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Overview

This document describes how to build an optimized system using the Xilinx
MicroBlaze™ soft processor core running on the Memec Spartan-3 MB (3SMB)
development board. Starting with Base System Builder (BSB) in Xilinx Platform Studio
(XPS), a system is defined and then modified to run the MicroBlaze system at 50 MHz
with the DDR running at 75 MHz. The multi-channel, FSL cache connects the DDR to
the MicroBlaze system.

The system built in this tutorial is the basis for the following Memec reference designs:
Memec 3SMB MicroBlaze Using Memory Reference Designs
Memec 3SMB MicroBlaze WebServer Reference Design

Experiment Setup

Software

The recommended software setup for this reference design is:
e Windows2000 or WindowsXP
e Xilinx ISE 8.1i (Foundation or BaseX) with latest Service Pack®
e Xilinx EDK 8.1 with latest Service Pack®

Hardware

The hardware setup used by this reference design includes:
e Computer with a recommended minimum of 1GB RAM and 1 GB Virtual
Memory?
e Memec Spartan-3 MB Development Kit
e Platform USB Cable or JTAG Programming Cable 1V
e Serial Cable

Memec Spartan-3 MB Development Board Introduction

A photograph of the Memec 3SMB development board is shown in Figure 1. Various
features and circuits are pointed out. In this exercise, the following features will be
utilized:

e 75 MHz oscillator
e 8-bit DIP switch

! Latest Service Packs are available at www.support.xilinx.com/swupdate
2 Refer to the ISE 8.1i Release Notes and Installation Guide http://toolbox.xilinx.com/docsan/xilinx8/books/docs/irn/irn.pdf
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Figure 1 — Spartan-3 MB Development Board
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A complete block diagram of the board is shown in Figure 2.
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Figure 2 — Spartan-3 MB Block Diagram
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Understanding the Hardware Platform

A block diagram of the hardware platform to be constructed is shown in Figure 3.
Besides the MicroBlaze processor and busses, the design consists of 32 KB local
memory, 32 MB DDR, 4 MB Flash, Ethernet interface, timer, interrupt controller, two
UARTS, a debug peripheral (MDM) and multiple GP10Os.

_ FPGA  External

Figure 3 — Block Diagram of BSB-Generated System
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Creating the Hardware Platform Using BSB

The following steps discuss how to launch the BSB in XPS and how to create the 3SMB
system. Please note that the XBD files for the Memec development boards from Avnet,
including the 3SMB board, must be previously installed. The XBD install file and
instructions are available at the Avnet Design Resource Center:

www.em.avnet.com/drc

1. Launch XPS. To do this, select Start = Programs = Xilinx Platform Studio
8.1i = Xilinx Platform Studio.

2. Select File >New Project and then select the radio button for Base System
Builder... Press OK. This will launch the Base System Builder Wizard.

g Xilind Platform Studio x|

—Create new o open exizting project

el o ‘Base System Builder wizard [recommended);
BSB

i@ {~ Blank #PS project
E = Open a recent project

| Broweze for More Projects.. LI

Broweze installed EDF. examples [projects] here

Figure 4 — New Base System Builder Project

3. Browse to an appropriate folder location. Leave the project name as
system.xmp. If your XBD files were installed to a User Repository, check the
Peripheral Repository box and browse to its location. Click OK.

www.em.avnet.com/xilinx
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Create New Project Using Base System Builder Wizard

M ew Project

The project file will be created in the current directary if a path iz not specified.

Praject File |;in:'\35ME_ESB_System'\system.Hmp Brawse ..

Peripheral Bepozitory Directary [Advanced Option]

v Uzer Peripheral Bepository search path for 1P, driver and librany files.
Can be a semicolon separated list of directories.

|E:'\M emec_F epositany

QK | Cancel |

Figure 5 — New Project Location

4. Select the radio button to create a new design. Click Next>.

Base System Builder - Welcome

Embedded Develg

Platform

YWelcome to the Base System Builder!

This toal will lead you through the steps necessary to create an embedded system.

Please begin by selecting one of the following options:

* |would like to create a new desian

™ lwould lilke to load an existing bsb settings file (saved from a previous session)

[ oo

Moare Info Nex = Cancel

Figure 6 — Create a New BSB Design
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5. Specify the target development board: Memec, Spartan-3 3S1500MB
Development Board, Rev 2, as shown in Figure 7. Click Next>. (Note: if the
Memec 3S1500MB board is not an available choice, then the Memec XBD files
need to be installed.)

