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Ew,_,CeRUSKLCW,04q_ s (RU-2123 is the first Cu-O-based system in which superconducti®) in the
CuQ, planes andveakferromagnetism(WFM) in the Ru sublattice coexist. The hole doping in the GuO
planes is controlled by appropriate variation of the Ce concentration. SC occurs for Ce contents of 0.4-0.8,
with the highestT =35 K for Ce=0.6. The as-prepared non-SC EuCeRC30;, (x=1) sample exhibits
magnetic irreversibility belowl;,,=125 K and orderantiferromagneticallfAFM) at T,,= 165 K. The satu-
ration moment 85 K is M ,= 0.89u5 /Ru close to the expectequk for the low-spin state of R . Annealing
under oxygen pressures does not affect these parameters, whereas depletion of oxygen shiftsahd{hy,
up to 169 and 215 K, respectively. Systematic magnetic studies pf,Ee RuSpCu,0,y_ s show thatT,, ,
Tir» andM g, decrease witlx, and the full Ce-dependent magnetic-SC phase diagram is presented. A simple
model for the SC state is proposed. We interpret the magnetic behavior in the framework of our ac and dc
magnetic studies, and argue tliatthe system becomes AFM orderedlgt; (b) atT;,<Ty , WFM is induced
by the canting of the Ru moments: afa] at lower temperatures, the appropriate samples become Bg. at
The magnetic features are not affected by the SC state, and the two states coexist.
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[. INTRODUCTION strated that all materials are microscopically uniform with no
evidence for spatial phase separation of superconducting and

Much attention has been focused on a phase resemblingagnetic regions. That is, both states coexist intrinsically on
the superconductinBa,Cu;O; (R=rare earth materials, the microscopic scale.
having the compositioiR, _,CeMSr,Cu,0,q (M-2122, M In the Ru-2122 system, the WFM state, as well as the
=Nb, Ru, or Ta! The tetragonaM-2122 structurgspace irreversibility phenomena, arises as a result of an antisym-
group l4/mmm) evolves from theRBa,Cu;O; structure by  metric exchange coupling of the Dzyaloshinsky-Moriya
inserting a fluorite-typeR, £Ce, <0, layer instead of theR ~ (DM) type® between neighboring Ru moments, induced by a
layer in RBa,Cu;0,, thus shifting alternate perovskite local distortion that breaks the tetragonal symmetry of the
blocks by @+ b)/2. TheM ions reside in the Qu) site, and RuQ; octahedra. Due to this DM interaction, the field causes
only one distinct Cu site[corresponding to Q@) in  the adjacent spins to cant slightly out of their original direc-
RBa,Cu;0,] with fivefold pyramidal coordination exists. tion and to align a component of the moments with the di-
The hole doping of the Cu-O planes, which results in metal+ection of the applied field. Below the irreversible tempera-
lic behavior and superconductivitysC), can be optimized ture (T;,), which is defined as the merging temperature of
with appropriate variation of th/Ce ratio® SC occurs for the zero-field- (ZFC) and field-cooled(FC) curves, the
Ce contents of 0.4-0.8, and the high€stwas obtained for Ru-Ru interactions begin to dominate, leading to reorienta-
Ce=0.6. The Nb-2122 and Ta-2122 materials are SC withtion of the Ru moments, which leads to a peak in the mag-
Tc~28-30K!? netization curves. The Ce concentration affects the hole car-

