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Overview

This document describes a WebServer reference design using the Xilinx MicroBlaze™
soft processor core running at 50 MHz on the Memec Spartan-3 MB (3SMB)
development board. The 3SMB development board is designed with DDR SDRAM and
and an Ethernet PHY.

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?
Memec Spartan-3 MB Development Kit
Platform USB Cable or JTAG Programming Cable IV
Serial Cable
Ethernet cable

MicroBlaze Platform

The design and optimization of the MicroBlaze platform used in this reference design is
described in Building and Optimizing a MicroBlaze BSB System for Spartan-3 MB.
Please refer to that document for a detailed description of how to create the platform.
There is no difference between the hardware platform in this design and the result of that
tutorial.

In addition to the two applications automatically generated by Base System Builder
(BSB), the software platform has had four software applications added to it:

e Running from DDR with no linker

e Running from DDR with a linker

e Testing the Flash

e WebServer

! 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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The WebServer application is described in this document. The other applications are
described in the two other documents related to this hardware platform. Additionally, the
Using Memory document also describes how to create a bootloader.

Additionally, the XilNet and XilMFS libraries have been added to the software platform
for the WebServer.

Understanding the Hardware Platform

A block diagram of the hardware platform is shown in Figure 1. Besides the MicroBlaze
processor and busses, the design consists of 16 KB local memory, 32 MB DDR, 4 MB
Flash, Ethernet MAC, timer, interrupt controller, two UARTS, a debug peripheral (MDM)
and multiple GPI1Os.

An asynchronous DDR memory controller is used in this design. This allows the
MicroBlaze system to run at a lower speed of 50 MHz, which is more reasonable for
Spartan-3, while the DDR is running at 75 MHz, which is the minimum required
frequency for the Micron DDR. The on-chip Digital Clock Manager (DCM) is used to
create the various clock frequencies and phases required to make this system work, all
based on the 75 MHz oscillator on the 3SMB board.

Since the OPB_ETHERNET core runs at the same speed as the OPB and MicroBlaze,
which is 50 MHz. At this frequency, only 10Mbps operation is supported. The
webserver code provides the necessary setup to the BCM5221 PHY to force 10 Mbps
operation. Without this, the PHY is capable of negotiating a 100 Mbps link, but the
OPB_ETHERNET would not function.
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_ FPGA  External

Figure 1 — Block Diagram of BSB-Generated System

Note on licensing: The 10/100 Ethernet MAC OPB peripheral is not a free core. An
evaluation license is required to use the core. The evaluation version of the core includes
built-in timeout circuitry that will disable the core after a period a time. The evaluation
version of the core is included in EDK. This example will work for some time with the
default EDK installation. However, those intending to use the core in production should
contact their local Memec distributor to purchase a full license for the core.

www.em.avnet.com/xilinx




Memec 3SMB MicroBlaze WebServer Reference Design = )
v8.1 July 7, 2006 ==AVNET

Memory Map

The memory map is auto-generated by BSB. This memory map can be edited manually,
re-generated, or simply viewed by selecting the Addresses radio button filter in the
System Assembly view. The memory map for this system is shown in Figure 2.

—Filters
{~ Buslnterface & Partz % Addresses @Generate.ﬁ.ddressesl

Instance Baze Addiezz | High Addiesz | Size |
mb_oph ]
Ethernet_kaC Ox40c00000  Qed0cOrf EAF.
dirnb_chtlr ORO0000000 Q000036 1EE.
ilrnb_cnte CxO0000000 Q00003 1EE.
LED= 4Bit 040000000 Q4000 E4F.
LED_75egment] 040020000 QeA002rF EAF.
LED_7Segment2 OxA0040000 Q0040 E4F.
Push_Buttons 2Bit Ox40080000 Qw00 E4E.
DIP_Switches BBt 040020000 Q4003 E4F.
RS5232 Ox40600000 Q0600 EAF.
USE_LART Or40E20000  Qud0B2fF E4F.
opb_intc_0 Oxd1200000  Qwd? 200 E4E.
debug_module 047400000 47 40 E4F.
opb_timer_1 =1 00000 D1 cOfFef St
FLASH_2M=16 OR21000000 Q21 36 amM
DDR_SORAM_1EMx1E OR22000000 w2 3 32h

Figure 2 — BSB-generated Memory Map

3S1500MB Board Setup

The Memec Spartan-3 MB board should be configured as follows:

Uninstall all MODE jumper on J1.

