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Abstract

Mixed-signal front-end (MxFE’) products are enabling the latest soft-
ware-designed radio solution with a very wide 75 GHz bandwidth. The
digital-to-analog converter (DAC) and analog-to-digital converter (ADC) cores
of the MxFE use sampling clocks that originate from either the internal phase-
locked loop (PLL) or an external clock source. Determining the clock solution
is quickly determined using a PLL synthesizer design and simulation tool such
as ADIsimPLL". Designers using the MxFE can now take advantage of the MxFE
models recently available in ADIsimPLL to design the high performance sampling
clock required for the radio solution, where key performance specifications can
be measured, loop filters are optimized, and PLL parameters are adjusted. This
article describes the use of this software to model the on-chip PLL and VCO
integrated in the MxFE and radio frequency DAC (RFDAC).

Introduction

Selecting the right components for clock generation enables a designer to extract the
best performance from the configured platform.

Important criteria to consider when choosing a clock generator are phase jitter and
phase noise floor, which impact the signal-to-noise ratio (SNR) of the data converter
being clocked.

Analog Devices' MxFE family of devices and AD917x RFDAC all contain on-chip integer
type PLL synthesizers to generate the DAC and ADC sampling clocks. Depending on
the application, the phase noise/integrated jitter performance of the on-chip PLL/VCO
synthesizer locked to the input reference can be sufficient to meet the application
requirements. In some applications, an external clock source with lower phase noise
may be required to be used instead of the on-chip PLL/VCO integrated. Modeling the
phase noise/jitter performance by the ADIsimPLL software enables the designer to
make this decision at an early stage in the development process.

Using the ADIsimPLL software, configured to model the desired integrated
PLL/VCO with the available reference also modeled, the phase noise and integrated
jitter results are generated. Adjustments to the on-chip charge pump current and
external loop filter components can be modelled in ADIsimPLL to determine optimum
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values. Modelling the available reference source to be used by the software allows the
designer to quickly determine the effect of the reference noise on the sampling clock
and so eases the selection process of the reference clock.

This article illustrates how to use the ADIsimPLL software to design and simulate the
clock source for the MxFE family of devices using the ADI081 model in the software,
but the process is the same for all the MxFE devices and the AD917x RFDACs. The model
illustration included herein uses an input reference frequency of 500 MHz to design
a PLL with a VCO frequency of 12 GHz. Creating a model for this 500 MHz reference
source for use within the ADIsimPLL software is also described. Included is a com-
parison between the ADIsimPLL model phase noise/rms jitter results for the sampling
clock with that of a measured laboratory sampling clock using the evaluation board
platform for the MxFE device.

MxFE Sampling Clock Design Example

To create the MxFE sampling clock design, you can download the ADIsimPLL
design tool from analog.com/ADIsimPLL.

Once installed, to begin the design process, open ADIsimPLL.

Welcome X

If this is the first time you have used SimPLL we would
recommend running the tutorial

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

Run Tutorial

Figure 1. The ADIsimPLL welcome screen.
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Close the tutorial New PLL Wizard - Tutorial x

How do you want to start ADIsimPLL X

For general purpose synthesizer design choose the first option.
To design a loop fitter for a PLL embedded in a complex chip,
choose the lower option.

@ Create a New Design If unsure, and your chip is in the lower option, choose that.
O 0 isting Desian Fil (O General PLL Synthesizer Design (general pupose PLL chips
pen an existing Design File e e

esian ple hoose it from the box belo

(O Open last Design File: ..evaluation_board.pl
(O Start with a Reference Design: B
hip:  |choose later View Online Datasheet
View Selector Guide
~
|_simulation Ify
simulation
N
oard_simulation
board (® Loop Fitter Design for complex chips containing PLLs
liatinn_hnard fractional v e.9. ADRF6xxx, ADxxxx devices
About ADIsimPLL Chip: | ADS081 v
Figure 2. Starting a new design in ADIsimPLL.
and select Create a New Design.
Click OK. <Back Cancel Help
New PLL Wizard - Tutorial x Figure 4. Select the loop filter design for the ADI08.

