PHASE-LOCKED LOOPS (PLL)

A PLL is an electronic servo loop consisting of a phase detector, a low-pass filter , and a voltage-controlled oscillator. Its controlled oscillator makes it capable of locking or  synchronizing with an incoming signal. If the phase changes, indicating the incoming frequency is changing, the phase-detector output voltage increases or decreases just enough to keep the oscillator frequency the same as the incoming frequency, preserving the locked condition. Thus, the average voltage applied to the controlled oscillator is a function of the frequency of the incoming signal. In fact, 
the low-pass filter voltage is the demodulated output when the incoming signal is frequency-modulated (provided the controlled oscillator has a linear voltage-to-frequency transfer characteristic).

PLLs were initially (late1960s) very complex and very expensive, and only used in a very few applications. Over the years, the development of complete single-chip IC PLLs made possible the use of PLLs in complex systems that previously were impractical or uneconomical.

Basics of Phase-Locked Loops

The PLL provides frequency selective tuning and filtering without the need for coils or inductors. As shown in the figure below, the PLL in its most basic form is a feedback system comprised of three basic functional blocks: A phase comparator , low-pass filter (an integrator), and a voltage-controlled oscillator (VCO). 

The basic principle of operation of a PLL can briefly be explained as follows : With no input signal applied to the system, the error voltage Vd is equal to zero. The VCO operates at a set frequency f o which is known as the free-running frequency. If an input signal is applied to the system, the phase comparator compares the phase and frequency of the input signal with the VCO frequency and generates an error voltage, v.(t), that is related to the phase and frequency difference between the two signals. This error voltage is then integrated and applied to the control terminal of the VCO. If the input frequency I. is sufficiently close to fo, the feedback nature of the PLL causes the VCO to synchronize, or lock, with the incoming signal. Once in lock, the VCO frequency is identical to the input signal, except for a finite phase difference.
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Two key parameters of a PLL system are its lock and capture ranges. They can be defined as follows :

Lock Range. Range of frequencies in the vicinity of fo, over which the PLL can maintain lock with an input signal. It is also known as the tracking or holding range. Lock range increases as the overall gain of the PLL is increased.

Capture Range. Band of frequencies in the vicinity of fo where the PLL can establish or acquire lock with an input signal. It is also known as the acquisition range. It is always smaller than the lock range, and is related to the low-pass filter bandwidth. It decreases as the filter bandwidth is reduced.

The lock and capture ranges of a PLL can be illustrated with reference to the following figure, which shows the typical frequency-to-voltage characteristics of a PLL. In the figure, the input is assumed to be swept slowly over a broad frequency range. The vertical scale corresponds to the loop-error voltage.
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In the upper part of the above figure, the loop frequency is being gradually increased. The loop does not respond to the signal until it reaches a frequency f1, corresponding to the lower edge of the capture range. Then, the loop suddenly locks on the input, causing a negative jump of the loop-error voltage. Next, Vd varies with frequency with a slope equal to the reciprocal of the VCO voltage-to-frequency conversion gain, and goes through zero as fs = fo. The loop tracks the input until the input frequency reaches f2, corresponding to the upper edge of the lock range. The PLL 
then loses lock, and the error voltage drops to zero.

If the input frequency is now swept slowly back, the cycle repeats itself as shown in the lower part of the preceding figure. The loop recaptures the signal at f3 and traces it down to f4. The frequency spread between (f1,  f3) and (f2, f4) corresponds to the total capture and lock ranges of the system; that is,  f3 - f1 = capture range and f4 - f2 = lock range. The PLL responds only to those input signals sufficiently close to the VCO frequency fo to fall within the lock or capture range of the system. Its performance characteristics, therefore, offer a high degree of frequency selectivity, 
with the selectivity characteristics centered about fo.

If an incoming frequency is far removed from that of the VCO, so that their difference exceeds the pass band of the low-pass filter, it will simply be ignored by the PLL. Thus, the PLL is a frequency-selective circuit.

(Above taken from “Applications of Linear Integrated Circuits”, by Eugene R. Hnatek; John Wiley & Sons, 1975, pp 496-498; adapted by Barry Lunt to more modern applications).
The following timing diagram of the error voltage as a function of the input signal is also helpful. 
[image: image3.wmf]f

o

f

s

V

e

V

d

1

2

3

4

5

6



The operation can be seen from the six bit periods shown in the above figure. In bit periods 1 and 2, the data transition occurs at the rising edge of the VCO clock, fo, so the error voltage remains at 0 and the VCO neither speeds up nor slows down. 


In bit period 3, the data transition occurs BEFORE the rising clock edge, so the error voltage Ve is positive for the time interval between the data transition and the clock rising edge. This error voltage is integrated by the low-pass filter, resulting in a positive change in the VCO input voltage Vd, which in turn will cause the VCO frequency fo to increase slightly. This increase in the VCO frequency is not shown in the diagram.


In bit periods 4 & 5, the data transition occurs AFTER the rising clock edge, so the error voltage Ve is negative for the time interval between the clock rising edge and the data transition. This error voltage is integrated by the low-pass filter, resulting in a negative change in the VCO input voltage Vd, which in turn will cause the VCO frequency fo to decrease slightly.


This continual closed-loop feedback keeps the VCO running at very near to an integer multiple of the data frequency (in the example above, it runs at 2x the highest data frequency). Any variations in the basic frequency of the incoming data are thus tracked by the VCO, and the output of the PLL is a clock which is frequency-locked with the data, allowing accurate definition of the bit period of the data.
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