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Magnetic properties of SgpCa gMn; _,Ru,0; (x=0, 0.04, and 0.08are investigated in the temperature
range 4.2—-240 K, external magnetic fields up to 15 kOe and hydrostatic pressure up to 12 kbar. Transport
properties of S,Ca gMng o R 003 are also investigated in the temperature range 77—-280 K and under
pressure up to 10 kbar. It is found that for a pristine phase(), hydrostatic pressure increases the ferro-
magnetic domains embedded in an antiferromagnetic matrix, and slightly decreaséglthenirature. The
effect of pressure on the magnetic interactions depends upon Ru doping. Ge€&HEMNg 9eR Uy 0O3 an
applied pressure decreases both Curie anel Menperatures, but enhances the ferromagnetic fraction. In the
case of SmCa gMng 9 Ry 005 an applied pressure suppresses the ferromagnetic interactions and surpris-
ingly increases the resistivity. To the best of our knowledge this is the first time that such an effect was
observed in perovskites. All of the above observations are discussed in the context of phase separation.
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[. INTRODUCTION tural properties of this system were widely investigated.
The compound SgpCa gMnO; (SCMO) is aC-type antifer-

Numerous investigations were recently devoted to magromagnet with a Nel temperaturely=150 K and ap-type
netic and transport properties of hole-doped Mn-based marconductivity at low temperaturédt is important to note that
ganites with common formulaR; _,A,MnO3; (R is a triva-  the magnetic transition in SCMO is accompanied by a struc-
lent rare-earth ion such as i PP*, Snt*, or Nd®*, and  tural phase transition, from B2,/m structure with strong
A is a divalent ion such as &, C&", B&", or PF").  monoclinic distortion to a pure orthorhombic structure. This
They were found to exhibit intriguing magnetic and conduc-low-temperature magnetic structure results from a coopera-
tive properties and characteristic colossal magnetoresistantiee Jahn-Teller distortion of MnQoctahedrd. A sharp in-
(CMR).! Studies of these materials in the last five years haverease of the conductivity occurs just aboMg. Doping of
revealed a plethora of magnetic and charge-ordering strudvin sites with Ru exhibits a simultaneous development of
tures [for example, charge/orbital orderindCO/O0O, ferromagnetic orthorhombic domains and AFM domains at
insulating/ferromagnetic phase, charge ordered stripet etclow temperature8-8 In the case SgyCagMn;_,RuOs,

It has been established in the past that the double-exchangmv Ru doping &~0.1) induces a FM metallic state at low
(DE) interaction accounts for the ferromagnetic and metallicemperatures and a metal-to-metal transition replacing the
properties of doped manganites. On the other hand, superemetal to insulator one in the pristine phd€eEarlier marked
change interactions cause ferromagnetic or antiferromagnetisffects of Ru doping on the charge ordering were also found
spin ordering which may consist of insulating phases and/oin Nd, sSr, sMnOs, where the ferromagnetic Curie tempera-
charge ordering. The Jahn-Teller coupling may also play amure T, increases with Ru content and charge ordering is
important role in the conductivity of doped manganitds.  destroyed.

It should be noted, that in contrast to the hole-doped man- In a previous publicatiof! we reported on the effect
ganites §<0.5) the electron-doped{0.5) ones have not of pressure on the transport properties  of
been studied intensively. At low temperatures ferromagnetiSm, ,Ca, gMn; _,Ru,O3 (x=0 and 0.04 Contrary to the
(FM) ordering is inherent in hole-doped manganites, whereasase of pristine phase SCMO, $a, gMng odRUo. 003
antiferromagnetic(AFM) and insulating phases appear in (SCMR40 shows a CMR effect in the vicinity of the tran-
electron-doped ones. The AFM ordering in electron-dopedition to AFM phase af~130 K, a low time relaxation of
manganites attends often with charge ordering or orbital orthe resistivity(p), and memory effects at low temperatuts.

