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Introduction

With the availability of large Virtex™ devices, designers should consider partitioning a single,
large design into several modules. Design partitioning can provide several benefits, including:

« Complexity Management — Large designs are generally difficult to manage when kept as
a single, monolithic entity. By dividing a design into smaller pieces, each piece can be
understood and implemented separately

«  Work Flow Management — The work flow of a large design can be managed more
effectively if portions of the design are assigned for independent implementation by
individual team members

¢ Module Insulation — If a design is partitioned, finalized static portions of the design are
not affected by timing, layout, and other changes made to dynamic modules

» Design partitioning involves additional costs as well as benefits. These costs include:
¢ Planning - Additional overhead costs are necessary to correctly partition a design

e« Communication — Additional design costs are incurred to implement communication
between design partitions

Increased investment in planning and communication is typical of large digital design projects
(customers accustomed to ASIC design flows should be familiar with the cost-benefit principles
involved).

To ease the task of design partitioning, Xilinx provides a new Modular Design feature in
Alliance™ Series 3.1i. The remainder of this application note describes recommended design
entry, implementation and simulation flows when working in the Alliance Series Modular Design
context.
Note: Appendix D lists known limitations associated with the initial release of Modular Design. These
limitations will be addressed in future Alliance Series software releases.
Of course, whenever a new, complex design modality is used for the first time, a learning curve
must be overcome. Therefore, it is particularly important to make sure that the design to be
partitioned is an appropriate candidate for Modular Design. Modular Design is most
appropriate when:

« The design is large and can be logically divided into self-contained pieces (see a further
discussion of this point, below)

e The design consists of smaller, self contained sub-designs that will be implemented by
different members of a design team

It is equally important to recognize when not to use Modular Design. Modular Design is not
appropriate for implementing the following types of designs:

« An existing, large ASIC design that did not start with Modular Design concepts in mind. If
the design began without an effective functional and physical partitioning of the design into
appropriate modules, Modular Design will add time to the design flow, and provide few
benefits

* Asingle, heavily-interconnected design that seeks to achieve the highest possible speeds.
The overhead necessary to implement a Modular Design flow precludes obtaining the
fastest clock speeds

To maximize the benefits of Modular Design, it is critically important to properly structure and
partition the design at the HDL source level. Specifically, the design must be partitioned into
separate modules. This requirement leads to the following two fundamental questions:
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and Synthesis
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1. What exactly is a module? and more importantly,

2. What is a properly designed module?

While there are no rigid definitions to apply to answer these questions, there are guidelines that
can aid proper module creation. Ultimately, designers develop their own set of rules and
guidelines for module creation, but these initial guidelines should provide a helpful starting
point. Generally, well-behaved modules should comply with the following rules:

« Well-Defined Ports — A port is a connection that goes into or out of a module. Typically, a
port is connected to a wire or signal defined at the top level of the HDL source

¢ Minimal Number of Ports — A module with a small, rather than large, number of ports or
connections to external logic is preferable. Self-contained modules with minimal functional
dependence on outside modules can be optimally implemented

¢ Minimal Global Logic — Global logic is logic that is not [not?] distributed on the target
chip. Examples [“of global logic” ?] include 1/O pins leading onto or off the chip, DLLs,
and other global clock-modification resources

* Registered Module Outputs — Output registration leads to efficient logic packing during
the implementation mapping phase

* No Chip-Location Dependencies — For example, a module should not require a BRAM
to be located in the column adjacent to the module

¢ Minimum Number of Modules — As a general rule, the number of modules should equal
the minimum number of engineers necessary to implement the entire design

Modular Design requires standard HDL synthesis coding practices. Designs that deviate from
the norms are not suitable candidates for a Modular Design flow.

This section explains how to take a modular design through FPGA Express/FPGA Compiler I,
LeonardoSpectrum, or Synplify for input to the Xilinx tools.

Note: FPGA Express and FPGA Compiler Il exhibit equivalent behavior with respect to the issues
addressed in this application note.

