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Phase Detector
N Gaussian random variables

Definition

eL(t) = KP [θ1(t1)−θ2(t)]
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Loop Transfer Function (1)
N Gaussian random variables

Definition

VCOoutput = AV cos [ω0t + θ0 + θV (t)]

= AV cos

[
ω0t + θ0 +kV

∫
SR(t)dt

]
= AV cos [θ2(t)]

θ2(t) = ω0t + θ0 +kV

∫
SR(t)dt

θV (t) = kV

∫
SR(t)dt
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Loop Transfer Function (2)
N Gaussian random variables

Definition

θ1(t) = ω0t + θ0 + θ1(t)

θ2(t) = ω0t + θ0 +kV

∫
SR(t)dt

eL(t) = KP [θ1(t1)−θ2(t)]

= KP

[
ω0t + θ0 + θi (t)−ω0t−θ0−kV

∫
SR(t)dt

]
= KP

[
θi (t)−kV

∫
SR(t)dt

]
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Loop Transfer Function (3)
N Gaussian random variables

Definition

eL(t)⇐⇒ EL(ω)

θi (t)⇐⇒Θi (ω)

ZR(t)⇐⇒ ZR(ω)

EL(ω) = KP

[
Θi (ω)− kVZR(ω)

jω

]
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Loop Transfer Function (4)
N Gaussian random variables

Definition

EL(ω) =
ZR(ω)

HL(ω)

HT (ω) =
ZR(ω)

ΘI (ω)
=

KP jωHL(ω)

jω +KPkVHL(ω)

HT (ω) =
jω

kV
H(ω)

H(ω) =
KPkVHL(ω)

jω +KPkVHL(ω)
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Loop Transfer Function (5)
N Gaussian random variables

Definition

ZR(ω) = HT (ω)Θi (ω)

ZR(t) =
∫

∞

−∞

hT (t−ξ )θi (ξ )dξ

hT (t)⇐⇒ HT (ω)
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Loop Noise Performance (1)
N Gaussian random variables

Definition

Ni (t) = Nc(t)cos(ω0t)−Ns(t)sin(ω0t)

Ai cos

[
ω0t + θ0 +kFM

∫
X (t)dt

]
+Nc(t)cos(ω0t)−Ns(t)sin(ω0t)
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Loop Noise Performance (2)
N Gaussian random variables

Definition

R(t)cos [ω0t + θ0 + θFM(t) + θN(t)]

θFM(t) = kFM

∫
X (t)dt

θi (t) = θFM(t) + θN(t)

= θFM(t) +
Nc(t)

Ai

Young W Lim Phase Locked Loop Systems



Loop Noise Performance (3)
N Gaussian random variables

Definition

Sθiθi
(ω) =

k2FMSXX (ω)

ω2 +
SNcNc (ω)

A2
i

SZRZR
(ω) = Sθiθi

(ω) |HT (ω)|2

= SXX (ω)

(
kFM
kV

)2

|HT (ω)|2 +SNcNc (ω)
ω2

A2
i k

2
V

|HT (ω)|2
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Loop Noise Performance (4)
N Gaussian random variables

Definition

S0 =
1
2π

∫ WX

−WX

SNcNc (ω)
ω2

A2
i k

2
V

|HT (ω)|2 dω

≈
(
kFM
kV

)2 1
2π

∫
∞

−∞

SXX (ω)dω

=

(
kFM
kV

)2

X 2(t)
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Loop Noise Performance (5)
N Gaussian random variables

Definition

N0 =
1
2π

∫
∞

−∞

SXX (ω)

(
kFM
kV

)2

|HT (ω)|2 dω

≈ N0

2πA2
i k

2
V

∫ WX

−WX

ω
2dω

=
N0W

3
X

3πA2
i k

2
V
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Loop Noise Performance (6)
N Gaussian random variables

Definition

S0 ==

(
kFM
kV

)2

X 2(t)

N0 =
N0W

3
X

3πA2
i k

2
V

Ai = AGch(
S0
N0

)
FM

=
3πG 2

chA
2
FMX 2(t)

N0W 3
X
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