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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 

Abstruct- A phase-locked loop (PLL) frequency synthesizer 
with an N-stage cycle swallower (,V*SCS) is one of the fastest fre- 
quency switching synthesizers, but the use of the lzTSCS 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 F efficiently by allowing several users to use the same band. 

There are two basic hopping pattems: fast hopping, which 
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 
[l], fast hopping does because of its advantage of applying 
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 
frequencies from a source (or set of sources) by mixing, 
multiplying, and dividing-r 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. 

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. 
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]. 
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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 
[l l] ,  [12]. A rapid acquisition time is obtained by using a 
higher reference frequency, and the acquisition time of a PLL 
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 11. 

An even better acquisition performance of the NSCS syn- 
thesizer has been attained by using multiple loop filters [13]. 
During a frequency switching, the loop filters, which have 
various time constants, are switched. [14] describes a method 
for improving the output frequency accuracy of the NSCS 
synthesizer: precise output frequencies are obtained by varying 
the NSCS output frequency. This reference also shows that 
the acquisition time can be shortened by introducing an extra 
switching operation of division ratios in the NSCS. Despite 
these improvements, however, the NSCS synthesizer still has 
two problems in the UHF band: power consumption and phase 
noise. 

This paper focuses on the reduction of power consumption 
as well as phase noise. To reduce power consumption, we use 
a simple prescalar. As detailed in Section 111, however, this 
causes problems with phase noise because the NSCS may tend 
to remove two or more consecutive pulses of the synthesizer 
output signal. 

To solve the phase noise problem, we propose a novel 
type of NSCS, one that has a parallel organization. Since 
the proposed parallel NSCS never removes pulses concen- 
tratively, phase noise is low. Furthermore, although to obtain 
a desirable output frequency accuracy when using only a 
prescalar we should use a 5-stage cycle swallower (SSCS), 
the proposed parallel NSCS can achieve the same output 
frequency accuracy with only a 3SCS. As a result, this method 
also leads to reduction in power consumption. This system is 
described in Section IV. 
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In Section V, we present HF-band experimental results 
showing that our proposed NSCS consumes less than a quarter 
of the power required by the NSCS described in [ l l ] ,  [12] 
and that it suppresses more than 90% of the undesirable 
signals caused by phase noise. Our conclusions are presented 
in Section VI. 

11. SYNTHESIZERS WITH AN N-STAGE CYCLE SWALLOWER 

Fig. 1 shows a block diagram of the PLL synthesizer with 
the NSCS proposed in [ 1 11-[ 141. The synthesizer consists of a 
crystal oscillator, a phase detector, a low-pass filter, a voltage- 
controlled oscillator (VCO), the NSCS, and a programmable 
divider. With the NSCS removed, this synthesizer takes the 
familiar form of a conventional PLL synthesizer. 

The structures of the NSCS and a cycle swallower are 
shown in Fig. 2; throughout the paper we call this type 
of NSCS the serial NSCS. As shown in Fig. 2(a), every 
cycle swallower, which is controlled by a coupled divider, 
is connected in series. The VCO output fo  is fed to both the 
first divider and the first cycle swallower (CS-1). 

In the stage-i of the serial NSCS, one pulse of the CS-i 
input pulse train is removed whenever the carry output T;, 
which serves as the trigger input of the CS-si, is generated 
by the divider-i. That is, the CS-i removes one pulse every 
Mi pulses,' where Mi (1 5 i 5 N)  is the division ratio of 
the divider-i. The output frequency fi of the CS-i is therefore 
given by 

With the generation of carry outputs 7'; of the dividers from 
stage-1 to stage-N, cycle swallowers remove one pulse from 
each input pulse train. Therefore, using (1) we can write the 
output frequency f~ of the serial NSCS as 

The reference frequency fr, which is equal to the feedback 
frequency f b ,  is given by 

(3) 

where R is the ratio of the programmable divider shown in 
Fig. 1. Accordingly, the output frequency f o  of the synthesizer 
is 

From these equations, we find that any output frequency is 
obtained by varying the set of division ratios (Mi, R). 

