Normal transition in YBCO thin film and its effect on current limiting characteristics
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An active method for quenching the whole area of superconducting thin film homogeneoudy
by a pulsed field was investigated. From measurement of the dissipative power triggering off a
gpontaneous SN (super-to-norma) trangtion, it is shown that the subdrate will affect
congderably the SN trangition. In the active quenching method, it is reveded that the film
carrying 50 Hz trangport current over the critical current will be quickly quenched by apulsed
fidd. A method for producing pulsed fidd automaticaly when a transport current exceeds
around 1.3 I isaso proposed and proved.

INTRODUCTION

The various types of fault current limiter (SFCL) have been investigated for application to a reliable and flexible
power line system [1]-[4]. The resigtive type fault current limiter with YBCO thin film is thought to be one of the
promising candidates for the high performance SFCL among them. When an ac transport current increases, however,
a sudden normd trangtion will occur spontaneoudy a around 2.5 J. of YBCO film [1]. At such a high current
densty, a part of the film of lower critica current dendty may turn into normal date fagter than in other part,
resulting in damage of the film by a hot spot. In order to avoid such damage, a whole area of YBCO film has to
quickly turninto normd state a very early stage of afault, that is, a acurrent asclose asthe critica current density.

In the present study, the disspative power triggering off spontaneous SN trangtion of the film wasfirgly studied
asfunction of frequency of ac current in order to clarify the mechanism of SN trangtion. Secondary, the experiments
on the active quenching of the whole area of superconducting thin film by pulsed fields were conducted. Findly, a
method producing a pulsed field autometicaly at the current over | is proposed and proved.

EXPERIMENTAL

The characterigtics of the conductors used in the experiments are as follows; the superconductor is YBCO thin film
in which the thickness is 300 nm and the width is 2x10°m, the Au coating thickness is 100 nm and the substrate is
sapphire whose thickness is 300um. The resigtivity of Au is 9.21x10° Om at a temperature just above T, of 87 K.
The gtrip conductor length is 70 mm and the e ectrodes were soldered over 10 mm at both ends of the conductor by
Indium. In the experiments on active quenching, a pulsed field was applied perpendicularly to the film surface. The
conductor was set between a split coil in which the size of each coil is50 mm in diameter, 55 mm high and 52 turns.
Each coil was connected in series with separation of 19 mm and a coil current was supplied from 1,940 uF
condenser which was charged up to a maximum voltage of 250 V. The fidd strength is 6.89x10* T/A. A
free-whedling diode was connected in pardld with the condenser and the split coil. Therefore, the rate of increase of
fidd isashigh as 700 T/sand the decay isdow and the pulse width at ahdf-vaueisaround 2.6 ms.

RESULTS AND DISCUSSIONS

Spontaneous SN transition

The spontaneous SN transition is defined as a transition in which a quench occurs first when a current in
the film increases from 0. In this study, the spontaneous one occurred at around 2.2 I ~ 2.5 | when 50 Hz
ac voltage is applied to the film. Typical waveforms of current and voltage are shown in Fig.1 together




with the frequency dependency of the flow voltage just before the SN transition. The voltage was
measured between the voltage taps of 10 mm separation. J. of the film is 2.67x10™ A/m® The SN
transition occurred at ~ 0.019 s and the film returned to the flux flow state just after the transition due to
the rapid decrease of current, as shown in Fig. 1(a). It is aso shown in Fig.1(b) that the flow voltage
increases with increasing frequency and hence depends strongly on di/dt.

40 8
120
30 | —Current(A) | | ¢
—Voltage (V) 100 PN *
20 4 80 '3
g / A g £ .
<w0 2 9 S 60 e
%o //L\\ A 0 % Y a0
5 0 001 002 M 004 005 0p6 O 20
Qo 2>
| :
20 \1‘ 4 0 500 1000 1500 2000 2500
20 6 Frequency (Hz)
Time(s)
Fig.1. (a) Waveform of flow voltage and current. Fig, 1 (b) Electricfidd vs. frequency.

The disspative instantaneous powers just before the SN transition occurs and the total amount of heet generation
until the SN trangition occurs were measured as afunction of frequency of ac current. In those experiments, the SN
trangitions during first haf cycle of current were taken into account. The result is shown in Fig. 2. The ingantaneous
power g increases with increasing frequency, that is, di/dt, but the total amount of heat q decreases
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Fig. 2. Disspdiveingantaneous power and total amount of heat generation.

rapidly with increasing frequency because the period of time when the heet is generated becomes shorter for higher
frequency. The magnitude of heat g required to heat the unit volume of YBCO conductor including its substrate
over Teisaround 2.4 Jem®. From Fig. 2, the heat generation g isless than g in frequency range over 250 Hz. This
means that only a portion of the substrate near Y BCO film will be heated up over T in ahigher frequency dueto the
effect of thermd diffuson. Accordingly, it shows that when a disturbance of high frequency is gpplied to YBCO
conductor in order to quench it, the energy may be much less than the one heating up the whole conductor including
the subgtrate over Te. It is concluded that the mechanism of SN trangtion will be mainly due to the hesting of the
conductor including its substrate over Te.