Creating the Top-Level Netlist

Before beginning a modular design, designers must reach a consensus on a top-level design.
The top-level design should include all design modules or partitions, global logic (such as clock
resources), and logic to connect modules to each other and to I/O ports.

Each module is instantiated and synthesized separately, as explained, below, and exemplified
in Appendix A. The top-level code in Appendix A instantiates three modules: module_a,
module_b, and module_c, which are named instance_a, instance_b, and instance_c,
respectively. The examples also include nets and logic that connect modules to other modules
and to ports. Each module is instantiated as a ‘black box, with only ports and port directions
defined.

Top-Level Code Guidelines:

e All lower-level modules must be declared to define port directionality and bus
width. VHDL synthesis requires component declarations for all instantiated components
in the HDL code. The component can be declared in the code or in a library package
included in the HDL source. An undeclared component will produce a synthesis tool error

Verilog synthesis requires declarations for user modules only, not library primitives (see the
example in Appendix A). If user modules are defined and described in the same project,
module declarations are unnecessary—this is the case, for example, if synthesis tools can
produce multiple EDIF netlists from a single project. However, if a user module is described
in a different project, or if it is a CORE Generator module, then a module declaration is
required.
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Failure to assign port directions will result in the following error:
ERROR:NgdBuild:604 - No driver was found for logical net "X’ for this modular design.

Ports with an undefined direction were found connected to the net. Please assign a
direction to these ports.

All lower-level modules must be synthesized as black boxes. Black-box instantiation
may require the use of a synthesis tool directive. If lower-level modules are not
synthesized as black boxes, the resulting flat, non-modular design will produce an error
during the ngdbuild initial mode, as follows:

ERROR:Ngd:819 - Modular design: initial mode must have at least one inactive module
ERROR:NgdBuild:558 - Modular Design cannot be annotated

Modular Design supports two levels of module hierarchy. Modular Design currently
supports a top level with modules instantiated within the top level. It currently does not
allow a module to include another module

Modular Design does not allow multiple instantiations of a module. Each module
instantiation must have a separate module definition, even if module instantiations will use
the same port definitions and functions

Example of acceptable coding if module_a and module_b are functionally identical:

- - VHDL
instance_a: nodule_a port map(...)
instance_b: nodule_b port map(...)

/1Verilog
nmodul e_a instance_a (...)
nmodul e_b instance_b (...)

Example of unacceptable coding (multiple instantiation of same module):

- - VHDL
instance_a: nodule_a port map (...)
instance_b: nodule_a port map (...)

/1Verilog
nodul e_a instance_a (...)
nodul e_a instance_b (...)

Although the unacceptable examples, above, conform to standard VHDL and Verilog
coding practice, they are incompatible with the current Modular Design release. A separate
synthesis is not required to produce an EDIF netlist for module_b: you can copy
module_a.edf to module_b.edf. However, all implementation steps should be run
separately for module_a and module_b, as explained below.

I/O registers must be inferred in top-level code. This is a limitation of the current
Modular Design release. To meet timing requirements, it may be necessary to move
registers out of top-level modules to infer output registers. Otherwise, registration of
module outputs is recommended.

3-state buffers that drive the same net/bus should be inferred at the top-level with
local control logic. Isolating this eases the mutually-exclusive requirement for the control
[further clarification? what’s “this” and how does the mutually-exclusive
requirement of the control tie to the caption?]

If 3-state signals are outputs of a lower-level module, they must be declared in the
HDL code as “inout” signal types in both the top-level component declaration and
the module-level port map.

Use meaningful signal names to connect to module ports or between modules in
the top-level code. Using the same name for the signal and its associated port is
recommended since top-level signal names are used in the back-annotated simulation
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netlist (see the Simulation Flow section, below, for additional information)

Creating Lower-Level Modules

Xilinx Alliance 3.1i Modular Design requires a separate EDIF netlist for each lower-level
module. To generate EDIF netlists for a modular design, follow these suggestions and
guidelines:

1. Most synthesis tools generate only one EDIF netlist for each project. To meet Modular
Design’s separate-netlist requirement, lower-level modules must be synthesized separately
from the top level, and a separate project must be created for each lower-level module as
well as for the top-level. (Exception: In LeonardoSpectrum, it is possible to create multiple
EDIF netlists for one project. This technique is described in Vendor Specific Notes in
Appendix C.) The EDIF netlists of lower-level modules must be identical to their module
names—for example, module_a.edf, module_b.edf and module_c.edf. Do not use module
instantiation names—for example, instance_a, instance_b, and instance_c—or ngdbuild
will not be able to match the netlists to the module [OK?] names specified in the top-level
EDIF

2. Modules must be synthesized without I/O insertion. This option is available in most
synthesis tools (see Vendor Specific Notes in Appendix C).

3. Although the recommended practice is to declare external I/Os in the top-level, itis possible
to include external I/Os in a module without modifying the top-level code. These 1/0s
should not directly connect to module ports since they cannot [“currently” was inserted
here; does it refer to the current release of Modular Design or to the synthesis tools?
clarification is needed] be processed by the [“synthesis” ?] tools. For example, a
designer may wish to add temporary external I/Os in the module for simulation. This can be
accomplished by explicitly instantiating IBUF/IBUFG/BUFGP as well as OBUF connections
(Appendix B contains sample module code that includes external I/O instantiations)

Constraining at the Module Level

Global and top-level constraints can be entered with synthesis tools when synthesizing the top
level. However, most module-specific constraints must either be 1) manually entered, or 2)
created using the Floorplanner through a UCF file. Module-specific constraints include
constraints with hierarchical reference and area constraints (for a further discussion, see the
Implementation Flow section, below).

Note: Some synthesis tools write default constraints for a synthesis project to an NCF file. To avoid
conflict between NCF files, disable this NCF-writing option when synthesizing lower-level modules.

Since the initial release of Modular Design does not support the Design Manager/Flow Engine,
the design flow described below is implemented with command line options to batch tools. The
steps may seem involved, at first, but it is important to realize that many steps are only
necessary when creating and modifying design partitions. Further, in a modular design, design
tasks are divided among team members, and different steps can be performed by different
team members at different times.

There are three primary phases in a Modular Design flow (a “-modular” switch with arguments
has been added to the ngdbuild tool to allow a designer to specify the current Modular design
phase). The three Modular Design phases are:

1. |Initial Budgeting

This phase begins when a design, which has been partitioned with HDK tools, is brought
into the Xilinx FPGA tools. During this phase, resources are allocated, and modules are
sized, positioned, and connected to each other.
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2. Active Module Implementation

During this phase, defined modules are implemented using information generated by the
initial budgeting phase (initial budgeting module size and location information). The full
suite of FPGA design and implementation tools are available for implementing each
module.

3. Final Assembly

During this phase, the final design is assembled. Final logic assembly is guided by
information generated by the active module implementation phase. The guided-assembly
process is fast and efficient, allowing [“synthesis” ?] tools to treat the whole design as an
entity for constraint resolution, buffer alignment, and other operations.

Each of the three modular design phases is described in detail below.

Initial Budgeting Phase

The initial budgeting phase is at the top level of the design flow and is normally performed or
overseen by the team leader. The purpose of the initial budgeting phase is threefold: 1) to
position global logic—that is, logic not contained in a lower-level module, 2) to size and position
each module (defined in the HDL netlists) on the target-implementation chip, and 3) to position
the input/output ports (nets that flow into or out of a module) of each module so that later
module implementations are aligned correctly. The team leader typically performs this critically
important phase of the flow. Once the initial budgeting information is defined and phase-two
implementation begins, revisions to the initial budgeting information are difficult and time-
consuming.

During phase one, a target device for the design is specified (device, package and speed).
Module definitions are also decided. It is recommended that all global logic and nets be placed
in the top-level design, including all I/Os, clock nets, DLLs, RAMs, and other resources that are
not evenly distributed across the target chip. By doing this, all of the top-level resources can be
placed during this phase and used later in the active module implementation phase to provide
modules with maximum context.

