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We have performed both ac susceptibility and dc magnetization measurements on the diluted magnetic
semiconductor Zn ,Mn,Te. The measurements clearly indicate spin-glass behavior. For samples with con-
centrationsx=0.51 andx=0.41, the data for the imaginary part of the complex susceptibilt}) (were
analyzed according to conventional power-law dynamics and good scaling was obtained with the critical
exponent valuegv=10+2 andB=1.0+0.2. These values afv and 3 are consistent with results obtained in
other insulating spin-glass systems with short-range interactions. Because of the presence of significant
Dzyaloshinsky-Moriya anisotropy in these materials, an attempt was also made to fit the data using an activated
dynamics model. However, the scaling of tédata was less satisfactory in this case. Magnetization mea-
surements on thg=0.51 sample also showed a spin-glass-like transition. Scaling of the nonlinear magneti-
zation just above the transition gafe=20.8+0.2 K, and the critical exponent values=4.0+1.0 andp
=0.8+0.2. The value off; obtained from the static magnetization measurements is in good agreement with
the valueT,=20.7+0.05 K obtained from the dynamic scaling analysis. Further, the value for the critical
exponenty obtained in this work is in fair agreement with values reported for other spin-glass materials. These
results represent convincing evidence that diluted magnetic semiconductors are a subset of the class of insu-
lating spin-glass materials with short-range interactions.

[S0163-18298)02743-X

[. INTRODUCTION sublattice in which the antiferromagnetically coupled Mn
ions reside:** In this respect, DMS spin glasses are distinct
The low-temperature magnetic behavior of diluted mag-from “canonical” spin glasses such as AuMn and insulating
netic semiconductofDMS) spin systems has been of much spin glasses such as f8r,_,S. Indeed, it has been sug-
interest for several years? Recently, the prototypical DMS gested that DMS alloys are random-field antiferromagnets
Cd,_,Mn,Te has been the subject of continued theoreticalather than spin glass83e shall return to this suggestion
and experimental investigations in an attempt to firmly esbelow.
tablish that this material undergoes a continuous phase tran- Early studies of the ac susceptibiligs. in Cd,_Mn,Te
sition from paramagnetism to a spin-glass stafélf indeed ~ and Hg_,Mn,Te showed that these materials have zero-
Cd,_,Mn,Te is a spin glass, then are all DMS alloys a|Sofre7q_L;ency transition temperaturgs that are greater than _0
spin glasses with the same critical exponents despite diffef<:" 1hese data were analyzed on the basis of conventional
ences in exchange strengths and anisotropy? dynamlc scaling theory, wh!ch holds that 'the relaxgnon time
Cd,_ Mn,Te and other DMS alloys such as HgMn,Te 7 diverges as a power I_aw in _the correlation lendth.e., 7 _
and Zn_,Mn,Te are randomly site-disordered, semicon-~&" Here,z'ls adypamlc scalmg.exponent. Now, according
ducting materials with short-range antiferromagnésigper-  t0_the static scaling hypothesig~z~", where e=(T
exchangg interactions between the Heisenberg spins. In~ Tc)/Tc and v is a critical exponent. One therefore finds
these materials, both nearest-neighbor and next-nearedfat
neighbor interactions are antiferromagnetic. The existence of —
: . ; T~g . (1)
a spin-glass phase is noteworthy as the frustration mecha-
nism in these materials is not due to competition betweefThis so-called critical slowing down behavior has been
ferromagnetic and antiferromagnetic interactiGh®ather,  found to provide an excellent description of the dynamics in
the frustration is due to the geometrical properties of the fcehe critical region abové .
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An alternative description of the dynamics near the tran- [l. EXPERIMENTAL DETAILS
sition involving thermal activation over free-energy barriers
has also been proposed?® In this case, for a free-energy -

barrier of heightAF, the relaxation time is given by/ 7 vertical Bridgman method. One sample had a mass of 98.2

=exp@F/T), where 7, is the single-spin relaxation time. : . Y
Further, the barrier height scales with the correlation Iength‘r.ng an_d a nominal Mn concentration- 0'5'.A Curie-Weiss
fit at high temperatures gave a concentratiomsf.51. The

