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A Si/SiGe HBT Dielectric Resonator Push–Push
Oscillator at 58 GHz
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Abstract—In this letter, we present a dielectric resonator
push–push oscillator at 58 GHz. The microstrip circuit is fab-
ricated in hybrid thin-film technology on a 10 mil Alumina
substrate. Flip–chip bonded Si/SiGe HBT’s are used as active
devices. A maximum output power of 8 dBm and a phase
noise of 105 dBc/Hz at an offset frequency of 1 MHz have been
measured. At a lower output power of 14 dBm an optimum
phase noise of 112 dBc/Hz has been achieved. The mechanical
tuning range of the oscillator is approximately 500 MHz.

Index Terms—Dielectric resonator, microstrip circuits,
push–push oscillator, SiGe HBT.

I. INTRODUCTION

L OW PHASE noise signal sources are an important
precondition for future system applications at mil-

limeter-wave frequencies [1]. It has been shown by using the
push–push principle [2], [3] that the usable frequency range
of active devices for oscillator applications can be extended
even far beyond the maximum frequency of oscillation of the
transistor itself [4], [5]. The reason for this result is that in a
push–push oscillator the internal operation frequency is only
half the output frequency. This fact also allows to use com-
mercially available dielectric resonators (DR’s) with resonant
frequencies of up to 30 GHz for millimeter-wave oscillators up
to 60 GHz. In this work, aTRANS-TECH29-GHz resonator
has been used to fabricate a 58 GHz DRO in hybrid thin-film
technology on a 10 mil Alumina substrate. The active devices
are flip–chip bonded onto the substrate to minimize bonding
inductances. Thin-film resistors and beam-lead capacitances
are used as additional passive elements.

II. CIRCUIT PRINCIPLE

In a push–push oscillator, two symmetrical oscillator parts
are operating at half the output frequency with a
phase difference of 180. In an appropriate output network, the
two signals

(1)

and

(2)

Manuscript received December 17, 1999; revised February 16, 2000. This
work was supported by the German Deutsche Aerospace, DASA, and the
German Bundesministerium für Bildung und Forschung under Contract 01 M
2980.

The authors are with the Lehrstuhl fuer Hochfrequenztechnik, Technische
Universiteat Muenchen, Muenchen D-80333, Germany.

Publisher Item Identifier S 1051-8207(00)04030-7.

Fig. 1. Equivalent circuit of the dielectric resonator with two coupling lines.

with the phase difference

(3)

are added. This results in the output signal

(4)

In (4), the odd multiples of the frequency cancel out and
the even multiples are added constructively. It is obvious that
(3) is crucial for the proper operation of the circuitry. There
are, however, several possibilities to enforce this odd mode of
operation [3], [4], [6], [7]. Furthermore, equal amplitude values

and, therefore, absolute symmetry of the two network parts
is required to achieve a good suppression of the fundamental
signal.

In the case of a DRO, the phase difference is assured by cou-
pling the resonator to two parallel microstrip lines [3], [8]. The
magnetic field at the fundamental resonance shows a radial sym-
metry. Therefore, two transmission lines at two opposite sides
of the resonator are coupled with equal magnitude and opposite
sign, i.e., with the required phase difference.

III. RESONATORMODELING

For the CAD of the oscillator, a model of the resonator is
required that reflects the odd coupling of the two microstrip
lines. Therefore, the RLC-equivalent circuit of the resonator is
extended with two ideal transformers with response ratios of

and , respectively (Fig. 1). Since the trans-
formers are only used to reflect the odd coupling of the two lines,
a value of is assumed.

The validity of this equivalent circuit has been verified. The
coupling of the resonator both to one and to two microstrip lines
has been calculated using the electromagnetic field simulator
HP HFSS. Although we found that the resonant frequency in the
two line case increases about 100 MHz with respect to the one
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Fig. 2. Layout of the 58 GHz Oscillator.

Fig. 3. Layout of the symmetrically modified rat race coupler.

line case, the standard element values for the equivalent circuit
R, L, C, (provided by the manufacturer) could be used.