A conventional PLL synthesizer generates an output fre- 
quency fo that is an integral multiple of the reference fre- 
quency fr. With the NSCS synthesizer, however, f o  can be 

' Note that pulses means periodic clock pulses with each pulse representing 
a frequency cycle, and removal of one pulse implies removal of one cycle of 
phase. 

fr: reference frequency 
I,?: output frequency of the bynthewer 
Jh: feedback frequency 
1.v output frequency of the NSCS 

Fig. 1. 
swallower (XSCS).  

Fast-switching PLL frequency synthesizer with an S-stage cycle 

Mr: division ratio of the divider-i 

(a) 

Trigger vco 
input input 

(b) 

Fig. 2. 
swallower. 

N-stage cycle swallower ( X S C S ) :  (a) serial JVSCS, (b) cycle 

independent of f,. because the NSCS removes pulses from 
the VCO output so that the feedback frequency f b  can be 
equal to f T .  Thus the smallest frequency increment Af of the 
synthesizer is independent of the value of fr; whereas the A f 
of a conventional synthesizer is equal to fr. Hence, a 100 
times higher reference frequency leads to a 100 times shorter 
acquisition time. 

How are these division ratios to be selected? Because the 
programmable divider equalizes the pulse spacing of fiy , there 
are restrictions in determining the division ratios in the serial 
NSCS to avoid the concentrative pulse removal. 

Fig. 3 illustrates some exaggerated examples of output 
waveforms in the serial 3SCS and the programmable divider. 
If every Mi is greater than R, the programmable divider 
may count equispaced (pulse-nonremoved) R pulses or in- 
equispaced (pulse-removed) R pulses of the serial NSCS 
output; and if every Mi is too small, the serial NSCS may 
frequently remove two or more consecutive pulses from the 
VCO output. These cases cause unequal pulse spacing of f b  

because the programmable divider cannot average the pulse 
spacing of f ~ .  Furthermore, this inequality causes phase noise 
that may appear in the VCO output spectrum as undesirable 
signals; these are peculiar features of the serial NSCS. These 
division ratios should therefore be smaller than the ratio of the 
programmable divider but should not be excessively small. 

Table I, which presents some division ratios and corre- 
sponding output frequencies of the serial 3SCS synthesizer 
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TABLE I 
SOME EXAMPLES OF DIVISION RATIOS IN THE SERIAL 3 s c s  SYNTHESIZER. af = 25 kHz, fr =2.5 MHz,  f3: OUTPUT FREQUENCY OF THE 3SCS 

CHANNEL .\I, kf* !VI3 R f3 f” 
( X l o : ’ )  (Hz) (Hz) 

1,425,000 340 34 1 342 565 1,412,500,000 1.425,000,000.0000 
1,424,975 213 23 1 304 563 1,407,500,000 1,424,975,000.2031 
1,424.950 82 277 28 1 559 1.397,500,000 1,424,950,000.1598 

349 464 5 10 566 1.4 1 5,000,000 1,424,924,999.8939 1,424,925 
1,418,900 295 378 495 563 1,407,500,000 1,418,899,999.9233 

1.412,700 316 44 1 554 56 1 1,402,500,000 1,412,700,000.oooO 
1,412.675 34 I 466 461 56 1 1.402,5OO,ooO l,412,675,~.ooOO 

308 505 557 1,392,500,000 1,412,650,000.1660 1.412.650 110 
454 525 56 1 1,40?.5OO,ooO 1,412,624,999.8830 1,4 12,625 325 

1.412.600 1 1 1  230 368 556 1,390,000,000 1,412,599,999.7837 

1.400,100 51 358 359 546 1,365,000,000 1,400,100,000.0000 
1,400,075 I84 304 48 1 554 1,385,000,000 1,400,075,000.1503 
1,400,050 100 447 469 552 1,380,000,000 1,400,050,000.1742 

526 550 554 1,385,000,000 1,400,024,999.8308 1,400,025 I42 
1,400,000 418 419 420 556 1,390,000,000 1,400,000,000.oooO 

when f r  is 2.5 MHz and the Af is 25 kHz, shows that 
even if f r  is higher than the Af the serial NSCS synthesizer 
obtains each output frequency with a deviation within 0.415 
Hz [14]. Certainly, every output frequency cannot have an 
accurate value; a large number of f o  deviate from their 
corresponding channel frequencies. As long as the deviation is 
small, however, this matters little because in practical mobile 
systems in the 1.5-GHz band portables are required to have a 2- 
ppm output frequency tolerance and base stations are required 
to have an output frequency tolerance of 0.5 ppm, which is 
about 750 Hz [15]. Of course, as more stages are used, output 
frequencies are obtained more accurately. But because the 
power consumption of the serial NSCS also increases with 
the increase of the number of stages, the number of stages 
should be as small as possible. 

