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We report the results from a thermopower and a Cu nuclear magnetic res@NMiRe study of the infinite-
CuO,-layer electron-doped high-temperature superconducting cuiditsC) Sry Lag ;Cu0,. We find that
the temperature dependence of the thermopo®gr), is different from that observed in the hole-doped
HTSC. In particular, we find that S(T)/dT is positive above~120 K. However, we show th&(T) can still
be described by the same model developed for the hole-doped HTSC andS{@ide not anomalous and
does not imply phonon-mediated pairing as has previously been suggested. The Cu NMR data reveal a Knight
shift and spin lattice relaxation rateelow T, that are inconsistent with isotropgewave pairing. The Cu spin
lattice relaxation rate in the normal state, however, is Curie-Weiss like and is comparable to that of the
optimally and overdoped hole-doped HTSC,LgSr,CuQ,. The magnitude of the Knight shift indicates that
the density of states at the Fermi level is anomalously small when compared with the hole-doped HTSC with
the sameT .., indicating that the size dfi(E;) is of little importance in the HTSC. We find no evidence of the
normal state pseudogap that is observed in the hole-doped HTSC and which was recently reported to exist in
the electron-doped HTSC NgCe, 1:CuQ, from infrared reflectance measurements.
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INTRODUCTION that the Cu spin-lattice relaxation rate in the normal state
increases with decreasing temperature, although the absolute
One of the major difficulties in developing a consistentvalues of the Cu spin-lattice relaxation rate are different in
theoretical model of superconductivity in the high- these studies. This compound has the advantage that it does
temperature superconducting cupratéTSC's is under-  Not contain magnetic rare-earth ions that can affect the NMR
standing the magnetic and electronic behavior of the holedata. Furthermore, the superconducting transition tempera-
doped and electron-doped HTSC's. It is now generallyturé Tc IS much, higher{~40 K (Ref. 19] than that in the
agreed that the hole-doped HTSQEIDHTSC'S have a other EDHTSC'sR,_,CeCuQ,, where superconductivity
d-wave superconducting order paramétéshow a normal- exists for lower temperatures ef25 K and the occurrence

state pseudogap for low hole dopifignd exhibit a non- of superconductivity and the Meissner fraction depends upon

Korringa relationship between the Cu spin-lattice relaxatiorf 99/ €5SIV€ annealing at high temperatures in a reducing at-

rate and the Cu Knight shiftThis non-Korringa behavior mosphere. The one disadvantage qfg5ao,CUQ, is that it

) : . X must be made using a high-pressure synthesis technique and
has been gttrlbuted to the Cu _spm-lattlce rel_axatlon rate _bthorrect synthesis can lead to site disorder, the partial for-
ing dominated by coupling to antiferromagnetic

) . L .~ mation of the one dimensionglD) antiferromagnetic insu-
fluctuations! The situation in the electron-doped HTSC'’s lator SrCuQ, as well as the antiferromagnetic insulator
(EDHTSC'9, based orR,_,CeCuQ, (Ris a rare earth is La,Cu0,.

not so clear. There are conflipting reports concerning the |nterest in the infinite-layer compound has recently been
symmetry of the superconducting order param&tétFur-  revived by a report that the carrier concentration of CaCuO
thermore, it has recently been reported that a pseudogap exan be altered by field-effect doping, resulting in hole-doped
ists when superconductivity is suppressed by high magnetigr electron-doped superconducté?dt is therefore impor-
fields, but only for temperatures less tha25 K" or  tant to compare the normal- and superconducting-state prop
there exists a pseudogap in the normal state for temperaturesties of the infinite-layer superconductors with those from
up to 300 K** The understanding of the spin dynamics isthe HDHTSC's. For example, tunneling spectra and the rate
hampered by the magnetic rare-earth atom, which is believedt which T, is suppressed by Zn and Ni have been inter-
to dominate the spin-lattice relaxation. It is known that thepreted in terms of answave superconducting order
nuclear quadrupole frequency is anonymously small wheparametef!~2* which would appear to suggest a different
compared to that of the HDHTSC's, which is not superconducting pairing mechanism when compared with
understood?® the HDHTSC's. Furthermore, a thermopower study has con-

Previous reports of NMR measurements on the infinitecluded that the superconducting pairing mechanism is pho-
layer EDHTSC Sy_,La,CuO, (Refs. 16—18 have shown non mediated®
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In this paper we report the results from a Cu NMR study
and a variable-temperature thermopower study of the i ]
infinite-layer EDHTSC Syday,CuQ,. Dense high-quality . Tr 00 ]
samples of this compound have recently been synthesize [
with a high superconducting transition temperature of 42

