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ABSTRACT

By investigating the current-voltage characteristics in Gd-Ba-Cu-O superconducting
material, the negative resistance phenomenon is observed as the Current Controlled Negative
Resistance type. This thesis would introduce the controlling electrical characteristics such as the
magnitude of differential voltage, critical current when external magnetic field was applied and
adjust some fabrication parameters such as sintering temperature. However, the effect of magnetic
memorization to differential voltage and critical current were additional studied.

According to analysis section, the macrostructure model of Gd-Ba-Cu-O superconductor
is suggested to analysis the experimental results. Furthermore, the way of completed development
of macrostructure model has been also introduced for explaining the electrical characteristic as

equivalent electrical circuit fortunately.
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The Effect of Magnetic Memory on Negative Resistance Phenomenon in
GdBa Cu O_Superconducting Material
Z 3 X

WONGSUTTITUM, Wisit TITIROONGRUANG, Wisut
Elecronics Research Center, Faculty of Engineering
Kang Mongkut's insatute of fechnoiogy Ladkrabang,

Bangkok, Thailand

visitl 3dvahoo.com

Abstract

The Curreru-Toltage characreriszics of GdBaCu;Ory
superconductor have been imvestigated at 77 X e
Jound that the negative rezistance phenomenen was
occurved. The volrage drop acvess the superconducting
sample is cbserved on applving an external magieric
field. After the removal of the magnetic field, the
voltage drop continues fo appear. This phenomenion is
considered as wonvelatile memory effect. The volrage
drop increases with increasing applied magnetic flux,
but ir becomes constant ar abour 10 mI. The
appearance of the voltage dvop is ascribed to the
wrapping of magnetic faix. While Negative resisiance is
occurving, the memovized stare effects directly to the
magnitide of differential voltage (A1) The mechanism
of memory effect and Negative resistance can be
sufficiently  explained by the Iypothesis of
macresuchire modal of GdBa:Ciu;0r,
superconducting ceramic marevials,

KeyWords
Negative resistance, macrostucturg model

1. INTRODUCTION

When current greater than the critical current. pass
through a type II superconductor (n the mixed state,
flux lines are driven mto a viscous-flow state by
increasing the Lorentz force J+H exceed pianing
force, the voltage observed under this condition. The
voltage tucreases with current. The slope, dV/dL is the
flux flow resistance of the superconducter in the mix
state arising from a viscous flow of vertex. The
increasing slope, dV/dl untl the line flux flow region 13
attained [Kim et al, 1965]. We had interested in the
report about Negative Resistance phenomencn 1in
GdBaxCu;075 superconductor [Wongsutitum et al,
2001]. We found that external magnetic field alio
influences to magnitude of differential voltage (AV)
while Negative Resistance is occurring. The previously
researches of Wisut et al [Titiroongruang et al, 1991]
introduced  macrostucture  model of type II
superconductiag ceramic materials. It brings us to the
development of GdBayCu;O-y model which agrees
with our investigated results.

IIDA, Masamori
Tokai University Junior College
(TAKANAWA CANMPUS)

1 EXPERIMENT METHODS

In this experment. we prepared the GdBajCuiOny
superconducting samples by following conventional
solid state reaction method [Boonrengsap et al, 1999],
(Gd;0;. BaC0; and Cu powders of 99.9 < purity were
grinded and mixed together and calcined at 930°C for
20 hours. After that, they are reground again for 1 hour.
The powders were pressed into pellets with a pressure
of 1 ton/em”. The diameters of them are 10 mm and 3
mm thickness. For the next step, the pellets were
sintered at 045°C for 10 hanrs, clowly conled down to
450°C. held for 24 hours. and then cooled down
slowly,. We had experimentally investigated the
following effects on trapped magnetic flux with in
GdBa;Cu30-5 bulk. The current-voltage characteristics

were measured by the four probe fechnique with

mdium electredes at 77 K. The magnetic field is
applied to sample perpendicular with the direction of
current flow.

