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Noise

Types of Noise
Voltage Noise - Fluctuationsin voltage
Current Noise - Fluctuationsin current
Flicker Noise - Low frequency circuit noise
Interference - External noise

Interference
» High frequency pick up iscommon in power connections
May be eliminated with low-pass filters - “ surge suppressors’

 Capacitive coupling picks up large fluctuations from nearby circuits
Move components apart or near to alarge ground - “ground plane”
Add metal shielding
Lower impedance of inputs where possible

 Inductive coupling picks up nearby large fields, especially 60 Hz
Keep loops small, twist wire pairs together
Add high passfiltersif appropriate

* REF (radio frequency) coupling can be picked up and amplified by
resonant circuits

Shield cables, and keep unshielded | eads short
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Thermal (Johnson) Noise

* Fuctuations of electronsin aresistor of the order kT

« Appearsin any resistive element, including transistors
» Treat aresistor as a number of small resistorsin series

R R, Ry
N
R:rzlj:an

» The energy associated with aresistive element e(AV,,)) = KT.

» Energy isaso power expended in atimeinterval T:

2
(AV,)
L

Rn

e(AV,) =

» Solving for AV,, in terms of Af:

AV, = [RKT(AT)

e Thetotd voltagefluctuation IS asum of the small fluctuations

(AV)? rz (AV, )2 rz R KT(Af) = RKT(Af)
A better approximation gives:
= JARKT(Af)
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Shot (Current) Noise

Dueto statistical fluctuations in current across a junction
Currentinashorttimertis:
| = %3 = ne(Af)

A wide band of frequency (Af) is equivalent to a short time
Fluctuations in the number of electrons varies as the square root of n
The fluctuation in current is:

Al = /2ne(Af) = J2el(Af)

Shot noisein asingle transistor:

Rc = 10kQ

Af = 100 kHz ilc=lOmA

Al = J2el(Af) = 0.018uA

AV = 0.18mV
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f (Flicker) Noise

Shot and Johnson noise are white noise

Uniform power with frequency: Power proportional to V2 = constant.
At very high frquencies quantum effects reduce the noise.

Flicker noiseisinversely proportional to frequency, only shows up at
low frequency (typically 100 Hz or less)

Flicker noise appearsin resistors and transistors due to surface effects.

For example, changes in the base region of atransistor will cause
changes in the minority combination rate.

Other effect include carrier diffusion and thermal noise.

Flicker noise has been measured at extremely low frequencies, but
must eventually stop so that the power does not become infinite at O
frequency.
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Noise M easur ement

Signal-to-Noise Ratio
» Unit of gain: decibel (dB)
For measures of voltage and current, Agg = 2010919 A
For measures of power = V*| = VZ/R, Agg = 10 log;g A
» Signal-to-noise uses the decibel scale for power,
SN = 1010910 (Psgnal/Pnoise) = 1010919 (st/ Vzn)
o Useful rules:
A factor of 10isa 10 dB measure
A factor of 2 isabout a3 dB measure
0 dB isequal signal and noise

* The bandwidth used in the calculation matters:
If the signal only covers bandwidth Af, with an S/N = A, the noise is

(AV)? = 4RKT(Af)
If S/N is measured with 2Af, the signal isthe same but the noiseis
(AV)? = 4RKT(2Af)

afactor 2 greater, so S/N drops by 3 dB
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Noise Figure

» Thenoise figure (F) meaures the increase in noise from an amplifier,

S/N
F = 10log—2ut
S/N,

n

« Assume a source impedance Rg;

AKTR_+ V.

F = 10l S 10log| 1 Vﬁ
= —_— = +
°d AKTR, 9 1 ATR

Note, for equal input and output impedance: 4RKT(Af) = RKT(Af)

 To convert from Fto S/N:

2

Ve 4KTR, V2
= 10log IKTR, 2 = 10log IKTR -F

Vn

” N

Y
S/N = 10log

\'

SN

F ismeasured at Rg, and V,, is sufficiently large.
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Bipolar Transistor Amplifier Noise
» A transistor can be replaced by a current and voltage noise source
|

W

In

» The voltage and current noise are listed per unit bandwidth:
V2 = V.2 | Af, so the units are V/HZzY2 and A/HZY?

» The voltage noise isfrom Johnson noise in the base and shot noisein
the base-emitter junction, with negligible flicker noise:

2
V2 = akrr, + 2KT
elc
* The current noise is due to shot noise in the base current and alittle
flicker noise in the base:

~2
in = 2elg = 2el/B
This noise forms a voltage across the source impedance.

2
~2 N2 2.2 2(KT)
Vatot = Yt 'nRs = 4kTrb+

2
ol *2EICR/ P
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Noise Rgjection

Amplifier Impedance M atching
« Theamplifier noise figure depends on source resistance

~2 ~2_2
F = 10lo 1+\LInRS
- T T akTR,
. .. aF ..
. Th|sreachesam|n|mumwhend? = 0:
S
~2 2 2
d Vn+|nRs “2 2 2
= __ + —— = —_
0 dRs{lOlog(l IKTR, inRs—V,
R = Vv,/ip

» A transformer changes the impedance of a source
Vins lin § ‘ ‘ g NVip, ijn/N
1:N

\Y; Nv:
Zou = T8 = = N“Z,
Iout Iin

* With atransformer noiseis minimized at:

2 _ ~ 7
N'Rg = v /Iy

N = /\Nln/(inRS)
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Bandwidth Selection

Noise depends on the bandwidth and this should be restricted to the
signa only.

