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Gd concentration dependence of the spin reorientation critical field
in Eu,_,Gd,CuO,

A. Butera, A. Fainstein, and M. Tovar
Centro Afanico Bariloche and Instituto Balseiro, ComisidNacional de Energi Atamica, 8400 San Carlos
de Bariloche, Ry Negro, Argentina

Z. Fisk
Los Alamos National Laboratory, Los Alamos, New Mexico 87545

S. B. Oseroff
Physics Department, San Diego State University, San Diego, California 92182

ESR measurements of the microwave absorption signal associated with weak ferromagnetism in
single crystals of By ,Gd,CuQ, are presented faX band(9.5 GH2 andL band(1.2 GH2 as a
function of the Gd concentration. The strong absorption observed at low magnetic fields was
interpreted, for samples with low Gd concentration, as due to a field-induced spin reorientation
transition occurring at a critical field ., coincident with the in-plane magnetic anisotropy effective
field HY, . For largerx the Cu-Gd magnetic interaction needs to be considered leading to skhaller
values. Our measurements show that for Gd concentrations in the ragxge D the experimental

data can be very well fitted with parameters derived from previous measurements. This fact
indicates that these compounds have nearly the same in-plane anisotropy effective field, in spite of
the small changes in lattice parameters. ker2 lattice distortions increase causing tdp larger

than the expected one. @996 American Institute of Physids$0021-89786)03008-X

I. INTRODUCTION this article we present the Gd concentration dependence of

H. obtained fromX-band measurements. We also discuss the
The rate earth cuprates REUO, (RE=Pr,..., Tm, par-  L-band results within the proposed model.

ent compounds of the so-calledtype high T supercon-

ductors, crystallize in the tetragonal }alO, T’ structuret

Pr,CuQ, has the largesa lattice parameter which decreases || \1opgL

monotonically for the heavier RE compounds due to the

smaller rare earth ion siZeThis lattice reduction causes a The following expression for the magnetic free energy of

distortion of the Cu@planes for EwCuQ, (a=3.910 A and  the coupled PM-WF system was propoSed:

heavier compounds, consisting of a displacement of the in-

plane oxygenscalled Q1)] from its centrosymmetrical po-

sition. These displacements seem to be ordered, and several

superstructures have been found in single crystals with dif-

fraction technique$3 Copper moments order antiferromag-

netically (AF) below room temperature for the whole series.

However, coincident with the boundary for lattice distor- _ _ et _
plane magnetic anisotropy fields; is the Cu-Gd coupling

tions, a weak ferromagneti®/F) component in the magne- . .
tization develops, that was attributed to a canting of the Cop(_:onstant angy=xC/(T+0) is the Gd molar magnetic sus-

per moment away from a perfect AF alignménBeveral ceptibility. This effective free energy describes the equilib-

) . : Hum and the low-energy excitations of the system. The reso-
experimental techniques have been used to characterize the . . .
nance modes can be obtained solving ‘@a66dynamical

WF behavior. Among.them, microwave absorpfuon proved O atrix for mMye andM gq. Two modes are obtained: a high-
be very useful to elucidate the magnetic behavior of the com

) energy WF-like mode, and a low-energy PM-like one.
pounds near the WF boundarX- and Q-band experiments In Fig. 1 we show both modes, as calculated for

in Eu,CuQ, single crystals, slightly doped with Gd, have N’ xaq=0 (dashed curvésand\’ yeq# 0 (solid curves. For
shown that the WF moment lays in the Cu@lane pointing )/, - —0 a softening of the WF mode would occur at a
parallel to an easy axis defined by the field coolif®) critical field H,=HY;, coincident with the field-induced spin
magnetic field and coincident with [410] crystallographic  reorientation transition whehi is applied perpendicular to
direction ([110]zc). When the external field is applied per- the easy axigi.e., ¢=90°. Note that forX andL bands a
pendicular to this axis a field-induced spin reorientation tranresonance absorption is expected only fpr=90°. For
sition occurs at a critical fieldd..> More recently it was N’ ygq# O the critical field is reduced by a factord A’ yaq
shown that, for samples with larger amounts of Gd, the ingiving

teraction between the WF ordered Cu lattice and the Gd v
paramagneti¢PM) lattice must be taken into account in or- _ Her
der to explain several anomalies found in the EPR spectra. In ¢ 14+N xed

_ _wy 2 z 2 _
Feir=— KesMwry + KesMwr 2~ Mwe- Ho

1

2Xcd

mye and Mgq are the Cu-WF and Gd-PM magnetizations,
2KYgmye = HYgand KZgmye = HZgare in-plane and out-of-

+ M&q—Mga Ho— N Mye Mg, )

