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ChipScope ILA Tools Tutorial

Overview

The ChipScopell ILA Tools Tutorial includes instructions for synthesizing a design and
setting up a board-under-test. It also includes steps to create and add one or more
Integrated Logic Analyzer (ILA) cores and a single Integrated Controller (ICON) core to a
design, using both the core generator flow and the core inserter flow in VHDL and in
Verilog. A brief introduction to the ChipScope Analyzer software is included, as well as
instructions on how to modify ILA input connections using the Xilinx FPGA Editor.

ChipScope ILA Tools Description

Table 1-1 lists the ChipScope ILA Tools and their description.

Table 1-1: ChipScope ILA Tools Description

Tool Name

Description

ChipScope Core Generator

Provides netlists and instantiation templates for the
Integrated Controller ICON) core and Integrated
Logic Analyzer (ILA) cores.

ChipScope Core Inserter

Automatically inserts the ICON core and one or
more ILA cores into the user’s synthesized design.

ChipScope Analyzer

Provides capability for trigger setup and trace
display for the ILA core(s) in the user's
instrumented design. Also provides JTAG
Boundary Scan configuration and communication
capability.

Using the ChipScope Core Generator

The ChipScope Core Generator allows you to generate EDIF files and example code to
instantiate ChipScope ICON and ILA cores into your design. Alternately, the ICON and
ILA cores can be inserted into your design netlist using the ChipScope Core Inserter. Refer
to Using the ChipScope Core Inserter, page 10 for details. To start the ChipScope Core
Generator, go to the Windows main menu bar and select Start - Prograns -

Chi pScope - Chi pScope Core Cenerator.

UG044 / PN 0401957 (v4.2.2) July 24, 2003
ChipScope ILA Tools Tutorial

www.xilinx.com
1-800-255-7778



http://www.xilinx.com

Using the ChipScope Core Generator XX"JNX@

Generating an ICON Core

After starting the ChipScope Core Generator, choose to generate an Integrated Controller
(ICON) core, then click Next . The ICON core example in this tutorial uses the following
parameters:

Device Settings: Virtex[] / Virtex-E / Spartan[] -1I/Spartan-IIE
Number Of Control Ports: 1

Enable External Trigger Input: No

Enable External Trigger Output: No

Disable JTAG Clock BUFG Insertion: No

Include Boundary Scan Ports: No

Figure 1 shows the options chosen in the ChipScope Core Generator dialog box. Br owse to
select the file destination, then once the options have been chosen, click Next .

mthipScope Core Generator 0] x|

Integrated Controller Options

~Design Files

Output Metlist: [Enprojectsilalusage_tesficon edn

Device

Device Family: VirlexNinex—EISpanan—I\IBpanan—llELI

ICON Parameters

Mumber of Control Parts: |1 -

[ Enable External Trigger Input Pin Location:

[ Enahle External Trigger Qutput Pin Location:
[~ Digahle JTAG Clock BUFG Insetion

[ Include Boundary Scan Ports (only if necessan)

= Previous Mext =

Figure 1. Choosing ICON Core Generation Options
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Figure 2 displays the choices for HDL sample files, which include instantiation templates
and correct attributes. Both the language and synthesis tool are chosen, or you can choose
not to generate any HDL files at all by deselecting Gener at e Exanpl e Fil es.

gthip&:ope Core Generator 1O x|

Sample Code Generation Options

Design Entry: IVHDL vI

Synthesis Toal: [xilinu x5 T |

= Previous | Generate Core I

Figure 2: Choosing HDL Template Options

After choosing the appropriate options, click Gener at e Cor e. A message box opens,
informing you when the core generation is complete. To move on to the next section, select
Start Over.

Generating an ILA Core
This time, select the | LAradio button and click Next . The ILA core in this tutorial uses the
following parameters:
¢ ILA Component Name Type: Long Name
® Device Settings: Virtex / Virtex-E / Spartan-II / Spartan-IIE
¢ Clock Settings: Rising Edge Of Clock
e Trigger Same As Data: No
¢ Trigger Width: 8
e Data Depth: 256
e Data Width: 16
e Extended Matching: Yes
¢ Number Of Match Units: 2
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Figure 3 shows the options chosen in the ChipScope Core Generator dialog box. Br owse to
select the file destination, then once the options have been chosen, click Next .

