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Noise & Headroom iIn
Mixers.

This page updated: 4 April 1999 @ @

NOM NAL SI GNAL LEVELS

Signals vary continuously in their actual anplitude, so it is
necessary to specify a nom nal or "normal" signal |evel
Explicitly or otherw se, this assunes a continuous sine wave
of a specified RVS voltage.

The | evel may be quoted in Volts RMS but is nmore comonly
expressed in decibels, eg dBu or dBv. Decibels alone are
merely a ratio, so they nust be based on a reference if they
are to refer to an absolute rather than a relative |evel

As an exanpl e, professional mixing consoles use a standard
nom nal |evel of +4 dBu, equivalent to 1.228 V. The "u" means
that the reference level is 775 nV. This rather odd-Iooking
val ue was chosen because it gives 1 nWof power in a 600 Chm
|l oad. (The 600 Chmload is a historical hangover fromline
transm ssion systems, as it is the characteristic inmpedance of
spaced copper wires on a standard-sized tel egraph pole; you
don't need to worry about this)

This could al so be expressed as +1.8 dBv, the "v" neaning a
reference level of 1 Volt.

The noninal level is sonmetines the maxi mumthat can be recorded on
a given nmedium but this is not true for electronic systens

such as m xi ng consol es, where the naxi mum possible level is

often 20 dB or nore above the nom nal |evel

NO SE.

Noi se is the hiss in the background. All electronic equipnent
adds a (hopefully) small anmount of noise to the signals being
handl ed. This is unavoi dabl e, and the neasure of a quiet piece
of equiprment is that it adds as little noise as possible.

The word "noise" is sonetinmes used to include any hunms, buzzes
or other extraneous sounds the system may be subject to; this

is not very helpful as it confuses inevitable white noise with
interference that is avoidable with correct design

The noise level is often called the "Noise Floor" as it sets
the lower limt to the dynanic range. This does not nean that
anything lower in level than the noise floor is totally

i naudi bl e; for exanple a hard-edged buzz woul d probably
audi bl e (given enough anmplification) even if it was 20 dB

bel ow t he noi se fl oor.
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Noi se is generated in every conductor or conponent that has
resistance. In addition to this, all sem conductors or other
active conponents add extra noise of their owm. Fromthis it
may sound as though it is very hard to nmake a qui et piece of
equi pnent; but in practice nost of these noise sources nmake a
negligible contribution, and only a few need close attention

This is because the various source of noise are all

uncorrel ated- ie they are all random but differently random
and so when the are added toget her sone cancellation as well
as sunmmation occurs. |If two correlated signals of equa

anpl itude are added together, the total anplitude is doubl ed.
(6 dB increase) In contrast, if two different sources of white
noi se are added, the level only goes up by 3 dB. This is

mat hemati cal |y known as RMB sumi ng.

If one of the noise sources is reduced in anplitude, its
contribution to the total drops away very quickly:

Source 1 Source 2 Surmmed t ot al
0 dB 0 dB +3.01 dB
0 dB -1 dB +2.54 dB
0 dB -2 dB +2.12 dB
0 dB -3 dB +1.76 dB
0 dB -6 dB +0. 97 dB

Roughl y speaking, one dB is the snallest perceptible change in
sound | evel. Therefore addi ng any noi se source that is |ess
than half the noise |level existing already nmakes very little
di fference.

HEADROOM

Every el ectronic channel, be it digital or anal ogue, has a
maxi mum signal |level it can pass. Attenpts to exceed this
typically result in hard clipping, where the waveformis
levelled off flat when it reaches the limts.

The maxi mum | evel is nuch harder to define for anal ogue tape
machi nes. Here a higher recording | evel can be obtained by
accepting sone distortion on signal peaks. This is possible
because it is loworder distortion, generating nostly third
harnoni cs. Hard clipping such as occurs in electronic
circuitry or digital storage, generates |ots of high-order
harnoni cs that are far nore obtrusive. Hard clipping is not
normal |y detectable if it is very brief (say 1 nmillisecond)
but if sustained sounds very unpl easant.

Both in recording and live nusic, the level of signals
arriving is not entirely predictable. It is clearly desirable
to have sone safety nmargin between the "usual" operating |eve
and the clipping point.

DYNAM C RANGE

The difference between the maxi mum | evel and the noise floor
is known as the dynamic range. In electronic circuitry this is
usual ly 100 dB or nore, the exception being mc anplifiers
wor ki ng at hi gh gain.