T

Fig. 1 Schematic representation of the superconducting
sample and direction of magnetic field

3. EXPERIMENT RESULTS AND DISCUSSION

As shown in Fig. 2, curves (A) aad (C) weve taken at

B =10T. the curve (B) at B = 4.8 mT at 77 K. The
curve (B) gradually approaches the curve (C) and fixs
after the removal of the external magnetic field. If the
veltage is applied again after returning to zero voltage,
current-veltage characteristic curve shows the same as
curve(C). This means that the sample is in the memory



state. So that, the curve (C) 15 corresponding to a
memory state.
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Fig. 2 Cwrent-voltage characteristics which show the
result of electromagnetic memory

From the results in Fig. 3. the svmbols Vype and Vygy
are the appeared voltage drop across the sample with
existence of the external maguetic field and the
memorized voltage of the sample afler the removal of
the external magnetic field, respectively.

The curve of Vyae versus Bpyr was obtained in
external magnetic field. The cwrve of Vygpy versus
Beyr was measured after the removal of the magnetic
field. It is found from the results that, in the range of
magnetic flux less than 1.6 mT, the voltage drop across
the superconducting sample becomes to zero after the
removal of magnetic field, this is, no memory effect is
cbserved.
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Fig. 3 Dependence of the voltage drop on external
applied magnetic flux

From Fig. 4 it"s shown the effect of electromagnetic
memory ondV, Note that the curves of Vymy AV
versus Bpyr were measured after the removal of the
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external magnetic field. It's found that when the
samples memcrized low magnetic field, AV was
increased. However, when Vyzy exceeded 0.0023 mV,
AV started to decrease.
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Fig. 4 The plot of Vg AV vs Bexr

From Fig. 5 shown the voltage drop Vymy across the
memorized sample and AV versus Bmyr after the
remeval of the external magaetic field. The direction of
external applied magnetic flux is opposite to the
direction of magnetic flux trapped in the memorized
sample. The memory is erased by applied magnetic
flux less than 3.2 mT. On the other hand, the voltage
drop increases again. since the applying of magnetic
flux causes the memory effect in the range more than
3i2mT.
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Fig. 5 The voltage drop Vymy across the memorized
sample and AV wvs. Byt in direction that’s opposite to
trapped flux (after removal Beyy)

Figure 6 shows decays of mapped flux in the
memorized sample, if the sample memorized low
magaetic field (Vyzy < 0.01 mV). No change in Vagy



is observed
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Fig. 6 Shows decays of trapped flux in the memorized
sample

Fig. 7 shows macrostructure model of GdBa,Cu;O-y
hypothests. Matenal discussed here is considered to be
composed of the two parts. that is, the superconduction
part and the normal conduction part [Akiba et al,
1989]. This sitvation 15 shown m Fig. 7(a). In this
figure, the part except the black part means the normal
conduction part. It s assumed that the shape of the
superconduction part 15 very complicated Like that of
the jungle gym. so that there exist both wide and
narrow parts. The narrow part corresponds to the weak
link region. In other words. the namrow part will be cut
off first, when superconducting state is destroyed.
Superconduction part has magnetic substance which
ascribes to Gadolimum. The simplified macrostructure
mode! 15 shewn 1 fig. 7(b). The mark = in
superconduction part means a defect region where the
appropriate value of magnetic flux can be trapped.

The  current-voltage characteristic = of  the
superconducting ceramic is shown in Fig. 8. This
characteristic can be explained by macrostructure
model, as follows.

superconduction part
magneiic substance

norinal conduction part
§

. ——

- —

a)

110

superconducton part
magnchie substance

b)

Fig. 7 The proposed modet of the GdBa:Cu;01y
superconducting ceramic material
a) Macrostructure model.
b) Simplified model.