AF~¢% with 6 being a scaling exponent. These consider- . ;

ations lead to the logarithmic form mea_surements on this sample were carrleq out on a Quantum
Design SQUID magnetometer with ac option. The in-phase

(x') and out-of-phasex”) components were simultaneously

measured at an ac field strength of 3.5 Oe. The measuring

) . . frequencies were 0.1, 1, 10, and 100 Hz. The stability of the
Attempts to scale the dynamic susceptibility data accord'ngemperature during each measurementydfand y’ was
to activated dynamics produced less convincing results than g g5

in the case of the critical slowing down description. These 'i'he o.ther sample on which ac measurements were per-

findings indicate that a continuous phase transition to a spingymed had a mass of 400 mg and a nomiaghlue of 0.4.
glass state exists at finite temperatures in G¥n,Te and A" cyrie-weiss fit yielded a concentration mf=0.41. The
Hg,-xMn,Te. Further, virtually identical critical exponents . oasurements were carried out with a LakeShore Model
were obtained in both materials, which is expected since alfy 50 a¢ susceptometer, using an ac field strength of 12.5 Oe.
DMS alloys should belong to the same spin-glass universalrg test for large-field nonlinearities, we also performed mea-
ity class. _ _ surements at 10 Oe. No difference in the behavioy'adr y”

To further test this hypothesis, we have made ac and dgyas getected at the lower field. The frequencies used in these
magnetic susceptibility measurements o, ZMn,Te al-  measyrements were 80, 225, 625, 1600, and 2300 Hz. In the
loys close to the spin freezing transition. The ac Susceptib”temperature range of our measuremeits—22 K), the ac-
ity xacWas measured for two samples with differemalues.  cyracy of the temperature calibration wa®.1 K. The sta-
Both power-law and activated scaling analyses were appliegi”ty of the temperature during each measurement'cdnd
to the data in order to determine which theory provides thexu was +0.05 K.
better description of the behavior in the vicinity of the tran-" 1o gc magnetization measurements were made on the

si_tion. Nonlinear_c_ic susceptibility measurements in the rexgmex=0.51 sample mentioned above. The measurements
gion of 'Fhe tran5|t|ons were also made in ordgr to comparg,ere made with a Cryogenic Consultants Limité@dCL)
the static scaling behavior of Zn,Mn,Te with that of  goUID magnetometer. Measurements were made for fields
Cdy_xMn,Te. , between 0 and 90 Gaccounting for the remanent field of the
The Zn,_,Mn,Te group of alloys was previously the only gynherconducting magreand for temperatures between 5
member of the telluride series of Il-Vi-based DMS materialsang 300 K. Magnetization versus temperature data were
in which the characteristics of the spin glass transition reyaken at fixed fields beginning at a temperature below the
mained uninvestigated. Of the tellurides,,;ZgMn,Te has  cysp and ending when the nonlinear term had decayed to
the largest nearest-neighbo(NN) exchange strength poise |evel. Temperature stability was achieved to within
J; (J1/kg~—6.3 K for Cd_,Mn,Te and —9.5 K for o1 K.
Zn ,Mn,Te) (Refs. 1 and 1p and the largest  Finally, within the range of temperatures that the mea-
Dzyaloshinsky-Moriya NN anisotropic exchange integralsyrements were made, it was found that the temperature cali-
D, . However, the rati®, /J, is approximately the same for prations of the instruments agreed to within 0.3 K.
both Cd _,Mn,Te and Zp_,Mn,Te, with D,/J;~0.054%°
(No data are available on the anisotropic exchange in
Hg,_Mn,Te.) Zn,_,Mn,Te also has the smallest lattice pa- . RESULTS AND DISCUSSION
rameter. These extreme values of exchange coupling and lat-
tice parameters make Zn,Mn,Te a prime candidate for the
investigation of the characteristics of the spin freezing tran- The dynamics of the transition are most sensitively
sition to test the hypothesis of universality. probed by the measurement and analysig tfw,T).® Fig-
Note that what are thought to be the key building blocksure 1 showsy”(w,T) for several different frequencies for the
of the spin-glass transition, frustration and random dilution,Zng 4dMng s:Te sample. Admittedly, the range of frequencies
are present in all II-VI DMS materials. Thus, if identical used in this study is rather limited, but is large enough to
critical exponents are found in all the tellurides, then one camensure the soundness of our conclusions. There is some scat-
say with some confidence that all 1I-VI DMS alloys will ter in the data because of the low level of the out-of-phase
exhibit the same critical point behavior, since other anionsignal. Smoothing curves were therefore drawn through the
groups exhibit similar trends in the behavior of the exchangelata points in order to enable us to objectively determine the
(isotropic and anisotropjgparameters:*® position of the peaks in thg”(w,T) data. An examination of
This paper is organized as follows. In Sec. Il, the detailsthe behavior of”(w,T) allows us to discern whether critical
of the experiments are presented. In Sec. lll, the results argdowing down or activated dynamics provides a better de-
presented and discussed in two parts. Section IIl A deals witlscription of the dynamical characteristics of freezing transi-
the ac susceptibility results, and the dc magnetization antlon in DMS systems.
nonlinear susceptibility are described in Sec. IlIB. Finally, In the critical slowing down descriptiony”(w,T) be-
the conclusions drawn for this work are given in Sec. IV. haves according to the scaling &if