dering. The above effects are enhanced in a nonlinear way by exter-
Colossal magnetoresistance has been observed in botial hydrostatic pressuré.
hole-doped and electron-doped mangarite ,CaMnO, In this paper we report on our investigations of the effect

compounds. For the latter, CMR occurs only at a very narof hydrostatic pressuréP) and magnetic fieldH) on the
row composition range. For example, in SmCaMnO;, magnetic properties of electron-doped SCMO, SCMRA40,
the CMR effect is obtained around=0.15, and disappears and Sng,Ca, gMng o RU 003 (SCMR8Q and also on the
at x=0.20 and 0.160:> The magnetic, transport, and struc- transport properties of SCMR8O. This study is motivated by
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the appearance of a magnetically phase-separg&si 5
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Il. EXPERIMENTAL RESULTS Temperature (K)

The results presented in this paper were obtained on poly- 0201 ® —_ ScMO —o-p=o
crystalline samples SCa, gMn; _,Ru,O5 (x=0, 0.4, and S 0.154 T esonacnzes O P=9 kbar
0.8 prepared by a standard ceramic route. The procedures of 2 0.10] 0000000, S\ H=100 Oe
sintering and characterization of the samples is described in - /Dﬂ&'\m
Refs. 7 and 8. It involved x-ray diffraction, energy dispersive = .05 Da/. ‘f\\o}

00000

spectroscopy, and scanning electron microscopy. T (P=0): >

Magnetic measurements under pressure were performed 0.000 50 100 150 200
using a PAR Model 4500 vibrating sample magnetometer in 15 Temperature (K)
temperature range 4.2—240 K and at magnetic fields up to 15 - © SCMO e
kOe. In this method a miniature container of CuBeyith an . T e
inside diameter of 1.42 mm, was used as a pressure cell. The 2 101 My ™ e
pressure at low temperatures was determined according to g "'D'/_u_/?jjéﬁoo
the known pressure dependence the superconducting transi- s 0.57°7 _ —0—P=0
tion temperature of pure tin manometer, placed near the in- ¥ T=42K o pegkpar
vestigated sample. 0.0 ;

L . 0 4 8 12 16

Measurements of resistivityp and magnetoresistance H (kOg)

(MR) under pressure up tB=10 kbar and at temperatures
77<T<300 K were carried out in another CuBe pressure g5 1. Temperature dependence of the magnetizatiofor
cell with an inside diameter of 6 mm. The temperature in thisscpmo at ambient pressure and under pressure in magnetiddeld

case was measured by a Copper-Constantan thermocouple- 14.5 kOe; in magnetic field) H=100 Oe. Field dependence
attached to the CuBe cell, and the pressure was monitored R the magnetizatioM in increasing magnetic field under ambient

