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Abstract: An oscillator (OSC) with a metamaterial resonator based on high-Q is designed to improve the phase noise in K-
band. The proposed metamaterial resonator is a lattice structure resonator (LSR) that is designed to be high-Q by a strong
coupling of E-field at the resonance frequency. Thus the output of OSC is about 12.5 dBm at the f,. The phase noise is —

109.477 dBc/Hz at 100 kHz offset frequency.
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0 Introduction

The proposed oscillator (OSC) is designed in or-
der to use in the reflectometry to diagnostic of plas-
ma state information for Korea Superconducting To-
kamak Advanced Research (KSTAR ). The prop-
osed OSC yields an output signal to diagnostic at the
output stage of the reflectometry. To detect the ac-
curate information about the plasma state, OSC
needs the superior phase noise. Thus, we use a
metamaterial resonator with high-Q based on lattice
struture.

These are metamaterials composed of sub-wave-
length constituent elements that make the structure
behave as an effective medium with negative values
of permittivity and permeability at the frequencies
of interest. The properties of such media were al-
ready studied by Veselagom over 30 years ago. Due
to the simultaneous negative values of ¢ and p, the
wave vector k and the vectors E and H (the elec-
tric- and magnetic-field intensity), known as trip-
let, yield the anti-parallel phase and group veloci-
ties, or backward-wave propagation.

Pendrym , the variant structures were experimen-
tally verified in the region of microwaves. If the ex-
citation electric field E is parallel to the axis of the
rod medium, the propagated wave will stop in a spa-
tial frequency band and receive negative permittivi-
ty. Also, if the excitation magnetic field H is per-
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pendicular to the plane of the split-ring resonators,
the propagated wave will stop in the spatial frequen-
cy band and receive negative permeability **'.

These resonators using metamaterial structure
have the strong E- and H-field coupling by the struc-
tural characteristics. We have taken high-Q reso-
nance characteristics through this result. Thus, it is
possible using that filter with superior skirt and OSC
with low phase noise™"" .

1 Proposed metamaterial resonator

1.1 Analysis of resonator

The proposed resonator is presented in Fig. 1,
which can be describe by using L.C equivalent circuit
model.

When time varying magnetic field penetrates the
SR specifically, a current can be induced along the
SR. Then a distributed inductance is generated in
proportion to the length of the resonator, and a mu-
tual inductance is also generated between the lines
of resonator. The charge distribution in the resona-
tor is depicted in Fig. 1. Distributed capacitance be-
tween inside and outside lines and fringing capaci-
tances at the end of lines are generated. These
fringing capacitances are equivalently connected in
series. Consequently, the equivalent circuit model
of the resonator can be represented as Fig.2.
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port 1 and coupled to ports 2 and 3. The power
from port 3 is then amplified and injected to port 2

Fig.2 Equivalent circuit

1.2 Design of resonator

The resonant frequency of the proposed resonator
is decided a size of a resonator and a gap of micros-
trip line. Therefore, the resonator is designed in or-
der to oscillation at K-band by using EM simulator.
The Table 1 shown each parameter.

Table 1 Resonator’s parameters
Parameter Value (mm)
L, 1.5
L, 0.5
D 0.8
w 0.1

1.3 Active resonator

The loss of the resonator can be compensated by
properly adjusting the negative resistance using ac-
tive device. Therefore, a lossless resonator can be
obtained theoretically. The schematic of the simula-
tion result of active resonator is obtained.

The proposed active bandstop resonator using the
amplifier is shown in Fig.3. A power is injected into

in the opposite direction"" .

Fig.3 Proposed active resonator

1.4 Active resonator design

The active resonator is fabricated using a TLC-32
of Taconic substrate and simulated using ADS2009
of Agilent.

Fig.4 shows resonant frequency at 25.5 GHz.
The rejection property has —75.477 dB. Thus, the
proposed active resonator performs a little ripple
and superior skirt property. Also, an active resona-
tor gets very high-Q value.
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Fig.4 Simulation result of active resonator

2 Oscillator

2.1 Design of OSC

As depicted in Fig.5, the proposed OSC consists
of a resonator part, a feedback loop for negative re-
sist and an output matching network. The active de-
vice is an NEC 3210S01.

The proposed resonator is connected to the gate
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of an active device and a feedback loop circuit is di-
rectly connected to the source.

Feedback

Proposed
active 1 —
resonator

Fig.5 Block diagram of the proposed OSC

2.2 Simulation

The proposed OSC is biased by V= —0.4 V and
Vs = 4 V. For the simulation, the Agilent’ s

ADS2009 has been used.
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Fig.6 Phase noise of the proposed OSC

As shown in Figs. 6 and 7, the phase noise is a
—109.477 dBc/Hz at 100 KHz offset frequency and
the output power is 12.541 dBm, respectively.
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Fig.7 Output power spectrum of the proposed OSC

The high output power and low phase noise are
obtained by the strong coupling and the increasing
capacitance of the lattice structure resonator (LSR)
as mentioned above.

3  Conclusion

We have designed a low phase noise OSC based on
metamaterial resonator with high-Q in K-band for
reflectometry system. The proposed metamaterial
resonator is a LSR that is designed to be high-Q by a
strong coupling of the E-field at the resonance fre-
quency.

Also, the active device placed in the resonator
compensates the loss from line impedance and low
coupling.

The output of OSC is — 74.477 dB at K-band.
The phase noise is — 109. 477 dBc/Hz at 100 kHz
offset frequency.
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