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Abstract

The Phase-Locked Loop (PLL) is commonly used for frequency synthesis in RF trans-

ceivers. It can be implemented in two architectures, namely, fractional-N and integer-

N. In this thesis, the integer-N architecture is chosen due to its suitability for frequency

planning.

Here, a PLL with a low noise output is important to ensure signal purity. There are

two dominant noise sources in a PLL, namely, phase noise and periodic noise. In the

integer-N PLL, periodic noise is also referred to as a reference spur, where the noise

gives rise to multiple reference frequency offsets at the PLL output. Of these two noise

sources, this thesis is focused on the analysis and suppression of reference spurs. It is

because less work has been carried in the literature regarding spurs, and phase noise

is better studied. The main factors underlying reference spurs are discussed. These

factors are mainly from the charge pump and phase/frequency detector (PFD) circuit

non-idealities, namely, PFD delay, charge pump current leakage, charge pump current

mismatch, and rise and fall times characteristic of the charge pump current.

Reference spur magnitude can be predicted via a transient analysis. The simulation is

time consuming, as the reference spur magnitude can only be captured after the PLL

in its locked state. Therefore, the simulation period has to be set long enough to en-

sure enough data can be obtained to read that state. In this thesis, a reference spur

mathematical analysis is presented to accurately estimate the reference spur magni-

tude. In the analysis, all the circuit non-idealities that contribute to the reference spur

are considered. Circuit parameters required in the mathematical analysis can be ob-

tained from transistor level simulation for each circuit. As the simulation for each cir-

cuit can be carried out separately, a large amount of simulation time can be saved. The

proposed mathematical analysis also can be used to determine the major contributing

factor to the problem of reference spurs.

The reference spur also can be estimated via behavioural modelling simulation. Behav-

ioural modelling of the PLL using Simulink is presented in this thesis. Each PLL com-

ponent is modelled separately, and circuit non-idealities contributing to the reference

spur are included in the behavioural model. In addition to reference spur estimation,

ix



Abstract

the PLL behavioural model also can be used to visualise the dynamic behaviour of the

system.

Results from the spur analysis show that a slight mismatch current in the charge pump

helps to improve the reference spur performance. This thesis presents an analysis

to determine an optimum charge pump current ratio for reference spur suppression,

which is caused by the charge pump current mismatch and the switching delay. Fur-

ther, a ratioed current charge pump circuit is proposed to replace the conventional

charge pump circuit for a reference spur performance improvement. This spur sup-

pression technique is implemented using a 180 nm SiGe BiCMOS technology for per-

formance evaluation.
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