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MNew Aspects of Giant Exciton Faraday Rotation in Cd, __ Mn, Te
Semimagnetic Compound: Fundamentals and Applications
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Abstract

Wavelength, magnetic field, and temperature
dependences of Faraday rotation (FR) in vanous
compositions of the dilute magnetic semiconduc-
tors, Cd, _ , Mn, Te and Zn, . ,Mn, Te have been
eiperimentally invesugated. Repularines of the
Faraday effect dispersion connected with the
change of rotanon direction as a function of
temperature and Mn concentration in the com-
pound have been revealed. Dewviation in FR satu-
ration at helium temperatures and high magnetic
ficids is observed. According to the FR tempera-
ture dependence, the spontansous Faraday effect
it assumed (o be a charactenstic of the spin glass
stale of sermimagnetic semiconductors. A rapid
magnetic field sensor system as a possible applica-
tion of this material has been proposed.

Introduction

One of the unique features of semimagnetic
sermiconductors s the unusually large Faraday
effect that they exhibit. In Cd; _ Mn, Te an un-
usually large spin splitting of exciton states and
the accompanying giant strengthening of inter-
band Faraday rotation has besn observed for the
first time [1, 2. In these and the following papers
attention was mainly drawn to any increase in the
absolute FR and almost nothing was said about
the direction of rotation. Only recently [3. 4] has
the complicated behavior of the Faraday effect
dispersion with the change of sign of rotaton
been pointed out. Theoretical explanations of the
experiments on Faraday effect in semimagnetic
Cd, _, Mn, Te suffer from the drawback of using
only a simple exciton mechanizm,

Experimental Results

Solid selunon Cd, _, Mn, Te was grown using
a modified Brndgman method. The expenments
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were performed on single crystal samples having
concentration x up to 0.45 and a thickness of
0.1 =10 mm.

First of all we noticed the spectrally dependent
FR picture to be somewhat different from thit
reported in previous papers [1. 2] Along with the
strong absolute FR magnitude © increase com-
pared to ‘pure’ CdTe at room temperaiure onk
can s {in Fig. 1) & change in rofation direction
(from posiive for CdTe 1o negative for
Cd, _ . Mn, Te). Moreover., for the sample with
concentration x = 0007 inversion of the sign of
rofation occurs. The samples having © = 0.05 ex-
hibit the negative FR nght wp to 0.6 ¢V photon
energy. OF interest is the fact that in the vicinay
of E=147eV (i =085um) the magnitude of
the Verdet constant remains invariable for con-
centrations x = 0.05-0. M because of the equaliz-
E{! influence of the forbidden band gap E,(r) and

x).

In Fig. 2 the dependence of FR dispersion
upen temperature is shown for the concentration
x =0.007 which 15 charactenzed by the invernon
of the sign of rotation. One can sée the inversion
vanishing during both the temperature increase
and decrease.
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Fig. | Faraday effeci spectral depemdence of Cd, ., Mn, Te
Tor varous compositions of Mn sl T = 30K
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Fig 2 Faraday rotaton specira of Cid w0, My w0 Te for vari.
OuE It alares

Discussion

We consider the observed peculiarities in Fara-
day rotanon spectral dependences for semimag-
neuc semiconductor Cd, Mn, Te 1o be a result
of the compettion of different, opposite in SIgn
contnbuiions nto the Faraday effect. In general,
the &4 E) dependence can be presented as a sum

B(E)=8(E) + BO.(E)+ B,(E) (n

where @, (E) 18 a charactenstic of the interband
Faraday rotation in the direct band semiconduc-
tors and can be wntten as the following equation

%3 N el i
E—}I;E;alf[El‘_ElE_E]_

| B
_E?qfﬁﬂ "—I] (2)

For the contribution €,(E), taking into account
the eleciron-hale interactions, the following wave-
length dependence is iypical

. E* DE,E?
&= = = 3 e e g s 3
S E) H[E“_ h .E‘-+|.E,.-—£'r] (3)

where £, 15 the energy location of exciton absorp-
1 F0ne maximum

Writing the equations for 4 and § we must
take inte consideration the fact that the interband
4nd exciion transitions can be characterized by
the same spin sphitting AE

A=4,AE. B=§ AE (4)
AE = w5 INAS = L) + (g, + B hug B i 5

here €5, is the mean value of magneto-admixed
subsysiem magnetizaton, N, is the number of
cation states per cm C J, , are the exchange
inleraction integrals, g, , are the effective g factors
of cleciron and hole Constants 4, B, and D
nclude zone and exciton characteristics of

crystals. Comparing eqns. (2)-(5) one can easily
notice the signs of ©,(£) and"B.(E) 1o be deter-
mined by the negative ones of A and 8 because
of Noldy=J)= 1126V for Cd, _,Mn, Te
crystals [5]. Admitting a satisfactory comcidence
of the exciton contribution with the experimenial
results oblained earlier. it should be noted that in
fact this occurs only at a small spectral region
near the exciton transitions

Mevertheless. only negative contributions are
not sufficient for the explanation of the more
comphcated dependence EME) with the sign of
rotation inversion. Therefore bet us examine the
third positive contribution ®,{E), which can be
expressed as

EJ
EF-E
where £ is the effective energy of transitions in
the shortwave spectral region. The evaluation of
E, was perlormed by the approximation of
expenmental data (Fig. 1) for x =0.007 -ai
150 K in the wave gap | -2 um (under such condi-
tions @(£) and @,(E) can be disregarded). The
expenmental points with sufficient precision lie
on nAght line V= @)(Hd) ~(i*— i and
the obtamed value of i, =(5100+ 200) A,
Eo=(2.43 £ 0.1) eV agrees perfectly well with the
intraband transition energy in Mn’ " ions.