The ac susceptibility measurements were performed on
o single-crystal samples of Zn,Mn,Te grown by the

In(7/79)~(T—T,) "% (2)

A. ac susceptibility measurements
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FIG. 1. Temperature dependenceydfnear the freezing transi-
tion for Zny ,0Mng s;Te. The measuring frequencies are 0.1, 1, 10, FIG. 3. Power-law scaling of thex"(»,T) data for
and 100 Hz. Through there is significant scatter in the data, th€Mo.aMnosiTe and ZgsgVing4.Te. For thex=0.51 sample,T,
characteristic downward shift in the temperature at which the peak™ 20-7+0.1 K and for thex=0.41 sampleT;=13.4£0.2 K. To

occurs as the frequency is decreased is evident. effect the overlap of the two data sets, the data fog-gving 4;Te
have been shifted horizontally and vertically in the log-log plot to

account for the difference in material-dependent factoos explic-

" B
Tx" (@, T)=e"F(oT), 3 ity shown) in the scaling expression E(B).

where B is the critical exponent for the order parameter, ) o
F(x) is a universal function o%, andr behaves according to Pest collapse of the data was made by first finding the best
Eq. (1). Equation(3) is completely general and is indepen- Scaling by inspecting, which defined the region of the param-
dent of the relaxation model used to derive it, but the form ofeter space to be searched. The data were then fitted to a
the scaling functior(x) is model dependent. However, as fourth-order polynomial and thg-squared statistic calcu-
the critical point is approached, different model-dependentated for each fit for a range of values f, zv, and . For
scaling functions should approach constant values. In add® fixed value ofT., the values ozv and g were varied in
tion, on the basis of an analysis of the spin autocorrelatiofurn and the behavior of squared examined. The minimum
function, Bertrandet al° have argued that Eq3) is only ~ value of x squared occurred most frequently at the values of
valid for temperature$>T,, whereT,, is the temperature at Zv and3 given above. For example, for a particular value of
which the peak iny”(w,T) occurs. We have taken this cri- B (@ndT.), aszv is varied, the minimum iry squared will
terion into account in our analysis of all thé(w,T) data, most likely occur atzy=10. Furthermore, the absolute
which are shown in scaled form in Fig. 2. The data are welismallest value ofy squared was obtained for the parameter
described by a single scaling curve. The best scaling wa%alues given above. Residuals were also checked to ensure
obtained for the following parameter valuég;=20.7+0.1  that the best fits did not exhibit any pathological behavior.
K, zv=10+2, and 8=1.0+0.2. The determination of the Fitting with a fifth-order polynomial produced no significant
departure from the results given above. The uncertainties in

.3 : i : : : : . the scaling exponents were obtained by ascertaining the ex-
051 o tremal values of the parameters for which reasonably good
a5k ; scaling was still achieved. The uncertaintiezinand 8 are

° rather large because of the relatively large uncertainties in
Wb & o © ] the ¥’ data. However, proper collapse of the data was very

&80 sensitive to changes if.
ask E}ﬁ@ E In Fig. 3, a scaling plot that includes th€(w,T) data for
mggﬂA both the Zg MngsTe and ZgsMngaqTe (Ref. 17

o T =20.702K 0.1 Hz samples is shown. The critical exponent valzes= 10+ 2
8° zv =10£2 1Hz and 8=1.0£0.2 have been used for both data sets. For the
1oHz x=0.41 sampleT =13.4+0.2 K produced the best scaling.