Base System Builder - Select Board

Select a target development board:

f* | would like to create a system for the following development board

Board Yendor | Memec ﬂ

Board Name Spartan-3 351500MB Development Board

Board Revision |2 ﬂ

Vendor's Wehsite Cortact Info
Download Third Party Board Definition Files

| 'would like to create a system for a custom board

Board Description

The Memec Spartan-3 351500MEB MicroBlaze Development Board utilizes a
Hiliroe Spartan-3 XC351500-4FG676 device. The board includes two clock
sources, RS-232 port, USB 2.0 port, two 7segment LED, 4 user LEDs, 3 push
buttons, 8-bit DIP switch, 32 MBE DDR SDRAM, 4 MB Fash, LVDS Headers,
2016 Character LCD, 10100 Ethemet PHY, PIEZD speaker, two P 160 slots,
and SystemACE Module header.

Mare Infao < Back Mead = Cancel

Figure 7 — Specify Target Development Board

6. Since MicroBlaze is the only EDK-supported processor available on Spartan-3,
no changes need to be made to the next dialog. Note that the FPGA selected is
the 1.5 Million gate Spartan-3 in the FG676 package. Click Next>.
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Base System Builder - Select Processor

The board you selected has the following FPGA device:

Architecture: Device Size: Package: Speedgrade:

[ || [ T/

Select the processor you would like to use in this design:

{* MicroBlaze

~

Mot supported
by this device.

Processor Description

The MicroBlaze(TM) 32+bit soft processoris a RISC-hased engine with a
32 register by 32 bit LUT RAM-+based Register File, with separate
instructions for data and memory access.  supports both on-chip

Block RAM and/or extemal memary. All peripherals are implemented an
the FPGA fabric and operate off the on-chip perpheral bus (OFB).

Mare Info < Back Mest =

Cancel

Figure 8 — BSB Processor Selection

7. Reduce the Processor Bus clock frequency to 50.00 MHz.

8. Increase Local Data and Instruction Memory to 16 KB. The maximum allowed is
determined by the amount of BlockRAM contained on a given chip. The
XC3S1500 has a total of 32 BlockRAMs, each of which is 2KB. Therefore, using
all 32 BlockRAMs would allow 64KB of local memory, as long as no other
devices need BlockRAM. However, in this design, only 16 KB is used for local
memory since both the cache and ethernet controller will also consume

BlockRAM.

9. Select the radio button in the Cache setup section to Enable cache link. Change

the Cached memory to DDR_SDRAM_16Mx16

www.em.avnet.com/xilinx
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10. Note that the On-chip H/W debug module, which is the MicroBlaze Debug
Module (MDM)), is included by default. Click Next>.

‘¢ Base System Builder - Configure MicroBlaze ed |

Micro3laze

—System wide settings

Reference clock frequency: Proceszar-Buz clock frequency:

I?E.EIEI MHz IEEI.EIEI vI kHz
Enzure that your board iz configured for the specifed frequency.

Feset polarity: I Active LOM TI

—Procezsor configuration
Debug |4F

% On-chip HA debug module
=MD with 55 debug stub

= Mo debug
l —Local memary
Data and [ nstruction:
eiane Use BRAM]
| 16 KB |
[
Cache zetup
= Mo Cache = Enable OPE cache {* Enable cache link

Cached memaon:

[~ Enable floating paint unit [FPL

blore Info | < Back Mexst » Cancel

Figure 9 — BSB Configure Processor

The next several screens may not look identical to what you see on your computer,
depending on the screen resolution.

11. Change the RS232 and USB_UART Baudrates to 115200. Click Next>.
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Base System Builder - Configure 10 Interfaces

The following extemal memary and |0 interffaces were found on your target board
Memec Spartan-3 351500MB Development Board Revision 2

Bl

IO Devices
W R§232
Peripheral | OPB UARTLITE
15200 =

Please select the 10 interfaces or parts which you would like to use:

Baudrate [Bitz

per zeconds];
[rata Bits: a -
Parity: MOME -

[ Usze Interupt

£l

W USE_UART
Peripheral: |OPB UARTLITE
115200

Baudrate [Bitz

per zeconds];
[rata Bits: a -
Parity: HOME -

[ Usze Interupt

Diata Sheet

Diata Sheet

Diata Sheet

[+ LED= 4Bit
Peripheral: |I:IF'B GRIO

[ Usze Interupt

Diata Sheet

[v LED_7Segrent]
Peripheral: |I:IF'B GRIO

[ Use Intermupt

Mext =

= Back

Cancel

Figure 10 — BSB Configure UARTS

More Info

m.avnet.com/Xilinx
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Next>.
Base System Builder - Configure Additional IO Interfaces
The following extemal memory and 10 interfaces were found on your tanget board:

Memec Spartan-3 351500ME Development Board Revision 2

Please select the 10 intefaces or ports which you would like to use:

10 Devices
[¥ LED_7Seqrnent?
Peripheral: |DPE GPID ﬂ

[ Use Intemupt

Iv Push Buttons 2Bit
Peripheral: |DPB GRIO

[ Use Interrpt

[v DIP_Switches BBt
Peripheral: |E|F'B GPID ﬂ

[ Use Intemupt

[ FLASH_READY
| -]

[v FLASH_ 2Mw15
Peripheral: |E|F'B EMC ﬂ

[ SpsACE CompactFlash

Data Sheet

i

Data Sheet

g

Data Sheet

.

