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Agenda

e MOSFET Noise
e Filtered Noise
e OTA Noise Example



Resistor Noise Model

e An equivalent voltage or current generator

can model the resistor thermal noise

P 4kT
V2 =P R = 4KTRAf I === A

R (noiseless)
% R

Vaf) = AKTR

(noiseless)

element models

e Recall the PSD is white (uniform w/
frequency)



Diode Noise Model

e Shot noise in diodes Is caused by pulses of current
from individual carriers in semiconductor junctions

e White spectral density

(forward-biased) kT
} p— —
d QJD
(noiseless)

element

kT .
}'(f = —— (noiseless)

a1
Vf = 2kTr,

5
I () — 291

models [Johns]

e Where q=1.6x10-°C and I, is the diode DC current
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Thermal Noise

=> Spectral Density of the thermal noise drain current (CMOS
transistor biased @ linear region)
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White Noise
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MOSFET 1/f (Flicker) Noise

e Caused by traps near Si/SIO, Interface that
randomly capture and release carriers

. K.g?
'“”ZWLEgmf

» K¢ Is strongly dependent on the technology



1/f Noise Corner Freguency

- This is the frequency at [ =
which the flicker noise \ th:;??,::z:e
density equals the -
thermal noise density
KeOn  _
wic, - T

KF m KF 1 m ID
o = 2T, vg\J/L " 4KTC, I[?_Dj(Wj
e For a given g/l (which sets 1,/W), the

only way to reduce f_, Is to use longer
channel devices
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Current noise Is the real one  Thermal Noise g =9m Vs

-2 2\ /2
Iy = gmvgs
Voltage noise representation is an = Vi, _8KT
artifact to facilitate system analysis 30m
- o 2 Kegr
v Flicker Noise i “WiC. 1
-2
........ " I
- » _ Kegy 1
Referred to the input v =WLC. T g2

) KF(lj 1
Vg = | | =
C, \WL\ f
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Equivalent input referred voltage noise

Vezq =2 =2
-O— 2 = tatn T Lar
> eq 2
M gm
Equivalent input referred
noise voltage means that all 2 :§ KT 4 Ke 11
current noise sources are " 3g, C_ WL f

accounted as drain
current and represented

by an “equivalent” noise Y, (RI\/IS) _ \/ Jng (f)df
BW

voltage at transistor gate “dtotal
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l - Noise density (V2/Hz) Spice model
Id 5 , ,
Veq’ V. =V, +V §
o I eq th 1/
" , 8 KT K,
- Vo =———df + df
- 39, WLC,, f

F =9.8x10°V?/um — HZ(NMOS)  FOR LOW-FREQUENCY APPLICATIONS,
OX

— 05x10°V2/um — Hz(PMOS WHEREIN 1/F NOISE 1S DOMINANT,
vl
4 PMOS DEVICES MUST BE USED.

2
vn Flicker

Corner frequency Thermal

v
—h



Filtered Noise

2
ni

Y

(f)c—b

A(s)

[Johns]

—>»

V2, (F)=|A(j2f ) V2 (1)
Voo (F)=|A(j27f Jv, ()

e Noise output spectral density is a function only of the
magnitude of the transfer function, and not its phase

e With multiple uncorrelated noise sources, combined
output is also uncorrelated

Vﬁl(f) o—» A I(S) |

V22(f) o——» flz(S) |

vn3(f) oO—» ‘43(5‘) !

[Johns]
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First-Order RC Circuit Example

R R [Razavi]

1

-Lo Vout ¢> V:( ;t I C Von
e R P

| ?" o= _r

What is the total output noise power?
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First-Order RC Circuit Example

Sil‘l{f) o ’fﬁ o Sout(f}‘ [Razavi]
lkTR[—— J_ v 4kTR
C n,out

f . f
)= (s)=
Vg 1+sRC
: 1
v2 (F)=|A(j2A ) vi(f)= 4KTR
Out( ) ‘ (J )( R( ) 1+47Z'2f2R2C2
To calculate Total Noise Power integrate over all frequencies
Vgut:j 45T2R 22
1+47°f°R°C
. dx 4
Usin =tan " x
: -[x2+1
f=0
2 :Etan-l(zﬂch)( :E[ﬁ—o} _KT
f=0 2 C
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Noise Is generated by R but integrated noise is function of C (??)

total

Vin —C

Therma
noise

K

>f\-

. W2V v 2

Al

1+(wRCY

» f(log)

Notice that:

When R increases thermal noise
increases too but the corner
frequency decreases, leading to a
constant area under the curves!
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Noise Bandwidth

e The noise bandwidth is equal to the frequency
span of a brickwall filter having the same output
noise rms value

VB, = j v2 df
0

For afirst -order filter B, = %a)p

Validating with previous slides derivation :

Total Noise Output =v2B_ = (4kTR zy_1 .k
2 \ 27RC C
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Take advantage of SYMMETRIES!

M2 M2 Output referred current noise density

h Superposition: Every transistor contributes;
11 consider one at the time.

Vy i

ot Analysis: You can use standard circuit analysis
l _ techniques but at the end of the day you have to
0.5id1T 0.514, L consider POWER.

r‘ i W Output noise density: Each noise component
< represent the RMS value of random uncorrelated
vi AV N wm

noise! Then add the power noise components

ioutl — A kTg m1l

Noise injected into the common-source
node equally splits into the two branches
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Take advantage of SYMMETRIES!

M2 M2

Output referred current noise density due to the P-
_ }‘_‘ « : type devices:
lg2 T T a2

Vy i Left hand side transistor:

1~0 L iout22 = id22 :%kTng

Right hand side transistor

o

Noise injected into the common-source
node equally splits into the two branches

A
<
T

B . 3
Iout22 — g kTg m2

Noise due to the current source is mainly
common-mode noise
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Output and input referred noise

Output referred current noise density

|
L iouf=2@kTgmlj+2@kTgmzj

Iy l l Iz % Input referred noise density (V2/H,)
S R L 2(8 ) j + 2(§k_T g”‘zj

3 gml gml

A\ 4

A

IB i _
In this case, noise due to the current source Is
mainly common-mode noise

Be careful because this is not always the case!
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Input referred thermal noise density (V?/Hz)

M2 T M2 (8 ij [8 kT gsz
Vin eq =2 - — [+ - —
Vx i 3 gml 3 gml gml
Input referred noise level (volts)

o l l ' v Noise(Vgus) = \/ in,eq “df

M1 M1 Example: for thermal noise, the noise level becomes
(assuming a single-pole system)

B 16KT g \/7:
Noise 1+2m2| [ BW
(VRMS) \/ \/gml\/ gml [ 2 j

: 8KT
| should advise you to use:  NOISe(Vgys) = \/g \/1+ gmz (\/ BW) 4kT=~16x102! coul.V
m1l m1l




Next Time

e OTAS
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