Integrated Circuits for Phase-Locked Loops

Lecture :
Device Noise
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Noise — Random Process
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« Avg. current = Vg/R but the instantaneous current displays random values
* Avg. Power of noise:

n(t) 2(t)
TN MM' i m\mwvw

= 1 —/ n’(t)dt
lmT.o (1)c

'1—\0

T must be long enough to accommodate several cycles of the lowest frequency.
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Measurement of Spectrum & PSD

Band-Pass
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 To measure frequency content at 10kHz, filter out the remainder of the spectrum and
measure the average power of the 10kHz component.
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« Total area under S,(f) represents the average power carried by x(t)
PSD is defined as the Fourier Transform of the autocorrelation of a signal
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Two-sided/One-sided PSD

Two-Sided One-Sided
s, () h S, (f)
—}2 —;, 0 f1 fz ra T, i

« Scale the single-sided spectrum by - to get the double-sided spectrum
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Noise and Transfer Function

Sy(f) = SADIH)

« |H(f)| for the LTI system must be squared because S,(f) is a squared quantity
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Thermal Noise of Resistors

R, (Noiseless)R 4

Noisy = — + i% = C*) R 4 (Noiseless)
Resistor v2 = AKTR,Af 4KTAf 1

& R, o

Af= measurement BW

 Mean-square noise voltage density
v2 KT
ﬁ = 4KTR, = 47qu = 4(25mV)(1.6 X 107)R, = (1.6 x 1072)R, V?/Hz @ Room Temp.

RMS noise voltage density

1%
\/Alf = /4KTR, = 09nV/VHz R, = 500

 Mean-square noise current density > —

2
n (7 KT
= =4—A%?/Hz

Af  R{Af Ry /

- RMS noise current density W _ |4KT
VASf Ry
Source Polarity kept same throughout the calculations
UBC
THE UNIVERSITY OF BRITISH COLUMBIA © SUDIP SHEKHAR

€

6



Spot Noise and White Noise

- Spot noise 2 Mean-square noise voltage density for 1Hz BW @

frequency of interest
v2(Af = 1Hz) = 4KTR; = (1.6 X 1072%)R,V?

- White noise = Mean-square spectral density is constant with
frequency - spot noise is independent of frequency

2 —197y/2
(7 8x10 V /HZ R, = 500

- Falls at f > 1THz - finite total energy.
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Noise Power

* Noise power delivered to the load resistor under conjugate match condition

Suppose R,isheldat T=0K

‘;Zui

pooTTmTmmmTmmmnTmmmmTmmnTmmT E PHZ — RZ
: Ry i :
A ANV oVout ‘—,2( RZ )2 1

2 + — Y,
Un. =4kTR1é R "\ R+ Ry )
A - ; 2 > D

S I Pro _  gpp_ 0t .

= Af (R + R2)

This quantity reaches a maximum if R, = R, :
PR2,max = Pavn =kTB

*  Proportional to absolute temperature and BW - keep them minimum possible

for low-noise
P..n/Hz = 4.143 x 102 W/Hz = -174 dBm/Hz
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Thermal Noise: MOSFET in Triode
« Operating as a resistor

00000

o
L J o 800 Yz 10
—E = i W 2, = 4KTy gaohf
Noisy ¢ Noise- ® ol V=06
3 less | 0 =04

g(:o=SIop: at Origéin
lq = B[Vgs=Vr)Vas — Vis/2]

9a = 5y~ = BlVes = Vr = Vas]

nglVdS=0 = ,B[Vgs - VT]
» v = Empirical drain current noise parameter ~ 1
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Thermal Noise: MOSFET in Saturation
| L

ok = i @2, = 4KTygacdf

Noisy ¢ Noise- ¢ |

)\ less |}

* vy = 2/3 (long channel)
* vy~ 2-3 (short channel) [Hot-carrier and substrate effects]

_al

i -

L = oL ® 2, = 4KTygnaf

Noisy ¢ Noise- § |
less |

= ,B[Vgs — VT] = ddo

O

UBC
-’-‘iii’r THE UNIVERSITY OF BRITISH COLUMBIA © SUDIP SHEKHAR

12



UBC

€

Induced Gate-noise

; __ Induced Current
I g .2 e
G
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Noisy Channel

: )
lng

9

ing = 4KTS8 g Af
w?Cfs

B 5940

g
6 =2y

[D. Shaeffer]

Channel charge variations cause local potential variations
in the channel. These couple through the gate oxide
capacitance to produce gate noise (displacement current).

Not white

Important at high frequency

D. Shaeffer & T. Lee, “ A 1.5V, 1.5GHz CMOS low noise amplifier,” JSSC 1997.
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Induced Gate-noise: Transformation

+ ©

Ugs C) lng

ing = 4KTS8g,0f

B w?Cgs
5940

6 =2y

9y

+o——) VW
14
2 Tg
- Cgﬂ ’Ug.g vng —

Vg = AKT 1y Af

, 1
T'g =
[D. Shaeffer] 59do
6 =2y

 Transformation results in white noise!
 Narrowband transformation, Q>>1
* Important at high frequency

D. Shaeffer & T. Lee, “ A 1.5V, 1.5GHz CMOS low noise amplifier,” JSSC 1997.
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Gate-noise

Drain ?
o B .2 B * R R R HTRe Rg
IR == = ~ > on 3
Gate | [l 2 L G ¢os —".’"."'r—ll_: 3, 3 "
— = & ® m ®E ® | l —O—i— &
Source s
-t} - .
w Rgi1* Rga* -+ Rgph= Rg [B. Razavi]
/4 - R
RG :TRD €nc — 4KT?Af

* Noisy resistive gate material (polysilicon) also
produces gate noise.

- Important at high frequency, and for short-
channel devices.

« Gate and drain terminal exhibit physical
resistance too.

B. Razavi, “ Impact of distributed gate resistance on the performance of MOS devices,” TCAS-/1994.
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Correlation between Drain/Gate-Noise

* Drain noise creates gate noise - they are
partially correlated.

- Correlation coefficient ¢=-22"% ~ 0.395;

2 ;2

* Notice the reference polarity of the correlated
component

D. Shaeffer & T. Lee, “ A 1.5V, 1.5GHz CMOS low noise amplifier,” JSSC 1997.
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Flicker Noise

* Flow of DC current in resistors and transistors result in “1/f’ noise

 In MOSFETSs, random trapping and release of charge carriers is given
as one reason

2

kijr Af

T WL f

* Kkysis process dependent parameter
* Increase area to decrease 1/f noise

O
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Log(PSD)

Log(f)

2= g2 kyy AFA°
ni/f —9Ime WL f Hz
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Flicker Noise Corner Frequenc

Log(PSD) kir ga
4KTy g, =
CoxWL fc
Flicker Noise k
_ K1 9m
Thermal Noise Je = 4KTy C,,, WL
- > ~ f ~
f, Log(f) Je 4KTy Jr ' 2m(Cys + Cha)

* f; = unity current gain [iy/i;,] frequency
- Faster process - Larger corner frequency for same area
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Overall MOSFET Noise Model

v2 Rg+ry Cya
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