Phase Locked Loop Circuits

Phase Locked Loop

The PLL is a frequency-selective feedback system that can

synchronize with a selected input signal and track the frequency
changes associated with it.

Its applications span in the transmitter as frequency reference, Iin
receiver for carrier reconstruction and in general for
synchronization purpose.
It provides high noise immunity and very narrow bandwidth
The basic PLL is comprised of 3 blocks:

A phase detector

A loop filter

A voltage controlled oscillator (VCO)
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Phase Locked Loop Circuits

Phase Locked Loop

The phase detector compare the phase of a periodic input signal, Vs, with
the output signal of the VCO and generate an error voltage, Vd.

This voltage signal is then filtered by the loop filter and applied to the
VCO in the for of an error voltage, Ve, to control its frequency of

oscillation
Signal Voltage
input Phase Va(t) Loop Velt) cutput
. ' detector " filter D S
V,(t) = E, sin w,t |
Frequency
output Voltage- V, (8

cnn!rolled e
Vo (1) = E, sin(wol + ¢,) oscillator
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Phase Locked Loop Circuits

Phase Locked Loop

Voltage output

When the PLL is locked, Ve is proportional to the frequency difference between
Fs and the free-running VCO freq. FO. Thus the voltage output serves as
frequency discriminator and converts the frequency changes in voltage
changes.

Frequency output
When the PLL is locked on and input signal, the VCO provides an harmonic

signal at exactly the same freq. as the input freq, except for a phase (0,
which is necessary to generate the error voltage. This is used to regenerate a

weak signal
Signal Voltage
input Phase Va(t) Loop Ve(t) output
— detector . filter -
Ve(t) = E,sin w,t
Frequency
output Voltage- V. (9
controlled  petme—monce—mr
V,(t) = E, sin (wot + ¢o) | oscillator
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Phase Locked Loop Circuits

Phase Locked Loop - Capture

The phase detector (PD) normally functions as a mixer producing

Af = Ifn _'.ﬁ'l

If the difference is sufficiently small it passes through the filter, this is
the waveform:

Steady-state
maodulated error

voltage
Vi=Kpo.

dc output

in hocked | i
condit
ren I VCO modulated |
: toward f, |
I
| Lt
Loop Lock
closed established
her e hare

The waveform contains a dc voltage cbmponents that steadily pushes the
VCO freq. toward the input signal.
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Phase Locked Loop Circuits

Phase Locked Loop - Capture

Once the system is locked the difference frequency is zero and only the
dc component remains.

This dc is generated by the phase difference between the phase
difference, ¢, between the VCO and the input signal

V., = V.1 = - Kno,
sieady stabe
Because the loop filter, the PLL captures only those signals that are close
to the VCO free-running freq such that the difference frequency Af falls
approximately in the bandwidth of the loop filter.
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Phase Locked Loop Circuits

PLL

loop filter

The reduction of the loop filter bandwidth has the following effects on

the system performance:

The capture process become slower

Capture acquisition range decreases

Interference-rejection improves

The transient response to sudden change of the frequency changes of the
input frequency within the capture range become underdumped

Voltage

V. (t) output

e

Signal Vit
input . Phase d Loop

. detector . filter

V,(t) = E,sin w,t
Frequency
output Voltage- V, (2
mngrolled g
Vo (t) = E, sin(wol + ¢,) oscillator
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Phase Locked Loop Circuits

PLL — tracking characteristics

Once PLL is locked is can track small freq changes of the input signal

generating additional phase error ¢,.
The loop function as a frequency-voltage converter

The tracking range is determined by the maximum Ve can be

generated internally, normally this value is reached when ¢, has
reached the limiting value of + /2 rad

+ Af, = % (V)muKo
Where KO (Hz/V) is the VCO gain
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pledelmeets
PLL — tracking characteristics

= Typical PLL freg-to-voltage transfer characteristics: slowly increasing
and decreasing input frequency.

= Capture range:

f "fl = 24fc

Error voltage V,

. ——— - -
Vfu f2 Input frequency f,

= Tracking range:

fr—fo=200

f:l IA
ey -l -
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T fo fa Input frequency f,

Error voltage V,

( Velman
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PLL —In locked condition

In locked condition a linear relation exists between the output of the
phase detector and the phase difference between the two.