The main steps of this phase are 1) create an NGD file of the top-level design without module
implementation information, 2) add timing constraints 3) use the Floorplanner to position global
logic, size and position each module on the target chip, and position the module ports for
correct alignment. Each of these steps is described below. It is assumed that the netlist for the
top-level design is contained in the "top.edf” file (all files used and produced during this phase
should be placed in a directory that phase-two module implementers can access).

1. Create an NGD file of the top-level design without module implementation information

This is the first step in the design flow that uses the ngdbuild -modular switch, which
indicates that a Modular Design flow is in progress. The “initial” argument is passed with
the -modular switch to indicate to ngdbuild that this is the initial budgeting phase of the
modular design. The netlist describing each module should not be available to ngdbuild—
this ensures that each module will be treated as a black box for the active module
implementation phase. To perform this step, run the following command:

ngdbuild —-modular initial top.edf

Two output files are created: top.ngo and top.ngd. The top.ngo file is used in the remaining
steps of this phase and in all steps in the active module implementation phase. The top.ngd
file is not used in any remaining step of the modular design.

2. Add timing constraints

Constrain any global clocks with a period constraint. PERIOD and IO timing constraints for
all clocks and 1/Os can be placed at the top level. After timing constraints are added,
ngdbuild must be used to place these constraints in the top.ngd file, as follows:

constraints_editor top.ngd

XAPP404 (v1.2) April 20, 2001

www.Xilinx.com 5
1-800-255-7778


http://www.xilinx.com

SXILINX®

Xilinx Alliance 3.1i Modular Design

These timing constraints will be saved in the top.ucf file, which is used by all steps in the
active module implementation phase.

Note: If there are no clock loads at the top-level design, the clock net will not appear in the
Constraints Editor. If this is the case, another method must be used to define PERIOD and IO timing
constraints—for example, by using NCF constraints from the front-end tool. Another approach is to
add a dummy register at the top level, driven by the clock net. This technique allows access to the
clock net in the Constraints Editor. Since the dummy register does not have a load, it will be removed
during the mapping phase.

Use the Floorplanner to position global logic, size and position each module on the target
chip, and position module ports for correct alignment.

Itis recommended that all logic that is present at the top level of the design be constrained
to fixed locations in the top-level floorplan. As explained in the Design Entry/Synthesis
section, below, HDL source should provide that all 3-state drivers reside at the top level of
the design. This requirement is necessary to ensure that all BUFT symbols driving the
same long-line net are manually placed in the same row.

Area assignment consists of sizing and positioning the target area for each module
implementation on the target chip. It also includes positioning module ports for correct
implementation alignment (any net that connects into or out of a module is considered a
port net). Each module/port pair is indicated in the tools as a piece of “pseudo-logic,” which
can be positioned to pull the logic within a module to the desired location. Pseudo-logic is
not part of the final design, and only used during module implementation. At this point in
the design flow, module size must be estimated (Floorplanner currently does not specify
required module size, therefore this information must be estimated from other sources).
Each module should be sized and positioned on the chip with the Floorplan->Assign Area
Constraint menu item.

Next, each port of each module must be placed so buses align properly. For example, a net
that connects module A and module B has two ports that must be constrained. (Again,
these ports are “pseudo-logic,” used only to force alignment of internal module logic—they
will be removed from the design during the final assembly phase.) The port for module A
should be positioned outside the previously assigned boundary of Module A, and the port
for Module B should be positioned outside the previously assigned boundary of Module B.
If Module A is positioned to the left of Module B, the ports of Module A that connect to
Module B should go in the column just to the right of boundary of Module A (it is permissible
to place the ports associated with Module A into the area defined for Module B to avoid
leaving empty rows and columns between modules).

The "Floorplan->Distribute Options-" menu item can be used to obtain Floorplanner
port-placement assistance. Use the Floorplan option to position all unplaced ports. Use
the Enable option to place ports as module areas. Use the Ripup option to remove all
auto-floorplanned ports.

Note: Port placements made by Floorplanner may not be the best placements for a design—they
should be reviewed before the design enters the active module implementation phase.

