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Phase lock loop (PLL) overview
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Phase lock loop (PLL) overview

« Carefully design loop filter to meet phase noise, lock time and spurs
requirement

« Key parameters and specifications for a design
— Phase detector frequency
— Charge pump current
— VCO gain
— PLL and VCO noise N

— Spurs ‘ N Divider
— Lock time

. R Keo H— Z(s) ——@ 1D p—o
* Design tools O

Loop VCO Output
Reference R Divider Phase Filter Divider

—_ ClOCk AI’ChIteCt Oscillator Cl:)etec;or/
arge Pump
— PLLatinum Sim
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PLL — Flicker noise and FOM

-80

* Normalized PLL 1/f noise (Flicker noise) S — Ett E:ictker

— Usually dominates at offset below 1 kHz \\\ °

— Typical value better than -120 dBc/Hz -100 Ny
* Normalized PLL noise floor (FOM) § "\\

— Determines phase noise at mid-range = 0 N

offset 3 N
— Typical value better than -230 dBc/Hz 2 \\
* -140 I N
I
-160
100 1k 10k 100k ™ 10M 100M
Offset (Hz)
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PLL — N Divider noise

-80
* Normalized PLL 1/f noise (Flicker noise) q — PLL Flicker
— Usually dominates at offset below 1 kHz N\ — PLLFlat+N
_ -100 S|
- Normalized PLL noise floor (FOM) i "\\
— Determines phase noise at mid-range = 0 o
offset § \\
« N-counter & :
— Added noise = 20log(N) N
— e.g. added noise = 40 dB for N = 100
-169100 1k 10k 100k ™ 10M 100M
Offset (Hz)
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PLL — Total PLL noise (in-band noise)

-80
Normalized PLL 1/f noise (Flicker noise) — PLL Flicker

N —
_ ~ PLL Flat + N
— Usually dominates at offset below 1 kHz \\ — Total PLL Noise
-100
-~ \\..
* Normalized PLL noise floor (FOM) 3 \
[a1] \::'-- L
— Determines phase noise at mid-range = 20 —
offset s N
@ \\
.‘C“ \\‘n
« N-counter * a0 N\
N\
— Added noise = 20log(N) I
* Total noise determines PLL in-band o0 1K 10k 100k 1M 10M  100M
Offset (Hz)

noise

Wi» TEXAS INSTRUMENTS =~ 6



Phase detector frequency, fyp

1/N

N Divider

9-
KPD Z(S)
( >7 1R |f—>

@ 1/D p——

Loop
Reference R Divider Phase Filter

Oscillator Detector/
Charge Pump

* fop = Reference clock frequency / R

* Rising edge of R-divider signal triggers
phase comparison

* Max. fpp is usually less than 300 MHz

VCO Output
Divider
RI I 1 1 1 me
f——
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Charge pump current

1/N
N Divider
Kep = Z(s) 1D }—m
Loop VCO Output
Reference R Divider Phase Filter Divider
Oscillator Detector/

 Constant current source
 Turn-on time is variable

« Current is configurable
— 100 pA to a few mA per step

Charge Pump

Current

" L LEm
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VCO gain, K,

« Use a varactor diode to change the Vce
oscillator frequency

* Tuning range is limited

* Kveo Load

— Changes in frequency against Vtune

— Varies across the whole VCO tuning
range

— A few MHz/V to more than a 100 MHz/VV

A typical Colpitts oscillator
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VCO phase noise

* Determines closed-loop far-out phase
noise

Ref2 dBm
Samp |
Log

10

dB/

Atten 15 dB

/ Poor phase noise

Span 500 kHz
Sweep 113.2 ms (401 pts)

Centerl2.113 GHz

Res BW 3 kHz VBW 3 kHz
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VCO phase noise

Mkr1 & 100 kHz
« Determines closed-loop far-out phase s Aten 13 &8 X 2
; Lo
noise -
dB/ o
- 2
* Phase noise 2
— SSB power difference between the qﬂo%”:)e(;oAkHz ’g
carrier and an offset, normalized in 1 Hz vavg | -74.5 dB >
— Expressed in xx dBc/Hz@ yy Hz offset ;31 o
— Carrier frequency specific S3 FS ""w
AA W
M Offset MUM, .
MWM’V‘W "r\”"ﬁf‘-’w“vvj
-121 dBc/Hz @ 100 kHz offset at 2.1 GHz carrier SSB i
Center 2.113 GHz Span 500 kHz
Res BW 3 kHz VBW 3 kHz Sweep 113.2 ms (401 pts)
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Spurs

