SmartFusion IEEE 1588 Reference Design
User’s Guide

& Microsemi



& Microsemi

SmartFusion IEEE 1588 Reference Design User's Guide

Table of Contents

INtrOTUCTION . . . oo 3
LIDErO IDE DeSIgN . .ottt 3
FIrmMWare PrOjeC S . . . e e 3
Programming File . . ..o 3
1 IEEE 1588 OVEIVIEW . . oottt e e e e e e e 5
Mean Path Delay Measurement . . . ... ... e e e e 5
Slave Clock Offset MeasuremMeNnt . ... ... . e e e 6
2 Board Programiming . . . ..ottt 7
3 Web Page DesCriplion . . ..ot 11
Accessing the Web Page . . ... ..o 11
Precision Time Protocol Information . . ... ... ... 12
Latch Inputs INformation . ... .. 13
Trigger OUtpUt CONTIOl . . . .. .o e e 13
4 Software Components DesCHPLON. . .. . ... 15
FreeR T O S . e 15
TP 15
P P . 15
COrEA588 DIIVET . . . v ottt ettt e e 15
A PrOdUCE SUPPOI . o 17
CUSIOMET SEIVICE . . .t ottt et et ettt et e e e e e e et e e e e e e e e e 17
Customer Technical SUPPOIt CeNtEr . . . ... . e e e e 17
TechniCal SUPPOIT . . .o e 17
R AT = ] 17
Contacting the Customer Technical SUPpPOrt CENEr . .. ... .. . e 17
NOEX . 19

Revision 0 2



& Microsemi

Introduction

Libero

The SmartFusion™ IEEE 1588 Reference Design demonstrates the use of the Core1588 IP core on a
SmartFusion device as part of an IEEE 1588 over Ethernet boundary clock implementation. This
reference design is targeted at the SmartFusion Evaluation Board.

The SmartFusion IEEE 1588 Reference Design demonstrates the following Core1588 IP features:
« |EEE 1588 Ethernet packets timestamping
« Synchronization of the precision time clock with a master clock
« Latching of the master synchronized time on input latch assertion
« Triggering output pulses when the synchronized clock reaches specified values

The reference design includes a web server, allowing observation of the current state of the precision
time protocol (PTP) clock, and exercises the Corel1588 input latches and output triggers.
The SmartFusion IEEE 1588 reference design package contains the following:

 Libero® Integrated Design Environment (IDE) design targeted at the SmartFusion Evaluation Kit

hardware. Details about the SmartFusion Evaluation Kit can be on found on the SoC Products
Group website: http://www.actel.com/products/hardware/devkits_boards/smartfusion_eval.aspx

+ SoftConsole, Keil-MDK and IAR Embedded Workbench ® projects containing the full source code
of the firmware part of the reference design

Programming file of the reference design for the SmartFusion Evaluation Kit
Documentation (this user’s guide)

IDE Design

The Libero IDE project implementing the SmartFusion IEEE 1588 reference design is located in the
design_files\Libero_project\IEEE1588 Reference_Design folder of the reference design package. This
Libero IDE project demonstrates the use of Core1588 IP within the SmartFusion FPGA fabric.

Firmware Projects

The firmware projects implementing the firmware part of the IEEE 1588 reference design are located in
the design_files\Firmware\IEEE1588 Reference_Design folder of the reference design package.

A single folder structure contains the full source code of the firmware and project files for each project:
« SoftConsole
* |AR Embedded Workbench
e Keil-MDK

Programming File

A self contained programming file is provided for use with the SmartFusion Evaluation Kit. This
programming file contains both the FPGA fabric design and the firmware executable image. The
programming file is located in the programming_files folder of the reference design package.

Refer to the "Board Programming" section on page 7 to ensure correct programming of multiple boards.
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1 —

IEEE 1588 Overview

The IEEE 1588 precision time protocol (PTP) allows synchronization of devices connected to an
Ethernet network with a high level of accuracy. One of the devices on the network serves as the master
clock. The other devices behave as slave clocks, synchronizing to the master clock’s value.

The master clock is dynamically selected among the PTP-capable devices on the network. The IEEE
1588 best master clock (BMC) algorithm is used to determine which device should be used as the master
clock device. This algorithm uses the clock’s characteristics broadcast on the network through announce
messages to determine which clock is the most accurate. Once the BMC algorithm has completed, the
master clock starts sending synchronization messages at regular intervals. Slave clocks use these
synchronization messages along with communication path delay measurements to adjust their local
clock to synchronize with the master clock.

