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Abstract—High-temperature superconductor (HTS) technology
has been used to develop an advanced high Q resonant power
electronic circuit and its special device. With HTS techniques, a
very high Q circuit can be achieved; consequently special aspects
such as high voltage generation and current control can be
practically realized. Theoretical study has been carried out with
regard to this HT'S high Q resonant method, as well as a prototype
device has been made for experimental verification of the voltage
generation and current control, as details described in this paper.

Index Terms—High-temperature superconductors, Bi-2223/Ag
wires, Resonance, Inductors, High-voltage techniques.

1. INTRODUCTION

IGH-temperature superconductor (HTS) technology has

been used to develop an advanced high Q resonant power
electronic circuit and its devices. A high Q R-C-L series
resonant circuit has been built and analyzed. With HTS
techniques, a very high Q circuit can be achieved; consequently
special aspects such as high voltage generation and high current
control can be practically realized. High voltage generation i.e.
can be achieved by using an inductor having a high quality
factor Q in a resonate circuit. Normal conductor technology
limits the Q values which can be obtained. However, HTS
brings a solution to build the high Q inductor, and this voltage
generation method becomes viable for very high voltage
generation. Theoretical analysis has been conducted with
regard to this voltage generation and high current control
method, and experimentation has also been carried out for
verification.

An electronic resonant circuit with a  power
electronic-controlled switch has been explored with regard to
its special aspects of using a HTS. The circuit special aspects
have been studied, such as to form a method of very high
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voltage generation from a low voltage source [1], [2]. This high
voltage generation method using the high Q resonant circuit
mainly consists of a HTS inductor, a DC battery source, a high
voltage capacitor, and an electronic switch. An AC source is
naturally used for the resonant circuit, however a DC source has
been developed for convenient operation. As a basic principle
for operational approach, a low voltage DC power source can
be used, and its polarity is reversed at a certain frequency,
which control is achieved with an electronic switch. As a
fundamental principle, the resonant circuit generates the
voltage which is proportional to the circuit Q value. Resistance
in the circuit will limit the Q value and therefore voltages that
can be achieved in practice; however HTS technology can
dramatically reduce the resistance and present a very high Q
value in its circuit. With regard to the power
electronic-controlled HTS high Q resonator, both theoretical
analysis and practical operation principle will be presented in
this paper with the advantages of using a high Q electronic
circuit which can be made with HTS Ag-clad
(Bi,Pb),Sr,Ca;Cu;0 . multi-filament wires.

II. OPERATION PRINCIPLE THEORY

A. Q Value and Feature of a Resonant Circuit

In a R-C-L series resonant circuit, the quality factor of a
resonant circuit is Q = ®,L/R (= X/R), and ®,
[(1/LC)-(R*/4L*)]"? is the resonant frequency in rad s™'. The
potential difference across the capacitor V¢ at resonance is Q
times as great as the applied emf V, (rms) to the circuit. For a
sinusoidal power supply, the voltage across the capacitor at
resonance iS Vemax = Q V,. For using a DC power supply with
an electronic switch to reverse the polarity, the maximum
voltage Vemax can be expressed as Ve, = Q (4Vp/T).

B. Resistance-Less Circuit

For the prefect superconducting R-C-L series resonant
circuit, the build-up voltage for this ideal non-resistive circuit,
the positive and negative peak voltages across the capacitor C
after n cycles can be described by [1]

Ve ()= (-1)"" (Veo + 2nVs) (1)

where n is the iteration number, and Vo is the initial capacitor
voltage.
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C. Practical Resistive Circuit

For practical resistive circuit with a DC source, when t = 1t/p,
i =0, then if the Vo = 0 and the DC source changes polarity at
t = nm/o, the capacitor voltage. After the polarity is changed n
times, the capacitor voltage V¢, becomes

n—1
Ven = (1+e'“R“/2L0’)+2VB Z eﬂRn/ZLoo
i=1

V(1) = —Vge ' (cos gt +isinwdt) +Vg =Vg

D. With Step Voltage Source

The low voltage sources can be an AC power supply, a DC
battery or a rectangular pulse source. When a rectangular pulse
source Uy is used as the exciting source, the step voltage source

has u,= V&(t), then V() = & *(K;cosmgt+Kosinmgt)+Vs. If the
circuit has zero initial state, then V.(0) = K; + V= 0,
@ dVe “)|t o = —aK, + 04K, = 0; when K, = -V, Ko = -V.o/ay,
then
I-e / ——c0s Wyt + ————=sin W4t
®4
/1+— Wy /1+—
=V {1——e ot cos(ayt— e)} , t20, (B=arctg—) 3)
0y 0y

If the exciting source is a causality pulse voltage source us= €(t)-2&(t-T/2)+2¢(t-T)-2e(t-T-T/2)+2¢(t-2T)-2¢e(t-2T-T/2)+2¢(t-3T). ..