Noi se fl oor Headr oom Dynami c range
Anal ogue tape 0 dB
Di gital -83 dBu +10 dB 93 dB
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M xi ng consol e -84 dBu +26 dBu 110 dB

THE ASSESSMENT OF NO SE | N M XI NG CONSOLES

The noi se performance of a conplex system such as a m xing
console is not sinply described. An al nost infinite nunber of
variations in console set-up, and neasurenent techni que and
interpretation exist. The final noise |level at an out put
depends on the operational configuration in use as nuch as on
the technol ogi cal decisions nade at the design stage, and so
this docunent has been produced to clarify sone of the
measur enent phi |l osophi es and techni ques used in the design
testing, and specification of consoles.

Most of the actual data quoted are taken fromthe
Soundcraft Series 6000, as one of the quietest consoles ever
built, but the general principles are applicable to all mxing
consoles. It is assunmed that the reader is familiar with audio
basi cs such the difference between dBu and dBv.

In recording work the nost critical situation is m xdown,
as the maxi mum nunber of potential noise sources are being
added together. The situation is sinplified because all inputs
are line inputs, and these will be set at or near unity gain,
assuning the levels of console and tape machine are properly
al i gned. Were inputs are being mxed in directly from
sequenced synthesisers, these are likely to be noisier than
any line input anplifier, and the discreet use of noise gating
i s not unusual

Consol es for PA work are nornally used in a way that
approxi mates to mxdown in a recording console, as a |arge
nunber of inputs are m xed down to stereo. However in this
case many of the inputs will be used for mcrophones, probably
with widely varying i nput gains, and the situation becones
nore conplex. In general it seens inpossible to specify one
particular configuration that would provide a realistic
assessnent of noise perfornmance in all live situations.

NO SE AND THE LAYI NG OF TRACKS

Soundcraft noise specifications are set using true-RVS
readings. It is not our practice to quote noise nmeasurenents
made with weighting filters (such as A-weighting) because it
is our feeling that this would tend to nislead people. Once
again, it would also limt the choice of test gear that can be
used to check that a console is performng to specification

The last two points apply to all our noi se nmeasurenents,
and not just those involving input preanps.

We shall now exami ne the noise structure of a Series 6000
console in recording node. Typically the mc input gain night
be set to +50dB, and at this setting the preanp EINis stil
as good as -127 dBu. Fromthis we can quickly find that that
the preanp noise output is -77 dBu, and while this nmay seem
high at first sight, even an absolutely noiseless circuit
could only inprove this by 2 dB. The EQ section that follows
the preanp generates |ess than -95 dBu, and therefore its
contribution is conpletely negligible.

Simlarly the noise contribution fromthe fader post-anp
is approximately -104 dBu, and this nakes no neasurable
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di fference.

Assum ng that one channel is routed to a group in order to
send it to the multitrack, the extra noise fromthe group
summing anplifier will be about -101.5 dBu, which is once nore
a negligible increase.

It can therefore be clearly seen that in recordi ng node,
the performance of the Series 6000 is determned to a very
| arge extent by noise fromoutside the console, in the shape
of the inevitabl e nmcrophone Johnson noi se.

NO SE AT M XDOAN AND | N PA WORK.

At m xdown there are typically many inputs, all feeding
the stereo m x bus in varying amounts. The npbst obvi ous of
these are the input channels, as considered above, but it is
i mportant not to forget the presence of the nonitor sections,
which nmay well have a different noise characteristics. The
same applies to any effect returns routed to the stereo bus.
Each input will have varying frequency characteristics when
the EQis in use, and if input are sub-grouped this adds an
extra |l ayer of conplication.

The nunber of variables is large, and the interactions
bet ween them conpl ex, and so we have attenpted to standardi se
a measurenent configuration that would, as closely as
possi bl e, represent an 'average' m xdown insofar as such an
ani mal exists. The basis of this configuration is the
recognition that if 16 or 24 input channels are all mxed into
the stereo bus with their faders at 0dB, the result is likely
to be an inharnoni ous crunching as the m x sunming anplifier
clips. For nost of our tests we have chosen to use 16 inputs
as this is possible on nore types of console, though the
principle is of course the sane for 24 or nore.