051

K.2® We compare our results with those from previous mea: o[ sy aof ]
surements on the HDHTSC'’s. R
[ \\ 8T 20 30 40
—_ [ \ : T
EXPERIMENTAL DETAILS § r ‘\ ]
=9
The sample for this study was prepared using the high g b
pressure technique described elsewl&f& The dc magne- A \.. ]
tization measurements were made using a superconductit L ‘@

quantum interference devi¢é€QUID) magnetometer, where
the remnant field was:0.1 mT. The data were not corrected I ]
for demagnetizing effects. Variable-temperature ther- S -
mopower measurements were made using the standard tel [ |
perature differential technique. X-ray diffraction measure- ,
ments confirmed that the sample was single phase. 0 s 100 150 200 280 300

Cu NMR measurements were made on both unorientate
powder andc-axis-aligned powder samples in resin. Powder
spectra were obtained at fields of 5.6, 8.45, and 14.1 T, point £/s 1 piot of the thermopower against temperature. Also

by point using them/2-r-m-7 Hahn pulse sequence, where gnon is the low-temperatufdashed curyeand high-temperature
w/2 was between 2 and 1s andr was between 30 and 40 (soid curve fit to Eq. (3) in the text. Inset: plot of the zero-field-

us. The second half of the echo was Fourier transformed angholed(solid curve and field-cooleddashed curvede susceptibil-
then integrated, or summed, to obtain the intensity at eacRy for an applied magnetic field of 2 mT.

frequency. As the probes used to obtain the spectra had a Cu
background, data were not taken near this frequency. The
temperature dependence of the shift and®%i@u spin lattice
relaxation time®T, were measured at 9 T in a probe withno  The temperature-dependent thermoelectric poBEF)

Cu background. The NMR shift was referenced to an aqueshown in Fig. 1 is zero in the superconducting state, as re-
ous CuCl solution. Th&Cu spin-lattice relaxation raf€; *  quired for a strictly perfect superconductor. It becomes finite
was obtained using both the inversion recovery techniquand negative at the transition temperature of 44 K deter-
and from the magnetization recovery after the application anined from susceptibility measuremerisee Fig. 1, inset
saturating comb of7/2 pulses. In both cases the magnetiza-The thermopower continues to become more negative until
tion recovery for thel =3/2 Cu nuclei for magnetic relax- reaching a maximum negative value near 110 K and then

ation (Am==*1) i’ falls toward zero.
It is interesting to compare this behavior to that in the
(and approximately universaslope?®2°The magnitude near
the superconducting transition temperature depends on the
where 7 denotes the time between the inversion pulse or thehains and/or ribbons, which are thought to make their own
last saturation pulse, ardis 2 for perfect inversion, and 1 positive slope contribution to the thermopoweAn inter-
transition without exchange between the other levels, it capicture the thermopower is comprised of a diffusion contri-
be shown thaA=0.1,B=0, andC=0.9. In the presence of bution, linear in temperature with a sign and magnitude that
+3/2 and— 1/2— —3/2 transitions results in differert and
C values and a nonzem value. Sy=A(CaN|e)(Wpe/Wp). 2)

RESULTS AND ANALYSIS

HDHTSC, in which a very general trend has emerged. In
T those materials the thermopower just above the supercon-
M(7)=Mqj1—-TI'| Aexp — T_l ducting transition temperature falls with a nearly constant
37 67
+Bexp - T, +Cexpg - /| (1) doping level, which has led to its use as a gauge of the hole
concentratior?® The only superconducting cuprates to devi-
ate from this general behavior are those with conducting
for the application of a perfect/2 saturating comb. The pretation of this generic behavior is available based on the
coefficientsA, B, andC depend on the initial excitation con- doping dependence of the Fermi surface and a conventional
ditions. For the inversion or saturation of the centtal/2  treatment of the charge carrying quasiparticfeg/ithin this
fast exchange processes these coefficients changd to are determined by the Mott formula, and a phonon drag con-
=0.4,B=0, andC=0.6. It was found that the second sce- tribution Sy, which is given by
nario better fitted the data. The excitation of thel/2—
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Here C, is the volumetric heat capacity of the acoustic ' ' ' ‘ '
phononsN is the concentration of carriersjs the electronic
charge W, is the scattering rate for phonons, an. is the
contribution from events in which the phonons are scattered
by electrons. The sign and magnitude of the consfaate
determined by a balance of scattering events in which the
electron traverses filled versus empty states in reciprocal
space.