12. Unselect the FLASH_READY and SysACE_CompactFlash Peripherals. Click

Data Sheet

A

< Back

www.em.avnet.com/xilinx
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13. The defaults for the DDR_SDRAM_16Mx16 and Ethernet MAC Peripherals
are acceptable. Click Next>.

‘ Base System Builder - Configure Additional 10 Interfaces ed |

The following external meman and 10 devices were found onh your board:
kemez Spartan-3 351500ME Development Board Revizion 2

Pleaze zelect the 10 devicesz which vou would like to use:

—I0 devices

—Iv DDR_SDRAM_1EM=16
[ata Sheet

ar= e gt=e= o E CH DFE DD

[ ate

— v Ethernet_kALC
[rata Sheet

Peripheral: I OFB ETHERMET ;I El Mate

Dk Fresent

% MNoDMa
" Simple Dk
" Scatter gather Dk

[T Use inteript

blore Info | < Back Mexst » Cancel

Figure 12 — BSB Configure DDR & Ethernet

14. In the Add Internal Peripherals dialog, select Add Peripheral.
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Base System Builder - Add Internal Peripherals

Add other peripherals that do not interact with off-chip components. Use the "Add
Peripheral” button to select from the list of available perpherals.

i you do not wish to add any non-I0 perpherals, click the "Next™ button.

Add Peripheral...

Peripherals

More Info « Back | MNext > | Cancel

Figure 13 — BSB Add Internal Peripherals

15. Add the OPB TIMER peripheral, as shown in Figure 14. Click OK.

add Peripheral x|

Select the perpheral pou want to add:

OFE TIMER -
QK | Cancel |

Figure 14 — Add OPB TIMER Internal Peripheral

www.em.avnet.com/xilinx
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16. For the OPB TIMER instance, select the radio button for One timer is present,
and check the box to Use Interrupt. See Figure 15. Click Next >.

Base System Builder - Add Internal Peripherals

Add other peripherals that do not interact with off-chip components. Use the "Add
Perpheral” button to select from the list of available peripherals.

ff you do not wish to add any non-I0 peripherals, click the "Next" button.

Add Peripheral. ‘
Perpherals
OFE TIMER
Instahice Mame: opb_timer_1 Remove
Caounter Bit Wwidth 32 - Dta Sheet
Timer Mode

" Two timers are present ™ One timer is present

v Usze Interrupt

More Info < Back Mext = Cancel

Figure 15 — Set Timer Parameters
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17. Select both the Instruction and Data Cache sizes to be 8 KB. Select the check
boxes for both ICache and DCache. Click Next>.

‘- Base System Builder - Cache Setup ed |

au have enabled the cache feature an the MicroBlaze processor.

—LCache setup

Flzaze zelect a cache size far instruction and data. The cache iz implemented uszing block Bk
[BRAM] rezources on the FPGA.

|nztruction Cache [ICache] Size:

DataCache [DCache) Size: | GKE =l

Select the memaony peripherals you would like to cache:
|[Cache: DCache: Cacheable Memones:

v v DDR_SDRAM_1EM=16

blore Info | < Back Mexst » Cancel

Figure 16 — Cache Setup

18. The default software configuration settings is used for STDIN and STDOUT.
The two default sample applications are selected. Click Next>.

www.em.avnet.com/xilinx




Building and Optimizing a MicroBlaze BSB System for Spartan-3 MB
v8.1 June 29, 2006

‘i Base System Builder - Software Setup 2=

—Devices to use az standard input and standard output

STDIM:

STDOUT: | R5232 |

—Sample application zelection

Select the zample C application that pou would like to have generated. E ach application will
include a linker script.

v Memony test

[lustrate zyztem aliveness and perform a bagic read/write kest to each memany in your system

[+ Peripheral selftest

Perform a simple zelf-tezt for each peripheral in your system.

tare [nfo | < Back Mext » Cancel

Figure 17 — BSB Software Setup

19. The Memory Test sample application code is designated to reside in the default
location of local memory. Click Next>.
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‘i Base System Builder - Configure Memory Test Applicat 2=

The simple kMemom Test application will llustrate system aliveneszs and perform a basic read/write test
b pour memany devices.