a manganin gaug’é. The decrease in pressure due to thepressure and under pressureTat4.2 K (c).
difference in the thermal expansion of the pressure transmit-
ting medium and the pressure cell was taken into accounti magnetic field oH =100 Oe. A wide maximum observed
Evaporated silver strips with a separation of about 1 mmat T~150 K coincides with the PM-AFM transition, ob-
between the voltage) contacts were used for the custom- served previousl§.”® This maximum slightly shifts under
ary four-point resistance measurements. In both of the aboveressure toward low temperatures. The increase¢T)
noted pressure cells, a mixture of mineral oil and kerosene@pon lowering the temperature may be associated with a fer-
was used as a pressure-transmitting medium. The MR, deemagnetic ordering af~115K (P=0) andTc~118 K
fined as[p(T,H)—p(T,0)]/p(T,H), was measured at ap- under a pressure d®=9 kbar; see Fig. (b). Below 115 K
plied magnetic fields up to 15 kOe, oriented perpendicular tdhe magnetization curves upon cooling and heating exhibit a
the direction of the current flow. Herg(T,H) and p(T,0)  significant difference. It has already been noted that this dif-
are the values of resistivity under nonzero and zero magneti@rence is caused by the “freezing” of magnetic moments in
fields respectively. directions energetically favored by local anisotropy and an
Figures 1a)-1(c) show magnetization curves for tem- external field, upon cooliny® Additional information on the
perature and magnetic field of SCMO. The sample wasffect of pressure on the magnetic interactions in SCMO was
cooled at zero magnetic field and the magnetization wasbtained from the field dependences of the magnetization in
measured upon heating and immediately thereafter upoimcreasing magnetic field af=4.2 K; see Fig. (c). The
cooling under magnetic fieldH=14.5 kOe; see Fig. (&). magnetizatiorM (H) at low magnetic fields is mainly attrib-
The undoped manganite SCMO, upon cooling, exhibits aited to the FM phase, whereas the AFM phase give rise to
peak around 150 K consistent with the transition from semithe linear high-field region. A linear extrapolation ®f(H)
metallic paramagneti¢PM) phase to an AFMC-type insu- to H=0 allows us to determine the change in volume of the
lating state atTy=150K.*"® A significant hysteresis of FM phase in respect to Ru doping and applied pressure. It
about 10 K is seen in Fig.(&). A similar hysteretic behavior appears that an applied pressure enhances the FM phase in
was previously found in the measurements of resistivity ofSCMO, atT=4.2 K, e.g. the FM phase of SCMO increases
SCMO8 A slight decrease of as a result of applied pres- by about 40% in volume under pressure of 9 kbar; see Fig.
sure [dTy/dP~—(0.4-0.5) K/kbat is also observed in 1(c).
Fig. 1(@). This result fairly agrees with previous results of  Figure 2a) shows magnetization curves for SCMR40 un-
resistivity measurements under pressidrgigure 1b) shows  der ambient pressure am&=10.7 kbar, in a magnetic field
magnetization curves vs. temperature for SCMO measured &t =14.5 kOe. Here again, the peak of the curves coincides
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FIG. 2. Temperature dependence of the magnetizatiofor FIG. 3. Temperature dependence of the magnetizatlofor

SCMR40 at ambient pressure and under pressure in magnetic fieICMR80 at ambient pressure and under pressure in magnetic field
(a) H=14.5 kOe; in magnetic fieldb) H=100 Oe. Field depen- (8 H=14.5kOe; in magnetic fieldb) H=100 Oe. Field depen-
dence of the magnetizatioM in increasing magnetic field under dence of the magnetizatiod in increasing magnetic field under
ambient pressure and under pressuré=aé.2 K (c). ambient pressure and under pressurgé=a#.2 K (c).

with a transition to the AFM phase, @~125 K (P=0). field H=100 Oe upon heating at various pressures; see Fig.
The values of the Curie temperatufg were determined by 2(b). The change ofM(T) under pressure is quite unex-
the inflection point of the magnetization curves. It should bepected. A shift downward under pressure of the positions of
noted that the transition temperatuigs and T at ambient the inflection point T¢) and maximum of magnetization
pressure are in close agreement with the peak positions of tHg'y) is observed. This implies that both FM and AFM inter-
ac susceptibility Thus, starting from paramagnetic state, theactions are reduced by external pressure. On the other hand,
Ru-doped compound becomes FM bel®w and then a co- the increase in the magnetization at low temperatures implies
existence of FM and AFM phases is observed belgy’  an expansion of FM domains in the PS state, under pressure.
The hysteretic behavior of SCMR40 at ambient pressure i®ue to the proximity of FM and AFM transitions in this case,
consistent with previous resuftslhe effect of external pres- it is difficult to determine their pressure coefficients Ta

sure on the magnetization of SCMR4O0 is rather surprisingand Ty . A rough estimation shows that the pressure coeffi-
From Fig. Za), it would seem that the Curie temperatlieg  cient of Curie temperature does not exceg@l/dP~
decreases slightly under pressure, whereas fle¢ tdmpera- —(0.5—0.6) K/kbar. One should note that the maximum of
ture Ty increases under pressure, both with practically theM (T) shifts and widens in a nonlinear manner with pressure.
same rate 0f0.4—0.9 K/kbar. On the other hand, the mag- The shift atP=12 kbar does not exceed 6 K. Measurements
netization at low temperatures under pressure increases sigt M(H) of SCMR40O[see Fig. Zc)] show that applied pres-
nificantly due to an increase of the volume of FM domains,sure increases the volume of the FM phasela@.2 K. It

at the expense of the AFM matrix. It is importance to notewas found that the FM phase increases by about 90% at a
that, according to previous resistivity measurements, the eferessure of 10.7 kbar.

