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Abstract— This letter presents a radio frequency microelectromechanical systems (RF-MEMS) tuned cavity oscillator
for X-band. The active part of the oscillator is implemented in
GaN-HEMT MMIC technology. The RF-MEMS-switches are
realized on a quartz substrate that is surface mounted on a low
loss PCB. The PCB is intruded in an aluminum cavity acting
as an electrically moveable wall. For a three-row RF-MEMS
setup, a tuning range of 5 % around an oscillation frequency
of 10 GHz is demonstrated in measurements. The phase noise
is as low as −140 dBc/Hz to −129 dBc/Hz at 100 kHz from the
carrier, depending on the configuration of the RF-MEMS.
Index Terms— Cavity, GaN HEMT, oscillator, phase noise,
radio frequency microelectromechanical systems (RF-MEMS).

I. I NTRODUCTION

T

UNABILITY and reconfigurability in frequency are
crucial in communication systems. Modern radio equipment is often generic products where software is used for
sub-band selection. This sets requirements on the hardware
in terms of flexibility, beside constraints in terms of low
weight, volume, and low cost. For oscillators it is a particular
challenge to achieve wide tuning range with maintained phase
noise performance. Low phase noise oscillators are required
for more advanced modulation schemes and higher data rates.
The near-carrier phase noise is determined by the unloaded
quality (Q) factor, and the power coupled to the resonator [1].
Examples of available techniques for electric reconfigurations are switchable cap-banks or varactors. These elements
are usually degrading the unloaded Q-factor of the resonator.
Solutions with varactor diodes for switching is reported in [2],
but has a disadvantage of high loss and linearity problems at
microwave frequencies. Substrate integrated waveguide (SIW)
and cavity resonators with integrated varactor diodes have been
demonstrated in [3] with a tuning range of 10-15 % but with
moderate unloaded Q-factor around 100-200.
Today, micro machined technology, e.g., RF-MEMS, is of
extensive interest. In [4] an RF-MEMS varactor was used
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to tune the electric field inside a ridged cavity about 10 %
around 5 GHz, with a measured unloaded Q-factor of 500-800.
Similar results for a 13 GHz cavity with RF-MEMS varactors
are reported in [5]. In [6], a capacitive RF-MEMS shows
very good tunability around 5 GHz with unloaded Q-factor
of 300 to 500.
This work demonstrates a low-phase noise X-band oscillator
tuned by ohmic cantilever RF-MEMSs integrated in a metal
cavity. The ohmic cantilever RF-MEMS is a good choice due
to high power capability and relatively low loss. The same
type of MEMSs have previously been used in high-Q tunable
waveguide filters [7]. The oscillator reported in this letter is
a further development of the state-of-the art cavity oscillator
reported in [8]. This work demonstrates that tuning functionality can be added without severely degrading the phase noise.
II. B UILDING PRACTICE AND MEMS INTEGRATION
The ohmic cantilever RF-MEMS-switches are processed at
FBK (Fondazione Bruno Kessler). Key parameters for this type
of RF-MEMS are high power capability, high linearity, and
relatively low loss. They are processed on a low loss quartz
substrate and have electrostatic actuators to be biased at 0 V in
OFF-state and 70 V in ON-state, with cantilever in up-position
and in down-position, respectively.
The dies are mounted on a low loss Rogers’ 5870 substrate,
intruded in an aluminum cavity. In this way an electrically
controlled ground plane is created for one of the cavity walls,
which will set the resonance frequency.
The cavity is fabricated of two blocks, one deep and one
shallow part. The two blocks are clamped together with screws
and with the PCB placed in between. The PCB is 4-layer,
plated with silver and gold on top and bottom. The total height
of the PCB is 800 μm, the relative permittivity εr = 2.2
and the loss tangent is tan δ = 0.0017. The RF-MEMSswitches are mounted in rows on the PCB. Every row has two
MEMS-dies with three switch elements each in serial to
achieve good isolation in the OFF-state. The RF-field will penetrate through the substrate in the OFF-state, and be grounded
in the ON-state. There are large amounts of through-vias on
the PCB to keep the ground plane at the cavity walls intact.
The cavity is placed on top of a 1.1 mm wide exciting
microstrip line on a 0.38 mm thick substrate, placed in a 1 mm
deep and 4 mm wide trench in a brass plate, as was presented
in [8]. This plate also makes the ground plane at the bottom of
the cavity. The cavity wall is thinned where it is crossing the
microstrip trench for minimizing unwanted coupling to the
exciting microstrip line beneath the wall. A CAD drawing,
schematic and layout of the PCB are shown in Fig. 1.
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Fig. 4. (a) Chip photo of the RF-MEMS, size 2970 × 1615 μm. (b) Cross
section.

