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Chap2-Outline1 : Noise in Devices

e Resistor Thermal Noise:

— Ex: Resistor divider and RC circuits

« MOSFET Channel Thermal Noise
« MOSFET Flicker Noise
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Thermal (Johnson) Noise of a Resistor

Resistor: thermal agitation = Random motion of electrons

> Noise voltage with PSD: v,,2(f) = 4kTR [V2/Hz]

v—nz(i) = 4kTR [V%/Hz] Norton representation

= O— i,2(f) = 4kT/R [AY/Hz]
—— p *
(noiseless) ( )

Where

k is Boltzmann constant = 1,38 10-23 [j/K]
T = Temperature in [°K] (noiseless)
R = resistance in Q [V3/Hz]

»

4kTR

D
»

f

« Particular case: 1k resistor (@ 300 °K exhibits an RMS noise voltage of \/ v,%2=vV4kTR =4 nV/\V/Hz.
* > R=xkQ results in a noise of /vy? =+/x.4.nV/\VHz
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Example 3 : Resistive divider

* Determine the output noise of a resistive divider (R, R,) and deduce the
impact of each resistor on noise performance.

» Revaluate the noise performance using the signal-to-noise ratio (SNR).

™ Vno2(f) = 4kT(R,//R,) [V¥/Hz]
Vno? =4KT(R,//Ry) Af [V?]
o R | .
Output Noise N if R; vand R, \
R
A, =—2
| vl R2+R1
2
< Ry )viz L
SNR= =2 =L & g7 Lo 1 SNR 7ifR, N and R, /
Vn o2 4kT% Af  Af 4kTRy(Rz+R;) Af 4KT R1<1+§_;) IRy vand R,
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Example 4:

—— kT
* Demonstrate that the total noise power of a simple low-pass RC circuit 1s: vnz = ?
« Explain intuitively why this noise is independent of the value of R:
co
4KTR. [H()|*df
[V2/Hz] jo |
‘ —{] . \

Equal areas under

boths curves
4kTR C

o (rad/s)

1 kT
Vyo® = 4KTRf cpppyy = 4KTR- f = 4KTR - ——— = —

If R 7 - Noise PSD /7 but f, \
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Chap2-Outline1

e Resistor Thermal Noise
e MOSFET Channel Thermal Noise
« MOSFET Flicker Noise
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Channel Thermal Noise

22 _ 2 5.2 q
— i,”=4kTyg,, |A*/ Hz] V2

(in saturation) _ 4KTy 1

m
Input Voltage representation

* With y = 2/3 for long channel MOSFETSs (=1 for modern technologies)

 nMOS has a larger g and so larger channel current thermal noise

* Should we minimize or maximize g _?
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Chap2-Outline1

e Resistor Thermal Noise
e MOSFET Channel Thermal Noise
« MOSFET Flicker Noise
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Flicker Noise

— - - —_\ - Dangling Bonds

-

aa's - Flicker noise

[ —_— —_— —_— — -

: f : I‘( | —> Trapping and de-trapping mobile carriers
| |

» K is a constant empirically determined
» Big transistors have less flicker noise
» K is generally lower for PMOS

» Ex: The total noise power from f; to f, [V?]:

f2

_ K 1 « ;
2 — Zdf = _ _2)
Un f cw FY Towln <f1

1
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Total Noise in MOSFETs

A K 1 5
— r
—®_| in2 = 4kTygm K CoxLW f "
_ S
v, 2 =
K 1 g
B CoxLW'? - 4kTY gm

fc
1. Flicker noise “corner frequency”: usually € [500 kHz, 1 MHz]
f K 3
¢ = e WLIm kT

» Flicker noise is detrimental for low-frequency circuits
» Or if it is upconverted the signal Band.

log(f)
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NMOS vs pMOS

Ll L L[]

1/f Slope

W/L=1000/0.2
;=1 mA, [V_ 0.6 V

0.13 pm CMOS technology |

P

=

L
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Chap2-Outline2: Noise in Circuits

» Circuit-Noise Analysis and Modeling
— Example: Noise in CS Amplifier

 Input-Referred Noise

— Effect of source impedance

» Example: Noise CS, CG amplifier and source
follower.
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Circuit-Noise Analysis and Modeling Procedure

Model

Un,o ’
T e e [
Vi, l lvou ; V;, Noiseless Jvo

U
A

i}

\ Vp.1%(f) —— 2 A
Identify noise sources. na O —] A, ( " |
. ; . 2 Vn2? (O —{ |H, |2 = v _2(f) = 2 (A
Determine (H,(s)) from v,,;? to the output. Vn2 2" [ vn,0%(D) v 20 |H; ()]
Add all of the contributions to the output vna2(H — [H; |2 =i
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Example: Noise in CS Amplifier

* Determine the output thermal noise voltage of a common source
amplifier and deduce the impact of g_, and g_, on noise
performance.