111. PROBLEMS WITH THE SERIAL NSCS SYNTHESIZER 

A. Power Consumption 

There has been an increasing need for UHF radio systems 
with low power dissipation, especially in portable radio sys- 
tems. Since the lifetime of batteries for portable radios is 
determined by the current capacity of the batteries, the reduc- 
tion of the current drain is essential in extending transceiver 
lifetime [ 161. 

In a conventional PLL frequency synthesizer, when the 
output frequency band becomes high, the largest current drain 
is that of the programmable divider. The same is true for the 
serial NSCS because the input and the output of the serial 
NSCS have nearly the same frequency (see f 3  in Table I). 
That is, flip-flops (FF’s) in the divider part of Fig. 1 (i.e.. FF’s 
in the serial NSCS and the programmable divider) operate at 
almost the same frequency. 

Now, let us consider a UHF-band synthesizer (with a range 
from 1.4-1.425 GHz). We can see from Table I that every 
divider of the serial 3SCS and the programmable divider is re- 
quired to be a 10-b binary counter (synchronous programmable 

divider). Assuming that the current drain of an FF is about 
0.8 mA in this frequency range, we briefly estimate the total 
current drain of the divider part. As shown in Fig. 2(b), every 
cycle swallower has 2 FF’s. Therefore there are 46 FF’s in 
the divider part, and the total current is about 36.8 mA. This 
value is extremely high for portable use-and it is in practice 
difficult to implement a UHF-band programmable divider in 
an integrated circuit because all the various integrated circuits 
have a propagation delay, which may disturb the proper 
operation of division. 

B. Phase Noise 

When the frequency of the divider input is too high to permit 
proper operation of a programmable divider, prescalars can 
be used to lower that frequency. Since prescalars can often 
operate at higher frequencies because they do not have to allow 
for the delays involved in presetting [4], we must take into 
consideration the use of a prescalar to make a serial NSCS 
synthesizer operating in the UHF band. 

Here we present some instances of division ratios and cor- 
responding output frequencies in Table I1 when the prescalar 
is used with the following parameters. 

Output frequency range: 1.4-1.425 GHz 
Reference frequency f r :  2.5 MHz 
Smallest frequency increment Af: 25 kHz 
Output frequency tolerance: f 0 . 2  ppm 
Type of NSCS: serial 5SCS 
Prescalar: divide-by-8. 

The prescalar here is a 3-b ripple counter; that is, a divide- 
by-8 asynchronous counter. (Of course, the use of a dual 
modulus prescalar is more effective but here we use a single 
modulus one for convenience.) We also use a serial 5SCS to 
obtain output frequencies with deviation within f 0 . 2  ppm; this 
value is smaller than that in [15]. 

Under the assumption in Section 111-A (0.8 mA per FF), 
this prescalar draws 1.4 mA of current and the range of the 
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TABLE I1 

SYNTHESIZER WITH A PRESCALAR. Af = 25 kHz, fT = 
SOME EXAMPLES OF DIVISION RATIOS IN THE SERIAL 5scs 

2.5 MHz, N S C S  TYPE: SERIAL SSCS, PRESCALAR: DIVIDE-BY-8 

CHANNEL iM1 1\12 A43 Mj R f o  
( ~ 1 0 3 )  (Hz) 

1,425,000 8 9 9 I O  19 42 1,425,000,000.00 
1,424,975 17 25 25 40 48 59 1,424,974,995.45 
1,424,950 9 9 37 39 39 52 1,424,950,008.66 
1,424,925 9 20 20 27 27 53 1,424,925,011.06 
1,424,900 26 28 39 49 60 62 1,424,899.990.09 

fp: output frequency of the prescala 

Fig. 4. Proposed parallel K-stage cycle swallower (parallel 3SCS). 

