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Overview

These files will integrate Base System Builder (BSB) support for the Atlys Spartan-6 field
programmable gate array (FPGA) Development Board with tools from the Xilinx Embedded
Development Kit (EDK). These support files include board definition files and Digilent custom
core support files that will help customers create AXI-based MicroBlaze embedded designs
in the BSB.

Operators can use these files to enable the BSB to create Platform Studio projects
initialized with properly configured cores for controlling on-board peripherals. This reference
describes the procedures and important information for:

I. Utilizing the BSB Support Files

Il. Creating a Base System using BSB Wizard
[Il. Making Connections for the Custom Cores
IV. Using the Digilent HDMI controller

l. Utilizing the BSB Support Files

Before beginning to use the BSB Support Files, Digilent recommends that customers first
uninstall any older versions of the AXI IPCore support files and download the support files
for the most current version of the Xilinx EDK labeled 1_33.

Users that employ Digilent products may already have the most current version of the
Digilent AXI IPCore Support Files. These files have to be installed only once per EDK
version and are valid for all applicable Digilent boards. For instance, if customers have
installed another Digilent board (e.g. the Nexys3) the Digilent AXI IPCore Support Files will
provide the current version of EDK to support all other Digilent boards.

Users must follow steps 1-1 through 1-6 to use supported Xilinx BSB peripherals.

1-1. Install the Digilent AXI IPCore Support Files by running the batch file
“..\Digilent_AXI_IPCore_Support_v_1 33\ inst_uninst.bat” and then following the on-
screen instructions.

1-2.  Begin by creating the Base System using the Base System Builder Wizard. See
section Il “Creating a Base System using BSB Wizard” for more details. Note: Table
one outlines the peripherals Xilinx BSB currently supports. To use the custom core
supported peripherals go to “System Assembly View” and follow steps 1-3 through 1-
6.

1-3. Make the AXI clock connections for each custom core. For details on making AXI
clock connections refer to the section 3a “Connecting AXI Clock Signals to the
custom cores.”
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1-4.  Connect the external ports for each custom core. Refer to section 3b “Making
external port connections for the custom cores” for more details

1-5.  For custom cores having I/O signals, check and correct the 1/0O sighal names in order
to match them to the signal names in the .ucf file. See section 3c “Checking 1/0
signal naming for the pin suffix” for more details.

1-6. Users have the option to connect each core having interrupt output signals to the
interrupt controller. For more information on this see the sections 2a “Configuring and
removing peripherals” and then 3d “Connecting internal and interrupt signals for

custom cores”.

Table two outlines the current peripherals custom cores support. By default, users select
custom cores and can remove any core in the BSB Wizard. Go to the “Select and Configure
Peripherals” window in the BSB Wizard to select or remove cores. For details, see section
2a “Configuring and removing peripherals”

Users can generate the bitstream and export their project to the SDK after completing steps

1-1to 1-6.
Table 1
Peripherals Supported by Xilinx Cores
Peripheral Supported Core name(s) Notes
Interface
128MB DDR AXl4 axi_s6_ddrx -
(cached)
8 User Switches AXI4-Lite axi_gpio --
5 User Push . R
Buttons AXl4-Lite axi_gpio --
8 LED outputs AXI4-Lite axi_gpio --
. axi_uartlite/
UART AXI4-Lite axi_uart16550 -
There is an alternative custom core
named “Quad-SPI controller”. Users
can find this core in the EDK under
16-MB Quad-SPI | sy 4| jte axi_quad_spi “Project Peripheral Repository
PCM . s
0/Digilent.” This core allows users to
change the SPI mode to single, dual, or
guad in the runtime
10/100/1000 . . Requires license; exclusive to
Mbps PHY AXla-Lite axi_ethernet axi_ethernetlite
10/183\'\(/' bps AXl4-Lite | axi_ethernetlite Exclusive to axi_ethernet
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Table 2
Peripherals Supported by Custom Cores

Peripheral Supported Core name(s) Notes
Interface
AC-97 AXI4-Lite d_ac97_axi Custom core
AX|4-Lite Custom core; Not supported in BSB;
HDMI AX|4-Stream axi_hdmi Supported only with EDK v13.4 and
above
USB-EPP AXI4-Lite d_usb_epp_dstm_axi Custom core

Note: For additional information on using the cores above, please refer to their PDF
datasheets found at www.xilinx.com under the link “Product Support and Documentation.”

II. Creating a Base System using BSB Wizard

Note: The example screenshots in this section are not accurate for EDK versions older than
14.2. However, the data users enter into the text boxes and combo boxes is very similar.

2-1.  Start Xilinx Platform Studio and create a new project using the Base System Builder
by selecting “Create New Project Using Base System Builder.” Select “Create a New
Project” and the “Create New XPS Project Using BSB Wizard” window should open.

2-2.  Select the “AXI System” (#1). Click on the BROWSE button beside the “Project File”
and select a folder location for the system.xmp project file (#2). (See figure one for a
screen shot of this window)

Digilent Inc. does NOT recommended users assign a path for the project folder that
contains spaces (e.g. “My Documents”) because these spaces may affect the
functionality of the Linux-based EDK and SDK tools.

Digilent Inc. also recommends users assign an empty folder to store the entire EDK
hardware project. Dedicating a folder to storage makes it easier to copy and archive
the project later. Users may, at their discretion, utilize the same folder for their
project workspace. The default project description file name is “system.xmp.” Users
also have the option to give the project description file any name, as long as the file
extension remains and there are no spaces.

