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AXI Interface Based ML605/SP605
MicroBlaze Processor Subsystem
Hardware Tutorial

Introduction

This tutorial provides the steps required to build and modify the Xilinx® ML605
MicroBlaze™ Processor Subsystem or the Xilinx SP605 MicroBlaze Processor Subsystem.
The tutorial starts with steps in building the basic subsystem. The basic subsystem is then

modified by adding the cores necessary to measure throughput on AXI Central DMA
(AXI_CDMA).

Additional information can be found in UG683, EDK Concepts, Tools, and Techniques.
Readers are encouraged to refer to UG683 during the execution of this tutorial. [Ref 1]

Users should allow approximately three hours to complete this entire tutorial.

Hardware and Software Requirements

The hardware and software requirements to run the basic tutorial are:

Xilinx ML605 evaluation board or Xilinx SP605 evaluation board

Two USB Type-A to Mini-B 5-pin cables

Ethernet cable (straight-through)

Serial communications utility program (e.g., Windows HyperTerminal or Tera Term)

ISE® Design Suite: Embedded Edition 13.x which includes:

¢ Integrated Software Environment (ISE)

Embedded Development Kit (EDK
Software Development Kit (SDK)

ML605/SP605 Hardware Tutorial www.Xxilinx.com 5
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Prerequisites

Prerequisites required to run the basic tutorial are:

¢ ML605 MicroBlaze Processor Subsystem:

e Proper hardware setup and software installation, as described in UG668, Getting
Started with the Virtex-6 FPGA ML605 Embedded Kit [Ref 2]

e Familiarity with the ML605 MicroBlaze Processor Subsystem, documented in
DS668, AXI Interface Based ML605 Embedded Kit MicroBlaze Processor Subsystem
Data Sheet [Ref 3]

* SP605 MicroBlaze Processor Subsystem:

e Proper hardware setup and software installation, as described in UG667, Getting
Started with the Spartan-6 FPGA SP605 Embedded Kit [Ref 4]

¢ Familiarity with the SP605 MicroBlaze Processor Subsystem, documented in
DS667, AXI Interface Based SP605 Embedded Kit MicroBlaze Processor Subsystem Data
Sheet [Ref 5]
e Familiarity with UG683, EDK Concepts, Tools, and Techniques, Chapter 1 (Introduction),
Chapter 3 (Using Xilinx Platform Studio), and Chapter 4 (Working with the Embedded
Platform) [Ref 1]

* General knowledge of FPGAs, digital design concepts, and microprocessors
¢ Basic familiarity with the ISE Design Suite
¢ Basic VHDL/ Verilog knowledge

System Overview

This tutorial is based on the ML605/SP605 Embedded Kit MicroBlaze Processor
Subsystem. Readers are encouraged to refer to DS668, AXI Interface Based MIL605 Embedded
Kit MicroBlaze Processor Subsystem Data Sheet [Ref 3] or DS667, AXI Interface Based SP605
Embedded Kit MicroBlaze Processor Subsystem Data Sheet [Ref 5] during the execution of this
tutorial.

6 www.Xxilinx.com ML605/SP605 Hardware Tutorial
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Included Files and Systems

The Tutorial_Sandbox directory is a working area for this tutorial. It is provided as part
of the ML605 or SP605 Embedded Kit and contains the benchmarking IP cores that are
added to the base MicroBlaze Processor Subsystem to create the benchmarking system.
Figure 1 shows the directory structure for the Tutorial_Sandbox working area.

Note: Although this tutorial starts from the base ML.605_System, or base SP605_System as
shown in Figure 1, the Tutorial_Sandbox directory contains the additional files necessary to build
the benchmarking system. To generate a new tutorial sandbox, copy the Tutorial_Sandbox
directory into the working area on the user's computer.

ML605_Embedded_Kit/
SP605_Embedded_Kit

Tutorial_SandBox

Tutorial_Completed

Documentation

ML605_System/
SP605_System

Benchmark_Demo

HW SwW
I ise_proj.gise
I ise_proj.xise
— ise_top.ucf standalone benchmark_demo
— ise_top.vhd
MicroBlaze_ProcessorSubSystem | | | |
(XPS Project)
SDK_Export board_test_app board_test_platform SDK_Workspace hw_platform
— BenchmarkDemo
hw
I— BenchmarkDemo.elf
ise_top.bit (contains no bootloop)
— pcores system.xml
edkBmmFile_bd.bmm
I— perf_axi_v1_00_a
— data
system.uof UG669_01_021711
Figure 1: Tutorial Sandbox Directory Structure
ML605/SP605 Hardware Tutorial www.xilinx.com 7
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The directory structure of the completed tutorial (Tutorial_Completed) is shown in

Figure 2.

ML605_Embedded_Kit/
SP605_Embedded_Kit

— data

L system.ucf

Figure 2:

Tutorial_Completed Documentation ML60S_System/ Tutorial_SandBox Benchmark_Demo
SP605_System
HW S
I ise_proj.gise
I ise_proj.xise
I~ ise_top.ucf standalone benchmark_demo
I ise_top.vhd
MicroBlaze_ProcessorSubSystem | | | |
(XPS Project)
SDK_Export board_test_app board_test_platform SDK_Workspace hw_platform
— pcores
hw board_test_app -+ board_test_platform
I— perf_axi_v1_00_a
ise_top.bit (contains no bootloop) hello_world_0 L[| hello_world_bsp_0
— BenchmarkDemo system.xml
edkBmmPFile_bd.bmm
I_ hw_platform -
BenchmarkDemo.elf

Completed Tutorial Directory Structure

UG669_02_021711
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Executing the System

The ready_for_download directory contains the pre-built bitstream and ELF files for
the ML605 or SP605 MicroBlaze Processor Subsystem. The directory structure of the
ML605_System is shown in DS668, AXI Interface Based ML605 Embedded Kit MicroBlaze
Processor Subsystem Data Sheet [Ref 3]. The directory structure of the SP605_System is
shown in DS667, AXI Interface Based SP605 Embedded Kit MicroBlaze Processor Subsystem
Data Sheet [Ref 5].