1,4 12,700 
1,4 12,675 
1,412,650 
1,412,625 
1.4 12,600 

1,400,100 
1,400,075 
1,400,050 
1,400,025 
I,400,000 

10 20 
13 15 
12 47 
30 33 
16 20 

28 42 
13 26 
26 31 
27 30 
8 9  

25 
38 
51 
44 
46 

43 
41 
42 
35 
9 - 

37 
48 
56 
45 
48 

52 
43 
43 
50 
I0 - 

40 55 
57 57 
60 60 
50 62 
48 59 

56 62 
49 58 
56 61 
60 61 
28 42 

1,412,699.999.44 
1,412,675.006.75 
1,412,650,024.06 
1,412,624,993.86 
1,412,6oO,OO1.59 

1,400,100,002.09 
1,400,075,023.15 
1,400,049,998.52 
1,400,025,010.23 
1,400,000,000.00 

f": v('0 output 
f b  programmable divider output 
f1.A f j :  every output of the serial 3SCS 
T I ,  T: T3: every output of the dividers 

( M , = 8 . M 2 =  IO,Mq= I I , R = 3 )  

Fig. 3. Output waveforms of the serial 3SCS and the programmable divider. 

prescalar output frequency (i.e., the range of the serial NSCS 
input frequency) is from 175 to 178.125 MHz. From Table 11, 
we can see that every divider is a 6-b synchronous counter. 
There are therefore 46 FF's in the divider part. Here, assuming 
again that the current drain of an FF within the prescalar output 
range is about 0.2 mA, we obtain a current drain of about 
9.2 mA. Consequently, the total current drain of the prescalar 
and the divider part is about 10.6 mA. This value is only one- 
third of the value described in Section 111-A (36.8 mA). Thus 
we can obtain a lower current drain. 

The use of the prescalar, however, causes a phase noise 
problem because it lowers the input and the output frequencies 
of the serial NSCS, and thus the value of R needed to 
keep f b  high. In Section 11-B, we have already explained 
the restrictions in determining the division ratios in the serial 
NSCS, but as shown in Table 11, in using the prescalar we have 
no choice but to preset small values for dividers. This violates 
the restrictions, leading to the concentrative pulse removal and 
thus becoming the major cause of phase noise. 

IV. PROPOSED FREQUENCY 
SYNTHESIZER WITH A PARALLEL NSCS 

A. Parallel NSCS 

To solve the problems described in the previous section, we 
propose a novel PLL synthesizer that has a parallel NSCS 
and a prescalar. As shown in Fig. 4, every cycle swallower 
in the proposed parallel NSCS is connected in parallel and 
the prescalar output is fed to the divider-1 and all cycle 
swallowers. 

To simplify the characteristics of the proposed parallel 
NSCS, we consider the parallel 3SCS. The output frequency 
of each cycle swallower is given as follows: 

1 1 
f 2 = r , * f o - - - f f l  M2 

where P is the division ratio of the prescalar. Substituting (5) 
and (6) into (7), we can write 

f 3 = ( 1 - -  m3 - . f o  P ,>, 
Ml M2M3 m3 = 

M l M 2  - Ml + 1 (9) 

where m3 is the nominal pulse removing interval of the last- 
stage cycle swallower. We can easily expand (8) and (9) to 
N stages in the same manner. The output frequency of the 
parallel NSCS is expressed as 

where 
N 

k = l  k l  

and the output frequency of the synthesizer is 

- 6) 
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TABLE 111 
SOME EXAMPLES OF DIVISION RATIOS OF THE PARALLEL 3SCS 

SYNTHESIZER WITH A PRESCALAR. Af = 25 k H Z ,  fr = 2.5 
MHz, L\7Scs TYPE: PARALLEL 3SCS. PRESCALAR: DtVIDE-BY-8 

CHANNEL MI Afz -14 R fo 
( ~ 1 0 3 )  (Hz) 

1,425,000 3 10 2 38 1,425,000,000.000 
1,424,975 136 46 31 69 1,424,975,001.997 
1,424,950 32 50 56 70 1,424,950,017.697 
1,424,925 8 12 53 70 1,424,924,98497 
1,424,900 52 5 46 70 1,424,900,008.510 

1,412,700 107 45 8 62 1,412,700,008.873 
1,412,675 97 62 15 66 1,412,674,986.950 
1,412,650 112 32 26 68 1,412,649,953.740 
1,412,625 99 33 42 69 1,412,625,013.989 
1,412,600 6 109 43 69 1,412,600,007.280 