—MemomT est

Select the memory devices which will be uzed to hold the following program sections:

Irstruction: ik crtlr

[ ata: I dimb_cntlr

Le] L

Stack/Heap: I dlrnb_chite

Boot section resides in ilmb_cntl
Interupt vector rezides in ilmb_cntlr

—wARNING

If yous have placed the [nstruction ar Data section of this program in an external mernary, pou must
uze a debugager, bootloader, or ACE file to initialize memaony before you can rin this program!

tare [nfo | < Back Mext » Cancel

Figure 18 — BSB Memory Test Program Location

20. The Peripheral Test sample application code is designated to reside in the default
location of DDR memory. Click Next>.
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‘% Base System Builder - Configure Peripheral Test Applic 2=

The Peripheral Selftest applization includes a simple =elf test for each periperhal in vour spstem [if such
a zelftest funchion exists in the diver the peripheral]

—PenpheralT ezt

Select the memory devices which will be uzed to hold the following program sections:

Irstruction: DOR SOFRAM T1EM=16

D ata: I DDR_SDRAM_16Mx16

Le] L

Stack/Heap: I DOR_SDRAM_TEMEIE

Boot section resides in ilmb_cntl
Interrupt vectar rezides in ilmb_cntlr

—WARNING

D'ue to the expected zize of this application, it iz highly recommended that pou place the
Inztruction and Data zections in an extermal memory. ou will have to uze a debugoger,
bootloader, or ACE file ta initialize the memor.

tare [nfo | < Back Mext » Cancel

Figure 19 — BSB Peripheral Test Program Location

21. The BSB produces a summary of the created system, including the pre-selected
hardware memory map. After reviewing, click Generate.
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‘i Base System Builder - System Created 2=

Below iz a summary af the system vou have created. Pleaze review the information below. IF it iz
comect, hit <Generater to enter the information inta the %P5 data baze and generate the spztem files.
Dthemvize return to the previous page to make corrections.

Proceszsar Microblaze -
System clock frequency: 50000000 MHz

Debug interface: On-Chip H'Ww Debug Module

Data Cache: 3 KB

|nztruction Cache: 8 KB

O Chip Memorny - 16 KB

Trtal M Chin Mermn - 36 ME j

The addreszz maps below have been automatically azsigned. ou can modify them using the
editing features of %P5,

OFE Bus : OPB_¥20 Inst. name: mb_opb Attached Components: =
Core Hame Instance Mame Basze Addr High Addr

opb_mdm debug_module Cd 1 400000 (41 40FFFF

opb_uartlite R5232 (40800000 Dw4060FFFF

opb_wartlite USB_UART C40620000 D:4062FFFF

opb_gpio LED=_4Bit (40000000 D4 000FFFF Lol
opb_gpio LED_7Segmentl Dd Q020000 D=4002FFFF

opb_gpin LED_7Seqment? (40040000 0=4004FFFF

opb_gpio Puzh_Buttonz_2Bit | Qx4 Q080000 D:400EFFFF j
LMB Busz : LMB_¥10 Inst. name: ilmb Attached Components:

Core Hame Instance Hame Base Addr High Addr
Irb_Brarn_if_chtr ilmb_cntlr (=00000000 O=00003FFF

LMB Busz : LMB_¥10 Inst. name: dimb Attached Components:
Core Hame Instance Hame Basze Addr High Addr
[mb_brarn_if_chtr dimb_crtlr (=00000000 0=00003FFF

tare [nfo | < Back Generate Cancel

Figure 20 — BSB System Summary

22. Click Finish.
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‘i Base System Builder - Finish 2=

The Baze System Builder has succeszfully generated your
embedded syzteml

Clizk the Finish buttar ta return ta =PS ta compile vaur hardware
guztemn and software
applicatian.

C:AamorkStutonalzhhMemechSp3_MEBNSE_EDEK_81%Memec 35ME_MicroBlaze Base“35ME_BSE «
C:AamorkSstutonalzhhMemechSp3_MEBNSE_EDE_81%Memec_35ME_MicroBlaze Base“35ME_BSE
C:AamorkStutonalzhhemechSp3_MBNSE_EDE_81%Memec 35ME_MicroBlaze_Base“35MEB_BSE__|
C:AamorkStutonalzhhMemechSp3_MEBNSE_EDK_81%Memec_35ME_MicroBlaze Base“35ME_BSE
C:AamorkStutonalzhhMemechSp3_MEBNSE_EDK_81%Memec_35ME_MicroBlaze Base“35ME_BSE
C:AamorkStutonalzhhMemechSp3_MEBNSE_EDK_81%Memec_35ME_MicroBlaze Base“35ME_BSE
C:AmorkStutonalzhhMemechSp3_MEBNSE_EDK_81%Memec_35ME_MicroBlaze Base“35ME_BSE

v Save zettings file:

CA ASp3 MBMSE_EDE_B1%Memec 35ME_MicroBlaze Baze“3SMB_BSE_EDFS1\apstem.bsb

The zettingz file containg all the uzer's 2election: and inputs in the wizard seszion. |t can be
loaded in a future wizard sezsion.