The generic behavior of the thermopowers in the
HDHTSC then fits within this picture as being a contribution ©
of a diffusion term and the temperature independent phonon b o q.gpﬂ?? A’@Q‘
drag contribution imposed by the heat capacity at tempera- 10 05 00 05 10 15
tures above the acoustic phonon maximum. This interpreta- 5 (%
tion implies that there is no temperature dependence in the (%)

ratio Wye/W,, consistent with a picture in which the g 2 Ppiot of the®3cu NMR spectra against tHéCu NMR
temperature-dependent anharmonic phonon-phonon scatt@iit 5 at 293 K for an applied magnetic field of 5.6@pen circley
ing does not significantly limit the phonon lifetime. Similar g 45 T (solid circleg, and 14.1 T(solid up triangles

behavior is occasionally found also in conventional metals,

although it is more common to find that the phonon drag ) N
contribution falls as T above the Debye temperature, where . /V& now consider the Cu NMR data. We show in Fig. 2
anharmonic scattering limits the phonon lifetifé® Thus, ~ that the room-tempgratur@(:u NMR powder spectra are
in conventional metals, one usually finds a low-temperaturé@rrow and nearly independent of applied magnetic field.
thermopower showing a linear temperature diffusion compoHere we plot th€°Cu NMR powder spectra for applied mag-
nent and a cubic temperature phonon drag component, whifetic fields of 5.6 Tlopen circleg 8.45 T(solid circles, and
at higher temperatures the drag contribution is inversely del4.1 T(solid up trianglesagainst the NMR shift referenced
pendent on the temperature. It can be seen in Fig. 1 that tHe aqueous CuCl. Th&Cu NMR spectra for all three applied
thermopower in the present case conforms to the more commagnetic fields contain a narrow region ©0.9% in extent
mon behavior and a broad weaker region extendingitd%. Thus the cen-
tral peak is little affected by second-order nuclear quadrupole
S(T)=a;T+a,T® (38 broadening in contrast to the HDHTSC. The weaker
broad signal is likely to be due to the 1/2— +3/2 and
—1/2——3/2 satellite transitions and a distribution of
S(Ty=a,T+as/T (3b) nuclear quadrupole frequenpie_s. We estimate, from the NMR
spectra at different magnetic fields, that the average nuclear
for high temperatures. The linear diffusion term coefficientquadrupole frequency is less than 3 MHz. This is signifi-
a, and the low- and high-temperature phonon drag coefficantly smaller than that observed in the HDHTHIB—-40
cientsa, andaj are fitted asa; = —0.00122uV K ~?, a,= MHz (Ref. 36]. However, it is comparable to the upper es-
—430uVK™4 and ag=—1.15<10 ° V. The magni- timate of the nuclear quadrupole frequency in superconduct-
tudes found for the various contributions are entirely reasoning samples of the EDHTSC Nd,CgCuQ, [<2 MHz (Ref.
able when compared to either theoretical expectations or td5)] and it is consistent with the estimates from two previous
data on the HDHTSC or conventional met#lsThe high-  studies on Sr_,La,CuO, with x>=0.07[<~3 MHz (Refs.
temperature T attenuation ofS; caused by the ratio 16 and 18].
W,e/W, is, however, weak, suggesting that even here the We show in Fig. 3 that th&Cu NMR spectrum from a
phonon lifetime is limited more strongly by electrons than byc-axis-aligned sample at 9 T witbL B shifts to lower fre-
anharmonicity. There is no evidence of any deviation fromgquency for temperatures beloW and there is a significant
the expected behavior that might suggest the development @icrease in the linewidth as can be seen in the inset to Fig. 3.
a pseudogap. An increase in thé*Cu NMR linewidth is also observed in
Finally, we note that there is an earlier report of ther-the HDHTSC and it has been associated with vortices in a
mopower measurements on thin films of the EDHTSCtype-Il superconductor and the formation of a flux lattice at
Sty Ndy ,CuO,, where T, varied from 24 K to low temperatured’ The correspondind®Cu NMR shift &,
nonsuperconducting. In that report the thermopower data is plotted in Fig. 4, where it can be seen tidgt is tempera-
were also fitted to a sum of linear temperature and inverseéure independent in the normal state as reported by Mikhalev
temperature terms, though the temperature range chosen all® from measurements on an unaligned powder sample.
(<90 K) was inappropriate for assigning the inverse-Imai et all® also noted that the,, was temperature inde-
temperature behavior to a phonon drag contribution. Conseeendent, but the shift data were not presented. Fi@u
qguently, the conclusion that the low-temperature therNMR shift can be understood by noting that, for axial sym-
mopower datg<90 K) from the thin-film samples implies metry, the total NMR shift5, of the central transition in an
phonon-mediated pairing in the EDHTSC is also inappropri-external fieldB directed in thex direction with respect to the
ate. crystal frame shift can be written as

®
(14 OOd.’