2-3.  Click on the BROWSE button beside the “Set Project Peripheral Repository Search
Path” box and browse to the path containing the “\lib” subfolder from the BSB
Support Files folder. Select the “\lib” subfolder and click OK.

Note: Users may assign fields in any order until they finalize them by clicking the OK button
in the “Create New XPS Project Using BSB Wizard” window.

2-4.  After clicking OK the next window will allow the user to select the default Digilent
Spartan-6 Atlys as the development board. (See figure two) Upon selecting the
Digilent Spartan-6 Atlys ensure the fields are correct and click “NEXT.”

The next window is the “Processor, Cache and Peripheral Configuration” window. Users can
select the peripherals from this window, configure some of them and remove other unwanted
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peripherals. See section 2a “Configuring and removing peripherals” for information on
removing peripherals.

Figure 1
“Create New XPS Project Using BSB Wizard”

IE Create New XPS Project Using BSB Wizard— [

Mew Project

( Project File | D:\Digilent\Projects\Atlys\atlys_14 2 BSE Project!system.xmp

Select an Interconnect Type

@) AXI System

AXIis an interface standard recently adopted by Xilinx as the standard interface used for all current and
future versions of Xilinx IP and tool flows. Details on AXI can be found in the AXI Reference Guide on
xilina. com. ]

) PLB System

PLE is the legacy bus standard used by Xilinx that supports current FPGA families, induding Spartans and

Virtexs. PLB IP wil not support newer FPGA families, so is not recommend for new designs that may |
migrate to future FPGA families. Details on PLE can be found in the PLBv46 Interface Simplifications
document on xilinx. com.

Select Existing .bsb Settings File(saved from previous session) 1]

Set Project Peripheral Repository Search Path

(D:\DigiIent\Board_Support_FiIes_EDK\Aﬁvs_ESB_Support_u_3_6\,1\Hvs_AXI_BSB_Support\lib

o

Figure 2
Board and System Selection Window

@& Base System Builder - AXI flow. M
Board and System Selection I
I Select a target development board and a System Template.
Board
@ Create a System for the Following Development Board (Pre-selected Device Info)
Board Vendor |Digilent |z| Board Mame |Digilent Spartan-6 Atlys |E| Board Revision |C |z|
(7) Create a System for a Custom Board
Board Configuration
Architecture |spartang Device CBslna5 Reference Clock Frequency |100.00 MHz
Package csg329 Speed Grade |-3 Reset Polarity Active Low [7] use stepping
Select a System
Single MicroBlaze Processol System Information {
Dual MicroBlaze Processor System This system consists of one instance of MicroBlaze with external memory and
commonly used peripherals such as UART, GPIO, IIC, Ethernet etc. Peripherals are
connected on a shared AXI interconnect, while DDR memory is connected on a AXI
interconnect configured as a crossbar. Click Next to modify the default system.
Custom boards do not have default peripherals and need to be selected on the
next page.
Optimization Strategy
I
@ Area () Throughput
Related Information
Vendor's Website il
vendor's Contact Information
Third Party Board Definition Files Download Website 1
‘The Atlys board features a Xilinx Spartan-6 ¥C65LX45-3C56G324C FPGA device, two input and two output HDMI ports, 1Gb (x16) DDR2 DRAM
component for use with Spartan-6, 128Mbit Numonyx N25Q 128{x4) 5PI Flash memory, Marvell Alaska 10/100/1000 PHY device (88E111) with
CMIT intarfa HIN Haet frr ISR moes L ih A _1ISRIIADT hridna far tha carial nart AC 37 Cad, itk der dad iarke elid, i
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2a. Configuring and removing peripherals

Users can remove a peripheral by clicking on the specific peripheral (#1) and then selecting
“‘Remove” (#2). (See figure three for details)

Figure 3
Removing a Peripheral in BSB

Select and Configure Peripherals

axi_timebase_wdt

Core: d_ac97_axi

Avaiable Peripherals Included Peripherals for microblaze_0 Select Al
Peripheral Names Core Parameter i
=10 D|-_E|'V|I-|CEE|;NE|' DIP_Switches_8Bits

h Core: axi_gpio
= Intem_albf’enpherlals Add > Digilent_ACY7_Cntlr
axi_bram_ctrl

Digilent_Usb_Epp
Core: d ush e

m&’
O

=

axi_timer

Ethernet_Lite
o Lore
Use Interrupt

LED=_&Bits
Core: axi_gpio
MCB_DDR2 (Cached)
Core: axi_s6_ddrx
Push_Buttons_5Bits -
4 1 +

0f

NOTE: Base System Suider always ensbles MioroBizze caches. Al memories connected fo the AXT4 inferconnect are cached.

Finish

<Back | | | [ cancel

When users select a peripheral the system shows those parameters, if any, that they can
configure in BSB. For example, figure four shows the selection of the interrupt option for the
Digilent USB-EPP interface. Selecting the “Use Interrupt” option for any peripheral with the
option will make BSB add an interrupt controller to the system. If no other peripheral has this
option, users must follow the steps in 2a to use interrupts with the Digilent USB-EPP
interface.

Because the Digilent USB-EPP interface is a custom core, users will have to manually
connect the interrupt signal to the interrupt controller. Refer to section 3a “Connecting
internal and interrupt signals” for additional information.

