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A 90-100 GHz Millimeter-Wave Single-Mixer RF
Transceiver in 90 nm CMOS Technology
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This work proposes a 90-100 GHz bidirectional RF front-end
transceiver fabricated in 90-nm CMOS technology, in which
the circuit complexity is reduced through the use of a
single-mixer architecture. In general, if some of the circuit
blocks of the fransmitter (TX) and receiver (RX) chains can
be shared, the opportunity exists to operate the transmitting
and receiving modes in a fime-division duplexing manner.
For ‘bidirectional RF transceivers (especially those with a
large transceiver array), such an opportunity yields several
important practical advantages, including a lower power
consumption and a smaller chip size. As shown in fig.2, the
single-mixer RF fransceiver consists of two transmit-receive
(T/R) switches, a power amplifier (PA),a low-noise amplifier
(LNA), and a bidirectional sub-harmonic mixer. A T/R switch
with the traveling wave technique is used for wideband
response and low insertion loss, the traveling-wave concept
is applied by adopting a distributed transmission line structure
with shunt transistors. Each switch consists of two tfravel-
ing-wave single-port single-throw (SPST) switches and two
quarter-wavelength transmission lines. In order to further
improve the insertion loss and power performance, the body
floating or negative gate/body-biasing fechniques are
implemented. The quarter-wavelength transmission line forms
an impedance transformer to transform the isolated terminal
intfo high impedance and also the TX-RX isolation can be
enhanced. The class-A PA is utilized to achieve high linearity
and power gain. The five-stage cascode configuration is
adopted to compensate for the conversion loss produced
by the resistive mixer. using a cascode topology since such
a structure provides a higher power gain and an improved
reverse isolatfion. In order to compensate the gain degradation
at higher frequencies, positive feedback is employed to
enhance the effective fransconductance of the common-gate
fransistor and to improve the gain of the cascode configuration.
To achieve a broadband gain performance. The
impedance-matching is composed of each driver stages
designed fo the different part of the band. The LNA is also

designed a five-stage cascode structure in cascade to
amplify the small input RF signal to minimize the overall NF of
the RX chain and balance the conversion loss of the resistive
mixer. The gain of the LNA is further improved through the use
of gain-boosting fechnology. the LNA circuit employs a noise
reduction approach in the first and second cascode amplifier
stages to improve the NF performance. In particular, an
inductor is placed in series between the common-source and
common-gate stages fo resonate out the parasitic
capacitances and form relatively high impedance at the
intfer-stage node. For the mixer design, the single-ended
sub-harmonic resistive mixer consisting of one fransistor and
four different types of filters. The transistor is constructed in a
common source sfructure biased at zero voltage and the
LO signal is fed to the gate through a band-pass filter (BPF).
The time-variant channel resistance is modulated by the LO
signal which mixes with the IF or RF signal at the drain to
achieve up or down conversion, respectively. As a single-ended
topology is adopted to achieve bidirectional operation, the
port-to-port isolation performance is inevitably degraded
compared to that of a double-balanced configuration.
Hence, the filters in the mixer are designed to improve the
isolation. In the TX mode, the fransceiver has a maximum
conversion gain of 2.88 dB at 94.1 GHz and a 3-dB bandwidth
from 90 to 103 GHz. Moreover, the 2LO-RF leakage is less
than -20 dBm over the 3-dB bandwidth. In the receiving (RX)
mode, the maximum conversion gain af 94.1 GHz is 11.71 dB
and the 3-dB bandwidth extends from 91 to 102 GHz. The
minimum noise figure (NF) is 11.01 dB at 95.1 GHz. Finally, the
total dc power consumption is 245 mW (TX:143 mW; RX:102
mW) and the overall chip size is 1.37 mmx 0.716 mm including
the pads. The presented 90-100 GHz integrated bidirectional
RF fransceiver will be very useful for future 5G NR mmWave
communication and loT applications. Also, it can be applied
to 3-D imaging radar for conceal weapon detection.
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