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Phaze Nolze in Communicatione Recelwere
by Steve Ratzlaff

Ogeillators are am eseentisl part of any communications receiver. An
iderl oseillator would hawve all its snergy centered on the fundanmental
freqguency, btut in the real world, such is net the case. Oscillators hava
energy on either side of tha fundsmental frequency; thess undesired nolea
gidebends are cacillator phase noise, and are usually strongest close <0
the cacillator's fundamental fregusney. IF this phaae neips i excessiva,
receiver performance can be adversely affectad under some conditions.,

In the "old" days of wacuum ftube racaivera, oezillator phase nolse
wag rarely nenticned since vacuum tube ascillators generslly hed low
ghaz2e noipe {quiset oecillaters) end didn't degrade recelwver performamce.
It haa only been in recent times, with the introducticn of the eyntheeizsd
recaivar, that phase nolas problems heve haen an area of Concern,

In a recalver, o desired signal from the antenna is mixed with a
local oseillator signel ¢ produce an internediste freguency whioh is
then filtered, smplified and fetected, For example, & O signal on 1476
kHz night be mixed wizth a locsl escillator signal of 1%31 kHz %o produce
an IF signal at §55 kHz (1931-1476 = 455), The protlem a receiver with a
noigy oscillator would axperdemca ig known as "reclprocal mixing", when
undesired cut-of-band algnals mix with oseillater phase nolas to produce
in-band noise that degrades recelver asnsitivity and dynamic renge. In
our example abeévwe, the local oecillmtor, tuned to 1931 kHz, might be
producing noise sidebands st 1935 kHs, which will then mix with an undesired
gigml or noise on 1930 kHs to produca &35 kHz (1935-1480= 455), ac the
1430 algnal will interfare directly with the 147& =lgnal in the IF filier.
25 the noige level or interference lewvel of the receliver riese, dapanding
an how far away in freguency the cut-of-bend mignals are. Tha closer yau
tuna to the undesired signals, the louder the nolas level bedomes, until
the undesired aignals beoome the dominant slgnal in the ouiput.

4 recaiver's overall phase nolse performance is depandent om both the
pgoelllator phase noisa and any fllters uaed in the recelver before the
mixer. A3 5 regult, receiver phass noiga performance is very much affected
by the fraquency offset from the deasired frequency. A communications
receiver'e phase noise might e specified at offssts of 100 Hz, 1 kHz,

10 kHz, and 100 kHE.

It ie important to remember that transmitterse use cacillators too,
and therafore are subjeet te the same potential phase noles problams aa
rpoeivere, Phaee noise on 2 transmitted signal from neascbyr caugat tha
gpme affects a3 phase noise generated im a regelivar, The oacillatoer with
poerast phase nelse limits the performance of the system.

oaclllator phase noise ia generelly epecifisd ms the noise on me sids
of the fundamental signal, that is the Single Sildeband (S5B) phase neise.
1t ig measured in units of dBofHz (this means the powar In declbele ot the
- noige relative to the power of the carrier, meapured In & one Hertz bend=-
width). &2 mentioned mbove, an offset frequency Trom the fundsmental
carrier is used. &n offaet of 1 kHr means that the phase neise is nemsured
i kHz from the carrisr. Ususlly phase noles ig plotted on a logarithmic
geals graph, from which you can debermine the phase noise at any ofiset
degired, up =0 the maximum on the graph (usually 1 MHZ or =o).

Aetually measuring phase nolse of an pgcillafor generally involvea
axpensive equipment that only a design laboratory might be able e justify
purchasing, O the other hand, experlsenters can canstruct equipment capable
pf measuring overall racaiver phage noise, Thie infermation is contmined in
the 1989 ARRAL Xandbook ipp. 10-1Z through 10-26; eriginally appearsd in
in Marsh and April 1938), and I highly rTecommend it If you'rs interssted in
determining your receiver's oversll phase noise performance, or if you're
wanting to find ocut more about phase noles problems in depth.

I'we bean fortunats in having sccess to lab-grade equipmant to test
receivers . Owver the past meversl yeare I hawve collected performance data
on wariow hia?ds of communications egquipment ludin ocking and
rggipfﬂﬂ&% mixing performanca. Eﬂnt r:u%!?grs hﬁ?énﬁaun mslﬁl-filﬂ ck
units , whila others have been lower-priced gensral-coversge recelverse and
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