Users must click FINISH after they have selected and configured their desired cores.
Clicking FINISH generates the Base System and the Xilinx Platform Studio (XPS) brings up
the “System Assembly View” to show the Bus Connections for the available peripherals.
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Figure 4

Selecting the interrupt option for the Digilent USB-EPP interface

Available Peripherals

Select and Configure Peripherals

Peripheral Names

(=110 Devices
ETHERMET

[=}- Internal Peripherals
axi_bram_ctrl
axi_timebase_wdt
axi_timer

Induded Peripherals for microblaze_0

Select Al

Core

DIP_Switches_8Bits
Core: axi_gpic

Add = Digilent_ACI7_Cntir
Core: d ac97 axi
Digilent_Usb_Epp

ore
Use Interrupt
Ethernet_Lite
Core: axi_ethernetlite
LEDs_8Bits
Core: axi_gpic
MCB_DDR2 (Cached)
Core: axi_sb_ddrx
Push_Buttons_5Bits

Parameter

4 | i

NOTE: Base System Buider always enables MioroBlaze caches. Al memories connected fo the AXT$ inferconnect are cached.

< Back ] [ Finish

| [ cancel

[ll. Making Connections for the Custom Cores

3a. Connecting AXI Clock Signals to the custom cores

3a-1

3a-2

In System Assembly View, select the “Ports” tab. (See figure five)

Figure 5

Selecting the Ports View

FA

"’L Bus Interfaces

Mame

axad 0
axadlite 0

Ports Addresses |
Bus Mame IP Type
i axi_interco...

i'r axi_interca...

If the Ports view does not show the “Net” column, users can reveal the column by
right-clicking on the “Ports View” header and selecting “Net” (#1 and #2). Older
versions of the EDK should show the “Net” column by default. Adjust the width of the
columns to see the full signal names. (See figure six)
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-
— -
< 1. RIGHT-CLICK ;

Figure 6
Showing the Net column
—_'; Bus Interfaces | Ports | Addresses |
MName Connected Port —Diraction Bamag Clag
Flat View
g Reset IP Position
axidlite 0
iz . (e
microblaze @ imb -
microblaze_0
microblaze 0 br.. v Class
microblaze 0 d ... « Range
microblaze G ... v Connected Port
Q5P| FLASH
MCB DDR2 W Frlequeml'_',r(Hz) .
debug_module v Differential Polarity
microblaze O intc v Reset Polarity
Ethernet_Lite v IP Type
DIP Switches_8E... .
LEDs 8Bits P ‘u’e-rs.m-n
Push_Buttons_5... w Sensitivity
G PC727 fioet 1

3a-3 Expand “Digilent_Usb_Epp” and then the “(BUS_IF) S_AXI.” Select the connection

signal “clk_100_0000MHzPLLO” for the “S_AXI_ACLK” in the “Net” column.

figure seven)

Figure 7

Connecting the AXI clock signal for a custom core

R5232 Uant 1
Digilent AC97 Cntir
Digilent Usb_Epp
=+ (BUS_IF) 5_AXI

AYT A
(10_IF) usb_epp 0
(10_IF) ush_epp_ext
{(10_IF) usb_epp_irg
clock_generator O
proc_sys_reset 0

L1+

(See

Connected to BUS axi... [« ] Connected to BUS axidlit.. [«

= ¥ a
Mot connected to Ext...
Mot connected to Ext...
Mot connected to Ext...

net and

[+] Mo Connection
[+] Mew Connection
[+] Make External
net_gnd

net_wco
Ethernet_Lite MDC
Ethernet_Lite_ PHY R5T_N
Ethernet_Lite_TX_EM

clk_100_0000MHzPLLD

s

Note: The signal “clk_100_0000MHzPLLO” is both the processor clock and the AXI clock as
long as the “Processor, Cache and Peripheral Configuration” window (its lower part is shown

in figure

three)

clock

frequency did

not change

from

“clk_frequencyMHzPLLnumber” to name the system clock signal.

100 MHz. Run

3a-4 Repeat Step 3 above for “Digilent_ AC97_Cntlr” if this core is also present in the

system.

3b. Making external port connections for the custom cores

3b-1.

and expand the combo box in the Connected Ports column.

For “Digilent_Usb_Epp” select the signal group — IO Interface “(I0_IF) usb_epp_ext”

After expanding the
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combo box select the “Make Ports External.” (See figure eight). This process should
connect all of the core ports to external FPGA ports.

Figure 8

Making an external connection
i+ (10_IF) ac97_irg Mot connected to External Ports | « | Mot connected to Extern... ||
=1 Digilent Usb_Epp
=) (BUSIF) S_AXI Connected to BUS axidlite_ 0 [+| Connected to BUS axidlit... [«
i 1 F clock_generator 0:CLKOUT2  # clk 100_0000MHzPLLD  [+]1
I+ (I0_IF) usb_epp 0 Mot connected to External Ports El Mot connected to Extern... El
- (I0_IF) usb_epp_ext Not connected to External Ports | [0l e s Bl =T 0 1 B -
= [10.IF usb_epp_irg hlotconnsctad to Edaraal Do bot connected to Extern... El
-- clock_generator 0 Make Ports External
[+ proc_sys_reset 0 -

3b-2. Repeat the step above for “Digilent_ AC97_Cntlr” group “(IO_IF) ac97_ext,” if this
core is also present in the system.