From Fig. 9 a). when the applied current (I} is equal to
{or less than) its cntical cument(Is) value, the
superconduction parts are connected at both sides of
sample. Then, the resistance of sample does not appear.
But when I*I¢, superconduction part will be cut-off
because of weak point region iz destroyed. The
resistance appears in this condition. Since amount of
upper destroyed parts are less than lower destroyed
parts, all current will flow over the upper part only,
Then, the voltage drop will across the upper part. Until
we apply current reach Iy The upper superconduction
part, where has magnetic substance, 15 destroyed. Thus,
overall cut-off region of the upper part is more than
lower part. The resistance of upper part increases
quickly. Then all current flows to lower part, which has
low resistance. Therefore. the voltage drop across
sample decreases immediately. This phenomenon is
called as Negative-resistance. The magnitude of
differential voltage is about 0.71 mV.

When we applied low magnetic field as shown in Fig,
9b), the magnetic flux can not penemate the defect
regions (represented by mark x). The memorizad state
doesn't present. In addition, when external magnetic
field 1s applied adequately. For example, the magnetic
flux of Beyr = 2.6 mT can penetrate through the defect
regions, which causes the induce current (called
persistent current). This persistent current will cause
the occurence of a constant magnetic flux (Brgp), too.
With the effect of this By, some regions of the super
conduction part are continuously cut-off although the
Bzt 1s removed out. It causes to appear the voltage
drop across the sample (V=Vyzy). but is different in
magaitude with Viag. Usually, the value of Vyag is
larger than the value of Vygy because the maguitude of
Bext 15 larger than By, When we applied current
reaches to Iy, the superconduction part. which has
magnetic substance, is destroyed. At the same time,
Brap will destroy the superconduction part in this area,
tco. Then, the present AV is more than AV which is
obtained in the condition of no memorized state
sample. When magnetic flux (Bzyr) is mcreased to 10
mT as shown in Fig. 9 c). it can penetrate through



overall defect regions. Then. Brap was increased.
While negative sesistance was occurring, the cut-off
region where has magnetic substance was widely
broadened by Brap In addition, By also destroyved

lower part, too. Then. it caused the decrease in AV

Vimyy
[ =] o~
o W i

—
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V=V iy
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Fig. 9 Macrostructure model responsible for the
occwrence of the voltage drop across the sample
caused by applied magnetic field.

4. CONCLUSIONS

From the investigation of Current-Voltage
characteristics in  GdBa)CusOrg superconducting
ceranic material, Negative resistance phencmenon is
found. For the study of some magnetic properties of
this material, we applied external magnetic field to
sample. When magnetic field was removed, we found
that voltage sull dropped across the sample. This
phenomenon is called as Magaetic Memory. When the
sample starts to memorize magnetic field by By, the
high different voltage was obtained. Subsequently, it's
gradually decreasing while magnetic memorization was
mereasing. When we made magnetic pele reversal,
magnetic memorization was decreased and different
voltage mcreased. On the other hand, different voltage
will be decreased, when Vymy was mcreasing. Some
experumental results can be quite explained by
macrostructure model of GdBayCu;0q5
superconducting ceramic materials.
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The Relation of Critical Current Negative Resistance
and External Magnetic Field in GdBa,C w0,

Superconducting Material
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Electronics Research Center, Faculty of Engineering

King Monglkut's Institute of Technology Ladkrabang. Bangkok, Thailand

*Tokai University Junior College, Tokyo, Japan

Abstract- The investigation of current - voltage characteristics
in GdBa2Cu307-x bulk superconductors at 77 K, it is found that
the negative resistance phenomenon is appear at low critical
current in the range of 0.12-1.35 A, Moreover, the magnitude of
differential voltage (AV) depends on critical current and applied
magnetic field. The samples were prepared by varying sintering
temperature. Furthermore, esternal magnetic field was also
applied to samples for studying the effect of magnetic field on
electrical properties. The experiment al results can be well
explained by the hypothesis of macrostructure model of Gd-Ba-
Cu-0 bulk superconducting material.