The pre-built bitstream and ELF files file are used to verify that the software is properly
installed and that the board is set up correctly. To execute the system using these files,
follow these steps:

1. Connect a USB Type-A to Mini-B 5-pin cable between the ML605 or SP605 USB JTAG
connector and the host computer.

2. Verity that the USB cable is properly connected to the USB UART connection and the
host computer, as described in UG668, Getting Started with the Virtex-6 FPGA ML605
Embedded Development Kit [Ref 2], or UG667, Getting Started with the Spartan-6 FPGA
ML605 Embedded Development Kit [Ref 4].

3. If the board is not already powered on, power on the ML605 board.

Open and configure a serial communications terminal utility program with these
settings:

Baud Rate: 9600
Data: 8 bit

Parity: None

Stop: 1 bit

Flow Control: None

Figure 3 shows the serial port setup window.

Tera Term: Serial port setup

Part: Im oK
Baud rate: m
Daka: m Cancel
Pariky: m

Skap: m Help
Flows contral: m

Transmit delay

0 msec/char 0 msec/line

UG669_03_092110

Figure 3: Serial Communications Utility Configuration

Note: The Port setting (COM1, COM2, COM3, COM4) can vary based on the system setup
and might be set up differently than shown in Figure 3. It should be set appropriately for the
user’s system.
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Configure and exercise the MicroBlaze Processor Subsystem by launching the Xilinx
Microprocessor Debugger (XMD). Open a command shell with the proper ISE Design
tool and EDK environment settings.

Note: To set environment variables, run the settings32.bat file located in the Xilinx
installation area. At the command prompt, type C:\Xilinx\13.x\ISE_DS\settings32.bat (for
Windows XP) or C:\Xilinx\13.x\ISE_DS\settings64.bat (for Windows 7) and press Enter.

Execute these commands to download the design and connect to the MicroBlaze
processor:

For ML605:
$ cd ML605_Embedded_Kit/ML605_System/ready_for_download
$ xmd
XMD% fpga -f ise_top_download.bit

Note: This command downloads the hardware bitstream into the FPGA but does not
download the software application.

XMD% connect mb mdm

Note: This command connects to the MicroBlaze debug module.
For SP605:

$ cd SP605_Embedded_Kit/SP605_System/ready_for_download
$ xmd
XMD% fpga -f ise_top_download.bit

Note: This command downloads the hardware bitstream into the FPGA but does not
download the software application.

XMD% connect mb mdm
Note: This command connects to the MicroBlaze debug module.

XMD allows low-level visibility into the design. There are several useful XMD
commands to allow for the peeking and poking of registers and memory locations
within the system. For example, writes to and reads from the internal block RAM are
done as follows:

e  For ML605:
XMD% mwr 0x62000000 OxDEADBEEF

XMD% mrd 0x62000000
The value 0xDEADBEEF should be returned:
62000000: DEADBEEF

As an example of register access, write to the GPIO register which outputs data to
the 8-bit GPIO LEDs on the ML605 board:

XMD% mwr 0x81420000 0xAA

The value written to this register is now reflected in the GPIO LEDs. The next write
changes the LED display:

XMD% mwr 0x81420000 0x55

Note: A read from this register always returns 0x00000000, as this is an output-only
register.

10
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Set all of the DIP switches labeled GPIO DIP SW (SW1) to the ON position. Then
read from the GPIO register which inputs data from the DIP switches:

XMD% mrd 0x81440000
The value 0x000000FF should be returned:
81440000: OOOOOOQFF

Change the DIP switch settings and verify that the correct value is read from the
GPIO register.

Note: Switch 1 is the most significant bit.

For SP605:
XMD% mwr 0x4A000000 0OxDEADBEEF

XMD% mrd 0x4A000000
The value 0xDEADBEEF should be returned:
4A000000: DEADBEEF

As an example of register access, write to the GPIO register which outputs data to
the 8-bit GPIO LEDs on the SP605 board:

XMD% mwr 0x81420000 OxA

The value written to this register is now reflected in the GPIO LEDs. The next write
changes the LED display:

XMD% mwr 0x81420000 0x5

Note: A read from this register always returns 0x00000000, as this is an output-only
register.

Set all of the DIP switches labeled GPIO DIP SW (SW1) to the ON position. Then
read from the GPIO register which inputs data from the DIP switches:

XMD% mrd 0x81440000
The value 0x0000000F should be returned:
81440000: 00000O0OF

Change the DIP switch settings and verify that the correct value is read from the
GPIO register.

Note: Switch 1 is the most significant bit.

For more information about XMD and the commands available within XMD, see
UGI111, Embedded System Tools Reference Manual, Chapter 10. [Ref 6]

To download and execute the test software application, enter these commands at the
XMD command prompt:

XMD% dow board_test_app.elf
XMD% con

ML605/SP605 Hardware Tutorial
UG669 (v4.1) March 12, 2012
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Figure 4 shows the resulting output for ML605 on the serial communication terminal
utility program. Figure 5 shows the resulting output for SP605 on the serial
communication terminal utility program

& Tera Term - COM3 VT

File Edit 3Setup Control ‘Window Help

Hilinx Uirtex—6 FPGA ML6BAS Evaluation Hit FEIE

hooze Feature to Test:
UART Te=st

LED Test

Timer Test

FLASH Test

IIC Test

Ethernet Loopbhack Test
Switch Test

External Memory Test
Button Test

Exit

| ™
W

UG669_04_092110

Figure 4: Board Test Application Menu for ML605

5 Tera Term - COM3 VT
File Edit

Setup  Control  Window  Help

Hilinx Spartan—6 FPGA SP6AS5 Evaluation Kit E

hoose Feature to Test:
UART Test

LED Te=st

Timer Test

FLASH Test

I1IC Test

Ethernet Loophack Test
Switch Test

External Memory Test
SPI FLASH Test
Button Test

Exit

b

UG669_05_092110
Figure 5: Board Test Application Menu for SP605

Note: The LED Test (option 2) loops through the LEDS two times and returns to the menu when
complete. The Ethernet Loopback Test (option 6) takes 30 seconds to complete after displaying
the initial setup message. (The Ethernet Loopback Test hangs if jumpers are not set for GMIL.)
The External Memory Test (option 8) takes approximately 25 minutes to complete.