The commands used to perform the tasks described in this step are:

FI oor pl anner top. ngd

Fi |l e->Read Constraints: top.ucf

Open “Primtives” hierarchy

Pl ace each conponent

Sel ect “Modul e” hierarchy

Fl oor pl an- >Assi gn Area Constrai nt

Use |l eft nouse button to draw rectangul ar area
Fl oor pl an->Di stri bute Options

Fl oor pl an

Open “Modul e hierarchy”

Revi ew and/ or place each port (pseudo*) conponent
File->Wite Constraints: top.ucf
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Exi t
Placement constraints are saved in the top.ucf file. This file will be used during the active
module implementation phase.

In summary, the following commands are used during the initial budgeting phase of a modular
design:

¢ ngdbuild —modular initial top.edf
e constraints_editor top.ngd
e floorplanner top.ngd

At this point in the modular design, all global logic should be positioned, each module should be
sized and positioned, and the ports for each module should be positioned. To avoid having to
return and repeat this initial phase later in the design flow, perform a final review to make sure
modules are properly defined and all modules and ports are correctly positioned.
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Figure 1: Example of Floorplanner Use During the Initial Budgeting Phase
Active Module Implementation Phase
The goal of the active module implementation phase is to implement each module defined in
the initial budgeting phase. This phase is performed for each module. Place the files for each
module in a separate directory—these module files will be used during the during the final
assembly phase. Different team members—called “module implementers”—should be
assigned separate modules, and each member should work with a separate set of module files.
During this phase, each set of module files normally is invisible to the team leader, who works
at the top level of the design (see the Initial Budgeting Phase description, above). Typically, a
team leader will not also work as a model implementer unless the team has an insufficient
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number of implementers to handle all design modules. Once this phase is complete (all
modules have been implemented), the team leader can begin the final assembly phase.

Each module uses the ngo and ucf files produced in the initial budgeting phase. Each module
is implemented independently from all other modules, and each uses the top-level design as a
testbench to provide context during module implementation. Further, during the
implementation of a module, the top-level design treats each module as the only module in the
design. It is important to understand this point to understand file usage during module
implementation. For example, when a module is implemented, the implementation output
filename is taken from the top-level filename (top.ncd is the name of the output file), not from
the name of the module being implemented. Module implementation information is contained in
this output file, as well as top-level design implementation information. During this phase, the
ngo file from the top level design will be used in read-only mode, while the ucf file from top-level
design will be used in read/write mode. To simplify file usage, logic below the top.ngo file is
referenced directly by the top.ucf file, which is copied into the module implementation directory
to allow for modifications not needed by the top-level design.

The full suite of Xilinx implementation tools is available for individual module implementation,
including the simulation of the module independently from the top-level design. This means that
designers can use any of the map and par command line switches as well as the Floorplanner
to achieve the desired implementation. The fpga_editor also can be used, but care must be
taken not violate any of the area constraints or placement information previously generated.
Simulation can be used to verify that each module meets it specifications. The mapper and par
have been modified to recognize the active module implementation phase and to maintain all
logic and routing within defined module boundaries. To guarantee that each module
implementation is compatible with other module implementations, logic optimization does not
occur across a module boundary defined in the top-level design.

The primary steps of this phase are 1) create an NGD file for the module, 2) if necessary, add
timing constraints specific to the module, 3) map module logic, 4) place and route the module,
5) if necessary, floorplan placement information, 6) if desired, simulate the module, and 7)
publish the module implementation information to the team leader.

The work for this phase should be performed in the directory created by the module
implementer. It will only be accessible to the team leader during the final assembly, after it has
been explicitly published to a central directory.

Here are the active mode implementation steps (it is assumed that the netlist for the module is
contained in the file “moda.edf” after synthesis, and that the information for the top-level design,
named “top.*)” is contained in the “top_directory”):

1. Create an NGD file for the module

As explained above, the NGD file for a module will be given the name of the top-level
design, and will contain implementation information for both the top-level design and the
module. A copy of the top-level UCF file, which contains constraint information for the top-
level design, will be used (the module implementer can append any module-specific
constraints to this file).

