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Anisotropic pressure dependence of the resistivity in YBgCu,Og
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The anisotropic pressure dependence of the resistivity o,b,€Bag has been determined for the two plane
directionsa and b. The resistivity in a directionp,, reflecting Cu@ planes, revealed a strong pressure
dependence Inp,/dp=13x 103 kbar *. In the stifferb direction with two conduction channels, along CuO
chains and Cu@planes, a smaller decrease upon pressure but the strongest change with respect to the lattice
contraction was found. The pressure dependence observed can be explained by a charge transfer from chains
to planes.

The discovery of the ceramic high-temperature supercon- The response of the double CuPlanes contains the ba-
ductors(HTSCO) by Bednorz and Miler! has not only en-  sic information about superconductivity. Any influence of the
hanced the critical temperatufe than also revealed unusual other block layerge.g., BiO or HgO sheeltson the experi-
normal-state properties such as a linear resistivity in functionment should be discriminated. The crystal structure of 1:2:4
of temperature, an opening of a spin gap ab®yén under- does not contain block layers. Anis_otropic measurements
doped substances, etc. Another amazing feature of thalong the a direction of 1:2:¢perpendicular to CuO chain
HTSC's is the strong pressure dependérafeT.. Conven- reveal the response of the superconducting double ,CuO
tional BCS superconductors have a pressure dependence RJfines alone. Hence 1:2:4 makes it possible to study a simul-
T, in the order ofdT,/dp= 0.01 K/kbar In contrast we taneously stoichiometric, underdoped, and genuinely un-

_ ; twinned HTSC at applied pressure.
have founddT./dp=0.56 K/kbar in YBaCu,Og (Ref. 4 . .
together with the highT.=80 K. Also the resistivity of the We present the anisotropic pressure dependence of the

HTSC's shows a strong pressure dependence. For meta esifstivity componegts a(qung the tV\r']O plane directignand
relative pressure derivativeinp/dp in the order of 0.001 of YBa,Cu,Op. Thea direction shows a strong decrease

) ) of p, under pressure. For the direction we have found a
kbar™* have been reportetiAs we show below HTSC's re- gajjer decrease of the absolute value of the resistivity but
veal a value ofdlnp/dp~ -0.013 kbar *. In this paper we

the strongest change with respect to the compression of the
address the nature of the strong pressure dependence of {3gice constant.

resistivity and study its correlation with the increaseTef Single crystalline YBaCu,Og was grown at 900 bars
upon applied pressure. 0, and 1050 °C, using a BaO-CuO-rich flux. The dimensions

YBa,Cu,Og (1:2:4) has the same structure as of the untwinned single crystals were about ¥®&5x 0.1
YBa,Cu;0; (1:2:3 except the single CuO chain along the mm®. Gold pads had been sputter deposited using photo-
direction which is replaced by a double CuO chain. Oxygeniithographically produced masks. After an annealing at
atoms in the double CuO chain are higher coordinated givinég00 °C for two hours, gold wires were attached by gold ep-
rise to an enhanced stability of the oxygen stoichiometry. Iroxy. The contact resistance was in the order @21
fact, it is hardly possible to extract any oxygen out of 1:2:4  For the high-pressure experiments at room temperature, a
below the melting point of the substarft®&ecause of that piston cylinder equipment was used. The sample was in-
1:2:4 is genuinely untwinned as it never undergoes the teserted into a Teflon cell filled with the pressure transmitting
tragonal orthorhombic phase transition which is responsiblénedium n-pentane — isoamylalcohol. Pieces of pyrophylite
for the twinning in 1:2:3. Untwinned 1:2:3 which could be were used as a gasket material. The pressure was determined
prepared by annealing under uniaxial stress is only metan situ by means of a manganin coil.
stable, preventing the study of the anisotropic components In Fig. 1, we show the normalized, anisotropic pressure
under pressure. dependence of the resistivity of the two plane directians

As the mechanism responsible for superconductivity isandb at 300 K. A change of the measured sample resistance
concealed by the excess carrier density in highly dopedipon pressure can be assigned principally to two different
HTSC’s, modestly doped samples should be preferred foeffects. First, the length and area of the sample are com-
unraveling the basic physics. A fingerprint of underdopedpressed changing the geometry of the sample. The second
HTSC's is an opening of a spin gap abolgand a magnetic effect is the intrinsic change of the resistivity due to, e.g., a
susceptibility increasing with temperature. Both signatureshanged scattering rate or an enhanced carrier defid\y.
have been found in 1:2:4 by means of the spin Knight hift, we are interested in the intrinsic change of the resistivity,
the spin-lattice relaxation tim€&, ,% and the resistivity.Un-  p(p), of 1:2:4 upon applied pressure we have to compensate
fortunately, with the exception of 1:2:4, underdoped sampleshe influence of the volume compression on the sample re-
are nonstoichiometric compounds and, therefore, contamsistance. A first-order correction for an orthorhombic crystal
nated with vacancies, lattice distortions, etc. structure is given by
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making use of the relatioppjane= pa - Within this model the
temperature dependencé p.i{ T) at ambient pressure has
1400 been showtf to be quadratic, i.e penaii=AT? with the con-
y stantA=2.3x 10" 3.0 cm/K?. The calculatepressure de-
] 200 pendencef p.n.in Shows a nearly linear behavior in function

0 of pressure, implying a rate of decrease for the condiantt
dA/dp=—1.1xX 10 °uQcm/K? kbar. The relative change of
p(p) with respect to the reduced lattice constant is a factor of
2 higher for theb than for thea direction(see Table)l In the
inset to Fig. 1 we plotted the absolute change of the resistiv-

p(p)/po

ities.
There are several approaches to explain the change of
0 10 20 30 40 resistivities under pressure. Assuming that electron-phonon
PRESSURE (kbar) scattering does prevail, the resistivity decreases upon high

pressure because the Debye temperature becomes enhanced
with the hardening of the phonon frequencies. Near and
‘above the Debye temperatudy, one findSpOCT/zD. The
change of the resistivity under pressure can then be ex-
pressed as

FIG. 1. Pressure dependence of the normalized resistivity o
YBa,Cu,Og at 300 K for the two plane directiong;, (solid line);
pp, (dashed ling The resistivities are volume corrected due to Eq.