12
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9. Execute the chosen tests and then select 0 to exit. Details about the test options can be
found in the UG670, AXI Interface Based ML605/SP605 MicroBlaze Processor Subsystem
Software Tutorial [Ref 7].

10. When software execution is completed, enter these commands:
XMD% stop
XMD% rst
XMD% exit

ML605/SP605 Hardware Tutorial www.Xxilinx.com 13
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System Design Flow

The design flow for creating the base MicroBlaze Processor Subsystem and modifying the
system to include the benchmarking cores includes these steps:

Hardware Platform Creation

Exporting the Base Hardware Platform to SDK, page 22
Customizing the Embedded Hardware Platform, page 24
Implementing and Downloading the Design, page 35

M.

Testing the Design, page 35

Allocate approximately 90 minutes for parts 1 and 2. The bulk of this tutorial is within
parts 3 through 5 which takes approximately two hours to complete.

Note: All time estimates are subject to host computer system speed and can vary depending on
how much time is spent executing the software applications.

Hardware Platform Creation

Opening the Project

1. StartISE.

e On a Windows XP host, select Start — All Programs — Xilinx ISE Design Suite
13.x — ISE Design Tools — Project Navigator.

® Ona Linux host, enter ise at a command prompt.
If necessary, close out the previous project by selecting File — Close Project.
In Project Commands, select Open Project...
Browse to
ML605_Embedded_Kit/Tutorial_Sandbox/HW
or
SP605_Embedded_Kit/Tutorial_Sandbox/HW
and select ise_proj.xise. Click Open.

5. Under Hierarchy, expand ise_top - STRUCTURE and double click on system_i -
system (system.xmp). This invokes XPS for the XPS subsystem.

14 www.Xxilinx.com ML605/SP605 Hardware Tutorial
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Examining the System

The System Assembly View (SAV) of the design provides visibility of the MicroBlaze
Processor Subsystem bus interfaces, port connections, and address map.

Note: Refer to UG683, EDK Concepts, Tools, and Techniques for additional details or instructions
for any of the steps outlined in this section of the tutorial. [Ref 1]

Bus Interfaces

1. To examine the bus structure of the MicroBlaze Processor Subsystem, select the
System Assembly View tab and then select the Bus Interfaces tab along the top edge
of the workspace as shown in Figure 6.

For MicroBlaze masters (Instruction Cache (IC), Data Cache (DC), and Data Port (DP)),
both AXI_MM and AXI_Lite interconnects are used. Two Local Memory Buses (LMB)
are used by MicroBlaze to interface to the local BRAM memory for the processor. These
bus interfaces on MicroBlaze are seen by clicking the + to the left of the microblaze_0
component. (See Figure 6).

ML605/SP605 Hardware Tutorial www.Xxilinx.com 15
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[ Push_Buftons SEiT Tr ax_gpio
[ EEFROM T axi_iic
- SpsdcE Compactash 'fz' axi_sysace
[+ Bual Fmer Counter T axi_timer
# REFEE Lart § ﬁ axi_uark16550
[ FERE AXE Cantral DA &Y perf_axi
- clock_genarator 'fr clock_generator
L AASH il bus sl 0 i util_bus_split
o FLASH il vector logic O 'f;' ukil_wector_logic
e sws reref O ﬁ' proc_sys_resek
£

Legend

dMaster @Slave diMaster/Slave B Target <Initiator @ Connected JUnconnected M Manitor
[ 5 [ f
Local &aPre Production %Beta “pevelopment

<

Production Ii'lLicense (paid) @License (ewal)

4 Superseded Discontinued
@ System Assembly Wiew

Figure 6: Bus Interfaces View of the MicroBlaze Processor Subsystem
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Ports

2. Select the Ports tab along the top edge of the workspace. By clicking the + to the left of
any of the components, the connections to that component are shown. (See Figure 7.)

‘ Bus Inkerfaces ‘ Ports l:Addrasses E‘.
Mame et Direction | Range Class Frequency({Hz) Reset Polarity  Sensitivicy IR Twpe add External Fort |

[+ External Ports

|
[ A fite {z axi_interconnect
[ A vt ¢ axi_nterconnect |
- dlinb +¢ Imb_v10 [
[ dmby 3¢ Imb_vin |
& microblare_ & ¢ microblaze
- axi dram_ i entk ¥ bram ¢ bram_block |
[ Internal BRAM ¢ axi_bram_ctl |
G- dmb_dram i bram_block |
[+ focaldemory_Cnblk_ O % Imb_bram_if_cntlr
[ focalvemary,_Cobl T i Imb_bram_if_cntlr |
[ AS ﬁ axi_emc |
[ QORT_SORAM o axi_vé_ddrx |
& Pebug Moduk ¢ mdm
[ fMéerrupt_ Cntt T axi_ntc |
[ AXE DM Ethernet H¢ axi_dma |
[} i