tare [nfo | < Back Finizh Cancel

Figure 21 — BSB Finished

23. The BSB project is finished. XPS asks what you would like to do next. Select
the radio button for Start Using Platform Studio and click OK.
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¢ The Nest Step x|
—fhat wauld pou like ta do nest?
" Configure diivers and libraries [Software Flatform]
" Download the design ta the board and test it
" Edit the test application generated by BSE
{% : Start using Platform Studio:
[~ Remermber my selection and don't show thiz again ] Cancel

Figure 22 — The Next Step

The newly created system is now viewable in XPS, as shown in Figure 23. The BSB has
created several hardware-related design elements, including: the hardware platform
specification (MHS), the FPGA pin-mapping and constraints (UCF), and the iIMPACT

Command File for downloading to the FPGA.
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¥ Platform Studio - C:/work /tutorials/Memec,/Sp3_MB/ISE_EDK_81/Memec_3SMB_MicroBlaze_Base/35ME_BSE ED| - Dlll
[th File Edit Wiew Project Hardware Software Device Configuration Debug Simulation ‘Window Help =18 x
ID2ELFheay2EMAErBRRER %2 AR &meR%X[B ]z £]
IEEE=L
E| OLL Fil
Project I Applications I |P Catalog I ; I\BN IS é & Buslnteface  Parts ¢ Addresses | Ejo Connection Filkers |
Platform Mame | Bus Connection | Direction I IP Type IF Verzsion
- Project Files &EH—L - <@ microblaze_0 microblaze 4.00.2
- MHS5 File: spstem.mhs & mb_opb opb_w20 110
- M55 File: spstem.mss - = ] Imnby_w10 1.00.a
-~ 1ICF File: data/spstem uck @ dimb Inb_+10 1.00a
-~ iMPACT Command File: etc/download.c < debug_module opb_rndrn 2.00.a
- Implementation Options File: etefast < dimb_critlr Imnby_bram_if_ertir1.00.b
-Bitgen Options File: etc/bitgen.ut ilmb_cntr Imb_brar_if_cntlr 1.00.6
- Project Dptions »RS5232 opb_uartlite 1.00.b
Device: #c3s1500fa676-4 <»USE_UART apb_uartlitz 1.00k
- Metlist: TopLevel <> LED:_4Bit oph_gpin KATIR:}
- | mplementation: XPS <»LED_7Segment] opb_gpio a0hb
- HOL: WHOL opb_gpio 301k
~5im Model: BEHAWIORAL & Push_Buttons_2Bit oph_apin 30k
- Reference Files “@DIF_Switches_SBit opb_gpio a0k
i Log Files “PFLASH_2Mx16 opb_emc 2008
‘- Report Files «<»DDR_SDRAM_1BMx16 mch_opb_ddr -~ 1.00b
<P Ethernet_MAC opb_ethernet 1.04a
& opb_timer_1 opb_timer 1.00b
@ oph_intc_0 apb_inte 1.00
“|mb_bram brarn_black 1.00a
<@ FLASH_2M=16_util_bus_split_0 util_bus_zplit 1.00.a
w2 gpsclk_iny util_vector_logic 1.00.a
s clkA0_ir util_vector_logic 1.00.a
s ddr_clk30_iny util_vector_logic 1.00.a
dem_module 1.00.a
dem_module 1.00.a
dom_module 1.00.a
Legend
[OMaster O slave Master/Slave Target < Initiator (O Connected () Unconnected
.ﬂ—l ﬂ @ [T System Azsembly I
x| (Console Log) -
¥
4 »

Output |W’amings I Ewars I

Figure 23 — BSB-Generated System in XPS

Several software elements have also been automatically created, such as the MSS and
two test applications and linker scripts (as shown under the Applications tab (see Figure
24)).
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Praject | &pplications IIP Catalog I

Software Projects
- ]Add Software Application Praject...
m Defaul: microblaze_0_bootloop
ﬁ Default microblaze_0_smdstub
=- @ Project: TestApp_Memory
-- Processor: microblaze_0
Executable: C:hworkStutorialssMemechSp3_MBMSE_EDE_81%Memec_35MB_MicroBlaze_Base\3SME_BSE_EDKE1AT estipp_Memornexecutable. elf
[+l Compiler Dptions
-- Sources
‘- Headers
[=- %’n Project: Testhpp_Penpheral
-- Proceszzor: microblaze 0
Executable: C:havorkbutorials\MemechSp3 MBWSE_EDE_B81\Memec_35MB_MicroBlaze_Bazet3SME_BSE_EDKA1L\T estépp_Peripheralhexecutable elf
[+ Compiler Options
-- Sources
[+ Headers

Figure 24 — XPS Applications Tab

The system is now ready to build, a process that typically takes 15-20 minutes but can
take considerably longer depending on the complexity of the system and the processing
capabilities of the host system. However, we will be making several more modifications

and enhancements manually.
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Modifications and Optimizations to the BSB Design

Although this BSB-generated system will build successfully, it will not meet the
hardware timing requirements and the DDR SDRAM memory will not work. Additional
modifications and optimizations are required to fully utilize this system.

