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We have investigated the pressure dependence of the superconducting transition tempgrapure
18 GPa of BjSr,CaCyOg, s single crystals ranging from the highly underdoped through the nearly optimally
doped to the highly overdoped level. For all three samples stutijed, found to increase initially and then
saturate at some critical pressug but decrease modestly with further increasing pressure. Oxygen doping
has a tendency to reduce the increas&.andP.. A high-pressure phase diagram between the satuTatadd
P. is then obtained. Theoretical interpretation is given by using the competition between the hole carrier
density and pairing interaction strength based on the high-pressure transport data of the resistivity and Hall
coefficient in this system.
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I. INTRODUCTION sureP. over an entire doping regime. Early measurements on

The doping dependence of the high-temperature supefhe 80~88 K sample¥*'* have shown that for the sample
conductors(HTSC9 has become a significant issue due toWith a relatively highT it is easy to reach the saturation at
pseudogap phenomena in underdoped compounds and to th beginning of the pressure range. It was also shown that
peculiar influence of hole carrier density on properties ofthe P shifts to higher pressure with additional oxygen con-
superconducting and normal states. Among the HTSCs digent in the overdoped sidé*1t remains unclear whether the
covered so far, La,SrCuQ, YBa,Cu;0O;_5 and saturation in theT, versusP curve is present for samples
Bi,Sr,CaCuyQg, s are the most extensively studied systemsaway from optimal doping. Therefore, it is of interest to
due to available single crystals over a large range of dopingtudy the pressure dependenceTgfas well as the high-
levels and transition temperatures,L&r,CuQ, has a struc- pressure phase diagram in,B8i,CaCuyQg,; Over the entire
tural phase transformation between the underdoped and ovefoping range.
doped regime$. Meanwhile, changing carrier density — Experiments carried out on a variety of HTS€3have
through cation substitution probably leads to local distortionrevealed thafT, is not a unique function of pressure, but
due to the size effeét.Although the carrier density in depends strongly on the temperature at which the pressure is
YBa,Cu;0;_5 can be tuned by oxygen content, the occur-applied. For almost all systems, pressure-induced relaxation
rence of chain oxygen sites in this material complicates in€ffects become activated for temperatures above 200 K. The
terpretation of much of the experimental data. Moreover, it igoressure derivativelT./dP can be increased tenfold if the
difficult to make even slightly overdoped samples in thispressure is changed at room temperature rather than at low
system, only the underdoped part of the phase diagram cdamperature&® Since the relaxation is believed to be frozen
be thoroughly studied. By comparison,Bi,CaCyQOg,sisa  at low temperatures, the pressure dependenck ahd the
perfect candidate for studying its physical properties over @ressure derivativelT,/dP basically represent the intrinsic
wide range of the doping. pressure effect. Such an effect most directly reflects changes

In order to get insight into the basic mechanism responin the basic physical properties, including the pairing inter-
sible for high-temperature superconductivity, one alwaysaction itself, and thus is most valuable for comparison with
strives to observe the possible change of the superconductirigeory. It is therefore of interest to perform detailed measure-
transition temperatur@&, at fixed doping level. Pressure has ments of To(P) under high pressure by changing pressure at
been realized to be an effective way to chafigéor a com-  low temperatures to elucidate the intrinsic pressure effects.
pound. However, the effect of pressure s very compli- In this paper we present the results of a high-pressure
cated. The pressure derivative Bf, dT./dP, can be varied study of BL,SLCaCyOg, s single crystals in which the pres-
from positive to negative, which strongly depends on thesure is applied and measured at low temperatures. The char-
doping level. For most optimally doped compouddsT,  acteristic nonmonotonic pressure dependence of the super-
generally increases when pressure is applied at the initiatonducting transition temperature is found in our crystals
stage, passes through a saturation at some critical pressuanging from heavily underdoped to heavily overdoped
level P, then decreases modestly at high pressuressamples. We obtain a high-pressure phase diagram between
Bi,Sr,CaCuyOg,s is the only known system where the con- the saturation off; and critical pressur®. at which T is
stantly positive dT.//dP is not sensitive to oxygen saturated. We demonstrate that the nonmonotonic behavior
content!®~12 which makes it an ideal system to investigate originates from a competition between the hole carrier den-
the phase diagram between the saturdteand critical pres-  sity and pairing interaction strength.
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II. EXPERIMENTAL — T T T T T T T 1

Samples of single crystal Br,CaCyOg,s Were grown U
by a self-flux technique in a strong thermal gradient to sta-
bilize the direction of solidification using a stoichiometric
ratio (Bi:Sr:Ca:Cu=2:2:1:2 of cations, as described
elsewheré! Vacuum anneals are carried out in sealed quartz
tubes to obtain the underdoped crystals. Overdoping has
been accomplished using stainless steel cells sealed with
samples immersed in liquid oxygen. Crystals used in the
high-pressure studies are the highly underdog@fgdcuum- el el .
annealed,” T,=48 K), air-annealed(T,=86 K) and over- 0 0N e T W
doped (“oxygen-annealed, T,=60 K) samples. A 10-90%
transition width of 0.5 K in susceptibility of our samples is  FIG. 1. Magnetic susceptibility signal in nV vs temperature for
indicative of very good quality and of high homogeneity in an underdoped B8r,CaCuyOsg..5 Crystal at various pressures.
both cation and oxygen concentratids.

We performed the measurementsTqfunder high pres-
sures using a highly sensitive magnetic susceptibility tec
nique with diamond anvil cell$ This technique has been
proven to be especially successful in the discovery of supe

11.1 GPa ]

9.4 GPa
50nV

Signal (nV)
—

magnetic flux completely enters the sample. The supercon-
hglucting transition of 48 K is obtained at ambient pressure. It
is clear that at the pressure of 9.4 GPa the superconducting
transition shifts to higher temperatures than at 1 atm, but it

L L furns back beyond that pressure. The signal amplitude is sup-
conductivity in compressed sulphur and lithid#iThe tech- ressed by fL)J/rther inche)zasing pressureg Also. E":lt high preg-

nique is based on the quenching of the superconductivity ang,, e the shape of the signal broadens. In our measurements,
suppression of the Meissner effect in the superconducting,e anply pressure in the increasing run and at low tempera-
sample by an external magnetic field. The magnetic susceRgres below 100 K. Therefore, we are confident for the exis-
tibility of the metallic parts of the high-pressure cells is es-tence of pressure medium over the whole measured range.
sentially independent of the external field. Therefore, the |n Fig. 2, we plot the obtained values in this under-
magnetic field applied to the sample inserted in the diamondoped B};Sr,CaCyQg. s Sample as a function of pressure. As
cell mainly affects the change of the signal coming from theshown, T, is initially increased with applied pressure passing
sample. If we apply an alternating low-frequendy  through a saturation value at arouRg=10.5 GPa and then
=20 H2 magnetic field with an amplitude below 100 Oe, decreases at higher pressures. A positive initial pressure de-
then the output signal changes twice per period of the magdivative of 1.5 K/GPa is obviously consistent with the pure
netic field because the positive and negative magnetic fieldgydrostatic pressure measurements with the helium gas
act identically to destroy the superconducting state. The resystem:® The nonmonotonic pressure dependenc&obb-
sulting high-frequency output signal is modulated in ampli-served in the present heavily underdopedSBiCaCyOg. s
tude at frequencyf2 This modulation is observed only in the is believed to be a common characteristic for all underdoped
narrow range of temperatures close to the temperature gf-type copper oxides. This behavior has also been reported
superconducting transition. THE, is then identified as the in the ~80 K Bi,Sr,CaCyOg, s Samples with nearly optimal
point where the signal goes to zero because of the disappeafopings'®* For an underdoped B$r,CaCyOg.s single
ance of the Meissner effect. crystal with T.=54 K, which is close to our sample, Klotz
Samples are loaded in Mao-Bell cells made from hardand Schilling* found an initial constancy ofT; up to
ened Be-Cu alloy. The gaskets are made of nonmagnetit.6 GPa as well as the absence of the saturation up to 6 GPa.
Ni-Cr alloy. The BySr,CaCuyOg,; crystal (typical size 50 This difference might be due to the difference of the samples
X 50% 10 um?®) together with ruby chips are placed in the and/or the difference in the hydrostaticity of the pressure
sample chamber. NaCl is loaded into the gasket hole wittnedium used.

