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Preface

About This Guide

The Spartan®-6 FPGA Connectivity Targeted Reference Design delivers all the basic
components of a targeted design platform for the connectivity domain in a single package.
Targeted Design Platforms from Xilinx provide customers with simple, smart design
platforms for the creation of FPGA-based solutions in a wide variety of industries.

This user guide details a targeted reference design developed for the connectivity domain
on a Spartan-6 FPGA. The aim is to accelerate the design cycle and enable FPGA designers
to spend less time developing the infrastructure of an application and more time creating
a unique value-add design.

Guide Contents

This document contains the following chapters:

Chapter 1, Introduction to the Reference Design provides an introduction to the
targeted reference design and outlines its features.

Chapter 2, Getting Started provides a quick-start guide to help the user get started
with the hardware setup and simulation.

Chapter 3, Functional Description provides a detailed architectural description of the
hardware and software driver implemented. A separate software programming
manual listing the software APlIs is delivered with the software source.

Chapter 4, Performance Estimation provides a detailed report on theoretical
estimation and analysis of the design performance.

Chapter 5, Designing with the TRD Platform provides suggested variations and
add-ons to the platform to implement different functions.

Appendix A, Register Description details certain registers programmed by the
software driver. This section provides a comprehensive register programming
manual.

Appendix B, Directory Structure details the directory structure and the organization
of various files and folders.

Appendix C, Setting Up a Private LAN provides instructions on setting up a private
LAN connection to enable testing with Netperf.

Appendix D, Troubleshooting provides tips on areas to look for when debugging a
design.
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Additional Documentation

The following documents have been used as a reference to develop this Targeted Reference
Design (TRD).

UG654, Spartan-6 FPGA Integrated Endpoint Block for PCI Express User Guide
Northwest Logic Packet DMA Backend Core User Guide

® Product Sheet

DS537, XPS LL TEMAC (v2.03a) Data Sheet

UG388, Spartan-6 FPGA Memory Controller User Guide

UG155, LogiCORE IP Ethernet 1000BASE-X PCS/PMA or SGMII v10.4 User Guide
DS563, PLBV46 Master Single (v1.00a) Data Sheet

MARVELL PHY 88E1111 Data Sheet

UG526, SP605 Hardware User Guide

Fedora Project

e Netperf v2.4 - Manual

e GTK+2.0-Manual

Additional Support Resources

To search the database of silicon and software questions and answers or to create a
technical support case in WebCase, see the Xilinx website at:

http:/ /www.xilinx.com/support.

10

www.xilinx.com Spartan-6 FPGA Connectivity TRD User Guide
UG392 (v1.5) October 5, 2010


http://www.xilinx.com/support/documentation/user_guides/s6_pcie_ug654.pdf
http://www.xilinx.com
http://www.nwlogic.com/docs/PCIe_DMA_Back-End_Core.pdf
http://www.xilinx.com/support/documentation/ip_documentation/xps_ll_temac.pdf
http://www.xilinx.com/support/documentation/user_guides/ug388.pdf
http://www.xilinx.com/support/documentation/ip_documentation/gig_eth_pcs_pma_ug155.pdf
http://www.xilinx.com/support/documentation/ip_documentation/plbv46_master_single.pdf
http://www.xilinx.com/support/documentation/boards_and_kits/ug526.pdf
http://fedoraproject.org/
http://www.netperf.org/svn/netperf2/tags/netperf-2.4.3/doc/netperf.html
http://www.gtk.org/documentation.html
http://www.xilinx.com/support

& XILINX.

Chapter 1

Introduction to the Reference Design

The Targeted Reference Design

Introduction

The targeted reference design demonstrates the key integrated components in a
Spartan®-6 FPGA, namely the integrated Endpoint block for PCI Express®, the
transceivers, and the memory controller working together in an application along with
additional IP cores including the third-party (Northwest Logic) Packet Direct Memory
Access (DMA) engine, Xilinx® Platform Studio LocalLink Tri-Mode Ethernet MAC
(XPS-LL-TEMAC), and the Xilinx Memory Interface Generator (MIG) in the

CORE Generator™ tool.

This chapter introduces the targeted reference design for Spartan-6 FPGAs and outlines its
features.

The block diagram of the Targeted Reference Design (TRD) is shown in Figure 1-1, page 12.
This design is a PCI Express v1.1 compliant x1 Endpoint block showcasing these
independent applications.

¢ Network interface card (network path), providing either:

e GMII mode using an external Ethernet PHY (typically used to connect to Copper
networks) or

e 1000BASE-X mode using the GTP transceivers on the FPGA (typically used to
connect to optical fiber Ethernet networks).