Note: Older versions of EDK might not have the “Connected Port” column available. If the
“Connected Port” is unavailable expand the corresponding signal group and select all of the
signals while holding the CTRL or SHIFT keys down. Then right-click on the selected signals
and choose “Make External.” (See figure nine)

Figure 9
Making external connections in older versions of EDK

- Digitent_Usb_Epp
[ (BUS_IF) S_AXI
-- {(I0_IF) usb_epp 0
5 {10 [FLush eon e

i X1

Mew Connection
| Make External I
Show Ports for selected IPs

[+ (I0_IFJ usb_epp_irg

3c. Checking I/0 signal naming for the _pin suffix

When operators make an 1/O signal external, some versions of EDK add the suffix “_pin” to
the signal name. However, in the BSB generated .ucf file the signal names might be without
the “_pin” suffix. Users must ensure the external signal names in both files match. For the
Atlys board, the DB signal of the “Digilent_Usb_Epp” peripheral might also add the “_pin”
suffix.

Do the following steps 3c-1 through 3c-3 to check for I/O signal naming.

3c-1. Find Ports View, scroll up, and expand “External Ports.” Check for the ports
“Digilent_Usb_Epp_DB?” or “Digilent_Usb_Epp_DB_pin.” (See figure ten)
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Figure 10
Viewing external port names

[ [[MName Connected Port [0
=} External Ports

DIP Switches 8Bits TRI | D]P_SwitchE_SBils:[gpio_D]::GPl._ﬁ DI

Digilent AC9Y Cntlr BITCLK pin Digi|ent_ACB?_CntIr::[a:ﬁ?_art]::._,{ D

Digilent ACO7 Cntlr RESET_N_pin Digilent_AC97_Cntlr:[ac97_ext]:. jﬁ Di

Digilent AC97 Cntlr SDATA_IN_pin Digi|ent_ACB?_CntIr::[ar_‘?}'_art]::._,{ D

Digilent ACO7 Cntlr SDATA_OUT_pin Digilent_ACB'.-'_Cntlr::[ad??_ext]::.jﬁ Di
Qigil=nt ACO a M pin DigiIent_ACB?_CntIr::[ad??_ext]::._,{ ]l
| Digilent Usb_Epp DB pin Digilent_Ush_Epp::[usb_epp_ext]:... D
Digient Ush_Epp EPPR3T pin Digilent_Usk_Eppe:[usb_epp_ext]:

3c-2. Expand the “Project”’ Files (#1) and double click on the .ucf file “data\system.ucf” (#2)
to open it. (See figure eleven)

Figure 11
Opening the .ucf file
b Project +08F X éi
Platform ﬁ
. = PmiectFies =

Implementation Options File: etc/fa

Bitgen Options File: etc/bitgen.ut
= EIf Files 2
. microblaze_(
= Project Options

Device: xchshedbesg324-3
Netlist: TopLevel
Implementation: XP5 (Xflow)
HDL: VHDL

Sim Model: BEHAVIORAL

Design Summary

| r
8 Project 8 IP Catalog

@ £ 2E

Consale

3c-3. Locate the “NET Digilent_Usb_Epp_DBJ]” lines in the .ucf file. (See figure twelve)
Note: The “Net”names do not contain the _pin suffix.

There are two ways to add the “_pin” suffix to the “Net” files. One method is to add
the “ pin” suffix in the .ucf file after “* DB.” For example, Digilent Usb_Epp_DB[0]
becomes Digilent_Usb_Epp_DB_pin[0]. The other method of removing the “_pin” is
to rename the .ucf files in Port View. It is easier to remove the “_pin” suffix in Port
View.

Note: Selecting an external port name in Port View will automatically edit the port name.
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Figure 12
Viewing .ucf file constraints

15 NET Digilent AC97 Cntlr SDATA OUT pin LOC = "N16" | IOSTANDARD = "
16 NET Digilent ACS7 Cntlr SYNC pin LOC = "U17" | IOSTANDARD = "LVCMC
17 /NET Digilent Usb Epp DB[OI\LOC = "L2" | IOSTANDARD = "LVCMOS33";
12| NET Digilent Usb Epp DB[1] |udc = "DE" | IOSTANDARD = 33"
18| NET Digilent Usb Epp DE([2] fLOC = "C&" | IOSTANDARD = "
20| NET Digilent Usb Epp DB[3] |Loc = "E3" | IOSTANDARD = "
21| NET Digilent Usb Epp DB[4] JLOC = "&3" | IOSTANDARD = "
22| NET Digilent Usb Epp DB[S] |oc = "=4" | IOSTANDARD = "
23 Digilent Usb Epp DB[&] |LOC = "24" | TOSTANDARD = "
24 Digilent Usb Epp DB[7]JLOC = "C5" | IOSTANDARD = 337;
25 ToiTent PD PPPEST pin LOC = "A5" | TOSTANDARD = "LVCMOS3

3d. Connecting internal and interrupt signals for custom cores

Extensible Provisioning Protocol (EPP) requests for the Digilent USB-EPP interface come
from the USB port. Because EPP is time-out based, the processor must answer in at least
100 milliseconds or the system application will signal a timeout. Digilent recommends that
users handle EPP requests with an interrupt service routine, instead of continuously polling
the interface status.

The demonstration applications include examples for using the USB-EPP interface in both
polling and interrupt mode.

Users must connect the interrupt request signal for the Digilent USB-EPP to either an
interrupt controller or the Microblaze processor interrupt input to use interrupt service
routines.

If users select the “Use Interrupt” option for any core in BSB, then the BSB will add an
interrupt controller to the system. Otherwise, operators must manually add and connect
interrupt controllers to the system.