To perform this step, first create an empty directory, then copy the top.ucf file into the
directory. Next, copy or create the EDIF moda.edf file, which describes the logic of the
module. Then, run ngdbuild using the —modular switch with the “module” argument to
indicate that this is the active module implementation phase of the modular design. Also,
the name of the current module should also be given with the —active switch, to allow future
tools to use [what?]. Commands for this step are as follows (the example assumes
moda.edf has been created, and top.ucf has been copied to the directory): [but doesn’t
the first command, below, perform the copy operation?]

cp top_directory/top.ucf . (UNIX)
copy top_directory\top.ucf (PC)
ngdbuild —-modular module —active moda —uc top.ucf top_directory/top.ngo
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The output file, top.ngd, contains the implementation logic for the top-level design and the
module.

Add timing constraints specific to this module

The Constraints Editor can be used to add any module-specific constraints. These are the
timing requirements for the design that the module must meet. This step can be skipped if
module constraint information is not needed. For module-level timing constraints, the user
can enter a PERIOD for any local clocks and port timing by using the modular version of the
OFFSET constraint. Port timing allows the user to specify the path delay requirement for
data to propagate from the port to setup at the register (for inputs) or from the clock pin of
the register to the port (for outputs). The Constraints Editor, which shows each port on the
Ports Tab, can be used to create the appropriate OFFSET group/constraint. If the user is
editing the UCF manually, a TPSYNC point must be created using the port net name.
Several ports with equivalent timing requirements and clocks can use the same TPSYNC
name. Next, an OFFSET constraint is needed to correlate with each TPSYNC group. The
syntax is similar to OFFSET PAD GROUP syntax, except that the TPSYNC group name is
used. An OFFSET constraint on a module port must be relative to the actual clock pad
net—most likely located in the top-level design—not to the clock port on the module. Port-
to-port timing can be specified using the TPSYNC names in a FROM TO constraint.
Remember: the top.ngd file contains the constraint information referenced above..

The commands used here are:
constraints_editor top.ngd
ngdbuild —-modular module —active moda top_directory/top.ngo
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The timing constraints will be saved in the top.ucf file, then folded back into the top.ngd file
for use by other implementation tools.

iﬁXilinx Constraints Editor - [Ports - unit1_top.ngd / unitl_top.ucf]
File  Edit “iew ‘window Help
Die|d| x| =|=|0]m] 2%
Port Hame Port Direction Location Pad to Setup Clock to Pad
l i INPLIT , TR ks i~1 1. Highlight
- Pad Groups group of
: I common
[~ /0 Configuration Options SeR l il A
ports
= = Fad to Setup...
Erohibit 140 Locations.... | Select Group: lN_d_ports ll
ClotkiaPad .. |
h 4
2. Enter
Global Paits Advanced ! group
name and
MET "M_d0" TPSYNC = "N_d_ports'; press
MET "M_d1" TPSYMNC ="M_d_ports"; "
MWET "M_d2" TPSYMC ="M_d_parts™; Creatf-‘
WET "M_d3" TPSYNC ="N_d_parts"; Group
TIMEGRP "M_d_parts" OFFSET = IM 20 n: BEFORENgclk";
icr Constraints read-write] [UGF Consbairts (read-only) | e Gonstaints [read:only) ] 3. Select
\ group
ForHeIN; press F1 i_N_U_Ni |__ v name from
\ . pulldown
Pad to Setup... Result: This is the Create Group Result: These are and press
timing constraint that puts a timing a group of ports identified using "Pad to
requirement on the group the TPSYNC keyword creating Setup..."
N_d_ports. a group of ports named
N_d_ports

Figure 2: Example of Constraints Editor Usage

Map module logic

Since range constraints and active module information have been saved in the top.ngd file,
additional switches are not required to map this design—the current mapping switches can
be used to obtain the desired results. The map command identifies the NGD file as a
module implementation, then scans the NGD file to identify the logical block with the name
of the active module. Next, it scans each port on the active module, adding pseudo logic
(discussed earlier) to port nets to provide drivers/loads. The pseudo logic will not be
propagated into the final design. The command used here is:

map top.ngd <additional_map_switches>

Use <additional_map_switches> to specify any of the allowable mapper switches. The size
and position of each module (its range constraints) are expanded as a range for each slice
within the module, then written to the top.pcf output file. All information for the active
module, as well as context information for the [“top-“?] level design, is written to the
top.ncd output file.