This card allows the designer to connect to an external network and run networking
applications including browsing web pages, telnet, and ftp sites.

¢ External memory interface over PCI Express—also referred to as the memory path.

This application showcases data movement between system memory and DDR3
SDRAM through the Spartan-6 FPGA.

The TRD uses a bus-mastering packet Direct Memory Access (DMA) engine to offload
processor data transfer overhead. The DMA works in conjunction with the integrated
Endpoint for PCI Express and enables high-speed data movement between system
memory and the FPGA.

The TRD framework is built with the integrated Endpoint and DMA blocks forming the
foundation of an entire platform. The network path and memory path are two applications
developed around this foundation.

Spartan-6 FPGA Connectivity TRD User Guide www.xilinx.com 11
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The TRD uses the XPS-LL-TEMAC IP core along with a PLBv46 master and slave on the
network path. The host system is connected to the integrated Endpoint and uses the
PLBv46 interface to configure the registers of the XPS-LL-TEMAC. The Ethernet
applications are demonstrated in two modes:

¢ GMII mode using the external PHY onboard

e 1000BASE-X mode using the Spartan-6 FPGA transceivers through an additional
1000BASE-X PCS-PMA IP core

The memory path showcases the integrated memory controller on a Spartan-6 FPGA. The
controller communicates to onboard DDR3 SDRAM through MIG. Using the connected
components, data can be written to and read back from the external memory.

Software Hardware
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Figure 1-1: Top-Level Design Overview
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Features

Features

The design features are classified as either:

* Base Features: Features of the base components of the design including DMA and the
integrated Endpoint block for PCI Express.

e Application Features: Features supported by each application developed on top of the
base features.

Additionally, the source code of the software driver for a Linux platform is provided. The
layered implementation of the software driver enables the designer to choose any layer
(pertaining to specific hardware functionality) and customize it to specific requirements.

Base Features

This section lists the base features of the integrated Endpoint block for PCI Express and
Packet DMA which form the backbone of the entire design.

e PCI Express v1.1 compliant x1 Endpoint block

One lane operation with GTP transceiver at a line rate of 2.5 Gb/s/direction
MSI and Legacy interrupt support
Transaction interface utilization engine for PCI Express

Optional high-performance mode utilizing extra block RAMs

¢ Bus Mastering Packet DMA

Multichannel operation

Packetized interface (similar to LocalLink)
Scatter Gather operation

DMA performance engine

Full-duplex operation (independent transmit and receive channels)

Application Features

The various application features are:

e Network Path Features

Ethernet address filtering
Ethernet statistics engine
TCP/UDP checksum offload
Auto-negotiation

Jumbo frames

Optional 1000BASE-X mode

* Memory Path Features

Integrated DDR3 controller providing up to 667 Mb/s performance

- 16-bit single-component memory interface providing up to 10.672 Gb/s
aggregate bandwidth

Reusable virtual FIFO interface with programmable depth

Spartan-6 FPGA Connectivity TRD User Guide www.xilinx.com 13
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Resource Utilization

Table 1-1 and Table 1-2 list the resource utilization obtained from the map report during
implementation phase. The XC6SLX45T-3-FG(G484 is the target FPGA.

Note: The utilization numbers reported are obtained with the default options as provided in the
top-level design. A change in default options will result in a change in utilization. The transceiver
utilization is reported for the GTPA1_DUAL; one transceiver each is utilized from the GTPA1_DUAL

(not both).

Table 1-1: Resource Utilization—GMIl Mode with External PHY

Resource Utilization Total Available Per_c_ent_age
Utilization

Slice registers 21,990 54,576 40
Slice LUTs 17,623 27,288 64
10B 82 296 28
RAMB16BWER 35 116 29
RAMBSBWER 3 232 1

DCM 1 8 12
PLL_ADV 2 4 50
BUFG 10 16 62
GTPA1_DUAL 1 2 50

Table 1-2: Resource Utilization—1000BASE-X Mode
Resource Utilization Total Available Per_c_ent_age
Utilization

Slice registers 22,439 54,576 41
Slice LUTs 17,662 27,288 64
10B 58 296 19
RAMB16BWER 35 116 29
RAMBSBWER 3 232 1

DCM 1 8 12
PLL_ADV 2 4 50
BUFG 10 16 62
GTPA1_DUAL 2 2 100

The 1000BASE-X mode utilizes the PCS-PMA core, which increases the utilization of LUTs.
Because the 1000BASE-X mode provides a serial interface as compared to a parallel
interface with GMII mode, a corresponding reduction is seen in IOB usage. The
1000BASE-X mode uses an additional GTP transceiver.