100 Hz E
The two data sets overlap very well, indicating that the form
e . . . . . . . of the scaling functiorf- is independent ok, which further
12 14 16 18 20 22 24 26 28 buttresses the critical slowing down description of the spin-
Log, Jo(TT ~1)"*'] glass transition. Note that to get the two data sets tp overlap,
the data for the ZfsgVing 41 T€e sample were normalized to
FIG. 2. Powerlaw scaling of they’(w,T) data for those for the Zp,gMngs:Te sample in order to account for
Zno 4Mno siTe, according to Eq(3) in the text. The frequencies are differences in material-dependent factors. This normalization
the same as those used in Fig. 1. The best-fit valudg @nd the ~ amounted simply to shifting the gggVing 4,Te data horizon-
scaling exponentgr and 8 are also shown. tally and vertically in the log-log plot. In Fig. 4, a linear

Log10 [ Tx"(T/TC—1 )‘B 1

> O¢ o

ssh p=1.0£0.2
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3.0 ' ' ' ' ' : results forzv and B8 along with other listed in Table |
+ strongly indicate that the same universal critical exponents
a5 * + oy T, =207802K * O1Hz 7 indeed describe the spin-glass transition in all 1l-VI-based
0 B g X Dol L e DMS materials. Further, though the consistency in the results
Foeaof oo o % 100 Hz is less compelling, the experimental evidence nevertheless
8 o points to DMS materials being a subset of a larger univer-
P ﬂ’x% . sality class of insulating spin glasses with short-range inter-
= ¢ actions.
10} x Po . We have also attempted to interpret thé(w,T) data
xo° o according to the activated dynamics description of the spin
os F x g 1 freezing transition. As mentioned in the Introduction, Ge-
on < schwind et al. proposed that the dynamical slowing down
0.0 ! . ! s ! B indicated by they”(w,T) data was due to an inhibited tran-
0 001 002 003 004 005 006  0.07 sition to an ordered antiferromagnetic staféhis proposal
(T/T ~1)or /v was based on two factor¢i) anomalously large values of

zv(~14) obtained when they fit theix”(»,T) data for
FIG. 4. Linear power-law scaling plot of the’(w,T) data for  Cd, _,Mn,Te according to the critical slowing down picture,

Zno 4Mngs1Te, according to Eq(4). Scatter in the data is more and(ii) saturation of the antiferromagnetic correlation length
apparent than in the log-log scaling plot, but reasonably good scahear T, as indicated by neutron diffraction results. The pos-
ing is seen to be achieved. sible role of randomly directed Dzyaloshinsky-MorigaM)
interactions was also discussed. As previously mentioned, it
is now known that the strength of the NN DM interaction is
about 5% of that of the NN isotropic superexchange interac-
v Bl 1w tion in both Cd_,Mn,Te and Zr_,Mn,Te. Also, dipolar
TY'o ~Glew ™), ) coupling is much weaker than the DM interaction in both

which was proposed by Geschwired al® and represents a materials*®> Because the isotropic exchange coupling is anti-
recasting of Eq(3). The best-fit exponents given above areférromagnetic and local DM anisotropy field is randomly
used in this plot. As expected, the linear plot fully exposesdwected, it is tempting to compare the freez_lng transition in
the effect of the scatter in the’ data. However, the scaling Ct-xMnyTe and ZR_,Mn,Te to a {gt_nzdoom-fleld transition
is still reasonably good, especially when one considers thatuch as that observed in ey _Te.” “"In these random-
the largest deviations are due to the 100)4zlata, which is  field Ising systems, the dynamical behavior in the critical
the noisiest of all the data sets. region in the vicinity of the phase transition to the low-
The values of the exponents and 8 obtained in this temperature “frozen” state is governed by activation over
work are clearly consistent with previous results obtained foff€€-energy barriers resulting from competition between the
Cd,_,Mn,Te and Hg_Mn,Te. Similar values were also random fields and the exchange. Hence, activated dynamics
obtained in non-DMS insulating spin glasses. Table | sumShould be applicable, and is borne out by experimefhe

marizes the results obtained for critical exponents in a numdualitative similarities between the random-field and

ber of semiconducting and insulting spin-glass systems. Odi@hdom-axis anisotropy systems lead one to expect similar
dynamical behavior near the transition to the frozen phase.