The New PLL Wizard Select the Loop Filter Design for complex chips containing PLLs.

|Welcome to the New PLL Wizard. This will guide you through setting up a Select the ADS08T from the Chlp dl’OdeWﬂ options.

PLL design in five easy steps: . . R
1 spgcify the ﬁeqﬁenJ requirements Click Next to configure the PLL synthesizer in the AD9081.

choose a chip and which options you will use
select a VCO The graphical configuration page shows the block diagram of the PLL and sig-
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3

4 select a reference oscillator nificant regist f . d desi i On thi h

5 choose the loop filter type gisters, frequencies, and design options. On this page, you can choose
from a range of standard configurations or alter registers and other options

No choice is irreversible, either use the Back button to return to previous . . .
directly to configure the device.

pages, or after the Wizard has finished choose Edit / PLL Configuration
from the main menu. X X .
Here you can directly input data to the boxes surrounded in green, and the other

cells update automatically. Counter values can be altered by hovering the cursor
over the cell and using the mouse wheel. Options can be selected using drop-
down lists. Frequency and register limits are checked in real time and errors are
displayed in red, along with error messages.

SimPLL will setup your design with a loop bandwidth set to 10% of the phase
detector frequency and a 45deg phase margin.

© 2000,2022 Applied Radio Labs

< Back Next > Cancel Help

Figure 3. New PLL wizard.
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Configure PLL for AD9081
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| VCoFreq 3 = DACCLK |
| 120GHz /
R |
' o ] :
| R 1 |
| N 3 M 8 ADCCLK Freq l
| 200GHz
—— |
| Click on cels with green borders to ater data o |
Y ADCDRV
Specify: (choose whether to enter CLKIN or DACCLK) Mode:
‘Auto Mode: Enter CLIN or DACCLK, ADIsimPLL will
find the configuration with the dosest target frequency.
O akiN @ Auto
Manual Mode: Enter CLKIN or DACCLK and register
@® oxcax O wanwal values, ADISImPLL wil compute th other requencies

Figure 5. Configure the PLL for the ADI081.

To simulate for fDAC =12 GHz, simply change the DACCLK Freq green box to 12 GHz,

the CLKIN Freq is by default = 500 MHz.

Next >

Configure PLL for AD9081
|

OFF CHIP _
FILTER

\ For more instructions press Help ADCCLK
/X : l
Al AKIN rri q \

CLKIN %_ADCDRV

VCOREG
I e e e e o e e e s |
|

| |
| DACCLK Freq |
| 3 |
| VCOFreq DACCLK :
| 12.0GHz /

| . '
B |
| N3 M s ADCCLK Freq l
| 6.00GHz

| Clckan el with green borders to aer dota

|

|

|

Specify: (choose whether to enter CLKIN or DACCLK) Mode: o Mode Ener CUH or DACCLY, ADISmPLL il
find the configuration with the closest target frequency.
QO akin @ Auto
Manual Mode: Enter CLKIN or DACCLK and register
@® pacak O Manual Values, ADIsimPLL will compute the other frequencies

Figure 6. The PLL configured for the AD908I.
Click Next.

PLL Reference Selection X

You have specified that the reference frequency should be 500MHz

To use a crystal oscillator choose ‘custom’ and enter the crystal frequency. Foran
extemal reference oscillator select it from the library, or use custom and enter the
frequency. Phase noise for ‘custom’ sources can be entered later.

O From Library Library  Model001_500M

Model model001

Model: “model001"
Frequency usable from OHz to 0Hz

Oumn vy [0

Setup

<Back || Net> | | Cancel Help

Figure 7. The PLL reference selection.

To use measured phase noise data of the Reference/CLKIN oscillator, you must
place this data in a library file using the Reference Library Editor, you can then
select this model From Library. Refer to the ADIsimPLL Reference Model Creation
section in this article for details on using this Editor.

Click Next.