MHS Changes
Clocks

The BSB is not capable of setting up the clocking system required for this design to
work. The DDR must run at a minimum of 75 MHz. However, getting a full embedded
processor system to run at 75 MHz in Spartan-3 is extremely difficult. Therefore, the
DDR Controller is used in asynchronous mode with the DDR running at 75 MHz while
the remainder of the system runs at 50 MHz.

24. Open the MHS file by double-clicking on MHS File: system.mhs under the

Project tab.

25. In the MHS, replace the clock connections in the OPB_DDR instantiation (Lines
342-347) with the following lines:

PORT
PORT
PORT
PORT
PORT
PORT

Device CIk90_in = ddr_dev_clk 90
Device_CIk90_in_n = ddr_dev_clk_270
Device Clk = ddr_dev_clk O

Device Clk_n = ddr_dev_clk 180
DDR_CIK90_in = ddr_fb_clk 90
DDR_CIK90_in_n = ddr_fb_clk_270

26. In the MHS, replace the three util_vector_logic instantiations and the three
decm_module instantiations (Lines 409-486) with the following three
util_vector_logic instantiations and two dcm_module instantiations. This
preserves the 50 MHz processor clock, but creates a 75 MHz clock that is used as
the device clock. The feedback clock is also set up as an 75 MHz clock.

BEGIN

util_vector_logic

PARAMETER INSTANCE = sysclk inv
PARAMETER HW_VER = 1.00.a
PARAMETER C_SIZE = 1

PARAMETER C_OPERATION = not

PORT Opl = ddr_dev_clk O
PORT Res = ddr_dev_clk 180
END

BEGIN util_vector_logic

PARAMETER INSTANCE = clk90_inv
PARAMETER HW_VER = 1.00.a
PARAMETER C_SIZE =1

PARAMETER C_OPERATION = not

PORT Opl

PORT

ddr_dev_clk 90
ddr_dev_clk 270

Res
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END

BEGIN util_vector_logic

PARAMETER

PARAMETER HW_VER =

INSTANCE = ddr_clk90_
1.00.a

inv

PARAMETER C_SIZE =1

PARAMETER C_OPERATION =

PORT Opl
PORT Res
END

not
ddr_fb_clk 90
ddr_fb_clk 270

BEGIN dcm_module

PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PORT CLKF
PORT CLKI
PORT
PORT
PORT
PORT
PORT
END

CLK9
CLKF

X
N

CLKO =

0
B

RST =
LOCKED =

INSTANCE = dcm_
HW_VER = 1.00.a
C_CLKO_BUF = TR
C_CLK90 _BUF =
C_CLKIN_PERIOD
C_CLK_FEEDBACK =
C_EXT_RESET_HIGH =
C_CLKFX_BUF = TRUE
C_CLKFX_DIVIDE = 3
C_CLKFX_MULTIPLY = 2
sys clk_s

dem _clk_s
ddr_dev_clk O
ddr_dev_clk 90
ddr_dev_clk O
net_gnd

dcm_0_lock

UE
TRUE
13 333333

BEGIN dcm_module

PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PARAMETER
PORT CLKI
PORT CLK9
PORT
PORT
PORT
PORT
END

CLKF
RST =

N
0

CLKO =

B =

LOCKED = dcm

INSTANCE =
HW_VER =
C_CLKO_ BUF =
C_CLK90 BUF =
C_CLKIN_PERIOD 13.333333
C_CLK_FEEDBACK = 1X

C_EXT_RESET_HIGH = 0
C_DESKEW_ADJUST = SOURCE_SYNCHRONOUS
ddr_feedback_ s

ddr_fb_clk_90

dem 1 FB

dem_1 FB

dcm 0 lock

m_ 1 lock

dem_
1.00.a
RUE

TRUE

FSL Accelerated Download Channel
To additionally add the FSL accelerated download link to the MDM, follow these

additional steps.

27. Add the following parameter and bus_interface to the MicroBlaze instance:
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PARAMETER C_FSL_LINKS

=1
BUS_INTERFACE SFSLO = fsl_

v20 0
28. Add the following parameter and bus_interface to the MDM:

PARAMETER C_WRITE_FSL_PORTS = 1
BUS_INTERFACE MFSLO = fsl_v20_0

29. Add the FSL bus:

BEGIN fsl_v20

PARAMETER INSTANCE = fsl_v20_0
PARAMETER HW_VER = 2.00.a
PARAMETER C_EXT_RESET HIGH = O
PORT FSL_CIlk = sys clk_s

PORT SYS_Rst = sys rst_s

END

30. Save and close the MHS.

UCF Changes

Constraints are added to give period and phase information to each clock. Detailed 1/0
timing statements are added. Ignore statements are also placed on unrelated clock
domains and resets.

