ANALOG
ADIsimPLL™ BRVISES

PLLEEB R IR T T RO RE AT R

1 // ©2021 Analog Devices, Inc. {REBRFEIF),



PLLEBERIZITFORESA

(N2 a

WK EIADISimPLLAEPNRITAIHMERER, LA N ERMBEBEDE [ SE T XK

IS4 TR & IIEE

. TRRAORE

AP RTFNSE. NMUFEHT

=FimsrX TigImmAAR, EE—BRRMAIKRIT, EEERE. ERNAMsCils
ERIRRAL, #BEEEADISIMPLLAEIKENR

B, MAAIRTRREEhE
HTENEH, RESATREIES

2 // ©2021 Analog Devices, Inc. {REBIFENF),

FBRERI L.

ANALOG
DEVICES
Bt A



1l ADI SimPLL

File View Help

D|=(E| &= 2|2

Analog Devices Tech Tips

Did you know.. The ADF4116, ADF4117 and ADF4118 are pin compatible,
lower phase noise replacements for the LWMK2306, LMX2316 and LMX2326 single
devices respectively.  Drop-in replacements for the LMK dual devices are also
available.

The ADFA116, ADF4117 and ADF4118 devices use fixed prescalers and can
operate up to 3.0GHz.  The ADF4110 through ADF4113 single PLL devices (and
ADF4210 through ADF4213 dual PLL devices) allow control of prescaler division
ratio and can operate up to 4.0GHz.
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If thiis is the first time you have used SimPLL we would
recommend running the tutorial

The tutorial can be un at any later stage
from the Help menu

¥ Run Tutorial [~ Do not show this again
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New PLL Wizard - Tutorial E3

Welcome to the
ADI SimPLL™ Tutorial

ADI SimPLL is the easy way to design, analyse and simulate
Phase Locked Loop frequency synthesizers using the
ADFA000 range of PLL IC's from Analog Devices.  Wye will
guide you through the design of 3 simple PLL and show how to
analyse the performance (including phase noise, transient
response, phase jitter, ACI, lock time to frequency and/or
phase tolerances).

e will then demonstrate how to add and simulate features
such as transient speedup technigues and lock detect circuits

{both analogue and the newer digital filter circuits).

All this in an easy to use spreadsheet-like application.

© 2000, 2001 Applied Radio Labs
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Introducing the New PLL Wizard

In SimPLL all new designs start with the Mew PLL Wizard.

This guides you through specifying the frequency requirements
for the PLL, choosing the PLL chip, %CO and reference, and
selecting the loop filter type.  All choices can be altered later if
desired.

For this tutorial we are going to design a PLL to cover 100MHz
to 130MHz in 25kHz steps using an ADF4116 PLLIC. We
have arranged the needed data to be pre-entered in the New
PLL %Vizard. Please work through the wizard, you may

experiment with the buttons on any page, but to ensure that
the PLL you design matches that in the tutorial, SimPLL will
restare the original data befare allowing you to proceed to the
next page. Press Nexton each page and Finish on the last
page.
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Tutorial - Frequency Requirements E3

Specifying Frequency Requirements

The frequency requirernents for your PLL synthesizer are
specified simply as the maximum and minimurm frequencies of
the required frequency range and the spacing of the channels
within that range.

Far our PLL we require the frequency range to be from 100MHz
to 130MHz in 25kHz steps.

This data has already been entered on the next screen.  Press
|Next to view the next screen and then press Next again to

rmove onto selecting the PLLIC.
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Output Frequency Requirements E3

Specify the Output Frequency requirements for your PLL
synthesizer

Minimum Frequency

Maximum Frequency I 130MHz
Channel Spacing |25- OkHz

If you have a given reference frequency that you must use then
check the box below and enter the frequency.  Otherwise the
reference frequency can be selected later,

™ Use Reference Frequency of:

All frequencies are entered in Hz.  To enter 10kMHz
simply type "10M™ ar "10e6", to enter 22.5kHz type
22 Bk" or "22.5e3" and so on.
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Tutorial - Select PLL Chip

Selecting the PLL IC

On the next page you choose the PLL IC for your design.  To
assist in the selection there is a selection guide and access to
detailed datasheets for all devices.

Once the chip is selected it is necessary to choose the Lock
Detect Circuit and Speedup Circuit.  The options in these fields
are only enabled if the IC supports that option.