VISIT ANALOG.COM 3


https://www.analog.com

PLL Setup X
Initial Setup
Adjust starting values if desired Set Defaults
) Choose defaults for:
oo Bt i
Phase Margin |60.0 deg (® Low Jitter
Defaults for Low Jitter O New Design defaut
Undo Changes
Frequency Domain Analysis
Phase Noise and Loop Gain calculated over range
from 1kHzto 100MHz Change
Jitter calculated by integrating phase noise
over the range from 1kHz to 20MHz
Enable Modulation
< Back Cancel Help

Figure 8. The PLL setup.
Choose the defaults for fast locking or low jitter and click Finish.

The Report tab of the PLL synthesizer design prints the frequency domain analy-
sis at 12 GHz and phase jitter using a brick wall filter. By selecting the tabs at the
bottom of the screen, you can navigate directly to the Components, FreqDomain,
Schematic, and DACn elements of the PLL synthesizer model.

4 ADIsmPLL - Design1] - o

[ File Edt View Recolc Tools Libraries Links Window Help

Ded @ CRA
- Design1 analysed at Fri Sep 22 18:14:26 2023 |
SQRelerence  custon
PLL Chip s AD3081
@veo A05081 Notes
VCO is AD90BT
= A0%81 Reference is custom
Auibary Outputs
[Eltoos Fler  CPP_2X_AX

o Loop Fitr designed at a VCO frequency of 12.0GHz with a Ky of 64 OMHzV
Lock Detect None
Frequency Domain Analysis of PLL

[ FreqDomain Analysis at PLL output frequency of 12GHz
Phase Noise Table
Freq tal vco Ref Chip Filter
100 8041 2 - 8041 237
1.00k -90.40 1362 - -90.40 1837
100k 02 aerz " 1002 1837
100 62 w3 - 087 u3s
1.00M ams a2 - a1 ams
Phase jitter using brick wall filter

from 1.0z 1o 20 OMHz

Phase Jiter 86.4fs rms

~ End of Frequency Domain Results —

< > \ ot ) P ) Sched ) DA Repot 1<

[For Help, press FI UM

Figure 9. The ADIsimPLL report tab.

The Components tab allow you to look at the VCO phase noise and the reference
phase noise at the analysis frequency, which is 12 GHz. The VCO phase noise plot
represents the phase noise from the VCO measured in a free running configura-
tion (that is, unlocked—not in a PLL) at 12 GHz. When the VCO is locked in a PLL
the output phase noise is reduced significantly at frequencies inside the PLL loop
bandwidth. The reference\CLKIN phase noise represents the phase noise from
the reference source. The reference phase noise affects the output phase noise
of the PLL, primarily inside the loop bandwidth.

BADImPLL - Design1] - o
[ Fie Edt View Recsic
DeE e

Tools _Libraries Links Window _Help
s
“System VCO Phase Noise at 12.0GHz

ORedersnce  cutom

©wo D061
E=C D81
Aiiary Outputs
[E]Loop Fiter
[E]tock Detect e
|5 FreqDomain

8

&

PPz RX

B Phase Noise (dBelHz)

Offset Frequen ey

Reference Phase Noise at 500MHz
M ionibehi bty A

20

250

5B Phase Noise (dBc/Hz)

o ok W 1w 100
Oftset Freauency

< >\ Components ( Pl Seher ) DACH ) Pz / 1<

For Help, press F1 NUM

Figure 10. The ADIsimPLL components tab.

By default, the reference phase noise is modeled as having a phase noise of None.
In order to add reference noise, you can change the reference phase noise from
None to Point/Floor (specify the phase noise at one point and the phase noise
(PN) floor) as shown here, Corner/Floor (specify the phase noise floor and cor-
ner frequencies) or Leeson (specify oscillator parameters such as power, noise
figure, and loaded 0).

