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Abstract — This paper presents a new technique to design
a high Q active resonator using an amplifier which is located
at the loop of the resonator. By adjusting the phase of the
loop, the equivalent negative resistance is generated at the
one coupling port of the resonator, which leads to high Q
property without the negative resistance circuit. The
bandstop resonator using this technique shows a high Q
factor of 548.62 from measurement at 10GHz resonant
frequency. To demonstrate the validity of the proposed active
resonator, an oscillator incorporated with this active
resonator was designed, fabricated and measured. The phase
noise performance of the active resonator oscillator is -112.6
dBc/Hz at 100KHz offset, which is reduced by 11.3-14.4dB
compared to the passive resonator oscillator.
Index Terms — Active resonator, quality factor, oscillator,
phase noise.

I. INTRODUCTION
The modern communication systems require the high Q
resonators for bandpass filters, bandstop filters, duplexers
and oscillators. The dielectric resonator and cavity
resonator are promising elements for these applications
but they have three dimensional structure and their sizes
are bulky. Therefore they limit the on chip IC realization
and are not adequate for mass production.
Especially, the high Q resonators are essential for low
phase noise oscillators. The phase noise is the most
important parameter because it determines the overall
performances of the communication systems. In recent
years, there have been many attempts to reduce the phase
noise of the planar oscillators which have some
advantages for low cost and reliability [1]-[6].
Nevertheless their phase noise characteristics are inferior
due to their poor Q factors of the planar resonators.
To overcome the limitation of the Q factors of the
planar resonators, various researches to design the active
high Q resonators have been reported and they are good
candidates for high performance filters and oscillators.
Usually the active high Q resonators are implemented
based on the negative resistance circuit, which is used to
compensate the loss of the resonator and as a result the
high Q property can be obtained [7]-[12].
Although the negative resistance circuits are widely
used to implement the high Q active resonators, they have

some following drawbacks. First, the schematic is
somewhat complicated because they must have the
feedback element and the matching circuits to produce the
negative resistance. Second, spurious oscillation can be
occurred if oscillation start-up condition is satisfied.
Hence careful design must be provided to generate the
negative resistance and to prevent the unwanted
oscillation.
In this paper, a new method to design a high Q active
bandstop resonator without negative resistance circuit and
its application to low phase noise oscillators are proposed.
Instead of using the negative resistance circuit, an
amplifier is located between two coupling ports of the
resonator. To validate the applicability of this active
resonator to low phase noise oscillators, a series feedback
oscillator with the active resonator was designed and
measured.

(a)

(b)

Fig. 1. The high Q active bandstop resonator using (a) the
negative resistance circuit. (b) the amplifier.

II. OPERATION PRINCIPLE OF HIGH Q ACTIVE RESONATOR
Fig. 1 (a) shows one possible method to design a high Q
active bandstop resonator using the negative resistance
circuit. To realize the negative resistance circuit, an active
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device with feedback element is needed, which causes the
complex structure and oscillation problem as mentioned
above.
The schematic of the proposed high Q active bandstop
resonator using the amplifier is shown in Fig. 1 (b). Unlike
the previous one, additional coupling port (port 3) is
placed and an amplifier is located between the port 2 and
port 3.
To understand the operation principle of the proposed
active resonator, the analysis of the negative resistance
circuit in Fig. 1 (a) should be performed. Basically the
negative resistance plays a role of reflection type
amplification of signal, which means that the reflection
coefficient ( Γ − R ) seen from the port 2 to the negative
resistance circuit exceeds one near the resonant frequency.
The active resonator proposed in this paper shows similar
operation. A signal is injected to the port 1 and coupled to
the port 2 and port 3. Then the signal from the port 3 is
amplified and injected to the port 2 in opposite direction
as shown in Fig. 1 (b). By adjusting the phases ( Φ1 , Φ 2 )
of the transmission lines located at the two coupling ports,
the Γ − R (Pout/Pin) is larger than one, which suggests that
the equivalent negative resistance is generated at the port
2. From the circuit simulation, it is calculated that the
Γ − R is 5dB and Z − R is –13.9+4.3j ohm at the resonant
frequency as shown in Fig. 2. In conclusion, the high Q
active resonator can be designed simply using the
amplifier without the complicated negative resistance
circuit.

frequency bands as shown in Fig. 3. Therefore no
oscillation can be occurred.

