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Photonic-based generation of 

microwave signals has reached a point where 
close-to-carrier phase noise levels rival the 
highest-performance electronic sources (1). 
Also, all-optical, compact microwave sources 
are available commercially (2). It seems 
possible that photonic sources will ultimately 
replace high-performance electrical sources, 
and one day be integrated with electrical 
control circuits to create complex microwave 
and millimeter-wave systems on a chip.  
Photonics-based solutions address a critical 
scaling problem in electronics, the increase of 
attenuation with frequency. A second scaling 
challenge, however, is to maintain low phase 
noise in reduced form factor and even 
integrated systems.  On this front, photonics 
has made remarkable progress particularly in 
the area of resonant devices that provide large 
storage time (high optical Q).   Progress in 
two areas is described here. In the first, high optical coherence Brillouin lasers on a chip 
are discussed. Low phase noise microwave signal generation is described using these 
devices. The use of fiber Brillouin lasers for microwave generation has lead to impressive 
performance results (3,4) and the present work represents the first time this technique has 
been transferred to a chip (5-7).  Second, a novel spiral reference cavity with low, 
thermo-refractive noise is described (8). The target application of this device is all-optical 
synthesis of microwave radiation using optical frequency division (1) combined with 
frequency microcombs (9). 
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Optical micrograph showing a spiral 
reference cavity designed to suppress 
thermo-refractive noise (8). 
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