(~-) Reference custom

Frequency 500MHz

-1Phase Noise | Point / Floor |
- PN Floor | -170dBc/Hz |
- Phase Noise | -130dBc/Hz |
- at frequency | 100kHz |
- Flicker Comer | OHz |

Figure 11. Reference phase noise options

The FreqDomain tab displays the open loop gain and phase, and the output phase
noise of the model. The output phase noise represents the phase noise from the
VCO measured when locked in the PLL. This includes contributions from all noise
sources within the PLL. By expanding the FreqDomain folder in the data panel on
the left, the min or max frequency of the plot can be changed as required.
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PADIsimPLL - [Design1] - o
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Ded [ arw
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oo st o
Figure 12. The ADIsimPLL FreqDomain tab.
The Schematic tab shows a simplified schematic of the synthesizer.
B ADIsimPLL - [Design1] - o x
[ File Edit View Recalc Tools Libraries Links Window Help
a2 L) LAAd
- System
= Reference. ustom
=@vo ADsos1
= ADS081
5 Ausiiary Outputs. J_
©[E]toop Fter  CPP_2_RX T‘z‘sevr P
[E]tock Detect None w T L o «
= FreaDomain T e sso 30 220
.
s AD9081 PLL Section Adcaik
=
< > Componerts )\ Fiedionsn ) Schematic (DAL ) Fiege / I
Fartien ety o

Figure 13. The ADIsimPLL schematic tab.

Expanding the Loop Filter folder in the data panel you can modify the loop filter
components to match an existing schematic such at the evaluation board sche-
matic. The loop filter components in the Schematic can be changed by specifying
Components and changing the values as shown in Figure 14.

1|2 | Loop Filter CPP_2C_RX
- Specify: | Components |
- Loop Bandwidth 402Hz
- Phase Margin 79.4 deg
- Zero Loc. 32.0kHz
- Pole Loc. 352Hz
-C2 |  220nF |
R 226 |
-C1 | 20nF |

Figure 14. Loop filter components.

The DACn tab allows us to look at the phase noise of the DAC output. The plot in
Figure 15 models the DAC output at 3 GHz by selecting the DDS div option of 4.
Noninteger DDS div values can also be selected. The marker is enabled to read

the phase noise.

U ADISimPLL - Designi] - o x
[ File Edt View Recolc Tools Libares Links Window Help
Ded [ arw
System
O@Rderence  custon
“@veo 03081
E=1" 05081
7 Auhary Outputs

0 e

|oosav Caw

Freuency | DACN - Phase Noise at 3.00GHz

[E]Loop Fter  CPP_22_FX

[Congonerts | 3

oo Bandwah 403

Phase Hargn Tade bl

|22 Loc 20 5

pol Loc 2k

te2 o5 S S S

Rt — H s

[ - T R

a zor | |3 s

[Etock Detect Nere g N

]33 FreqDomain £

" 10 100k " o oo
36z 116 8304aBcMz Frequency (he)
< >\ Componerts )_Freaboman ), Schemaii )\ DACn ( Fiepat / 1<

For Help, pressF1. NOM

Figure 15. The ADIsimPLL DACn tab.

ADIsimPLL Reference Model Creation

The reference model is created using the Reference Library Editor. From the
main menu choose Libraries/Reference Library Editor to start the desired type

of editor.

Librarses  Links Window Help
Edit Current WO

Edit Current Beferenice

Explore Library Directory
YCO Library Editor

Add Chip Library Update
Help - Locating Libraries
Help - Using Library Files

Step-by-step guade - Modelling My VOO

Figure 16. The Reference Library Editor.

Select New as highlighted in Figure 17.

B8 untitled - Reference Library Editor
file Edit View Recalc Nevigation Help

DEE > X0@ &N K ()M M ~| [Edtinto] [New] Detete insect Copy

|
Figure. 17 Reference Library Editor New Model.

Choose a Model Name.
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Edit Model Mame x

rodel00]

aEk Cancel

Figure 18. Reference Library Editor new model name edit.

Select table from the menu on the left. Then input the reference frequency and
PN floor used.