- (BLIS_IF) 5_1 Connected to BLIS A1 _Lite v |
! S_ART_ACLK sys_clk_axilite_s w1 falls
= (I0_IF) gpin_D Connected to External Ports 2 |
- GPIO_IO T g5_01_DIP_Switches_8EIE_GFIO_IO_I_pin_ |1 [{C_GPIO_WIDTH-1):0]
GPIO_I0_O o Connetion 2] [{C_GPIO_WIDTH-1):0] !
GPIO_TO_T o Connetion v o [{C_GPIO_WIDTH-1}:0]
GPIC_IO o Connetion w10 [{C_GPIO_WIDTH-1}:0] |
[ (ED% BAF +r axi_gpio
[ (0% Fostions ¢ adi_gpio |
[ Pt Suttons St ¢ axi_opio |
- HC_EEPROM P axiic |
[# SpsdcE CompactTiash 1 avi_sysace
[ Bual Timer Counéer T axi_timer |
[ 5232 art 1 +ir axi_uart16550 |
[#- clock_generator_& ¢ clock_generator |
[ AASH i bus_ st @ i util_bus_splic
- AASH ubd vector fogic ¢ i uti_vector_logic |
¥ proc_sws_resef @ ¢ proc_sys_reset
Legend
WiMaster @Slave MiMaster/Slave B=Target {Initiator @ Connected JUnconnected I Monitor
Production License (paid) BiLicense (eval) Local 2E£pPre Production WSBeta EdDevelopment
(! Superseded Discontinued
| System Assembly View EJ
UG669_07_021611
Figure 7: Ports View of the MicroBlaze Processor Subsystem
Note: The visibility of the port connections for the system are controlled by the Port Filters window
shown in Figure 8. Many of the peripherals have only default port connections to the AXI
interconnect, and these connections are not shown unless Defaults is checked.
ML605/SP605 Hardware Tutorial www.xilinx.com 17
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Port Filbers
=) By Interface

(=) By Connection

Connected
Unconnecked
[=- By Class

Clocks Only
Clacks
Resets Only
Fesets
Interrupts Only
Interrupts
Cthers

| = By Direction

UG669_08_021711

Figure 8: Port Filters

Addresses

3. Select the Addresses tab along the top edge of the workspace. Click the + to the left of
microblaze_0’s Address Map to expand the address map as shown in Figure 9. This
workspace is used to modify the addresses of peripherals in the system.

| Bus Interfaces Parts Addresses
Instance EBase Mame Base Address High Address Size
Localtemary_Cntlr_D C_BASEADDR 00000000 0x00001FFF
LocalMemory _Crtlr_I C_BASEADDR 000000000 0x00001FFF
DDR3_SDRAM C_S_AXI_BASEADDR Ox0000000 OxSFFFFFFF
FLASH C_5_AXI_MEMO_BASEADDR  0x60000000 Ox61FFFFFF
Internal_BRAM C_S_AXI_BASEADDR Ox&2000000 Ox6200FFFF
AXI_DMA_Ethernet C_BASEADDR 050000000 OxE000FFFF
Push_Buttons_SEit C_BASEADDR OxE51400000 OxE140FFFF
LEDs_SEit C_BASEADDR OxS1420000 OxE5142FFFF
LED=_Positions C_BASEADDR 0x51430000 0x5143FFFF
DIP_Switches_86it C_BASEADDR OxS1440000 OxE5144FFFF
IIC_EEPROM C_BASEADDR 0x31600000 0x8160FFFF
Interrupt_Cntl C_BASEADDR 051500000 OxE150FFFF
Dual_Timer_Counter C_BASEADDR 0xS3C00000 OxE3COFFFF
R5232_Uart_1 C_BASEADDR 054000000 0x5400FFFF
Debug_Module C_BASEADDR OxS4400000 OxE440FFFF
Hard_Ethernet_MaC C_BASEADDR 036000000 0x8607FFFF
SysACE_CompactFlash C_BASEADDR 091500000 Ox9150FFFF

: Legend

dMaster @Slave @iMaster/Slave B=Target {Initiator @ Connected Jlnconnected I Monitor

Preroduction BlLicense (paid)
(1 Superseded
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Figure 9: Addresses View of the MicroBlaze Processor Subsystem
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IP Core Configurations

The IP cores within the system are configured to the required functionality for this
embedded system. The configurations of the IP cores are described in the System
Configuration section of DS668, AXI Interface Based ML605 Embedded Kit MicroBlaze
Processor Subsystem Data Sheet [Ref 3] and DS667, AXI Interface Based SP605 Embedded Kit
MicroBlaze Processor Subsystem Data Sheet [Ref 5].

4. With the Bus Interfaces tab selected in the System Assembly view, right-click on the
IP core of interest, as shown in Figure 10.
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Menu Option to Configure IP
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5. Select Configure IP... and the configuration GUI for that core is displayed. Select the
tab to show the particular feature or parameter of interest. Figure 11 shows the
configuration GUI for the Dual_Timer_Counter core.

Ussr | System | Interconmect Settings For BUSTF |I. Buses | HOL E] @
all
The Width of Counter in Timer I32 g
Only One Timer is present |:|
TRIGO Active Level L &
TRIG1 Active Level |1 »
GEMO Active Level L ¥
GEM1 Active Level !17\1
[ OF ] [ Cancel ] [ Help ]

UG669_11_061011
Figure 11: Dual Timer Counter - AXI_Timer Configuration GUI

6. Click Cancel to return to the System Assembly View because no changes are needed to
the cores in the system at this time.

20 www.Xxilinx.com ML605/SP605 Hardware Tutorial
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Generating the Hardware Platform

Close out of the XPS project by selecting File — Exit.
In the Design/Hierarchy window, click ise_top - STRUCTURE.

In the Processes window, right-click Generate Programming File and select Run, as
shown in Figure 12.
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Figure 12: Generating the Hardware Bitstream
Note: This step takes about 1 hour and 30 minutes to complete.
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Exporting the Base Hardware Platform to SDK

Because the base hardware platform is used with the Software Development Kit (SDK)
described in UG670, AXI Interface Based ML605/SP605 MicroBlaze Processor Subsystem
Software Tutorial, [Ref 7] information about the hardware platform must be provided to the
SDK to allow development of software platforms and applications. To export this base
hardware platform to SDK:

1.