2
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00l ‘ Eu, Gd CuO, H,_ = H' ¢/ [14+x*K/120]
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‘» K= 172(9)
_ 300 .
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FIG. 2. Spin reorientation critical field, determined from tkeband low
field absorption, as a function a&f the Gd concentration. The dashed line is
a best fit of the experimental data in the rangex3<1 using Eq.(2).

losses. We have determined the Gd concentration depen-
dence ofH,, coincident with theX-band resonance field of
the WF line, afT=120 K and withH_L [110]cc. The experi-
mental data, presented in Fig. 2, were fitted using (Eqgin

Opp/Voq (KG)

0.0 015 1.0 the range Bx<1. We obtain the following values for the
H (kG) in-plane anisotropy effective field and the Cu-Gd coupling
constant: HY; = 425(5) G and \'=121)Xx10°

FIG. 1. Magnetic field dependence @) the WF-like and(b) the PM-like _ : :
resonance modes whéth is applied within the easy plan@olid curves. G/('U“B/CU atom. These are consistent with the values found

The dashed lines, calculated fofygq = 0, illustrate the crossing of modes in Refs. 5 and &for samples slightly doped with Gend in
occurring atH,, . Note the shift oM., to lower fields when\” ygq # O. Ref. 9, respectively. Note that the experimental data can be
explained with a single value of the in-plane anisotropy field
for all compounds (&x=<1), although the lattice size varies
and the WF mode does not soften to zero. This would implyand consequently the displacement of the oxygen ions might
that no resonance arising from the WF ordered Cu latticehange. We did not include the value measured fosGa@),
should be observed &t andL bands. However, a maximum in the fit because it was propos&dhat for this compound
in the microwave absorption may be expected due to nongEq. (2) should be corrected due to the presence of a
resonant loses as described in Ref. 5. In addition an energyietamagnetic-like transition at low fields. In Ref. 10 the
gap opens in the PM-like mode fét=0 given by value ofHY; for x=2 was estimated, from dc magnetization
wpm measurements, to be1200 G atT=120 K. This value is
(—) =)\’mWF\/Hgﬁ/[)\’ZXGd(T)mWFJr H%. (3) nearly three times larger than the one measured for samples
Yed/ o with lower Gd concentratiofisprobably due to the larger
Due to the temperature dependencexgf(T) the gap lattice distortions. Correspondingly, the measukedvalue
tends to zero fofT=0 K and increases fof >0 because IS almost three times larger than that predicted assuming a
other parameters are only weakly temperature depefidengonstant-zy (see Fig. 2
For T>Ty the energy gap becomes zero again. Because of In Fig. 3 we show the EPR spectra of &0, mea-
the anticrossing of the coupled modes an “anomaly” is also
predicted in the PM-like branch which softens to zerdlat

Gd,CuO, v=1.17GHz
HII[110] T=250K

Ill. RESULTS AND DISCUSSION i

Eu,_,Gd,CuQ, single crystals were grown following
standard flux techniques in Pt crucible all cases crystals
grew in the shape of small platelets with thecrystallo-
graphic axis perpendicular to the axis. EPR measurements
were made in a Bruker ESP 300 spectrometef aand(9.5
GHz) andL band(1.2 GH2 between 120 and 300 K. L \

Although the softening of the WF mode Ht. is not dpph
complete fore=90° (see Fig. 1, originating a strong reduc- -
tion in the intensity of the WF line at th¥ band, it could 0
still be clearly detected in all samples due to nonresonant
loses® In L band, however, no line was found for samples

with low Gd content (6<x=<0.2) indicating that the gap was Fig. 3. L-band microwave absorption spectra of a,Gdo, single crystal.
large enough to prevent even the observation of nonresonanbte the shift of thewpy line from g=2 (dpph.

dy"/dH (arb. units)

500 1000 1500 2000
H (G)
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300 i —_— i : henceT=265 K would indicate the temperature whesg,,
GdyCuO, Lband equalsw, .
. In this description the reduced linewidth of the PM-like
absorption may be associated with coupled excitations. In
fact, a strong mixture of modes is expected especially when
] an anticrossing of modes occursH.
y, ° In summary, we have analyzed the variation of the spin
o ] o reorientation critical fieldH. = HY/(1 + N xgq), as a func-

Ty tion of Gd concentration. We have found that the decrease of
| J b \ H. for increasingk may be explainedin the range 8=x=<1)
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120160 T“‘(‘;g 240280 i in terms of the magnetic coupling between the Cu-WF and
1'20 1é0 500 540 550 the Gd-_PM I_attices. We have also discussed the origin pf_the
absorption line measured htband and suggested that it is
T (K) due to the PM-like branch of the PM-WF coupled modes.

FIG. 4. Temperature dependence of thdand GdCuQ, low field reso-
nance line. Note the sharp decrease of the intensity=260 K, below the ACKNOWLEDGMENT
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