14
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Chapter 2

Getting Started

Introduction

This chapter is a quick-start guide enabling the user to test the Targeted Reference Design
(TRD) in hardware with the software driver provided and also simulate it. It provides
step-by-step instructions for testing the design in hardware.

Requirements

This section lists the minimum prerequisites of hardware testing and simulation.

Hardware Test Setup Requirements

The prerequisites for testing the design in hardware are:
*  SP605 board with an XC6SLX45T-3 device
e ISE® software design tools
e USB]JTAG for FPGA programming
¢ RJ45 cable and network connectivity
e PC with PCle® v1.1 compliant slot, with at least 1GB of RAM and a 1MB cache
e Fedora 10 Linux (32-bit) OS corresponding with Linux kernel version 2.6.27
* GTK+ v2.0 package required for GUI application
e Netperf v2.4 (optional)

Simulation Requirements
This section lists the prerequisites for simulation:

* ISE software design tools (system or embedded edition with EDK installed)
e ModelSim v6.5c or later

Hardware Test Setup

This section details the hardware setup and use of the provided application GUI to help the
user get started quickly with the design in hardware. It provides a step-by-step
explanation on hardware bring-up, software bring-up, Ethernet bring-up, and using the
application GUI provided.

All procedures listed require super-user access on Linux machines. When using the Fedora
10 Linux OS LiveCD provided with the kit, super-user access is granted by default due to

Spartan-6 FPGA Connectivity TRD User Guide www.xilinx.com 15
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the way the kernel image is built; if not using LiveCD, contact your system administrator
for super-user access.

Note: The changes made during LiveCD environment are not saved. For example, if the driver files
were copied on the desktop after booting with LiveCD, they do not exist anymore after the system is
shutdown and booted again with LiveCD. This is because the root file system for OS on LiveCD is
created on system RAM and is not permanently on the hard disk.

Hardware Bring Up
This section lists the detailed steps for hardware bring-up.

1. With the host system switched to off, insert the SP605 board in the PCI Express® slot
through the PCI Express x1 edge connector.

2. Connect the 12V ATX power supply 4-pin disk drive type connector to the board and
also connect an Ethernet LAN cable in the R]-45 slot provided. Do not power the board
with both an external supply and the ATX supply at the same time.

3. Make sure the connections are secure so as to avoid loose contact problems. Power on
the system.

UG392_c2_01_120609

Figure 2-1: Board Setup
4. 1If using a PC with the Fedora 10 installed, proceed directly to step 7.
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5.

When using the Fedora 10 LiveCD provided in the SP605 kit, configure the desktop PC
to boot from the CD ROM in the BIOS while the system starts. The Fedora 10 LiveCD
provided in the kit is for Intel compatible PCs. The CD contains a complete bootable
Fedora 10 Live environment and packages required for the targeted reference design
demonstration. While the system boots from the CD, the screen is as shown in

Figure 2-2.

Automatic boot in 8 seconds. ..

fedora.

UG392_c2_02_120609

Figure 2-2: Fedora 10 LiveCD Boot Screen
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6. On the login screen (Figure 2-3), follow the instructions and proceed.

localhost localdomain

Automatic Login

Select language and click Log In

egancel | 4 Login

I Language: | English (United States) | v =, Keyboard: |usA | v 6 Wed Dec 3, 1:44 PM
UG392_c2_03_120609

Figure 2-3: Fedora 10 LiveCD Automatic Login

7. Verify the hardware status through visual inspection. Make sure that the following
indicators glow after powering on the system. Figure 2-4 indicates the location of the
indicators.
¢ PCI Express link up
L]

Ethernet link status (seen on the left-hand side in Figure 2-4, side-view of the
board)

* Memory calibration complete
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Figure 2-4 shows the entire design as mapped to hardware and the various components
used on the SP605 board. The figure also highlights the visual indicators.