We have therefore analyzed oxf(w,T) data based upon
the assumption that the growth of the relaxation time is dic-

scaling plot of the data for the ZngvingsTe sample is
shown according to the scaling form

TABLE I. Critical exponents for spin-glass systems.

Material ¥ B 7y tated by thermal activation, thus giving logarithmic fre-
quency dependencies in the thermodynamic variables rather
Zno Mno .Te 1.080.2* 10+2* than the conventional power-law behavior.
Zno Mg sTe 4.051.0° 1.0£0.2* 102" In the activated dynamics picture, the scaling relation
CdyMng sTe 0.8-0.1° 9.2550.5  governing the behavior of"(w, T) near the transition can be
Cdy gMng sTe 3.3:+0.9 0.9+0.2 9.7 written a<02%
Cdy gMng 3sTe 0.6+0.19¢ R
Cdy Mn, sTe 0.6£0.1%¢ 9=1de ¥ (0, T)=ePG[ - eAn(w )], (5)
HgoMng sTe 0.8:0.12 9.5+-0.5
Ep 45,65 1.170.1 9+1179 whereP andQ are scaling exponents. If thermally activated
SrCrGa,O;e 2.1 _ _ excitations do indeed govern the critical dynamical behavior,
BaCQiTigOg 0.8+0.1 9.0+0.5 then one expects the expone®&nd Q to be universal for
FeysMng sTiO4 4.0+0.3 0.54 10.5+1.0 three-dimensional randomly disordered syst&nfégure 5
shows the best scaling plot corresponding to Es). for
*This work. 'Reference 16. Zng 4dMng 5Te data. This was obtained using these values:

8Reference 8.

bReference 12.

‘Reference 7.

dreference 29.
®Reference 11.

9Reference 30.
PReference 27.

iReference 31.
/Reference 24.

T.=20.7£0.1 K, P=1.0+0.2,Q=0.4+0.1, and 7,
=10 ¥s. To obtain these best fit values, a large parameter
space of values foP and Q was searched (01P=<5, 0.1
<Q=05). The scaling is apparently quite good. However,
the highly compressed nature of the horizontal scale hides
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FIG. 5. Activated dynamic scaling of th€'(w,T) data, accord- r °
ing to Eq.(5) in the text. The best-fit values of thie,, 7y, and the I Y
scaling exponent® andQ are shown as well. L ‘o
135 e —
. . I )
departures from good scaling, and a comparison of ythe °
squared parameters for the power-law and activated scaling [ e ]
fits showed that better fits are obtained in the case of the 3ol vy, . ®
conventional power-law description. The values of the expo- 5 10 15 20 25 30 35
nentsP and Q obtained for randomly-disordered magnetic T (K)

systems are shown in Table Il. The exponent values are cer- ] ] o
tainly not as consistent as those shown in Table I, in which F'G- 6. Zero-field-cooled and field-cooled magnetization vs
conventional critical dynamic scaling exponents are givenffrggguge; E:‘(int"h‘;d\ig‘;g};;‘ d_T:()eOlCeUdSFéelgetf;Se Q}Z?;g:;iii%?;
This lack of universality militates against the appropriatenes§ransit'ion té the spin-glass phase.
of the activated dynamics description.

