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4-2-6 Microwave Band Modulation Oscillators and Tunable Laser Chips for
Ultraminiaturization of Atomic Clocks
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In this paper, we propose key approaches to manufacturing cost reduction in the microfabri-
cated atomic clock. One is the development of Vertical Cavity Surface Emitting Laser (VCSEL) for
atomic clocks, which are designed so that the laser cavity length can be controlled by an electro-
static actuator, allowing offsets from the targeted center wavelength to be compensated even in
post assembly. It can be made possible to skip the screening process which is the main cause of
the increasing cost of laser chips. In addition, the atomic clock oscillator utilizes thin-film bulk acous-
tic resonators (FBARS) to increase circuit integration. By designing under the conventional legacy
process, where linewidth is larger than 150 nm, we successfully made it operate in the 3 GHz band
for both balanced and unbalanced outputs.
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