ERChipScope Core Generator

=loix|

Integrated Logic Analyzer Options

rDesign Files

Output Netlist: |E:\projectsiilausage_testila_dd256_dw16_twd_e2.edn

Browse

LA C Name Style
& Long Narme " Shott Mame € Custorn Mame ‘

rDevice Settings

IVir‘teerirtex-ErSpar‘tan-IIISpar‘tan-\lELI

Device Family: ¥ Use SRL16S

Clock Settings
Sample On |Rising w | Edge Of Clock

Trigger Settings

" Trigger Same As Data Trigger Width: |8 -
rData Settings

Data Depth: IZSE - Data Width: [16
Match Settings

|| Extended Matching Match Units: |2 -

= Previous

Figure 3: Choosing ILA Core Generation Options

After choosing the appropriate options, click Gener at e Cor e. A message box opens,
informing you when the core generation is complete.
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Using Cores in a Verilog Design Flow

The following Verilog code illustrates how to add ICON and ILA core modules to an
existing design. It consists of a 32-bit counter whose upper four bits attach to output pads.
Note: The design must be synthesized using a standard Verilog synthesis tool that can produce

EDIF or XST netlists for use with the Xilinx ISE Alliance 4.2i (or later) or Xilinx ISE Foundation
4.2i (or later) implementation tools.

nmodul e top ( clk, cnt );
i nput cl k;
output [3:0] cnt;
reg [31:0] counter;

al ways @ posedge cl k)
counter = counter + 1;

assign cnt = counter[31:28];

endnodul e

Instantiating the ICON Module

The ICON module provides communication between the JTAG interface and each ILA
unit. The ICON module declaration, the module instance, and the signals that the module
uses, must be instantiated into the design. The cont r ol _wi dt h constant defines the
width of the control bus while the cont r ol _bus signal provides a communication path
between the ICON module and a single ILA module.

This tutorial uses an ICON module with a single control port and no Boundary Scan ports.

Note: This example shows instantiations using XST. Please follow the template instructions for
instantiation in designs processed by other synthesis tools, as compiler directives and port
directions may be different for different tools.

To instantiate the ICON module, use the following code (the ICON module-related Verilog
statements are shown in bold):

nmodul e top ( clk, cnt );
i nput cl k;
output [3:0] cnt;
reg [31:0] counter;
wire [41:0] control _bus;

al ways @ posedge cl k)
counter = counter + 1;

assign cnt = counter[31:28];
icon i_icon

(
. CONTROLO( cont r ol _bus)
)

endnodul e

nodul e i con

(
CONTROLO
)
out put [41:0] CONTROLO;
endnodul e
UGO044 / PN 0401957 (v4.2.2) July 24, 2003 www.xilinx.com 5
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Instantiating the ILA Module

The ILA module captures data samples from a design when the trigger signal satisfies
certain trigger conditions. The ILA module declaration, the module instance, and the
signals that the module uses, must be instantiated into the design. The dat a_wi dt h and
tri g_w dt h constants define the width of the data and trigger buses, respectively. These
signals connect the ILA module to the part of the original design that is under test.

This tutorial uses an ILA module with a data depth of 256, data width of 16, and a trigger
width of 8.

Note: This example shows instantiations using XST. Please follow the template instructions for
instantiation in designs processed by other synthesis tools, as compiler directives and port
directions may be different for different tools.

To instantiate the ILA module, use the following code (the ILA module-related Verilog
statements are shown in bold):

nmodul e top ( clk, cnt );
i nput cl k;
output [3:0] cnt;
reg [31:0] counter;
wire [41:0] control _bus;
wire [15:0] data;
wire [7:0] trig;

al ways @ posedge cl k)

counter = counter + 1;
assign cnt = counter[31:28];
icon i_icon

(
. CONTROLO( cont r ol _bus)
)

assign data
assign trig

= counter[15:0];
= counter[7:0];
ila_dd256_dwl6_tw8_e2 i _ila_dd256_dwl6_tws_e2
(
. CONTROL(control _bus),

. CLK(cl k),
. DATA(dat a) ,
.TRIG(trig)
)
endnodul e

nodul e i con

(

E
out put [41:0] CONTROLO;
endnodul e

CONTROLO

nmodul e ila_dd256_dwl6 twd e2
(
CONTRQOL,
CLK,
DATA,
TR G

E
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i nput [41: 0] CONTROL;

i nput CLK;

i nput [ 15: 0] DATA

input [7:0] TR G
endnodul e

Using Cores in a VHDL Design Flow

The following VHDL code illustrates how to add ICON and ILA core components to an
existing design. It consists of a 32-bit counter whose upper four bits are attached to pads.

