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1. Purpose

The OCI (On-Chip Instrumentation) Generator for FPGAView - Xilinx Devices is a software tool
designed to aid hardware designers in incorporating the FS2 LA Core IP into designs for Xilinx FPGAs
and operate with a Tektronix Logic Analyzer (TLA) for signal capture. The LA Core is a Logic Analyzer
Core which is a logic block (of IP) that provides routing of pre-selected user signals to output pins
which are in turn wired to one or more connectors on a board with Xilinx FPGAs. It provides a
multiplexer to select one of several pre-configured banks of signals. The OCI Generator supports
insertion of the FS2 LA Core IP into Verilog and VHDL designs.

FPGAView is another software tool which runs on a TLA or host PC and controls the multiplexer (part
of the LA Core) on the Xilinx target FPGA and also controls General Purpose Inputs and/or Outputs.
Information on FPGAView is provided in a getting-started manual. To open this manual (after
FPGAView is installed), go to Start -> FS2 -> FPGAView and click on the “FPGAViewGS_Xilinx.pdf
link.

The function of the OCI Generator is severalfold:

1) to simplify the interactive selection of signals within a design to connect as inputs to the FS2 LA
Core IP block

2) to generate instrumented HDL source code that adds trace interfaces and connections to a
design’s HDL source

3) interfaces the FS2 LA Core IP block to the designer’s selected input signals

4) to generate a corresponding configuration (.clam) file that automates loading of signal names into
the Tektronix Logic Analyzer

2. Known Limitations

There are some HDL source constructs that the OCI Generator does not support. It is safe to use
the OCI Generator on HDL source that contains these constructs, but instances and signals within
these constructs will not be visible as available signals and will not be available for automated hookup
to the logic analyzer IP. Support for some or all of these constructs may be added in the future.

The known limitations for Verilog are:

1. Signals of type real and time are currently not selectable for LA Core hookup.

2. Signal vectors or arrays whose bounds are not expressed entirely in terms of the following
Verilog elements are not selectable for LA Core hookup: integer constants, integer
parameters, standard Verilog operators.

3. Arrays of instances (and their child instances and signals) are not selectable for LA Core
hookup.

4. Dynamically generated instances and signals (e.g. constructed within generate blocks)
are not selectable for LA Core hookup.

The known limitations for VHDL are:

5. Signals with types other than ieee.std_logic_1164.std_logic and
ieee.std_logic_1164.std_logic_vector are currently not selectable for LA Core hookup.

6. Signal vectors whose bounds are not expressed entirely in terms of the following VHDL
elements are not selectable for LA Core hookup: integer constants, integer generics,
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Figure 1 – OCI Generator Select Core – Step 1

4.2. Creating a project

To create a new project for first-time users or when starting up the OCI Generator with a different
FPGA design, activate the File menu and select “New Project”. A message box prompts you to
save the existing settings; click Yes and you can create a new project name and save it with the
current settings. Since it saves all the settings, you can create the new project at any time during
the OCI Gen setup.

Information saved in the project file are the parameters that configure the LA Core, the list of files
scanned, and the signals that have been connected to the LA Core in the “Connect Signals” step.

Then when you make changes, click on File > Save Project or, if you want to change the name of
the project, Save Project As… If you click Exit, the software will prompt you to save the changes
if you so desire.
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4.3. Opening an existing project

After starting OCI Generator, click File > Open Project… then browse to the directory with the
already-existing project file. Project files end in .ocigen.

4.4. Creating a new project from an existing project

It is useful to be able to “clone” a project and make modifications to it which saves time when you
want to create a different measurement setup on the same design. An example is to have a State
acquisition version as well as a Timing acquisition version. Start OCI Generator and open a
current project with File > Open Project… Then do a File > Save Project As… and enter a new
file name. With the state/timing modes example above, an example of project file names is
“myproject_state.ocigen” and “myproject_timing.ocigen”.

4.5. Setting parameters for LA Core instantiation

Acquisition mode:

State (Synchronous) – the signals coming out of the Xilinx FPGA device includes data and a
clock, where the data is valid on the rising or falling edge of that clock. The Tektronix Logic
Analyzer (TLA) should be set up for External Clocking.