When bitstream generation is complete:
a. Under Hierarchy, click on system_i - system (system.xmp).

b. Under Processes, right click Export Hardware Design to SDK with Bitstream
and select Run.

The hardware description files are stored in the following location:
e For ML605:

ML605_Embedded_Kit/Tutorial_Sandbox/HW/
Microblaze_ProcessorSubSystem/SDK/SDK_Export

e For SP605:

SP605_Embedded_Kit/Tutorial_Sandbox/HW/
Microblaze_ProcessorSubSystem/SDK/SDK_Export

SDK is extensively run while executing the AXI Interface Based ML605/SP605
MicroBlaze Processor Subsystem Software Tutorial.

Copy the SDK_Export directory into the SW area of the Tutorial sandbox for use with
UG670, AXI Interface Based ML605/SP605 MicroBlaze Processor Subsystem Software
Tutorial [Ref 7]. The directory that already exists can be overwritten.

e For ML605:

Copy

ML605_Embedded_Kit\Tutorial_ Sandbox\HW\
MicroBlaze_ProcessorSubsystem\SDK\SDK_Export

to
ML605_Embedded_Kit\Tutorial_ Sandbox\SW\standalone
e  For SP605:

Copy

SP605_Embedded_Kit\Tutorial_Sandbox\HW\
MicroBlaze_ProcessorSubsystem\SDK\SDK_Export

to

SP605_Embedded_Kit\Tutorial_Sandbox\SW\standalone
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Downloading and Verifying the Design

1.

Verify that the two USB cables are properly connected between the host computer and
the USB -JTAG and USB-UART connections on the ML605 or SP605 board.

In the ISE project, under Hierarchy, expand ise_top - STRUCTURE and double click
system_i - system (system.xmp). This invokes XPS for the XPS subsystem.

In XPS, invoke a Xilinx shell by selecting Project > Launch Xilinx Bash Shell.
In the shell, enter xmd and press Enter to invoke XMD.

To download the bitstream, enter this command at the XMD command prompt:
XMD% fpga -f implementation/download.bit

After the FPGA is programmed, the software can be downloaded and executed.

Open and configure a serial communications terminal utility program on the host
computer with these settings:

e Baud Rate: 9600

¢ Data: 8 bit
e Parity: None
e Stop: 1 bit

e Flow Control: None
(See Figure 3.)

Connect to the processor by entering the connect mb mdm command.

To download and execute the test software application, enter these commands at the
XMD command prompt:

e For ML605:
XMD% dow ../../../ML605_System/ready_for_download/board_test_app.elf
XMD% con

e For SP605:
XMD% dow ../../../SP605_System/ready_for_download/board_test_app.elf
XMD% con

The UART output should be displayed and look similar to Figure 4 or Figure 5.

Execute the chosen tests and then select 0 to exit. Refer to UG670, AXI Interface Based
ML605/SP605 MicroBlaze Processor Subsystem Software Tutorial for details about these
test options [Ref 7].

10. When the software execution is completed, enter these commands:

XMD% stop
XMD% rst
XMD% exit

11. Exit out of the bash Shell by entering exit.

At this point in the tutorial, the ML605 or SP605 MicroBlaze Processor Subsystem is
successfully built, verified, and exported for use with the Xilinx Software Development Kit
(SDK). If no modifications to the hardware subsystem are required, proceed with the
tutorial presented in UG670, AXI Interface Based ML605/SP605 MicroBlaze Processor
Subsystem Software Tutorial [Ref 7].

ML605/SP605 Hardware Tutorial www.Xxilinx.com 23
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Customizing the Embedded Hardware Platform

In this section of the tutorial, the MicroBlaze Processor Subsystem is modified to include
an additional AXI_CDMA and associated benchmarking cores to the system. The
AXI_CDMA core contains two master interfaces (SG engine and data) and a slave
interface. The AXI_CDMA in this tutorial is setup for simple DMA (no SG engine).

The Perf_AXI core starts counting with the first read of the AXI_CDMA master and stops
with the interrupt of the AXI_CDMA core. The core also contains a slave AXI interface for
control/status and counter value registers.

After building the hardware, the benchmarking demonstration application uses a Web
server to display the benchmarking data.

Every data point consists of a data transfer of 1,152,000 bytes by means of the AXI_CDMA
(simple DMA operation which copies data from one area of the main memory to another
area of main memory). The Perf_AXI core (which is added to the system) monitors this
transaction through monitoring signals on the AXI interface master and counts from the
start of the transfer (first read address accepted) to when the core interrupts (transfer is
complete). A block diagram of this system is as shown in Figure 13.

For the ML605 board the AXI_CDMA is running at 151.515151 MHz with a 32-bit interface.
The theoretical throughput on one channel is 606.060606 MB/s. The aggregate throughput
is 1,212 MB/s.

For the SP605 board the AXI_CDMA is running at 100 MHz with a 32-bit interface. The
theoretical throughput on one channel is 400 MB/s. The aggregate throughput is
800 MB/s.

Because both reads and writes are occurring during the AXI_CDMA transfer, the number
represented in the Benchmark Graph is doubled for the total throughput or aggregate
throughput (both read and write).

The steps to customize the MicroBlaze Processor Subsystem include:

1. Adding IP from the Xilinx IP Catalog, page 26
2. Connecting the Bus Interfaces, page 29
3. Connecting Ports, page 33
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Microblaze Processor Sub-System
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Note: Figure 13 shows the ML605 system.

Figure 13: MicroBlaze Processor Subsystem with AXI_CDMA
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Adding IP from the Xilinx IP Catalog

Adding the AXI Central DMA Core

1.

3.

The XPS project should already be opened (from the previous section of this
document). In the Project Information area of the XPS GUI, click the IP Catalog tab.

Expand the DMA and Timer list by clicking the respective +. The list of DMA and
Timer cores is now displayed.