Note: The design must be synthesized using a standard VHDL synthesis tool that can produce
EDIF or XST netlists for use with Xilinx ISE Alliance 4.2i (or later) or Xilinx ISE Foundation 4.2i

(or later) implementation tools.
l'ibrary |EEE;
use | EEE. std_ |l ogic_1164.all;
use | EEE. std_l ogi c_unsi gned. al | ;

entity top is
port

(
clk : instd_logic :="'0";
cnt : out std_logic_vector(3 downto 0)
)
end top;

architecture behave of top is

signal counter : std_logic_vector(31 downto 0)

:= (others => ‘0");

begin
process(cl k)
begin
if ( clk’event and clk = ‘1" ) then
counter <= counter + 1;
end if;

end process;
cnt <= counter (31 downto 28);

end behave;
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Instantiating the ICON Component

The ICON component provides communication between the JTAG interface and each ILA
unit. The ICON component declaration, the component instance, and the signals that the
component uses, must be instantiated into the design. The cont r ol _wi dt h constant
defines the width of the control bus while the cont r ol _bus signal provides a
communication path between the ICON component and a single ILA component.

This tutorial uses an ICON component with a single control port and no Boundary Scan
ports.
Note: This example shows instantiations using XST. Please follow the template instructions for
instantiation in designs processed by other synthesis tools, as compiler directives and port
directions may vary for different tools.
To instantiate the ICON component, use the following code (the ICON module-related
Verilog statements are shown in bold):
library | EEE:

use | EEE. std_l ogic_1164. al | ;
use | EEE. std_| ogi c_unsi gned. al | ;

entity top is

port
(
clk : in std_logic :="'0";
cnt : out std_logic_vector(3 downto 0)
)
end top;

architecture behave of top is
signal counter : std_logic_vector(31 downto 0)
= (others =>"'0");
signal control _bus : std_|logic_vector(41 downto 0);
conponent icon
port
(
CONTRCLO : out std_l ogic_vector(41 downto 0)
)

end conponent;

begin
process (cl k)
begin
if ( clk'event and clk ="'1" ) then
counter <= counter + 1;
end if;
end process;

cnt <= counter (31 downto 28);
i _icon : icon
port map

(
CONTRCOLO => control _bus
)

end behave;
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Instantiating the ILA Component

The ILA component captures data samples from a design when the trigger signal satisfies
certain trigger conditions. The ILA component declaration, the component instance, and
the signals that the component uses, must be instantiated into the design. The

data_wi dth andtri g_w dt h constants define the width of the data and trigger buses,
respectively. These signals connect the ILA component to the part of the original design
that is under test.

This tutorial uses an ILA component with a data depth of 256, data width of 16, and a
trigger width of 8. Also, the data and trigger signals are separate from one another.
Note: This example shows instantiations using XST. Please follow the template instructions for
instantiation in designs processed by other synthesis tools, as compiler directives and port
directions may be different for different tools.
To instantiate the ILA component, use the following code (the ILA module-related Verilog
statements are shown in bold):
library | EEE:

use | EEE. std_l ogic_1164. al | ;
use | EEE. std_| ogi c_unsi gned. al | ;

entity top is

port
(
clk : in std_logic :="'0";
cnt : out std_logic_vector(3 downto 0)
)
end top;

architecture behave of top is
signal counter : std_logic_vector(31 downto 0)
= (others =>"'0");
signal control _bus : std_|l ogic_vector(41 downto 0);
conponent icon
port
(
CONTRCLO : out std_l ogi c_vector(41 downto 0)
)
end conponent;
signal data : std_logic_vector (15 downto 0);
signal trig : std_logic_vector(7 dowto 0);
conponent ila_dd256_dwl6_tw8_e2

port
(
CONTRCL cin std_l ogi c_vector (41 downto 0);
CLK s in std_l ogi c;
DATA s in std_l ogi c_vector(15 downto 0);
TRI G s in std_l ogi c_vector(7 downto 0)
)
end conponent;
begi n
process (clk)
begi n

if ( clk'event and clk ="'1" ) then
counter <= counter + 1;
end if;
end process;

cnt <= counter (31 downto 28);
i _icon : icon
port map
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(
)

data <= counter (15 downto 0);
trig <= counter(7 downto 0);

CONTROLO => control bus

i ila dd256 _dwl6 twB e2 : ila _dd256_dwl6 tw3 e2
port map
(
CONTROL => control _bus,
CLK => cl k,
DATA => dat a,
TR G =>trig
)

end behave;

Synthesizing the Design

Once you have instantiated the ICON and ILA components into your design, use an HDL
synthesis tool to compile the design to an EDIF or XST netlist file. The behavior of the
ICON and ILA cores is not provided to the synthesis tool in the form of HDL files. Instead,
the ICON and ILA cores act as “black boxes” whose behavior is provided during the
implementation process in the form of EDIF netlists.