Two steps must be taken to connect the interrupt output of a custom core to the interrupt
controller. First, users must make a hew connection for the custom core interrupt output,
and then give a signal name for this connection. Then add the new signal to the interrupt
controller’s “Intr” pin input.

Any version of Xilinx EDK newer than version 13.4 forbids making new connections for
interrupt outputs in Ports View. Operators must make new connections for interrupt outputs
in the Microprocessor Hardware Specification (MHS) file. See steps 3d-1 through 3d-5 for
further information on making new connections for interrupt outputs.

Making new connections in the MHS file:

3d-1. Double-click on “system.mhs.” Users can find the “system.mhs” file above the
“system.ucf” file. (See figure eleven)

3d-2. After Double-clicking on “system.mhs” locate the line “BEGIN d_usb_epp_dstm_axi”
and insert the line “PORT IRQ_EPP = Digilent_Usb_Epp_DB_IRQ_EPP” before the
“‘END” statement. (See figure thirteen)
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Note:

Figure 13
Adding a new connection to the interrupt output of the Digilent Usb-Epp interface

345 BEGIN d usb_epp_dstm axi

346 PARAMETER INSTANCE = Digilent_Usb Epp
347 PRRRMETER HW_VER = 1.00.a

348 PRRRMETER C_BASERDDR 0xTbcO0000

349 PARAMETER C_HIGHADDR 0xTbcOEfEE

350 BUS_INTERFACE 5 AXT = axid4lite O

351 PORT 5_RXI ACLK = clk 100 0000MHzPLLO
352 PORT IFCLE Digilent_Usb_Epp IFCLEK
353 PORT S5TMEN Digilent_Usb_Epp STMEN

354 PORT FLAGA Digilent_Usb_Epp FLAGR
o) FORT FLAGE

356 FORT FLAGC
S5 FORT SLED

Digilent Usb_ Epp FLAGB
Digilent_Usb_Epp FLAGC
Digilent Usb Epp SLRD
358 FORT SLWR Digilent Usb Epp SLWR
359 PCRT SLCE Digilent Usb Epp SLOE
360 PORT FIFCADR = Di gilent_Usb_Epp_FIFOADFi
361 PORT PETEND Digilent_Usb_Epp PETEND
362 FCRT EPPRST Digilent Usk Epp EPPRST

363 LB = Digilent Tcb Foo D=
364 lPORT IRQ EPPF = Digilent Usb Epp DB IRQ EPP]
365 END

Users can add any name for the new connection. However, Digilent recommends

following the “core_name_port_name” naming convention

3d-3. Save the MHS file. Upon saving XPS will ask to reload the design. Choose to reload.
After reloading click on the “System Assembly View” and expand the signal group
“(IO_IF) usb_epp_irg” in Port View for the “Digilent_Usb_Epp” peripheral, Note: A
new connection will appear in the Net column for the IRQ_EPP port.
3d-4. Go back to the “system.mhs” file and locate the line “BEGIN axi_intc.”
- If the user selected no other cores with interrupt in BSB and did not add another
interrupt connection in System Assembly view, then the computer will not show the
Intr pin port of the “axi_intc” core. If the Intr pin port is not visible, then add “PORT
Intr = Digilent_Usb_Epp DB_IRQ_EPP” before the “END” statement.
- If users have another core using interrupts, then they should already see the port
“Intr.” For example, if operators in BSB select the “Use Interrupt” option for the
“Ethernet_Lite” core, then the interrupt output should already be connected. In this
case the line should look like “PORT Intr = Ethernet_Lite IP2INTC_Irpt.”
- If the interrupt is already connected change the line to “PORT Intr =
Digilent_Usb_Epp_DB_IRQ_EPP & Ethernet_Lite IP2INTC Irpt.” (See figure
fourteen)
Figure 14
Adding a new Interrupt Connection to the interrupt controller
ab
87 BEGIN axi_intc
88 PARARMETER INSTANCE = microblaze 0 intc
89  PARAMETER HW VER = 1.02.a
90  PARAMETER C_BASEADDR = 0x41200000
91  PRRAMETER C_HIGHADDR = Ox4120Efff
92  BUS_INTERFACE 5 AXI = axi4lite 0
93 EUS INTERFACE INTEREUPT = microblaze 0 interrupt
a4 FORT S S¥T ZCLE = clk 100 o0aooMB=Pll0
95 [PORT Intr = Digilent Usb Epp DB IRQ EPP & Ethernet Lite IP2INTC Irpt )
96 END
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Note: The “&”sign in figure fourteen serves the same concatenation function as in the VHDL

language. The interrupt priority order starts from right to left, with the rightmost being the
highest priority.

3d-5. Save the MHS file again and choose Reload.

- Click on the “System Assembly View” and in “Port View” look for the
“microblaze_0_intc core” and expand it.

- Click on the “Intr” signal in the Connected Ports column (#1).

- Check the pop-up window to ensure that the system recognizes
“Digilent_Usb_Epp_DB_IRQ_EPP” as an interrupt input signal (#2). Also, if users
have more than one interrupt signal connected, check for the interrupt signals priority
(#3) in the signal order of the MHS file. (See figure fifteen.)

- The MHS file allows users to edit more than one line in the same time before
saving. Therefore, Step 3d-3 may be done together with Step 3d-5.

