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How LO Phase noise affects received SNR - Frequency Modulation
A signal which has sinusoidal frequency modulation has general form (1.8)

S(t) = Asin(w,t + b cos(w,,1))

if this signal ismixed with alocal oscillator somewherein the signal chain, then the
resultant signal has the phase modulation of both the initial signal and the local oscillator.

signal s(t) = Asin(wgt + b cos(w.\))
local oscillator S(t) = B sin(w ot + f(t))
mixing gives

Asin(wt + b cog(w, 1)) B sin(w gt + (1))
0.5*AB cog((W,, - W o)t + b cos(w, 1) - f(t)) plussumterm

s(t) * (1)

So the phase noise on the local oscillator is added the phase modulation on the wanted
signal. Thishappensat each frequency conversion process during the entiresignal chain,
both in the transmitter and receiver. Any frequency trandation that occursin between can
also contribute (e.g. repeaters).

This phase noise will produce a residual background noise when the signal is demodulated,
that will be present regardless of the system external S/N ratio. |If thesigna isadded inthe
transmitter chain, then the signal transmitted istransmitted with built-in noise that cannot
be removed.

The actual effect of this noise on the system depends on the frequency response of the
demodulator, and whether any de-emphasis is provided.

The Residual FM isthe rmsfrequency deviation of the signal, asmeasured in a particular
specified audio bandwidth.

f2
Residual FM (Hz) = o = ZI Ly (f)Qdef
A

wheref,; and f, are the lower and upper frequency limits of the audio output filter. For

other than a brick-wall filter, thefilter response can be included under the integration sign
in

-(22)

Example: An oscillator has phase noise of -70dBc/Hz at 1kHz, and the phase noiseis
varying at 20dB/decade. Determine the residual FM in a band 300Hz to 3kHz

Asthe phase noise is varying at 20dB/decade, L(f) = alf? andto get -70dBc/Hz at 1kHz,
givesa= 0.1. Theintegral may be performed exactly to get

residual FM = sgrt(2 a (f, - f;)) = 23.2Hz
kkkkkkkkkkkkkkkk

If you are designing a synthesizer using SImPLL and wish to determine the residual FM,
simply select Edit / Report Optionsin the main menu and enter the frequency bounds f;

andf,, SimPLL will automatically calculate the residual FM by numerically integrating
the phase noise curve and will display the result on the Report page.

Theresidual FM isthe FM that isleft when there should be no modulation - that iswhy it is
caled residual. So when there isno modulation on the transmitter, some residual noise
voltage comes out of the demodulator in the receiver with RMS amplitudev,,. Theresidual

FM isthe RMS frequency deviation of the transmitter needed to produce v,,.

Theresidual FM limitsthe signal to noiseratio achievable in a system. The S/N ratio for
sinusoidal modulation with peak deviation f,, on acarrier with residual FM s; is given by

http://www.radiolab.com.au/designfile/pnref/rx2.htm 19.12.2013 10:23:10



PNRx2 Page 2

Ja
SIN= 2010310[
\/'Eﬂ'f

.(233)
Some people remember this asthe RMS deviation over the residual FM
Example: If the previous oscillator was used in an FM system with 3kHz deviation, what
would bethe best S/N ever achieved in the systemin the absence of all other sources of
noise?

Theresidual FM is23.2 Hz, the PEAK frequency deviationis3kHz, sothe SNratiois

SNratio = 10log,(peak deviation/ ( sgrt(2) * residual FM) ) = 39.2dB

kkkkkkkkkkkkkkkk

Usersof SImPLL and can easily determinethe residual FM and the S/N, simply select
Edit / Report Optionsin the main menu and enter the frequency boundsf; and f, and the

deviation. SImPLL will automatically calculate the residual FM and S/N and will display

the result on the Report page.
Designing PLL's?
PREVIOUS use SimPLL NEXT
Click for Details
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