diameter 20Qum to serve as pressure medium. The pressure 53 : : : :
is applied and measured at low temperatures and is gauged
by the R1 fluorescence line of rul®. Each initial pressure 56 .

run was performed as single run at low temperature, pressure

was changed immediately after the temperature scan was fin- _
ished, and the sample was taken back to low temperature to 5052
start another temperature scan. &

54

50

Ill. RESULTS

Figure 1 shows the representative temperature scans at 0 3 6 (GPa) 12 15
different  applied pressures for an underdoped
Bi,Sr,CaCyOg, s single crystal. Superconducting transition  FIG. 2. Dependence of the superconducting transition tempera-
is identified as the temperature where the signal goes to zerare T, on pressure in an underdoped,8i,CaCyOg,s Single
on the high-temperature side, which is the point at whichcrystal.
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FIG. 3. Shift of the superconducting transition temperaflige FIG. 4. (Color onling Superconducting transition temperature

with applied pressure up to 18 GPa for &,CaCyOg,s single T, for an overdoped BBrL,CaCyOg, s Sample as a function of pres-
crystal, which is nearly optimally doped, but slightly overdoped. sure. The open and solid circles represent the measurements in the
compressing and decompressing run, respectively.

The magnetic susceptibility curves for a nearly optimally
doped, but slightly overdoped gBr,CaCyOg,s single crys-  than cation substitution. Considering the fact tfatwould
tal, have a behavior similar to that in the underdoped samplelecrease with further adding oxygen content in the over-
The superconducting transition is at 86 K at ambient preseloped regime, this result clearly indicates that neither the
sure and shifts upward when pressure is applied at the begipressure-induced charge transtemor the pressure-induced
ning stage. Above 8.5 GPa, further pressure moves the tramxygen doping is solely responsible for the pressure effect
sition to lower T, values. The amplitude of the signal on T.. The observed saturation in tAg(P) curve also sug-
becomes weak with the applied pressure. It is hard to distingests that another intrinsic variable independent of the hole
guish the signals from the sample or background at pressuregrrier density is playing a significant role in enhancingt
above 18 GPa. even the heavily overdoped region.

Shown in Fig. 3, the pressure dependencd oflisplays Among the results obtained in these experiments, the
the characteristic behavior as is in other optimally dopednost important finding is that the saturation with larger value
HTSCs*® Similar nonmonotonic pressure dependence othan the ambient, occurs in the BiSr,CaCyOg, s Samples
T«(P) with a saturation at a critical pressure near 2 GPa wagver the entire doping range from the heavily underdoped
reported in the sister bilayer ,Ba,CaCyOg, s System at the through the optimally doped to the heavily overdoped. Both
optimal doping® For the initial slope of theT. versusP the critical pressur®, and difference between tfe and its
curve in Fig. 3 we derivelT.,/dP=1.3 K/GPa similar to that saturated value decrease with the hole carrier density created
measured in the helium gas syst&hThe saturation occurs by adding oxygen into the Bsr,CaCyOg,s System. This
at P.~6.5 GPa in our BiSr,CaCyOg,s sample at near op- behavior is similar to that reported for the Lg8r,CuQ, sys-
timal doping. This critical value is approximately the same agem in the overdoped sid&where the pressure-induced tran-
that in theT.~80 K crystal of Alekseevat al,'® but rela-  sition between the orthorhombic and tetragonal phases is ac-
tively higher than that for th@.=88 K sample of Klotz and companied wherT, reaches saturatioi. Furthermore, we
Schilling * find the similar trend of TP, in the present

