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Magnetic Hysteresis and Relaxation in Bi2212 Single
Crystals Doped With Fe and Pb

K. K. Uprety, J. Horvat, X. L. Wang, G. D. Gu, M. lonescu, H. K. Liu, S. X. Dou, and E. H. Brandt

Abstract—Magnetic hysteresis and magnetic relaxation mea- magnetic hysteresis and magnetic relaxation results showed
surements have been performed to study vortex pinning behaviors g strong vortex pinning in heavily Pb doped Bi2212 single
for pure, Fe doped and heavily Pb doped Bi2212 single crystals. oy stals. The improved pinning in Bi2212 single crystals with

Unlike pure and Fe doped Bi2212 crystals, heavily Pb doped h Pb dobi tential technoloaical licati
crystal showed strong vortex pinning behavior. We interpret eavy 0ping opens up a potential technological application

the strong pinning in heavily Pb doped Bi2212 single crystals as Of these materials in the industry. Based on our observed
arising from the improved Josephson coupling in Bi2212 single experimental results, we have proposed that strong pinning
crystal after heavy Pb doping. In heavily Pb doped single Bi2212 pehavior in heavily Pb doped Bi2212 single crystals came from
crystals, Hais (T') was observed to decrease with increasing’. e improved Josephson coupling of 2D pancake vortices. We

Here, Hais(T') is an order-disorder field that separates a weakly . SR .
elastically disordered vortex lattice from a plastically disordered Will @ls0 show that the vortex pinning in Bi2212 single crystals

vortex solid. However, in pure and Fe doped Bi2212 single crystals, IS Not improved by Fe doping. In Fe doped Bi2212 single
Hg4;(T) was observed to be temperature independent. We crystals, Fe substitutes into Cu@lanes and does not change
also report a significant shift of Tcr, a crossover temperature jts anisotropy parameter [3].

separating two pinning regimes, toward higher temperatures with
heavy Pb doping of Bi2212 single crystals. On the other han@cr Il EXPERIMENTAL PROCEDURES
did not shift with Fe doping of Bi2212 single crystals. It is argued :

that the temperature dependence oH ;. (T") and the shift of Tocr The heavily Pb doped Bi.Ph,Sr»CaCuOs crystal was

in heavily Pb doped Bi2212 crystals was related to the enhanced 3 . .
c-axis conductivity caused by the Pb situated between the CupO grown by the self-flux method with the nominal Pb content

layers and imposing a 3D characteristic on the vortex lattice. o = 0.34 [4]. The size of the Pb doped single crystal was
0.71x 1.11 x 0.038 mni, and the critical temperatufg, was

' 69 K. The critical temperaturg.. of the crystal was obtained
from the magnetic ac susceptibility measurement, with the fre-
guency and amplitude of the excitation field of 117 Hz and 0.1

|. INTRODUCTION Oe, respectively. The Fe doped single crystals were prepared

&y using the floating zone method and the nominal Fe content

é'rj the Bk.1Sn 9Cay o(Cw—, Fe,)Os single crystals wag = 0

For less anisotropic materials, such as ¥8&0; s (Y123), and 0.005 [5]. The sizes of the= 0 and 0.005 single crystals

the pancake vortices are coupled through Josephson currdfffe 1.95<2.10x0.116 mnt and 1.3x<2.5x0.15 mnd,

forming 3D vortex lines. However, for the large anisotropifeSPectively. They = 0, and 0.005 crystals hadl. = 88.5

materials, such as B8i,CaCuOs.s (Bi2212), the pancake and 82.25 K, respectwely. I—!erg,: 0 is a pure B|22'12 smgle.

vortices are decoupled due to thermal energy. The decoupféyStal: Magnetic hysteresis loops and magnetic relaxation

pancake vortices move via Lorentz forces, producing dissigg€asurements were performed using Oxford Instruments
brating-Sample Magnetometer (VSM). In all measurements,

tion. The dissipation is one of the serious problems in bringirﬁ , : i
these materials into technical applications. However, the disfi€ field 7 was applied parallel to theaxis of the crystals.
In the hysteresis loop measurements recorded at different

pation can be reduced by improving the vortex pinning and this

can be done by introducing pinning centres or improving tHEMpPeratures, the magnetic field was changed at a rate of 20
Josephson coupling of the pancake vortices. Oe/s, and the data were recorded at different temperatures.