Fig. 3. The characteristic of the loop gain. The port 1 is
terminated to 50 Ω .

The active resonator was fabricated using the Teflon
substrate of 0.504mm thickness and dielectric constant of
2.52. The TC 2381 medium power device was used as an
amplifier.
The simulated and measured results of the proposed
active bandstop resonator are in good agreement as shown
in Fig. 4. The loaded quality factor from the measurement
is calculated to be 548.62. The measured result of the
passive hairpin resonator strongly coupled to the
microstrip line is also shown in Fig. 4 and the loaded
quality factor is calculated to be 65.72.

Fig. 2. The calculated input impedance ( Z − R ) seen from the
port 2 in Fig. 1 (b).

One may doubt that there is possibility of oscillation
because the amplifier is located in the closed loop.
However the coupling coefficient between port 2 and port
3 is very weak (below -10dB), which indicates that the
loop gain of the closed loop is less than unity at whole

Fig. 4. Frequency responses of the passive resonator
(measurement), the active resonator (simulation and
measurement), and the active resonator when the bias is off
(measurement).
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III. DESIGN OF OSCILLATOR USING HIGH Q ACTIVE
RESONATOR
The schematic of the active resonator oscillator is
depicted in Fig. 5. The active device for oscillator is NE
32584 HEMT device and it was designed by using the
nonlinear simulation approach [13]. Its oscillation
frequency is 10GHz, which is the resonant frequency of
the active resonator. The source and drain circuit of the
passive resonator oscillator is identical to those of the
active resonator oscillator and the gate circuit of that was
replaced by the passive resonator.

device of the active resonator in oscillator is changed from
that of the device of the active resonator itself.
However the quality factor would be more increased
and the phase noise be reduced through further
optimization of the active resonator.
The output spectrum of the active resonator oscillator is
illustrated in Fig. 7 and it shows –112.6dBc/Hz at 100KHz
offset. It is comparable to the phase noise performance in
[15], which used a low noise silicon device for VCO.

(a)

Fig. 5. The schematic of the active resonator oscillator.

IV. MEASURED RESULTS OF THE ACTIVE RESONATOR
OSCILLATOR
The phase noise characteristics of the active and passive
resonator oscillators were measured using HP 8566B
spectrum analyzer. Fig. 6 depicts the measured phase
noise results of these two oscillators depending on the bias
voltages. The phase noise of the active resonator oscillator
is lower than that of the passive resonator oscillator by
11.7-14.4dB.
The pulling figures of these two oscillators were
measured to compare the external quality factors of them
[14]. The external Qs of the active resonator oscillator and
passive resonator oscillator are 1211.2 and 216.6
respectively, which indicates that the ratio of the external
Qs is 5.59 and 14.9dB phase noise improvement is
expected. This is in agreement as the measured phase
noise results.
The ratio of the external Qs of the oscillators is slightly
different to that of the active and passive resonators. It is
believed that this is because the operating point of the

(b)
Fig. 6. The measured phase noise characteristics of the active
resonator oscillator (ARO) and the passive resonator oscillator
(PRO) at 100KHz offset. (a) depending the drain bias voltages
(Vgs=-0.4V). (b) depending on the gate bias voltages
(Vds=0.5V).

V. CONCLUSION
The new high Q active bandstop resonator using the
amplifier for planar structure has been presented. It
overcomes the difficulties of the active high Q resonator
using the negative resistance circuit such as complexity
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and oscillation problems. Moreover its design procedure is
very simple. The fabricated active resonator shows a high
loaded Q of 548.62. A 10GHz series feedback oscillator
utilizing this new active resonator was designed and
measured to verify the possibility of application. The
phase noise of the active resonator oscillator was
measured and compared to that of the passive resonator
oscillator. The active resonator oscillator shows low phase
noise performance of –112.6dBc/Hz at 100KHz offset,
which is reduced by 11.3-14.4dB compared to the passive
resonator oscillator.
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Fig. 7. The output spectrum of the active resonator oscillator
(Vgs=-0.4V, Vds=0.5V).
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