For the tutorial we have decided to start with an ADF4116 |G,
analogue lock detect circuit and no speedup circuit. (We will

change these later)

Press Next to view the next screen and then press Next again
to move onto selecting the YCO.
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Select PLL Chip & in € FractionatN
Select the ADF series PLL synthesizer chip  View Selection Guide I
¥ Only show chips covering frequency range
Chip IAD F4116 vl Wigw D atazhest I
ADFA11E - Integer-N PLL chip
Frequency range from 80.0MHz to 550MHz
Reference Frequency to 100MHz
Phase Detector Maximum Frequency: 55.0MHz
Select Chip options to use:
Lock Detect Speedup Type
 None = Mone
€ alage /E " Switched R1
" Open Drain 0/P
¢~ Digital Filter
TEADIsimPLLEN
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Selecting the VCO

The WCO can either be selected from one of our library files (or
you can easily create your own library files - they are simple
text files) or a custorn idealised ¥CO. A library VCO can have
a tabulated tuning law and tabulated phase noise data.
Selecting a custom VCO requires entering the tuning sensitivity
Kuv. Phase noise can be added later in SimPLL.

Far our initial investigations we are going to select a custom
"/CO with a Ky of 1T0MHz”.  Later we will specify phase noise
for this WCO.

Press Next to view the next screen and then press Next again
to move anto selecting the Reference frequency.
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YCO Selection

Select the VCO you wish to use, or choose 'custom' to
enter detailed VCO characteristics later

¢ From Library

WCO Library Iusel vI
YCO Model ItutoriaNCU 'I

Ky I‘ID.DMHZN

For a custom VCO., enter the desired Ky in HzV [this
can be changed later).  For example, to enter 10MHzA
simply enter "10M® ar '"10e6' Phase noise data can be
ertered |ater.
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Tutorial - Reference Specification E3

Selecting the Reference

Like the W¥CO, the Reference source can either be selected
frorn one of our {or your) library files or a custom Reference. A
library Reference oscillator can have tabulated phase noise
data. Selecting a custom Reference simply reguires entering
the frequency. Phase noise can be added later in SimPLL.

For this tutarial the reference frequency is set to 10MHz.

Press Next to view the next screen and then press Next again
to rmove onto selecting the Loop Filter.
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PLL Reference Selection E3

Reference frequency must be between 25.00kHz and 100.0MHz
and a multiple of 25.00kHz

To use a crystal oscillator choose "custom'" and enter the
ciyztal frequency. For an extemnal reference oscillator
select it from the library, or use custom and enter the

€ Fram Library

Ref Lbay [ooe 7]
Ref. Model 70000 K

""ﬁ Frequency I'I 0.000MHz

For a custom Reference, enter the desired frequency in
Hz. For example, to enter 10MHz simply enter "10M' or
"10e6" Phase noise details can be entered later.
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Selecting the Loop Filter

SimPLL supports a number of loop filter topologies. Only
those that are compatible with the speedup technigue selected
are shown.  If an active filter is selected then the Op Amp
selection is enabled, where you can select an op-armp from
ane of aur (or your) library files.

WWe have decided to commence the tutorial with a simple two-
capacitar passive filter.

Press Mext to view the next screen and then press Finish to

complete the Wizard and move into SimPLL proper to begin
analyzing and optimizing the PLL we have designed.
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Loop Filter Selection E3

Select the Loop Filter configuration.  Filters shown match
the Phage Detector and Speedup Mode selected earlier.

I

!

124 PrevI Select  MNemt>> |

Op Amp Selection

& [dedl Op Amp Library IAnaIngD evices 'I
€ Custori Op Amp Model IAD 711 'I

1 itz
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System | —

© Reference  custon Finding Your Way Around SimPLL

) vco custom Let's have a quick look at the gadgets that will help you get around in SimPLL, and to get back to this tutorial.

Chip ADF4116

Loop Filter CPP_2C Tutorial Navigation Buttons

Lock Detect Analogue OD 155 | These buttons are located in the lower right-hand corner of this document.  They only appear when this tutarial is visible

[ FreqDomain and are used to navigate between tutorial pages. Pressing »> advances to the next page, and << returns to the previous page.

[7% TimeDomain To view the rest of this page you will need to use the scrallbar an the right.

Results Navigation Tabs

|< |2 [ Tutorial {VCO, FreqDomain 3 TimeDomain % Schematic % Report /| 4] |

tabs into view.

Main Screen
usage the main screen of SimPLL is divided into two parts as shown below:

¥ Data Paneal 4 Results Panel

B b Lo Bt At

P
«|»[\Tutorial {WCO}, FreqgDomain 3 TimeDomain 3 Schematic He;:ort FAIEA

The navigation tab bar appears below this tutorial text. It is used to move between pages of results, and this Tutorial when it is

running.  (Normally there is no Tutorial tab.) Click on the other tabs to see the other pages, make sure that you return to this tutorial
page when you are ready to continue.  If all the other tabs are not visible, use the mouse to drag the splitter bar at the left end of the
scrollbar.  Altermatively, if you are short of screenspace, the arrows at the left end of the tabs can be used to bring the obscured