10
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4. Place and route the module

Since range constraints and active module information have been saved in the top.ncd file
generated by the mapper, additional switches are not required for par to place and route the
design—the current par switches can be used to obtain the desired results. All pseudo logic will
be placed outside of the range defined for the module boundary. The command used here is:

par top.ncd output_ncd_filename <additional_par_switches>

Use <additional_par_switches> to specify any of the allowable par switches. The
output_ncd_filename is the name to be given to the placed and routed NCD file, which is
distinct from the mapped NCD file. This argument can be used, below, to quicken the publish
step. If the area described for the module is too small or incorrectly sized to contain the physical
logic for the module, the top.ucf generated by the initial budgeting phase must be regenerated.
This means the initial budgeting phase must be repeated, and previously implemented
modules may need to be reimplemented. [more information? when is reimplementation
necessary?]

5. If necessary, floorplan placement information

If reports indicate that the module implementation does not meet timing constraints or is
otherwise unsatisfactory, Floorplanner can be used to explicitly reposition logic. All
Floorplanner commands are available to work with the module, but Floorplanner will report
any attempt to violate the assigned range constraints for the module. After floorplanning is
complete, the map and par steps must be repeated. The commands for this step are :

floorplanner top.ncd

map top.ngd ...

par top.ncd output_ncd_filename .....

Note: In most cases, this step will not be necessary.
6. If desired, simulate the module

There are two simulation modes available at this stage in the design flow. The firstis normal
simulation using the top-level design for context. The top-level design can be back-
annotated and completely simulated. The commands to perform this simulation are the
usual commands for correlated back annotation, as follows:

ngdanno -o top.nga <output_ncd_filename> top.ngm
ngd2ver top.nga

-or-

ngd2vhdl top.nga

The advantage of this approach is that the logic in the top-level design is included in the
simulation. The disadvantage is that inactive modules are undefined, and signals
connected to module ports are left dangling. Therefore, it normally is necessary to probe
and/or stimulate dangling signals to obtain meaningful simulation results.

The second simulation mode is to simulate the module independent of the design context.
This can be accomplished with following commands:

ngdanno -o mod.nga -module <output_ncd_filename>
ngd2{ver|vhdl} mod.nga

In the resulting simulation netlist, the top-level ports will be those of the module itself. This
netlist can be instantiated in a testbench that exercises the module only (see the Simulation
Flow section, below for additional information on simulation modes and operations).

7. Publish the module implementation information to the team leader

The final step of the active module implementation phase is the publication of the
generated module implementation files to the team leader for use in the final assembly
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phase. These files should be published to the PIM directory (the Previously Implemented
Module directory created by the team leader) using the pimcreate executable. During this
step, the module implementation files should be renamed to the name of the implemented
module. Although not required, the pimcreate —ncd switch can be used to quicken the
publish operation (this switch avoids having pimcreate load multiple NCD files to determine
the required information. [may be helpful to specify what type of information pimcreate
normally looks for?] The command to publish files to the team leader (pim_path, below,
is the path to the PIM directory) is :

pimcreate pim_path —ncd output_ncd_filename

In summary, the following commands are used to perform the basic steps in the active module
implementation phase of a modular design :

¢ ngdbuild -modular module —active moda top_directory/top.ngo
e constraints_editor top.ngd

¢ ngdbuild -modular module —active moda top_directory/top.ngo
* map top.ngd ...

e partop.ncd output_ncd_filename ...

e floorplanner top.ngd

* map top.ngd ...

e partop.ncd output_ncd_filename ...

¢ ngdanno —module output_ncd_filename

e pimcreate pim_path —ncd output_ncd_filename

At the conclusion of a single pass through the active module implementation phase as
described, above, the implementation of one design module is complete. Each step in this
stage must be repeated to implement each additional module in the modular design (an
additional pass through this phase is required for each additional module).