In this paper, we study the vortex pinning behavior in During the magnetic relaxation measurements, the crystals

Bi2212 single crystals doped with Pb and Fe. In heavily Fy_Mere first ;ero—field-cooled from well al_ao@C and then stabi-
doped Bi2212 crystals, it is known that Pb is between Qudzed at a fixed temperaturg. A magnetic fieldH larger than

planes and thus reduces the anisotropy parameter [1], [2]. f_leld used in the re_laxatlon mer?lsuremen_ts by several times
the field of full penetration was applied. The field was then low-
ered to the measuring field and the magnetic moment as a func-
Manuscript received August 8, 2002. This work was supported by Australifion of time was measured. The relaxation data were recorded
Research Council, Australia. . at different fields and temperatures. In the experimental results,
K. K. Uprety, J. Horvat, X. L. Wang, M. lonescu, H. K. Liu, and S. X. Dou . | . fthe fi 100 d included
are with Institute for Superconducting and Electronic Materials, University (ghe experimenta pO'IntS O the I'I’St seconds are notinclude
Wollongong, Wollongong, NSW 2522, Australia (e-mail: kku01@uow. edu). because of uncertainty in the time that passed between the es-
G. D. Guis with Brookhaven National Laboratory, Upton, NY 11973 USA taplishment of the field and the measurement of the first experi-
E. H. Brandt is with Max-Planck-Institut fur Metallforschung, D-70506 | point. The followi lation has b d btain th
Stuttgart, Germany. mental point. The following relation has been used to obtain the

Digital Object Identifier 10.1109/TASC.2003.812544 normalized relaxation raté = dIn | M;,|/dInt.

Index Terms—Bi2212 single crystal, crossover temperature
iron, lead, order-disorder field.

N layered superconductors, the vortices for an applied fi
parallel to thec-axis are described by pancake vortice
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Fig. 1. The magnetic hysteresis loops for a heavily lead doped Bi2212 sin

crystal at temperaturég = 20, 25, 30, 35, 40, 45, 50, 55, and 60 K. #%. 3. The magnetic hysteresis curves 05 B51;.oCas o(Cui_,Fe,):0;

single crystal with Fe concentratian= 0.005 at temperature¥’ = 20, 20,
24, 26, 28, 33, 40 K.
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Fig. 2. The magnetic hysteresis curves for pure Bi2212 single crystals at 1

temperature§” = 20, 20, 24, 26, 28, 33, 40 K.

[ll. EXPERIMENTAL RESULTS 0 ' 1(;00 ' 2(;00 ' 30'00 ' 4oloo

Fig. 1 shows the second magnetization peak for heavily Pb H[Oe]
doped Bi2212 single crystal. The peak is seen at all tempera-

tures close tdl.. However, in pur — 0) and iron doped Fig. 4. dM/dH as a function of applied magnetic field for pure Bi2212
¢ P e(y ) P ingle crystals. The inset shows the magnetizaliéras a function of applied

(y = 0-005) Bi2212 single CrYStalsy the peak has appeared Orﬁé’id H measured df' = 24 K for pure Bi2212 single crystal. The small circles
between 20 and 40 K (see Figs. 2 and 3). show the decay of the magnetizatidf with time ¢ (relaxation between 100

Fig. 4 ShOWSdM/dH as a function of the applied field and 3600 sec) af = 24 K for this crystal. The normalized relaxation raffds
. . . indicated by large open circles.

for pure(y = 0) Bi2212 single crystals. The peak d//dH
has occurred at an inflection point of the second peak in the . _ .
hysteresis loop at a fieldl — H,.q(T). We have interpreted crossover temperature .separatlng two pinning regimes [6], [7].
H;,q(T) as the order-disorder transition fieldy;s. The tem- Fig. 6 shows the pealk i8(T) appe:;rs ar = 19fK f?]r pu.rle
perature independence &F.q(7T) was observed for pure andand Fe doped crystals. However, t S pealS(jf) or heavily
iron doped Bi2212 single crystals, whereas in heavily Pb dopgg doped crystal was observedat 35K (see inset of Fig. 6).
single crystalsH;,.a(T') was observed to decrease with temper-
ature (see Fig. 5).

The inset to Fig. 4 shows a sharp minimum S$itH) at The strong second magnetization peak, persisting close
Hina(T), indicating two different flux creep processes befor® T, reflects improved vortex pinning in the heavily Pb
and afterH;,q(T'). The relaxation data and hysteresis loop amoped Bi2212 crystal, see Fig. 1. A similar strong second
also presented along withi. peak has been reported in Y123 single crystals clos&.to

Fig. 6 shows the normalized relaxation ratas a function of [8]. Pure Bi2212 single crystal has a resistivity anisotropy
temperaturd’ for pure, Fe doped and heavily Pb doped Bi221garametery? = p../p., =~ 10* — 105 at 100 K [1], [9]. Oxygen
single crystals. The peak i(7") has been proposed @sgr, a under-doped Bi2212 single crystal ha$ ~ 103, whereas