After the first cycle

k —aft—(k-1)T—1]
A% {1— 0 e~ cos(wyt — 0 )}—22 Vi|[1-— el Y ‘ 2 cos((ud[t—(k—l)T——] Gj
g k=1 (Dd
+2zv{ ¢ (KD oog(wy (t —KT) — e)J, kT<t<kT+§;
k [t—(k=1)T—1]
V.(t) = v{1—ﬂe“t cos(wdt—e)}z SV, 1= 2 cos((od[t—(k—l)T——] ej (4)
g k=1 (Dd

k=1 Wy

—2VS[1—

III. EXPERIMENTAL DEVICE AND RESULTS

o —a(1-KT—1)

(Dd

The practical circuit frame of the experimental device is
shown in Fig. 1. The device is initially analyzed with normal
inductor for calibration. Fig. 2 shows the voltage waveform
V.(t) - t at f; =40 Hz, where the circuit has constants of L =331
mH, C = 220 nF and R = 400 Q. The circuit attenuation
coefficient oo = R/(2L) = 604.2. Fig. 3 shows the voltage
waveform V(t) - t at f; = 100 Hz, and Fig. 4 shows the voltage
waveform V. (t) - t at f; = 589 Hz. When the pulse square
waveform frequency becomes closer to the f, {=[2m\(LC)]"},
V.(t) becomes sinusoid with the Q = 3.1 for the situation. Fig. 5
shows the V(t) peak value variation during frequency scanning
with a steady sinusoid excitation. Since the experimental circuit
has maximum Q = 8.2, the peak V(t) is limited below 104 V.

The device is then verified with superconducting inductor.

k
+23 Vv, {1 _ 20 o-a(t-kT) cos(mg(t—kT) - 9)}

2 cos((od(t— T——) Oj} kT+%<t<(k+1)T

The circuit has the same constants but the different resistance
for this case. Fig. 6 shows the V.(t) increase against time,
where t = 0 is the experiment starting point with inductor
resistance Ry = 148.5 Q. Fig. 7 shows the resistance decrease
against time, where Fig. 8 is the variation of its Q values.

Fig. 9 shows the V(t) with decreased circuit resistance R; =
18.48 Q. Fig. 10 is the case for f, = 100 Hz, and Fig. 11 is for f;
= 589 Hz. The maximum voltage V, can be achieved at the
resonant point as shown in Fig. 12 by frequency scanning.

When minimizing the circuit resistance by using HTS
technology, the potentially achievable voltage can be
significantly increased as shown in Fig. 13, where the circuit
has R =0.33 Q; and Fig. 14 is its corresponding current.
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Fig. 1. Principle configuration of a practical experimental device circuit frame.
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Fig. 13. V,-f with R=0.33 Q. Fig. 14. I,-f with R=0.33 Q.
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Fig. 15. The practical electronic resonant controller device.

IV. DISCUSSION

With a HTS, the resonant circuit can be a very high Q circuit,
special aspects such as a very high voltage can be built up or a
high current can be controlled. With regard to the voltage built
up, practically any circuit resistance causes energy dissipation,
and for each cycle or reversal of the DC source polarity for
example, the corresponding increase in voltage is less than 2Vp,
and the magnitude of the voltage increase gets smaller with
each iteration. Any resistance in the circuit will limit the final
achievable voltage. To reduce the circuit resistance to near zero
leads to an infinite circuit quality factor Q at resonance. In a
series resonant circuit with a power supply V., = Vsinot, the
rms current I, in the circuit at resonance is I, = Vi/ (R\/ 2),
and the voltage across the capacitor Ve (rms) is Vemax = Xc
Lax = ((x)DC)'1 [Vm/(R\IZ)]. By assuming that the circuit
resistance R is zero, the circuit then has infinite Q at resonant
frequency @, = I/N(LC) rad s This leads to an infinite value
of V¢ generated and a very large potential current. This device
therefore is able to provide controls of both high voltages and
high currents. The HTS technology is critical for this method to
be practical. The high Q inductor is able to be realized by using
HTS Ag-clad (Bi,Pb), Sr,Ca,Cu;0,9.x Wires, which have been

verified and have potential capability to make the inductor
winding [3]-[6]. The HTS inductor virtually has no resistance
for a DC current operation; however loss will be generated even
at a relative low value and low frequency AC current
application, which however does not affect this application
significantly [7]. The HTS wires can be used to achieve the
very high Q inductor to make this method viable; on the other
hand the conventional inductor technique can not make this
method applicable because of the limited Q value.

V. CONCLUSION

A high Q resonant circuit with a power electronic controller
has been verified with theoretical and also operational analysis,
which forms a base to practically develop this high Q resonant
method with HTS technology. This method generates special
aspects for applications, such as high voltage built up and high
current control, which can be readily achieved by using the
newly developed HTS technology.
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