Phase detector spurs

Fractional spurs

Sub-fractional spurs
— Y., Va4 of fractional spurs

Crosstalk spurs

— Crosstalk between

» Phase detector and VCO
— Integer Boundary Spurs (IBS)

» Phase detector and output
» Reference clock and output
» Reference clock and VCO

Ref 0 dBm
Samp

Log

10

dB/

Mé

Atten 10 dB

\rker

2

VAvg "6
10
W1 S2
S3 FS
AA

Center2.11 G

#Res BW 1 kHz

43 dBm

N

1\‘0299000 GHz

Mkr1 2.110299 GHz
64.43 dBm

Spurs

B

% WM“JJUW’WMMMWAM

Hz

VBW 1 kHz

Span 500 kHz

Sweep 1.019 s (401 pts)
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Lock time

650

* Lock time is how long it takes to change
one frequency to another and get within OQ\
a certain frequency tolerance 600 \L
¥
* Wide loop bandwidth reduces lock time > coo
g
» Lock time = 4 / loop bandwidth -
500 Loop bandwidth
— 60 kHz
— 40 kHz
20k Hz
450
-20 0 20 40 60 80 100
Time (us)
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Applying key parameters and specifications

Fosc

Feature Level

3200 to 6400 MHz

Fyco

Input Path

1

100 MHz  [nput Multipliss

e

]

1 Fpd
[ 100 whz [5575 | = l
o

FFD l

Loop Filter Components

YCO Characteristics

Ko MHzN
WCOCap 70| pF

O Simple Model as Multicore/C0
, cz| 185F R2[ 027k
O Intermediate VCOB e
@ Advanced 5750 - B400 MHz
Max Calculation Time | 60| 5
M Divider Fractional Settings |+
Frium Fden
Loar Y Fout
Fractional Order F;ndominzation 0| % 5300| MHz
80 Phase Noise at 5900 MHz
F,
80 \
¥ -100 P~ — Total
5 =T
£ 110 P—— 0sC
§ 2 ST =
E 4130 = S AR -
— Filter
£ 4 ! : N
-150
-160
1e2 1e3 Ted 1eb 1e6 1e7 1e8
Offset (Hz)

Select Device  Filter Designer

LM=2572 Phaze Moize Tips
Graph Settings

Paints [ Autoscale Axes

max
¥ Aais dBc/Hz

[] Load Comparison Trace |

Total Phase Moise at Offsets
Offzet (kHz] Moize [dBciHz)

MER1 -82.5

MKER2 963

MERZ 106

MKR4 -110.7

MkRs [ 100] 128

MKkRe [ 10000] 1452

Crossover Metrics | ©

InBiand to VCO 204,744 kHz
PLL 1/f to Floor 100 kHz
YEO 1 3 ta 1472 22387 kHz
WO 1/£°2 ta Floar 14.125 MHz

Phase Moise

Spurz

Int ted Noise

Lock Timne

Bode Plat

Lower Limit 1| kHz
Upper Limit | 20| MHz
RS Jitter

81.03 fs

Other Integrated Moise Metrics |
[ &dd Spurs to Integrated Moiss

RS Phase Emror 0172
Etd 3
Integrated Moise 90236
SNR -50.4
Awg Noize Floor 1265

Other Noise Sources | ¢ |

[ Enable Loop Filker Moise
O

deg

i

dBc/Hz
dBc/Hz

0OSC, PLL. and ¥CO Noise |-
Input Source [05C) Moize

() Disable
O Usze hdatrics

@ Data Loaded

WCO Moise
() pisatle

O Use hdetrics

@ Data Loaded

PLL Maise
() Disatle

Novse Mevics (dBcHe)
PLL FOM
PLL Flicker

PLL Fractional

@ Use hdetrics

O Load Data

232
122
106
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Phase detector frequency