fect of pressure oy is opposite in sign and the value  As to SCMR8O the magnetization curves vs temperature
observed idTy/dP~ —1.2 K/kbar® For SCMO with ro- were measured at magnetic fieldlét=14.5 kOe under am-
bust AFM phase, one may associdig with the maximum  bient pressure an®=10.8 kbar[Fig. 3@]. The inflection

of low field magnetization. For the SCMR40 sample, a highpoint of M(T) under ambient pressure practically coincides
enough magnetic field precludes a clear determination of theith the position of the maximum of ac susceptibility &t
transition temperatureT() to the AFM phase and the pres- =190 K. Applied pressure leads to two remarkable effects:
sure dependence dfy of this compound. Measurements of (i) a downward shift in the inflection point df1(T) (as-
M(T) of SCMR40 were also carried out at a low magneticsignedT.) with pressure bydT./dP~ —0.9 K/kbar, thus
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indicating a weakening of FM interactions under pressure; 0.0028

(ii) a reduction of the magnetization at low temperatures, (@ SCMR8O

namely, a reduction in the volume of the FM phase with . 0.00241

pressure. It should be noted that, for SCMR8O, the transition 5§

to the AFM phase at ambient presslisenot detectable from <} 0.0020-

the M(T) curve atH=14 kOe because of the predominant Q- —0—p=0g

FM phase. The magnetization curve of SCMR8O Hat - —0O— P=9.6 kbar
=100 Oe[see Fig. 8)] exhibits a PM-FM transition, as- 0.0016+

signed by the inflection point atc~190 K. In addition to

this the magnetization cusp about corresponds to the peak of

the ac susceptibility afy~115 K found for ambient pres- 1.01

sure. Under an applied pressure Bf=12 kbar the Curie () SCMR8O M
1.00-

80 120 160 200 240
Temperature (K)

temperature is found to bE-~ 184 K, andTy~125 K. This § S
suggests that for SCMR80 the FM interactions are lowered ; 0.99 s

by external pressure whereas the AFM ones strengthen with = S
pressure practically with the same rate. Figufe) 3hows o, 0.98 M@% 7

curves ofM(H) for SCMR8O0O at ambient pressure and vari- %‘ 0.97] > §

ous pressures. For SCMR8O the pressure effect is surpris- x ' T &

ingly opposite in respect to SCMO and SCMR40. It in- & 0961 . .%‘fp . .
volves a decrease df. under pressurgsee Figs. &), 2(b), 80 120 160 200 240
3(a), and 3b)] is of profound interest. To the best of our Temperature (K)

knowledge a positive pressure coefficieh./dP was ob-
served in all other manganite systems. The absolute value %{
the pressure coefficient increases with the decrease of trbq
effective bandwidthW (Refs. 14 and 1bof the conducting

electrons or, equivalentlyf . At ambient pressure the val- .

. perature of SCMR8O decreases under pressure. The influ-
ues of the extrapolated magnetizatidp are 0.52, 4.57, and . ; :
55.3 emulg for SCMO, SCMRA40, and SCMRSO. respec_ence of hydrostatic pressure on the MR in SCMR8O is

tively. It turns out that the volume of the FM phase increaseszzqot\)/;/ erz]n'ln tphrZslgjg O;r']: é%zsé évﬂltf z:]r preAsSentsz;)/I(i g’ dsatto

by about an order of magnitude with each 4% of Ru doping 10 . .
in qualitative agreement with results published in Refs. SSCMR4O’ an applied pressure practically does not affect

and 16 the shape of MR of SCMR8see the inset of Fig.)5
In our previous publicatiofi the transport properties of

SmyCa gMn; _ RuO; (x=0 and 0.04 under hydrostatic [ll. DISCUSSION AND CONCLUDING REMARKS

pressure have been reported. Figuf@ 4hows the tempera- .