1. INTRODUCTION

In general. the high temperature superconductor (HTSC)
GdBayCuy0y; is prepared by the conventional solid state
reaction methed. Gd:0;, BaCO; and CuO powders of 99.9 +
purity wese mixed and calcined at 930°C for 20 hours. After
that, the calcined cakes were crushed in an alumina mortar,
The pey.‘ders were pressed tato the pellets with a pressuse of |
ton‘em”. The diameter of them is 10 mm and 3 mm thickness,
For the next step, the pellets were sintered at 943°C for 10
hours, slowly cooled down to 450°C, held for 24 hours. and
then cooled down slowly. Sintering temperature influence to
superconducting state which directly depends on critical
current.

The fabricated superconductor shows the properties of a
ceramic consist of the magnetic substance which is presentad
by Gadolininm. From the hvpothesis of a macrostructuse
model of the GdBa:Cu;04 superconducting ceramic material
[1]. consists of superconduction part and normal conduction
pat [2], [3]. The presence of the superconducting state of
samples shows the continuous connection of superconduction
part. The shape of the superconduction part is very
complicated like that of jungle gym, so that, they exist in the
form of both wide and narrow paths. The narrow path is
constdered to be the weak point region. In the other words, the
narrow region will be cut-off first whenever superconducting
state 15 destroyed under the appropriate condition, such as
application of magnetic field. However, superconduction part
still composes of magnetic substance. This situation is shown

schematically 1n Fig. la) Fig. 1b) shows the simplified
macrostructure model of HTSC materials on the basis of the
structure mentioned above.

supercenduction part

magnetic substance

nomal conduction part
1

i ¥

2}

superconduction part

/

magnetic substance
/ .

bl

Figure 1. The proposed model of the GdBa,Cu,0 superconducting ceranue
material
2} Macrostructure model
b) Singplified mode!



H. EXPERIMENTAL

Ceramic sample of Gd 1:2:3 were prepared by conventional
powder processing from high-purity oxides and carbonates.
cafetning at 930°C. the powder were pressed into pellets with
a pressure of 1 ton‘em” The pellets were sintered at 900°C.
920°C. 925°C, 930°C, 935°C, 940°C. 945°C. 950°C. 935°C,
960°C, 965°C and 970°C for 10 houss.

We had experimentally investigated the following effect of
external magnetic field on current-voltage characteristics and
magnitude of negative resistances. The curent-voltage
characterisiics were measured by the four probe technique
with indium electrodes at 77 K. The magnetic field is applied
to samples perpendicular with the direction of curreat flow.

III. EXPERDMENTAL RESULTS

A The Optimum condifion of oitical cavemt for the
eccurrence of negamve resistance

From Fig. 2 shown the relationship between sintering

temperature and critical current (Ig). I's found that, the

highest I is 2.2 A at sintering temperature 930°C. At the
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The maximum magnitude of difference voltage(AV) is
obtatned at Ic = 1.05 A AV will be to zero while Ir is
decreased to zero as shown in Fig. 2 and Fig. 3. Thus, it can
be seen that the negative resistance phenomena is apparently
found in the range of low I

B The effect of magnetic field on magninide of negafive
resistance

The influences of Bgyr on the magmtude of differential
voltage (AV) are smudied. Sample used here show the various
values of critical cuments which are 1.55A, 1.3A, 1.05A.
0.78A. 0.52A, 0.39A and 0.12A respectively. Cutrent-voltage
relations aad the depeadences of AV cn Bpyr are shown in
Fig4 It's found that the magnitude of AV depends on Bryr
[4]. For example, for the sample with I = 1.05 A, when we
applied Bayr from 0 to 0.2 mT, AV was increased. However if
applied Beyy exceeded 0.2 mT, then AV was decreased
continuously. The maximum AV (AVyux) was obtained at 1.4
mV.

