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te, AC, The wavelength dependence af the Faraday effect ot fixed temperaiure
“amimnan, ang the temperature dependence ui fized wavelengih have been
- measured in Cd{0.35)Mn{0.45) Te. Thiese results can be explained quite
ha & H. well using a mmple exciton model and the knawn iemperaiure
v (1983) dependence of the magnetic suscepiibility and exciton energy.
Lot 48 INTRODUCTION L
1. Agp ONE OF THE UNIQUE features of the semimag- :: =
’ RElE sermiconductors (4 the unosually large Faraday i i
wshi, M effect thar they exhibit 1] Since the original observa- o 44 -
Hijikata, tions, the large Faraday effect has been attributed 1o o e
exciton eflects even though no careful comparison = e
|:::r: ‘:ﬁ between theory and experiment had been made This e L
i}, behavior b5 different from most 111~V and [1-V] com- [ RES
itton, J pounds where the contribution from excitons is gener- f'r
n & H, ally considered important only very close to the ex- o)
cion energy {2 Tn this letter we examine ihe e
1"-&?'5 wavelength and temperature dependence of the Fara- bt E
i) day effect and find that indeed a simple exciton model x ed +d s HH‘:‘;F_ -:E:m.r : 50 Lk
i w provides a guanutative d- scription of ihe observed = - 7 =
A, o H. hehaviar
I 9R&), Fig. |. Temperature dependence of the Faraday effect
& LV EXPERIMENTAL in L_dLr_I_'jj-ani{:'_J._'-ch at £33 nm
ev. B3Z, The temperature dependent measurements were modulated a1 200 Mhz and the signal deiected with a
& Al mide using a He-Ne lnser (633nm) in the Faraday [y photodiode and @ spectrum analveer Further
) geometry with the analyser parallel 1o the initial polar-  derils of the experimental arrangement have hesn
Jossard, ization. The magnetsc field from & Yarian mignel was  published slsewhers [31.
adjusted 1o provide a null in the transmitted light
A, Appl, ifitensity, The held berwesn n.utl-: was used (o d:ll::r- WAVELENGTH DEPENDENCE
mine 1he ¥erdel constant. Typicaily this magnetic ficld
difference was abour 18 kOe, The temperature of the Recently a quantitative expression was derived
sample was controlled using a Wariun nitrogen gas  for the Faraday rotation 8 prodoced by a simple
Alow system with a thermocouple a1 the sample, The exciton [4)
experimental resulis for CA{DENMn(045)Te are _19x  EIE,
shown in Flg | = _EH-'JT Fﬂ%ﬁsfﬂfﬂ.!{i}_ {1}
The wivelengrh dependence of the Fa raday =fect '
wits measured at room temperature using the various  where a is the index of refraction, 4 is the wavelength
lines of & krypion laser in the conventional Faraday  of hght in vacunm, E, is the plasma energy, £, is the
geomelry. The analyzer was set ar 45 degrees lo the  exciton energy, £ is the photon energy, /15 the oscil
inpit polasization 3o that modulnton of the polanza-  |star strengrh, [ is ihe Mn-hole exchangs mieraction.
thon direction resulted in amplitude modulation of the A, is the number of cations per umt volume, ¥ is the
beam. A time varying magnetic field was generated by Mn concentration, and < 5.5 1 the thermal average of
placing the simple in a micro-stripline with the laser  the Mn spins along the applied field. In order 1o
beam perpendicular 1o the sirip. The light beam was  cosipare this expression with the experimental resul s,
45
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Fig. 2. Phown energy dependence of the Faraday
effecy in Cd{0.551Mn(0.455Te (Alled cirches) and
Cd {25 Mn(0.] 51 Te (open cicles) ploted 1o display
ihe expected functional dependence for excitons. Sce
equation {31, The 15% Mn daia 5 from [§]. The
arrows indicate the known excilon energees squared
from [7. 8]

it is pecessary 1o exphigitly take imio account [he
wavelength dependence of the indes of refraction. |81
is assumed that all this dependence anses from The
exciion transatiod, then the mdes of melrchon will
have the [ollpwing Tunctional Torm | 3]

E.f

e, . P [y
(B = E-]

n X
From these two equilions the dependence on photon
ENETEY will be given by
fi E£5.

£ E-E fat

The verms i equution {31 contam all the expected
dependences on photon energy and temperiture. In
Fig I we plot (£ " vs photon engrgy squared. From
Eq_ur:'.n:m (3} this should gve o Bngar plol with the
exciton energy squarcd as the imencept. Indoed. our
data for the 45% Mn sample and the daca from |b] For
a 15% Mn sample both exhibit this behaviour. In
clusion of the dats from [6] 5 imporiant becuuse The
d45% Mn sample has a Maid — ) trensabion close L6
the enciton energy [7] which could modify the
wavelength dependence of the relractive mdex. From
the linearity of the plots it apparently does nol make
o significant contnbution, The linear plots over a wide
range of photon energies and the good agreement
between the mtercepts and the measured excion efver-
gies shows that the simpie exciton model provides o
good description of 1he functional [orm of the Fuar-
day effect in these materials

Vol 62, Mo, |

A comparable fit 1o ihe dota can be oblwined
using modbels of the Farday effect which atinbute the
photon energy dependence 1o interband ransiions
i2], However, these fits reguire o bandgap that s
amialler than the messunsd exciton energy

