














V. CONCLUSION

Millimeter-wave FD can offer wide bandwidths with in-

creased spectral efficiency and can be used in many applica-

tions ranging from small-cell 5G base-stations, backhaul and

FMCW radar to wireless links for virtual reality. However, the

SI from the transmitter to its own receiver poses a tremen-

dous challenge and novel millimeter-wave SI suppression

techniques are required. This paper reviewed recent research

efforts on millimeter-wave FD and SI suppression techniques

at Columbia University, specifically the first 60GHz FD

CMOS transceiver and 25GHz fully-integrated magnetic-free

non-reciprocal passive circulator. Topics for future research

include techniques to improve the power handling of integrated

non-reciprocal circulators, novel integrated antenna tuners for

millimeter-wave non-reciprocal circulators, and demonstration

of millimeter-wave full-duplex operation within phased arrays.

Device stacking techniques that have been investigated in SOI

processes for T/R switches as well as PAs can be explored to

improve the power handling capability of on-chip circulators.

Bootstrapping is another technique that can be used to improve

the linearity and power handling of switch-based circulators.
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