Modifying the UCF File

All of the constraints needed by the ICON and ILA cores during implementation are now
included in NCF files that are automatically generated along with the EDIF netlists. You no
longer need to modify the design UCF file to include these constraints. If you have
included any ICON and/or ILA core constraints in the design UCF file, you will need to
remove them to avoid any errors during the implementation process.
Note: If you move the ICON and/or ILA core EDIF netlist files from the directory in which they
were generated, make sure you also move the corresponding NCF files to the same location. If
you fail to do this, you might encounter erratic or erroneous behavior during implementation
and/or run-time.

Using the ChipScope Core Inserter

Instead of using the ChipScope Core Generator to generate cores that must then be
manually instantiated and added to the design, you can use the ChipScope Core Inserter
(after synthesis) to embed the cores directly into the EDIF or XST netlist at once, allowing
implementation to proceed immediately. To start the ChipScope Core Inserter, go to the
Windows main menu bar and select St art — Progranms - Chi pScope -

Chi pScope Core Inserter.

The Core Inserter requires an EDIF or XST netlist, so the following design must be
synthesized before core insertion can proceed. An EDIF netlist can have a *.edf or *.edn file
extension and a XST netlist has the *.ngc file extension. In this tutorial, we will assume the
following design has been synthesized to the XST netlist called base. ngc and translated
into the netlist called base. ngd using the Xilinx ISE Foundation 4.2i Project Navigator
tool:

nmodul e top ( clk, cnt );
i nput cl k;
output [3:0] cnt;
reg [31:0] counter;

al ways @ posedge cl k)
counter = counter + 1;
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assign cnt = counter[31:28];

endnodul e
The first view of the Core Inserter is where you specify the input and output files
(Figure 4).
@EhipScope Core Inserter i |EI|5|
File Edit Insert Help
O @ + = & ?
= DEVICE 7 Select Device Options
...... ICON E
—Design Files
Input Design Metlist: IE:IprojectinIalusage_tesmup.ngc Browse
Output Design Metlist: IE:Iprojects‘tila‘tusage_tesmop.ngc Browse |
Qutput Directory: IE:IprojectinIalusage_test‘t_ngo Browse |
—Device Settings
Device Family Selection: Vineerinex—EISpanan-llISpanan-IIELI ¥ Use 5RL1ES
= Ereviouns Mlext =
Messages
ISE Project Detected. Assigning ISE design parameters to project. ;I
-
4] »

Figure 4: Specifying Core Insertion Files

First specify the Input Design Netlist (EDIF or XST) file. This is the synthesized design.
Once this netlist is specified, the Core Inserter fills in all the other fields automatically. The
default Device Family Selection and Use SRL16's selections are fine as is for this tutorial.

Click Next to continue.
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Figure 5 shows the available ICON options. The default is fine for this tutorial. Click Next
to continue.

@EhipScope Core Inserter : : & |EI|5|
File Edit Insert Help
O @ <« = % ?
E|---D_E\ﬂCE >f Select Integrated Caontraller Options
oy B i
ar: 5
["] Enable External Trigaer Input Pin Location:
["] Enahble External Trigger Output Pin Location:
["] Disahle JTAG Clock BUFG Insertion
= Previous Mext = e ILA Lnit |
Messages
Hote: c:¥ilinxiChipscoped _1iinserterbinillalnserter.ini not found - using default values. ;l
ISE Project Detected. Assigning ISE design parameters to project.
-
4] »

Figure 5: Specifying ICON Options
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Specifying ILA Options

Figure 6 shows the available ILA options. The top half of the screen contains the
parameters; the bottom half contains the Net Connections panel where the connectivity is
specified. Each port type (Clock, Trigger, Data) has a plus (+) sign next to it.

@EhipScope Core Inserter : : & |E||5|
File Edit Insert Help
O Hd <= = % ?
=-DEVICE Select Integrated Logic Analyzer QOptions
= ICoN —Clock Setti
: oc| ings
O NITO: ILA ¢
Sample On IRising vl Edge Of Clock
—Trigger Settings
[] Trigger Same As Data Trigger Width: IS - l
~Data Settings
Data Depth: |256 vl Data Width: 16 j
~Match Settings
[v| Extended Matching Match Linits: |2 vl
~HNet Connections
El-ILA UNIT
[#-CLOCK NET
---TRIGGER METS
H-DATA NETS
= Previous Mext = Modify Connections Remaove Unit |
Messages
Hote: c:Xilinx\Chipscoped4 _1iinserterbinilainserter.ini not found - using default values, ;l
ISE Project Detected. Assigning ISE design parameters to project.
Al L|_I

Figure 6: Specifying ILA Options
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Click the plus (+) next to the clock to see that no net is currently selected (Figure 7). When
the Cl ock Net selection is colored red, it means that no net is currently connected.