Active SN trangtion

AC current of 15 A (peek) which is gpproximately equd to I was supplied to the film in a congtant current mode
and then a pulsed field was gpplied perpendicularly to the face when the current attained to a specified vaue in the
range of 0.5 I to 1.5 I.. Quenches were triggered by the pulsed field whose rate of increaseisashigh as 700 T/sand




pulse width at the haf vaue of the amplitudeisaround 2.6 ms. Typica results on the active SN trangtions are shown
in Fig. 3 for the cases of B = 220, 254, 338 and 424 mT which are gpplied a | = 0.75 I.. The quenches occurred at
around the peak of the current and those SN trangition points are shown by the arrow in the figures. The voltage was
measured between the voltage taps of 15 mm separation. J. is 2.54x10™ A/m.
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Fig. 3. Active SN trangition triggered by pulsed fidd. (a) B=220 mT, (b) B=254 mT, (c) B=338 mT, (d) B=424 mT.

The result indicates that the whole area of the YBCO film used for, for example, a fault current limiter can be
quenched quickly and homogeneoudy by the pulsed field a a current dightly larger than the rating current of FCL,
which is usualy designed to be 0.9 I~ 0.95 I.. When the field of 220 mT is gpplied, the dectric field of 50 V/m is
generated a a trangport current dengity J which is equa to J,, as shown in E - J curves in Fig. 4. Therefore, the
calculated hest generation by the pulsed fidd is esimated to be over 3 Jcm?® per unit conductor volume. Since this
vaue is amog the same as g, the conductor can be heeted over T, by the field above 220 mT. The tota amount of
heat and time before SN trandtion starts were obtained as afunction of field strength by using the datain Fig.3and is
plotted in Fig.5 in case of e = 15 A. It was found that the heat and time become longer with decreasing field and
there occurred no SN trangition below B = 220 mT. The reason ismainly due to the cooling effect. It occurred when
lpeakc Was increased to 20 A (~ 1.3 I¢) even in case of B = 120 mT because the heat generation increases with
increasing current. Therefore, the field strength of lessthan 220 mT will be sufficient for quenching thefilm for the
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Fig. 4. E-Jchaacterigicsof YBCO thinfilm.




case Of Ipeak > 1.3 I¢. Theamount of heet for quenchingis 8 .
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Automatic generation of pulsed field
A method in which the energy stored in a condenser is discharged automatically to a pulsed coil and produces a
pulsed fidd was investigated. A SCR is autométicaly fired when the current flowing in the conductor attains to a
prescribed value in the range of (1.3~1.5) I or more. The circuit used is shown in Fig. 6. A 1,940 uF condenser was
first charged to a specified vaue of voltage. Then, ac current was supplied to the conductor. As an example, when it

atainedto 1.5 I, theflux flow voltage of ~ 0.9 V/m will appear in the conductor, as shown in Fig. 4.

experiment where the current of 1.5 ¢ is
supplied to the film, the voltage of 0.015
V appeared across the voltage taps of 15
mm separation. It was amplified to 1V
and then the sgnd was supplied to the
gate of the SCR. The condenser was
successfully discharged and hence a
pulsed coil was produced automatically.
The input to the gate shown in Fig. 6 is
effective only for the postive haf cycle
of ac current. For the negative hdf cycle,
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not shown there. Fig.6. A circuit for autometic generation of pulsed field.

CONCLUSIONS

The spontaneous and active quench phenomena were investigated. In the spontaneous one, it is shown that 300
nm-Y BCO film coated with 100 nm Au suddenly turnsinto normd date at (2.2 ~ 2.5) I.. The active quench was dso
sudied and it isreveded that the film carrying 50 Hz trangport current larger than around | can be quickly quenched
by pulsed fidd. In these studies, it is pointed out that the mechanism of SN trangtion will be mainly due to the
heeting of the YBCO film above T and its subgtrate will affect considerably the heating characteritics. A method
producing a pulsed field automaticaly when a transport current exceeds around 1.3 | is proposed and proved. This
method will be effective for quenching quickly and homogeneoudy the whole area of thin film which will be used
for, for example, the fault current limiter and preventing the hot spot problem.
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