Install a jumper on JP9 in the “BOARD” position (pins 1-2).

Install a jumper on JP10, pins 1-3.

Install two jumpers on JP8.

Install a jumper on JP7 in the “PROM ENABLE” position (pins 1-2).

Install a jumper on JP6 in the 3.3V position (pins 1-2).

No other jumpers should be installed.

Connect a straight through RS232 cable to the board DB-9 connector (JD1) and

the serial port of the PC.

9. Connect an ethernet cable (either cross-over or straight-through will work)
between the 3SMB board and either the PC or router.

10. Verify the Power switch (SW1) is in the OFF position.

11. Connect the AC/DC adapter to JP1.

NG~ WNE

Refer to Figure 3 for jJumper locations.

www.em.avnet.com/xilinx




Memec 3SMB MicroBlaze WebServer Reference Design
v8.1 July 7, 2006

RS232 !
(aD1) USB . : a5 _ Clock
(93) . LVDS Transmit (JP6) ZQ‘ ‘1 LVDS Receive (JP7) | | socket
(Y2)
‘O_N‘ RS232
JP1 = E\ bsiz] o
@] UART
o ||8 ‘j\?‘ :i : SystemAce Connector (JP11) ®
Memec
Design
P160 A Connector (JX1) P160 B Connector (JX3)
MODE (31) § N
GNP 3.3V TPS40K NIO WL WiZ M3 ’
Circuitry
3.3V )
JP8:
:
Al A26
1
Spartan-3 P7}
1.2V TPS64203 FPGA
Circuitry FG676 2M x 16 o
1.2v Flash <O
© 528
<3
AFL AF26 O_U'J
GND|
2.5V TPS40K
Circuitry Y1
2.5V ngIDXRlG
SDRAM
P160 A Connector (JX2) 1.25V DDR P160 B Connector (JX4)
VREF
Circuitry
DS2 DS1 —
g g
ova — 23
sw2 <
escssay DIPs | (| SE
>
DONE L J L)
SwW6
swa Sw5 [Ds7] E=ET
GND (Ethernet Circuitry Underneath)

Figure 3 — Memec Spartan-3 MB Jumper Locations
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Experiments

This example is based on the WebServer that Xilinx previously published in XAPP433
Version 1.0. The main differences are that this example runs on the 3SMB board and
uses Internet Explorer.

The webserver source code is located in the /code directory. The LibXil Networking and
File System libraries accessed by the webserver design are included by libgen.

The webserver is running HTTP 1.0 on this system; a file system (built using the LibXil
Memory File System library) is used to store files. The server listens at port 8080 for
requests. Every request is processed, and replies are served up by the server to the client.

Different demos are present in this system. These are:

e Hex Digit display in LEDs and 7-segment display — A hex digit selected in the
web page, gets displayed as a 4 digit binary in LEDs and on 7-segment display
DD1 on reload of the page

e Changing colors — Page background color changes on every reload of web pages

e DIP switches — Set the dip switches 1,2,3,4,5,6,7,8 and see it displayed as a binary
value on reload of the page

e Browse to a second web page where the four LEDs can be individually turned ON
or OFF

To compile and run this design, do the following:
1. Launch XPS.

2. Open the system.xmp project located at
-\Memec_3SMB_MicroBlaze Basic\ 3SMB_WebServer_ EDK81

3. Select the Applications tab.
4. Mark the software applications such that Default: microblaze 0 _bootloop is the
only thing marked for BRAM initialization, as shown in Figure 4.

www.em.avnet.com/xilinx
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Fraject | &pplications IIF' Catalag |

Software Projects

[ JAdd S oftware Application Project. ..
:T%l[)efault: ricroblaze_0_bootloop
- m[ﬁlefault: microblaze_ 0 smndztub
-mFmiect: TestApp_Memory
-mFmiect: TestApp_Peripheral
-ﬁl’miect: Run_From_DDR_MoLink
-Q‘Pmiect: Run_From_DDR_Link
'mFmiect: Flazh_Test
- Project: WebServer

Figure 4 — WebServer Applications Tab

5. Double-click on source file web . c to open it in the editor.

6. Search in the source file for the command that initializations the device’s IP
address (xilnet_ip_init). Note the default IP address then close the file.

