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A 60-GHz Fully Integrated CMOS Sub-Harmonic
RF Transceiver Front-End with Integrated
Artificial-Magnetic-Conductor (AMC) On-Chip
Yagi-Antenna and Balun Bandpass-Filter For Very-
Short- Range (VSR) Gigabit Communications
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A 60-GHz millimeter-wave (mm-wave) CMOS sub-harmonic RF
transceiver with an integrated on-chip artificial-magnetic-conductor
(AMC) Yagi-antenna and a balun-bandpass-filter (balun-BPF) fabricated
in 90-nm technology is presented. As shown in fig. 1, the proposed
mm-wave RF transceiver consists of an on-chip AMC Yagi-antenna, a
balun-BPF, a high isolation T/R switch, a power amplifier (PA), a low-
noise amplifier (LNA) and a single-balanced down-conversion sub-
harmonic mixer (SHM) combined with an active balun. The Yagi-
antenna with a high directivity pattern is adopted in on-chip antenna
design. The AMC structure on the CMOS bottom metal (M1) can act as
a perfect magnetic conductor (PMC) when resonant to render a high
impedance surface. The high impedance surface can reduce the EM
field induced in the lossy substrate and improve the loss (which will
increase the antenna efficiency from 5 to 15%). Also, the constructive
interference is occurred due to the PMC boundary condition of AMC at
resonant frequency. From these two characters of the AMC structure,
the CMOS on-chip Yagi-antenna power gain can then be increased
from -12.5 to -7.5 dBi. The CMOS 180° -phase difference balun-BPF
integrates the design of balun and RF BPF to reduce the chip size and
the insertion loss. A simplified single-pole double-throw (SPDT) T/
R switch with the leakage cancellation technique is used to increase
the isolation between the Tx and Rx ports. The leakage cancellation
technology with two transistors and two 90-degree phase shifters is
used in this switch design in which the leakage signal is reduced by
propagating through two similar paths with 180" phase difference.
The class-A PA is utilized to achieve high linearity and power gain. The
three-stage cascode configuration is adopted to maximize the power
gain in order to relieve the burden of pre-stage circuit. In LNA design, a
2-stage cascode structure with a common-source (CS) buffer amplifier
is adopted. A microstrip line inductor is inserted in each cascode
structure for noise reduction. A bottom-LO single-balanced down-
conversion SHM with an active balun is adopted to down-convert the
receiving signal. It can operate at low supply voltage and thus reduce
the power consumption. Since the 2f 5 signal can be obtained at
the common-drain node of the switching pair by utilizing nonlinear

effect, the design complexity of the oscillator can be reduced. Two
Marchand baluns are integrated into the mixer at the RF and LO input
nodes to provide differential signals. The active balun combines the
differential output IF signal buffered by a CS amplifier. The probe-
station based on-wafer continuous wave (CW) wireless transmission
test is conducted (R =1 m). The measured total transmitting gain G, ..,
and receiving conversion gain CG,,,x, of the integrated RF transceiver
are about 5 dB and 10.1 dB at 60.1 GHz, respectively. The effective
isotropic radiation power (EIRP) of the integrated transceiver (with on-
chip antenna) is about -18.4 dBm under the PA input power of -23
dBm. In the digital-modulation transmission test, the maximum data
rate of the RF transceiver in T6QAM mode at a 50-cm wireless link has
been investigated from error vector magnitude (EVM) measurement.
The presented integrated mm-wave RF transceiver will be very useful
for the design of a 60 GHz fully integrated CMOS single-chip radio for
very-short-range (VSR) wireless gigabit communication applications.

Balun-filter

AMC
Yagi
Antenna

i B s EaEom

Fig.2 > A 60-GHz fully integrated MM-wave CMOS sub-harmonic
RF transceiver front-end with integrated artificial-magnetic-
conductor (AMC) on-chip Yagi-antenna and balun bandpass-
filter (chip size= 1.5 X 2.34 mm?2)



