applied to the case of
Zny_ Mn, Te. Figure & shows the experimenial resulis
obtained &t room temperature by Bartholomew, Furdyns,
and Ramdae,’ Logether with the fits provided by our mod-
el lcontinuoas lines). The curve for pure ZnTe {x =0}
was obtained for Z = 10,7 deg/kC/om and E, =1 126 £V
which is only 2% smaller than the value El';.r.tl'ﬂl
eV measured by the exciton position This small
difference proves that, contrary to the case of CdTe, the

L]
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(o |
-3 b
N B i

=
'
T

{Verdet constant) ™ (arb units)
o
L]

TaTTK |
- i I Y

o
0.758 085 D.B5 1.05
normalized photon anengy

FIz, 6, Mormalized Verdet dispersion for Od -, Mn, Te
{x=0,087) ot T7 K illostrnting the [1—=X1""7 dependence of
¥IiEl Solid line 1 the 6t by our model. The broken straight
line also Bis the eaperimenial resulbts for 0.85 < X <0.98. The
arrow shows the intercept of the straight kne ot ¥ = L3,

el 076

=
L]

-k
L= ]
T

.- Gd'i :IH HITEI

Verdet constant [deg/kGicm]

20 | 0.268—
F 0.17%
30 I r.300K
rq_u i i
0.4 08 1.2 16

photan enargy [aV]

FIG. 7. Verdel dispersion for Cd,_, Mna, Te at 300 K for
various Mn concemtratlons, mensured by Hmenes-Gonsales,
Aggarwal, and Becta (Refl. 10l Solid line indicats the beat i
by o el

pure Zeeman effect 8 well accounted for by the mod-
el Al the fits concerming £n;_, Mn, Te were ob-
tained with the values of the constants (€ =4 35 10"
degeV'" T K /kGem) and g =0.001) by adjusting the
Mn'" concentration at the walues 0014, Q.039, D049,
and O.11 {see Fig. & for the corresponding curves). This
represents relatively large changes when compared (o the
values assumed by the authors of Refl 7 (0002, 0005, 0005,
and 0L10), bt it ks well known that in Zn,_, Mn,Te, due
to the decrense of the liquidus temperature with incress-
ing MnTe content in ZnTe, the Mn®" concentration
significantly increases from the lower tp of the ingot
{first part to crystallize) 10 the higher one with a gradient
concentration of about 1-5%/cm ™ This is, besides,
confirmed by the very different results obtained by
Bartholomew, Furdyna, and Ramdas for the Verdet con-
stant of two samples of Zn ., Mn, Te having identical
0.0 nominal compositions (see the curves labeled
x ={.039 and 0.04% in Fig. 8.

Mote that our model can also describe very well resulis

AR L
B o

]

Verdal consiant [degkG omi
=

1.4 186 18 2 22
pholon anergy (2]

FIG. 8. Verde! dispersion for Zn, -, Mn, Te st room remper-
ature for several low waluss of & Measurements by Hariho-
lomew, Furdvne, and Ramdas are well fitted by our model (salid
larheal,
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obtained st snull values of the Mn®" concentration In
particular, m the curve labeled x =0.014 in Fig. 8, the
Verdet constant firsl increases with increasing frequen-
cies far from the band:gap resonance where the pure Zee-
man effect dominates before it decreases at higher fre-
quencics when the most resonant exchange imteraction
overcomes the pure Zeemun effect.

Mote also that, although the precision is worse for
Znj_ Mn,Te 1qg =0.003£0.002 st room temperature for
all values of x] than for Cd,_, Mn, Te (g =0.018+0.00]
st mom temperature for all values of x|, the role played
by the exchange tnternction in the splitting of the spin
sublevels responsible for the Faraday effeci decreases
with increasing k faster in Zn;_ ,Mn,Te than in
Cdy_.Mn, Te. The same tendency was observed cone
cerning the ratio of the Zeeman splitiing &t the I and L
points which s & for Cd,_,Mn, Te (Ref. 200 and 5 for
Zn;_ Mn, Te™ However, it should be noted that the
difference is less important in this case than in oor mes-
surements, This evidently suggests that the descnption
of the wave-vector dependence of the exchange interac-
tion by a simple Lorentzian, which seems convenient to
fit the results of Faraday-rotation spectra, s probably not
adeguate in the whobe Brillonin rone.

I¥. CONCLUSION

In this work, an analytical formula has been obtained
for the expression of the Verdet constant of semimagnetic
semiconductors as a function of the Ma®* concentration,
sample temperatore, and light frequency. This value was
derived from the microscopic analysia of the transverse
susceptibility responsible for the Faraday-rotation effect.
In this analysis, the transverse susceptibility was obtained
throngh the summation over the k wave vectors of the k-
dependent transverse polanizability. The crucial point
consisted in taking explicitly into account the k depen-

5. HUGONNARD-BRUYERE er ol. %

dence of the spin-spin=-exchange inleraction, which was
dane by using a Lorentzian shape for the &-dependent ex.
change integrals. The model very well explains all experi-
mental results available concerming Faradey-rotation
spectra both in Cd;_ Mn, Te and Zn;_, Mn, Te for vari-
ous Mn'" concentrations and sample temperatures in
large frequency ranges by using only normalization and
exchange-interaction parameters provided the Ma®™* con-
centration is precisely known. The normalization param.
eter has been found to be independent of both the man:
giness goncenlration and sample temperaiure for & given
type of semimagnetic semiconductor, snd the same ex-
change parameter has been used for all x a1 & given tem-
perature. Due to the effectiveness of our model the
exchange-interaction parameter has besn determined
with a greal precision in Cd,_ , Mn, Te (g =0,022£0.001
and ¢ =0.018£0.001 at liguid nitrogen and room tem-
perature, respectively) by using our expenmenial results
performed in samples of precisely known concentrations,
and a rezsonable value has been given in the case of
Zny_,Mn, Te (g =0.0031+0.002 at room iemperaiure)
where the manganese concentrations were not precisely
known.
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