highest Ir sample must be applied external magnetic field )
(Bzxr) higher than the low I sample. to destroy the ™ el
superconducting state. However the negative resistance could ) ——E=035mT /
ot be observed at this highest Ir. But negative resistance it .
obviously occurred as I is reduced from maximum point. §{——B=0T
& 5
b3 05 8
=44
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1 31
L6
I
15 Las
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- Fig. 5 shows AV versus Beyp relations obtained from
ik AR samiple with various critical current. It is found from Fig. 6
Figue I Dependence of AV on L that the sample with I = 1.05 A shows the highest value of
AVyax comparing with other Iz samples.
ECTI-CON 2007

The 2007 ECTI International Conference

106



——lc=0114

14 —a—lc=03FA
——le=052A

12 =076 A
—wle= 1054

1 —a—It=1104

- ——I=153A

Figwe 5. The plotof AV v Bayr atvariom Lo

&

0.3
0.4
044
024

A Vigax iV

=

[

63 1
LA

b

Fizwa 6. The relahonshzp between l\im and L

IV. DISCUSSIONS

The experiment al results can be explamned by the
macrostructure model of Gd-Ba-Cu-O. Since the high-Ip
sample exhibits superconducting state mote completely than
the low-I¢ sample, then the connection of weak point region
must be stronger than the low-I¢ sample a5 shown in Fig. 7.

a)Sanplewth =224

b) Sanplewath L= 1,

3A
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¢) Samplewith L= 105 A

& Sampla with o= 0.52 A

Figure 7. [lustation of a meciostrucnae mode! at various [

From Fig. 8, when the applied current (I) is equal to (or less
than) its critical curren(I;) value, both sides of the sample are
conaected by the superconduction parts. Then, the resistance
of sample does not appear. But when I*]¢, superconduction
past will be cut-off. because weak point region is destroyed.
The reststance appears in this condition. Because the volume
of upper destroyed parts are less than lower destroyed parts,
all current will flow over the upper part only. Then, the small
voltage drop will appear across the upper part. When the
current reaches Iy, the upper superconduction part, where has
magnetic substance, 15 destroyed. Thus, overall cut-off region
of the upper part 15 more than lower part. The resistance of
upper part iacreases quickly. Then all current flows to lower
pait. which has low resistance. Therefore, the voltage drop
across sample decreases immediately. This phencmenen is
called Negative-resistance. The magnitude of differential
voltage (AV) is about 0.71 mV.

VimVh

151

Fizure 8 [lushation of curvent-voltage charactenstics of sample with
L=105A
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We will consider the effect of Bpyg on AV as follows. In the
case of the sample showing Ic=133A, AV was increased by
Beyr in the range of 0 ~ 0.23 mT. as shown in Fig. 3. This
phenomenon can  be explained by considering the
macrostructure mode! as shown in Fig. 9 a). Since the cut-off
region which has magnetic substance, was broadened by Beyr,
AV increases. that i3, current path changes from the upper high
reststance path to the lower low ressstance path. When the
external magnetic flux Bgyy exceeds 0.23 mT, AV was
decreased. Since Bpyg also destroys partially the lower
superconduction part as shown in Fig. 9 a), the difference of
electrical resistance between the upper path and the lower path
became small. Then, AV decreases. For sample Ic = 1.05 A,
when Bz = 0.2 mT. the highest AV i3 obtained.
Consequently, the cut-off region. containing magnetic
substance, 15 broadened until magnetic substance is uncovered
completely,

In the case of sample showing Iz = 0.52 A whea By =
0.16 mT, AVyax; is cbtained. Due to the cut-off region, which
has magnetic substance, 1s broadened until magnetic substance
is vncovered completely. Nevertheless, Beyy will also destroy
partially the lower part similarly as shown in Fig. 9¢). Then,
AVyay in this case less than the sample with Ip = 1.05 A as
shown in Fig. 6.

