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Preface

In this book, circuit techniques pertinent to low power CMOS integrated radio
design compatible with IEEE 802.15.6 standard are presented. Low power radios
are in increasing demand with the advent of an era of the “Wireless Body Area
Networks” and “Internet of Things”. The performance of the proposed techniques
have been verified by fabricating them in two standard CMOS processes: TSMC’s
65 nm and IBM’s 130 nm process. These designs are compatible with all the
channels defined in IEEE 802.15.6 standard in the frequency range of 2.36–
2.484 GHz.

First, an IEEE 802.15.6 compliant 2360–2484 MHz multiband transmitter is
presented that digitally multiplexes the appropriate phases from an 800 MHz poly-
phase filter output to generate π /4 DQPSK signals at 2.4 GHz using injection
locking. Modulation at one-third the RF frequency reduces the transmitter power
consumption and enables channel selection using an integer N PLL running
at 800 MHz. The modulation technique does not require phase calibration and
resolves the problems of traditional injection lock-based modulators. The prototype
transmitter implemented in IBM’s 130 nm technology consumes 2.4 mW while
delivering −10 dBm RF power at the TX output resulting in an energy efficiency
of 2.5 nJ/bit at 1.2 Mbps raw data rate. The measured RMS EVM for π /4 DQPSK
modulation is 3.21%.

Second, a 2.3–2.5 GHz low power low-noise 0.7 V mixer-first RF frontend
for an IEEE 802.15.6 narrowband receiver is presented which uses frequency
translated mutual noise cancellation based on passive coupling. Unlike traditional
noise cancelling techniques, we perform symmetrical noise cancellation of a fully
differential structure where each path cancels the noise of the other at IF. This
prototype design realized in TSMC’s 65 nm CMOS tackles the noise figure and
power consumption problems of sub-1 V mixers. The figure of merit (FOM) is 10 dB
higher, and the power consumption is 194 μW which is 0.5× lower than the state of
the art. The local oscillator (LO) power used is only −14 dBm.

Third, a 0.7 V low power LNA combines a 1:3 frontend balun with dual-path
noise and nonlinearity cancellation for improved noise performance at low power. In
traditional techniques, only the noise of the main path is cancelled, while the noise
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of the auxiliary path is minimized by using high power. In the proposed design,
the noise and nonlinearity of both the main and the auxiliary paths are mutually
cancelled, allowing for low power operation. The 2.8 dB NF −10.7 dBm IIP3 LNA
in TSMC’s 65 nm GP process consumes 475 μW of power resulting in an FOM of
28.8 dB which is 8.2 dB better than the state of the art.

Finally, we present an 802.15.6 compliant 2.36–2.484 GHz multiband transceiver
that uses an energy-efficient programmable digital power amplifier on the transit
side and a zero power passive voltage gain frontend using a 1:3 balun on the receive
side to achieve low power operation. A seventh harmonic injection locked oscillator
and zero power passive polyphase filter generate the phases at 2.4 GHz required
for phase modulation on the transmit side and for LO generation on the receive
side. This enables channel selection using a 342.86 MHz PLL, i.e., at one-seventh
of the RF frequency of 2.4 GHz to result in low power consumption. The prototype
transmitter consumes 1.48 mW of power while delivering −9.47 dBm output power
resulting in an energy efficiency of 1.52 nJ/bit at 971 kbps data rate. The measured
RMS EVM for π /4 DQPSK modulation is 5.68%. The prototype receiver consumes
1.29 mW of power resulting in an energy efficiency of 1.32 nJ/bit while achieving
a receiver noise figure of 10.2 dB and an IIP3 of −24.1 dBm. This design does not
use offchip inductors.

Hillsboro, OR, USA Mustafijur Rahman
Minneapolis, MN, USA Ramesh Harjani
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