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Abstract

With the rapid development of IC (integrated circuits)
fabrication processing and wireless communication
technology, the implementation of a multi-standard, low-cost
and fully integrated RF transceiver has become certainly the
trend of development. The frequency synthesizer is a key
building block in the RF transceiver. It is the determining
factor of the overall performance of transceiver, and is also
the biggest obstacle for its monolithic implementation. Due to
the S-A fractional-N frequency synthesizer completely
overcomes the tradeoffs between loop bandwidth and channel
spacing, and it can obtain a finer frequency resolution, lower
phase noise and faster frequency switching, the more and
more attentions have been put on it by the system designer
recently.

In this dissertation, the conventional techniques of
frequency synthesis in wireless communication system are
briefly reviewed, and the design methods of high
performance 3 - A fractional-N frequency synthesizer are
investigated. Several novel techniques are proposed to tackle
the speed and integration bottlenecks of high-speed PLL.

In order to overcome the disadvantage of traditional
frequency divider, a new type of CMOS high-speed multi-
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modulus frequency divider is implemented, which is very
suitable for the application of fractional-N frequency
synthesizer. Comparing with the traditional frequency
divider, it has the merits of high flexibility, high reusability
and short design time. A capacitive scaler is proposed to
reduce the chip area occupied by the large capacitors in the
loop filter, thus an on-chip third-order passive filter is
implemented. The key issue in the design of fractional-N
frequency synthesizer is to eliminate the spurious tones come
from fractional division. For this reason, the noise shaping
effect of different X - A modulators is analyzed, and a 3 - bit
third-order 3 - A modulation technique as a spur reduction
method to enhance the in-band noise and spur performance of
synthesizer is proposed. Furthermore, the phase noise theory
of LC VCO (voltage controlled oscillator) is thoroughly
discussed, and the design techniques of spiral inductor and
varactor are presented. Based on the analyzing and
summarizing of the methods of improving their Q factor, a
CMOS differential low phase noise LC-VCO is designed.

The design techniques of other building blocks in the
frequency synthesizer, such as charge pump, phase/frequency
detector, locking detector and etc are also discussed in this
dissertation. A prototype of fractional-N frequency
synthesizer is designed and fabricated in 0. 25 pm CMOS
technology. The measurement results show that the all
specifications of this proposed frequency synthesizer achieves
the design target, and it can be used widely in the most of
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2.4 GHz RF applications including cordless phone, Home-
RF, WLAN, Bluetooth, Zigbee and etc.

The innovative contributions of this dissertation are as
follows. Firstly, a novel CMOS high-speed multi-modulus
programmable frequency divider is proposed, thus the speed
bottleneck of frequency synthesizer has been overcome.
Secondly, a capacitive scaler is developed, by which the large
capacitors in the passive filter can be easily integrated on the
chip. Finally, in order to meet the requirements of proposed
multi-modulus frequency divider, a third-order digital 3 - A
modulator with 20 - b input, 3 - b output is designed and
implemented.

Key words  Fractional-N frequency synthesizer, CMOS,
- A modulator, high-speed multi-modulus frequency divider,
PLL. .
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