IV. DISCUSSION
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1200 reduction of anisotropy in the resistivity./ p.;, ~ 10 at 100 K
[1]. Winkeler have reported an increased Josephson interlayer
* —e— Hinfl (Pb) coupling energy by 3.5 times in heavily Pb doped Bi2212
I i:m ((yy:o%oa single crystal, as compared to pure Bi2212 single crystal [14].
The increased coupling energy enhances the layer coupling in
8001 heavily Pb doped single crystal, which thus aligns the pancake
vortices into strongly coupled stacks that behave as 3D vortex
lines, similar to the vortex lines in Y123. We therefore believe
that the strong pinning in the heavily Pb doped single crystals
. originates from the enhanceehxis conductivity. Figs. 2 and 3
o ® show that the pinning is not improved in Bi2212 single crystal
\. with Fe doping. In the Fe doped single crystals, point defects
\ are reported to reside in the Cu@lanes, since iron replaces
e Cu in the plane [3]. The-axis conductivity is not improved
~ with Fe doping in this crystal, and thus pancake coupling does
not improve either.
ol . A ) A In our previous paper, we have established figl, which
20 40 60 corresponds to the steepest change of the magnetization (inflec-
T[K] tion point) on the low field side of the second peak, may be
interpreted as the order-disorder transition figigs,for pure,
Fig. 5. The order-disorder transition field4;.(7) as a function of Fe doped and heavily Pb doped Bi2212 single crystals [15].
temperatures for pure, Fe doped and heavily Pb doped Bi2212 single crystqlsk_:‘re'HdiS separates the Weakly disordered vortex lattice from
the strongly disordered entangled vortex lattice. In pure Bi2212

H[Oe]
/

_0—0—0—O0"
400} T

07 single crystals, we observeldy;s ~ 420 Oe independent of
0.077F temperature up t& = 40 K (see Figs. 4 and 5). A similar re-
L —O—Pb / o )
sult has also been confirmed by Hall probe measurements [16].
0.6 | 0.070 / \ The normalized relaxation rate also shows a minimurfl gt
s 7 indicating two different creep processes in two different solid
05 L 0.063} O/ regimes (see inset to Fig. 3). In Fe doped Bi2212 single crys-
/ tals, we observed the temperature independendéf Un-
- 0.056 9 like the pure and Fe doped Bi2212 single crystals, in heavily
04 o/o Pb doped Bi2212 single crystals, we have observed tempera-
0w | | 30 20 ture dependence @ 4, see Fig. 5. Y123 also has temperature
TIK] dependence afl ;s [8], [17]. Thus, it is believed that the tem-
0.3 - perature dependence Hf;;; comes from 3D vortex behavior.
B / We also observed a significant shift @tg, the crossover
02k /i temperature that separates two pinning regimes in heavily Pb
—a&—y=0.005 doped Bi2212 single crystal (see inset of Fig. 6). A similar shift
i —e—y=0 of Tcr toward higher temperature has been reported for ion ir-
01} radiation of Bi2212 single crystal [7]. However, for Fe doped
| L crystal, Tcg did not shift toward higher temperature (see Fig. 6).

The improved:-axis coupling in the ion irradiated Bi2212 crys-
12 16 20 24 28 32 36 40 tals has been interpreted as cause of the shiftgf toward
T[K] higher temperature [6], [7]. It is believed that the improved

axis conductivity is responsible for the shift o in heavily

Fig. 6. Normalized relaxation rate vs temperatures for pure, Fe doped ; ;
heavily Pb doped Bi2212 single crystals. The relaxation are measuféd=at E}ﬁB doped Bi2212 Smgle CryStaI'

620 Oe for pure Bi2212 single crystal, & = 520 Oe for iron doped crystal
and atHd = 1200 Oe for heavily Pb doped Bi2212 single crystal.
V. CONCLUSION

oxygen over-doped Bi2212 crystal ha% ~ 10* at 100 K [9]. Magnetic hysteresis and magnetic relaxation measurements
However, pure Y123 single crystal had ~ 7 — 30 at 100 have been performed in pure, Fe doped and heavily Pb doped
K [10]-[12]. This suggested that the strong pinning in Y128i2212 single crystals. In heavily Pb doped Bi2212 single
can arise from the strong coupling of 2D pancake vorticestystal, strong second peak in the hysteresis loop up to the
Furthermore, the H-T phase diagram of Y123 shows the presitical temperaturel,. have been observed, whereas in pure
ence of 3D vortex line in wide range of fields and temperaturesd iron doped Bi2212 crystals the peak was observed between
[13]. In heavily Pb doped single crystal, Motohashial. have 20 and 40 K. We observed a decrease of the order-disorder
reportedc-axis conductivity that was one order of magnitudéansition field Hy;5(7") with increasing temperature in heavily
larger than in pure Bi2212 single crystals, due to a significaRb doped single crystals. The minimum observed in the field
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dependent normalized relaxation raté H) clearly shows
two different flux creep processes above and beldyy(7),
indicating two different regimes. In pure and Fe doped Bi221
single crystalsHgq;s(T') was found to be field independent. In
heavily Pb doped crystal, we observed a shiftfgfz toward (8]
higher temperatures. As for ion irradiated Bi2212 crystal, the 9]
enhanced:-axis coupling has been implicated in the shift of
Tcr with heavy Pb doping of Bi2212 single crystals [7].

6]
NU

[10]
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