Unit 50 Noise

e Noise signals present within a bandwidth
B are specified in units of

Volts pervHz or Amps perv Hz

e T he thermal or white noise from a resis-
tor, R, at temperature T within a band-
width B is:—

Vioise = V4KTRB

e [ he shot noise associated with a DC cur-
rent [ is:i—

I0ise = V2elB

e Flicker noise or one over F' noise is com-
parable in magnitude to thermal noise at
about 100Hz and has a spectrum which

; 1
varies as 7
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Turn up the gain of an amplifier, with no
signal present at the input,
A hiss will be heard.

Also on older TV sets snow on the screen.
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NOISE
I |
Interference Inherent
Mains pick up White (Johnson/Nyquist)
RF pick up Shot noise
Electrostatic 1/f noise
Ground loops
Cure Minimised
Layout Low noise resistors
Shielding Low noise opamps
No ground loops Low currents

Noise sources.

EMI Electromagnetic inteference must be re-

duced.
Standards are set for equipment.
Electrically quiet location.

Some noise is inherent.
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Units in which noise is measured.

We have a noise power spectrum.

Light can be white or pink or blue

We have the concept of white noise having
a power distribution spread equally over all
frequencies. We also have the concept of
spectral density.

If the power in a frequency range oF = F1—F>
IS measured, we can then plot the power per
unit frequency as a function of frequency. We
measure voltage but

V2
R

V x VP

P
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Therefore if we take the square root of the
power spectral density we get the units of the
noise voltage spectral density as

Volts per v Hz
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Transmission Line

$ 3.

Length L

Transmission line carrying noise.

White noise analyzed by Nyquist and experi-
mentally measured by Johnson.

Resistor at a temperature T K.

Electrons move randomly with a kinetic en-
ergy appropriate to kT' where k is Boltzmann's
constant.

Connect a resistor at each end of a matching
transmission line
TV co-axial cable 752

Noiseless loss free line.
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Transmission Line

$ 3.

Length L

Electrons in the resistor radiate electromag-
netic signals into the transmission line
Resistor absorbs any signal traveling down
the line to the resistor.

Thermal equilibrium is reached

Spectral power distribution on the line is the
same as the spectral distribution emitted by
the resistor.

Cut the resistors from the line and leave the
electromagnetic signal trapped on the line,
bouncing back and forth between the ends.
What is the energy distribution of this signal
on the transmission line?

Modes of the line




Unit 50 Noise

Transmission Line

£ 3.

Length L

Modes will be integer multiples of the funda-

mental, Fp = %

N modes between the frequency F; = p%

and the frequency F» = q%, where p and gq

are integers
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Each mode has an energy k1" associated with
it

Energy, W, on the line in the frequency range
Fi to F» is

2L
W = NkT = (p — ¢)kT = (F1 — FQ)FII{JT

Energy was delivered into the line by the two
resistors in one line transit time % and there-
fore the power from each resistor is

W (F— )

— 2L — 2L
C C

2L _
P C kT = (F1—F>)kT = i°R

where i2 is the mean square noise current.
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The mean square noise voltage which drives
this current through the two resistors in series
is then (by squaring Ohm’s Law and making
a substitution for z'_QR)

v2 = i2(2R)? = 4i2RR = 4(F,—F>))kTR = 4kTRB
where B = F7 — F» is the bandwidth.

The noise voltage is then

Vnoise = V4ETRB




Unit 50 Noise

Shot noise.

I =N Xgq

N electrons on average flow in a given time
interval then the statistical fluctuation is v'N
A measurement will be in the range N ++/N.
If the bandwidth of the measuring amplifier is

B then the sample time is given by At = .
Ne
I = — = NeB
At

The fluctuation in the current is

| 1
Deltal = eBV N = eB —B = VelB
e

More detailed calculation gives

Al =+2elB
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1

;/—]c Noise
log V n
White noise
/

log f

Flicker noise or % noise.

This mechanism is most significant at low
frequencies when 4 is small.

The noise voltages associated with flicker noise
are masked by shot noise at frequencies above
some corner frequency Fp.

Typically this corner frequency is at about

100Hz.
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Mechanism of flicker noise not fully under-
stood

Some models use Chaos theory and Intermit-
tency.

It is a problem with DC amplifiers and very
low frequency amplifiers

Minimize or avoid flicker noise by choping the
signal at say 1kHz and thus shift the the sig-
nal up in frequency and out of the flicker
noise domain.
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5KO 2mV L
Ro=500kQ

S
§ 100Q  omV MWNW/\/WMW
= (b

Calculate the thermal noise from the 500kS2
resistor at 20°C which would be observed on
an oscilloscope connected to the output of

the circuit
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100dB

741 Opamp

Open loop
Voltage gain B

Slope =20 dB / decade

0dB ] ]

106 Frequency

Gain is A = 14 2%2 = 51 or 34dB. Plot
the 34dB line and the bandwidth is obtained
to be about 30kHz. The thermal noise from

the 500k€2 resistor is given by
V., = +/4kTRs x v/ Bandwidth

V4 x 1.67 x 10723 x 293 x 5 x 10° x 3 x 10
17uVRMS

Vout =51 x 17MVRMS = 0-87mVRMS

Grass!
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Calculate the voltage shot noise which would
be observed with an oscilloscope having a
15M Hz bandwidth due to a current of 0.84
flowing through a 502 resistor.

The shot noise current is

lnoise — \/QGIDCB

=1/2x 1.6 x 10719 x 0.8 x 15 x 10° = 2x10764

Noise voltage across the 5012 is

Viise =2 X 1070 x 50 = 0.1mV