7. In XPS, select Software - Software Platform Settings...

8. W.ith Software Platform selected, notice that the xilnet and xilmfs libraries have
been selected for inclusion.

4 Software Platform Settings x|

i~ Processor Informatiar

Processor Instance: | microblaze 0 'I

Software Platform — Processor Settings
05 and Libraries CPL Driver: | cpu VI CPU Driver Version: | 1.00.a vI
Drivers Processor Parameters:
Internipt Handisrs Marne I Current Yalue | Default ¥ alue I Type Description
[=- microblaze_0
CORE_CLOCK_FREQ_HZ 50000000 100000000 int Core Clock Frequency in Hz
smdstub_peripheral debug_module hone peripheral_ingtance Debug peripheral to be uzed with smdstub
- extra_compiler_flags -g - string Ezxtra compiler flags used in BSP and library generation.
i archiver mb-ar rmb-ar string Archiver used to archive libraries for both BSP generation as well as for applications
L compiler mb-gec mb-gce string Compiler used ta compile both BSP/Libraries and Applications

— DS & Library Settings

os lm 0% Wi m Diefault software platform. Provides basic processor related functions and basic 05 like functions such as ﬂ
standard innut and autnot al

Use| Library Wersion Description

V¥ | silnet 2.00.a | =ilins Metworking TCPAP stack library

¥ | ilmfs 1.00.a w | ilins Memnory File Spstem

I~ | il 1.00.a _ | Provides file spstem call access to simple serial |70 devices and

I~ | ifatfs 1.00a _ | Provides read/write routines to access files storsd on a FAT16,

I~ |lwip 200.a ¥ || P TCP/IP Stack library

Download ThirdParty 05 & Library Definition Files here

e

Figure 5 — Libraries to include in Software Platform
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9. Now select OS and Libraries. Note that xilnet has emac_insthame set to
Ethernet_MAC, which is the opb_ethernet core. Also note that xilmfs parameter
base_address has been assigned to 0x22010000, which falls in the address range

of the DDR. This is the base address to which the embedded HTML files will be
stored.

g Software Platform Settings |

—Processor Informatiar

Processor Instance: | microblaze_0 'I

|Su[tware Platiorm Configuration for DS: - standalone +1.00.a

" Marne I Curent Value I Default ¥ alue Type Description
Drrivers
- standalone
Internupt Handlers rieed_wil_malloc fakse false baol 15 wil_malloc required 7

stdout R5232 nohe peripheral_instance stdout peripheral
i stdin R5232 nohe peripheral_instance stdin peripheral
[#- microblaze_exceptions false false bool Enable MicroBlaze E xceptions
[~ enable_sw_intusive_profiling false: false boal Enable 5/ Intrusive Profiing on Hardware Targets

| |

Caonfiguration for Libraries

Mame Current Walue I Detault ' alue Type I Description |

= Hilhet
-no_of_udp_conng 5 ] int Mo. of Open UDP connections
no_of_tep_conng B ] int No. of Open TCP connections
e emac_instname  Ethemet_MAL nanhe peripheral_instance Mame of Emac instance to be used with xilhet

(= wilmfs
i need_utils false false boal Need additional Utilities?
init_type: MFSINIT_MNEW MFSINIT_MEW enum Init Type
base_address  Ow22010000 0x10000 int Base Addiess
e pumbytes 100000 100000 int Mumber of Bytes

= |

Figure 6 — Library/OS Parameters

10. Close the dialog by selecting Cancel.

To make a direct ethernet link between a PC and the 3SMB webserver, the IP addresses
of the two devices must reside on the same subnet. As seen previously, the default IP
address for the WebServer is 1.2.3.4. When the 3SMB is connected directly to the PC,
the PC’s IP address must be changed. If both the 3SMB and the PC are plugged into a

router, then web.c can be modified to assign an IP to the WebServer that resides within
the router’s space.

To change the PC’s IP address, do the following:

11. Launch Control Panel by selecting Start - Settings > Control Panel.
12. Double-click on Network Connections.

13. Right-click on Local Area Connection and select Properties.

14. Left-click once on Internet Protocol (TCP/IP) to select it, then click the
Properties button.

15. Select the radio button for Use the following IP address:

www.em.avnet.com/xilinx
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16. Change the IP address to 1.2.3.9 and the Subnet mask to 255.0.0.0, as shown in

Internet Protocol (TCP/IP) Properties

General

You can get IP settings assigned automatically f your netwark supports

this capability. Ctherwise, you need to ask your netwars administrator for
the appropriate IP settings.