ture dependence of the zero-field resistivity of SCMR80O at hThe efffecé oprre,\:jlsure F;)nothe T%gngtc')z anddsg%ctural

ambient pressure and &=9.6 kbar. The measurements phases for SgyCagMn;_xRUO; (x=0, 0.04, and 0.08

: ; ill be discussed in conjunction with the effect of Ru dop-
were performed upon heating. The highest-temperature gré(‘—’ ) 7 .
dient of the resistivity was observed in the vicinity of the ing. It was already pointed offt that whatever is the nature

Curie temperature foP=0 and 9.6 kbar. The resistivity in-

FIG. 4. Temperature dependence of the resistivity of SCMR80
ambient pressure arfel=9.6 kbar(a). Temperature dependence
the effect of pressure on the resistivity of SCMR89).

creases under pressure in a wide temperature range below tkg 0.004 p
Curie temperature, and this effect depends on temperatureg SCMRe0 : Wﬁ
The curve of resistivity vs temperatuf€ig. 4@a)] shows ¥ T(P=0): =¥
high reproducibility at all pressures. The ratio of i 20.03{ —o—p=g : B
p(T,0)/p(T,P=9.6 kbar) exhibits a broad minimum in the g —0— P=9 6 kbar b ;,EBO
vicinity of the magnetic transitions—see Figb#t The effect & “ ™
of pressure on the resistivity of ceramic samples occurs usuis g o6 L SCMREO & Terrk
ally via the following ways:(a) An increase of the contact I Fof = o e
radius R between granules with pressure, accordingRfp I nicf & oa s \D?@\:
=R, (1+ aP)¥3 Y whereR, is the contact radius at ambi- & gé“ S N el
ent pressure and is a constant. This effect leads to the % -0.09- i 0001 7 O P=9&kber
resistivity lessening under pressufe) An intrinsic pressure T o s s H (kOe) 5 1 %
dependence of the resistivity of the sample. Contrary to nu- - - - - -
merous measurements of the resistivity of perovskite systems 8 120 T 160 200 240
emperature (K)

(including manganites**8under pressure, the resistivity of
SCMR8O increases under external pressure. One can also F|G. 5. Magnetoresistance of SCMR8O kit=15kOe as a
see from Fig. 5 that an applied pressure shifts the MR minifunction of temperature, under ambient pressure Brd.6 kbar.
mum in the vicinity of T¢ toward lower temperatures. This The inset shows the magnetoresistance loops of SCMR8O at ambi-
fact may be a circumstantial confirmation that Curie tem-ent pressure and under=9.6 kbar, afT =77 K.
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of the initial antiferromagnetic state of undoped perovskites, 200

ferromagnetism and metallicity can be induced by Ru doping Sm, ,Ca, Mn, Ru O, "
in a manner leading to CMR properti€sin the manganese 180+ -0
sites of the perovskites, ruthenium may exhibit two oxidation

states Rti" and RG*. It acts to increase the Mi content < 1807 PV n

in compliance with the equation 2Mh=Rw"+Mn3*. = P

Therefore, R&* substitution enhances FM interactions be- 2 0 e FM T
tween Mt +Mn3" ions via DE. Moreover, the M1 can "
interact with both R&i™ and Ry -ions through a ferromag- 1209- EMAARM

netic superexchange interaction involving an overlap of the f

less than half-fillecey orbitals of Mr#* and emptye, orbit- 1°°0_;,0 0.02 0.04 0.08 0.08
als of R¢™ and RG".”8°In addition, inherent to a pristine Ru-doping, X

AFM matrix, antiferromagnetic superexchange between
Mn“" also operates in phase-separated Ru-doped samples. FIG. 6. T-x phase diagram of SgCagMn;_,Ru,O; for 0