Coexistence of weak ferromagnetigfVFM) and SC was rier concentration as a result the SC properties andTthe
discovered few years ago R, CeysRUSL,CWw0,9 (R=Eu  values of theR,_,CgRuSr,Cu,0,_ 5 System. The remain-
and Gd, Ru-212Rlayered cuprate systeid and, more ing unresolved question concerns the effect of Ce concentra-
recently! in GdSERUCWOg (Ru-1213. The SC charge car- tion on magnetic properties of this system. It was shown that
riers originate from the Cufplanes, and the WFM state is the position of the peak in ZFC magnetization shifts to
confined to the Ru layers. In both systems, the magnetibigher temperature with increasing Ce conténhowever,
order does not vanish when SC sets inTatand remains detailed magnetic features of this system are lacking.
unchanged and coexists with the SC state. The Ru-2122 ma- In attempting to understand the mechanism of SC and
terials (for R=Eu) display a magnetic transition afy WFM in the Ru-2122 system, an approach involving a sys-
=125-180 K and bulk SC belowW:=32-50 K (T\,>T¢) tematic investigation of the magnetic properties of
depending on oxygen concentration and sample prepafatiorEu,_,CeRUSLCW,0;0_ 5 for 0.4<x<1 was employed.
SC survives because the Ru moments probably align in thEu** is used in order to avoid significant paramagnetic con-
basal planes, which are practically decoupled from the LuOtribution of G#*. This paper is organized as follows(a)
planes, so that there is no pair breaking. Specific heat studid&e first show the effect of Ce on the SC properties and
show a sizable typical jump &, and the magnitude of the compare between the two Ru-2122,LaSr,CuQ, systems.
AC/T (0.08 mJ/gK) indicates clearly the presence of bulk (b) We present the magnetic properties of the non-SC
SC8 The specific heat anomaly is independent of the applieEuCeRuSr,Cu,0;o (x=1) material, in which the oxygen
magnetic field. Scanning tunneling spectroscbpwion-spin  concentration is fixed. Annealing under high oxygen pressure
rotation? and magneto-optic experimefftshave demon- does not alter the magnetic propertiés. We exhibit a sys-
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tematic study of the influence of Ce concentration on the
magnetic parameters of Eu,CeRuSrL,Cu,0,,_s and con-
struct the full SC-magnetic phase diagranid) A qualita-
tive model of the magnetic structure in the Ru-2122 system:
is discussed.

5.0x10°

0.0

Il. EXPERIMENTAL DETAILS

Ceramic  samples  with  nominal  composition
Ew,_,CeRUSKLCW,0;0_s (Xx=0.4—1) were prepared by a
solid-state reaction technique. Prescribed amounts gDEu

sl 4 0.7
-5.0x10 j Da

ac susceptibility (arb. Unit)

Ce0,, SrCQ;, Ru, and CuO were mixed and pressed into }\

pellets and preheated at 1000 °C for about 1 day at atmo 08

spheric pressure. The products were cooled, reground an 0 3 e s 120 150
sintered at 1050 °C for 50 h in a slightly pressurized oxygen Temperature (K}
atmospheré~1.1 atm, and then furnace cooled to ambient

temperaturgas-prepared asp sampleAll the asp materials FIG. 1. Normalized ac susceptibility, measuredHat="0 of the

reported were prepared at the same time and under the saf#P E4-xC8RUSECU,016-; Samples. Note that the two=1 and
conditions. Part of the asp EuCeRySK,0,, sample was x=0.9 materials are magnetically ordered only.
reheated for 24 h at 800 °C under high pressure of oxygen
(60 atm) and another part was quenched from 1050 °C todeduced from these ac plots which exhibit a bell-shaped be-
room temperature, denoted as hop and quenched materialgvior with a peak at 35 K for Ge0.6. Similar values are
respectively. Determination of the absolute oxygen content imbtained by our resistivity measuremert®ot shown. A
the asp Ru-2122 material, as well as in the hop and quencheimilar bell-shaped behavior was observed in the
samples, is difficult because Ce®@ not completely reduc- Eu,_ ,CeNbSLCu,0; s (x=0.4—1) system, which serves
ible to a stoichiometric oxide when heated to high temperaas reference materials. It is apparent in Fig. 1 that the SC
tures. transitions are much broader than those observed in many
Powder x-ray diffractior’XRD) measurements confirmed other high-temperature superconductiflgTSC) materials.
the purity of the compounds-97%) and indicate, within the  This transition width is comparable to our previous resistiv-
instrumental accuracy, that all samples have the same lattidey date®*® and with Ref. 11. Such a broadening is observed
parametersi=3.846(1) A andc=28.72(1) A, in excellent also in some underdoped Cu-based Highmaterials where
agreement with Ref. 3. Here ZFC and FC dc magnetic meanhomogeniety in the oxygen concentration causes a distri-
surements in the range of 5-300 K were performed in &ution in theT: values. In addition, the SC transition width
commerciallQuantum Designsuperconducting quantum in- may be due to the spontaneous vortex state discussed in de-
terference devicdSQUID) magnetometer. The resistance tail in Ref. 4. In the next section we suggest an intuitive
was measured by a standard four-contact probe, and the agplanation as to why th#-2122 (M =Ru, Ta, and Nb
susceptibility was measured by a homemade probe with eximaterials are superconducting.
tation frequency and amplitude of 733 Hz and 30 mOe, re- Given the variety of crystal structures and chemical meth-
spectively, both inserted in the SQUID magnetometer. ods used to introduce holes into the Gulayers, it is well
established that a “generic” electronic phase diagram can be
Ill. EXPERIMENTAL RESULTS AND DISCUSSION