[Bryy =0T mT

) Samplewithl.=135A

b) Sanplewithl-=105 A
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¢)Samplawith [, =052 A

Fizwe § Dhwstration of 2 macrostructure mode] at various applied
mazmetic Seld

V. CONCLUSIONS

From the investigation of Curent and Voltage
characteristics in GdBa:;Cu:07y superconducting ceramic
material. it's found that the negative resistance phenomenon is
apparently found in range of low critical current. Moreover,
the magaitude of differential voltage (AV) depends on external
magnetic field and critical curent. The largest differential
voltage AVyay is obtained by the employment of suitable
Bryr. Moreover, the occurrence of AViyuy in the high-I¢
sample must be applied Bzyy higher than the low-I¢ sample.

Some experimental results can be quite explained by the
macrostructure model of GdBaiCu;0:; superconducting
ceramic materials,
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The magnetic memory effect in GdBazCusOr. .

has been studied, B

v investigating the current-voltage characteristics, a

voltage drofs across the superconducting sample is observed on applying an external magnetic field. After the removal of the
magnetic field, the voltage cotinues 1o decrease. This phenomenon is considered 1o be a nonvelatile memory effect. The
voltage drop increases with applied magnetic flux, but it becomes constant a1 about 10mT. The vollage drop is ascribed to the
tapping of magnetic flux. While negitive resistance occurs, the memorized stale affects directly the magnitude of the
differential voltage (A V), which is defined us the difference between thrediold vollage and sustaining voltage. The mechanisng
of the memory effect and negative resistance can be sufficient ¥ explained by the hypothesized macrostructure model of

GdBa; Cuy 05, superconducting ceramic materials,
KEYWORDS: negative resistance, macrostructure madal

1. Introduction

When a current greater than the critical current passes
through a type 1 superconductor in the mixed state, flux
lines are driven into a viscous-fow state by increasing the
Lorentz force J x H to greater than pinning force, and
a voltage is generated under this condition. The voltage
increases with current. The stope. dV/dl, is the flux fow
resistance of the superconductor in the mixed state arising
from the viscous flow of the vortex. An increasing slope
dV/dl as far as the line flux flow region is attained.” We
were interested in the report on the negative resistance
phenomenon in the GdBayCuz0y., superconductor.” We
found that an external magretic field also affects the
magnitude of differential voltage (AV) while negative
resistance occurs. In the previously research of Titiroon
gruang er al¥ a mucrostructure model of type 1l super
conducting ceramic materials was introduced. We now
discuss the development of o GdBis CusOq, model. which
agrees with our experimental results.

2. Experimental Methods

In this experiment, we prepared GdBaxCuyOy super-
conducting samples by the following conventional solid-
state reaction,” Gdy O, BaCO;, and CuO powders of 9.9%
purity were ground, mixed together, and calcined w 930°C
for 20b. After that, they were reground for | h. The powder
was pressed into pellets of 10mm diameter and Imm
thickness under a pressure of 1t/em?. The pellets were
then sintered at 945°C for 10h, slowly cooled to 450°C,
maintained at this temperature for 24 h. ad then cooled
slowly. We experimentally investigated the effects of
trapped magnetic flux on GdBa,Cuz0+4_, bulk, The current-
voltage characteristics were measured by the four probe
technique using indium electrodes at 77K, The magnetic
field was appliod to the sample perpendiculur to the direction
of current flow, as shown in Fig, |,

3. Resufts and Discussion

As shown in Fig. 2, curves (A) and (C} were taken at

"E-mail address: s6064701 @ kinitlac th

[DOT: 101143/ 1TAP £6.1474]
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Fig. 1. Schematic mepresentation of superconducting sample and direction
of magnatic held,

7 By = 48 mT

VimV)
w
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3 ©

)
a t 7 T T T

3
IA)
Fig. 2. Current-voliage chamcteristics, which show the magretic mem-

ory.