Synchronization to the master is done in two steps:

1. First the communication path’s delay is computed by the slave. This is achieved by recording
timestamps generated by the Core1588 hardware when IEEE 1588 frames are transmitted or
received between the Ethernet MAC and Ethernet PHY.

2. The second step is computing the slave clock offset. This is achieved through the use of
timestamps generated when the master clock sends sync frames. Sync frames are sent at one
second intervals. These timestamps along with the communication path delay allow computing
the offset between the master and slave clock values. This clock offset is used to adjust the
slave’s clock increment rate to slow down or speed up the slave’s clock to converge toward the
master clock.

Mean Path Delay Measurement

The mean path delay (Figure 1-1) is measured by initiating a path delay request, then using the
timestamp generated as the IEEE 1588 frames of the request and response are transmitted and
received. Corel588 generates timestamps when IEEE 1588 frames travel between the Ethernet MAC
and Ethernet PHY. These timestamps provide accurate timing of when the various IEEE 1588 frames are
sent and received.

Master Slave

ues\ t1
P a\\'\De\'C“/Req
t2
t3 Path De
layRe
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t4

Figure 1-1 « Mean Path Delay
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IEEE 1588 Overview

The mean path measurements steps are as follows:
1. The slave initiates the transmission of a path delay request frame.

Core1588 captures the time, t1, on the slave, at which point the path delay request frame is
passed to the Ethernet PHY.

3. Corel588 captures the time, t2, on the master, at which point the path delay request frame is
received from the Ethernet PHY.

4. The master initiates the transmission of a path delay response frame containing the captured t2
timestamp.

5. Corel588 captures the time, t3, on the master, at which point the path delay response frame is
passed to the Ethernet PHY.

6. Corel588 captures the time, t4, on the slave, at which point the path delay response frame is
received from the PHY.

7. The master transmits a path delay response follow-up frame containing timestamp t3.
8. The slave now has timestamps t1, t2, t3, and t4.
Assuming that the path delay is fixed and symmetric, we can compute the path delay using EQ 1-1:
path_delay = ((t2 — t1) + (t4 —t3)) / 2
EQ 11

Slave Clock Offset Measurement

The slave clock offset measurement is performed at regular intervals as a result of the master sending
synchronization frames. The master sends a Sync frame followed by a FollowUp frame every second
(Figure 1-2).

Master Slave

t1
“‘
t2
W‘

Figure 1-2 « Offset from Master

The slave clock offset measurement steps are as follows:
1. The master initiates the transmission of a sync frame.

Core1588 captures the time, t1, on the master, at which point the sync frame is passed to the
Ethernet PHY.

3. Corel588 captures the time, t2, on the slave, at which point the sync frame is received from the
Ethernet PHY.

4. The master transmits a follow up frame containing the t1 timestamp.
5. The slave now has timestamps t1 and t2.
You can compute the slave clock offset using EQ 1-2:
slave_clok_offset = t2 — t1 — path_delay
EQ 1-2
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2 — Board Programming

This section describes the procedure used for programming the SmartFusion evaluation boards with the
IEEE 1588 reference design. Special care is required when programming the boards to ensure that each
board is programmed with a unique Ethernet MAC address. The Ethernet MAC address is stored in the
SmartFusion MSS eFROM. The eFROM is configured so that the MAC address is incremented as part of
the SmartFusion programming through FlashPro.

Note: The lower bits of the Ethernet MAC address are also used as a clock identifier. Failing to follow this

programming procedure will result in the clocks not synchronizing with each other because all
boards will be using the same clock identifier. All clocks using the same identifier would cause a

failure to identify the master clock and the precision time protocol would fail.
Start FlashPro from the Libero IDE project.

A FlashPro - [TOP] *

Flle Edt Wiew Took Programmers Configuration Customize Help

DEHE 2| (=% SE[=RE R R R E R =

EEX

HewProeet 17 ‘ Configure Device I
View Programmers ﬂ& I

_> FROGRAM i

Open Pioject =

|| Programming fle

TOP. pdbr Brawse.
Modfy..