Due to the similarity of the ionic radii of Ed (0.94 A) 25 .
and Cé&* (0.87 A) and within the instrumental accuracy, the yd ~"'\\
lattice parameters of BEu,Ce RuS,LCu,0,_ 5 are indepen- 34' // N
dent of Ce content. The detailed crystal structure and the 1 *.
atomic positions Ru-2122 were studied by synchrotron x-ray ] /s \‘
diffraction® and neutron diffractiol? experiments, which %1 P AN
shpw that the Rg@octahedr_a are rota_lted14° around the X //' Eu, Ce RuSr,Cu,0,,, ‘\
axis and that this rotation is essentially the samexferl o 324 / .
andx=0.6 as well as for Ru-1212. There is no evidence for 1 s
supercell peaks in the Ru-2122 samples. 31+ 7

/

A. Superconductivity in the Eu,_,CeRuSr,Cu,044_5 System 0~ =

The temperature dependence of the normalized ac susce| 08 ) 07 06 " 08 04

tibility curves (at Hy.=0) for the Ey_,Ce RUSLCW,04q_ 5
system are presented in Fig. 1. It is readily observed that the
x=1 and 0.9 samples are not SC and that SC occurs for Ce FIG. 2. Bell-shaped SC onset temperature as a function of Ce
contents ofx=0.8-0.4. Figure 2 exhibits the onset of SC content.

Ce concentration
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sketched for all compounds. The hdta carriey density(p)

in the CuQ planes or deviation of the formal Cu valence
from CU" is a primary parameter, which affecfs in most

of the HTSC compounds. In the well-established phase dia- 20 -
gram Lg_,Sr,CuQy,, the stoichiometric parent LEuQ, is
antiferromagneti¢AFM) and insulating. The magnetic inter-
actions are well described by a simple Heisenberg model
with a large exchange interactiod=€ 1500 K) value. In
La, ,Sr,CuQ, the charge carrier concentration can be varied & 10+
by replacing St for La®>* (or by a change of oxygen con- T
centration in YBaCu;O,). The variation ofT¢ as a function =

25 - EuCeRuSr,Cu,0,,

50 Oe

)

15 \ quenched

mu/mol Oe

of hole doping exhibits a bell-shaped behavior, with a peak X
for the optimally doped material (x=0.15 for
La,_,SK,Cu0y). 0 r—— r
The Eu, Ce, and Ru ion valences in 0 50 100 150 200
Eu, sCe& sRUSKLCW,Oy_ 5 have been studied by Msbauer Temperature (K)

spectroscopy (MS) and X-ray-absorption spectroscopy

(XAS) techniques**® MS performed at 90 and 300 K on  FIG. 3. ZFC and FC susceptibility curves for EuCeRiE50;

SIEy shows a single narrow line with an isomer shift of samples, asp, annealed under 60 oxygen atmosphere and quenched
0.692) mm/s, indicating that the Eu ions are trivalent with a materials measured at 50 Oe.

nonmagneticJ=0 ground state XAS taken &, edges of

Ce shows also that Ce is tetravalent. XAS taken at the
edge of Ru, at room temperature, indicates clearly that th}sehe parent asp sample were performed over a broad range of