We have measured the temperature dependence of maBi,Sr,CaCyOg,s Samples at different doping levels as ob-
netic susceptibilites near T, for an overdoped served in other optimally doped compourid$That is, the
Bi,Sr,CaCy0g, s single crystal in both the compressing and higher theP,, the larger the saturation value of tig. We
decompressing runs. As plotted in Fig. 4, the susceptibilitithus obtain an extended phase diagram at both the ambient
curves are nearly identical, regardless of the pressure historyondition and critical pressure, which is presented in Fig. 5.
In the decompressing ruff,;, almost returns to its original The saturation off, under the critical pressure of a hole-
ambient pressure value upon full release of the pressure. Thigoped cuprate has been shown to cover the heavily under-
is indicative of free relaxation in this sample. doped to heavily overdoped regime. Despite extensive effort

From Fig. 4, it is found that as the applied pressure iso reach saturation at the critical pressure, such a high-
increasedT continues to increase until it reaches a saturapressure phase diagram over the whole doping regime has
tion value near 4 GPa. Previous studfesn an overdoped not been established previously. The saturafigfP;) was
Bi,Sr,CaCyOg.;s single crystal with a relatively highle  only found in either the underdoped sider the overdoped
=80 K have shown that th&; also has a saturation value sjdel423
near P.=4 GPa. Compared to the maximum value Tf
~90 K in flux-grown BpSr,CaCyOg,s at optimal doping,
the present sample with B, of 60 K is heavily overdoped. IV. DISCUSSION
The occurrence of the saturation in tfig(P) curve in our
sample is very interesting because it has not been reported in To understand the experimentally observed nonmonotonic
such a heavily overdoped cuprate where the significanibehavior ofT (P) of these samples, we use theoretical model
change ofT. is tuned only through oxygen content rather for the layeredd-wave superconducto?8.For simplicity, we
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100 - ' - - - been suspected of giving clues to the pressure effectk.on
underdoped overdoped For optimally doped samples at ambient pressure, the basic
experimental trends arp,,=T and Ry 1/T in the high-
temperature regime around room temperature. The quantity

f
&..
i

) RueZv is inversely proportional to the hole carrier density
= 70 . . -
= ny, wherez is the number of Cu atoms per unit cell of vol-
60| g - ume v and e the carrier charge. In the high-temperature
¢ T-linear region, the resistivity satisfies the simple fopgp
oo T =(47T/w'2))7_1, where wj, is the plasma frequency and the
as—— L L scattering rate”*=27AT with A being the coupling strength
40 20 -m_o 2 @ 60 between the charge carriers and some excitations. We take
T T (K) g

the Drude spectral weighb§~nH/m* with m* being the

FIG. 5. (Color onling Plot of the superconducting transition carrier effective mass. Systematic resistivity studies suggest
temperatureT,, at the ambient pressui@pen circles and critical ~ that both the carrier scattering rate and coupling strength are
pressureP. (solid circleg in flux-grown BbSL,CaCuyOg,s single  independent of doping and nearly the same for a
crystals as a function of, referenced to the maximum value of superconducto®? The pairing interaction strengtV ap-
90 K. peared in Eq(1) should have the same physical meaning as
A. Therefore, we have,,<(m*/ny)VT andRy v/ (nye2,

calculateT, for a given chemical potentigl by the follow- ~ which should account for the resistivity and Hall data at

ing self-consistent equation: room temperature and under high pressures. Taking the pres-
sure derivative of the quantities in the expressiong,gfand
L ‘iE V() ’_(|sk— ,uI) R Ry, we have the following relations:

2N lex—pl\ 2KgTe dinpg,_dinm* _dinn, dinV .
whereg(k) =cosk,—cosk,, £ is the quasiparticle dispersion, dpP dpP dp dp
N is the number ok vectors kg is the Boltzmann constant,
and V the in-plane pairing interaction strength. The con- din Ry dInny
straint condition for the hole carrier density, in conjunc- P T T (4)

tion with w is given by
where the volume compressibilitx,=1/By=-dInv/dP
1 iz ¢ ’_(|8k—,u|> @) and By is the bulk modulus.
an 2kgT, /° For the present BBrL,CaCyOg,s System, we take
dInR,/dP=-10.8x 102 GPa?! and x,=16.7x 1073 GPa'

The validity of this kind ofd-wave BCS formalism in  from the Hall coefficien® and neutron diffractio¥f mea-
describing the superconducting state of HTSCs has beesurements, respectively. Substituting these values into Eq.
confirmed by recent angle-resolved photoemission spectrog4), we obtain dInn,/dP=9.1x 102 GPa®. Studies of
copy (ARPES? and transpoft 2 measurements. As quasi- pressure effects on the irreversibility Iffén a nearly opti-
particle dispersion, we u$¢ £,=0.166 cok,cosk,  mally doped BjSr,CaCuyOg.s reveal that the in-plane pen-
+0.048cos X, +cos X,) eV, which corresponds to the hole etration depth\,, decreases from 220 to 205 nm when the
dispersion in an antiferromagnetic background at half-filling,applied pressure increases from 0 to 1.5 GPa, yielding
but should be approximately valid also at finitg as long as  dIn \,,/dP=-4.55x 10?2 GPa™. As it is known\,, can be
the antiferromagnetic correlation length is not negligible. Aexpressed in the following relatiomgb:m*/nH. We then
characteristic feature of this dispersion is the near flatness @fet dIn m*/dP=2dIn \,,/dP+dIn ny/dP. According to
the energy in the vicinity of,0), which is in good agree- this simple relation, we obtain the value din m*/dP of
ment with ARPES results for Bsr,CaCyOg, s. zero by using the experimental data fdin \,,/dP and

The experimentally observed parabolic relation betweend In n,/dP. It is therefore reasonable to neglect the pressure
T. andny can be obtained by combining Eq4) and(2) for  dependence afi*. This indicates that the hole carrier density
given V. If one would consider the interlayer effect, the in- n, and pairing interaction strengthare the two main intrin-
terlayer tunneling strengtffy is usually expressed a$;  sic pressure variables responsible for pressure effect besides
=ti/(16t) (Ref. 30, with t andt, being the nearest-neighbor the cell volumey. This conclusion drawn from the normal-
hopping integral between the in-plane and out-of-plane Cistate transport properties agrees very well with the assump-
atoms, respectively. For Br,CaCy0Og,s t=0.4 eV andt | tion in interpreting the pressure effect in the Y-Ba-Cu-O
=55 meV are chosen from recent ARPES experiméhnts. systems®
Taking the maximum T, of 90K for flux-grown High-pressure transport measurements giMa p,,/dP
Bi,Sr,CaCuy0g, 5 We deduce/=0.03782 eV. The resulting =-7.5x102GPa! for a nearly optimally doped
carrier densitieny’s are then determined for the samples Bi,Sr,CaCyOg, s single crystal at 300 K? Then we have
with variousT, values. dInV/dP=1.6x 1072 GPa? by using Eq.(3). This result

The temperature dependences of both the in-plane resignpliesd In V/dP= «, in Bi,SrL,CaCy0Og,s Noting that the
tivity p,, and Hall coefficienRy under high pressures have pressure-induced relative change\ogatisfies a simple for-

Ny =
H72 2N%
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malismd In V/dP=(2~4)k, in the Y-Ba-Cu-0O system¥, 100 ' - -
where k,=-dIna/dP being the lattice compressibility
along thea axis. The relationship between the pairing inter-
action strength and cell volume is then expressed by
dlnV/dInv=-1. We would like to mention that this prob-
ably universal relation does not rely on any model, at least in
these two most generally studied HTSCs.