SFP
Connector

Ethernet Status
Indicators
Left Right
DUP 10
TX 100 {
RX 100
12V ATX
= L = Supply
- %‘ Memory Calibration Done
x1 Endpoint for
PCI Express v1.1 Bus Master Enable
Heartbeat LED (Indicates Clock)
Linkup for Endpoint Block for PCI Express
ug392_c2_04_121509
Figure 2-4: Design on SP605 Board
8. Check if the Endpoint block for PCI Express is detected by the system after the system
boots by opening a terminal window (go to Application—System Tools—Terminal)
and perform the following:
At the terminal command line:
$ | spci
One of the entries should show the following information:
01: 00. 0 Conmmuni cation controller: Xilinx Corporation Device 6011 (rev 04)
Where, 01: 00. 0 shows the PCI Express bus, device, and function number. As details
in the output of the | spci command can vary from system to system, it is important
that the Xilinx device is identified.
To view details about the device configuration space, perform the following:
$ Ispci -d 10EE: 6011 -v -x
where, 10EE is the vendor ID and 6011 is the device ID for the Endpoint. As details
can vary from system to system, it is important to check that the vendor ID (10EE) and
device ID (6011) match.
Spartan-6 FPGA Connectivity TRD User Guide www.xilinx.com 19

UG392 (v1.5) October 5, 2010


http://www.xilinx.com

Chapter 2: Getting Started

& XILINX.

[liveuserglocalhost ~]% lspci -d 1lOee:6011 -x ~
01:00.0 Communication controller: Xilinx Corporation Device 6811 (rev 04)

0g: ee 10 11 6O OF 0O 10 0O 04 0O BO 07 10 0O 0O QO

1lg: 00 @0 21 49 00 0O 20 d9 0O OO OO 0O ©O 0O 0O QO

20: B0 0B 0O 0O 08 B0 AA 0O A0 08 0O 88 ee 10 11 6O

30: 00 0O 0O 00 40 00 00 0O OO0 OO OO 00 Ga 01 0O 0B

[liveuser@glocalhost ~]% I

liveuser@localhost:~

File Edit ¥iew Terminal Tabs Help

i |

UG392_c2_05_120609
Figure 2-5: Ispci Output

To see more configuration space details type:

$sudo | spci -d 10EE: 6011 -vvv - XXX

Software Bring Up

This section gives steps for bringing up the software driver, application, and using the
various scripts provided.

1.

After the device is detected, copy the s6_pci e_dma_ddr 3_gbe folder from the USB
flash drive provided in the Connectivity kit to the desktop (or a folder of choice). After
the folder is copied, unmount and disconnect the USB drive.

Double-click on the copied s6_pci e_dma_ddr 3_gbe folder.

The screen capture in Figure 2-6 shows the contents of the s6_pci e_dma_ddr 3_gbe
TRD folder.
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s6_pcie_dma_ddr3_gbe

ile Edit Wiew Places Help

=] c ] £

design doc driver ®xpmon
readme s6_trd_app_gui s6_trd_driver_build s6_trd_driver_insert
s6_trd_driver_remove setmac_id

EI s6_pcie_dma_ddr3_... « |10 items, Free space: 933.4 MB

UG392_c2_06_120609

Figure 2-6: TRD Folder on the USB Flash Drive

2. This step involves driver compilation and insertion of the kernel modules. Separate

steps are defined for a command line user conversant with Linux or for a user
preferring button-click operations.

Command Line Mode using Makefile

To compile and insert the driver, type at the command line in the terminal in the driver
folder. Navigate to the s6_pci e_dma_ddr 3_gbe/ dri ver folder and follow the
steps.

To clean the area:

$ make cl ean

To compile the files and build the kernel objects:
$ nake

To insert the kernel object files:

$ make insert

Command Line Mode using Executable Scripts

The executable scripts provided can be run as-is on the command line:
For compilation of the driver modules:

$ ./s6_trd_driver_build

For insertion of the driver modules and to invoke the application GUI:

$ ./s6_trd_driver_insert

Mouse Click Driven Mode

To compile the driver, open the s6_pci e_dma_ddr 3_gbe folder.
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Double-click on s6_trd_driver_build. This cleans the area and builds the kernel
objects. A window prompt appears (shown in Figure 2-7), click on Run in Terminal
and proceed.

s6_pcie dma_ddr3_gbe

ile  Edit \iew Places Help

=

design

readme

sE_trd_app_gui

==

driver

s6_trd_driver_build

KPMon

N4

s6_trd_driver_insert

@ s6_pcie_dma_ddr [ Bun in Terminal ] | Display ‘ ‘ egancel | ‘ Bun

T ——

s6_trd_driver_rem
Do you want to run "s6_trd_driver_build",
or display its contents?

"s6&_trd_driver_build" is an executable text file.

@ s6_pcie_d

UG392_c2_07_120609

Figure 2-7: Executing the Build Script

Double-click on s6_trd_driver_insert (Figure 2-8). A Window prompt appears
(shown in Figure 2-8), click on Run in Terminal and proceed. This inserts the driver
modules into the kernel.

s6_pcie dma_ddr3_gbe

ile Edit Wiew Places Help

] ] - ]

design doc driver KPmon
readme s6_trd_app_gui s6_trd_driver_build s6_trd_driver_insert

Do you want to run "s6_trd_driver_insert",
or display its contents?

