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The objective of the work is to reveal the contribution of superconductive granules and
grain boundaries (weak links) in magnetoresistance p value of YBa,CuzO;_5 granular
high-temperature superconductor (HTS) at T < T, The current-voltage characteristics
(CVCs) E(Dgori—const ©f YBa,CusOggs ceramic samples were measured in H,,,
(0 < H,,, <= 500 Oe) magnetic fields. The CVCs E(j)Htmp:const of the samples magnetized in
H,,, magnetic fields were measured at H,, = 0. Based on the CVCs, P(/)y,ri—const’
p(Hext)j=const and P(j) g 4rear=const d€Pendences were reestablished. The comparative analysis
of 0(j) yext=const 2Nd p(Hext)j=const dependences indicates the magnetic field redistribution
between grain boundaries and superconductive granules influence on transport and gal-
vanomagnetic properties of granular HTS. The superconductive grain magnetoresistance
Py was established to be significantly lower than p; value of Josephson medium.

Hccnemopan BKIIAA CBEPXIPOBOAAIINX IPAHYJ U MEMK3EPEeHHBIX I'PAHUIL — CJaa0bIX CBA3en
B MAarHUTOCOIPOTUBJIEHWE [ TPAHYJAPHOIO BEICOKOTEMIIEPATYPHOIO CBEPXIIPOBOLHUKA
(BTCII) YBa,CuzO,_5 npu T < T,. Bonpramneprere xapakrepuctukn (BAX)  E(f)g,ri—const
Kepammuueckux obpasmos  YBa,Cu;Og95 usMepeHRI B  MATHUTHBIX — IIOJAX et
(0<H,,, <= 500 Oe). IIpu H,,, = 0 uamepensr BAX E(])Hth:COHSt 00pasIoB, HaMarHUYeH-
HBIX B MarHuTHeix moasax H, .. (OuS Htmp < H,y;, Tie H.,; — BepxHee KPUTUUECKOE ITOJE
mxo3epCcOHOBCKUX caabbix cBaseir). Ha ocmoBammum BAX BoccTaHOBJIEHBI 3aBUCHMOCTH
PG Hext—const? p(Hext)j:const u p(])Hth:const. CpaBHUTENbHBI aHAJIW3 B3aBHCHMOCTEN
PG Hext—const B p(Hext)]-:const CBUIETEJLCTBYET O BAMSHUN IIPOIlECCa IepepacupeaeieHus Mar-
HUTHOTO TIOJIA MEKAY TPAHUIAMHU 3ePeH U CBEPXMPOBOAANIUMU TPAHYJaMU Ha TPAHCIIOPTHEIE
U raJhLBAaHOMAarHUTHBIE cBolicTBa rpaHyasapHBIX BTCII. YcTaHoBI€HO, YTO MATHHUTOCOIIPOTUB-
JeHUe P, CBEPXIPOBOAAIINX 3€PeH BHAUNTENHLHO MeHBIIe, UeM MarHUTOCONPOTHUBIEHUE P

A:%03e(P)COHOBCKOM CPebl O .

© 2012 — STC "Institute for Single Crystals”

1. Introduction

It is well known that transport and gal-
vanomagnetic properties of granular high-
temperature superconductors (HTS) can be
adequately described in the framework of
the critical state two-level model [1, 2]. In
this model, the granular HTS is considered
as an assembly of granules with strong su-
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perconductivity and intergranular bounda-
ries forming Josephson weak links. The su-
perconductivity parameters of granules (g)
and weak links (J), namely, critical tem-
perature T, lower H_; and upper H_ 5 criti-
cal fields, and critical currents j., are dif-
TegsTegy Hepg <<Hepg  Heay
<<H62g, Jeg << jcg.

ferent:
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Fig. 1. Dependences of the magnetoresistance of the granular YBa,Cu;Og o5 high-temperature super-

conductor sample on the transport current density at T =77.8 K. a) 0 < H, A =10.41 Oe < H
b) H,y; < H,,, = 55.24 Oe < H_,; ¢) H,,, = 107.39 Oe ~ H

Experimental studying of the gal-
vanomagnetic properties of granular HTS, i.
e., magnetoresistance p(H ,,;)i—cons; and cur-
rent-voltage characteristics (CVCs) in an ex-
ternal magnetic field, H,,; E(j)geri=consts
where E is electrical field value applied to a
sample, contributes much into HTS electro-
dynamics development. A lot of works were
devoted to galvanomagnetic properties of
granular HTS, in particular, YBa,Cu3;0;_g
(see, for example, [3—-19]). The following
characteristic peculiarities were observed in
the E(j)Hext=const [p(Hext)j=const] curves
[20-23]:

— existence of the beginning parts with
zero resistance [E = 0 (p = 0)];

— appearance of resistance [E # 0 (p # 0)]
at j > ij(Hext) or Hext > H6‘2J(j);

— changing the curvature at H,,, >> H_5()).