In the case of SCMO the following transitions occurs at<*=<0.08 at ambient pressure aRd- 10 kbar. PM, FM, and AFM
Tny=150K: (i) an abrupt change of resistivity from semi- denote the par_amagnetlc,_ ferromagnetlc, and antlferromagnetlc
metal to insulatorlike;(ii) a monoclinic distortion from a Phases, respectively. Hefe is the Curie temperature affg, is the
Pnmastructure and the formation of crystallographic twin- Neel temperature. Solid lines correspond to ambient pressure, and
ning; (iii) a magnetic transition from the high-temperaturethef dotted lines represent values fBr=10 kbar. All lines are
PM phase to &-type AFM state with 1D orbital ordering guides to the eye.
00.%The AFM state of SCMO is extremely robust, and a
strong magnetic field of more than 250 kOe is required to flipwhen charge carriers order. A clear downward shift in tem-
over the antiparallel spins &< 100 K (Ref. 6) and to form  perature under pressure is observed for both transition tem-
a FM state. Even more surprising is the revealing of a deperatures(T and Ty), implying that the external pressure
tectable FM magnetization at 4.2 K. A low value of the mag-weakens both FM and AFM interactions in SCMR4O. It is
netization observed at low temperatures implies that a smalorth noting that the resistivity does not show any real
enough FM phase exists in the antiferromagnetic matrix. lghange in the vicinity PM-FM transition. In a paradoxical
turns out that a PS state may exist even in the robust orbitg},ay the weakening of the FM interaction under pressure is
ordered SCMO. The FM phase was also observed by meggcompanied by an increase of the volume of FM domains—
surements of electron magnetic resonatickt.was shown  gee Fig. 2c). The latter noted observations are consistent
that applied pressure increases the volume of these FM d@giy, the decrease of the resistivity obtained under applied
mains at the expense of the AFM matfsee 1b) and Xc)]; t temperatures beldw 10
however on the other hand the slope M{H) [Fig. 1(c)] pressure, & perat W

As mentioned earlier, the magnetic and transport proper-

depends only slightly on pressure for magnetic fielddHof .. o : i
>4 kOe. This fact reflects the weak dependence of AFMtIe.S of SCMRSQ exhibit some net|ceable features. An ap
lied pressure increas€ky and simultaneously decreases

interactions on external pressure in SCMO. In a very roug . .
manner one may suppose that theeNeemperature is pro- 'C’ see Figs. @) and 3b). The temperature shift of the
portional to the antiferromagnetic superexchange interactiofansition temperature§ ¢ andTy) under pressure probably
(Jap), namely,TyxzS ke, wherez is the number of nearest results from_ the enhancement of_ the AFM interactions and
neighbors an®is the atomic spin. Moreover, the intensity of the weakening of the FM interactions. These effects are ac-
superexchange interactions depends in a crucial way on tHe€ompanied by a diminution of the volume of the ferromag-
length and angle of the Mn-O-Mn bond. As a result, an apetic domains, and are consistent with the evolution of resis-
plied pressure constitutes two somewhat independent prdivity and magnetoresistance under applied presgkigs. 4
cesses, enlarging the volume of the ferromagnetic domaingnd 5.
and slightly weakening the AFM interactions. Figure 6 presents & —x magnetic phase diagram for
Doping of Mn sites with Ru leads to further developmentSm, ,.Ca gMn; _,Ru,0O5 (0<x<<0.08) at ambient pressure,
of PS, as can be seen from resistivity measurements dfased on the observed magnetization data. The transitions
SCMR40™° The doping with Ru results in a redistribution of temperaturesTc and Ty coincide nearx~0.02. The low-
the coexisting AFM(OO) and FM domains, at <Ty. The temperature ground state in this figure represents the phase-
notable thermal hysteresis of the magnetization in SCMGseparated (FM AFM) state. Similar form of al —x mag-
and SCMR4(Figs. 1a) and 2a)] is consistent with a first netic phase for ambient pressure, obtained from electron
order of the structural transition afy for SCMO and magnetic resonance data, was presented receniflye ef-
SCMR40. A negligible thermal hysteresis &t: for  fect of hydrostatic pressure dr and the ferromagnetic mo-
SCMRA40 indicates that this transition is of second order. AnentM, (T=4.2 K) for various Ru dopings is given in Fig.
behavior similar to that described above for SCMR40 was7. BothdT./dP anddM,/dP change in a nonlinear way
also observed in La;_,CaMnO; (x=0.49 and 0.496 A  with Ru doping, reflecting the competition between various
sharp drop ofM(T) in SCMR40[see Fig. 2a)] at Ty is  magnetic interactions.
associated with a change in the magnetic interaction from To the best of our knowledge there is a single
double-exchange FM to superexchange AFM interactiorpublicatiorf® devoted to the study of pressure effect on the
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- r - r T 1 - doping (Figs. 1 and 2 reflecting the increase in volume of
0.4 i 04 g the FM phase. For SCMO and SCMR40, hydrostatic pres-
. - . loo @ sure acts in the usual way and enhances the volume of FM
g | R domains at the expense of the AFM phase. In the case of
s 009 ) Joo & SCMR8O the value obtained for the low-temperature mag-
o ] S netization is close to the saturation value for a
S 04 102 < Smy ,Cay gMn; _RuO; systent For 0.08<x<0.2 the low-
k5 ] 5 temperature magnetization changes only slightlypugh it
0.8 \ 404 & remains far enough from the spin-only moment, especially in
Sm, Ca, Mn, RuO, B - comparison with hole-doped manganites. For example, the
0.6 magnetization of LggeSIy 14/MNO5 approaches the theoretical