Note: The Description field can be made wider by placing the cursor near the divider between
the fields until it changes into two vertical bars with arrows pointing away on each side.

Right-click the AXI Central DMA and select Add IP, as shown in Figure 15.

IP Catalog +0F X
in &
[ Descripkion IP Y IP Type

= E EDK Instal

[+ #nalog

|- Buus and Bridge

Clock, Reset and Interrupt
|- Communication High-Speed
| Cammunication Low-Speed
|- DMA and Timer
& Axl Cenkral DMA

[+ add P I
1 AXI DMA Enging

- AXIFIFO Memory Mapy  Yisw MPD

)] -F

i X1 Watchdog Timer Yigw IP Modifications (Change Log)
',i:,‘:r AL Timer [ Counter Yiew Helper IP Modifications (Change Log)  »
L AR Video DMA Yiew PDF Datashest

1r Fixed Interval Timer
1'r #PS Central DMA Cortr Make This IP Local

UG669_15_061011

Figure 14: Adding the AXI_CDMA Core

Note: Warning messages in the console window about the axi_cdma_0 or other cores added
into the system not being accessible from any processor in the system can be safely ignored.
Connecting bus interfaces are discussed later in this tutorial.

The XPS Core Config dialog box is automatically invoked. This dialog box sets
parameters and AXI interconnect settings for the core (such as register slicing).

In the User/All tab, make the following settings:
a. Select the check box for AXI Lite Clock is Async.

For Maximum AXI Burst Length to use, select 128 from the drop-down menu to
maximize performance of the core.

c.  Select the check box for Include Data Realignment (see Figure 15).
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Figure 15: Setting AXI_CDMA Parameters

5. Inthe System/Addresses tab, set the Base Address to 0x84600000 and High
Address to 0x8460FFFF.

6. Click OK. Parameter and address configuration is complete for the AXI_CDMA core.

In the Instantiate and Connect IP dialog, which is automatically invoked, select User
will make necessary connections and settings and click OK. (Connecting bus
interfaces are discussed later in this tutorial.)
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Adding the Perf_AXI core

In the Project Information Area of the XPS GUI, click the IP Catalog tab.

Expand the Project Local PCores by clicking the respective +. Expand the USER by
clicking the respective +. Right-click on PERF_AXI and select Add IP.

Inside the XPS Core Config dialog box, set C_BASEADDR to 0x90000000 and
C_HIGHADDR to 0x9000FFFF.

The C_MSTID and C_MSTID_WIDTH are dependent on the connection of the
AXI_CDMA master to the AXI interconnect. The C_MSTID_WIDTH is the size of the
signal for both ARVALID and ARREADY signals which depend on the number of
masters connected to the interconnect. Each master uses 1 bit of these signals. The
C_MSTID identifies the master's bit for the ARVALID and ARREAD signals.

e For ML605:
Set C_MSTID to 5 and C_MSTID_WIDTH to 6.

e For SP605:
Set C_MSTID to 2 and C_MSTID_WIDTH to 3.
Click OK.

In the Instantiate and Connect IP dialog box, select User will make necessary
connections and settings and click OK. (Connecting bus interfaces are discussed
later in this tutorial.)
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Connecting the Bus Interfaces

1. Click the Bus Interfaces tab on the top of the System Assembly View window. To
ensure uniqueness of the added AXI_CDMA and Perf_AXI instances, the instance
names are changed, as shown in Figure 16.
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Figure 16: Connecting the Bus Interfaces
2. Click the axi_cdma_0 name of the core and wait until the text becomes editable. Enter
AXI_Central_DMA and then click Enter.

3. Click the perf_axi_0 name of the core and wait until the text becomes editable. Enter
PERF_AXI_Central_DMA and then click Enter.
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Connecting the Bus Interfaces of the AX|_Central_DMA Core

1. Expand the AXI_Central_DMA core in the System Assembly View (SAV) of the XPS
GUI by clicking the respective +.
¢ For ML605:

Connect the M_AXI connection to the AXI_MM from the pull-down menu as
shown in Figure 17.
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Figure 17: Connecting AXI_Central_DMA Interfaces for ML605
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e For SP605:

Connect the M_AXI connection to the AXI_DMA_MM from the pull-down menu as
shown in Figure 18.
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Figure 18: Connecting AXI_Central_DMA Interfaces for SP605
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2. For S_AXI_LITE, click on the No Connection box. The Connection Dialog box
appears. In the left column select AXI_Lite interconnect (see Figure 19).

% AXI_Central DMA.S_AXI_LITE Connection Dialog

4§ Select AXI Interconnect Select Master(s)

4 | Mo Connection
4 ART_MM

(o] 4 ] [ Cancel

UG669_20_021611
Figure 19: Connecting AXI_Central_DMA Slave Interface
3. Click OK.

Connecting the Bus Interfaces of the PERF_AXI_Central_DMA Core

1. Expand the PERF_AXI_Central_DMA core in the System Assembly View (SAV) of the
XPS GUI by clicking the respective +.

2. For S_AXI, click on the No Connection box. The Connection Dialog box appears. In
the left column select AXI_Lite interconnect.

3. Click OK.

Connecting the Crossbar for AXI_CDMA Master

The AXI interconnect allows for sparse crossbar which is different from the shared bus
methodology (all masters have access to all slaves).

* For the ML605 system, the AXI_CDMA master is connected to the AXI_MM
interconnect. The master only accesses the DDR3_SDRAM memory. The AXI_CDMA
master does not have access to Internal_Bram or Flash, which are also connected to
the AXI_MM interconnect.

e For the SP605 system, the AXI_CDMA master is connected to AXI_DMA_MM
(connected to third port on the MCB).