Sinceny andV are two intrinsic pressure variables, the
variation of T, with pressure is believed to be due to the
change of the competition between them. Assuming that the

40 L 1 1

pressure dependence of bath andV are not as linear in 0 P(g)Pa) . 2

pressureP, but in the relative volume decrease given by 1

-v(P)/vo, we can writeny(P) andV(P) as FIG. 6. Calculated variation of the superconducting transition
temperature T, with pressure for the optimally doped

nu(P) = nH(o)[l 441y Bo(l - @)} , PlSRCaCUOs.s
dp Vo doped material, the pressure-induced increasg,aftrongly
suppresses such, increase. As a result, there only exists a
dinVv v(P) smallerP, for the heavily overdoped material. Therefore, the
V(P)=V(0)| 1+ b Bo{ 1 - oo | (5  extended high-pressure phase diagram can be well under-

stood on the basis of the competition of the two intrinsic

The pressure dependence of the relative volume can be wdlf€Ssure variables.

described by the first-order Murnaghan equation of state " Fig- 6 we plot the calculated variation 8 as a func-

(P)/ve=(1+B.P/B )-1/56 whereB' is the pressure deriva- tion of pressure up to 20 GPa for the optimally doped
vir)lo o’ =0 : 0 ep Bi,Sr,CaCyOg, s compound withT,=90 K at ambient con-
tive of By andug the cell volume at ambient pressure. It has

; dition. As can be seen, as pressure is increabgthcreases
been shown that the construction of the pressure dependen P Beth

PP . . ﬁﬁtially until passing a saturation at critical pressurg of
of the intrinsic pressure variable through the relative volume, 7 sb, and at higher pressurEs decreases. This non-
change always reproduces an excellent agreement of the re: ’ '

MHonotonic behavior off (P) of the optimally doped com-
sulting curve with the experimental valu&s*® Olsenet al® - - L -
: . o S ound is consistent with the measurements in our nearly op-
obtainedB;=6.0 for Bi-based cuprates by fitting their high- pounc ! ! M " n ou y op

pressure X-ray diffraction data up to 50 GPa. Their bqutlmally doped sample as well as the 88 K sample of Klotz

qulusB. coincid Il with that derived f h and Schilling}* The theoretical value of the initi@T./dP is
MOdUIUSB, coincides we4 Wi at derived from the n€u- 4 59 K/GPa for the optimally doped material, which is in
tron diffraction techniqué’

. _ , excellent agreement with the reported 1.5+0.2 K/GPa from
Using the determined parametdsg By, dInnu/dP, and o0 s measurement&22 It is apparent that the competi-
din V./dP,. we are able to evaluatg the pressure dependenti%n between the hole carrier density and pairing interaction
of Te in Bi,Sr,CaCyOg.s samples in terms of EGel), (2),  syrength indeed captures the essential physics of pressure ef-
and(5). Here we have neglected the pressure dependence fgct onT..
the interlayer tunneling strengﬁ%ln the study of thes-axis Figurec 7 shows the critical pressuPe dependence of the
pressure effect orTC,_Chen(_at al™found that th_e Pressure- gitterence between the superconducting transition tempera-
induced change of, is (elatlvely weak and negligible, com- turesAT, at the ambient pressure and critical pressure in the
pared to the pressure-!nduced changefThus, the pres- optimally doped BiSr,CaCyOg,  with those in some other
sure enters tha, equations only throughy(P) and V(P). optimally doped compounds8 It can be seen that there ex-