0.00 0.02 Ru_d%O?n x 0.08 0.08 spin-only value 3.86g/Mn (Ref. 22 in H=10kOe,
ping. whereas in SCMR8O it approaches the valueuk.6vin
FIG. 7. Pressure coefficients @ and ferromagnetic moment only inH=14 kOe® Most likely, the development of the FM
M, at T=4.2 K for various Ru dopings. The solid line is a guide to phase and metallicity with Ru doping depends upon a bal-
the eye. ance of the magnetic interactions, namely, DE and superex-
change. In the case of SCMR80O an applied pressure tends to

resistivity andT¢ of electron-doped Ga,Y,MnO;. Simi-  decrease the volume of the FM phase.

larly to the case of hole-doped compounds, the results ob- In summary, we have studied _the magnetic field and pres-
tained in this case are attributed to a widening of theSure dependence of the magnetic and transport properties of

conduction-electron bandwidth under pressure, thereby e2M.2Ca8Vn;—RUOs (x=0, 0.4, and 0.0B It was found

hancing double-exchange FM interactions. The nonlinear inthat the effect of pressure on the FM and AFM interactions
crease off ¢ for Ca,_,Y,MnO; (x<0.2) under pressure was SUongly depends on the Ru doping. For electron-doped
previously discussed in the framework of competition be->Mb.2CagMINO; an applied pressure increases the ferromag-

tween double exchange and AFM superexchddge. netic clusters embedded in robust orbital-ordered antiferro-
As already stated earlier, the effect of pressure on th&h@gnetic matrix, and slightly decreases theeNempera-
ture. For Srg,.Ca gMngodRly 03 an applied pressure
5%ecreases both Curie and éléemperatures, but at the same
separation. The results obtained for the magnetization antfl€ enhances the volume of the ferromagnetic phase. The
resistivity show that even the pristine SETa gMnO; in- effect of pressure on the_ mag_n_etlc anq transport pr_opertles of
volves phase separation and an applied pressure may cha Eb-anO-f%MnO-%RLb-OB% is strikingly d|ffergnt. In t_h|s case
ydrostatic pressure decreases the FM interactions and the

the ratio between FM and AFM phases. Doping with Ru X :
leads to progressive evolution of FM and AFM phases tovolume of the ferromagnetic phase as well. The last effect is

ward ferromagnetism and metallicity, corroborated by twoaccompanied_ by a prominent increase of the resistivity under
maxima in the ac susceptibility &t and Ty.”®16 It was pressure, which to the best of our knowledge was observed

found also that the Ru doping increases low temperaturg?rthe first_time in manganites. All of above_ observations are
ground-state magnetization in $aCa, gMn; Ru.O5 up to discussed in the context of phase separation.
>§=0.1.7'8'16_It_appears that three sorts of magnetic interac- ACKNOWLEDGMENTS
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