Noise Part 1: Time and Frequency Analysis
Noise Part 2:Transitor-level analysis
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Chap2-Outline1 : Noise in Devices

 MOSFET Channel Thermal Noise
« MOSFET Flicker Noise

» Circuit-Noise Analysis and Modeling
— Example: Noise and SNR 1in CS Amplifier
 Input-Referred Noise

— Effect of source impedance

« Examples: Noise analyses in classical single-
stage amplifiers (CS, CG, and CS).
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Channel Thermal Noise

_||:B> i,2=4kTyg,, [AY Hz S

. . V2
(in saturation) 1
= 4kTyg— [V?/ Hz]

Channel current thermal noise

Input Voltage representation

» With y = 2/3 for long channel MOSFETSs (=1 for modern technologies)
 nMOS has a larger g, (1, > 1) and so larger channel current thermal noise

e 4 e ..
v ‘ * Should we minimize or maximize gm?
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Flicker Noise

Y - TwLwrer.. —)Danglmg Bonds
>0, ]l ¢ : ¢ : K —> Trapping and de-trapping mobile carriers
l ’ . G G66 -\.] -e.\] - = Flicker noise

l S e “ ‘ \I % . ’\""I b |

» 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?]:

_ K 1 « ;
2 — ~df = | —2) 2
Un j cw FY T awln (f1 A
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Total Noise in MOSFETs

T 2 K 1
_|E lnz = 4kTygm + CoxLW.? .gm2
/ A K 1 5
— -9
_®_| an = 4kTygm N: CoxLWf "
_ =
vl?z 1 / g
_ - S 4kT
CoxLW f % ng ygm
f, log(h

[.: Flicker noise “corner frequency”

K
Je = Cox WL

Im gir (usually between 500 kHz, 1 MHz)

» Flicker noise is detrimental for low-frequency circuits
» Or if it is upconverted the signal Band.
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NMOS vs pMOS
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Circuit-Noise Analysis and Modeling Procedure

Model
vn,o

L B —O—
Vi, %é? lvout Vi, Noiseless Jvo

v o
! Un,1 20 —{ |, 2 l A

3

B> v,.70=) 0,20 [
j=1

» Identify noise sources.
Determine (H,(s)) from v,,;? to the output. Vn,2*(f) — |H,|?

* Add all of the contributions to the output Un22(0) — | Hs |2

oD\
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Example 1: 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.

VDD
. 2
in12” =4kTygm1 2 |[A* Hz]
Vin._q T
I Vo2 = 4kTY (g1 + Gm1) To1// To2)? [V¥/ Hz
v oA - 10

Output Noise \vifg ,~Nandg , ™
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Example 2: SNR of a CS Amplifier

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

(SNR).
Voo |Av| = 9m1 rol// To2
v [T v Vno? = 4KTY (g1 + Gm2) To1// To2)* [V Hz]
v oA 10
= SNR =2l Mlv_ dmi___p2- Ll gm

2
Vn,0° Vn,0° 4kTy(gm1+9m2)Af Af 4-kTy(1+gL2) t

Im1

SNR 7 ifg ,7andg_,

Conclusion: improve noise performances - maximize g, of
active transistor and minimize g_, of load (current source)
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Input-Referred Noise

V.

in

Model 1 Model 2
2 V., 2
Uno n,l
Noiseless : . Noiseless
A, Vout » n A, Vout
A, 1s the voltage gain

. vn,oz

vn,lz o sz

Why is v, ;% important?:

— Optimizing v, .2 can degrade the gain (4,) and so the desired signal

- Better optimize v, ;% (just like SNR)
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Effect of source Impedance on Input-Referred Noise

Z. Model 1

E Un,oz
S Noisel O
vi”l 95 oiseless l

vout

Ay

7 2
( l . )

4

Model 2 Note:
z, have no effect if z,, >

$ Zs | e — (e.g. CS and CD at low-frequency)
vinl J

Noiseless v
A,

out
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Example 3: Input-referred Noise in CS Amplifier

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

X‘E |Av| = 9mi rol// To2
Vin._q . —eoV vn,OZ - 4kTY(gm1 + gmz)(rol// rOZ)Z

T, +A |2L1+<M>2IA 2
Ve ._l - IO@ v Cox(LW)l - f Imi v COX(LW)Z . f

= 2 — vn,oz — L( M)

Un |4y|2 4kTy Im1 1+ gm1
2
K 1 Im2 K 1 2
+ =
+ Cox(LW)1 f (gml) Cox(LW)2 f [V /HZ]

Conclusion: improve noise performances > maximize g of
active transistor and minimize g of load (current source)
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Complete Input-Referred Noise Model

pajepP.LIo) &

\/

: Valid V z,
Z.. Model 1
L Un,o | ]
] Noisel Noiseless
v, 01sevests » 7430 Vn o1
A, = ou out
*— Vin
A, is the voltage gain > _ Uno1?
vn,i o A 2
(Ayp)
Model 2 Valid V z
Vpi? ZE —
O . Noiseless
— Noiseless Zs2ee
ln,i Av vout
i 2 _ vn,ozz
>| Tt (ZinAy )?
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Example 3: Noise in CS Amplifier

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

VYo
Ces ——
Vin.Iq T 1
l—e Z = -
| " j2mfCy
v A1
= i =22 = (2mfC,,) akTy ——(1 + 92
) T ZinAy|? gs Im gm1
2
2 Im?2 K 1 2
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Example 4: Noise in CG Amplifier

* Determine the output and input-referred thermal noise voltage and
current of a CG amp (neglect the noise of 1)).

Vp,_l

Vbp
ﬁR Ayl = Gm17o1// Rp = 9mi1Rp
D
1 R 1
v,z = —(1 +—D) 1y~ —
— T Imai To1 Imai
“—oVix

?'o Vno? = 4kTygmiRp? + 4kTR),

V2 = Vot 4kTy—+4kT

4,2 (short —circuit the input)
v

RD(gml)z

2 _ vn,oZZ

|ZinAyl

ln,i

= 4kT = (open the input)
Rp
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Example 5: 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
T |4, =1
Vi=VeotVin
°—|qu
—e V, = VipotV, 1 2
Ve[| T> = I“@ vn,oz =4KkTy(gm1 + Gm2) (ﬂ)
2
- + K _|_ K . l (%)
Cox(LW)4 f Cox(LW)2  f \gm1
2 Un 2 _( ng)
vn'l |Av|2 4kTy Idmi 1+ Imi
2
K 1 Im2 K )
e -
+ Cox(LW)l f (gm1> Cox(LW)Z f [V /HZ]

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