Intensity (arb. units)

for low temperatures and,
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— — - diamagnetic shift decreases with increasing magnetic field
due to increased flux penetration. We estimate this shift in a
manner similar to Zhengt al.®® where the previous estimate
hACRAE was made for the HDHTSC YBE&u,Og and found to be
l close to the experimental value. Using the experimentally
determined values of the penetration depth and the supercon-
ducting coherence lengtwe find thatK 45 , ~—0.007% at
9 T and for low temperatures where the flux solid occurs.
The second-order quadrupole term in E4). is large in
the HDHTSC because of the large electric field gradient at
the Cu nucleus, and it can be the dominant term, leading to a
NMR shift of up to 3.5% forcL B. The subtraction of the
large second-order quadrupole and the small diamagnetic
term at low temperatures leads to the orbital shift which, for
e the HDHTSC, is ~0.22% in YBgCu;O;, ~0.22% in
102.4 102.8 103.2 TI,Ba,CuQ;, 5, and ~0.30% in Lg_,Sr,CuQ,.*® These
f (MHz) values are very similar to the low-temperature NMR shift
from our Sp dLay :CuO, sample which, after correction from
FIG. 3. Plot of the®3Cu NMR spectra for an applied magnetic the small diamagnetic shift, is 0.21% for B.

N

o

(=]
j.

FWHM (kHz)
g

50 100}

Intensity (arb. units)

field of 9 T at 10 K(dot-dashed curye20 K (dashed curve 30 K A temperature-independefitK | (T) for T>50 K is not
(dotted curvgy and 40 K(solid curvg for cL B. Inset: plot of the  generally observed in the HDHTSC, except in the slightly
corresponding linewidths. overdoped region. For underdoped HDHTSC's, it is found
that 53K((T) decreases with decreasing temperature in the
_Ava_eg 63 Avg,)a normal state, which has been attributed to a normal-state
5w_y_0_ Kol T+ Ko ot Kiaat T @ pseudogaf®In the heavily overdoped regiofiK(T) in-

creases with decreasing temperature in the normal state,
which may be due to the proximity to a van Hove singularity.
A varying density of statesDOS) within ~2kgT of the
Fermi level,E;, affects the Knight shift because the Knight

tneerggiﬁ%i'é”ge&z“gj”;rgg?]'gi'C;ﬂmgzﬁefnme fd";‘rrgr?g _hift is proportional to the static spin suscepiibility, which
P 9 g ' can be expressed ag(T)x[”.Ng(e)(—af(e)/de)de,

(2) i - i
Avg . /vo is the second-order nuclear quadrupole shift. ThewhereszE—Ef, N(e) is the DOS, and () is the Fermi

e function. Consequently, the absence of a decrease in
] 63KSVL(T) with decreasing temperature indicates that there is

0.30 - ﬁ% § * i % 7 no significant normal-state pseudogap in the EDHTSC,

where « is ab for cllB or ¢ for cLB, Aw, is the shift in
frequency from the Larmor frequenay, 63KS,{,(T) is the
temperature-dependent  Knight  shift®K,,,, is the

Sy dlag 1CuG,. Rather, the Fermi surface is flat at least for
energies within~2kgT of the Fermi energy.
] The Knight shift above 50 K is estimated from Fig. 4 and,
% ] by accounting for the small diamagnetic correction, to be
0.30 0.09%. This is significantly less than that observed in opti-
mally doped HDHTSC's. For example®®K¢(300K) is
~0.36% for YBgCu;O; (T,~90K) and ~0.40% for
Lay ST 1:CU0, (T.=38 K).% Using the Knight shift and
the known HDHTSC Cu hyperfine coupling constants, we
estimate that the static spin susceptibility in the normal state
for Srp gLag ;,CuQ, is 1.2< 10 °. This is slightly less than the