In the magnetic field dependence of FR for the
Cd, _, Mn, Te compound ( Fig. 3), besides the FR
saturation at /> 30 kOe 1ypical at helium tem-
peratures one can observe il monolonous in-
crease up to 250 kOe. We consider this 1o be a
result of a step growth of magnetization €5, due
1o antiferromagnetic exchange interactions be-
tween the neighbouring Mn* jons. In the FR
temperature dependence (Fig. 4) an abrupt de-
crease in the FR magnitude in the temperature

Ei;i!f] - {T
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Fig. 3 Faraday effect magmenc Beld dependence of the
Ty o Mey, 5, Te eryital a1 various lemperaiures
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Fig & Faruday efect iemperature dependence ai the ahssm-
ton band regen fof Swo concentranons of Mn

interval (4.2 -50) K 1s observed. i e in accordance
with the temperature dependence of magnetiza-
tion (5.3 For the @{T) dependence of the
Cdy . Mn, ,Te sample measured a1 low magnetic
fields a certain maximum typical for the paramag-
nel Lo spin glass transition is seen. The evaluated
transition temperature value T, =(11 + 0.5 K 15
in satsfaciory agreement with the magnetic phase
diagram of Cd, , Mn, Te. Apparently differences
i the rotabon value for the spin glass state
measured in low and strong magnetic fields (at
I'< {1 K) can be interpreted as a sponldncous
Faraday effect

Applications

One of the promising applications of
Cd, _,Mn, Te is the use of its strong FR for
optical measurements of magnetic hields 6, 7). In
ref. 6 a crystal was used with x =045 and ¥ =8/
(Hd) = 0.17 deg/{Oecm) for 4 =0.63 um. In our
Opmion, 1§ 15 necessary to optimize the concentra-
tion of Cd, , Mn, Te for a more efficient use of it
25 & magnetooplcal medium at a certan radiation
wavelength. So we performed detailed measure-

| F and of optical transmission near
A, =063 pmy for the He-MNe laser and near
4, =085 um for the injection laser. According to

the measurements ( Fig. 1), for 4, and for concen-
trations x =04, 043 and 045, the Verdet con-
stant was 032 022 and 006 deg'{Oecm)
respectively, The concentration x =04 with a
maximal ¥ 15 ultimate, since erystals with © < 0.4
are non-transparent for the ermssion with 4. [
appears that for the He-Ne laser an opumal
concentration s x =043 for which ¥ is larger

* than for x = 0.4% and the rransmission coefficient

L

is at the level of + =010, Note that such an
optimization alse ensures a siable temperature
regime for Cd, ., Mng,,Te samples. because Tor
x =04 shght vananons in emperature can lead
10 significant changes in ¢ and ¥ parameters. To
improve femperaiure stabiity of sensors the sam-
ples aof + =045 are preferable because for them
the absorpuion edge 18 removed from the opera-
ton wavelength «, = 0.63 um and the temperature
gradients of ¢ and V are smaller.

Figure 5 illustrates the optical fiber magnetic
field sensor design which has been produced using
4 He-Ne laser and the CdyyMng,,Te crysial.
The lrequency dependence of the Faraday effect in
such compounds is limited to frequencies of sev-
eral GHz [8]. therefore practically the sensor's
operating bind is determined in our case by a
photodetector

Our investigantons also aimed al creating a
susceplible sensor. so at 8 minimal level of the
detected pulsed magnetc field H_,, = | Oe, the
operating band of the sensor at the level of —1dB
was as large as 140 MHz. This ensures a response
time shorter than 1 ns. The sensor's susceptibility
was A mV Oe

Concerning optimization of erystals for
4; =085 pm ut should be noted that it is unrea-
sondble to use samples with small x =005 when
4y 18 near the absorption band edge It has been
noted above that near £ = 1.47 eV V is indepen-
dent of x (0.05<x <045 and is 0.025 deg/
(Ocem) (Fig. I). Therefore the use of high x
crystals 15 also reasonable in this case, because at
an increase in x the frequency band of the FR, its
thermal stability and the transparency of the crys-
tal also increase. Nevertheless, because of a
smaller Verde! constant the susceptibility of such
SENsSOrs s an order lower,

It appears that the picture with other solid
solutions of the family A" Mn, B"' must be
similar to that for Za, _ ,Mn,'l‘: {large E, values
are typical for all of them). It has been established
that for Zn, _  Mn, Te the qualitative charactens-
tics of concentration, spectral and magnetic field
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dependences of FR are similar 1o those observed
in Cd, _, Mn, Te. There is no doubt abeout the
commonness of the physical mechanisms re-
ported above that underlie such anomalies [or
various sermimagnetic semiconduciors. However,
ihe data for Zn;_, Mn, Te {Fg. &) comiam 2
quaniitative difference in the absolute magnitude
of FR. An essential decreuse in V for this semi-
conductor results  from two factors.  Firstly,
InTe, as compared 10 CdTe, has i smaller asol-
lator farce of the éxciton transiion. Secondly,
&4, E) influences: a total FR more strangly in
Zn;_ . Mn, Te as in a more broad-band semican-
ductor and compensates the strong ncgative rota-
tion. Furthermore. of particular interest are
crystals for which NylJy — J.} > 0. Then the signs
of all of the contributions & will be greater than
2erD

Another way of enlarging the class ol semi-
magnetic semiconductors 1o be more suitable
far practical applications a1 room (emperatures
is 1o master four-component A"BY® solid solu
tions. For example. i Cd,Mn Hg, , . Te
by wvarying the x and v concenlrations il 1%
possible 10 oplimize a magnetooptical matenal
for semeconductor lasers with =035 or
a3 aem

all
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,Mn, Te for vanous compositions of Mroa1 room iemperatiee
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