It would be possible 1o use equation (| ) 1o predict
the mugnitude of the Faradoy efect os well as the
functional dependence il" all of the parameters are
known, However the oscillator sirength of the esciton
i unknown. Insiead we will use equation [ 1) and the
measured Farnday rotatbon to estimale the ascillator
strength of the exciton. Using the Werdel constun
from Fig. 1. E = 212eV. E = MNe¥V [9
i, = 0BReV [10], n = 30 and eslimaling (5,3
from the knoen sesceptibality, the oscillnlor strength
necessary 1o explain the Faraday rotation within the
framework of the simple ciciton model cin be shawn
obeabout £ = 7 = 10°* This value can be shown (o
be repsonahble by estimating the correspending optical
phsorption using Smakula's formulba [L1] In this case
na el AGeld correcthions argd wisd since the excilon
wawelunction 15 fwirdy extended and a Gaussian lime-

shape 15 assumed. Then
Vof = w87 = 10"l 41
where r 15 the peak opoenl dhsorphon mogm

[ o= dhmeV s the Tl width &t hall heyrht gl Lhe
other paramerers have been previousty delined. Thas
enpremsion gives b value for o3 ool abou b em
Unforipmitely the corresponding  mgisuremenis
CdMaTe have niol been made and 1this vieloe can only
be compired bo the estimaied poak absorprion ol
L ow W em | Por the excaiten wn CdTe |9 The sgree-
menl 15 pedsonible conadenng the wnieruinmes in
usimg Samakiala’s formuli [E2) and the usknown difions
af the MMna content on e esiiom sovel ungiuoen

This order of mugnitude sgreement shows thal
artributing the Faradiey rotation completety toexceion
effects is o} unreasomable. However, the similumty in
wivelengih dependence Tor ind injerband
iransitlon madels means that & combination o both

efferis i= not completely ruled ou

EXCLLan

TEMPERATURE DEPEMNDENCE

Both exciton and imrerband transiivon  models
have the general functional Toms [1]

A E, 5 ¥ F(x) 131

=

where v = E.E,. All of the wavelength dependence 5
contiined in the F lunction lind other dependences arc
coritained in (. Without further specifying the lung
thma] form of (3001 can be shovwn thal Ehe Temperal i
dependence is 2iven by
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Table . Temperatwre dependent Earaday rotarion in Cdil — xiMaxiTe

_ : 1 :'I-E'n) | a8 “E} "dE, (I o {I il
M [ie?,.dr i3\ (ar 337, §77)
45 0925 —2.1 = 107! +55 % 0 i w ot 4100 = 10"
I8 0 548 —35 % 107! +56 = 107" +21 = 10" #20 x 10"
* From |5]
Vad _ Lty 1ot Eok (6} CONCLUSIONS

3. a A

e s oL In this paper we have shown that the Faraday

Thes expression can be easily evaluated wsing known
expenimental numbers. The second term on the mght
side of equation (6) comes (rom the emperature de-
pendence of the exciton or interband transition and s
well-known [7, 8] The dominant contribution 1o the
first term is believed to anse from the temperature
dependence of the Mn spin susceptibility [6, 13] which
15 dfso well-known. Thos the expected temperature
dependence of the Faraday effect in these materials
can be estimated without specifying the ortgin of the
effect,

The room temperature calcolated values are com-
pared with the expenmental results in Table |, In
column 3 s shown the temperature dependence of .
This temperaiure dependence s due pnncipally to the
magnetic susceptibility and thus is larger for the 15%
Mn sample because the effective Curie-Wess constant
iz smailer. There is sleo & small contnbution Mrom £,
which has been included by assuming the smple ex-
ilon dependence from equation {3} In column 4 1
shown Lhe temperature effect due the movement of The
exciion energy which is quite similar in the (wo sam-
pies. In column 5 these bwo coninbulions are com-
bened to give the total calculated temperature depen-
dence. Mole that the otal calculated temperature de-
pendence 15 the difference between the two contnbu-
hons, The |lasi column gives the megsured temperdiure
dependence of the Faraday rotation which is (o be
compared 1o the caloulated numbers in column 5. The
agresment 15 quite good for the |5% Mn sample and
fair for the 45% Mn sample. Because the total =fect
18 the difference of the terms in columns 3 and 4, the
discrepancy for the 45% Mn sample could be ex-
plained by a 0% error in column 4 This emor s
plausible bacause the laser lines used 1o obtain &8/2E
are quite widely spaced making it difficult 10 obtain an
accurate value, This is not the case for the 15% Mn
sample where the data points are closer 1ogether [6],

Thus the temperature dependence of the Faraday
effect can be guantitatively explained by taking inio
accoun) the temperature dependence of (he exciton
energy and the magnetic susceptibility.

rotation in Odil — xjMn(x)Te can be described by a
simpde exciton model. This model provides the correct
functional form for the wavelength dependence and
an estimate of the magnitude for the effect that is
consistent with the excilon imtensity i CdTe. The
temperature dependence of the Faraday rotation in
these alloys is guantitatively explamed by considering
the temperature dependence of the exciton energy and
the magnetic susceptibility
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