NOISE

Look at a signal voltage v(t) that interferes from a noise voltage v,, which means that
Viot(t) = v(t) + va(t). The power of the signal denotes Pyignar and the power of the noise

notse.

Following 4performance measures is defined:
* Signal Noise Ratio, SN R = 10 10 log Frieze!

Win,mas(t)]
Win,min < (8)]

¢ Dynamic Range, DR = 20" log 1

- I [vin ()] > [Vin.mas(t)] you get distorsion.
- I [0 ()] < |Vin,min(t)] the signal gets drowned in the noise.

e Noise power, s, defines as Prise = jO 2 (t)dt
s Also, if V,,(f) is the Fourier transform of v,,(t), Proisc = f” V2(f)df

o V2(f) is the spectral density R,(f) and R (f) is the Fourier transform of the cutocorre-
lation function r,,(t). Le. V2(f) = R,(f) = F {r,(t)}

If the input signal to a linear system, with transfer function H(f), has a noise component
with spectal density R, (f) the output signal will get a noise component with spectral density
Ryun(f) and

Rout n ) h *H(f)izR (f)

If we have say three systems, H,(f), Ho(f) and Hs(f) with noise, Ry, (f), Ron(f) and Rs,(f)
respectivly, on their inputs and the noise sources are uncorrelated, and if the output signals
from the systems are added the spectal density of the output signal will be:

Rout,n(£) = [HL(F)PRin(f) + [H2(F)* Ron(f) + [H3(f)* Ran(f)

Vin,n (t Vout,n (t)

Routn(f) = [H(F)PRu(f)
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Hi(f)

| ()

Ran(f) Rourn(f) = [HL(£)I*Ria(f) + |Ha(f)* Ron (f) + | Ha(£)|* 30 (f)

®—> Hs(f) B

]

Noise bandwidth concept
Regard a one-pole system with transfer function

Hs) = T2 = 1) = 2l
Vi (3)

This equation gives the 3dB cut-off frequency: fsgp = "‘ .



If you feed the system with white noise, that is noise with constant (independent of f) spectral
density R;(f) = R;, the noise power on the output will be

, : | Ag? ,
Py noise = / 7 I2R dj R; / _—-i‘—O‘“""— =R, -
t,noise A [H(f)]"Rdf = (4)2 o
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If you have a brick-wall filter with |H,(f)| = |Ag] and bandwidth % - f3ap you get the same
power Poyut noise- Therefore T- f34p is said to be the noise-bandwidth of this one-pole system.
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RO‘Ut(f) = Rl]HUC)!z Rout(f) = Ri[Hb(f)tQ

Noise in CMOS-circuits

Noise in CMOS-circuits is inherent noise, not interference noise.
There are three different types of inherent noise.

1) Thermal noise - due to thermal excitation of charge carriers. Thermal noise is white
noise.

2) Flicker noise - due to traps in the semiconductor that hold carriers, which normally
gives the DC-current, for some while and than release them. (DC-current doesn’t float
smooth.) R, (f) ~ 17 {moore accurate R, (f) ~ fi where 0.8 < o < 1.3).

3) Shot noise - DC-current is a result of individual carriers, which yields a current that
actually is pulsed and not smooth.

Noise models CMOS: (Regard the saturated region)

Flicker noise (spektral density Vf( I = W—z%‘_f) and thermal noise (spectral density I3(f) =
AkT %fjm) dominates in CMOS-¢circuits,
As zd( t) % ginvgs(t) then Lu(f) = g Vys(f) and the thermal noise with spectral density 13(f) =

4kT2 “Im can be transformed to an equivalent noise voltage on the input with the spectral

denmty 2(f) = 4kT-§~(—)3— V2(f) and V2(f) are uncorrelated and can thus be added.
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Element Noise Models
Resistor
R (Noiseless) . 4T
%n V20 = 4kTR RE@hRo=-F
(Noiseless) +—
Diode ry = Ei‘-'- (Noiseless) o |
qip rg= — | 2
: Iid = 2ql
% vah = 2Tr, A °
(Forward biased) | (Noiseless)
BJT 2 2 1
vio Vit = 4kT(rp+ 5-)
,_R' | @Z) (Noiseless) m
I 20 - Klg, Lo
(Active region) 0 " Lo 2q[15+ f +"3(m2
MOS 9(9 13 Vit
FET ~®-k QLO —@—il3 (Noiseless)
“
K 1 K
(Active region) Vo = WLt vio - 4”@5; " WL
2 = akT(2 Simplified model for
o T(s)g m low and moderate frequencies
Opamp 2 (0$
> — g‘je‘ass) Vo, 1.0, L,
T — Values depend on opamp
s '@‘g — Typically, all uncorrelated
Vi () ypicaly. sl

Fig. 4.11 Circuit elements and their noise models. Note that capacitors and inductors do
not generate noise.



DISTORSION

o Harmonic distorsion
A result of non-linearities of the circuit (system). This means that e. g. a sinusoidal in-
put signal «(¢) doesn’t generate a sinusoidal output signal. Instead it gives a periodical
non-sinusoidal output signal y(¢). y(t) can be described by a fourier serie.

X2

o(t) = Xsinwyt = y(t) =Yy + Z Vi sin(kwnt + @g)
Rzl

Different distorsion metrics:

THD (Total Harmonic Distorsion)

THD = (leig Yk2€)1/2 e Y12e)1/2

(ke Y2 (Y2 = Y)1/2

V4
Vie = L and ¥ =  fp ()

SFDR (Spurious-Free Dynamic Range) = P, — max{ Py} k>2 [dB]

e Bandwidth distorsion, D,
Reason: The bandwidth of the reconstructed signal is lower than the bandwidth of the
original signal.

) Wes
Do =3
o - 1 °e .
Energi of the original signal: W, = / [z(t)|?dt = p [ X (W) 2dw

Energi of the error-signal caused by bandwidth distorsion:

1 9
W f == Mty
! eh 5 L]}nfs I){ (w)f dw

¢ Aliasing distorsion, D,
Caused by undersampling (f; < 2fi4s), when different periods of spectrum from the
sampled signal are overlapping.
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A

Energi of error-signal caused by aliasing:

mfs
Woy = - / 1" X(w - komf) P
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