1. Expand the DDR3_SDRAM core in the System Assembly View of the XPS GUI by
clicking the respective +.

e  For ML605:

For S_AXI, click on the row under the Bus Name column. The Connection Dialog
box appears. In the left column select the AXI_MM interconnect. In the right
column select the box for AXI_Central_DMA.M_AXI.
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e For SP605:

For §2_AXI, click on the row under the Bus Name column. The Connection Dialog
box appears. In the left column select the AXI_DMA_MM interconnect. In the right
column select the box for AXI_Central_DMA.M_AXI.

3. Click OK.

Connecting Ports

The section covers connecting clock pins, interrupts, and signals for the
PERF_AXI_Central_DMA. In the Port Filters, ensure that Defaults is selected.

1. Click on the Ports tab at the top of the System Assembly View window.

2. Expand the Interrupt_Cntlr core in the System Assembly View of the XPS GUI by
clicking the respective +.

3. Click on the Net column for the Intr row. This brings up the Interrupt Connection

Dialog box.

4. In the left column select AXI_Central_DMA:cdma_introut and click the right arrow

(see Figure 20).
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Internal _BRAM;ECC_LIE I:} AXI_DMa_Ethernet_sZmm_introut 2
a1 Central DMA:cdma_introuk AXI_DMA_Ethernet_mm2s_inkrout

b
<al.ﬂ.dd to Connected Interrupts
|High
oK ] [ Cancel ]
UG669_21_021611
Figure 20: Adding the AXI_Central_DMA Interrupt
ML605/SP605 Hardware Tutorial www.xilinx.com 33

UG669 (v4.1) March 12, 2012


http://www.xilinx.com

System Design Flow

& XILINX.

In the right column select AXI_Central_DMA:cdma_introut and click on the top
arrow under Priority Low to put this interrupt on Low priority (see Figure 21). This
ensures that the board_test_app works properly after rebuild for system verification.
Then click OK.

< [nterrupt Connection Dialog

Potential Inkerrupt Connectionds) Connected Interruptis) Priority
{SvsACE_MPIRQ SysACE_CompactFlash_SwsACE IRQ Low
| Debug_tModule: Inkerrupk RS232_Uark_1_TPZIMTC_Irpt i
| LocalMemory_Cnkl_D:Inberrupt IIC_EEPROM_ITCZINTC _Irpk
| LocalMemary_Cnklk_T:Interrupk Dual_Timer_Counker PR
| . bag 5 i Maorve to Lawest Interrupk Priorit
| Inkernal _BRAM:ECC_Interrupt Hard_Ethernet_M.ﬂCi P T Yl
Internal _BRAM:ECC_LIE £ | aXI_DMA_Fthernet_szmm_introut o
AxI_DMA_Ethernet_mm2s_introut |
&a &1 Cenkral_DM&:cdma_inkrout I

[ or [ coesl |

10.

11.

UG669_22_021611
Figure 21: Changing Priority on AXI_Central_DMA Interrupt
Expand the AXI_Central_DMA core in the System Assembly View of the XPS GUI by
clicking the respective +.

Expand (BUS_IF) M_AXI by clicking the respective +. In the Name column for
m_axi_aclk, select the net name sys_clk_s from the Net column from the pull-down
menu.

Expand (BUS_IF) S_AXI_Lite by clicking the respective +. In the Name column for
s_axi_lite_aclk, select the net name sys_clk_axilite_s from the Net column from the
pull-down menu.

Expand the PERF_AXI_Central_DMA core by clicking the respective +. In the Name
column for AXI_CIk, select the net name sys_clk_s from the Net column from the
pull-down menu.

Expand the (BUS_IF) S_AXI by clicking the respective +. In Name column for
S_AXI_ACLK, select the net name sys_clk_axilite_s from the Net column from the
pull-down menu.

Enter these net names as indicated:

Note: The net names are not available in the pull-down menu and must be typed in manually.
In the Net column, make the text editable by clicking on No Connection twice and wait until the
text becomes editable.

e  For ML605:
In Name column for arvalid, enter the net name AXI_MM_S_ARVALID.

In Name column for arready, enter the net name AXI_MM_S_ARREADY.

e  For SP605:
In Name column for arvalid, enter the net name AXI_DMA_MM_S_ARVALID.

In Name column for arready, enter the net name AXI_DMA_MM_S_ARREADY.
e For both:
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In Name column for Intr, enter the net name AXI_Central_DMA_cdma_.introut.

At this point in the tutorial, additional IP from the Xilinx IP Catalog has successfully been
added to the ML605 or SP605 MicroBlaze Processor Subsystem.

Implementing and Downloading the Design

The design is ready to be synthesized, mapped, placed, and routed in the chosen FPGA

architecture.

1. Close out of the XPS project by selecting File — Exit.

2. In the Design/Hierarchy window, click ise_top - STRUCTURE.

3. Inthe Processes window, right-click Generate Programming File and select Run, as
shown in Figure 12.
Note: Depending on the host system running ISE and XPS, this step could take between 30
minutes and one hour to complete.

4. Verify that a USB cable is properly connected between the host computer and the

USB-JTAG connection on the ML605 or SP605 board.
Verify that the board is powered on.

In the ISE project, under Hierarchy, expand ise_top - STRUCTURE and double click
system_i - system (system.xmp). This invokes XPS for the XPS subsystem.

In XPS, invoke a Xilinx shell by selecting Project > Launch Xilinx Shell.

In the shell, enter xmd and press Enter to invoke XMD.

To download the bitstream, enter this command at the XMD command prompt:
XMD% fpga -f implementation/download.bit

After the FPGA is programmed, the software can be downloaded and executed.

Testing the Design

1. Verify that a USB cable is properly connected between the host computer and the
USB-UART connection on the ML605 board or SP605 board.

2. Open and configure a serial communications terminal utility program on the host
computer with these settings:
* Baud Rate: 9600
e Data: 8 bit
e Parity: None
e Stop: 1 bit
¢ Flow Control: None
(See Figure 3, page 9.)

