Phase Noise Reduction of Microwave HEMT
Oscillators Using a Dielectric Resonator
Coupled by a High Impedance Inverter

ABSTRACT— The phase noise reduction in a configuration
of the HEMT oscillator with a dielectric resonator coupled by a
quarter-wavelength impedance inverter is investigated. Two
HEMT oscillators for a satellite payload system are manufac-
tured in the same configuration except for the coupling con-
figuration of the dielectric vesonator (DR) in ovder to empiri-
cally demonstrate the phase noise reduction. Experimental re-
sult shows that a phase noise reduction by 14 dB can be en-
hanced by increasing the characteristic impedance of a cou-
pling microstrip impedance inverter.

. INTRODUCTION

A dielectric resonator oscillator (DRO) is a cost effective so-
lution for achieving a highly stable and low phase noise source
in the microwave range. In DRO configurations, a popular de-
sign topology is the series feedback shown in Fig. 1(a). In this
configuration, the dielectric resonator (DR) is usually coupled
by a 50 Q microstrip terminated by a resistor with the same
characteristic impedance as the coupling microstrip in order to
avoid the spurious oscillation especially in a low frequency
band.

In this letter, we show that a phase noise enhancement can be
achieved by increasing the characteristic impedance of the
coupling microstrip as shown in Fig. 1(b). To demonstrate the
phase noise reduction, two DROs for a satellite payload system
are built in different DR coupling structures: one is coupled by
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Fig. 1. Series feedback: (a) conventional DRO configuration (Type
1) and (b) the proposed DRO with the optimized characteristic
impedance of coupling microstrip inverter (Type II).

a 50 Q micrstrip and the other by a higher impedance micro-
strip. The phase noise reduction is explained in terms of a reso-
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nator characteristic graph and an approximated Kurokawa’s
phase noise model for high Q oscillators.

IT. RESONATOR DESIGN

Figure 2 shows the equivalent circuit for a DR coupling
structure. The reactance slope of the equivalent circuit fora DR
port is proportional to the length of the coupling microstrip,
where a quarter wavelength gives the steepest reactance slope.
Therefore, low noise oscillators use a microstrip of about a
quarter wavelength [1]. The coupling microstrip line operates
as an impedance inverter when its electrical length is around 90
degrees. An impedance inverter converts the parallel resonant
circuit into the series resonant circuit. Figure 3 shows the simu-
lated impedance curves of a DR for the different microstrip
lines (50€2 and 80€2 lines). The reactance slope of the DR cou-
pled by a high characteristic impedance inverter is steeper
than that of the DR with a low characteristic impedance in-

verter.
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Fig. 2. Equivalent circuit for a DR coupled by a microstrip around
a quarter wavelength.
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Fig. 3. Simulated impedance curves around the resonant frequency
(thin line: 50 Q microstrip coupling, thick line: 80
microstrip coupling).

Around a quarter wavelength, also, the loss of high imped-
ance inverter coupling shows lower compared with 50 € line
coupling structure. The high impedance coupling structure has
the higher conductor loss in the microstrip than the low imped-
ance one. The microstrip loss, however, has a minor effect on
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the total loss around a quarter-wavelength. Therefore, we can
deduce that a DRO with a high impedance inverter shows the
enhanced phase noise and higher power than a conventional
DRO with a 50 Q impedance inverter.

I1I. OSCILLATOR DESIGN

A Fujitsu FHX35LG HEMT is used as an active device of
the manufactured.

Two types of oscillators for a satellite payload system were
designed in series feedback topology as shown in Fig. 1. Tran-
sistors are self-biased with resistors connected to the sources of
the transistors. The source and drain impedances were first de-
termined with the embedding network synthesis formula for
the maximum oscillation power, and then the detuning is per-
formed to enhance the phase noise performance.

The source impedance of —;50.4Q is implemented by a
microstrip open stub. The drain impedance of 25.7 — j7.8Q
is realized by using a step impedance inverter. The input im-
pedance looking into the transistor with source and drain im-
pedancesis -39+ ;7.05Q at 9.8 GHz.

For the gate impedance, those oscillators have different
forms. One (Type I) utilizes a conventional resonator network
composed of a DR and a 50 € microstrip line. The other (Type
I0) uses a coupling microstrip inverter with  high characteristic
impedance. This allows for a comparison of the phase noise
performance for oscillators with the different DR coupling
networks. The characteristic impedance of the Type II micro-
strip line is 80 € and the line width is 0.35 mm when imple-
mented on a 0.385 mm-thick TMM3™ substrate. The
unloaded Q of TE,; mode dielectric resonator is 7000 under
the recommended cavity from TransTech. Both oscillators are
self-biased with V.. =8V, R, =50Q, and R, =50Q .
The transistor draws a DC current of about 17mA .

IV. EXPERIMENT RESULTS

The manufactured circuits are tuned to oscillate around 9.8
GHz by slightly adjusting a tuning screw. The position of a DR
is fixed approximately at the vicinity of the quarter-wavelength
from the gate of the transistor. It is well known that the phase
noise and oscillation power are sensitive to the gap between
DR and the coupling microstrip, which is empirically deter-
mined for an oscillator to show the best phase noise perform-
ance.

The phase noise is measured by a spectrum analyzer
(Agilent—8563E) with a condition of a 10kHz resolution
bandwidth. Type I and Type II oscillators show phase noise
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characteristics of —102.2 dBc/Hz and —116.2 dBc/Hz at
100kHz offset frequency, respectively. Figure 4 shows the
measured power spectrums of the manufactured oscillators.
The comparison of the manufactured oscillators is summarized
in Table I. The oscillator with the DR coupled by a high im-
pedance microstrip inverter (Type II) gives a 14-dB improve-
ment in phase noise compared with Type I. The improvement
in phase noise can be explained by the Kurokawa’s phase noise

model.
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Fig. 4. Comparison of phase noise measurements of Type I and
Type II oscillators.

Table I. Comparison of a conventional DRO and the proposed one.

A Conventional DRO | The Proposed DRO
Parameters
Type 1 Type I
Oscillation Frequency 9.788641 GHz 9.781124 GHz
Output Power 5.33 dBm 8.5dBm
DC current 17 mA 18 mA
Phase Noise @ 100kHz -102.2 dBc/Hz -116.2 dBc/Hz

A modification of Kurokawa’s phase noise model for the os-
cillator with a high Q resonator can be written as [2] :

M

where |e| is the internal noise source and |A0| is the ampli-

tude of oscillation signal.

From Table I, the measured oscillation amplitude ratio is
1.44, which corresponds to a phase noise enhancement of 3.17
dB from (1). The rest phase noise enhancement is contributed
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to the difference of reactance slope and the DR coupling ratio.
From Fig. 3, the DR with a high impedance inverter gives
steeper reactance slope as well as low loss around the quarter-
wavelength.

The reason that the oscillation power of Type II is higher
than that of Type I is concerned with DR coupling ratio. The
oscillation power increases as the coupling becomes tighter A
80 Q microstrip has a narrower line width than a 50 € micro-
strip, which enables DR to have a tighter coupling with the mi-
crostrip.

V. CONCLUSION

Phase noise reduction of microwave HEMT oscillators by
increasing the characteristic impedance of the coupling micro-
strip has been demonstrated. Compared with a HEMT oscilla-
tor with DR coupled by a 50 € microstrip line, the perform-
ance of the proposed HEMT oscillator shows a phase noise re-
duction by 14 dB. Applying this idea to MESFET or HBT os-
cillators would show a better phase noise performance en-
hancement because these devices have an extremely low

flicker noise [3].
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