Assum ng that the inputs are uncorrelated, their voltages
will sumin an RMS fashion- in other words the result is not
the arithmetic sum but the square-root of the sum of the
squares. Therefore 16 inputs will conbine to give a signa
roughly 4 tines greater (the square root of 16) and sonewhere
in the system attenuation nust be introduced to reduce the
signal to the nominal level; in other words, the inputs are
summing to unity. We felt that it was nore likely that this
shoul d be introduced by pulling down the channel faders to -12
dB, (rather than pulling down the naster fader) as this
protects the m x sunm ng anps from overl oad.

In fact, mix sumring overload is very unlikely on the
Series 6000, as the discrete/integrated sunm ng-anp technol ogy
used allows the anplifiers to be run at a | ow gain without
sacrificing noise performance. This gain structure al so
conveniently allows the mix inserts to run at a nomnal -10
dBv. (equal to -7.8 dBu, sonetines called Tascam| evel)

O her decisions had to be taken to define the test
configuration. Line gain is set to unity, ie +4 dBu in for
nom nal internal level, and the line inputs are termnated in
a short circuit as the output inpedance of professiona
equi pnent feeding it is unlikely to be higher than 100 Chns.
This is negligible conpared with the |ine anps interna
i mpedances. (It is not inappropriate here to underline the
fact that the output inpedance of an anplifier does not
deternmine its current-drive capability- it is possible to have
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a stage with a 10 Ohm source i npedance that cannot fully drive
a | oad bel ow 10 kChm)

Since the relative anpbunts of cut and boost applied are
i mpossible to predict, it was decided that EQ should be
switched in but set flat. The control centre-detents help here
as the configuration nust be relatively quick to set up, and
r epeat abl e.

Qur normal procedure is to begin neasurenents at the mx
outputs, with the mx fader down. This paraneter is inportant
because it deternmines the ultimte qui etness reached when
doing an overall fade-out. Then the audio path is successively
extended to the 16 inputs, first by fully advancing the nix
fader to 0 dB, then routing the channels to mix w th channe
faders down, and then advancing these faders to the previously
described setting of -12 dB. Finally the EQ section is
switched in. This stepw se process gives a very clear picture
of how noi se builds up through a console. Note that the
nmoni tor sections are switched on, and panned hard left so that
their effect can be deternined by recording the results for
both left and right m x outputs. Likew se the channels are
panned hard left to discrimnate between m xi ng noi se and
noi se fromthe fader post-anp. The figures bel ow are actua
measurenents froma Series 6000 prototype

LEFT RI GHT
M x fader down. -102 dBu -102 dBu
M x fader 0 dB. -85.7 dBu -87.5 dBu
16 channel s routed. -83.5 dBu -84.5 dBu
Chan faders to -12 dB. -81.5 dBu -84.5 dBu
EQ section in. -81.0 dBu -84.5 dBu

Al'l channels and nonitor sections are panned fully Left.

DI G TAL EQUI PMENT AND NO SE.

When digital recording systens were first introduced they
were nonminally 16-bit. This gives a theoretical noise floor 96
dB bel ow maxi num |l evel. In practice 90 dB was nore |ikely, and
i f maxi mum | evel corresponds to +4 dBu, this indicates a noise
| evel at each multitrack output of -86 dBu.

It is necessary now to consider the anount of headroom
| eft when the nonminal operating levels are set up. Unlike
anal ogue tape, digital clips suddenly and with painfu
clarity, and so it is essential to | eave enough headroomto
prevent this. If 10 dB of headroomis left on all tracks that
are not conpletely predictable in level, then this inplies
that the noise level actually present at the console |line
inputs is -76 dBu. After this |evel has been passed through
channel faders set to -12 dB as above, and then sumed to
unity, it remains at -76 dBu, well above any of the noise
readi ngs quoted in the above table. Thus the console will be
at least 5 dB quieter than the digital equipnent it is
connected to, even in the worst case. It is of course nore
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likely that the panpots are on average central, which yields a
| arger margin of about 8 dB

Many digital systens now have 20-bit or nore resol ution
though in general only 20 bits is achieved in practice. This
reduces the theoretical noise floor by 4 bits, or 24 dB
Therefore the noise |level at the recorder output should be -
110 dB. In practice the anal ogue input/output circuitry of the
recorder is unlikely to be able to achieve this, and
assessnent of the relative noise perfornmances of recorder and
consol e nust be done on a case-by-case basis.

Dougl as Sel f
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