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Fast-Acquisition PLL Synthesizer Using a Parallel
N-Stage Cycle Swallower with Low Power
Consumption and Low Phase Noise

Takahiko Saba, Student Member, IEEE, Duk-Kyu Park, Member, IEEE, and Shinsaku Mori, Member, IEEE

Abstract— A phase-locked loop (PLL) frequency synthesizer
with an V -stage cycle swallower (:VSCS) is one of the fastest fre-
quency switching synthesizers, but the use of the N'SCS results in
high power consumption and phase noise in the UHF band. This
paper elucidates these problems and proposes a fast-acquisition
PLL synthesizer using a novel type of NSCS with low power
consumption and low phase noise. Experimental results confirm
that the use of a parallel NSCS and a prescalar results in greatly
reduced power consumption and phase noise.

I. INTRODUCTION

REQUENCY hopping is a technique for using bandwidth
efficiently by allowing several users to use the same band.
There are two basic hopping patterns: fast hopping, which

That is, a conventional PLL synthesizer generates an out-
put frequency that is an integral multiple of the reference
frequency. A low reference frequency governs the phase
comparison frequency and thus the acquisition time of the
PLL synthesizer. Moreover, the PLL synthesizer suffers from
transients that limit the speed of acquisition [7]. Some methods
for increasing the speed of acquisition have therefore been
proposed [8}-[14].

One is the use of an N-stage cycle swallower (NSCS),
which by removing pulses from the output signal pulse train
of the synthesizer can allow the smallest frequency increment
and the reference frequency to be independent of each other
[11], [12]. A rapid acquisition time is obtained by using a
higher refi e frequency, and the acquisition time of a PLL

makes two or more hops for each symbol, and slow hopping,
which makes two or more symbols for each hop. Although
slow hopping does not serve the purpose of increasing capacity
[1], fast hopping does because of its advantage of applying
diversity. For fast hopping, frequency synthesizers with high-
speed switching are essential.

synthesizer with the NSCS is more than two orders of mag-
nitude faster than that of a conventional PLL synthesizer. The
principle of the NSCS synthesizer is described in Section II.

An even better acquisition performance of the NSCS syn-
thesizer has been attained by using multiple loop filters [13].
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diversity. For fast hopping, frequency synthesizers with high-
speed switching are essential.

Frequency synthesizers are divided into two general types.
The first\includes all those that generate the desired output
from a source (or set of sources) by mixing,
including
b is called

multiplying
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high power consumptlon of the DDS, however, makes it un-
suitable for use in the portable radios in mobile communication
systems.
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The first includes all thoee that generate the deslred output
frequencies from a source (or set of sources) by mixing,
multiplying, and dividing—or any other means not including
phase-locked loops (PLL’s). This class of synthesis is called
direct and a typical example is the digital direct synthesizer
(DDS), whose switching speed is extremely fast [2], [3]. The
high power consumption of the DDS, however, makes it un-
suitable for use in the portable radios in mobile communication
systems.
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The second type of frequency synthesizer, called indirect,
uses PLL’s in its frequency-generating elements and is widely
used in signal generators and radio communication equipment.
[ndeed, it is the implementation of the PLL in an integrated
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used in“Signal generators and radio communication equipment.
Indeed, it is the implementation of the PLL in an integrated
circuit that has led to inexpensive frequency synthesizers.
In a conventional PLL synthesizer, the smallest frequency
increment is the same as the reference frequency [4]-[6].
That is, a conventional PLL synthesizer generates an out-
put frequency that is an integral multiple of the reference
frequency. A low reference frequency governs the phase
comparison frequency and thus the acquisition time of the
PLL synthesizer. Moreover, the PLL synthesizer suffers from
transients that limit the speed of acquisition [7]. Some methods
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circuit that has led to inexpensive frequency synthesizers.
In a conventional PLL synthesizer the smallest frequency
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That is, a conventiong — e
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frequency. A low reference frequency governs the phase
comparison frequency and thus the acquisition time of the
PLL synthesizer. Moreover, the PLL synthesizer suffers from
transients that limit the speed of acquisition [7]. Some methods
for increasing the speed of acquisition have therefore been
proposed [8]-[14].
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