OK, so you are already finding your way around the SimPLL screen. We just need to name a few parts of the screen.  In normal

S 2 hd
»

Faor Help, press F1
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@ Reference custom
@ vCo custom
Chip ADF411E
Loop Filter CPP_2C

Lock Detect Analogue OD
m FregDomain

[ TimeDomain

SSB Phase Hoise (dBc/Hz)

Kv (MHz/V)

=200

=300

1004

-1204

REWESS

-160 1

-1e04

YCO Phase Nois

[

o

o
s

[

(=]

(=]
L

-220 1

240+

=260

2804

Frequency (MHz)
[
o
o

VCO Freq vs YolIts
R R - ' 450 e T HE H

100 1k 10k 100k ht 10M [} a8 10 15

167

141

1217

10

Off=et Frequency

VCO Kv vs Volts

---------------------------------------------------------------------------

--------------------------------------------------------------------------

0 & 10 14 20 25 20

‘oltage (V)

« | » [}, Tutorial ,¥CO 4 FreqDomain % TimeDomain 3 Schematic » Repot 7 | 4

20 25 20
Woltage (W)

= TEADIsimPLLES
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(— Min Freq

t— Max Freq

+— Channel Spc.
PD Freq.
— Design Freq

=] @ Reference
— Frequency
— Phase Naoise

B (~) vCO
Tuning Law
— Input Cap.

— Phase Moige

= Chip

— Mode

Main Divider
Fief Divider
Phase Detectar
Lock Detect

— Speedup Mode

=] Loop Filter
t— Specify

— Loop B andwidth
— Phaze Margin
(— Zero Loc.

— Pale Loc.

— C1

— A1

—C2

Lock Detect

m FregDomain

[,ff“" TimeDomain

100MHz
130MHz
25.0kHz
25.000kHz
114MHz

custom
10.0MHz
Mahe

custom
K (ideal)
0F

Mone

ADFA411E
Maormal

Charge Pump
Analogue OD
MHone

CPP_2C
Phase Margin
2.850kHz
45,0 deg
1.04kHz
E.04kHz
3.B8nF
265k
17.8nF

Analogue 0D

| |T

Gain (dB)

Spur Level (dBc)

Phase Hoise (dBc/Hz)

-100

Open Loop Gain and Phase

100 q
804
501
a0
20 1

0

20
40
<60
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Frequency [Hz)

Output Phase Noise

................ R

e

10 100 1k 10k 100k 10
Frequency [Hz)

-
201+
=40 1

-60 4

R S

-300 -200 -100 100 200 300
Tutorial » VCO 3, FreqD omain { TlmeDomaln % Schematic % Repart /| «|
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[l System I—
- Min Freq 100MHz R I BT
— Max Freg 130MHz 1501 J a0 ]
I Channel Spe. 25.0kHz 2 )
E 1401 4+ B 20
PD Freq. 25.000kHz ‘5 : 5
L Design Freq 114MHz g 130 1~ E 0
2 F )
(=) Reference custamm N i
— Frequency 10.0kMHz = 140 4 . a0 4
— Phase Naoise Mahe
100 — By
£ veo custom 0 18 20 0 02 04 06 08 10 12 14 16 18 20
T Ti
Tuning Law Kv fideal) e (me] ima ()
— Input Cap. OF |Freq Error| Lock Detect Output
L Phase Noise Mohe B e S S 1 R S S s S -
£ 1on 1, : ;
B[ Chip ADF4116 ERIYES. ‘ ol
— bode Mormal = 100k | L2
Main Divider g 0kt -S
Rief Divider g ke o - T
Phase Detector  Charge Pump g 100 - T TN 8
Lock Detect Analogue OD @ 10T 'I 1
k-] ] AR
- Speedup Mads HNone z 1 Dl g
100m ; ; ; ; ; ; — 0 —
£ [%] Loop Filter CPP 2C 0 02 04 06 08 10 12 14 16 18 20 0 02 04 06 08 10 12 14 16 18 20
= Ti Ti
t— Specify Phase Margin ime (ms) ime [ms)
— Loop B andwidth 250kHz Phase Detector Output
— Phase Margin 45.0 deg 1900 Ty T I
N 0 T T AT =~
%IIADIE ﬁ 1 (— Zero Loc. 1.04kHz z - -t AT -
H ST LE = +— Pole Loc. 6.04kHz 2 AR S0 11 1 1 S 0 B
- S . e LA .
- R 865k 2. :
L2 17.80F )
1000 : . . ;
Lock Detect Analogue 0D 0 0z 04 06 08 10 12 14 16 18 20
- Time [ms]
m FregDomain
[7% TimeDomain EI « | » [}, Tutarial % WVCO5, FreqDomain_ TimeD omain ¢ Schematic  Repot 7 | 4
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=] System

(— Min Freq

t— Max Freq

+— Channel Spc.
PD Freq.
— Design Freq

=] @ Reference
— Frequency
— Phase Naoise

B (~) vCO
Tuning Law
— Input Cap.