3200 to 6400 MHz

Fpd Fyco
1 T A
| R l (zJ- Ve £ana] | MHz
- a
Fosc Input Pati— [~ PED l Mi L
100| MHz  |nput Multiplier YCO Characteristics
1 il . o : Ko MHzA
! oop Filter Components
Feature Level etzan Ijl B
O Simple Model az Multicoret/CO
, cz| 185F R2[ 027k
O Intermediate VCOB e
@ Advanced 5750 - B400 MHz
Max Calculation Time | 60| 5
i F | Settings |+
Frium Fden
Loar Y Fout
Fractional Order  Randominzation 0| % 5300| MHz
g
80 Phase Noise at 5900 MHz
4
80 \
¥ -100 P~ — Total
5 =T
£ 110 P—— 0sC
§ oo N —
E 4130 = S AR -
— Filter
£ -140 - \
-150
-160
1e2 1e3 Ted leb 1eb 1e7 1eB
Offset (Hz)

Select Device  Filter Designer

LM=2572 Phaze Moize Tips
Graph Settings

Paints [ Autoscale Axes

max
¥ Aais dBc/Hz

[] Load Comparison Trace |

Total Phase Moise at Offsets
Offzet (kHz] Moize [dBciHz)

MER1 -82.5
MKER2 963
MERZ 106
MKR4 -110.7
MkRs [ 100] 128
MKkRe [ 10000] 1452
Crossover Metrics | ©

InBiand to VCO 204,744 kHz
PLL 1/f to Floor 100 kHz
YEO 1 3 ta 1472 22387 kHz
WO 1/£°2 ta Floar 14.125 MHz

Phase Moise

Spurz Lock Time

Int ted Noise

Lower Limit 1| kHz
Upper Limit | 20| MHz
RMS Jiter BLO3 fs

Other Integrated Moise Metrics |
[ &dd Spurs to Integrated Moiss

FiMS Phase Emror 0172 deg
Etd 3=z
Integrated Moise 90236

SNR A4 dBefHz

Awg Noize Floor 1265 dBosHz

Other Noise Sources | ¢ |
[ Enable Loop Filker Moise

O

Bode Plat

0OSC, PLL. and ¥CO Noise |-
Input Source [05C) Moize

() Disable
O Usze hdatrics

@ Data Loaded

WCO Moise
() pisatle

O Use hdetrics

@ Data Loaded

PLL Moise

() Disatle el

PLL Flicker
PLL Fractional

@ Use hdetrics

O Load Data

fop determines N-divider value

Newse Meics (dBciHe)

232
122
106
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Charge pump current

Fosc

Feature Level
O Simple

O Intermediate
@ Advanced

Fpd
"

Input Path :

100 MHz  [nput Multipliss

1

Max. Caleulation Time | B0 ¢

3200 to 6400 MHz

e

Fyco
- [ <t =] |z
£ 2
YCO Characteristics
Ko MHzA
Loop Filter Components
WCOCap 70| pF
1 1.5\ nF
Model az Multicoret/CO
| 18 nF R2[ 027|ka
WCOB A
5750 - 6400 MHz
M Divider Fractional Settings |+
Frum Fden
A Fout

Fractional Order R andominzation o %

5

Phase Noise at 5900 MHz

Phase Noise (dBcitz)
R
(=]

1e3
Offset (Hz)

1e7

= Total

0sC
=Pl
—\CO

= Filter

Select Device  Filter Designer

LM=2572 Phaze Moize Tips
Graph Settings

Paints [ Autoscale Axes

max
¥ Aais dBc/Hz

[] Load Comparison Trace |

Total Phase Moise at Offsets
Offzet (kHz] Moize [dBciHz)

MER1 -82.5
MKER2 963
MERZ 106
MKR4 -110.7
MkRs [ 100] 128
MKkRe [ 10000] 1452
Crossover Metrics | ©

InBiand to VCO 204,744 kHz
PLL 1/f to Floor 100 kHz
YEO 1 3 ta 1472 22387 kHz
WO 1/£°2 ta Floar 14.125 MHz