DATE_MODIFIED Tue Jul 05 11:17:32 2011 ~ Mode: " Basic & Advanced
PDE_FILE_NANE C:\Firuvare\3\Suartfusion TEEELEES Refere

CREATOR FlashPro Version: 3.1.1.§

MODTFIED FlashPro Version: 9.1.1.5 Action

DESTEN 08

CHECESUM 8003 PROGRAM L5
EDE_VEESTON 1.6

IDCODE 05A131CF B

IDHASK ODFFFFRE

FANTLY PRISOCE

DEVICE AZFZOOMIF

PACHAGE FGa84

MAD_VERSION i &

< >

Chain Parameter... Inspect Device

|- | | Single Device Configuration Window

FlashPro
Version: 9.1.1.5
Release: vS.1 $P1

Software Version: 9.1.1.5
PDE file 'C:\Firmvare}3\Smartfusion IEEE1588_Reference Designydesigner)impli}yTOP_£piTOP.pdb' has been loaded successfully.

DESIGN : TOP; CHECKSUM : 80D3; PDE VERSION : 1.6

Driver : 3.0.0 build 1

programmer '56812' : FlashProd

Opened ' C:\Firmware)3\Swartfusion IEEE1588 Reference Design)designer’ impli\TCP_fp\TOF.pro'

Info: Updating FlashROM data from file C:iFirmwerel3)Smartfusion TEEE1585_Reference Desigm|component’workh CORTEXN3 MSS\NMSS_UFROM_O\MSS_UFROM_O.ufc.

Info: Updating FPGL irray data from file C:\Firmware\3\Smarcfusion_IEEE1558_Reference Design)designer’ impl1yTOP. fdb.
PDE file 'C:}Firmware’3)Smartfusion IEFE1586 Reference Designidesigner’|impliiTOP £piTOF.pdb' has been loaded successfully.
DESIGH : TOP; CHECKSUM : &0D3; PDE_VERSION : 1.8

Info: Updating Flash Memory data from file C:%Firmware\3\Swartfusion IEEE1586 Reference Design'component’work’CORTEXNI MS$S\MSS_ENVM 04 M35 ENVH O.efc.

FIyan {Errors  Warnings  Inf

Ready C:{Firmware3lSmartfusion_TEEELS88_Reference_Designidesignerimpl1\TOP_fplTOP.pdb SINGLE

Figure 2-1 « Starting FlashPro from the Libero IDE Project
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Board Programming

Click the Configure Device button. This will make the Programming file section visible.

Mew Project ﬁ Configure Device

=

» PROGRAM

Open Project Eﬁ Yiew Programmers

Figure 2-2 « Configure Device Button

Click the Modify button. This will open the FlashPoint dialog box.

x | Programming File

TOR,pdb Browse, .,

DALTE MODIFIED Tue Jul 05 11:17:%2 2011 ~ Mode: © Basic ™ Advanced
IDE_FILE_HNAME C:ohyFirmerare' 3% Smart fusion TEEELEE2 Refere
CREATOR FlashPro Wersion: 2.1.1.5
MODIFIED FlashPro Wersion: 2.1.1.5 Action
DESIGN TOF
CHECESTUM 2003 PROGRAM j
FDE_VERSION 1.8
é IDCODE D5AL31CF Procedures..
2| |IDMASE OL:FFFFFF
2| |ramrLy PAZEOCE
5| pEvICE RZFZ00M3F
|| |PACRAGE FG434
2| [MAP_WERSION 1 v
g S ¥
3
3
fa} Chain Parameter... Inspect Device
%
[
E

Figure 2-3 « FlashPoint Dialog Box
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In the FlashPoint dialog box, click the FlashROM Modify button. This will open the Modify FlashROM
dialog box.

FlashPoint - TOP. pdb [X]

Silicon features) to be programmed:

V¥ FPGA Array

Cih\Firmwarel, 3 Smartfusion_IEEE1583_F.eference_Designidesigne,,.\TOP fdb Impott. ..

Iv FlashR.OmM

i\ Firrmwarel 31 Smartfusion_IEEE1583_Reference_Desi., \M35_UFROM_0.uUfc Impoart. .. ‘ ModiFy. .. |
i

i\ Firrmwarel 31 5martfusion_IEEE1583_Reference_Design,, \M35_EMYM_0.efc Impart. .. ‘ ModiFy. .. |

6 Specify I Skates During Programming. ..

Silicon signature {max length is & HEX chars):

Help Save PDE | Cancel

Figure 2-4 « Modify FlashROM Dialog Box
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Board Programming

In the Modify FlashROM dialog box, select Region_0_0 then enter a unique value for Start value. This
value will be used as the lower bits of the Ethernet MAC address. It will be incremented every time a

board is programmed until FlashPro is closed.

