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PHASE LOCK LOOP ENABLING SMOOTH 
LOOP BANDWIDTH SWITCHING 

BACKGROUND OF THE INVENTION 

PCT/US99/24466 

1. Field of the Invention 
The present iilvention relates to phase fock loops. more particularly to 

phase lock loops having both a wide;_band mode and a narrow-band mode of oper-

ati.on. 

2. State of the Art 
Practically all modem signal generators and radio communications equip-

ment use digital frequency synthesizers based on the phase locked loop (PLL). The 

realization of the PLL in an integrated circuit has led to the widespread adoption of 

inexpensive frequency synthesizers. In its application of frequency synthesis (as 

· opposed to signal detection),· the input signal-to-noise ratio of the PLL is high. and 

the PLL serves to lock the output frequency on a multiple of the input frequency. 

A PLL consists generally of three parts: a reference frequency input por­

tion, a loop filter portion, and a voltage-controlled oscillator (VCO) portion. The 

reference frequency portion includes a phase comparator and may include.a fre­

quency divider (which may be programmable). The phase comparator compares an 

output signal of the PLL with the reference frequency itself or the reference fre­

quency divided down, thereby producing an error signal. The loop filter filters the 

error signal to produce a control signal that is applied to the VCO. During proper 

operation, the control signal drives the VCO in the proper direction so as to cause 

the error signal to be driven to zero or nearly zero. 

PLLs generally operate in two different modes: acquisition during which 

the PLL locks onto a particular frequency, and tracking, during which the PLL 

ensures that it remains locked. Both fast acquisition and accurate tracking in the 

presence of modulation: are important design objectives. Unfortunately, these 

design objectives are, in general, conflicting. For· fast acquisition, a wide loop 

bandwidth is desired. For accurate tracking, in the presence of modulation, a nar-
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row loop bandwidtfi is desired. In cellular applications, for example, when chang­

ing channels, a wide loop bandwidth is desired to accomplish the frequency 

change as quickly.~ possible. When operating on a single channel, voice data hav­

ing low frequency ~ontent is modulated onto a cam~r Signal. The PLL attempts in 

effect to cancel th~ modulation, which appears to tbe PLL as frequency drift. To 

accomplish slow 1I1odulation, therefore, a very narrow loop bandwidth is desired, 

such that the modulation is accomplished outside the PLL bandwidth. 

One proposal has been to, in narrowband mode, open the loop entirely dur­

ing short modulation bursts and to close the loop when modulation is not applied. 

This approach assumes that, if the loop is opened for only short periods at a time, 

the drift that may occur during open-loop operation will not be substantial. This 

solution may be acceptable under certain limited conditions but is not generally 

applicable. 

Referring more particularly to Figure 1, a portion of a PLL is shown, 

including the loop filter and the VCO. The loop filter includes a charge pump hav­

ing a first "pump-up" current source connected to inject current into circuit node 

A, and a second "pQmp-down" current source connected to withdraws current 

from the same node. The pump-up current source is connected to a positive supply 

voltage V +, and the pump-down current source is coni;iected to a negative supply 

voltage V-. Besides the charge pump, there is also connected to node A a loop fil­

ter, typically realized by a capacitor connected to grqund and the series combina­

tion of a resistor and er :>acitor, connected to ground. A tuning voltage VT is 

produced at node A and is input to the VCO to control the rate of oscillation of the 

vco. 

The loop bandwidth of the circuit of Figure 1 ·may be changed by changing 

the values of one or both of the capacitors, such that they charge more slowly or 

more quickly. Changing the values of the capacitors usually requires some form of 

switching. However, it is also important not to disturb the voltage on the capaci-
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tors. Switching ~U§]]y introduces undesirable transients, since it is well-known 

that to change a capacitor value at a fixed voltage requires an instantaneous change 

in the stored charge. A preferable way of changing the loop bandwidth then is to 

vary the magnitude of the currents supplied by the current sources. To switch from 

wide to narrow bandwidth, for example, instead of switching in additional capaci­

tors to make the capacitance larger, the current gain would be altered to make the 

currents smaller. 

U.S. Patent 5,675,292 describes a PLL that enables smooth switching of 

loop bandwidth over a wide range. By switchably inserting a resistance between 

the output of a current"."mode charge pump and a loop filter of the PLL, current 

sources of the charge pump are made to appear as voltage sources, and a suitably 

small trickle current may be obtained for narrowband tracking. During acquisition, 

the resistance is bypassed, such that the current sources again function as current 

sources in the PLL for fast loop response. Typically. another switch is required to 

adjust the dynamic characteristics of the loop filter. Operation is not entirely free 

of transients. 

What is needed, then, is an improved PLL that enables smooth switching of 

loop bandwidth. 

SUMMARY OF TIIE INVENTION 

The present invention, generally speaking, provides a PLL that enables 

smooth switching of loop bandwidth without changing the loop filter. In accor­

dance with one aspect of the invention, the loop bandwidth of a phase lock loop 

including an output frequency divider and a reference frequency divider is 

changed by changing a divisor of the output frequency divider by a factor and 

changing a divisor of the reference frequency divider by substantially the same 

factor. If the factor is greater than one, the loop bandwidth is decreased. If the fac­

tor is less than one. then the loop bandwidth is increased. In accordance with 

another aspect of the invention, a phase lock loop includes an oscillator having a · 
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control input, a phase comparator. a loop filter, and a .feedback path including an 

output frequency divider. A reference frequency div:i~er is also provided. A con­

troller is coupled to the output frequency divider.and tQ\the reference frequency 
. . . ·: ;-: . 

divider for changing· a divisor of each at substantially ltJ:e same time in response to 

a bandwidth select signal. The controller changes the 'q~visors by substantially the 

same factor, changing the loop bandwjdth without affecting the output frequency 

of the phase lock loop. 