5, (%)
o
[\
(4

L ’ TK 4 S o
020y W measured susceptibility in our sample of .80 °, indicat-
0 50 100 150 200 250 300 ing that the smaller Knight shift cannot be accounted for by
T (K) a large reduction in the hyperfine coupling constants. Conse-

quently, the smaller Knight shift implies that the DOS at the

FIG. 4. Plot of the®®Cu NMR shift 5,, for cL B and 9 T. Inset:  F€rmi level,N(Ey), in Sy o.ag ,CuG, is less than~1/4 of
plot of the®Cu NMR shift forcL B and over a smaller temperature N(Ef) in YBa;CusO; and La g5 14CuQ,. This, along
range. Also shown is the expected temperature dependence for ¥¥ith the flat Fermi surface within-2kgT of the Fermi en-
isotropics-wave superconducting order parametéotted curvg, a  €rgy, implies that models developed to account for supercon-
d-wave superconducting order parametdashed curje and a  ductivity that are based on differences in the band structure
d-wave superconducting order parameter with a residual DOS ofe.g., von Hove singularity, two-band models, ptdo not
N.{ E)/Ny=0.25 (solid curve where 2A/kgT.=7 (Ref. 22. appear to be relevant to the HTSC. The significantly smaller
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FIG. 5. Plot of 17T,T against temperature at 9 T from N A ‘ o
Sry.dlag 1:CuO, (solid circles and Lg 7651 2/CuUO, [crosses(Ref. 10 100

41)], Lay oSty dCuQy, [circles (Ref. 4], and Lg gsSip 1Cu0, [up T(K)
triangles (Ref. 41]. Inset: plot of [My—M(7)]/M, from
Sryglag ,CuG, at 23 K.