() Obtain an IP address automatically
{#) Use the following IP address:

IP address: 1.2 .3 .5
Subriet mask: 25 .0 .0 .0
Default gateway:

(#) Use the following DNS server addresses:
Prefemed DNS server:

Altemate DMS server:

[ OK H Cancel l

Figure 7 — Setting the PC’s IP Address

17. Click OK to close the TCP/IP properties. Click OK again to close the Local Area
Connection properties. The Network Connections window can be closed.

The demo is set up to run from DDR. For this reason, the bootloop is marked for BRAM

initialization, and XMD will be used to hoot-load the WebServer code to DDR and run it.
To run the demo, do the following:

18. Turn power on to the board.
19. Select Device Configuration = Download Bitstream.

20. In the Applications tab, right-click on Project: WebServer and select Build
Project.

21. Open a HyperTerminal with settings of 115200, 8, N, 1, N.
22. Launch XMD. Type the following commands in XMD to download the
WebServer code to the DDR (over an accelerated FSL download link that is

present in the hardware) and then begins executing the code in DDR (see Figure
8).

dow webserver/executable.elf
con

www.em.avnet.com/xilinx
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Figure 8 - XMD Launched
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23. A proper download and launch of the code will give the results in HyperTerminal
shown in Figure 9.

“& com1_115200_8n1n - HyperTerminal
File Edit View Call Transfer Help

Starting MicroBlaze Web Server Version 1.2
Built: Dec 7 2004 11:18:45

Browse with Internet Explorer to: http://1.2.3.4:8080

Connected 0:03:52 Auto detect 115200 8M-1 MNUM

Figure 9 — UART Output from WebServer Design

24. Launch a browser and point it to http://1.2.3.4:8080 (see Figure 10) (If you
changed the IP address in web.c, this will be displayed in HyperTerminal. Point
to http://x.x.x.x:8080, where x.x.x.x is the IP address you specified for the web
server.) Note that you must explicitly type in the http:// prefix and the “:8080”
port in order for this to work.

www.em.avnet.com/xilinx
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3 http://1.2.3.4:8080/ - Microsoft Internet Explorer M=E3
File Edit WView Favorites Tools Help .',"
. — i 5 b
QBack . > \ﬂ E’l _I\J P ! Search i:x Favorites {E{t - g H _]
Address |4&] http:/{1.2.3.4:3080/ V| Go
Y_r - é?v| Search Web T]EJ' i~ MeW Toolbar Update ~ | =

MicroBlaze Web Server on Memec
Spartan-3 MB Board

A Simple Web Server running on MicroBlaze. Check out the following demos.
7-Segment Display:

Select a hex value and see it displaved on the 7-segment display after clicking Submit

Hex Value

Changing Colors :
See the background color of the page change each time when reloaded.

Cliclk here to Control LEDs individually

DIP Switches:
Set Dip Switches 1 234 56 7 8 and see it displaved as binarv on reload

DIP Value: 01010101

:El Dane  Internet

Figure 10 — Internet Explorer Displaying 3SMB Page

At this point, selecting a hex number in the Hex Value field and clicking Submit will
light the LEDs and display that value on 7-segment display DD1. For example hex
number ‘A’ (binary 1010) will light LED1 and LED3 and display character ‘A’ on DDL1.

Also, changing the DIP Switches and then hitting Submit will change the DIP Value that
is readback. Every time the Submit button is pressed, the background color will change.

www.em.avnet.com/xilinx
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Pressing the HyperLink for Click here to Control LEDs individually shows a second
web page stored on the 3SMB board, which is shown in Figure 11.

2 http://1.2.3.4:8080/index2.html - Microsoft Internet Explorer

File FEdit View Favorites Tools Help a
Qs - © @@@‘pkm %mes@‘@,& WL
Address |@ http: /1. 2.3, 4:8080/index 2. html .";| =1
T - 2| Search Web |~ |+ (i~ NEW Tookbar Update ~ | »

£&] Done | intemet

Figure 11 — index2.html on 3SMB MicroBlaze
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Optional BootLoader Exercise

The WebServer application can be stored in flash and executed from a bootloader. To do
this, follow the instructions in document Memec 3SMB MicroBlaze Using Memory
Reference Designs, Section Bootloader.

Revision History

Date Version Revision
12/07/04 6.3 Initial Memec release.
12/21/04 6.3a Updated to new BSB design; added bootloader pointer
09/29/05 7.1 Updated to EDK 7.1
07/07/06 8.1 Updated to EDK 8.1; Added CacheLink and asynchronous
DDR operation; Adding BCM5221 code to force 10Mbps
operation. (bhf)
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