Ru ions are pentavalett2° It is also apparent that bulk SC applied magnetic fields, and typidsll/H curves measured at

in the M-2122 system appears only for pentavalbhions 20 Oe are shown in Fig. 3. The two curves mergeTat
and the Nb-2122 and Ta-2122 materials are SC With —125K. Note the ferromagneticlike shape of the FC
~28-30 K1 branchesT,,(Ru) is not atT;,. The M/H(T) curves do not
We argue that the(RCeM Sr,Cu,0;, (R=Eu or Gd and lend themselves to an easy determinationTgf{ Ru), and
R/Ce=1) samples serve as the parent stoichiometric insulaT,,(Ru)= 165 K was obtained directly from the temperature
tor compoundgsimilar to LgCu(Q,). Since the valences of dependence of the saturation momeht,(), discussed be-
R3*, ce*, RP*, SP*, CU*", and G~ are conclusive, a |ow. [An alternative way to determirigy(Ru) is to cool the
straightforward valence counting yields a fixed oxygen conmaterial from aboveT,,, under a smalhegativemagnetic
centration of 10. Hole doping of the Cu-O planes, whichfie|q (say —5 Oe), which aligns the Ru sublattice. At low
results in metallic behavior and SC, can be optimized Withtemperatures, a smalositive (5 08 is applied. Due to the
appropriate variation of th&*"/Ce'" ratio (trivalent R** high anisotropy, the Ru moments remain opposite the field

ions are replaced for ¢&). SC occurs for Ce contents of direction u : _
. . . p toTy, . The measured negatiw(T) curve be
0.4-0.8, and the optimally doped sample is obtained for CRomes zero aly]. T, is field dependent and shifted to

=0.6. In fact, unlike the La ,Sr,CuQ, system, this substi- lower temperatures with the applied field, =91, 64, 39,

tution does not appear to significantly alter the hole concen: -
tration (p) on the Cu-O planes. This is apparent in Fig. 2 28, and 14 K forH =250, 500, 1000, 2000, and 3000 Oe,