It should be noted that systems with random anisotropy B. Magnetization measurements
are expected to exhibit induced Ising-like characteristics at
criticality, which would lead one to expect a finite-
temperature phase transition in three dimensfé/8Such a
finite-temperature transition is known to be well describe
by conventional critical slowing dowff:?> Therefore,

Magnetization measurements were made on the same
Zny 4gMng 5.Te sample that was used in the ac measurements.
dZero-field-cooleo[ZFC) and field-cooledFC) measurements
in a 50-G field clearly show a freezing transition at a tem-
perature of 20.80.2 K, as seen in Fig. 6. Since the observed

powir-law dylnarr?.lcsks Ilkely to.hold mlthese casehs.-ln r(Tal'transition temperature is known to be suppressed from its
ity, the Dzyaloshinsky-Moriya interaction strength is rela- 5oy mnotic, zero-field limit® we made a series of measure-

tively weak in Zn _,Mn,Te and Cd_,Mn,Te as previously ments in several low fields to verify that we were in the
mentioned, and there is as yet no experimental evidence Ojro-field limit. We found that the transition temperature of
the true role that the anisotropy in the spin-glass freezing. 20.8+0.2 K was independeniwithin experimental errorof
the applied fields between 23 and 90 G. We therefore took
this transition temperature to be the zero-field limit. Similar

TABLE Il. Activated dynamics exponents for spin-glass sys- behavior was exhibited by the ZgMn, 4;Te sample. In a

tems. 20-G field, it showed a freezing transition at 13®3 K,
Material P 0 which is in good agreement with the independent ac suscep-
tibility measurements.
ZnysMng sTe 1.0-0.2 0.4+0.1* We have also made nonlinear magnetizatdp on the
Cdy gMng 4Te 0.65-0.1° 0.65+0.1° Zny 4gMng 5.Te sample close to the transition in order to ex-
Cdy 3Mng geTe 0.65-0.12 0.65+0.12 amine the static scaling properties in the critical region. Just
Cdy-MngsTe 3.65-4.2 0.8 above the transition, the magnetization can be expanded as
Hgo Mng sTe 3.65-4.2 1.2
Et 450,65 3+1° 0.65 M=a,H—azH3+asH —a;H", (6)
BaCqTigO19 0.4+0.1¢ 0.35+0.05' where
*This work.

_ 3 5_ Ty ...
%Reference 6. Mp=—asH +asH>—a;H"+

b
CReference 8. _ _b387yH3+b587(27+ﬁ)H5

Reference 21.

dReference 31. —bye Grr2OHT4 ... @
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25— — =M, /H increases as shown in Fig. 7, as would be expected
1 T =208502K if this quantity does indeed diverge B¢ . In Fig. 8, the data
ol R 7=40%10 ] are plotted according to the universal scaling relation of Eq.
*X p=08=02 (8) using values for the parametegs B, and T, that pro-

duced the best scaling. The parameter values that produced
the best scaling werey=4.0+£1.0,4=0.8+0.2, and T,
=20.8+0.2 K. The data collapse onto the single universal
scaling curve that covers many orders of magnitude along
both axes. For temperatures significantly greater tfian
(lower part of the curvg the slope approaches 3, consistent
with the first-order term in Eq(7). The scaling plot shows
increasing scatter at higher temperatures since the nonlinear
magnetization approaches zero as one moves out of the criti-
. %8 M * cal region. AsT closely approache$. from above(upper
210 215 220 225 230 35 part of the curvg the slope tends to the proper asymptotic
T® value (y+3B)/(y+B).? These asymptotic limits are
FIG. 7. Nonlinear susceptibilitM ,,/H vs temperaturel for shown as solid lines in Fig. 8.

Zno 4Mngs;Te for several fixed fields. The divergence of the non-  1he value for the scaling exponeptobtained from the
linear term neaff, is expected near a spin-glass transition. static scaling analysis is in accord with the value obtained

from the dynamic scaling analysis discussed above, which
is the nonlinear magnetizatio is the same critical expo- reinforces the spin-glass picture. Previously reported values
nent discussed previously, ang is another critical for y as well as our own finding are also listed in Table I.
exponent?2” A key characteristic of spin-glass materials is The y values range from 2.1 to 4.0. Comparing DMS sys-
the divergence iM/H as one approachég. from above. tems, our value ofy=4.0+1.0 for Zm 4dMing 5;Te is slightly
As pointed out by Mauger, Ferrand Beauvillain, the ex- higher than the reported value ofy=3.3+0.3 for
pansion in Eq.(7), which predicts that the leading term Cdi_,Mn,Te found by Mauger, Ferrand Beauvillain* We
should diverge as ~?, is not valid for the region immedi- note that the determination of via the scaling plot is very
ately aroundT,.*? In fact, the divergence of the nonlinear Sensitive to slight changes i, which explains the rather
term is expected to soften in this regime due to the increasintrge error bars which we quote for ogrvalue. We com-
importance of higher order terms. Instead, in the immediaténent that Geschwind and co-workéfsysing linear scaling