Timing (Asynchronous) – the signals coming out of the Xilinx FPGA device are connection
directly to internal signals and routed to the device pins. A clock is not part of the
configuration therefore the TLA should be set up as Internal Clocking (with the sample rate
set relative to the timing resolution and trace depth desired).

Signal Banks:

1, 2, 4, 8, 16, 32, 64 – a signal bank is a group of signals that are routed to the device pins at
one time. If greater than 1, only one group at a time can be selected to be routed to the
device pins. This is a standard multiplexer feature.

Note that signals can be duplicated in multiple banks in order to see important signals across
multiple banks. Just remember that each input adds one signal load to the internal circuit.

Signal per Banks:

4-128 - Select the number of signals, between 4 and 128, that are to be routed to the device
pins and to the TLA probe connector or connector-less board site. The number selected is
the number desired to be captured during one measurement.

Clock Edge:

Rising, Falling – Select Rising if your internal logic is clocking on a rising clock edge; select
Falling if clocked on the falling edge.

Timing Closure:

Unregistered inputs or Include register on data inputs - The Unregistered selection does
not include a register between the user data input signals and the first level of LA Core data
capture. Unregistered is the default mode and uses fewer flip flops than registered mode.
There can be a problem with getting the design to make timing closure which means to meet
the timing constraints set onto the program. This can include not meeting a maximum clock
rate or exceeded a maximum allotted time between flip-flops. The latter choice of



OCI Generator for FPGAView - Xilinx Devices

Page 8 of 20 First Silicon Solutions, Inc.

Timing Closure

Non-pipelined mux or Pipelined mux – The non-pipelined mux choice does not insert a
register inside the multiplexer, the Pipelined choice does. The latter is sometimes needed to
meet timing constraints by reducing the delays between pipeline stages.

General Discussion of Timing Closure. The LA Core attaches with one input load per signal
and one for the clock. In addition, there is the wire loading associated with the routing of the
signal to the LA Core input. The amount of loading is primarily dependent on the distance of the
connection and what routing channels are assigned by the Xilinx place and route software.

When the design is compiled to include the LA Core, the layout tools may rearrange the user's
logic in an attempt to meet timing constraints. Thus, circuitry that met timing before adding the
OCI may not meet timing after adding the OCI. Related to this is that excessive length of routing
could cause a timing closure failure; that is, with the LA Core added, the layout won’t make worst
case timing at the clock rate specified.

Typically, the entire chip is recompiled at every design iteration. There are ways to lock down
resources or use previous layout results to guide another iteration and these may help preserve
performance of the user's own logic. However, they will tend to reduce the ability of the layout
tools to meet timing on added circuitry such as the OCI.

To compensate for timing failures cause by the insertion of the LA Core, the OCI Generator setup
includes two parameters that can be selected to improve timing closure (which in turn make
changes to the core RTL):

1) include register on data inputs
2) pipelined mux

“Include register on data inputs” will insert a register between the connections to the user signals
and the LA Core mux. The place and route stage will attempt to put the registers close to the
point of connection thus shortening the wires and reducing capacitive loading.

Pipelined mux will insert one or two stages of latches (depending on the number of banks)
between the inputs signals and mux routing to again, shorten wires and reduce time delays
between the registers, thus supporting a higher clock rate.

The user has a choice of including these registers or not. The caveat is that when turned on they
require more FPGA resources in the form of flip flops.

Layout tools have many settings to control layout effort vs. quality of results. Register balancing
(synthesis stage) and global optimization (mapping stage) are two settings that make a big
difference in some designs, at the cost of longer runtime.

BSCAN Parameters

Device Family: Select the Device Family you are using in the first field. This selects the
specific BSCAN RTL that is inserted into the LA Core.

Disable BSCAN Instantiation. If this check box is not checked then the LA Core will include
logic to connect up to the selected BSCAN chain (below the checkbox). If checked, the user
must provide the JTAG connection to the core in their HDL.