which shows that the change xfrom 0.8 to 0.6 results in a "respectively. For higher external fields the irreversibility' is
small increase i . Indeed, if all the carriers were induced washed OUI’_and both ZFC and FC curves collapse to a smgle
into the Cu-O planes, then for the underdopee-0.8) to ferroma_lgnetlchke. behavior. It appears that the magnetic
the optimally dopedX=0.6) samplesp should vary by 0.2 Properties of Ru in EuCeRuSIw,0,, are allenhancedas
and result in a large shift inTc, as observed in compared to the asp EL,CeRUSLCWL,0y0- ; Samples with
La,_,Sr,Cu0, and in other HTSC materials. It is thus pos- X<1, and the effect of Ce concentration on the magnetic
sible that in allM = 2122 compounds, the extra holes intro- Parameters of the Ru sublattice will be discussed below.
duced by reducing the Ce content are partially compensated Similar M/H(T) curves were measured for the oxygen
for by depletion of oxygett and inR,_,Ce RuSrCu,0;0_ s  annealedhop) sample, and Fig. 3 shows that bofh, and
the oxygen deficiencyd) increases wittR®*. This partial Ty(Ru) remain unchanged. This is in contrast to
hole doping mechanism is also supported by neutron diffracEu; £C&) sRUSKECU, 0445 Where annealing under oxygen
tion on Gd ;Ce RuSKLCW,O1_5, from which one findss  pressure affect¥;, and Ty,(Ru) and shifts them to higher
=0.22, instead of 0.3 required by charge neutrdfityn the  temperature&® As stated above, the oxygen concentration in
case ofM =Ru, EUC&USLCW,0,, is magnetically ordered EuCeRuSyCu,0, is fixed and does not change during the
at Ty=165K, and the next section deals with its detailedannealing process. On the other hand, during the quenching
magnetic behavior. process, a small amount of oxygen is depleted and Bgth
_ ) andTy,(Ru) are shifted to 169 and 215 K, respectivéfyg.
B. Effect of oxygen on the magnetic hehavior of 3), similar to that reported in Ref. 5. It is reminiscent of the
EuCeRuSr,Cuz010 magnetic phase diagram of YBau;0,, where the depletion
EuCeRuSyCu, 044 is not SC and is only magnetically or- of oxygen increases the magnetic transition of the £uO
dered(Fig. 1). ZFC and FC dc magnetic measurements forplanes. This shift proves that the magnetic transition at 165
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are sensitive to the oxygen concentration. The measured
Temperature (K) M¢.=0.89ug is somewhat smaller than the fully saturated
FIG. 4. Temperature dependence of the 5 K remnant moment g oment Jug expected for the low-spin state of f—'?*u—i.e.,'
EuC R; X Op The i pt h the hiah-field tizat ,uBS_for g=2 and_S:0.5. This means that a_small canting
UCERUSJCL,0y0. The inset shows the high-field magnetization 5, adjacent Ru spins occurs and the saturation moments are
and the saturation moment at 5 K. not the full moments of the Ri ions. The exact nature of
the local structural distortions causing DM exchange cou-
K of EuCeRuS§Cu,O4yis intrinsic and not from the SrRuO  pling in Ru-2122(see aboveis not presently known.
impurity phase, which has a simild@i,(Ru). At low applied fields, theM (H) curve exhibits a typical
M(H) measurements at various temperatures for the asfierromagneticlike hysteresis loggig. 6) similar to that re-
hop, and quenched samples have been carried out, and tn_@rted in Ref. 3. The ppsitive virgin curve at low fields in-
results obtained for the asp sample are exhibited in Figgicates clearly that SC is totally suppressed. Two other char-
4-6. All M(H) curves belowT,, are strongly dependent on &acteristic parameters of the hysteresis loops are shown in Fig.
the field (up to 2—4 kOg until a common slope is reached '?r;e Qger?(?i%lé t]fi‘;({am”al”;org)em:t”g(&m:ﬁf’\]z%/?S”?nﬁgﬂ
. . ; _ c— rem
(f|g|._| 4. rl\nSE)Z. M(H) can be described abl(H)=Msq larger thanM .= 0.035.5 obtained for EUSIRUCWOg. 2
xH, whereMg, corresponds to the WFM contribution of X
the Ru sublattice ang/H is the linear paramagnetic contri- The sameM e, andH, values(at 5 K) were obtained for the

bution of Eu and Cu. The saturation moment obtained at 5 IQOp and quenched materials. Figure 4 shows the temperature

) = - dependence oM., (5 K), which disappears af;,. The
IS M= 0.89(1)ug . Similar M(H) curves have been mea- large M o, (0.41ug at 5 K) in relation to the saturation mo-

sured at various temperatures, and Figirse) shows the ment (M o= 0.89ug) is consistent with ferromagneticlike
decrease oM. W|.th.temperature.Msat becomes zero at order in EuCeRuSCw,0,y, although neutron diffraction
Tyw(Ru)=165(2). Similar Ms5:andTy (Ru) values were ob-  jeasrements are required to precisely determine the nature
talr_1ed for the hop material. However, for _the quenched magyf the magnetic orderM (H) curves measured at various
terlql, thg saturation moment at 5 K remains gnchangc_ad, b%mperatures yield thil ., T) andH¢(T) values which are
Ty is shifted to 2182) K. Thus only the magnetic transitions pjotted in Fig. 5. For both the asp and quenched samples
M en(T) also disappears &, and H(T) becomes zero
around 80 and 130 K, respectivellig. 5.
EuCeRuSr,Cu0,, Above Ty (Ru), the x(T) curve at 10 kOe for asp
EuCeNbSyCu, 044 has the typical paramagnetic shape and
adheres closely to the Curie-Wei&SW) law xy= xo+ C/(T
— 0), wherey, is the temperature independent parip€ is
the Curie constant, and is the CW temperature. The net
paramagnetic Ru contribution p(T) was obtained by sub-
tracting x(T) of EuCeNbS;Cu,0,( (the reference material
from the measured data. The procedure yielgs- 0.0063
"y and C=0.57(1) emu/mol Oe and=146(1) K, which cor-
T(K) responds to an effective momeRts=2.13ug. Here 6 ob-
- tained is in fair agreement witly, , but P4 is greater than
. ) W-.__asp % Quenched the expected value of the low-spin state of°Ruand S
S B 6 @ s e 1o o =05 (Per=1.73ug).