:· ' 

BRIEF DESCR}PfION OF THE DRAWING 

The present invention may be further under8tood from the following 

description in conjunction with the appended drawing. In the drawing: 

Figure I is a circuit diagram of a portion of a ·c,onventional PLL; 

Figure 2 is a circuit diagram of a PLL in accordance with the present inven-
tion; · 

Figure 3 is a Bode plot for the PLL of Figure 2 with a > 1; 

Figure 4 is a Bode plot for the PLL of Figure 2 with a < 1; and 

Figure 5 is a timing diagram illustrating operation of the PLL of Figure 2. 

DETAil..ED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to Figure 2, a circuit diagram is shown of a PLL in accordance 

with one embodiment of the present invention. A fir~t portion of the PLL is largely 

conventional and includes a phase detector, a loop filter, a VCO, and an output fre~ 

quency divider. Typically, a reference frequency is input directly to the phase com­

parator. In the embodiment of Figure 2, however, a reference frequency divider 

receives the reference frequency signal fref and divides the reference frequency by 

a divisor R to obtain a sample frequency f8, which is input to the phase comparator. 

A controller is coupled to the output frequency d,ivider and to the reference 

frequency divider. The controller receives and bandwidth select signal and respon-
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sive thereto appli~::one of two pairs of divisors. {N; ~) or (a N. <X R) to the divid-
= • .• . ·; := ~ •• 

ers, respectively. 

The effect of applying the second of the foregoing two pairs of divisors to 

the dividers may be appreciated as follows. At lock, 
lo 
N = fs ; lo = Nfs 

By observation, 

Algebraic manipulation produces the following result: 

Note further that 

N 
fo = R ·fref 

= K·fref 

N K=­
R 

Na 
= R·a 

In other words. K is unchanged if multiplied by unity, such that the output 

frequency remains unchanged regardless of which pair of di visors is applied to the 

dividers. The loop bandwidth, however, is changed, as may be appreciated from 

the Bode plots of Figure 3 and Figure 4. Figure 3 is a Bode plot for the case a > 1. 

As seen therein, with a > 1, the effect of changing from the first pair of divisors to 

the second pair of divisors is to shift the amplitude response downward. The OdB 

crossing, which defines the loop bandwidth, therefore shifts toward the left (the 

loop bandwidth is decreased). Phase stability is affected somewhat but not a great 

deal. Figure 4 is a Bode plot for the case a < 1. As seen therein, with a < l, the 

effect of changing from the first pair of divisors to the second pair of divisors is to 
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shift the amplitude response upward. The OdB crossing, which defines the loop 

bandwidth, therefore shifts toward the right (the loop bandwidth is increased). 

Again, phase stabiiity is affeeted somewhat but not a great deal 

Referring to Figure 5, a timing diagram is shown illustrating operation of 

the PLL of Figure 2. Regularly occurring output pulses have a periodicity of l/f8• 

Between output pulses, the divisors may be changed at any time in order to change 

the loop bandwidth. The output frequency is unaffected. 

The present technique is simple in implementation and results in a very 

smooth change of loop bandwidth. No adjustments in the actual loop filter itself 

are required. The present technique may, however, be used in conjunction with 

other techniques for changing loop bandwidth, for example the technique of U.S. 

Patent 5,675,292, referenced previously. 

It will be appreciated by those of ordinary skill in the art that the invention 

can be embodied in other specific forms without departing from the spirit or essen­

tial character thereof. The presently disclosed embodiments are therefore consid­

ered in all respects to be illustrative and not restrictive. The scope of the invention 

is indicated by the appended claims rather than the foregoing description. and all 

changes which come within the meaning and range of equivalents thereof are 

intended to be embraced therein. 

·.~:~. 
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What is elMmed is: ' lllllll llllll lllll lllll ll 1111 * C L M S . * 

1. A method of changing the loop bandwidth of a phase lock loop 

including an output frequency divider and a reference fre<Juency divider, compris­

ing: 

changing a divisor of the output frequency divider by a factor a; 

and 

changing a divisor of the reference frequency divider by substan­

tially the same factor. 

2. The method of Claim 1, wherein a is greater than one, decreasing 

the loop bandwidth. 

3. The method of Claim 1, wherein a is less than one, increasing the 

loop bandwidth. 

4. A phase lock loop having comprising: 

an oscillator having· a control input; 

a phase comparator; 

a loop filter coupled to the phase comparator and to the oscillator; 

a feedback loop coupled from an output signal of the oscillator to 

an input signal of the phase comparator, the feedback loop including an 

output frequency divider; ar.j 

a reference frequency divider having an input coupled to a refer­

ence frequency signal and an output coupled to the phase comparator. 

5. The apparatus of Claim 4, further comprising a controller coupled 

to the output frequency divider and to the reference frequency divider for changing 

a divisor of the output frequency divider and a divisor of the reference frequency 

divider at substantially the same time in response to a bandwidth select signal. 
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6. The apparatus of Claim 5, wherein the controller changes a divisor 

of the output frequency divider and a divisor of the reference frequency divider by 

substantially the same factor. 

7. The apparatus of Claim 6, wherein said factor is greater than one. 

decreasing the loop bandwidth. 

8. The apparatus of Claim 6, wherein said factor is less than one, 

increasing the loop bandwidth. 
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