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Abstract—Power electronic-controlled switch has been used
with a high-temperature superconductor (HTS) to develop an
advanced high Q resonant circuit. With a HTS, a very high Q
circuit can be achieved; consequently special aspects such as
high voltage generation can be theoretically and practically
realized. Theoretical study has been carried out for this
concept and method, and this paper describes the theory of this
high Q resonant circuit and the operational principle.

l. INTRODUCTION

An electronic resonant circuit with a power electronic-
controlled switch has been explored with regard to its special
aspects of using a high T, superconductor (HTS) [1,2]. The
circuit special aspects have been studied, and especially to
form a method of very high voltage generation from a low
voltage source. 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. As a basic principle of operational
approach, a low voltage DC power source can be used and
its polarity is reversed at a certain frequency and this 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 potentially using a high Q electronic circuit which can be
made with HTS Ag-clad (Bi,Pb),Sr,Ca,CuzO10:x multi-
filament wires.
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Il.  CIRCUIT PRINCIPLE

A. Q Value and Voltage Feature of a Resonant Circuit

In a resistive RCL series resonant circuit, the quality
factor of a resonant circuit is Q = w,L/R (= X/R), and o, =
[(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
Vemax at resonance is given by: Vema = Q V. For using a
DC power supply with an electronic switch to reverse the
polarity, the maximum voltage Vcmax Can be expressed as:
Vemax = Q Vi’, where Vg’ is the effective voltage of the low
voltage power source. If the switching controller used has
rectangular switching wave form with low voltage source
polarity switching frequency f, the build-up voltage wave
form F(t) can be expressed by Fourier series as

F(t) = (4Ve/n)[sinet + (1/3)sin3wt + (1/5)sin5et + ...] (1)

The generator only resonates on the first harmonic with
amplitude of 4 Vg/n. Therefore, Vg’ = 4 Vg/n, and the
maximum build-up voltage is related with the RCL resonant
circuit Q value by: Vemax = Q (4Ve/n). Reducing the RCL
resonant circuit resistance is achieved by introducing the
superconducting inductor; the circuit Q value then will be
dramatically increased, therefore leading to a very high
voltage across the capacitor.

B. Resistance-Less Circuit

For the RCL resonant circuit, when a DC source is
switched to the circuit, the instantaneous current i(t) and
capacitor voltage V¢(t) solutions respectively are
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where R < 2(L/C)"?, Vo is the initial capacitor voltage.
Both equations describe decaying sinusoids, with V(1)
approaching a steady state value of Vg, and i(t) approaching
a steady state value of zero.

Now in a circuit using a superconducting inductor and no
separate resistor, then R will become very small. If R =0 Q,
then (2) and (3) can be simplified to

i(t)= (Veo + Vf kinot @)
V¢ (t)=—(Veo + Vg Jeosot + Vg (5)

where o = (LC)™ rad s. These two equations describe
constant magnitude sinusoids, with the average values of i(t)
and V(1) being zero and Vg respectively.

When the DC source is switched in, V¢(t) = V(0) = -
Vco. One half a resonant cycle later, this voltage will have
increased to

Ve(t) = Ve(n/w) = -(Veo + Ve)(-1) + Ve = Vo + 2V (6)

If at this point of time the DC source is disconnected, and
then reconnected in the opposite polarity for the next half
cycle, then the initial capacitor voltage V¢ is changed to
Vco-new, and is given by

Veomnew = -Ve(t) = -(Veo + 2Ve) (7)
Half a cycle later, Vc(t) = Vc(2r/w) becomes

Ve(t) = -[-(Veo + 2Vp) + (-Ve)](-1) + (-Ve) = -(Vco +4VE)

®)

If the DC source polarity is reversed every half cycle
thereafter then

V() = (Veo + 6Ve); -(Veo + 8Ve); (Veo + 10Vp); ...etc

9)

This is the build-up voltage for an ideal non-resistive circuit.

Therefore the positive and negative peak voltages can be

described by (9). Consequently in a resistance-less circuit,
the voltage across the capacitor C after n cycles will be:

Ve(n) = (-1)™ (Veo + 2nV) (10)

where n is the iteration number, and Vo is the initial
capacitor voltage.

C. Practical Resistive Circuit
From (3), when t = /o, i = 0, if the DC source changes
polarity, the capacitor voltage is given by

Ver = (Veo+Ve)(L+e R )V (11)

After the polarity is changed n times, the capacitor voltage
becomes

Ven = (VCn-1+VB)(1+e-Rn/2Lw)'VCn—l (12)

If Vo =0, then
Vei=Vg(L+eRe2ho) (13)

Ver=(VertVe)(1+e 7 770)- Ve,
Vg (1426 F?bo 4o ZRri2ko)
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Assuming that the power supply polarity changes at t =
nr/w, after the polarity is changed n times, the build-up V¢,
is given by
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When n = oc,Ven — Vemax, therefore
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From (16), when R — 0, Vcmax — oc. When R — oc, Vemax
— Vg, Since Q = /R, therefore (16) can be expressed as

Vcmax = VB +£ (17)
eTE/ZQ _1

D. 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 ug is used, consequently the RCL circuit has its
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if R2 <%, then its natural frequencies are conjugate

complex numbers,
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is series resonant angular frequency.

If the exciting source is a step voltage source, us =
Vee(t), then ug = vg(t) = e™(K,icosmgt+Kosinogt)+Vs. If the
circuit has zero initial state, then v,(0) = K; + Vs = 0,
dv (t)

dt
Vsa/wyg, then
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After the first cycle,
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For the steady state after a number of cycles, (23) can be simplified as
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Figure 1. Circuit frame configuration of a practical experimental device.

I1l. DiscussION

Practical solution and device can be made as the
configuration shown in Fig. 1. 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
reversal of the DC source polarity for example, the
corresponding increase in voltage is less than 2Vg, 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, =
Vsinwt, the rms current I, in the circuit at resonance is

Imax = Vi (RV2) (25)
and the voltage across the capacitor Ve (rms) is
Vemax = X lmax = (moc)-l [Vm/(R\/Z)] (26)

By assuming that the circuit resistance R is zero, the circuit
then has infinite Q at resonant frequency ®, = 1/~(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.

HTS technology is critical for this method to be practical.
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. The high Q inductor is able to be realized by
using HTS Ag-clad (Bi,Pb),Sr,Ca,CusO194x Wires, which
have potential capability to make the inductor winding [3-5].
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 application, which
however does not affect this application significantly [6].

IV. CONCLUSION

A high Q resonant circuit with a power electronic
controller has been verified with theoretical and also
practical operation analysis, which forms a base to develop
this high Q resonant method with HTS technology. The
application of this method generates special aspects, 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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