B=0T, und curve (B) at B=4.8mT at 77K, Curve (B)
gradunlly approaches curve (C) after the removal of the
external magnetic ficld. If the voltage is applied again after
retuming to zero voltage, the current-voltage characteristic
curve is the same as curve (C). This means that the sample
is in the memory state. Thus, curve (C) corresponds o a
memory state. In Fig. 3, the symbols Vygag and Viges are the
valtage drop across the sample under the extemal mugnetic
field and the memorized voltage of the sample after the
removal of the extenal magnetic field, respectively,
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Fig. 4. Hotol Vmms. AV vs Bexr,

The curve of Vigag versus Bpxy was obtained under an
external magnetic field. The curve of Vg versus Bpyr was
measured witer the removal of the magnetic field It was
found that in the range of magnetic flux less than 1.6 mT, the
voltage drop ucross the superconducting sample becomes
zero after the removal of the magnetic field, that is, no
memary effect is observed.

Figure 4 shows the effect of magnetic memory on AV,
Note that the curves of Vigpy and AV versus Bpyr were
measured after the removal of the external magneric field. It
was found that when the sumples memorized a low magnetic
field, AV was increased. However. when Vigag exceeded
0.0023 mV, AV started to decreuse.

Figure 5 shows the voltage drop Vigwm across the
memorized sample and AV versus Bper after the removal
of the extemal magnetic field, The direction of the external
applied magnetic flux is opposite w the direction of the
magnetic flux wapped in the memorized sample. The
memory is erased by an applied magnetic flux of less than
3.2mT. On the other hand, the voltage drop increases again
after the memory is erased, since the application of magnetic
flux causes the memory effect in the runge of magnetic flux
greater than 3.2 mT.

Figure 6 shows the current-voltage characteristics of the
sumple memorized by applying an external magnetic field,
The density of magnetic flux for the memory is 10mT. The
solid curve shows the case without applying an external
magnetic field. When we applied u weak magnetic field in
the dircction oppusite to the direction of the magnetic flux
trapped in the memorized sample (B, the voltage drop
increased. On the other hand. when the weak applied

Vierw

0.6

wi
wrid av

8 5 T : T T T T T
0 1 ¥ 3 4 5 6 7 8 & .00 01 Q2
B gay ()

VimV)

Fig. 5. Voltage drop Vg aoross the memorind sample and AV vs Bgyq
indirection opposite to trapped Hux ¢after removal Bexr).
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fﬂ” weak spplied magnctic
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Fig. 6. Effeat of weak external magnetic fizld on memorized sample.

T=105A

1ves10mmv

Bgry (mT)

Fig. 7. Change in the voliage drop across the sample memarized by Byu
and Beg.

magnetic ficld is in the same direction us the magnetic flux
trapped (B ), the voltage drop decreases. Then. the voltage
drop across the sample was measured as the magnetic field
was varied. which is shown in Fig. 7. In the region of the
magnetic field less than 3.2 mT, the effects of Bug and By
are opposite 1o cach other. The voltage differences from
the initial voltage Vo are denoted as Vigy and Vape for the
magnetic fields By and By, respectively. In this experi-
ment, Vg and Vepp are measured at Vg = 1.078 mV.

The dependences of AV and Vit on the external
magnetic field B in the memorized sample are studied,
The results are shown in Fig. 8. The maximum value of AV
and the minimum value of Vi simultaneously appear at
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Fig. 9. Dependences of Vo, and AV on the external magnetic ficld Beyy
in e memorsized sample,

Bgyr = 1.5mT. In the case of Bupg. when Vi, increases,
AV decreases, as shown in Fig. 9.

Figure 10 shows the hypothesized macrostructure model
of GdBasCuy0s.,. The material discussed here is consid
ered 10 be composed of two parts. that is, the super
conduction part and the normal conduction purt¥ This is
shown in Fig. 10(a). In his figure. everywhere except for
the black part represents the normal conduction part. It is
assumed that the shape of the superconduction part is very
complicated, thus, there are both wide and narrow parts, The
narrow part corresponds to the weak link region. In other
words, the narow part is cut off fist when the super-
conducting state is destroyed, The superconduction part has
a magnetic substance which is ascribed to gadolinium. The
simplified macrostructure model is shown in Fig. 10(h}. The
marks with a structure similar to that of x in the super-
conduction pwrt show defect regions where an appropriate
value of magnetic flux can be trapped.

