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Abstract

In recent years all-digital or digitally-intensive RF transmitters (TX) have
attracted great attention in both literature and industry. The motivation is
to implement RF circuits in a manner suiting advanced nanometer CMOS
processes. To achieve that, information is encoded in the time-domain rather
than voltage amplitude. This enables RF design to also benefit from CMOS
process scaling. In this thesis an improved architecture of a digitally-intensive
transmitter is proposed and validated experimentally. The techniques to lower
oscillator phase noise and all-digital phase-locked loop (ADPLL) quantization
noise are discussed and proved by both simulation and measurements.

The impact of device sizing on 1/f^2 phase noise is analyzed and validated
by measurements. Seven oscillators in 180-nm CMOS with the same LC-
tank, operation frequency and power consumption but different core device
width are compared. The conclusion clarify the different suggestions on device
sizing in the literature. It is illustrated that tail noise contribution is strongly
positive dependent to core device sizing, while the contribution of core devices
themselves is weakly dependent. Measurements demonstrate that there is a 14-
dB phase noise increase when sizing core devices from 40 um to 280 um in the
case of noisy tail current. If tail current is clean, the increase is only 4 dB.  For
1/f^3 phase noise, the investigation reveals that the capacitance modulation is
the dominant factor accounting for the 1/f or flick noise up-conversion, which
is proved by measurements of 180-nm CMOS designs.   A class-C oscillator
with ensured start-up and constant amplitude is presented. It achieves a 3.9-
dB phase noise reduction in theory and 5-dB reduction in measurements,
compared to a conventional LC-tank oscillator operating at the same frequency
and power. With the help of a digital bias voltage and bias current control loop,
a 191 Figure-of-Merit (FoM) is achieved, showing the ability for low power and
noise application.   The previous oscillator optimization techniques have been
applied in designing a digital controlled oscillator (DCO) for an ADPLL. A fine
tuning varactor is proposed to reduce quantization noise, achieving a frequency
step of only several hundreds Hz. In order to measure this small frequency step
when the DCO is free-running, a method based on the narrow-band frequency
modulation (FM) theory is proposed. The ADPLL wide-band FM is fulfilled by
using a digital two-point modulation so that the modulation bandwidth is not
limited by the ADPLL loop dynamic.

Finally an all-digital polar TX is proposed based on an improved
architecture. The ADPLL is used for FM while a one-bit low-pass Sigma
Delta modulator using the phase modulated ADPLL output as the clock
accomplishes amplitude modulation. A simple AND gate is adopted to increase
the fundamental power as mixers. A class-D power amplifier stages diliver 6.8-
dBm power to antenna through a on-chip band-pass pre-filter. The filter also
acts as single-ended to differential-end conversion and matching network.
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