The objective of the current work is to
reveal the contribution of superconductive
granules and weak links into magnetoresis-
tance of YBa,Cu30;_s granular HTS in low
magnetic fields. To achieve the objective,
galvanomagnetic properties were studied at
T < T, according to the two following algo-
rithms:
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ext c2J?

clgh d) H,,, = 153.81 Oe > Hdg.

1. In external transversal magnetic fields
Hext (0= Hext <~ 500 Oe), the EU)Hext= const
(T = 77.83 K) CVCs were measured, on which
base the dependences p(j)g,,,~const and
P(H ¢xt)j—const Were reestablished.

2. For the samples magnetized at T = 77.3 K
in magnetic fields H,, ..
(0= Htreat <~ 500 Oe) the E(j)cheat=const
CVCs were measured at H,,; = 0, on which
base the dependences pP()gsreat—const and
p(Htreat)j=const were reestablished in the
range 0 < H,.,, < H.p;, where H; ., is the
trapped magnetic field.

2. Samples, experimental
technique, and results treatment

HTS samples of YBa,Cu;Og g5 composi-
tion, synthesized by routine ceramic tech-
nology [24] were the objects of the study.
Superconductivity transition mid-point tem-
perature, T,1/2, was 92.510.1 K, the transi-
tion width, AT, = 0.4 K, and electrical resis-

The measurement technique using both

algorithms was described earlier [15-18,
20-25].
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Fig. 2. Current-voltage characteristics
E(Ngireat—const for the granular YBa,CuzOg g5
high-temperature superconductor sample pre-
liminarily magnetized at T = 77.3 K in the
transverse magnetic field H,,, of variable
strength. Numbers near the current-voltage
curves are the values of the field H
(given in oersteds).

treat

As it is known (see, for example, [26, 27]),
for granular HTS with random distribution
of inter-granular critical currents in rela-
tively low magnetic fields, P(j)g—cons: de-
pendence shows exponential character

p(j)Hext:const =ppta- e =i, 1)

The measurements results of P()g—const
in external magnetic fields, H,,, were
treated by the following scheme:

— on the basis of P(j)gext—const depend-
ences, approximate j, values were found ac-
cording to p = 0 criterion;

— the values of pj, a, and ¢ parameters
for Eq. (1) were calculated;

— by the method of functional minimiza-
tion, py, @, and t parameters for Eq. (1)
were refined;

— on the basis of p(j)g,,,—const data file
obtained, the curves of magnetoresistance
versus external magnetic field p(Hext)j=const
were reestablished.

The treatment procedure of CVCs ob-
tained at H,,; = 0 for the samples pre-mag-
netized in H,,,,;, magnetic fields does not
differ in principle from the one described
above.

3. Experimental resulls

3.1. Magnetoresistance in external

magnetic fields H,,,;

In Fig. 1 p(/)gext—const CUrVes obtained at
0.1 <j<0.6 A/cm?2 are shown. As it can be
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seen, the curves are qualitatively different
in different ranges of H, ,—j. phase dia-
gram:

In the range of 0 < H,,, < H,5s (see Fig.
la), an extended part with p =0 and the
part of p exponential rise with j increasing
are observed. The results are described ade-
quately by Eq. (1) with a correlation coeffi-
cient r2 — 1.

In the range of H.p; < H,yy < H.j, (see
Fig. 1b), only a "virtual™ part with p = 0 at
j = 0 is observed, followed by a smeared resis-
tance jump. The following p(j) curve behavior
is described satisfactory by Eq. (1).

In the vicinity of H.;, (see Fig. lc), the
P(7)Hext=const CUrve consists of two branches
— a "normal” one where p increases with j
rising, and "anomalous” one, where p drops
with j growth.