Voo

Vin._ci T
._l__.lé vn,oz = 4kTY(gm1 + gml)(rol// Toz)z [V2/ Hz]
V, -

in1,22 =4KkTy gm12 [A? Hz]

Output Noise \ifg ,Nand g, ™
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Example: Noise in CS Amplifier

* Revaluate the noise performance using the signal-to-noise ratio

(SNR).
Voo |Av| = Gm1 To1// Toz
vie—— T!_.vo Vno? = 4KTY(Gm1 + Gm2) To1// To2)* [VY/ Hz]
Veo—[T2=1 @
= SNR= vl:?:z - V%;? - 4kTY(9€nni|'zgm2)Af vi? = A_1f4kTy?T:ZLZ> vit
m1
SNR »7ifg_,7andg_, ™

Conclusion: improve noise performances -2 maximize g _ of
active transistor and minimize g _ of load (current source)

o = | Amalog IC design - A. Koukab 16
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Chap2-Outline2

* Circuit-Noise Analysis and Modeling
— Example: Noise in CS Amplifier

* Input-Referred Noise

— Effect of source impedance

» Example: Noise CS, CG amplifier and source
follower.
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Input-Referred Noise

Model 1 5 Model 2
2 Un i
Un,o n:'l
V. Noiseless : P Noiseless
in Av Y ,ut » in

AV out
A, 1s the voltage gain

« Why is v, ;% important?:

— Optimizing v, ,% can degrade the gain (4,) and so the desired signal

- Better optimize v, ;
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Effect of source Impedance on Input-Referred Noise

Z. Model 1
[,

Un,o
ZS ( )
P Noiseless
m Av vout
‘ —@ 2 - vn’OZ
Uni~ = - 2
A n
‘ ( v Zin+ZS)
5 Model 2 Note:
Vn i .
L z, have no effect if z,, >
Zs [ e , —° (e.g. CS and CD at low-frequency)
Noiseless
Vin Av Vout
.
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Example: Noise in CS Amplifier

* Determine the input-referred voltage noise of CS amp at low
frequency (flicker and thermal).

Voo |Av| = 9Im1 rol// To2
g 02 = 4Ty (g + Gm2) Pt/ [ To2)?
_ 14,12 —K +gm22|A 2% 1
VP._| i:[¢ v ox(LW)l f Imi v Cox(LW)Zlf

— 4kTy — (1 + gmz)

|Av|2 Imi Imi

2
K 1 Im2 K 2
=+
+ Cox(LW)1 f (gml) Cox(LW)Z f [V /HZ]

2
vn,i

Conclusion: improve noise performances =2 maximize g of
active transistor and minimize g_ of load (current source)

'
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Complete Input-Referred Noise Model

paje[a.LI0) &

v

cPrL

: Valid V z,
Z. Model 1
L Un,o
Y ———————e
o . AO—‘ Noiseless
Noiseless v
| 4 V Zs>0 n,ol
in . Vout out ’
=
— Vin
A, 1s the voltage gain 5 _ Uno1°
T )2
> v
Model 2 Valid V z,
vn,iz ZE _
O/ . Noiseless
2 () Noiseless Zs>ee
Ln,i § A, Vout ]
i 2 _ Un,02°
>| Tt (ZinAy )?
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Example: Noise in CG Amplifier

* Determine the output and input-referred thermal noise voltage and
current of a CG amp (neglect the noise of I)).

.

VDD
|Ay| = 9m17To1// Rp = 9m1Rp

1 R 1
—o V, ZinZ—(l —D)//roz ~ —
Voo Ty Imi To1 Imi
Vin
lo Vno? = 4kTygm1Rp® + 4kTR,
2 — nol 1 i . .
Vni YRE = 4KkT y + 4kT i (gm1)2 (short —circuit the input)

S . 2

ln,iz = IZ:;ZI = 4kT% (open the input)
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Example: Noise in CS Amplifier

* Determine the input-referred current noise of CS amp at high
frequency (consider Cgs capacitor).

Von
Cg
ST
ves——[T
in 1
oK Zin =7
. J2mfCys
Ve ‘_I Ta = l,@
1 . 2 vno,Zz . 2 1 Im2
- i = 1ZinAy|? B (ancgs) 4kTy Imi (1 T gml)
2
2 Im2 K 1 2
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Example: Noise in CD Amplifier (Source Follower)

* Determine the output and input-referred thermal noise of a Source
Follower at low frequency (flicker and thermal) and comment on its
noise performances.

V
> |4, =1
Vi=Veotvin
S
Vo = VDo+Vo 1 2
Voo [ T> - I“@ vn,oz =4KkTY(gm1 + Gm2) (E)

Cox(LW)1 . f Cox(LW)2 . f \9m1

2

Vit = Ino_ 4kTyL (1 - M)

B |Av|2 Imi Imi
2
=+ .= H
Cox(LW)1 f (gml) Cox(LW)2 f [V / Z]

Note: v,, ;% of CD is similar to CS but with no gain for the desired signal
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