1,400,100 15 99 69 69 1,400,100,005.941 
1,400,075 97 93 69 69 1.400,075,009.291 
1,400,050 72 36 34 68 1.400,049,995.912 
1,400,025 3 51 69 69 1,400,024,985.585 
1,400,000 5 28 2 36 1,400,OOO,000.000 

As shown in Fig. 4, since the pulse removal from the 
prescalar output fp is conducted only by the last stage of the 
parallel 3SCS, the proposed parallel NSCS never removes two 
or more consecutive pulses. That is, it never removes pulses 
concentratively. The programmable divider can therefore eas- 
ily average the pulse spacing of fN, and thus phase noise 
mainly caused by unequal pulse spacing of fb can be reduced. 

Another advantage of the proposed parallel NSCS is that 
it can ease the restrictions in determining the ratio of the 
dividers described in Section 11-B. Since the pulse removal 
from fp is carried out only by the last stage of the parallel 
NSCS, the pulse removal in other stages hardly affects the 
pulse spacing of fb. Therefore, the dividers in other stages 
can have division ratios higher than that of the programmable 
divider. The ratio of the last stage divider must be lower than 
that of the programmable divider. Practically, we might as 
well select the ratios of the dividers as follows: Mz < R when 
i = N,  and Mi < 2R when 1 5 i 5 N - 1. 

Table I11 lists some examples of the division ratios of the 
proposed system with the following parameters. 

Output frequency range: 1.4-1.425 GHz 
Reference frequency fr: 2.5 MHz 
Smallest frequency increment A f :  25 kHz 
Output frequency tolerance: f 0 . 2  ppm 
Type of NSCS: parallel 3SCS 
Prescalar: divide-by-8. 

The values listed in Table I11 show that the proposed parallel 
NSCS requires only three stages to obtain output frequency 
deviation within f 0 . 2  ppm, whereas as shown in Section III- 
B, the serial NSCS using a prescalar requires five stages. The 
proposed parallel NSCS is therefore also useful for reducing 
power consumption. In this case, the dividers are required to 
be 7-b synchronous counters, and the total current drain in the 
prescalar and the divider part is about 8.2 mA. This is less 
than three quarters of the value estimated in Section 111-B for 
the serial NSCS synthesizer. 

B. Loop Fundamentals 

Consider the characteristics of the proposed loop when a 
lag-lead type loop filter and a phaselfrequency detector (PFD) 
accompanied by a charge-pump are used in the feedback loop. 
In the loop, the charge-pump output has three states: an open- 
loop state for the phase-locked condition; and charging and 
discharging conditions of the loop filter when there is a large 
phase difference in the PFD. Therefore, the phase-locking 
process is identified by the behavior of the PLL using an active 
filter [17]. Here the transfer function F ( s )  of the loop filter 
is given as 

ST2 + 1 F ( s )  = ~ 

sr1 

where r1 and r 2  are time constants of the loop filter. 
The loop transfer function H ( s )  is 

H ( s )  = 2<w,s + w; 
s2 + 2<w,s + w: 

where 

and 

Here w, is the natural frequency of the loop, C is the damping 
factor, and K is the loop gain, which is written as 

where K, is the VCO gain factor (rad/sN) and K ,  is the 
PFD gain factor (Vhad). 

Here the frequency response due to a frequency step (Awout 
= 27rAfOut) is given as 

Substituting (14) into (18) and taking derivatives of inverse 
Laplace transforms, we find the transient behavior to be 

By using (19) we can obtain a transient profile of the proposed 
parallel NSCS synthesizer. 
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- 

"0 5 10 15 20 25 
Input Frequency (MHz) 

Fig. 5. Current drain characteristics of NSCS's (tk = 

V. EXPERIMENTAL RESULTS 
To verify the characteristics of the proposed 

5 V). 

parallel NSCS 
synthesizer, we compared its performance with that of the 
serial one by using the experimental parameters listed in 
Table IV. In our HF-band experiment, we used commercial 
TTL, CMOS, and ECL devices for a PLL and we used 
programmable ASIC's (FPGA's) for prescalars, NSCS's, and 
programmable dividers. First in Section V-A, we report the 
measured current drain of the divider part of the three types 
of synthesizers listed in Table IV. Then to show the effect of 
phase noise on the VCO output, in Section V-B we report the 
measured VCO output spectra of the Q p e  B and the Type 
C synthesizers. Finally in Section V-C, we report the results 
of comparing the acquisition performance of the proposed 
parallel NSCS synthesizer with that of the conventional PLL 
synthesizer. 