MyH (108 emu/g Oc)

vicinity of T., the universal scaling expression plots, foundy=4.4 in Cd_,Mn,Te. This higher value of
was debated by Bertranet al,'° who suggested that the
Mn(e,H) =g 3RR2E (H (YT A)2) (8) larger value ofy obtained by Geschwinet al. was due to

g_we use of an incorrect value fdr, in the scaling plot. This
debate notwithstanding, we conclude that within our experi-

region aboveT; where the nonlinear divergence beg’rﬁs. mg_ntal error, there is fair agreeme_nt between values for the
critical exponent y obtained in Zp_,Mn,Te and

To examine the behavior of the magnetization n€ay Cd _Mn.Te
measurements of the magnetization as a function of tempera= 1= * "~
ture were made in several fixed fields. Ned@, xu

must be used. Note that the expansion of this scaling expre
sion yields the previous expansion fot,, [Eq. (7)] for the

10— , . ] . . , IV. CONCLUSION
10°F 1 -208+02K ¢ - By analyzing the imaginary part of the ac susceptibility
105 - Ei}‘;‘éi Bg \\@@ . X" (w,T) for Zng 4Mng siTe gnd ZRsMng 41Te, we have
o L S0sL //Q\x”& = T=T. | shown that conventional critical slowing down gives a better
® description of the dynamics of the spin freezing transition in
g 1 Zn;_,Mn,Te than a thermal activation model. The values of
g 10° - 1 the power law exponents obtained from the critical slowing
& 10 . down analysis werey=10*+2 andB=1.0+0.2. These val-
;E 100 L o 230e ues are in agreement with previous results obtained for
"ol n ‘33 | Cd, _,Mn,Te and Hg_,Mn,Te, and also other insulating
v 50 spin glasses with short-range interactions. Our attempt to de-
107 ¢ M ;g 1 scribe the dynamic susceptibility data using an activated
10° - 8 scaling Ansatz yielded exponent values-1.0+0.2 andQ
104 L . . ) ) ! L =0.4+0.1. When compared with values obtained for other
1ot 10° 10° 1 10° 10 10 similar systems, there is a marked lack of consistency, which

(v+B)2 - . K . . .
e 00 militates against the idea of the universality of the activated

FIG. 8. The nonlinear magnetization data forZMnysTe ~ dynamics exponents.
analyzed according to a universal scaling model for a spin-glass The magnetization of ZygVings;Te shows a clear tran-
transition[Eq. (8) in the tex{. The asymptotic limits for the slope, sition atT=20.8+0.2 K. Just above this transition, the non-
shown by the solid lines, are in agreement with the theory. linear susceptibilityy,, diverges, which is consistent with
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spin-glass behavior. From the scaling of the nonlinear magglasses characterized by the same critical exponents, and are
netization just above the transition, we obtained the criticaprobably a subset of a larger universality class of insulating

exponent valuey=4.0x1.0 andB=0.8+ 0.2, which are in  spin glasses with short-range interactions.
fair agreement with the values reported for other spin-glass

materials. We also note that the vallig=20.8+0.2 K ob-

tained from the magnetization measurement is in very good

agreement with the valuB.=20.7+ 0.1 K obtained from the

ac susceptibility analysis. This research was supported by the Research Corporation
We therefore conclude that ZnMn,Te, like and by National Science FoundatigiNSPH Grant Nos.

Cd;_Mn,Te and Hg_,Mn,Te, undergoes an equilibrium DMR-9221390, DMR-9318333, and DMR-9318385. Sup-

phase transition to a spin-glass state. This strengthens thmort from the Purdue Research Foundation is also gratefully
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