Reference model001
Manufacturer
Frequency 500MHz
Phase Noise Table
PN Floor -165dBc/Hz |
Vee
lce

Figure 19. Reference frequency and phase noise floor.

Then select Phase Noise Table and properties from the top menu.

RN A /

Figure. 20 Reference Phase Noise Table Select.

Select Change Number of Rows. Then change the number to match the mea-
sured phase data number of points and press OK.

Phase Noise Table Properties x

Edit Tabla Size
[ Change Mumbser of Fiows
(®) Presesve Data
Mumbe of Rows | ‘ (0) Zero Frequency Data
() Zero A1 Cells

Cone

Figure 21. Reference Phase Noise Table properties.

Then enter the measured phase noise data of the reference to the table. The
first entry of each pair is assumed to be the offset frequency, and the second
the phase noise at that frequency. The offset frequency entries must increase.

Model model001 ~  Editinfo | New | Delete

Reference model001 Phase Noise T
Manufacturer Freq (Hz) PN(dBc/Hz)
Frequency 500MHz 0 0

Phase Noise Table 0 0

PN Floor -165dBc/Hz 0 0
Vee 0 0

lcc 0 0

Figure 22. Reference Phase Noise Table data entry.
Press Save on the top left and save within the reference folder. See Figure 16.

The model should then be available in the library for selection when creating a
new design.

Measured vs. Model Simulation

In order to determine the accuracy of the ADIsimPLL model data with measured
results, the ADI081-EBZ evaluation platform was configured to generate a DAC
output at 3 GHz using an fDAC =12 GHz. The plots in Figure 23 and Figure 24 show
measured phase noise (in blue) vs. ADIsimPLL model phase noise (in red) for the
default charge pump current (ICP) = 2 mA and the maximum ICP = 6.4 mA.
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DACn - Phase Noise at 3.00GHz

Phase Noise (dBc/Hz)

1k 10k 100k ™ 10M 100M
316kHz -117.8809dBcMHz Frequency (Hz)

Figure 23. The AD9081 phase noise, fDAC =12 GHz, DAC output = 3 GHz, ICP = 2.0 mA.

DACn - Phase Noise at 3.00GHz

Phase Noise (dBc/Hz)
3

1k 10k 100k m 10M 100M
316kHz -122.4563dBCHz Frequency (Hz)

Figure 24. The AD9081 phase noise, fDAC =12 GHz, DAC output = 3 GHz, ICP = 6.4 mA.
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Conclusion

The current version of ADIsimPLL available from ADI includes models for the MxFE
and the AD917x RFDAC (RF high speed DACs). Using the models in ADIsimPLL sig-
nificantly reduces the time required to design the sampling clock. As shown in this
article, the performance results provided by the MxFE models match closely to
actual bench measurements making this modeling tool a very useful and worth-
while process to use prior to schematic entry.

About the Author

Brigid Duggan is a product applications engineer for the Aerospace and
Defense Group supporting high speed data converters at Analog Devices
in Limerick, Ireland. As a product applications engineer, her tasks vary
from hardware design to system and product support. Her recent back-
ground includes product application engineering for the Broad Market
and Frequency Generation and 24 GHz Industrial Radar Group, followed by
application engineering support for high speed data converters.

Engage with the ADI technology experts in our online support community.
Ask your tough design questions, browse FAQs, or join a conversation.

3 ADI Engineer/Zone

SUPPORT COMMUNITY ..
Visit ez.analog.com

©2024 Analog Devices, Inc. All rights reserved. VISIT ANALOG.COM
Trade4arks and registered trademarks are

the property of their respective owners.

TA24952-3/24


https://www.analog.com
https://www.analog.com
https://www.analog.com/contact
https://ez.analog.com
https://www.analog.com
https://ez.analog.com
https://ez.analog.com/

	Button 42: 
	Page 1: 

	Button 41: 
	Page 1: 

	Button 40: 
	Page 1: 

	Button 39: 
	Page 1: 

	Button 38: 
	Page 1: 

	Button 37: 
	Page 1: 