The current-voltage characteristic of the superconducting
ceramic is shown in Fig. |1, This characteristic can be
explained in terms of the mucrastructure model. as follows,

Fram Fig. 12{a), when the applicd current (1} is equal
10 (or less thuny its critical current (%) value, the super-
conduction parts are connected at both sides of the sample.
Then, the resistance of the sample  does not appear.
However, when [ = I, the superconduction part is cut off
hecause the weak point region is destroyed. The resistance
appears under this condition. Since the amount in the upper
destroyed part is less than that destroyed in the lower part,
all the current flows in the upper part only. Then, the voltage

{a) (h)

Fig. 10. Proposed model of the GdBaxCualy superconducting ceramic
material. {a) Macrostrectere model, (b) Simplitied model,

Vin: duesiold volinge Ve
Vs © sustalning voliage

Y

Fig. 1. Curent-voltage characteristic.

drop occurs weross the upper part until we apply a current of
Iy. The upper superconduction part, which has a magnetic
substance, is destroyed. Thus, the total cut off region of the
upper part is larger than that of the lower part. The resistance
of the upper part increases quickly. Then, all the current
flows to the lower part, which has low resistunce, Therefore,
the voltage drop axcross the sumple decreases immediately.
This phenomenon is called negative resistance. The magni-
tude of the differentiul voltage is abowt 0.71 mV.

When we apply a low magnetic field, as shown in
Fig. 12(b), the magnetic flux cannot penctrate the defect
regions {represented by x ). The memorized state does not
oceur.

In addition, when a sufficient external magnetic field is
applied. For example, the magnetic flux of Bixr = 2.6mT
can peretrate through the defect regions, which mduces a
current (called the persistent current). This persistent current
also causes a constant magnetic flux (B ), which results in
some regions of the superconduction part being comtinuously
cut off, even though Bexy has been removed. This causes
the voltage drop across the sample (V = Vi), which is
different in magnitude from Viygag. Usually, the value of
Wmac is larger than the value of Vues, because the
magnitude of Bgyr is larger than that of Biry. When the
upplied current reaches Jy, the superconduction part, which
has a magnetic substance, is destroyed. AL the same time.
Bing also destroys the superconduction part in this area,
Then, the present AV is more than the value obtained under
the condition of no memorized state sample,

When magnetic flux (Byxy) is increasad to 10mT, as
shown in Fig. 12ic), it can penctrate through all the defect
regions, thus, By, increnscs. While negative resistance
oceurs, the cut off region, which has a magnetic substance
is considerably broadened by Buyp. In addition, B, also
destroys the kower part causing a decrease in AV,

1476



Jpn. J. Appl. Phys., Vol. 46, No. 4A (2007T)

122

W. TITIROONGRUANG &1 al.

| B3 M
»

(aj

)

=l

(<1

Hg. 12

4. Conclusions

By investigating the current-voltage chamcteristics in
GdBaaxCusOr; superconducting cernmic material, the neg
ative resistance phenomenon is ohserved. To study of some
the magnetic properties of this material, we applied an
external magnetic ficld o the sample, When the magnetic
field was removed, we found that voltage continued to
decrease across the sample. This phenomenon is called
magnetic memory. When the sample starts 10 memorize a
magnetic field by the application of an external magnetic
field. a high different voltage is obtained, which subse
quently gmdualy decreases while magnetic memorization
increases. When we reversed the magnetic pole. magnetic
memorization decreased and a different voltage increased.
Onthe other hand, a different voltage deereased, when Vygey
increased. Some of the experimental results can be partially

Macrostructure model showing the voltage drop across the sample caused by an applied magnetic field.

explained by the mucrostructure model of GdBaaCusOr_,
superconducting ceramic materials.
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