@EhipScope Core Inserter i |EI|5|
File Edit Insert Help
O @ <« = % ?
E|---D_E\ﬂCE Select Integrated Logic Analyzer Options
=-ICON

: —Clock Settings
ERUINITO: ILA o
Sample On IRising vl Edge Of Clock

—Trigger Settings

[~ Trigger Same As Data Trigger Width: IS vl
—Data Settings
Data Depth: |256 vl Data Yidth: [16 j
—Match Settings

[v| Extended Matching Match Units: |2 vl

—Net Connections

E-ILA UNIT
E-CLOCK NET
[

& DATA NETS

= Previous Mext = Modify Connections Remaove Unit |

Messages

Hote: c:¥ilinxiChipscoped _1iinserterbinillalnserter.ini not found - using default values. ;l
ISE Project Detected. Assigning ISE design parameters to project.

o i

Figure 7: Choosing a Clock Net
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Double-click the CHO: selection under Cl ock Net, or highlight CHO: and click Mbdi fy
Connect i ons. The Select Net dialog box appears (Figure 8).

R celect Net = B
Structure / Nets Net Selections
...... - CIDCKI Triggerl Data'
Channel Clock Met

Jfelk_BUFGP

4 o

|Met Name | Pattem: ol =] Fitter |

Met Hame Source Instance Source Component | Base Type
clk_BUFGP clk_BUFGP BUFGF BUFGP

il 4 Maove hets Up |

-
ﬂ _’I—I Remove Connections & Move Mets Down |

Figure 8: Choosing a Net in the Select Net Dialog Box

The hierarchy of the design (none in this case) can be traversed on the upper left panel of
the Select Net dialog box. The nets available at the selected level of hierarchy are listed in
the table at the lower left. The ILA input channels that can be connected to nets are located
in the upper right Net Selections panel.

Net names can be easily located in a given level of hierarchy by searching for patterns in
the net names, instance names of net driver source components, types of net driver source
components, or the type of base components (primitives or black boxes) that are driving
the nets. Wildcards (*,?) can be used in search filters for keywords, net names, parts of net
names, etc.:

e “?”isused to represent one character

* “*”isused to represent multiple characters

Select the “Net Name” category in the pull-down list, type the keyword “*clk*”, including
wildcards, into the Pattern text box and click Fi | t er to find the net names that include the
keyword.

For the clock net, select the net named cl k_BUFGP, which is the clock net after the global
buffer (BUFG or BUFGP). To assign the ¢l k_BUFGP net to the clock input of the ILA core,
select the Cl ock tab in the Net Selections tabbed panel and select the CH: 0 row in the table.
Now click on the Make Connect i ons button on the lower right of the Select Net dialog
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box. Click on the OK button at the bottom of the Select Net dialog box to view the clock net
connection you just made. See Figure 9.

@EhipScope Core Inserter i |EI|5|
File Edit Insert Help
O @ <« = % ?
E|---D_E\ﬂCE Select Integrated Logic Analyzer Options
=-ICON

: —Clock Settings
ERUINITO: ILA o
Sample On IRising vl Edge Of Clock

—Trigger Settings
[~ Trigger Same As Data Trigger Width: IS vl
—Data Settings
Data Depth: |256 vl Data Yidth: [16 j
—Match Settings

[v| Extended Matching Match Units: |2 vl

~Net Connections
E-ILA UNIT
E-CLOCK NET
[ H Ol BUFGP
- TRIGGER NETS
=-DATA NETS

< Previous Mext = i Modify Connections Rermove Unit |

Messages

Hote: c:¥ilinxiChipscoped _1iinserterbinillalnserter.ini not found - using default values. ;l
ISE Project Detected. Assigning ISE design parameters to project.

o i

Figure 9: Core Inserter Clock Net Chosen

Repeat this procedure to select count er [ 7: 0] for the trigger nets, and count er [ 15: 0]
for the data nets. The connecting channels for data and trigger may be different for
different vendors (due to bus expansion, etc.) so the names will be count er _15...
Note: These bus-wide assignments can be done all at one time by selecting multiple source nets
and ILA core channel destinations before clicking on the Make Connect i ons button in the
Select Net dialog box.
When finished, click Next . At this time, a dialog box appears with the question “Proceed
with Core Insertion?” For the purposes of this tutorial, only one core is needed, so click
Yes. The core insertion progress then is displayed in the Messages panel at the bottom of
the window. A “Core Generation Complete” message appears in the Messages panel when
the process is complete.