IV. A CTIVE DEVICE MODELING

Si/SiGe HBT’s, fabricated at the Daimler Chrysler Research
Center, Ulm, Germany, have been used as active devices. The
double mesa HBT’s have two emitter fingers with an active area
of m . They show maximum values of approximately

GHz and GHz. A complete large-signal
modeling has been done using a VBIC model, where additional
parasitic elements have been added [9], [10]. The model param-
eters are extracted from dc and-Parameter measurements. For
the modeling of parasitic elements, additional open and short
dummy structures have been used.

V. CIRCUIT DESCRIPTION

Fig. 2 shows the layout of the entire oscillator circuit with the
geometrical dimensions of approximately mm . On the
left side, a beam-lead capacitor decouples the output line from
the active circuitry. Then, a modified rat-race coupler is used
as a power combiner (Fig. 3). This element is designed to have
high transmission and from the inputs to the output at
58 GHz. Additionally, it must be symmetric with respect to the
two inputs in order to maintain symmetry of the two oscillator
half circuits. As a result, the fourth input of a typical rat-race

Fig. 4. Spectrum of the oscillator signal at 58 GHz.

coupler is omitted. This type of combiner shows slightly higher
transmission compared to a Wilkinson combiner and, therefore,
is preferred for our application. Additional stubs at the internal
output lines are used to improve isolation at 29 GHz. The res-
onator is coupled to the two transmission lines on the right side
of Fig. 2. The lines are terminated with 50loads to avoid par-
asitic reflections. The ground of these resistors is provided by

stubs at 29 GHz. Then, at 58 GHz the lines are effectively
terminated with open circuits, and the power at 58 GHz is re-
flected. The third terminal of the transistors, in this configura-
tion the base terminal, is connected to open transmission lines to
add positive feedback, i.e., to increase instability of the devices.
Finally, the bias network uses mainly 58 GHz stubs and proper
positioning of the bias lines to decouple dc and ac signals.

VI. EXPERIMENTAL RESULTS

Several microstrip oscillator circuits were fabricated in
thin-film technology on 10 mil alumina substrates. Measure-
ments were performed using anHP 71 000modular spectrum
analyzer and appropriate harmonic mixers. Fig. 4 shows a
typical measured output spectrum. The oscillation frequency
is approximately 57.4 GHz with a mechanical tuning range
of about 500 MHz, i.e., from 57.4 to 57.9 GHz. As expected,
we found a dependence of the output power at 58 GHz on
the length of the transmission line between the resonator and
the terminating 50 resistors. A maximum power of 8
dBm was achieved with a phase noise of105 dBc/Hz at an
offset frequency of 1 MHz. According to circuit simulations,
considerably more output power could be expected from future
designs using six finger HBT’s instead of the two finger devices
used in this work. Experimentally, we found a trade off between
output power and phase noise. At a moderate output power of
about 14 dBm, we measured a single sideband phase noise of

86 dBc/Hz and 112 dBc/Hz at offset frequencies of 100 kHz
and 1 MHz, respectively. For these measurements anHP 3048
phase noise measurement system was used. Suppression of the
fundamental signal at 29 GHz simultaneously was measured
to be 17 dBc. Table I compares the results of this work to
previously published data of similar oscillators. The output
power we achieved is relatively low. However, this problem
can be overcome using larger devices in future designs. The
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TABLE I
COMPARISON OFPUBLISHED DATA OF MM-WAVE OSCILLATORS

measured phase noise values are comparable or better than
similar oscillators using GaAs- or InP-based HEMT’s and
HBT’s as active devices.

VII. CONCLUSION

The push–push oscillator principle allows to use commer-
cially available dielectric resonators with resonance frequencies
up to 30 GHz for millimeter-wave oscillators up to 60 GHz. An
equivalent circuit for a DR coupled to two microstrip lines, ver-
ified by electromagnetic field simulations, has been given. A
58 GHz hybrid DRO has been presented. A maximum output
power of 8 dBm with a phase noise of105 dBc/Hz at an
offset frequency of 1 MHz has been achieved. An optimum
phase noise of 112 dBc/Hz at an offset frequency of 1 MHz has
been measured at an output power of14 dBm. The mechanical
tuning range of the oscillator is approximately 57.4–57.9 GHz.
The presented results clearly demonstrate the suitability of the
push–push technique for the design of millimeter-wave DRO’s
using SiGe HBT’s.
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