At H,w> H.jq (see Fig. 1d),
P Hext—const cUrve gets the distinctly ex-
pressed anomalous character — the resis-
tance decreases with growing j.

3.2. Magnetoresistance under en-

trapped fields, H,, ,

In Fig. 2, typical E()psreat—oonss CVCS
are shown for YBa,Cu;Oggs HTS samples
magnetized under H,,,, fields. All the
curves have a similar character — there are
initial parts with E = 0 and the parts of
exponential E increase with j rise. As H,,,,;
increases, E()g;reat—const cUrves shift to
lower j values, while the curve non-linearity
substantially increases.

The obtained E(j)iireat=const CVCs were
“"transformed” into P())frireqr—const CUTVES
(Fig. 3). The curves were described satisfac-
tory by exponential Eq. (1) for r2 > 0.95.

4. Discussion

4.1. Dissipation processes in weak

links

The results of P(j)gexi—const CUrves evolu-
tion described in 3.1 indicate a possibility
of various dissipation mechanisms to exist.
In Fig. 4, the field dependences of p,, a,
and ¢ parameters from Eq. (1) are shown.
On the basis of these results, the following
conclusions can be done:

1. The high non-linearity degree of
P(NHext=const curves (¢>>0) at 0<H,, <
H,;, is an obvious feature of magnetic field
penetration as Josephson vortices into weak
links system [28].

2. Magnetoresistance occurrence at H,.yf
<Hgy <H.g (pp> 0, a>0) is connected

Functional materials, 19, 4, 2012
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Fig. 3. Dependences O(/)g;reqr—const 10T the
granular YBa,Cu;0q g5 high-temperature su-
perconductor sample preliminarily magnet-
ized at T =77.3 K in the transverse mag-
netic field H,,,, of variable strength. Num-
bers near the curves are the values of the
field H,,,,, (given in oesterds).

exclusively with dissipation processes in
Josephson medium. The fact, the "non-
linearity parameter” ¢ # 0, indirectly sup-
ports the suggestion, that at H,, = H_s;y
not all the weak links transfer into resistive
state, but only there comes to end the proc-
ess of breaking-up all percolation paths for
superconductive current passage.

3. The drastic change of pg(H,,),
a(H,,;), and t(H,.,) curves behavior at
Hoy=Heg (pg >0, a>0, ¢ =0) indicates
that due to beginning Abrikosov vortices
penetration into the superconductive gran-
ules the magnetic flux re-distribution be-
gins between weak links and superconduc-
tive granules [12—-14, 29], resulting in de-
creasing the effective magnetic field in
inter-granular boundaries with j increasing.

4. The anomalous character of P(j)g,.t= const
curves at H,, > H.;, (see Fig. 1d) is obvi-
ously caused by following decreasing the in-
tergranular field density and penetrating
Abrikosov vortices into superconductive
granules.

4.2. Dissipalion processes in supercon-

ductive granules

On the basis of p(j)g¢reat—const CUTVeS (see
Fig. 8) for YBa,Cuz0;_s HTS samples, the
magnetoresistance field p(Htreat)j=const de-
pendences were calculated (Fig. 5).

Obviously, p(Hreat)j=const curve behavior
should be defined by the character of the
entrapped field effect onto the current pas-
sage through superconductive granules. In
this connection, first of all the following
three effects should be subject of the discussion:
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Fig. 4. Dependences of the parameters (a) p,
(b) a, and (¢) t in Eq. (3) on the external
magnetic field strange H,,, for the granular
YBa,Cu;0g4 g5 high-temperature superconduc-
tor sample at T = 77.3 K. The inset shows
the dependences ¢ (H,,,) in the range of weak
magnetic fields.

1. Extremely low magnetoresistance values of su-
perconductive granules. The effect is caused by very
low entrapped magnetic field, H;,,,, values.

2. Existing a trend of granule magnetore-
sistance field dependences, pg(H/pq1)j=const t©
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Fig. 5. Dependences p(Htreat)j=const for the
granular YBa,Cu;0q g5 high-temperature su-
perconductor sample preliminarily magnet-
ized at T =77.3 K in the transverse mag-
netic field H,,,,. Numbers near the curves
are the values of the density j (given in
A/ecm?). The inset shows the dependences
Pgaruri) (closed circles are experimental data,
and open circles represent the results of ex-
trapolation of the dependences p(H,,,,;)
toward high values of H

j=const

treat”

saturation and pg,;,, growth with j increase.
The effect is a direct consequence of
Lorentz force F; =jx H,,, increase with
H,;,.,; and j,. rising.