The PLL is analyzed as a feedback system in the complex frequency

domain s=c+jo.

pul | phase [Y(Jl Loop —
detector filter V.t
ﬂ L} ‘.I} L]
Lo u (8
Voltage-
controlled -t
oscillator
Vils)
K : = F(s) - -
Virad v, (s)
________ B
|
! L U T o S—
@, (s) i - W e radisec/V I
I
U — .

Voltage-controlled osoillator
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Phase Locked Loop Circuits

PLL —In locked condition

The VCO freq is proportional to the error voltage:

Woee = Uy + Kﬂvr

For the consistency of the analysis the VCO output should be expressed
In phase rather than frea:.

¢.() = &,

+ rmm{r] di
r=0 0

This integration permits to rewrite the VCO transfer function as:

Woec — Kﬂvr
5 5

d.(s) =

Using the classical linear feedback analysis the closed-loop transfer
function is (¢5 is the phase of the input signal):

Ve _ _ sKpAF(s)
't': s+ KnKoAF(I}
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Phase Locked Loop Circuits

PLL —In locked condition

Defining the loop gain constant as: K =K K A, the closed loop transfer

function is written as:
V. K, sF(s)

b, Kos + K. F(s)

In practice we are interested in the input freq variation thus using:
Aw,(s) = s,(s)

The PLL transfer function in locked condition is is:

Ve

Aw,

K. F

V.
b, Kos + K.F(s)

l
5

Typical loop filters have a low-pass transfer function
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PLL —In locked condition

= The PLL transfer function can be thus rewritten as:
V. _ 1 1
Aw, Kosw?+ 2L/wds + 1

1 W
= where: w, = VK, w {= 3 \fﬁ

= The response in frequency is:

.

|
I
I
I
= log (4 w,)
l"_‘-'.ﬂ';,ul—-l \ ‘
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PLL —In locked condition

Transient response of PLL to step change of input frequency

v, V. (=E,sin w.t
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PLL —In locked condition

In general the peaking in the frequency response is minimized, this
corresponds to the condition { = 1/42, in this condition o,=2K_and
g = w, = VK = VEKL

In many application is required to have wide lock range (high K;) and
narrow bandwidth (low K| ), this is solved using the lag-lead filter as

loop filter: L+s)
_ /o
FO =13 5/ w
The damping factor is:
| VK w
=3 VarlKe + 53~ =

Under the condition of maximally flat response, we have
wiap =~ 2w, = 2V K w

wwThus large loop gain and narrow loop bandwidth
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N ——————-—---
PLL —lock range

=  The maximum phase error which can be detected determined by the IC
balanced modulator
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PLL — capture range

= |Is the loop is open, at the output of the phase detector

Valt) = g Kp cos (Awif)

= while at the output of the filter:

V)| = ’-z’m

F(jAw) ‘
penk

= It is possible to demonstrate that

ﬁm._ﬁ‘ = VAww = ﬁ::ﬁg
Lag Pilier I |
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PLL application— frequency
demodulation

=  FSK demodulator

Voltage
Frequency Postdetection comparator

shift-keyed Loop filter filter (slicer)
data nput V, (0
— Phase *
WAW ‘““l e Y o I
fi f2 h _L'r-
Binary
VCO data

output
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PLL application—two carrier

detection

signal Lot
mmi-_-m - filtar
and nose Phase
delector - ¥
!
WOD e
Gt put
—a fugnal
T
PLL
HAplune iad
FANgE
|. ._ ! | * T : Loy
Ia fi e fe fa Ti s s
inpul ugnal spechrum Chulpat signal splctrum

I ¢ A.A. 2008-09 C. di L. Ingegneria Elettronica 18/20



PLL application— Synchronous AM
detector

Loop
filter
Loop
—— phase mm—— %
detector
t four Voltage-
controlled
L ] " oscillator
Amplitude- foue
modulated (Quadrature
input signal output)
Quadrature V)
T [
detecior
Postdetection Demodulated
filter output
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PLL application—local oscillator In
transceiver
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