31. Open the UCF by double-clicking on UCF File: data/system.ucf under the
Project tab.

32. Remove the following lines from the UCF (we’ll constrain all the clocks in the
next step):

Net sys_clk_pin TNM_NET
TIMESPEC TS_sys_clk_pin

sys_clk_pin;
PERIOD sys_clk_pin 20000 ps;

33. Add the following lines to the UCF to fully constrain all clock phases in the
design (note that several lines below wrap to the next line in this document even
though they are one continuous line of text):

Net sys_clk_s TNM_NET
Net ddr_dev_clk_0 TNM_NET
Net ddr_dev_clk 90 TNM_NET

OPB_CLK;
DDR_DEVICE_CLOCK_PHASE_O;
DDR_DEVICE_CLOCK_PHASE_90;

Net ddr_dev_clk_180 TNM_NET = DDR_DEVICE_CLOCK_PHASE_180;
Net ddr_dev_clk 270 TNM_NET = DDR_DEVICE_CLOCK_PHASE_270;
Net ddr_fb_clk_90 TNM_NET = DDR_FEEDBACK_CLOCK_PHASE_90;
Net ddr_fb_clk_270 TNM_NET = DDR_FEEDBACK_CLOCK_PHASE_270;

TIMESPEC "TS_FIFO_WRITE"
TIMESPEC "'TS_FIFO_READ"

FROM "OPB_CLK™ TO "DDR_DEVICE_CLOCK_PHASE_0" TIG;
FROM "'DDR_DEVICE_CLOCK_PHASE_O0'" TO "OPB_CLK"™ TIG;

TIMESPEC TS_OPB_CLK
TIMESPEC TS_DDR_DEVICE_CLOCK_PHASE_O

PERIOD OPB_CLK 20000 ps;
PERIOD DDR_DEVICE_CLOCK_PHASE_O 13332 ps;
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TIMESPEC TS_DDR_DEVICE_CLOCK_PHASE_90 = PERIOD DDR_DEVICE_CLOCK_PHASE_90
TS_DDR_DEVICE_CLOCK_PHASE_O * 1 PHASE + 3333 ps;

TIMESPEC TS_DDR_DEVICE_CLOCK_PHASE_180 = PERIOD DDR_DEVICE_CLOCK_PHASE_180
TS_DDR_DEVICE_CLOCK_PHASE_O * 1 PHASE + 6666 ps;

TIMESPEC TS_DDR_DEVICE_CLOCK_PHASE_270 = PERIOD DDR_DEVICE_CLOCK_PHASE_270
TS_DDR_DEVICE_CLOCK_PHASE_O * 1 PHASE + 10000 ps;

TIMESPEC TS_DDR_FEEDBACK_CLOCK_PHASE_90 = PERIOD DDR_FEEDBACK_CLOCK_PHASE_90 13332 ps;
TIMESPEC TS_DDR_FEEDBACK_CLOCK_PHASE_270 = PERIOD DDR_FEEDBACK_CLOCK_PHASE_270
TS_DDR_FEEDBACK_CLOCK_PHASE_90 * 1 PHASE + 6666 ps;

34. Save and close the UCF.

Implementation Options
The default implementations options should achieve timing. No changes are required.

Build the Hardware Platform

The hardware platform can now be built. The hardware specification is used to construct

and synthesize the hardware platform, after which the Xilinx implementation tools
perform place and route.

35. Select Hardware = Generate Bitstream.

Code Changes

While the hardware is building, the code can be modified. The default BSB code can be
modified to test more than the first 4K of memory.

36. Under the Applications tab, open the TestApp_Memory source code by double-
clicking on TestApp_Memory.c

E| % Project: TestApp_Memory

Proceszar micrablaze_0

Executable; C:wworkhtutonalshemectSpd MBASE_EDE_21\Memec 3SME_MicroElaze Baseh\3SME_ESE_EDKS1AT estbpp_bemontexecutable.elf
Compiler Options

ices

B - work tutarialsi W eme

3 _MBNSE_EDE_81\Memec_35ME_MicroBlaze_B SkB_BSB_EDKE1Testtpp_MemonsrchTestipp_Memory.c

Figure 25 — TestApp_Memory.c Source Code

37. Add the following to the top of the code to properly define the size of the DDR
SDRAM memory:

#define DDRBYTES (XPAR_DDR_SDRAM_16MX16_MEMO_HIGHADDR - XPAR_DDR_SDRAM_16MX16_MEMO_BASEADDR + 1)
#define DDRHWORDS (DDRBYTES / 2)
#define DDRWORDS (DDRBYTES 7/ 4)

38. The entire DDR can be tested by doing the following.
e Replace “1024” in the 32-bit test with “DDRWORDS”

e Replace “2048” in the 16-bit test with “DDRHWORDS"
e Replace “4096” in the 8-bit test with “DDRBYTES”
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39.

Save and close the code.

No changes are necessary for the TestApp_Peripheral application.

