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Abstract This paper proposes a model that considers the parity-time symmetric structure as a state
detection circuit for sensor applications using a stretchable inductor. In particular, to obtain a more
practical computer simulation result, the stretchable inductor model was applied to this study model by
referring to previously reported experimental results. The resistance component and phase component
were controlled through the negative differential resistance circuit used in this study. In addition, the
imbalance of the circuit caused by a change in the characteristics of the stretchable inductor could be
compensated for using a negative differential resistance circuit. In particular, an analysis of the
frequency characteristics of the sensor driving circuit of the parity-time symmetric structure proposed
in this study confirmed that the Q-factor could be increased up to 20 times compared to the

conventional resonant circuit.
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Fig. 1. PTS structure coupled resonant circuit considering
the characteristics of stretchable inductor. (a)
Inductive coupled resonant circuit of PTS
structure applying equivalent model of
stretchable inductor and corresponding NDR
circuit. (b) XCP type NDR circuit using BJT. (c)
Characteristics of resonant frequency according
to the change of coupling coefficient.
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Fig. 2. Characterization of XC-BJT-NDR circuit. (a)

Series circuit of R-C-NDR circuit. (b) From
the spectral characteristics, it was confirmed
that the resonance characteristics were
shown even though there was no inductance
component. (c) Phase diagram for each
element under the resonance condition.
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Fig. 3. Characteristic analysis of NDR circuit according
to the change of bias voltage and design of
primary circuit. (a) Primary circuit structure.
(b) Phase relationship of parameters of each
component under resonance conditions. (c)
Change of inductance value of NDR circuit
according to change of bias voltage. (d)
Change of resistance value of NDR circuit
according to change of bias voltage.
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Table 1. Resonant frequencies and Q-factors for
changes in bias voltage.

High freq. deep
fo [kHzl
2272.46
2253.47
2234.92
2217.10
2199.01
2181.46
2164.72
2147.53
2131.05
2113.41
2094.33

Low freq. deep
f [kHzl
2001.89
2003.33
2004.95
2006.48
2009.00
2011.61
2014.22
2017.91
2021.69
2027.18
2034.83

Vbe
[Vl

Q-factor
20.86
18.01
15.98
14.51
13.13
12.03
11.16
10.29
9.58
8.83
8.08

Q-factor
17.34
14.96
13.28
12.06
10.95
10.04
9.31
8.60
8.02
7.40
6.78

1.00
1.02
1.04
1.06
1.08
1.10
1.12
1.14
1.16
1.18
1.20
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