3. Connect the ML605 or SP605 board to an Ethernet port on a computer via an Ethernet
Cable.

4. Assign the IP address of the computer to 192.168.1.100.
Note: The demonstration uses a hard-coded MAC address and a fixed IP address of
192.168.1.10 and does not connect to the regular LAN network using DHCP. Do not connect
more than one board to the same network segment.

5. Connect to the processor by entering the command connect mb mdm.
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6. To download and execute the test software application, enter the following command
at the XMD command prompt:

e For ML605:
XMD% dow ../../../ML605_System/ready_for_download/board_test_app.elf
XMD% con

e For SP605:
XMD% dow ../../../SP605_System/ready_for_download/board_test_app.elf
XMD% con

Note: The initial display on the terminal window should be the same as shown in Figure 4,
page 12 or Figure 5, page 12.

7. When all of the desired tests have been run and software execution has completed,
enter:

XMD% stop
XMD% rst

8. To download and execute the Web Server to test the design, enter:
XMD% dow ../../../.Benchmark_Demo/ready_for_download/BenchmarkDemo.elf

XMD% con
9. The UART output should be as shown in Figure 22.

I Tera Term Web 3.1 - VT |'._||E|E|
File Edit Setup ‘Web Control ‘Window Help
A
% Hilinx Embedded Kit Web =erwver Democ *¥
Initializing MFS at Ox4013DES3
Done .
Located index html
Starting XILKEENWEL.
initialize LUWIF
create networl thread
————— 1lwIP Socket Mode Demo Application ————
Board IF: 192 168.1.10
Hetmask : 255,255 255.0
Gateway : 192 . 1e8.1.1
Server Port Connect With. .
http =erver 80 Point your web browser to http:.--192 1s8.1.10
auto-negotiated link =speed: 1000
w

UG669_23_110410
Figure 22: Benchmarking Demonstration Initial Output

10. When the Web server is running, the Web browser on the connected computer displays
the benchmarking demonstration Web page when the URL is set to
http://192.168.1.10. The initial Web page that is displayed is shown in Figure 23. The
Web page uses Javascript, so the browser must have Javascript enabled.

Note: If the browser is an Internet Explorer browser, the Adobe SVG viewer plugin or a similar
plugin that enables viewing of SVG files must be installed to view the graph.
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2) Xilinx WehServer Demo - Graph, - Mozilla Firefox

File Edit Wew History Bookmarks  Tools  Help
@ - C 0 @ [ eppiszoiesaing oo |-'—] ~ Goagle 2|
@ IMost Visited ﬁ Getting Started |5 | Latest Headlines ﬁ Dell Support || Xilin
J ﬁ Xilinx WebServer Demo - Graph | + | |T
-
27 XILINX

Hello! This is a demonstration of an embedded Web server created using IwIP. Using

the IwlP networking stack, a Web server can be easily embedded mto your software

application. 4 Web server provides a method to monitor the embedded platform wna an

Internet browser. In this demonstration, the Web server monitors CDIMA benchmarking

data over tirne.

L
610+

é 605-
=
5

a
£

=]

3

e
£
'—
(=]
O 600-

595 >
Start Benchmark Graph Stop Benchmark Graph
v
Done
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Figure 23: Initial Benchmarking Demonstration Web Page
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11. In the benchmarking demonstration Web page, click Start Benchmark Graph to start

requesting benchmarking data. Data collected from the Web server appears in the text
box below the buttons, and the graph begins to show. An example of the page with
benchmarking data is shown in Figure 24.

) Xilinx WebServer Demo - Graph - Mozilla Firefox

File Edit Yiew History Bookmarks Tools  Help

O -c

@ Maost Visited |j Getting Started |5 | Latest Headlines |j Dell Suppart || Hilin:

G UL hepfiszasa.an) i< - P

|j Xilink WebServer Demo - Graph + -

S XILINX

CDMA Benchmark Graphing Demonstration

Hello! This is a demonstration of an embedded Web server created using lwlP. Using
the IwlP networking stack, a Web server can be easily embedded into your software
application. A& Web server provides a method to monitor the embedded platform wa an
Internet browser. In this demonstration, the Web server monitors CDIA benchmarking
data over time.

6104

609

CDMA Throughput (MB/s)

600

L

595

Start Benchmatk Graph | Stop Benchrmark Graph‘g I

605.955405 605.955405 603.257970 605.955405
605.955405 604, 737742 605.955405 605.955405
605.955405 605.955405 604.022032 605.955405

Done

UGB69_25_110410

Figure 24: Benchmarking Demonstration Web Page with Data Plotted
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The Web browser receives one CDMA benchmark result at a time. Javascript is used to
convert the benchmark result into coordinates and update the graph. The graph
updates every time a new data point is received. The graph holds a maximum of 12
data points at a time. After the maximum has been reached, the oldest data point is
dropped and the newest data point is added.

In the benchmarking demonstration Web page, click Stop Benchmark Graph to stop
requesting benchmarking data. After this button is clicked, any pending requests are
completed and no additional data is requested.

When finished, in the XMD window enter:
XMD% stop

XMD% rst
XMD% exit

Adding the AXI_CDMA with benchmarking cores to analyze performance from the base
MicroBlaze Processor Subsystem is completed.
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Summary
Tasks accomplished in this tutorial:
¢ Loading and executing a design from a pre-built bitstream and ELF
* Rebuilding a design
¢ Adding IP from the Xilinx IP catalog to an embedded system
¢ Adding user IP to an embedded system
Next Steps
Next Step Refer To

Develop the Software Platform | UG670, AXI Interface Based ML605/SP605 MicroBlaze Processor Subsystem Software

Tutorial [Ref 7]

Advanced Debugging

UG029, ChipScope Pro Software and Cores User Guide [Ref 8] and UG111, Embedded
System Tools Reference Manual EDK 12.3, Chapter 9 [Ref 6]

Simulate the Embedded System | UG683, EDK Concepts, Tools, and Techniques [Ref 1]
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