Phase Moise

Spurz Lock Time

Int ted Noise

Lower Limit 1| kHz
Upper Limit | 20| MHz
RMS Jiter BLO3 fs

Other Integrated Moise Metrics |
[ &dd Spurs to Integrated Moiss

FiMS Phase Emror 0172 deg
Etd 3=z
Integrated Moise 90236

SNR A0.4 dBedHz
Awg Noize Floor 1265 dBosHz

Other Noise Sources | ¢ |
[ Enable Loop Filker Moise

O

Charge pump gain

Bode Plat

0OSC, PLL. and ¥CO Noise |-
Input Source [05C) Moize

() Disable
O Usze hdatrics

@ Data Loaded

WCO Moise
() pisatle

O Use hdetrics

@ Data Loaded

PLL Maise
() Disatle

Novse Mevics (dBcHe)
PLL FOM
PLL Flicker

PLL Fractional

232
122
106

@ Use hdetrics

O Load Data
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VCO gain

3200 to 6400 MHz

Fpd Fyco
1 T A
MHz 8875~ | R l il v £ana] | MHz
a
Fosc Input Path | ¢ PED l Mi o
100/ MHz  nput Multiplier YCO Characteristics
1 il . o Ko MHzN
! oop Filter
LCOCap ‘U pF
Fealu.le Level ol oF
O Simple Model az Multicoret/CO
, cz| 185F R2[ 027k
O Intermediate VCOB e
@ Advanced 5750 - B400 MHz
Max Calculation Time | 60| 5
M Divider Fractional Settings |+
Frium Fden
Loar Y Fout
Fractional Order  Randominzation 0| % 5300| MHz
ERT |
80 Phase Noise at 5900 MHz
4
80 \
¥ -100 P~ — Total
5 B
£ 110 P—— 0sC
E 120 N — AL
= i \ — \CO
g -130 - == A,
— Filter
£ 4 ! : N
-150
-160
1e2 1e3 Ted leb 1eb 1e7 1eB
Offset (Hz)

Select Device  Filter Designer

LM=2572 Phaze Moize Tips
Graph Settings

Paints [ Autoscale Axes

max
ot e
¥ Aais dBc/Hz

[] Load Comparison Trace |

Total Phase Moise at Offsets
Offzet (kHz] Moize [dBciHz)

MER1 -82.5
MKER2 963
MERZ 106
MKR4 -110.7
MkRs [ 100] 128
MKkRe [ 10000] 1452
Crossover Metrics | ©

InBiand to VCO 204,744 kHz
PLL 1/f to Floor 100 kHz
YEO 1 3 ta 1472 22387 kHz
WO 1/£°2 ta Floar 14.125 MHz

VCO gain

Phase Moise

Spurz Lock Time

Int ted Noise

Lower Limit 1| kHz
Upper Limit | 20| MHz
RMS Jiter BLO3 fs

Other Integrated Moise Metrics |
[ &dd Spurs to Integrated Moiss

FiMS Phase Emror 0172 deg
Etd 3=z
Integrated Moise 90236

SNR A0.4 dBedHz
Awg Noize Floor 1265 dBosHz

Other Noise Sources | ¢ |
[ Enable Loop Filker Moise

O

Bode Plat

0OSC, PLL. and ¥CO Noise |-
Input Source [05C) Moize

() Disable
O Usze hdatrics

@ Data Loaded

WCO Moise
() pisatle

O Use hdetrics

@ Data Loaded

PLL Maise
() Disatle

Novse Mevics (dBcHe)
PLL FOM
PLL Flicker

PLL Fractional

232
122
106

@ Use hdetrics

O Load Data
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VCO phase noise

3200 to 6400 MHz

Fpd Fvco
MHz 8875~ | R l il v sand| | MHz
a
IFiC_I Input Path | ¢ PED l Mi o
100| MHz  mput Multiplier YCO Characteristics
1 | . o : Ko MHzN
! oop Filter Components
Feature Level LR Ijl i
. A
O Simple Model az Multicoret/CO
, cz| 185F R2[ 027k
O Intermediate VCOB e
® Advanced 5750 - 6400 MHz
Max Calculation Time | 60| 5
M Divider Fractional Settings |+
Frum Fden
A Fout
Fractional Order  Randominzation ’—U| % 5900| MHz
B
Phase Noise at 5900 MHz
g — Total
-] 0sC
=
g =k
= — \CO
E — Filter
o
-~
N
1e2 1e3 Ted leb 1eb 1e7 1eB
Offset (Hz)

Select Device  Filter Designer Phase Moise Spurz Lock Time

LM=2572 Phaze Moize Tips
Graph Settings

Paints [ Autoscale Axes

max
ot e
¥ Aais dBc/Hz

[] Load Comparison Trace |

Total Phase Moise at Offsets
Offzet (kHz] Moize [dBciHz)