A, Measurement of Current Drain 
The measured current drain characteristics of the divider 

part of each of the three types of synthesizers are plotted in 
Fig. 5. This figure shows that at 18 MHz the current drain of 
the divider part in the proposed parallel NSCS synthesizer is 
less than a quarter that of the Type A synthesizer and about half 
that of the Q p e  B synthesizer. The proposed parallel NSCS 
is therefore useful for reducing power consumption. 

Fig. 6.  Output spectrum of the serial SSCS synthesizer with the prescalar 
(vertical: 10 dB/div., horizontal: 5 kHz/div., bandwidth: 300 Hz, center 
frequency: 18.0 MHz). 

Fig. 7. Output spectrum of the parallel 3SCS synthesizer with the prescalar 
(vertical: 10 dB/div., horizontal: 5 kHddiv., bandwidth: 300 Hz, center 
frequency: 18.0 MHz). 

B. Observation of VCO Output Spectrum 

To examine the effect of phase noise on the VCO output 
signal, we observed the VCO output spectra of the Type B 
and the Type C synthesizers. For the serial 5SCS synthesizer 
with the divide-by-8 prescalar (Type B), when the values of 
M I ,  M2, M3, M4, M j ,  and R are changed from 10, 14, 65, 
71, 72, and 73 to 10, 11, 11, 12, 45, and 60, the VCO output 
frequency changes from 18.25 MHz to 18.00 MHz. The output 
spectrum at 18.00 MHz is shown in Fig. 6, which shows that 
a lot of undesirable signals appear in the VCO output signal. 

For the proposed parallel 3SCS synthesizer with the divide- 
by-8 prescalar (Type C), when the values of M I ,  M2, M3, 
and R are changed from 73, 40, 4, and 69 to 3, 30, 2, and 
46, the VCO output frequency also changes from 18.25 MHz 
to 18.00 MHz. The output spectrum at 18.00 MHz is shown 
in Fig. 7. Comparing Fig. 6 with Fig. 7, we can see that the 
proposed synthesizer greatly reduces the phase noise: more 
than 90% of the undesirable signals present with the Q p e  B 
synthesizer are suppressed. 

C. Acquisition 

To confirm the fast acquisition of the proposed parallel 
NSCS synthesizer, we compared its frequency acquisition 
process with that of the conventional synthesizer. The refer- 
ence frequency of the proposed synthesizer was chosen to be 
100 times higher than that of the conventional synthesizer, and 
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Fig. 8. Acquisition process of the conventional PLL synthesizer. 

Fig. 9. Acquisition process of the parallel 3SCS synthesizer. 

the time constants TI and r 2  were chosen so that the settling 
time? was 1000 cycles of each reference frequency when the 
damping factor { = 1 .  

The frequency acquisition process of the two synthesizers, 
when the output frequencies were changed from 18.00 MHz 
to 18.25 MHz, are shown in Figs. 8 and 9, from which we can 
see that the frequency acquisition of the proposed synthesizer 
is 100 times faster than that of the conventional synthesizer. 

VI. CONCLUSIONS 

The proposed PLL synthesizer with the prescalar and the 
parallel NSCS produces much less phase noise than does 
a PLL synthesizer with a prescalar and a serial NSCS. 
Furthermore, when a prescalar is used, the parallel NSCS 
needs to have only three stages to attain the output accuracy 
produced by a serial NSCS with five stages. The proposed 
synthesizer thus reduces phase noise and power consumption. 
Experimental results in the HF band show that the parallel 
3SCS synthesizer with a prescalar draws less than one quarter 
of the current drawn by the serial 3SCS synthesizer. Further- 
more, the VCO output spectra can show that with the proposed 
synthesizer we suppress more than 90% of the undesirable 

*Settling time is usually defined as the time required for the phase error to 
be within the specified deviation (for example 5 % )  from the steady-state error 
[181, [191. 

signals present when using the serial 5SCS synthesizer with 
a prescalar. 
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