Modify FlashROM

Prograrm

page

=

I S R S i

<

|FIashROM regions:

::;d:s 15(14]13{12[11]10 6| 5] 4 AEGE1

Mame Fegion_0 0
Start page 0

Start word 1]

Lenath 3

Content Auto Inc
Start value [HE=] 21

Step walue [HEX] T

M ax walue [HEX]| FFFFFF

Mumber of devices to program:

Help |

Cancel |

Figure 2-5 « Enter Start Value

You can now click OK, Save PDB and Program. You can program several boards before closing

FlashPro.
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3 — Web Page Description

The SmartFusion IEEE 1588 Reference Design generates a web page, allowing observation of the state
of the precision time protocol clock as well as the Core1588 input latches and output triggers
(Figure 3-1).

) Microsemi IEEE1588 Demo - Mozilla Firefox

File Edit Wiew History Bookmarks Tools Help

J || Microsemi IEEE158S Demo | + | =

J | ] httpefi10.44.1.114f -l [0 Ll || =
S

eMicmsemi IEEE1588 Precision Time Protocol

Reference Design

Latch Inputs

Latch 0: 0ooo0:o0 Ons
Precision Time Protocol Latch 1: 00:00:00 Ons
Clock State: SLAVE Latch 2: 00:00:00 0ng
Clock Value: 17:26:42
Offset From Master: 186 ns Trigger Outputs
Mean Path Delay: 8326 ns
T|'igge|'0:| 00:00:00 || D|ns ’ Set ]
Ohserved Drift: -4 ns
Trigger 1: | 00:00:00 | | D|ns ’ Set ]
T|'igge|'2:| 00:00:00 || U|ns ’ Set ]
Microsemi SoC Products Group - v1.0
x ot

Figure 3-1 « SmartFusion IEEE 1588 Reference Design Web Page

Accessing the Web Page

The web page generated by the SmartFusion IEEE 1588 Reference Design is accessed by entering the
IP address assigned to the SmartFusion evaluation board in the address bar of a web browser. The
reference design supports DHCP as the mechanism used to obtain an IP address from the network it is
connected to. The IP address is displayed on the first line of the SmartFusion evaluation board’'s OLED
display. IP address 10.44.1.114 was assigned to the board in the example shown in Figure 3-1.
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Web Page Description

Precision Time Protocol Information

The precision time protocol section of the web page shows the current state of the PTP clock
(Figure 3-2).

Precision Time Protocol

Clock State: SLAVE
Clock Value: 17:26:42

Offset From Master: 186 ns
Mean Path Delay: Aa26 ns
Observed Drift: -3141 s

Figure 3-2 « Precision Time Protocol Information

Clock State

The Clock State field indicates the current state of the PTP clock. It shows the outcome of the IEEE 1588
best master clock algorithm, indicating whether the local PTP clock is the master clock or a slave clock.

Clock Value

The Clock Value field shows the current value of the PTP clock. The format of the clock value is hours,
minutes and seconds as follows: hh:mm:ss.

Nanoseconds are omitted from this field since communication delays between the web browser and
board do not allow for an accurate nanoseconds value to be displayed in sync with the actual
nanoseconds count on the board.

Offset From Master

The Offset From Master field shows the offset in nanoseconds between the slave and master PTP
clocks. It is the measure of how accurately the slave synchronizes to the master clock.

Mean Path Delay

The Mean Path Delay field shows the average time taken by Ethernet frames to travel between master
and slave.

Observed Drift

The Observed Drift field shows the measured drift between the slave and master clocks.

12
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Latch Inputs Information

The latch inputs information section of the web page shows the current value of the Core1588 input
latches (Figure 3-3).

Latch Inputs

Latch O 00:00:00 0ns
Latch 1: 00:00:00 0ns
Latch 2: Q0:00:00 0ns

Figure 3-3 « Latch Inputs

The Corel1588 input latches take a snapshot of the PTP clock value at the time a Core1588 input latch
signal is asserted. This allows accurate timing of system events using FPGA fabric signals. Core1588
includes up to three input latches. Latches 0 and 1 are connected to switches SW1 and SW2 of the
SmartFusion evaluation board. Pressing one of these switches will result in display of the PTP clock
value in the relevant section of the web page.

Trigger Output Control

The trigger output control section of the web page allows specification of values for the PTP clock at
which trigger outputs will become asserted (Figure 3-4).

Trigger Outputs

Trigger 0: | 00:00:00 Ons Set
Trigger 1: | 00:00:00 Ohs | Set
Trigger 2: | 00:00:00 Ons | Set

Figure 3-4 « Trigger Outputs

Core1588 includes up to three trigger outputs, allowing accurate generation of system events through
the assertion of FPGA fabric signals. The reference design uses the Core1588 trigger outputs to switch
on LEDs 1 to 3 of the SmartFusion evaluation board.