Compile the Applications

After the hardware has finished building, the software platform (Board Support Package)
must be built and the applications must be compiled.

40.

Select Software = Build All User Applications

Verify the Results

41.

42.
43.

Verify the hardware timing results by looking at the PAR results, either in the
XPS console window or in the implementation/system.par file. All
timing constraints should pass.

Verify the two applications compiled without warning or error.

To run the Memory Test, open a HyperTerminal set to 115200 baud. Next
connect power, JTAG cable, and RS232 to the board. Now select Device
Configuration = Download Bitstream. Results are shown below. Note that if
you change the code to test the entire 32 MB of DDR, the entire test will take
about 80-90 seconds to run. The 32-bit test takes approximately 10-15 seconds to
complete, the 16-bit test takes 20-30 seconds, and the 8-bit test takes 40-50
seconds.
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“& com1_115200_8n1n - HyperTerminal E| @| g|
File Edit View Call Transfer Help

—-— Entering main() --

Starting MemoryTest for DDR SDRAM 16Mx16:
Running 32-bit test...PASSED!
Running 16-bit test...PASSED!
Running 8-bit test...PAS5ED!

—— Exiting main() —-

Connected 0:43:25 Auto detect 115200 8M-1

Figure 26 — TestApp_Memory Results for 3SMB Board

The TestApp_Peripheral project is targeted to execute from DDR memory. Therefore,
XMD must be used to bootload the code into the memory prior to launching. This could
be done using the GDB debugger, but, in this case, is done directly in XMD.

44. To run the Peripheral Test (after previously running the Memory Test to
download the hardware platform), launch XMD: Debug = Launch XMD. A
dialog box will remind you to set the options. Select OK, then Save the default

options.  After saving, XMD will automatically launch and connect to the
MicroBlaze processor.

‘- Platform Studio

Figure 27 — XMD Debug Options Must Be Set
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% XMD Debug Options EI

Proceszsar. microblaze_0 Architecture; MicroBlaze

Connection Type

" Simulatar % Hardware {~ Shub £ Wirtual platform
On-Chip Hardware debuaaing uzing OPE_MDM penpheral over JTAG cable

JTAG Properties I.-'-‘-.u:lvann:ed Options |

—JTAG Cable

Type: I.-’-'-.utn:n ;I Speed [bpz]: I vI

v AutoDizcover JTAG Chain D efinition

[Jze I [ | Device Hame |Ir Cade IR Length

<[>

Add device [elete device

Save Cancel

Figure 28 — Default XMD Debug Options
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Figure 29 — XMD Launched and Connected
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45. In XMD, type the following commands
dow TestApp_Peripheral/executable.elf

The Peripheral Test tests the various peripherals, including flashing the LEDs and 7-
=100x

con
segment displays and reading the push buttons and dip switches.

"::'iz coml_115200_8n1n - HyperTerminal

File Edit “iew Call Transfer Help

D|=| 5|5

—— Entering maini()] --
Funning UartLitel3elfTestExample (] for debug module..

UartLite3elfTestExample PLISED
Funning UartLiteselfTestExample (] for USE_UART..

UartlLite3elfTestExamnple PAISED
Funning GpioQutputExample (] for LED= 4Bit...

GpiolutputExample PLSSED.
Funning GpioQutputExample ) for LED V3ecmentl...

GpiofutputExample PALSSED.
Funning GpioQutputExample ) Lfor LED_ 7VIegmentZ...

GpiofutputExample PALSSED.
Funning GpioInputExample ()} for Push Buttons ZEit
Read datz:0x2

GpioInputExamwple PASSED.
Funning GpioInputExample (] for DIP Switches 8Eit
Read datz:0xE2

GpioInputExamwmple PASSED.
Funning EwmacPolledExample (] for Ethernet MAC...

EmacFPolledExample PASSED

Funnning TwrCtr3elfTestExample (] for opb_timer 1...

TorCtr5elfTestExample PASSED
Funnning Intc3elfTestExample() for opb_intc O...
IntoSelfTestExample PASSED
-— Exiting maini) --

[-]
Connected 0:00:35 |.C\ut|:| detect |115ZDD 8-M-1 |SCROLL |CP-F‘S |NUM |Capture |Print echo v
Figure 30 — TestApp_Peripheral Results for 3SMB Board

Additional reference designs which use this platform are:
Memec 3SMB MicroBlaze Using Memory Reference Designs
Memec 3SMB MicroBlaze WebServer Reference Design
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Revision History

Date Version Revision

12/07/04 6.3 Initial Memec release. (bhf)

12/20/04 6.3a Updated to 6.3a XBD; added bootloader (bhf)

09/01/05 7.1 Updated to 7.1; changed to Async OPB_DDR (bhf)

06/29/06 8.1 Updated to 8.1; added FSL cache MCH_OPB_DDR (bhf)
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