"s6_trd_driver_insert" is an executable text file.

[ Run in Terminal ] | Display | l e;ancel l ‘ Bun

UG392_c2_08_120609
Figure 2-8: Executing the Insert Script

Proceed to Network Bring Up for network bring-up and GUI application usage.
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To check if the driver modules are loaded into the kernel, try to use the | snod utility
in Linux. To see a list of kernel objects loaded:

$l snod |

xbl ockdat a_s6, xgbet h, and xdma_s6 modules are the Xilinx driver modules
loaded as part of this TRD.

nore

liveuser@localhost:~

File Edit WYiew Terminal Tabs Help
[liveuser@localhost ~]1% 1smod | more A
Module 5ize Used by
xblockdata sk 42524 @
xgbeth 25872 0
xdma_s6 419868 2 xblockdata_ sb,xgheth
vfat 12672 1
fat 42784 1 wfat
ush_storage 82440 1 l
fuse 49436 2 [
UG392_c2_09_120609
Figure 2-9: Ismod Output
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Network Bring Up

After successful completion of the steps listed in Hardware Bring Up, page 16 and
Software Bring Up, page 20, proceed to enable the Ethernet interface.

This section details Ethernet bring-up and uses the Network Configuration GUI on Linux.
1. To add a new network device, open the Network Configuration GUI (Figure 2-10)

£¥ add/Remove Soltware
‘ Authentication

! Bootloader

& Date & Time

o Help
& About GNOME
£? About Fedora

[ *%]
& Firewall
B sAbout This Computer i

=& Language
¥ Lock Screen Logical Volume Management
_ﬁ- Log Dut liveuser
) Shut Down @& Network Devics Configure network devices and connections

Printing
Root Passwaord
f_h. SELinux Management
o Services
Software Sources
= Update System

Users and Groups

UG392_c2_10_120509

Figure 2-10: Network Configuration GUI Path

Note: If the LiveCD is not being used, invoking the Network Configuration GUI requires super-user
password.

24 www.xilinx.com Spartan-6 FPGA Connectivity TRD User Guide
UG392 (v1.5) October 5, 2010


http://www.xilinx.com

& XILINX.

Hardware Test Setup

The GUI in Figure 2-11 appears.

o Network Configuration
i

le Profile  Help

R A B

New Edit Copy Delete Activate Deactivate

Dev1CES|Hardyare DNS Hosts

You may configure network devices associated with

= ME=])
]ﬂ-.‘ E|| physical hardware here. Multiple logical devices can be

associated with a single piece of hardware.

Profile Status Device Nickname Type

Active profile: Commaon

UG392_c2_11_120609

Figure 2-11: Network Configuration GUl—Devices Tab

With the LiveCD, the devices tab does not show anything as no interface is active.
Make sure that the Ethernet cable is not connected to the existing LAN port on the PC.

Note: Activating multiple Ethernet ports on the same system requires each of the ports to be on
different subnets. For this setup, do not connect any other network cable to the existing Ethernet
ports on the PC. Connect the network cable only to the SP605 board RJ45 slot provided.

The Hardware tab shows the hardware devices present. As an example for this section,
assume the NIC is detected as et h1 as shown in Figure 2-12.
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File Profile Help

S m

New Edit Delete

Devices|HEFdHEFE DNS Hosts

You may configure network hardware
physically attached to the computer here.

Description Tvpe Device Status
Ethernet - system
Ethernet ﬁ pani system

Intel Corporation 82567LF Ethernet ﬁ eth0 system

Active profile: Commaon

UG392_c2_12_120609
Figure 2-12: Network Configuration GUl—Hardware Tab

To have the SP605 NIC show up in the Devices tab, a new Ethernet connection needs
to be created.

Click on New— Create New Ethernet Connection.

Complete the setup process by following the instructions carefully on the screen. If an
existing Ethernet connection(s) is available, this NIC is detected as an additional ethX
interface where X would depend on the number of existing Ethernet interfaces.

The IP address assignment can be static or dynamic depending on the network setup.
Contact the network administrator to understand IP address assignments on the
network and also to obtain the necessary settings for network configuration.

Enter appropriate DNS settings for DHCP configuration as per the network
administrator's instructions.

Once done, what is shown in Figure 2-13 should appear on the screen.
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Network Configuration

File Profile Help

A B 2 @ @

New Edit Copy Delete Activate Deactivate

Devices |Hardyare DNS !Hgsts I

physical hardware here. Multiple logical devices can be
associated with a single piece of