Setting a trigger output time is done by entering the time in hours, minutes, seconds, and nanoseconds,
at which the trigger should be asserted and clicking the associated Set button.
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4 — Software Components Description

The SmartFusion IEEE 1588 Reference Design is built using open source software. The main software
components of this reference design areas follows:

¢ FreeRTOS operating system

e IwlIP TCP/IP stack

e PTPd

¢ Precision time protocol daemon
e Corel588 driver

FreeRTOS

lwIP

PTPd

The SmartFusion IEEE 1588 Reference Design uses FreeRTOS version 7.0 as its operating system. The
software of the reference design was derived from the Microsemi A2F200M3F Demo project, available
from www.freertos.org.

FreeRTOS is licensed under a modified GPL license.

The SmartFusion IEEE 1588 Reference Design uses IwlP version 1.4 as its TCP/IP stack. IwlIP is
licensed under the BSD license. The IwlP TCP/IP stack is available at the following URL:

http://download.savannah.gnu.org/releases/Iwip/lwip-1.4.0.zip

The http_server example provided as part of the IwIP contributions was used as the starting point of this
reference design’s web server. The original http_server is available at the following URL:

http://download.savannah.gnu.org/releases/lwip/contrib-1.4.0.zip

The SmartFusion IEEE 1588 Reference Design uses the PTPd version 2.1.0 precision time protocol
daemon to implement the IEEE 1588 protocol. The PTPd source code is freely available under a
BSD-style license. PTPd is available from http://ptpd.sourceforge.net/.

The original PTPd source code was modified to make use of the Core1588 hardware timestamping
capabilities.

Corel588 Driver

The Corel1588 driver was developed specifically for this reference design to take advantage of the
Core1588’s hardware timestamping capabilities.
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A — Product Support

Microsemi backs its products with various support services including Customer Service, a Customer
Technical Support Center, a web site, an FTP site, electronic mail, and worldwide sales offices. This
appendix contains information about contacting Microsemi SoC Products Group (formerly Actel) and
using these support services.

Customer Service

Contact Customer Service for non-technical product support, such as product pricing, product upgrades,
update information, order status, and authorization.

From Northeast and North Central U.S.A., call 650.318.4480
From Southeast and Southwest U.S.A., call 650. 318.4480
From South Central U.S.A., call 650.318.4434

From Northwest U.S.A., call 650.318.4434

From Canada, call 650.318.4480

From Europe, call 650.318.4252 or +44 (0) 1276 401 500
From Japan, call 650.318.4743

From the rest of the world, call 650.318.4743

Fax, from anywhere in the world 650.318.8044

Customer Technical Support Center

Microsemi staffs its Customer Technical Support Center with highly skilled engineers who can help
answer your hardware, software, and design questions. The Customer Technical Support Center spends
a great deal of time creating application notes and answers to FAQs. So, before you contact us, please
visit our online resources. It is very likely we have already answered your questions.

Technical Support

Visit the Customer Support website (www.actel.com/support/search/default.aspx) for more information
and support. Many answers available on the searchable web resource include diagrams, illustrations,
and links to other resources on the website.

Website

You can browse a variety of technical and non-technical information on the SoC home page, at
www.actel.com.

Contacting the Customer Technical Support Center

Highly skilled engineers staff the Technical Support Center from 7:00 a.m. to 6:00 p.m., Pacific Time,
Monday through Friday. Several ways of contacting the Center follow:

Email

You can communicate your technical questions to our email address and receive answers back by email,
fax, or phone. Also, if you have design problems, you can email your design files to receive assistance.
We constantly monitor the email account throughout the day. When sending your request to us, please
be sure to include your full name, company name, and your contact information for efficient processing of
your request.
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Product Support

The technical support email address is soc_tech@microsemi.com.

Phone

Our Technical Support Center answers all calls. The center retrieves information, such as your name,
company name, phone number and your question, and then issues a case number. The Center then
forwards the information to a queue where the first available application engineer receives the data and
returns your call. The phone hours are from 7:00 a.m. to 6:00 p.m., Pacific Time, Monday through Friday.
The Technical Support numbers are:

650.318.4460
800.262.1060
Customers needing assistance outside the US time zones can either contact technical support via email

(soc_tech@microsemi.com) or contact a local sales office. Sales office listings can be found on the
website at www.actel.com/company/contact/default.aspx.
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