1). Also depicted is the calculatd€qg. (2)] resistivity of the CuO
(1) p d€q. (2)] y dinp din®

chain alone(dotted ling. The inset shows the absolute change of __ =—2yP @)
resistivity. dinv dinv
R with y P the Grineisen constant. With a change of the aver-
@ = ﬂ[“_ (Bi+pBs —BH)p] , (1) age resistivity ofdlnp/dinV~ 10 one findsy P~5. An inde-
Po Ro pendent determination of is possible on the basis of elastic

o _ _and thermodynamic quantities. Thermodynamics defines
where 8 and 8! are the coefficients of linear compressibil- Y= ayBVy,/C, with ay the thermal expansion coefficient,
ity for the directions perpendicular and parallel to the cur-C,, the specific hea the bulk modulus, an¥,, the molar
rent, respectivelyR(p) is the experimental resistance as ayolume. With the data for YB&Cu,Og,® the Grineisen con-
function of pressureR, andp, are the resistance and resis- stant 4" takes on the value 1.65. The discrepancy between
tivity at zero pressure, respectively. The data in Fig. 1 havghe thermodynamic Gneisen constanty("=1.65 and the
been corrected using the linear compressibitities listed ifajye deduced from the high-pressure experiment<£5)
Table I. _ _ _ _ _ seems significant.

The change of resistance is not linear with applied pres- another approach starts with the idea that the carrier den-

sure. In theb direction two parallel conduction channels are sjty or doping level of Cu@ planes changes with applied
model of two shunted conduction channels for the current

| | b axis, one can extract the pressure dependence of the m*
resistivity of CuO chains alone P (4)
1 1 1 with m* the effective mass the carrier density, and the

-= 2 relaxation time. The pressure dependence of the plane resis-
Pchain  Pb  Pplane . . .
tivity p, is then given as

TABLE I. Relative changes of anisotropic resistivijyand lattice dinp dinm*  dinn  dinr
a

constantd under hydrostatic pressure of Y&au,Og. dp = dp dp dp (5)
dinp? dinp
dp P anl Zimmermanret al'* determined experimentally the abso-
. . L, . lute charge transfer from CuO chains to Gufdlanes by
(107" kbar™) (107" kbar™) measuring the shift of the Cu nuclear quadrupole resonance
a direction ~13 _28 4.6 in 1:2:4 under pressure. They extracidn/dp~10x 103
b direction -10 1.0 10 kbar *. The density of free carriers at zero pressure was set
¢ direction g as 0.1 carrier per plane @).%° Scholtzet al® deduced the
Chain 75 ~1.0 75 value 9x 10 2 kbar ! from their measurements of critical
temperaturel . and upper critical fieldH., under pressure.
@Derivative at the pressure=f kbar. In Eqg. 5, the change of the carrier density alone accounts
bThe linear compressibility3 is defined asdinl/dp. Data from  for dinp,/dp~—10x10 2 kbar [Eq. (5)] of the experi-
Ref. 11. mental value—13x10 3 kbar 1. The incorporation of an

“The linear compressibility represents a combined effect of the stiffenhanced relaxation time may explain the small difference:
ness of the CuO chain plus Cy@lane. the relaxation time is mainly of a magnetic naflaad it is
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reasonable to assume that the increased carrier densitiye calculated pressure dependendd&./dp, gives 0.32

screens more effectively the spin fluctuations.

K/kbar. The experimental valudT./dp=0.56 K/kbar is a

One can test if the model of charge transfer also explaingactor 1.75 higher.

the pressure dependence Bf. It is well known that the
critical temperaturel; of the HTSC’s is governed by the
concentration of doped carriers in Cu@lanes. The func-
tional relation of T, and doping level can roughly be ap-
proximated by the parabolic equation

Tc(X,p)=Teo— a[N(X,p) —Ng]? (6)
and

ar dn(x,p)
G =~ 2alnxp)—ne Y

where n(x,p) is the number of carrier density per CuO
plane, ny is the doping level with the maximun;, x a
chemical stoichiometry parameter, apdthe external pres-
sure. For 1:2:4 one can extract the parameters
=0.17, T.,=92 K, anda=2300. Comparing to equiva-

The concept of a charge transfer or better the absence of a
charge transfer is also appropriate for the electron-doped
substancesR,_,CgCuQ,_, (R=Pr, Nd, and Smhas no
apical oxygen over which the charge transfer is expected to
take placé® The in-plane resistivity shows indeed only a
modest pressure dependelicas does the pressure depen-
dence ofT.. However Tozeet al?° have shown that more
subtle effects than the charge transfer become crucial in the
YBaCuO family on extending the pressure range to several
tens of kbar.

In summary we presented anisotropic measurements of
the resistivity tensor of the two plane directions of
YBa,Cu,Og upon pressure. The superconducting GuO
plane, i.e.p, revealed a strong decrease of the resistivity as
pressure is increased. The change of resistivity is an order of
magnitude higher than for a conventional metal. For lthe

lently underdoped 1:2:3, the carrier concentration of 1:2:4irection the absolute decrease is smaller but the relative
can be assigned 1©=0.1. The resistivity data above suggest change with respect to the compression of the lattice constant

the charge transfein/dp~0.001 carrier/kbar. Using E§7)

is the strongest one.
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