Note: To add another ILA core to the design, click No, and select Edi t - New I LA Unit.A
new unit (UNIT1:ILA) will appear in the tree on the left, and the options and nets can be chosen
as they were for Unit 0. Up to 15 ILA cores can be parameterized this way.
At this point, the ICON, ILA, and top-level design *. ngo files have been created in the
directory specified in the ChipScope Core Inserter "Device" window, Figure 4, page 11.
Make sure that you use these * . ngo files during the design implementation stage that is
described in the following section. Failure to do so could result in errors during the
implementation process, or later, while running the ChipScope Analyzer.
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Implementing the Design

Running Implementation after Using the Core Generator

After using the Core Generator to generate the EDIF netlist, then use the Xilinx ISE Alliance
4.2i (or later) or Xilinx ISE Foundation 4.2i (or later) tools to implement your design. Use
the following script to produce device BIT files that are compatible with JTAG
configuration.

For JTAG configuration:

ngdbuil d -sd <netlist path> -p <part type> top.ngc

map top

par -ol 5 -wtop top

bitgen -w -g UserlD:<user ID> -g StartupC k:JtagCl k top top_jtag
The ngdbui | d "-sd" option specifies the location of the ICON and ILA core EDIF netlist
(*. edf or*. edn) files or XST netlist (*. ngc) files and NCF constraint files used by the

top design. Note that you should modify the <net | i st pat h>, <part type>, and <user
| D> parts of the script.
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Running Implementation after Using the Core Inserter

After inserting ChipScope cores into the design, the design must be implemented using the
Xilinx ISE Alliance 4.2i (or later) or Xilinx ISE Foundation 4.2i (or later) tools.

Note: The ChipScope Core Inserter 4.2i will only work with Xilinx ISE Alliance 4.2i (or later) or
Xilinx ISE Foundation 4.2i (or later) implementation tools. It will not work with any Xilinx
Alliance Series™ 4.1i (or earlier), Xilinx Foundation Series™ 4.1i (or earlier), or Xilinx
WebPACK™ implementation tools.

Using Core Inserter 4.2i with Command Line Implementation

Since the Core Inserter generates a file of a different format than synthesis (an NGO file
instead of an EDIF or XST netlist) the implementation flow is slightly different. If you are
using the command line, use the NGO file produced by the Core Inserter instead of the
EDIF or XST netlist.

For JTAG configuration:
ngdbui Il d -sd <netlist path> -p <part type> base_il a.ngo
map base_ila
par -ol 5 -w base_ila base_ila
bitgen -w -g UserlD:<user ID> -g Startupd k: JTAGC k base_ila base_ila

Using Core Inserter 4.2i with Xilinx ISE Foundation 4.2i

If you are using Core Inserter 4.2i with Xilinx ISE Foundation 4.2i implementation tools,
some flow manipulation is necessary to ensure the correct files are implemented. To insert
ChipScope cores via the ChipScope Core Inserter into a design processed by Xilinx ISE
Foundation 4.2i, follow these steps:

1. Synthesi ze and Tr ansl at e the design.

After creating a project and adding the HDL or EDIF/XST source files, Synt hesi ze
(if required for the selected flow) and Tr ansl at e the design. This can be done by
simply double-clicking Tr ansl at e under | npl enent Desi gn.

2. Run the ChipScope Core Inserter.

Launch the Core Inserter from St art — Prograns — Chi pScope 4.2i -
Chi pScope Core Inserter.

Note: ChipScope Core Inserter version 4.1i (or earlier) cannot be used with Xilinx ISE
Foundation 4.2i.

3. Browse for the top level design to fill in the Input Design Netlist. Verify the following
parameters are set under the Devi ce tab:
¢ For Exemplar, Synopsys, and Synplicity designs:
Input Design Netlist = <ProjectD r>\<design>.[edf]|edn]
Qut put Design Netlist = <ProjectDir>\_ngo\<desi gn>. ngo
Qutput Directory = <ProjectDi r>\_ngo
e For XST designs:
I nput Design Netlist = <ProjectDi r>\<desi gn>. ngc
Qut put Design Netlist = <ProjectDir>\<design>. ngc
Qutput Directory = <ProjectDi r>\_ngo
Br owse for the input <desi gn>. edf, <desi gn>. edn, or <desi gn>. ngc file. The
Core Inserter will detect the presence of the ISE project when it finds the _ngo

directory, and the two output fields will be filled in automatically. This can only be
done after the Tr ansl at e step has been run at least once.

4. Complete ICON and ILA core insertion in the ChipScope Core Inserter.

Define ChipScope Core parameters and connect all signals, then insert the cores. The
Core Inserter places new NGO files for the top level, as well as for the ICON and ILA
cores, in the _ngo directory. Save the project before exiting the Core Inserter.
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5. Rerun the Tr ansl at e step.

When you return to Xilinx ISE Foundation 4.2i, you should see that the green check
mark by the Tr ansl at e step has disappeared. Double-click Tr ans| at e, or right-
click Tr ansl at e and select Run. The RUN command will start with the new NGO files.