Fig. 1. CAD drawing of the test fixture, schematic of it and a layout of the
PCB. The dimensions a, b and d define the total volume of the cavity.

Fig. 5.
Simulated and measured reflection coefficients. (a) One row of
RF-MEMSs mounted in middle position. The states (x0x)/(x1x) denote
position and state off/on. (b) Three rows of RF-MEMSs, at all states.
Fig. 2. Photo of the two cavity parts, bottom part to the left, top part to the
right.

TABLE I
M EASURED C OMPARED TO S IMULATED Q-FACTOR AND
R ESONANCE F REQUENCY OF THE R ESONATOR

Fig. 3. (a) Photo of the mounted MEMS in one-row configuration. (b) Photo
of a three-row configuration.

The cavity is designed to resonate in the TE101-mode. The
dimensions, as referred in Fig. 1 are a = d = λg /2 =
20.7 mm while b = λg /4 to assure a maximum margin to other
resonant modes. The resonant frequency of about 10 GHz is
calculated by

 mπ 2  nπ 2  lπ 2
c0
f mnl =
+
+
(1)
√
2π μr  r
a
b
d
The two cavity parts have a ground collar around the
opening, to increase the pressure on the PCB to avoid leakage
and make a well-defined ground connection. The parts are
shown in Fig. 2.
The intrusion depth of the PCB into the cavity and the
position of the MEMS-switches are co-optimized for both
good tuning and phase noise performance. PCBs with different
mounting alternatives for one-row and three-row configurations are shown in Fig. 3 (a,b). Fig. 4 (a) and Fig. 4 (b) show
a chip photo and a schematic cross section, respectively, of
the RF MEMS.
The setup has flexibility to adjust the phase condition by
sliding the cavity along the microstrip line, and perpendicular
to the line for optimization of the resonator coupling. The
RF-MEMSs on the intruded PCB shift the resonance frequency
depending on the switch states.

The MMIC amplifier is designed in a three metal layer
0.25 μm GaN HEMT process from Qorvo. The transistor has
an 8 × 50-μm gate periphery [8].
III. M EASUREMENTS AND CHARACTERIZATION OF CAVITY
The cavity with integrated RF-MEMS switches has been
characterized by two port S-parameter measurements for different MEMS-states, denoted by “0” for OFF, and “1” for ON.
Fig. 5(a) and Fig. 5(b) show measured reflection coefficients
compared to simulations for MEMS cavities with one and
three rows, respectively. The peaks correspond to the used
serial resonances.
TABLE I summarizes the unloaded Q-factor, resonance
frequency and tuning range for the studied setups.
IV. O SCILLATOR PERFORMANCE
The cavity with integrated RF-MEMSs has been connected
to the MMIC reflection amplifier to form the oscillator. The
phase noise of the assembled oscillator is measured by an
FSUP50 signal source analyzer from Rhode & Schwarz.
Fig. 6 (a-d) show the result for the three-row-setup at 100 kHz
for four different MEMS-states versus different Vg /Vd
amplifier bias. The corresponding oscillation frequencies are
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other (YIGs) have better tuning range. In summary, this work
reports a trade-off between phase noise and tuning range, and
thus an excellent tuning figure of merit.
V. C ONCLUSION

Fig. 6. Measured phase noise in dBc/Hz at 100 kHz offset for different
MEMS-states. (a) MEMS state (000). (b) MEMS-state (001). (c) MEMS-state
(011). (d) MEMS-state (111).

A cavity oscillator with integrated RF-MEMS-switches
acting as an electrically moveable wall inside the cavity
has been demonstrated. Depending on configuration of the
MEMSs, the oscillator presents a phase noise in the range
−140 to −129 dBc/Hz at 100 kHz offset from the carrier
frequency that is tuned from 9.84 GHz to 10.33 GHz. To the
authors’ best knowledge this is the best phase noise reported
for a tunable oscillator at X-band. The significantly reduced
phase noise enables more advanced modulation schemes and
higher data rate for future radio communication products.
A future work is to integrate a weakly coupled varactor for fine
analogue tuning and PLL-locking. Techniques for suppression
of electroacoustic resonances are also to be investigated, for
example a PLL-loop with sufficient loop bandwidth may
suppress the resonance.
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