The competition between thg,(P) andV(P) provides a g5 the 'same trend of increasing th&, value with the in-
natural explanatl_on f(_)r the obs_erved high-pressure phase digease ofP. in these optimally doped compoundsT, in-
gram as shown in Fig. 5/(P) is a favorable factor for the  creases undep, at the rate of near 1 K/GPa. It is indicated
increase ofl; with pressure. Whilen,,(P) favorsT only for  that any optimally doped compound has a saturation value of
the compound in the underdoped regime, and it becomes e maximunil, which can be reached by applied pressure at
negative factor in the optimally dopant or the overdoped recyitical P, value. Moreover, it is confirmed that pressure is a
gion. For the underdoped compoung,(P) would be the most effective way to enhancE. in optimally hole-doped
negative factor once the pressure-induced increaseyof cuprates. These results also suggest that the enhancement of
passes through the optimal doping. The crucial parant&ter the maximum T, with pressure in the optimally doped
is the crossover pressure where the fgsjoincreasingT.  HTSCs is not due to the increase of the pressure-induced
is(are) equal to thathose decreasindl. A higherPin our  hole carrier density.
heavily underdoped sample arises from both the positive As the above determined parameters are available only for
contribution toT. from V(P) as well as the relatively long the optimally or nearly optimally doped materials, we cannot
way for n, to go before passing through the optimal doping.calculate the change df, with pressure for various dopings
The nearly optimally doped compound has a modstiue by using the same parameters, especiallydfbr n,/dP and
to the favorable factow(P) but the unfavorabl@(P). Al-  dIn V/dP. There are not enough high-pressure transport data
thoughV/(P) still factors theT, increase for the heavily over- available in obtaining the information on these parameters at
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the samples with different doping level. However, as dis-
cussed above, the pressure effecilgin this material is still
dominated by the pairing interaction strength.

V. CONCLUSION

We have measured the pressure dependence of the super-
conducting transition temperaturel, in flux-grown
Bi,Sr,CaCyOg,s single crystals by using a highly sensitive
0 . . . . . . magnetic susceptibility technique with diamond anvil cells.

0 10 P 0ps) 0 4 In order to avoid the possible contribution from the pressure
¢ relaxation effect, we apply and measure pressure at low tem-

FIG. 7. (Color onling Critical pressureP, dependence of the peratures. The nonmonotonic pressure behavior.aé ob-
difference between the superconducting transition temperatureserved for all the samples, from the heavily underdoped
(AT,) at the ambient pressure and critical pressure of optimallythrough the nearly optimally doped to the heavily overdoped
hole-doped HTSCs: a, LaSrCuO, (star, Ref. 4 b, regime. We therefore obtain a high-pressure phase diagram
Lay-Ca+,C,0g (plus, Ref. §; ¢, YBaCu;0;-5 (triangle, Ref. 3 between the saturation value ©f and critical pressur®..

d, Bi;SCaCuyOs. s (open circle, this work e, ThbBaxCaCuyOsg.s  Theoretical calculation based ondawave BCS formalism
(Ref. 3; f, TI,BaCaCuwOyp.s (Ref. 7); g, TBa,CaCwO12.5s  reproduces well this nonmonotonic behavior in terms of the
(Ref. 7; h, HJBgCuOy.s (Ref. 8); i, HgBa,CaCyOs+s (Ref. 8 ), high-pressure transport data. We have demonstrated that the
HgB&,CaCusOg+5 (Ref. 8. The line is a guide to the eyes. pressure dependence Bf in Bi,SL,CaCuOg,; is the result

the moment. However, we can estimate the pressure-inducéﬁ the competition between the hole carrier density and pair-
change of carrier density,, if we assume thatl In V/dPis N9 interaction strength. The generally obserigd,.) in our

independent of oxygen content just as the interactiorf@mples indicates that the pairing interaction strength is
strengthV is. Substituting the experimentally determined mainly responsible for the pressure effect in this system.
dT./dP of 1.5 K/GPa for BjSr,CaCuyOg,5° we get the

dinny/dP values of 5.0¢ 10 6.3x10° and 2.5 ACKNOWLEDGMENTS
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