Note: DO NOT select Rerun All, as this will rerun Synthesis and the first portion of
Tr ansl at e, which will undo the Core Insertion that was just performed.

6. Continue with | npl ement ati on.

Make sure to specify the ChipScope Core Inserter bitstream generation options (JTAG
clock when required, enable Readback) when creating the bitstream.

You must follow all of these steps after making any modifications to the HDL source, or
after deleting any of the implementation data. Simply running through the standard ISE
flow will not insert the ChipScope cores into the design.
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Setting Up the Board-Under-Test

Before running the ChipScope software, set up the system or board-under-test. This
tutorial assumes that a MultiLINXL] download cable will be used to communicate
between the host PC and the board-under-test. Follow these steps to ensure that
ChipScope software functions properly:

1. Power down the system.

2. Connect either the USB or the RS-232 connector of the MultiLINX download cable to
the host computer using the appropriate cable.

3. If using the RS-232 connection, make sure that a serial communications port is
available (that is, not used by another resource) for the MultiLINX cable.

4. Connect the MultiLINX cable to the V¢ (2.5-5.0V) and GND header pins on the board-
under-test.

5. Connect the MultiLINX cable to the JTAG header pins (TDI, TMS, TCK, and TDO) that
lead to the chain containing the target device to be tested.

6. Ifnecessary, disable any device from driving the TDI, TMS, and TCK pins that are now
connected to the MultiLINX cable.

7. Turn on power to the board to check the MultiLINX LED.

You are now ready to start the ChipScope Core Analyzer program.

Using the ChipScope Analyzer

To start the ChipScope Analyzer, go to the Windows main menu bar and select St art -
Progranms - Chi pScope - Chi pScope Anal yzer.When the ChipScope Analyzer
starts, the Select Project dialog box opens.

After you select "Create a new Project” and click OK, another dialog box opens. Br owse for
an appropriate project location, create a project file named t ut ori al . cpj , then click
Open. The ChipScope window is now called ChipScope Analyzer [tutorial].

Opening a Cable Connection

After you start the ChipScope Analyzer and create the t ut ori al . cpj project, connect to
the MultiLINX cable or Parallel Cable III cable by clicking the Qpen cabl e/ Sear ch
JTAG chai nbutton in the toolbar. After a few moments, the status bar at the bottom of the
main ChipScope window should report the connection status (that is, "Successfully
opened Parallel Cable (port = LPT1)").

Setting Up the Boundary Scan Chain

When the cable connection opens, the Boundary Scan chain is automatically detected. A
window appears indicating which Xilinx and non-Xilinx devices were detected, and in
what order. If all the devices in the chain are detected as Xilinx, nothing more needs to be
done. If non-Xilinx devices are in the chain, you must specify the IR (Instruction Register)
length.
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Configuring the Target Device

You can configure the target device after setting up the Boundary Scan chain. This tutorial
assumes that the target device is programmed using JTAG configuration mode. To
configure the device, select Confi gure — JTAG Confi gurati on, or click the
Configure with | ast used settings button. The Configuration dialog box opens.

Click Sel ect New Fi | e, and the Open Configuration File dialog box opens. Br owse for
the BIT file that was created earlier in the tutorial for JTAG configuration. After selecting
the file, click Open. Once the file opens, you can view the configuration progress in the
status bar at the bottom of the main ChipScope window. When the configuration process
finishes, the DONE status appears at the lower right corner of the window.

Setting Up the Trigger

The BIT file that was used to configure the target device contains a single ILA unit
connected to the CONTROLO port of the ICON unit (hence the name ILA “Unit 0”). The
ChipScope Analyzer automatically queries the device and populates the toolbar with the
correct settings. The ILA parameters appears at the bottom of the window in the status bar.
Remember that the design contains a counter whose lower 8 bits connect to the trigger
word and whose lower 16 bits connect to the data word. To set up the tutorial, follow these
steps:

Set the MO match type to ">" using the pull-down menu.

Set the MO match value to "00000001" by clicking the lowest order bit once.

Set the M1 match type to "<" using the pull-down menu.

Set the M1 match value to "00000011" by clicking the two lowest order bits once.
Set the M0 match length type to "Count" by clicking the Count button.

Set the M0 match length value to "1".

Set the M1 match length type to "Count" by clicking the Count button.

Set the M1 match length value to "1".

v ® N o Gk =

Set the Trigger Condition type to "boolean" using the pull-down menu.

—_
o

. Set the Trigger Condition equation to "M0 AND M1" by clicking the Trigger
Condition equation buttons.