An RC filter at both frequency ends will reduce the noise outside the
signal range.

For ahigh pass filter at f; and low passfilter at f, gives:

2
_n_"
2(f, +1,)

Af

A bandpass RLC filter is better for selecting a frequency range

The resonant frequency, Q and noise bandwidth are related:
1

0" onJ/LC
Q = 2mfy(RIlr;)C

f

f 1

0
Af = — = ————
2Q ~ 4(RIIr,,)C
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	Types of Noise
	Voltage Noise - Fluctuations in voltage
	Current Noise - Fluctuations in current
	Flicker Noise - Low frequency circuit noise
	Interference - External noise

	Interference
	• High frequency pick up is common in power connections
	May be eliminated with low-pass filters - “surge suppressors”
	• Capacitive coupling picks up large fluctuations from nearby circuits
	Move components apart or near to a large ground - “ground plane”
	Add metal shielding
	Lower impedance of inputs where possible
	• Inductive coupling picks up nearby large fields, especially 60 Hz
	Keep loops small, twist wire pairs together
	Add high pass filters if appropriate
	• RF (radio frequency) coupling can be picked up and amplified by resonant circuits
	Shield cables, and keep unshielded leads short

	Thermal (Johnson) Noise
	• Fluctuations of electrons in a resistor of the order kT
	• Appears in any resistive element, including transistors
	• Treat a resistor as a number of small resistors in series
	• The energy associated with a resistive element e(DVn) = kT.
	• Energy is also power expended in a time interval t:
	• Solving for DVn in terms of Df:
	• The total voltage fluctuation is a sum of the small fluctuations
	• A better approximation gives:

	Shot (Current) Noise
	• Due to statistical fluctuations in current across a junction
	• Current in a short time t is:
	A wide band of frequency (Df) is equivalent to a short time
	• Fluctuations in the number of electrons varies as the square root of n
	• The fluctuation in current is:
	• Shot noise in a single transistor:

	1/f (Flicker) Noise
	• Shot and Johnson noise are white noise
	• Uniform power with frequency: Power proportional to V2 = constant.
	• At very high frquencies quantum effects reduce the noise.
	• Flicker noise is inversely proportional to frequency, only shows up at low frequency (typically...
	• Flicker noise appears in resistors and transistors due to surface effects.
	For example, changes in the base region of a transistor will cause changes in the minority combin...
	Other effect include carrier diffusion and thermal noise.
	• Flicker noise has been measured at extremely low frequencies, but must eventually stop so that ...


	Noise Measurement
	Signal-to-Noise Ratio
	• Unit of gain: decibel (dB)
	For measures of voltage and current, AdB = 20 log10 A
	For measures of power = V*I = V2/R, AdB = 10 log10 A
	• Signal-to-noise uses the decibel scale for power,
	S/N = 10 log10 (Psignal/Pnoise) = 10 log10 (V2s / V2n)
	• Useful rules:
	A factor of 10 is a 10 dB measure
	A factor of 2 is about a 3 dB measure
	0 dB is equal signal and noise
	• The bandwidth used in the calculation matters:
	If the signal only covers bandwidth Df, with an S/N = A, the noise is
	If S/N is measured with 2Df, the signal is the same but the noise is
	a factor 2 greater, so S/N drops by 3 dB

	Noise Figure
	• The noise figure (F) meaures the increase in noise from an amplifier.
	• Assume a source impedance Rs:
	Note, for equal input and output impedance:
	• To convert from F to S/N:
	F is measured at RS, and Vn is sufficiently large.

	Bipolar Transistor Amplifier Noise
	• A transistor can be replaced by a current and voltage noise source
	• The voltage and current noise are listed per unit bandwidth:
	vn2 = vn2 / Df, so the units are V/Hz1/2 and A/Hz1/2
	• The voltage noise is from Johnson noise in the base and shot noise in the base-emitter junction...
	• The current noise is due to shot noise in the base current and a little flicker noise in the base:
	This noise forms a voltage across the source impedance.


	Noise Rejection
	Amplifier Impedance Matching
	• The amplifier noise figure depends on source resistance
	• This reaches a minimum when:
	• A transformer changes the impedance of a source
	• With a transformer noise is minimized at:

	Bandwidth Selection
	• Noise depends on the bandwidth and this should be restricted to the signal only.
	• An RC filter at both frequency ends will reduce the noise outside the signal range.
	• For a high pass filter at f1 and low pass filter at f2 gives:
	• A bandpass RLC filter is better for selecting a frequency range
	• The resonant frequency, Q and noise bandwidth are related:



