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Phase noise on a local oscillator signal is detrimental to any radio system

* Reference piezoelectric oscillators are limited in frequency to a maximum of 100 MHz and
high frequency LO’s based on DRO’s are usually available up to 30 GHz.

 Deriving GHz range signhals from this reference requires frequency multiplication or
synthesis. However, the multiplication process increases the phase noise of the output
signal according to 20 log of the multiplication factor and complexity of the circuits

* The ultimate goal is to demonstrate electromagnetic bandgap resonators can be utilized for
application in high frequency oscillators with great benefits in obtaining high Q-factor and
therefore low phase noise
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Floating Zone - High Resistivity Silicon from TopSil Global Wafers S/A

» Losses are both ohmic and dielectric leading to an reciprocal frequency dependence of the losses
« Standard material with resistivity up to 70 kQ.cm, neutron irradiated material up to 416 kQ.cm
* Above 35 GHz, the irradiated Silicon has the lowest loss than other dielectric materials (at room

temperature)
« Strong/Steep increase in loss tangent above room temperature, moderate increase for the dielectric
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o0 IMS L5 Resonator

« Simulated / Measured Q,, = 54,000 / 74,000
« Simulated / Measured I;,,c = -6 dB / -14 dB

« Shiftin frequency of 0.15 % (300 MHz @ 45 GHz)
* Note the large 60 dB plot range = shows confinement to silicon
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L5 Resonator Diagrams
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o IMS | ow Filling Factor Resonator

Simulated / Measured Q,, =89,400 / 108,300
Simulated / Measured I;,;; =-7.2dB /-5.8 dB
Shift in frequency of 1.3 % (620 MHz @ 45 GHz)
E-field strongly confined in the slot region
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Low Filling Factor Resonator Diagrams -

Engineered low dielectric filling factor mode
Photonic crystal confines energy to air slot
Dielectric filling factor ~47%
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o IMS Oscillator Layout
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o First Stage Amplifier of
e Balanced Power Amplifier ¢ % )
e Coupling Amplifier ’ 0 e
e Electrical Phase Shifter
EEDEEEEM ﬁ
GND Vdc Vdc GND GND GND GND GND
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Oscillator performance using the low filling factor resonator

« -10°C used as operating temperature (no significant phase noise improvement below that)
* Qutput Frequency = 45.77 GHz

e Qutput Power =-1.2 dBm

» Electronic (varactor) tuning range = -239 KHz (4.9 ppm @ 45 GHz)

 Power consumption = 215 mW

e Size & Weight = 157 x 88 x 29 mm / 442 grams

SSB Phase Noise @ -10 °C SSB Phase Noise -40°C to +22°C
100 Hz -514 -58.2 - -53.2
1 KHz -93.5 -94.3 -945 -94.0 -89.5
10 KHz -120.3 -120.3 -120.3 -119.1 -114.7

100 KHz -145.6 -1423 -142.6 -143.7 -1364

1 MHz -151.2 -150.1 -151.0 -150.7 -148.7

10 MHz -155.8 -153.2 -152.4 -152.0 -145.2
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Different state-of-the-art technology oscillators
All SSB phase noise figures normalized to 45 GHz

. Single Side Band Phase Noise
- mmrwave VCO (this work)
-20 - 018 um CMOS Quadrature VCO
x
B Tunable DRO
-40 " Quad SiGe HBTVCO
-6 0 i \WGM Optoelectronic Oscillator
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« Successfully demonstrated high performance millimetre-wave oscillator based on EBG resonator
operating directly in fundamental mode at 45 GHz

* A break-through in terms of performance achieving best-in-class phase noise values at 45 GHz;
achieved resonator Q-factor of 108,300 never reported before (for room temperature and planar
geometry)

Future Steps

* Increase the technology readiness level (TRL) to demonstrate critical functions in relevant
environment

« Technology scalable to operate at higher frequencies (up to about 90 GHz)

 Address the frequency drift by employing alternative materials for the resonator which are less
temperature dependent, and/or thermally regulate the oscillator
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