Figure 15
Checking for interrupt inputs and its priorities for an interrupt controller
T
debug_module =} By Class
=+ microblaze @ intc Clocks Only
Intr [Ltu H DigiIEnt_Usb_Epp_DB_IRQ...JLtU H: Digilent_Usb_Epp_DB_IRQ_E.. 1 Clocks
Processor_clk N} e |:| 1 [ -
Processor_rst 8 Interrupt Connection Dialog al @
(BUS_IF) 5_AXI Connected to BL
Ethernet_Lite Interrupt Controller microblaze_0_intc |Z| ] Show Net Name
DIP Switches_8Bits Unconnected Interrupt(s) Connected Interrupt(s) Priority
oL e Instance Mame  Port Name Instance Name Port Name =
Push_Buttons_5Bits
R5232 Uart 1 1 debug_module Interrupt '0 Digile b_Epp IRQ_EPP
=+ Digilent_AC97_Cntir 2 RS232.Uart1l  Interrupt 1 Ethernet_Lite PN Irpt T
(BUS_IF) 5_AKI Connected to BUJ |
0 00.IF) 207 et Connected to Bt]) |3 QSPLFLASH  IP2INTC Iipt =3 A
BITCLK External Ports:Dig)|
e
SDATA_IN External Ports:Dig| @ 2 3
SDATA_OUT External Ports:Did|
SYNC External Ports:Dig)|
RESET_N External Ports:Dig)| 3
(I0_IF) ac97 _irg Mot connected t High .
= Digilent Usb_Epp [ﬁ m [ | ]—
=1 (BUS_IF) S_AXI Gonnecied IR 2. £ bicio
S AXT ACIK clock neneratnr —_—

Users can make all of the connections presented in section three by editing the MHS file.
However, operators may find that Port View is easier and more error-proof than making
connections in the System Assembly View.

Be careful when editing the MHS file. Improper connections may lead to bitstream
generation failures. Also, syntax errors might cause EDK project corruption. (l.e. the

situation that XPS closes the project and announces MHS errors, being unable to open it
until the errors are corrected)

Digilent recommends users make a backup copy of their MHS file before editing it. Users
may backup their MHS File by either issuing a File -> Save As... command or by making a

backup copy of the “system.mhs file” in a file explorer. Operators can find the “system.mhs
file” in the root of the project directory.

Users can find more information about the MHS file syntax in the “Xilinx Platform

Specification Manual” UG642 chapter on “Microprocessor Hardware Specification” (MHS),
available at www.xilinx.com.
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Note: For older versions of EDK such as 13.2 and earlier, interrupt outputs for custom cores
allow new connections. After users make a new connection, they can then connect the
interrupt output of a custom core through the wizard shown in figure fifteen by selecting the
specific signal and clicking the right facing arrow “>.”

IVV. Using the Digilent HDMI controller

In order to use the Digilent HDMI controller, users must first connect the AXI Video DMA
core. BSB does not include this core because of the large number of tedious manual
connections and configurations. However, EDK versions 13.4 and higher support the AXI
Video DMA core. Follow steps 4-1 to 4-5 to use the AXI Video DMA core.

4-1.  Adding an “AXI Video DMA” core: Click on the “|IP Catalog” and expand the “DMA
and Timer group” (#1). Right-click on “AXI Video DMA” core (#2). Select the “Add IP”
option (#3) to open the the XPS Core Config window. (See figure sixteen)

Figure 16
Adding a core from the IP catalog
Ll i TLOL

= DMA and Timer 83 PORT

1t AXI Central DMA © 84  PORT

5'r AXI Datamover — g8s END

¢ AXIDMA Engine A 86 3

< AXIFIFO Memory Mapped To Streaming o 87

5 AXI Watchdog Timer = A

e v A TG
Video DI

Bl
5’ XPS Central DMA Conl i 1
7' XPSWatchdog Timer VeV MPD E
+'r XPS Timer/Counter View IP Modifications (Change Log) r
Debug View Helper IP Modifications (Change Log) » [
FPGA Reconfiguration View PDF Datacheet
General Purpose 10
10 Modules Make This IP Local i
1 Interprocesser Cornmunication TG TERAM
m k ‘ 100  PRRAEM

101 PCRT
4

LI

Project ' & TP Catalog ' & System Assembly Vie

l

4-2.  Go to the user tab of the “XPS Core Configuration” window:

- Check the “Enable Asynchronous Clocks” option. For newer versions, expand the
“‘MM2S Channel Options” group. For older versions, the “Primary Clock” is the
Asynchronous option.

- Set the “MM2S Video Line Buffer Depth” to 1024 Bytes

- Set the “MM2S Video Line Buffer Threshold” to 512 Bytes. For older versions it is
the “Almost Empty Threshold” and for newer versions expand the “S2MM Channel
Options” group.

- Set the “S2MM Video Line Buffer Depth” to 1024 Bytes
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- Option 1: If the user only needs the HDMI transmitter then use only the “Enable
Channel” option from the “S2MM Channel Options.” For older versions uncheck the
“Include S2MM Channel.” Also, set the HDMI transmitter option “Use HDMI
Receiver” to FALSE.

- Option 2: If the user uses only the HDMI receiver then use the option “Enable
Channel” from the “S2MM Channel Options.” For older versions uncheck the
“Include MM2S Channel.” Also, change the HDMI receiver option “Use HDMI
Transmitter” to FALSE.

4-3.  Add an “AXI HDMI Receiver/Transmitter” core in the same manner as step 4-1.

