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Sub-Qutline

 Generic Linear Phase-Noise Model

 Circuit-Specific Linear Phase-Noise Model
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Generic Linear Phase-Noise

Model - Qutline

e Linear Oscillator Model
 LC-Tank noise
e active part noise

* (Phase) Noise Factor
 Phase-Noise Properties
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Linear Oscillator Model
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noise
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~ _ * LC-tank noise

_ * no tail-current

source noise

 LC-tank impedance (noise shaping) ¢ LC-tank quality factor

Z(w, + Aw) = LR M 0= 1
24/ 0, 20,C Aw w,LG,,
2 2 2
2 1 @ R @ @,C
Z(w, + o) 2—5—=| | =-L-| Q=2
4G° 0"\ dw 40° \ Aw G

a.tasic@tudelft.nl © 2006 44



LC-Tank Noise

S
>

<¢> IGTK —

» tank resistance noise (R7=1/G)
iCz}TK =4KTGry

* tank contribution to the equivalent voltage noise spectral density

2
. 2 G )
VéTK = lcz;TK ‘Z(Aa))‘ = KT (@ Tg)z (AZ))
0
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Active Part Noise

® [ |7 ® ||

« active part contribution to the equivalent voltage noise
spectral density

2
G ,
v?, = KT —Z- A( . j

(@,C) Aw
* active part noise factor A

* excess negative conductance
« additional noise of the active devices

* ideally A=1 (i.e., g=G, and no excess noise from the active part)
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Phase Noise

» total voltage noise spectral density

VN,TOT. V?‘OT = Vé‘TK +Vzg
2
an(®) | 440 =7 ()
(0C) \do

* oscillator noise factor F=1+A
* resulting phase noise

2
1 v2 1
L(Aa)):z_VZT(;Tz = KT — F[ ! ]
Vs VG OAw
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Phase Noise Properties

* Leeson’s phase noise model

2
L(Aa))zszT-L @, )
P 20 Aw

* inversely proportional to tank quality factor (square)
* inversely proportional to signal power
 -20dB/decade slope at mid frequencies (~MHz)

« directly proportional to oscillation frequency (square)

* phase-noise power consumption figure of merit

2
FOM = L(Aw) [A—“)j VI,

@
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Phase Noise Plot

L(Af) 1/f noise

-30 dB/decade

Thermal, shot noise
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-20 dB/decade Noise floor due to active

/ elements or instrumentation
2FKT
10log ( )

Psig
log(Af)

5 L L LR P TN

° I
2Q
» Leeson’s modification to capture 1/f and flat noise part

L (Aw) = 2FPkT -{1+(2szwj }[1+ ajg]
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Circuit-Specific Linear Phase-
Noise Model - OQutline

« Spectral Noise Analysis

» Circuit Noise Analysis
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Spectral Noise Analysis - Outline

Phasor phase-noise model

Oscillation condition

LC-tank, g,-cell, tail-current source noise
(Phase-) Noise factor
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VCO Noise Sources

lGTK

O—
G LC-tank noise
WV v
K D
VB1 9:7)
}) 2 = o, transco.nductor
noise
~_ ﬂ IB1 155 ﬂ _

— ‘ | tail-current source
Oes rcs noise

* g,-cell transistors Q, and Q, always active

* current source noise always at the common mode
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VCO Noise Sources

« LC-tank noise
i]z\f(GTK) — 2KTGTK

* base-resistance thermal noise
vy (1) =2KTr,

» collector-current shot noise
iv(I.)=ql.=2KTg, /2

e base-current shot noise
iy(I5)=ql, =2KTg, /23

» tail-current source output noise

: gn. | 0,
l]%f (I7cs) =2KT 2CS |:1 + 27 05&mcs T (F3.cs&mcs )’ (_ +(—)° ﬂ

B Wr
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Collector-Current Shot Noise

* splitting of current noise sources

@ o ic
Vee

2

) (2

! N, N,
— L

™~ o / B2 \
T h s
? \ % @m‘/

a.tasic@tudelft.nl © 2006 63



Collector-Current Shot Noise

ici ic] i

ici N\ / \ /

* phase- related noise power = L

121 (Io)R7 2 1 ii(]C)R%K ilzv(lc)
PM( C) ZPM (2]C) Yy -
| 2 4 RZ 2 2
* noise factor:
FI) = ZZPM(2[C) ZKTgm/2 g, :l
4KTG,, — AKTG,  4g, opl!2 2
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Base-Current Shot Noise

* splitting of current noise sources
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Base-Current Shot Noise

O [© O ©
[ ] ]
I

Ryx/2 —L—

Ip1 N\ /7
i
N A
- phase-related noise power =

2i° R%2.  i*(]
VPM( )= 1 (B) K 2 (21,)= 12 N( )Ry _ L)
_ 2 4 P RZ 2 2
* noise factor:
F(I,)= 2i%,(21) 2KTgm/2,B g,/ p 1

AKTG,.  4KTGr  4g, op!2 288
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Base-Resistance Thermal Noise

* voltage-to-current transformation
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Base-Resistance Thermal Noise

gmVB1 &mVB2
() ()
N N
] ——
L — L1

gmvBl gmv B2

w/ \ / )

» phase-related noise power:

2 2
V \7
2 (2r,) = (r5)g,

2
* noise factor: : : :
FQ2r,) = 2ip, (215) _ g, 2KTry _ 8uls
) = _ _

AKTG,.  4KTG.  2Gn 6
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Linear-Oscillator Phase Noise

* Linear-oscillator noise factor:
F:F(RTK)+F(21C)+F(2]B)+F(2r3):1+%+$+c;%+c

* Linear-oscillator phase noise:

LRy )+ LRI )+ L(215)+L(2ry)  4KTGpF

L(f+A)=
) (47 CTOTA)z V? (47 CTOTA)Z

KTGy (3

L= 2 2
(ArnCror A)"(2V;)" 2
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Linear-Oscillator Phase Noise

 LC-tank noise contribution ~ 1
* g,.-cell current shot noise contribution ~ 72
* g,.-cell base-resistance noise contribution ~ ¢

* linear-oscillator noise factor ~ constant (independent of
bias condition)

 But, linear “oscillator” (loop gain of 1) doesn’t oscillate, or
at least doesn’t oscillate with a predictable amplitude!

* Oscillator with a loop gain of 2rn/(n+2)=1.22 oscillates
and has ~3dB better phase noise than linear “oscillator”!
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