Temperature (K) C. Effect of Ce on the magnetic behavior of
Eu,_,CeRuUSr,Cu,01¢_5

200

.

0.9
l—n\.\‘
o
2
150 - \ = os

100

H, (Oe)

50 - L 8

FIG. 5. Coercive fieldH as function of temperature for asp and
guenched EuCeRugtu,0,, samples. The inset shows the tem-  As stated above, the compounds described here have been
perature dependence of the saturation and the remnant momentsprepared simultaneously under the same conditions. Since
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The enhancement of the magnetic properties is manifested
by the monotonic rise off;, and Ty, as x increasesM g,
values at 5 K, increase gradually with Mg,~=0.43ug,
0.63ug, 0.60Qug, 0.67ug, and 0.8G.5 for x=0.4, 0.6, 0.7,

0.8, and 0.9, respectively. It is apparent that this trend is not
affected by the SC state which is induced %e¢ 0.8. For the

[ x=0.4 sample, the ZFC and FC curves do not merge com-
] pletely atTy,, but rather at 165 K, which indicates the pres-

Eu, Ce RuSr,Cu,0,,
50 Ce

gy
L
1

M/H (emu/mol Qe)
>

o< ence of a tiny amount of SrRuQnot detectable by XRD
5 05 = Therefore, theTy, value forx=0.4 was not determined. In
, . the paramagnetic range, the parameters extracted using the
1 ZFCkf 'q h CW law have been obtained by subtracting the paramagnetic
0 moment of the relevant Nb-2122 compound, as described
_&4“@‘ . r . r . . above. It appears that tli@and 6 parameters for all materials
0 50 100 150 are very close to those of EuReSKrL,Cu,0yq, i.e., for x
Temperature (K) =0.5, C=0.58emu/molOe R.=2.15%wg), and 60

o =134(1) K, indicating similar net paramagnetic Ru contri-
FIG. 7. ZFC and FC susceptibility curves for asp1 andx  pytion in all Ru-2122 compounds. This is consistent with
=0.5 samples, measured at 50 Oe. recent x-ray photoemission measurements which indicate
clearly that the RY" valence in Ey_,CeRuUSECW,O;0- 5
the magnetic properties of the Ru-2122 system dependamples does not change with Ce concentration.
strongly on oxygen concentratiéii the data presented here
differ slightly from those reported in our previous publica-
tions. ZFC and FC magnetic as well Bi{H) measurements
have been performed on all EuCeRuSLCW,Oq 5 (X All magnetic parameterésuch asTy,, T;,, or Mg, are
=0.4-0.9) compounds. Generally speaking, the magnetishifted to higher values with increasing Ce. Our general pic-
behavior of all materials is quite similar to these described irture is that all Ey_,CeRuSKL,Cu,0;4- s compounds have a
Figs. 3—6, and for the sake of brevity, we display the datesimilar magnetic structure. Two scenarios may explain the
obtained forx=0.1 andx=0.5(Fig. 7). It is readily observed trend presented in Fig. 1) The small difference between
that for x=1, the magnetic properties due to the Ru are alEW** and Cé&" ionic radii discussed above decreases the
enhancedas compared to the=0.5. The latter sample is mean Ru-Ru distance, and as a result, the magnetic exchange
SC and its ZFC branch starts from negative moments. Thiteractions can become stronger with increasing.of2)
inflection in the FC branch agrees well willy determined The magnetic properties of Eu,CegRuSLCw,0y5_5 are
from the ac curvéFig. 1). The absence of a complete Meiss- very sensitive to oxygen concentratforsee Fig. 3. The
ner effect in the Ru-2122 system is discussed in lengtloxygen concentration for=1 is fixed (§=0), whereas de-
elsewherd® However, this is of little interest in the present creasingx to lower values may lead to an increase in oxygen
discussion. deficiency(5) and, as a result, to a decreaseTip.
The variation ofT;, and Ty, as a function of Ce concen- While our data described here do not include any deter-
tration in Ey_,CeRuUSK,Cu,0,,_ s is summarized in Fig. 8. mination of the magnetic structural order of the Ru sublattice
in Ru-2122, the results are compatible with a simple model