4-4.  Go to “System Assembly View” and then “Bus Interfaces.” Interconnect the MM2S
and S2MM buses between the “axi_hdmi_0” and “axi_vdma_0." (See figure

seventeen)
Figure 17
Interconnecting the MM2S and S2MM buses between the HDMI transmitter and the Video
DMA

=} gx1_ hdmi O axi_hdmi
( 5_AKIS_MM25 axi_vdma_0_M_AXI5 MM25 [l

M_AXIS_S2MM axi_hdmi 0 M_AXIS_S2MM

S oAl axig e
k5232 Uart 1 {r axi_uartlite
(= axi_wdma_0 {r axi_vdma
S_AXI_LITE axid lite_0

M_AKT_MM25 axi4_0

M AKT S2MIM axi4 0
M_AKIS_MM2S ax_vdma_0 M_AXIS_MMZS
S_AXIS_52MM axi_hdmi_0_M_AKIS_52MM

L AT )

EDE

Pt

4-5.  Go to the Ports View and expand the “axi_hdmi_0” instance. Click on the pen icon
for the port “MM2S_FSYNC_IN” and select core “axi_vdma_0" signal
“‘mm2s_fsync_out.”

In a similar manner, connect port “MM2S_BUFFER_ALMOST_EMPTY” to signal
“‘mm2s_buffer_almost_empty” of “axi_vdma_0"and port “S2MM_FSYNC_IN” to signal
“s2mm_fsync_out” of “axi_vdma_0.” Users should refer to figure eighteen for details
on port connection.
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Figure 18
Connecting additional signals on the Digilent HDMI Controller

[N R - dma 0 =
~MM25 BUFFER ALMOST EMPTY B — =/t

a).
MWSEUFFE_ALMGST_EMPW axi:vdma:ﬂ B mm25er_almust_empt_l,r F
- S2MM FSYNC IN E| — u
b).
L2V EsNCIN - PR 2mmfyncont___ H
- (BUS IF1 5 AXIS PMZS |E| n
C).

4-6.  Open the “system.mhs” link from the “Project” tab and locate the line “BEGIN
axi_hdmi.” Add the following lines before the “END” statement (See figure nineteen
for screenshot):

PORT S_AXIS_MM2S_ACLK = S_AXIS_MM2S_ACLK_int
PORT M_AXIS_S2MM_ACLK = M_AXIS_S2MM_ACLK_int
PORT ACLK = clk_100_0000MHzPLLO

Figure 19
Connecting clock signals for the Digilent HDMI Controller in the MHS file

384 BEGIN axi hdmi
385  PARAMETER INSTANCE = axi hdmi 0

386  PARAMETER HW VER = 1.00.a

387  PARAMETER C BASEADDR = 0x7e220000

388  PARAMETER C HIGHADDR = Ox7e22ffff

389  BUS_INTERFACE 5 AXI = axi4lite 0

390  BUS_INTERFACE M AXIS S2MM = axi hdmi 0 M AXIS S2MM
391  BUS_INTERFACE 5 AXIS MM25 = axi vdma 0 M AXIS MM25S
392  PORT S5 _AXTI ACLK = clk 100 000OMHzPLLO

393 (PORT 5 AXIS MM25 ACLK = 5 AXIS MM25 ACLK int
394 |PORT M AXIS S2MM ACLK = M AXIS S2MM ACLK int
3os |PORT ACLE = clk 100 000OMHzPLL{]

396  PORT IMDS RX CLK P = axi hdmi 0 IMDS RX CLE P
397  PORT TMDS RX CLK N = axi hdmi 0 TMDS RX CLE N
398 PORT TMDS RX 2 P = axi hdmi 0 TMDS RX 2 P
399 PORT TMDS RX 2 N = axi hdmi 0 TMDS RX 2 N
400 PORT TMDS RX 1 P = axi hdmi 0 TMDS RX 1 P

4-7.  Look for the line “BEGIN axi_vdma” and add the following lines (See figure twenty for
a screenshot):

PORT m_axis_mm2s_aclk = S_AXIS_MM2S_ACLK_int
PORT s_axis_s2mm_aclk = M_AXIS_S2MM_ACLK int
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Connecting clock signals for the Video DMA in the MHS file

Figure 20

360
36l
362
363
364
365
366
367
368
369
370
371
372
373
374
375
3786
377
378
379

BEGIN a=xi
FRERMETER
FRERMETER
FRERMETER
PAERMETER
PAERMETER
PAEARMETER
PAEARMETER
PAEARMETER

wdma
INSTANCE
HW VER
C_ENWABLE VIDPREMTR READS = 0
C_MM25 LINEBUFFER DEPTH = 1024
C_32MM LINEEBUFFER DEPTH = 1024
C_PEMEY 15 ACLE RSYNC
C _EBASERDDR
C_HIGHADDR

BUS INTERFRCE 5 AXI LITE =

BUS INTERFRCE M AXI MM25S =

axi wdma 0
4.00.a

=1

OxTe200000
OxTe20ffff

axid4lite O
axid 0

BUS_INTERFACE M AXI S2MM = axi4 0

BUS_INTERFACE S_AXIS S2MM =
BUS_INTERFACE M AXIS MM25S = axi wvdma 0 M AXIS MM25

PORT s_axi_lite_aclk
PORT m_axi_nnis_aclk
POET m axi =Zmm aclk

clk 100 O0O0OMH=zPLLO
clk 100 O0O0OMH=zPLLO
clk 100 000OMH=zPLLO

axi_hdmi 0 M AXIS S2MM

PORT m_axis_nnjg_aclk
PORT = axi=s =2mm aclk

S_BXIS MM2S ACLK int
M AXIS 52MM ACLK int

PORT mm2Z= feync out

axi wvdma O mmZ= fzync out

4-8.  Go to the “Adresses” tab in the “System Assembly View” and click on the
“‘Regenerate addresses” icon to generate adresses for the axi_hdmi core. (See
figure twenty-one) Regenerating the addresses should remove the “Unmapped
Addresses” group.