BSCAN Chain: For all devices except Virtex-4 and Virtex-5, there are two choices of JTAG
scan chain connections – USER1 or USER2. For Virtex-4 and Virtex-5, there are 4 choices –
USER1, USER2, USER3, or USER4.
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4.6. Selecting General Purpose Input/Output parameters for LA Core instantiation (Page 2)

The LA Core has the option of including static output signals settable with the JTAG cable and
controlled by a non-modal window of FPGAView. These are called “Output GP Registers” where
“GP” stands for General Purpose. GP outputs can be used to set signals inside the device for
debug control, mode selection, or simple pattern generation.

General purpose inputs are signals that are sampled and serially read by the JTAG cable into the
FPGAView window. They are read when the “Read” button is pushed (refer to the FPGAView
Getting Started manual).

Figure 2 – Select Core (Page 2) - Step 1

Mode:

Registered (Synchronous), Unregistered (Asynchronous) – Registered means the value
changes on the selected edge of the system clock. Unregistered means that the value is set
(GP outputs) or sampled (GP inputs) on the JTAG clock of the Xilinx cable.

Clock Edge:

Rising, Falling – This selection specifies which edge of the system clock you want the
register value to change on (GP outputs) or sampled (GP inputs).

4.7. Identifying the HDL source files

OCI Generator will read RTL files and allow selecting signals for attachment to LA Core IP. Either
Verilog or VHDL is supported. The user should select the proper type so that the OCI Generator
can properly read the RTL files. In the case of Verilog, if the source code uses the `include
directive to pull in header files, the designer should specify the set of directories that the OCI
Generator should search for include files. For Verilog source, the OCI Generator allows non-
parameterized `define directives to be defined; a preprocessor definition specified within the OCI
Generator will override a `define directive with the same name in the source.
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Figure 3 shows the Select Source - Step 2 page in which the source files, include paths, and
defines are specified. Click the Open Folder icon and user the file browser dialog to add one or
more source files to the project. Note that you can use Ctrl-click and Shift-click to select more
than one file in the Select Input File(s) dialog. The example project in Figure 4 has five source
files added to the project.

It is not strictly necessary to add all of the design files to the OCI Generator project. At a
minimum, it is necessary to make the OCI generator aware of the source file that contains the root
module of the design, as well as the files that contain any signals that the designer will wish to
connect to the LA Core inputs.

For VHDL source, the order of files in the list can be significant. For example, assuming that files
named upper.vhd and lower.vhd are included in a design, if upper.vhd refers to a design unit or
package declared in file lower.vhd, then lower.vhd should precede upper.vhd in the list of files.
The Move Up and Move Down buttons can be used to change the order of the files.

NOTE
After you have advanced past Step 2, if the contents of any of the listed HDL files
have subsequently been changed, return to the Step 2 page. When you once
again advance past the Step 2 page, the files in the list will be rescanned to pull
in any changes in their contents.
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Figure 3 – Select Source - Step 2

4.8. Identifying the Root Module

Specifying the root module of the user’s design defines the block level for inserting the LA Core
logic and specifies the on-chip destination for routing signals between files and levels of hierarchy
for attachment to the core. Figure 4 shows the Select Root - Step 3 page in which the designer
identifies the root module by selecting it from the drop-down list labeled Select Root. The OCI
generator displays a list of candidate modules or entity/architecture pairs by analyzing the set of
HDL files specified on the Select Source page (note the messages in the bottom status area of
the OCI Generator window).

An important note is that it is possible that there may be errors reflected in the status pane at this
stage. For example, if the include path was not specified in the Source Files page, or the source
file holding the actual root module was omitted from the project and is therefore missing from the
list of modules in the menu button, an incorrect OCI implementation may be created. The
recommended approach is to go back to the Source Files page and make required adjustments,
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then return to the Root page. In general, the user at any time can go to any of the pages to make
corrections or updates to an OCI.

Figure 4 – Select Root - Step 3

Note that this step will be skipped when moving forward and there is only one source file to
choose the root module from.

4.9. Selecting the Inputs to the LA Core

After the source files, OCI parameters and options have been defined, and root selected, the
signal connections from the design to the OCI much be defined. Figure 5 shows the Connect
Signals page of the OCI Generator. On the left side of the page appears the Available Signals
tree: a hierarchical tree of signal names as extracted from the set of source files that have been
added to the project. On the right side of the page appears the Connect Available Signals to
inputs of LA Core: ‘Xilinx’ hierarchical tree list, which reflects the set of signals that the designer