3. Existing a strong j dependence of
Hy,,, field at which pg # 0 (Fig. 6). The ef-
fect indicates, that Hy;,;, field is identical
to H.;,. The nature of Hy;,.(j) = H.;,(j) de-
pendence is clear, if to consider the physi-
cally equivalent effect of critical current

versus magnetic field dependence (insert in
Fig. 6).

5. Conclusions

As it was mentioned in the Introduction,
the aim of the work was to reveal the con-
tribution of superconductive granules and
weak links into magnetoresistance of granu-
lar samples of YBa,Cuz0;_s5 high-tempera-
ture superconductor at T < T,.

It was found, that for CVCs measured in
rather high external magnetic fields, H,,,,
and at relatively low transport current den-
sities, j, in the range 0 < H,,, < Hdg the
dissipation is related exclusively with proc-
esses of Josephson vortices penetration into
intergranular boundaries — weak links.

The treatment of HTS granular samples
at T < T, with rather external magnetic
field H;,,,; results in trapping the magnetic
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Fig. 6. Dependences of the critical field H,,,,
on the transport current density j for the
granular YBa,Cu;Og g5 high-temperature su-
perconductor sample preliminarily magnet-
ized at T =77.3 K in the transverse mag-
netic field H,,,,,.- The inset shows the depend-
ence of the critical intracranial current
density Jeg ON the field H

treat*

field Htmp by superconductive granules, at
thlS Htrap < H(,‘2J'

Thus, using the magnetically pretreated
granular samples, during CVCs measure-
ments carried out in zero magnetic fields, a
unique possibility appears to study the dis-
sipation processes in superconductive gran-
ules.

The work was carried out under support
of the Science and Technology Center in
Ukraine (STCU Project # P424).
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Low Temp.

l'anpBaHOMArHITHI BJIACTHBOCTI HAANPOBITHUX TI'PaHYJ
Ta MEK 3€pPeH Y KepaMiYHOMY BHCOKOTEMIIEPATYPHOMY
Hagnposigaury YBa,Cus;0,_g

T.B.Cyxapesa

BeranoBieHo BHECOK HAAIIPOBIAHMX IPaHyJl Ta MLKIPAHYJABHMX MEX — CHa0KUX 3B ASKiB
Vv MarHiToomip p rpaHYJAPHOro BHCOKOTeMIepaTypHoro maguposinamka (BTHII) YBa,CugzO; g

nmpu T <T,. Boaprammnepri xapakxrepucturu (BAX)

YBa,Cu;0q4 g5 BuMiparo y marmitanx monax H,,, (0 < H, , <= 500 Oe). Ilpu H
"HaMmartiuyeno y wMarmiTHmx mnoaax H

pano BAX E(j)Hth:Const 3paskiB, ki

E(Dyeoxt—const EePaMiuBEHX 3paskis

ext = 0 BUMI-

treat

. , !
0 < Htmp <H,y;, ne H,.,; — BepxHe KPUTHUHE MoJe J3K03e(COHIBCLKUX CIaOKUX 3B’A3KiB).
Ha migcrasi BAX sminbymosani sanesxuOCTi P(f)goxi—const? p(Hext)j=const Ta p(])HtraP:const.

IMopisraneanit ananis samxemuaocTed P()fori—const T8 PEH prp)ie

const CBIAUUTDH IIPO BIIJIUB IIPO-

ecy IIepepos3IoniJly MArHiTHOrO IIOJA MIiXK MesKaMM 3€pPeH 1 HaANpPOoBIAHMMU rpaHyiaMy Ha
TPAHCHOPTHI Ta raabBaHomardiTai BaacrusBocti rpamyaspaux BTHII. Bceramorieno, mio
Mar=iroomnip Pg HAJIPOBIIHMX 3€PeH 3HAYHO MEHIIWY, Hi¥ Mar"iToomip p; A#03e(COHIBCH-

KOro cepeagoBuiia pJ'
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