11. Set the Capture Type to "One Shot" by clicking the One Shot button.
12. Set the trigger Position to "100" by entering the value in the Position text box.
13. Disable the external trigger output by leaving the Ext. Out box unchecked.

The trigger is now set up to trigger only when the 8-bit trigger word is in the non-inclusive
range of 1to 3 (i.e., 2). When this condition is satisfied at least once, the entire sample buffer
is stored with the trigger value occurring at clock cycle 100.
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Running and Viewing the Waveform

After setting up the trigger, select Run/ St op - Run to arm it. The trigger status opens in
the Sample Buffer status window. After the sample buffer status is FULL, the waveform
appears in the main ChipScope Analyzer window. Notice that the trigger value of 2
(binary 00000010) occurs at clock cycle position 0 (Figure 10).

@ ChipScope Analyzer [tutorial] - Unit D (- [O] x|
File Communication Configure  BusfSignal RunfStop Data  Window  Help

mo:> ~Joooofooo1]mi:[x =ooooooz 1] wmo: widh|Caunt |

| m1: wicth [Count [ | Trigger condition: [bootean =] mo| amm| s | |
Capture: [One Shat _On Trigger | Position [0-20471: [100_ || Ext. 0ut:|_||SampleBuffer:| FULL |
Bus fSignal

(= = R e R - ]
o o o o o o - og

B T _>|J
new waveform |X: Ja ;l_»' |0:|0 ;l_»' ‘A(X—D]:ID |
Upload

Figure 10: Sample Buffer Waveform Window

-

This completes the ChipScope ILA Tools tutorial. Now you can experiment with different
trigger setups to become more familiar with the ChipScope Analyzer.
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Using the ILA Tool in the 4.2i FPGA Editor

The Integrated Logic Analyzer (ILA) ILA command is accessed from the Tools menu of the
Xilinx ISE Alliance 4.2i (or later) or Xilinx ISE Foundation 4.2i (or later) FPGA Editor. This
section describes how to use the ILA command to view and change the nets connected to
the capture units of the ILA core in your design. Use the following procedure to attach a

different net to a capture unit in your design.

Note: For more information on the fields in the ILA dialog box, refer to the FPGA Editor online

help.

1. Select the net in your design that you want to attach to the capture unit. Notice, the
net’s name appears in the History toolbar at the bottom of the FPGA Editor main

window.

2. Select Tools — ILA to display the ILA dialog box (Figure 11).

TILA

LA Capture Units

Mame

U_ila_dd256_dwl6_twd_e2! 16

[rata and Trigger Bits

Type

| Bit | Met | Component ;l [Ehange Het.. |

Drata
Data
Drata
Trigger
Trigger
Trigger
1]

13 counter<13>  U_ila_dd256_dwlE_...

14 counter<14>  U_ila_dd256_dwlG_... e Eampanent.. |
158 counter<15>  U_ila_dd256_dwlE_... _I —

1] counter< 0> U_ila_dd256_dwlE_... Bitaen |
1 counter< 1> U_ila_dd256_dwlE_... ogen...

2 counter{2: U_ila_dd256_dwlE ... ™
| » Download

| # Data Bits | # Trigger BM Lloze |
8
Help |

™ Hilite ngt of the selected bit in the: aray and world windows

Figure 11: ILA Dialog Box

3. Select the applicable ILA capture unit from the list in the ILA Capture Unit pane. After
you select the capture unit, the nets attached to its data and trigger bits are displayed
in the #Data Bits and #Trigger Bits columns in the pane.

4. Select a Data Bit or Trigger Bit from the Data and Trigger Bits pane.

5. Select one or both of the check boxes at the bottom of the dialog box to highlight the net
or component of the selected bit in the Array and World windows of the FPGA Editor

tool.

6. Find a data or trigger bit that is close to your selected net by observing the selection in
the Array or World window.

7. Click Change Net to display the ILA Net dialog box (Figure 12).

+1LA Het

Pattern

Il:nunlar* Filter |

Met to use for Capture Unit "U_ila_dd256_dw16_tw8_e2/", Data

courter=0= -
courter=1=

courter=2s

courter=3=

courter=d=

counter=5=

courter=g= d

0K | Cancel | Help |

Figure 12: ILA Net Dialog Box
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8. Enter the name of the net you want to connect to the capture unit in the Pattern field.
You can use the Filter button or select from the list of available nets.

9. Click CK to unroute the net attached to the capture unit and attach your selected net.

10. To create a BIT file of your modified design, use one of the following scripts:

¢ For JTAG mode configuration:
bitgen -w -g UserlD:<user ID> -g StartupC k:JtagC k top top_jtag

11. Configure the target device with the modified BIT file using the ChipScope software
tool.
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