MeRT [ 0d 825

1
MER2 1 963

MKF3 08
MKR 4107

MERS 1a00 128
MERE 10000 1462

Crossover Metrics | ©

InBiand to VCO 204,744 kHz
PLL 1/f to Floor 100 kHz
YEO 1 3 ta 1472 22387 kHz
WO 1/£°2 ta Floar 14125 MHz

VCO noise

ted Noise

Bode Plat

Lower Limit 1| kHz
Upper Limit | 20| MHz

RIS Jitter 81.03 fs

Other Integrated Moise Metrics| |
[ &dd Spurs to Integrated Moiss

RS Phase Emror 0172
Etd 3
Integrated Moise 90236
SNR -50.4
Awg Noize Floor 1265

Other Noise Sources | ¢ |
[ Enable Loop Filker Moise

O

deg

i

dBc/Hz
dBc/Hz

0OSC, PLL. and ¥CO Noise |-
Input Source [05C) Moize

() Disable
O Usze hdatrics

@ Data Loaded

WCO Moise
() pisatle

O Use hdetrics

@ Data Loaded

PLL Moise ==

() Disable e Eatd =
@ Use bdetrics PLL Flicker 122
PLL Fractional 06

s (dBcHE)

O Load Data
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PLL noise

3200 ta 5400 MHz Select Device  Filter Designer Phase Moise Spurz Lock Time Bode Plat
: Int ted Noise 0OSC, PLL. and ¥CO Noise |-
L2572 Phaze Moise T 9 - -
n Fpd Fvco Granh Setti ikt A Lawer Limit 1| kHz Input Source (O5C) Moize
BE7D | CPt = raph Settings .
MHz c1l :;l 5300| | MHz Puints [ Autoscale Axes Upper Link | 20| MHz O pisable
FDS‘ICDD MH i ? i l ’ ¥CO Characteristics . i FIMS diter s O Uss betres
2 L : z "
Inp_ut_M.uItIDher e iy MHz Other Integrated Moise Mt.atncs ' S
g e g 2 [ &dd Spurs to Integrated Moiss SR LAACE
! Loop Filter Components e Ijl F Y Alis dBo/Hz
Feature Level SR P 5 RS Phase Emror 0.172 deg ,
7 C1 nF [] Load Comparison Trace | WL Moise
O Simple Model az Multicoret/CO E*b o ) bisable
c2 15/ nF  R2Z 0.27| k2 5
O Intermediate | | it | | YLOE ~ Total Phase Noise at Dffsets Integrated Moize 9.023e-6
. Offzet (kHz] Moize [dBciHz) .
SNR H04 dBeHz O Uss Metries
@ Advanced 5750 - G400 MHz SR o e
TR o Awg Noize Floor 1265 dBosHz ®
-db; Data Loaded
ion T B0
Rl ’:I S MER3 106 Other Moise Sources ||
MKF 107 [ Enable Loop Filker Moise
M Divider Fractional Settings |+ [ ]
Erum Fden MKRS 1000 128
ljl] 4 Fout MERE 10000 -146.2
Fractional Order  Randominzation o % 5a00] MHz Crossover Metrics | © PLL Maise e
G InBand to WCO 204744 kHz 2 pestie PLL FOM 2%
PLL 14f to Floor 100 kHz @ Use Metrios PLL Flicker q23
o Phase Noise at 5900 MHz WCO 1473 0 172 22,387 kHz LT Frachional -
~ YCO 1A 2toFloor 14125 MHz L) toasmas
90
g -100 = Total
£ -1 —— 0sC
§ -1 S— Dl PL L -
I = noise
— Filter
£ 140
-150
-160
1e2 1e3 Ted leb 1eb 1e7 1eB

Offset (Hz)
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To find more technical resources and
search products, visit ti.com/clocks
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Quiz

True or false: VCO phase noise determines closed-loop close-in phase noise

True or false: N-divider will increase PLL noise by 20log(N)

True or false: Phase detector is triggered by the rising edge of the N-divider
signal

True or false: Turn-on time of the charge pump is proportional to the phase
difference between the signals from R-divider and N-divider

True or false: Phase detector spur frequency is not predictable
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Quiz

True or false: VCO phase noise determines closed-loop close-in phase noise

True or false: N-divider will increase PLL noise by 20log(N)

True or false: Phase detector is triggered by the rising edge of the N-divider
signal

True or false: Turn-on time of the charge pump is proportional to the phase
difference between the signals from R-divider and N-divider

True or false: Phase detector spur frequency is not predictable
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