— Phase Moige

= Chip

— Mode

Main Divider
Fief Divider
Phase Detectar
Lock Detect

— Speedup Mode

=] Loop Filter
t— Specify

— Loop B andwidth
— Phaze Margin
(— Zero Loc.

— Pale Loc.

— C1

— A1

—C2

Lock Detect

m FregDomain

W TimeDomain

100MHz
130MHz
25.0kHz
25.000kHz
114MHz

custom
10.0MHz
Mahe

custom
K (ideal)
0F

Mone

ADFA411E
Maormal

Charge Pump
Analogue OD
MHone

CPP_2C
Phase Margin
2.850kHz
45,0 deg
1.04kHz
E.04kHz
3.B8nF
265k
17.8nF

Analogue 0D

[~

|7 |15l15

sheet for full details

Weel WVed2 Wp
1 B 2
—Fin CPo L
51 in £t R1
l 3.68nF .65k
I ol c
Suple ADFA 18713 l”‘sm—
Wt
F out OzeIn
19 Voo
Gnd MUXOUT
13 R20 R21
LE 180K
12 1.00k
—Data |
Ref 11 AL Lock Detect
eferance Clodk cz0 Out
10.0MHz 1 10.0n
—CE
Gnd Gnd &nd
Notes:
1. TSS0F pin numbers shown
2. Wool Analog Weo
3. Wee2 Digital Wee
4. %p Charge Pump power supply
a8 Weel = Weel2, Vp == Vel 2
6. CE = 0V pouwers down chip
7. Conzult manufacturers data
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10.0MHz"

3

Faor Help, press F1

b= | Staﬂl“ @Inbox - Microsoft Excha... I ]| Microsoft PowerPoint - ... | @antPage Editor - [As a... ”gq:\Dl SimPLL - [Desi__.

[

>4 RE: ADIsimPLL rev upd... | | Ed S QR 2aaam

ANALOG
DEVICES

BHg—mAE™

TEADIsimPLLES



https://www.analog.com/cn/adisimpll

FEADIEE,
KB ADISIimPLLISTZIFE

22 // ©2021 Analog Devices, Inc. {REBFENA,

[l ADI SimPLL - [Design1] [_[&F]x]
File Edit %ew BRecale Took ‘Window Help - |E|ﬁ|
D= &= (@ &2
5 System ~|| Design1 analysed at 02/13/02 09:43:06 ;I
= Min Freq 100MHz PLL Chip is ADF4116
— Max Freg 130MHz WO is custom
+— Channel Spc. 25.0kHz Reference is custom
PD Freq. 25.000kHz
L Design Freq 114MHz Frequency Domain Analysis of PLL
Analysis at PLL output frequency of 114MHz
=] @ Reference custom
— Frequency 10.0mMHz Phase Noise Table
L Phase Naise Manhe Freq Total VCO Ref Chip Filter
100 -93.73 - - -93.81 1115
H)veo custom 1.00k -88.97 - - -91.73 -92.25
Tuning Law Fv (ideal) 10.0k -106.0 - - -110.5 -107.9
I~ Input Cap. 0F 100k -145.7 - - -150.3 147 B
L Phase Noise Mone 1.00mM -185.7 - - -190.3 -187 B
[ [z+] Chip ADFA11E Phase jitter using brick wall filter
— Mode Marmal from 10.0kHz to 100kHz
Main Divider Phasge Jitter 0.02 degrees rms
Fief Divider Carrier R b .
Phase Detector  Charge P arrier Recovery phase jitter
Lo:ljeDetE:a:tc o An::jeueuglg Carrier recovery bandwidth 6.40kHz damping factor 0.7071
g Symbol Filter cutoff 32.0kHz Butterworth with 3 poles
— Speedup Mode None Phase Jitter 0.09 degrees rms
%] Loop Filter CPP_2C
*e"i”’ : Phese Margn oo 200 s 1o 5.00KHz s 8.52 Hz -
— Loop B andwidth 250kHz ’ i
— Phaze Margin 45,0 deg FM SNR
— Zero Loc. 1.04kHz sinusoidal modulation with 10.0kHz peak deviation
- Pele Laoc. 6.04kHz Signal to Moise Ratio =58.4 dB
1 3.B8nF
= R1 265k ACP - Channel 1
L2 17.6rF Channel 1 is centred 25.0kHz fraom carrier with bandwidth 15.0kHz
Power in channel = 78.6dBc
Lock Detect Analogue 0D

m FregDomain

W TimeDomain

[~

- End of Frequency Domain Results -
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