Regenerate address space for the axi_hdmi core

Figure 21

Bus Interfaces I Ports ‘ Addresses |

| | Instance

= fmlcroblaze_ﬂ'; Address Map
microblaze_0_d_bram_ctrl
microblaze 0_i_bram_ctrl
Push_Buttons_5Bits
LEDs_EBits
DIP_Switches_8Bits
RS232 Uart_1
Ethernet_Lite
microblaze_0_intc
debug_module
QSPLFLASH
Digilent_Usb_Epp
Digilent_AC97_Cntlr
axi_vdma_0
MCB_DDR2

Unmapped Addresses

Base Name

" C_BASEADDR
C_BASEADDR
C_BASEADDR
C_BASEADDR
C_BASEADDR
C_BASEADDR
C_BASEADDR
C_BASEADDR
C_BASEADDR
C_BASEADDR
C_BASEADDR
C_BASEADDR
C_BASEADDR
C_S0_AXI BASE...

Base Address

0x00000000
0x00000000
040000000
0x40020000
040040000
0x40600000
0x40E00000
041200000
0x41400000
075600000
0x7BCO0000
0x7D000000
0x7E200000
0xC0000000

High Address

0x00001FFF
0x00001FFF
0x4000FFFF
Ox4002FFFF
Ox4004FFFF
0x4060FFFF
Ox40EOFFFF
0x4120FFFF
Ox4140FFFF
0x7560FFFF
0x7BCOFFFF
0x7DO0FFFF
Ox7E20FFFF
0xC7FFFFFF

Size

8K

8K

64K
64K
64K
64K
64K
64K
64K
64K
64K
64K
64K

128M

] 0

£1
.4
£1
.4
Ll

Bus Interface(s)

SLME
SLMB

Bus Mame

microblaze_0_dl...
microblaze 0_il...
axidlite_0
axidlite 0

,_
o
2
~

1 e

4-9.  From the “Project” tab open “system.ucf.” Go to the downloaded AXI Board Support

Files, find the “../Atlys_AXI_BSB_Support/lib/Digilent/boards/Digilent_Atlys/data”

folder and use a text editor to open the “Digilent_HDMI_axi_hdmi_v1_00_a.ucf” file.

Users can use XPS to open the specific file and copy its contents to the end of the
“system.ucf” file. (See figure twenty-two). Do not forget to add an extra line to the

last .ucf line.

4-10. Finally, save the .ucf file. Users can now begin generating bitstream for their project.
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59
&0
6l
62
63
64
65
(13
&7
&8
L]
T0
T1
T2
T3
T4
75
T8
77
78
T
80
81
82
&3
84
&5
-1
87
88
89
90
91
a2
=3
a4
a5
=1
a7
a8
a3
LOO
101
102
LO3
L04

Figure 22

Adding the .ucf constraints to the “system.ucf” file
NET R5232 Tart_1 sout LOC = "EL ICSTANDARD = "LVCHOSIZ™»
HET rzg IOSTANDRRD = 1

NET zio IOQSTANDARD =

#

# additional constraints

¥

NET "GCLX" TNM NET = sys_clk pin;

TIMESPEC T5 sys_clk pin = PERICD sy= clk pin 100000 kHz;
m’:## HDMI Core constraints \
$ Overwrite existing VCCAUX setting for TMDS interfaces
CONFIG VCCAUX = 3.3;

FERERESER NSRS 0RRRR 1
NET "*TMD5 TX 0 _N*" LoC = "Ce" | ICSTANWDARD = "TMDS 33";
NET "*TMD5_TX 0O_ LOoC = "Dg" | ICSTANDRRD =

NET "*TMD5_TX 1 | LoC = "n7" | ICSTANDRRD =

NET "*TMDS_TX 1 LoC = T | ICSTANDRERD =

NET "*TMDS_TX . LOC = "ng" | ICSTANDRERD =

NET LOC = "BE" | IOSTANDARD =

NET LOC = "ag" | IOSTANDARD =

NET LCOC = "Be" | IOSTANDARD =

NET LoC = | ICSTANDRRD =

NET LCoC = | ICSTRANDRRD =

NET LCoC = | ICSTRANDRRD =

NET LoC = | ICSTANDRRD =

NET LoC = | ICSTANDRRD =

NHET TMDS BX 2 LoC = | ICSTANDRERD =

NET "*TMDS_RX | LoC = | ICSTANDRERD =

NET "*TMD5_RX | | LoC = | ICSTANDRRD =

NET "*TMD5_RX . LoC = | ICSTANDRRD =

NET "+TMD5_RX SDA LoC = | ICSTANDRRD =

e R et e L e E R R S S E S R E S s s E e s  E E E
NET "*5IG FL FCLEOUTZ" THM MET = globclk;

NET "*Inst_| 1kGen?P1l10ut_x1" THNM NET = hdmipclk;

s it e R LR SR E s s s E st EE it s it E et EE LS e LS
# Timing Constraints E
FERERESERRRS IS4 R AR

TIMESPEC T5_pathl = FROM globclk TC hdmipclk 14 ns;
“IH.ESPEC IS pachl = FROM hdmipcllk TO globclk 10 ns: /
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