D. Qualitative magnetic structure of Eu,_,Ce,RuSr,Cu,0,4_ 5

170 which is, however, of use in understanding the qualitative
1 features at low applied fields. Starting from high to low tem-
160+ . . Eu,,Ce,Sr,RuCu,0,, peratures, th_e magnetic behavior is basically divided in'go
150 4 four regions.(i) At elevated temperatures, the paramagnetic
140 ® net Ru moment is well described by the CW law, and the
2 Tu N extractedP =2.15u5 and = 134—146 K values practically
E ’3°] do not alter with Ce(ii) At Ty, (depends on Ce content Fig.
£ 1209 = * 8), which is deduced directly from the temperature depen-
g 110 - T denceM ¢, (Fig. 5), the Ru sublattice becomes AFM ordered.
E 100 w (iii) At T;,, which is Ce dependeriFig. 8 and also varies
- ] b with the external field, a weak ferromagnetism is induced,
90 - " which originates from canting of the Ru moments, is
80 . defined as the merging point of the low-field ZFC and FC
0] . branches or, alterngtively, at the .temperature.in which the
10 o8 o8 07 a8  0s 04 remnant moment disappears. This canting arises from the

DM antisymmetric superexchange interaction, which by

symmetry follows from the fact that the Ry@ctahedra tilt
FIG. 8 Ty and T, as functon of Ce in away from the crystallographic axis>*! At high magnetic

Ew,_,CeRUSKLCW,O,. field (H>3000 Oe) the irreversibility is washed out and the

Ce content (x)
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M(T) curves exhibit a ferromagneticlike behavidiv) At Ty is enhanced by oxygen depletion. Hole doping of the
lower temperatures SC is induced. Figure 2 shows That Cu-O planes, which results in SC, can be optimized with
<Tu depends strongly on G@s hole carriefsand on oxy- — appropriate variation of the Bli/Ce** ratio and the opti-
gen concentratior®® Below Tc, both SC and weak- mally doped material is obtained for €€.6. The magnetic
ferromagnetic states coexisf and the two states are practi- structure of all materials studied is practically the same, but
cally decoupled. This model is supported by our unpublishedhe magnetic parameters, such Bg and Mg, decrease
nonlinear ac susceptibility measurements, which show nonwith decreasing Ce content. Two steps in the magnetic be-
linear signals up td@, , and also from Mesbauer studies on havior are presented. Aty ranging from 125 K(for x
SFe-doped materidf However, the present interpretation =0.5) to 165 K (for x=1) all materials become AFM or-
differs completely from the phase separation of the AFM anddered. AtT;,, (depends on Qea WFM state is induced, origi-
FM nanodomain particle scenario, suggested in Ref. 16nating from canting of Ru moments. This canting can arise
Neutron diffraction measurements are required to preciseljrom the DM antisymmetric superexchange interaction and
determine the properties of the magnetic order in the Rufollows from the fact that the Ru{octahedra tilt away from

2122 system. the crystallographic axis. A direct magnetic structure deter-
mination by neutron diffraction 0t°Ru Mossbauer spectros-
IV. SUMMARY AND CONCLUSIONS copy studies is warranted to confirm our assumptions.

The magnetic insulator parent EuReSr,Cu,O;q (X
=1) is used to describe the coexistence of both SC and
weak-ferromagnetism states in EyCeRuSLCW0:q 5 This research was supported by the Israel Academy of
(x=0.4-1). Forx=1, §=0 and annealing under high oxy- Science and Technology and by the Klachky Foundation for
gen pressure does not affect the magnetic properties, whereSsperconductivity.
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