FIG. 6. Plot of 17T, against temperatur@ircles. Also shown
) is 1F°T, expected for ad-wave superconducting order parameter
N(Ef) found in Spdayp;Cu0, when compared with the (gashed curveand ad-wave superconducting order parameter with
HDHTSC is likely to be due to the different band structures.N,.{E)/Ny=0.25 (dotted curvg and N,{E)/Ny=0.5 (solid
It can be seen in the insert to Fig. 4 that the Knight shiftcurve.
decreases for temperatures beldw due to the decreased
DOS nearE; in the superconducting state. However, thelar departure from Korringa behavior is observed in the
Knight shift cannot be fitted by assuming either swave =~ HDHTSC. We note that our 4T, T are larger than those
superconducting order parameteptted curveor ad-wave  previously observed. For example® ;T at 300 K is re-
superconducting order parameteiashed curveusing the — ported to be~7 sT*K™* by Imai et al. and~3 s K" by
experimentally observed 2kgT,=72? The effect of the Mikhalev et al. compared with~11 s"*K ™" in this study.
small temperature-dependent diamagnetic correction is not It is apparent in Fig. 5 that T, T in the normal state is
large enough to account for this discrepancy. A similar prob¥emarkable similar to that observed in the optimally and
lem exists with the HDHTSC where the Knight shift can be overdoped HDHTSC La ,Sr,CuQ, (x>=0.15). The ex-
nearly temperature independent for low temperattfted;  pected behavior of T, T in the normal state can be under-
though it should be linearly dependent on temperature due tstood by noting that for metallic and magnetic systéfns,
the d-wave symmetry of the superconducting order param{TlT)‘lz(1/2)thy§Eq|A(q)|2X”(q,w0)/ﬁw0, where
eter. It has been suggested that the nearly-temperaturfA(q)| is the form factor containing on-site and transferred
independent Knight shift observed in some of thehyperfine coupling constants, is the nuclear gyromagnetic
HDHTSC'’s for T<T, is due to a finite DOS at the Fermi ratio, andy”(q,w) is the imaginary part of the dynamical
level **4*We show by the solid curve in the inset to Fig. 4 spin susceptibility at the Larmor frequenayg/27. In the
the theoreticab,;, obtained by assumingdéwave supercon- case of the HDHTSC, there is clear evidence from inelastic
ducting order parameter and a similar residual DOS withneutron scattering studies that antiferromagnetic fluctuations
N,e{ E)/Ng=0.25, whereN, is the DOS in the normal state. exist. Thus it is assumed that®3,T in the HDHTSC is
It can be seen that this does give a better representation dbminated by coupling to the antiferromagnetic spin fluctua-
the data. tion spectrum, leading to an increase if*T4T with de-
The ®3Cu spin lattice relaxation after partial inversion is creasing temperatufeHence the observation that the tem-
shown in the inset of Fig. 5. Here we plot the datd bk perature dependence and absolute values BTV from
—M(7)]/Mq at 23 K. The recovery after partial inversion can Sr, JLa, ;CuG, are comparable to the HDHTSC is consistent
be fitted to Eq.(1) using 1<I'<2 with the coefficientsA  with both the HDHTSC and the EDHTSC having a similar
=0.4,B=0, andC=0.6. This can be contrasted with the spin fluctuation spectrum.
report by Mikhalevet al!® where the coefficients used were ~ We note that for most underdoped HDHTSCS®I4T is
A=0.2,B=0, andC=0.8, but the coefficient in one of the found to start to decrease for temperatures below a charac-
exponential exponents was not reported. The values used hgristic temperaturd™* that is aboveT., which has been
Imai et al'® were A=0.1,B=0, andC=0.9. The resultant attributed to a normal-state pseudod&f* The absence of a
1/°T, T is plotted in Fig. 5 where it can be seen th&®T{T  similar decrease in T, T plotted in Fig. 3 is consistent
increases with decreasing temperature in the normal stateith there being no significant normal-state pseudogap near
even though the NMR shift is independent of temperature irg= (7, ) in the EDHTSC Syday,CuG,.
the normal state, which means that the Korringa relation Below T, we find that 19°T,, plotted in Fig. 6, cannot be
83T, T%K 4= const is not observed in this EDHTSC. A simi- interpreted in terms of an isotropg&wave superconducting
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order parameter. For an isotrofgavave superconducting or- HDHTSC'’s where the thermopower is modeled in terms of a
der parameter, coherence effects should cau$&,1fo ini-  diffusion term and a phonon drag term. Consequently, a pre-
tially increase for temperatures just beldw and then rap- vious interpretation of the thermopower data from
idly decrease where %, <exp(—A/kgT) is expected folf S, dLay ;CuQ, thin films in terms of phonon-mediated pair-
<T.. It can be seen in Fig. 6 that, in agreement with theing is inappropriate. The®*Cu Knight shift from the
report by Imaiet al, there is no evidence of a coherence EDHTSC SgdLay,CuO, is much smaller than from the
peak in 19°T, nearT, for B=9 T. Furthermore, it is appar- HDHTSC with the samd&, which we interpret in terms of
ent that 19°T,«T whenT<T,. The values of £/T, atlow a much smaller DOS at the Fermi level. Furthermore, the
temperature are significantly greater than those expecte®Cu Knight shift is temperature independent in the normal
from a superconductor with @wave superconducting order state, indicating a flat DOS at least for energie2kgT from
parameter and in zero field. The predicted temperature dehe Fermi level. These imply that theories developed to ex-
pendence of 7T, in zero field and for a-wave supercon- plain the origin of superconductivity in the HTSC'’s that are
ductor can be obtained from ST, «T/N(E)f(E)[1 based on the simple band structure effects cannot be applied
—f(E)]JdE. The resultant curve is plotted in Fig.(Bashed to this EDHTSC. We find that the temperature dependence
curve where it can be seen that®37; should be propor- and absolute values of%T ;T in the normal state are similar
tional to T2 for T<T,. This is observed in the HDHTSC to those of the optimally doped and overdoped HDHTSC
YBa,Cu;0;_ 5 from zero-field NMR measurements, but not La, ,Sr,CuG,, implying that the electron and hole-doped
in the La_,Sr,Cu0, where 13T, is proportional toT for HTSC's have the same dynamical spin susceptibility. Below
optimally and overdoped sampl&sA linear dependence of T, the ®3Cu NMR shift and 19°T, decrease more slowly than
13T, for T<T, can arise from a residual DOS as shown byexpected for an isotropiswave superconductor. We show
the dotted curve in Fig. 6. Here we use the same DOS useithat this can be interpreted in terms oflavave supercon-

to analyze the NMR shift plotted in Fig. @otted curve, ducting order parameter, a residual DOS and additional re-
where N,.{E)/Ny=0.25. Increasing the residual DOS can laxation by fluxoids. Thus the significantly smaller DOS, the
lead to a better representation of the data as shown in Fig. #fat DOS within ZXgT of the Fermi level, but comparable
where we uséN,.{E)/Ny=0.5 (solid curve. However, this  dynamical spin susceptibility and symmetry of the supercon-
implies a significantly larger residual DOS than found inducting order parameter would appear to suggest that the
some of the pure HDHTSC. It is possible that there is arpairing mechanism is mediated by antiferromagnetic spin
additional relaxation contribution from the fluxoids, which fluctuations as suggested by some of the models of the
can lead to a low-temperature spin lattice relaxation rate that DHTSC.

is proportional toT.*®
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