Final Assembly Phase

The team leader is responsible for this phase of the design. It can begin once all
implementation modules have been published to the team leader. The goal of the final
assembly phase is to produce a complete design from the information generated in the
previous two Modular Design phases. If the overall design meets its timing constraints and
simulation values, the final assembly phase can begin. However, if overall design criteria are
not met, the active module implementation phase and, in rare cases, the initial budgeting phase
must be repeated before the design is ready for the final assembly phase.

This phase first builds a complete NGD file from the NGO file for the top-level design together
with the NGO files for each of the referenced modules. Then, the complete design is mapped
and routed using guide information contained in the NGM and NCD files published for each of
the referenced modules. The use of guide information at this step greatly speeds the overall
implementation run time. Since all top level-logic has been positioned, and each module and its
ports have been sized and positioned, the design should assemble as specified. However, even
if module assigned areas do not overlap, in some cases resource contention among modules
can occur due to module use of global logic or routing resources. Also, even if each module
meets its timing constraints, the overall design may not meet its timing constraints due to
additive delays. If either of these conditions occur, or if the overall design is otherwise
unacceptable, one or more modules will need to be reimplemented before the final design can
be assembled. Although it is possible to use tools during this phase to directly constrain or
manipulate resources contained in a module, this technique is not recommended since it
renders published module information invalid.

Although the work for this phase can be performed in the directory where the initial budgeting
phase was performed, doing so is not recommended since the assembly may change top.ucf,
the top-level constraints file. If this occurs, the file cannot used for future module

implementation. To avoid this problem, a separate directory should be created for this phase. To

12

www.xilinx.com XAPP404 (v1.2) April 20, 2001
1-800-255-7778


http://www.xilinx.com

Xilinx Alliance 3.1i Modular Design 2:X||_|NX®

prepare the final assembly directory, copy each of the files generated in the initial budgeting
phase to it.

Each step in the final assembly phase is described, below. The information in each step uses
the following assumptions and conventions: 1) information for the top-level design is contained
in "top.*" files, 2) the PIM directory is located at pim_path, and 3) each module is named
“moda,” “modb,” and so forth.

1.

Create the NGD file for the entire design

Since all NGO files for referenced modules have been published into the PIM directory,
ngdbuild can be used to assemble all blocks into a complete design. Again, none of the
pseudo logic used in the active module implementation phase appears in any of the
associated NGO files. Consequently, this extra logic will NOT be added to the full design.
Ngdbuild is run using the “assemble” argument to the “—modular” switch to indicate this is
the final assembly phase of the modular design. The path to the PIM directory must be
specified as well as the names of each module implementation. Currently, each module
name must be specified, but future software release functionality will be added that implies
the names of all modules if no module name is specified. The following command assumes
there are two published modules in the modular design, “moda” and “modb:”

ngdbuild —-modular assemble —pimpath pim_path —use_pim
moda —use_pim modb top.ngo

This command reads the previously created top.ucf constraints file in the current directory.
Command output is written to the top.ngd file, which represents the logic of the full design.
The specified PIM information will be written into the top.ngd file for future tool use.

Map the full design

The mapping step uses the PIM information in the input NGD file to guide the mapping of
all associated PIM logic. Use of guide information allows any top-level constraints pushed
into module implementations to be correctly processed. Since the PIM information was
placed into the top.ngd file during the previous step, no additional flags are required to
perform the mapping process (use of mapping flags is optional). The command to use for
this step is:

map top.ngd <other_map_flags>

Use <other_map_flags> to specify any of the available mapping flags. Command output
will be mapped to the top.ncd and top.ngm files. Also, PIM information found in the top.ngd
file is propagated into these files for later use. The map report, top.mrp, can be examined
to see how guide information for each module was processed.

Place and route the full design

The placement and routing of the full design can now be performed. This step use the
previously generated PIM information as guide information, which greatly speeds
implementation time. Also, the use of guide information results in tool optimizations (though
not across module boundaries) that increase the quality of the overall design result. Since
previously provided PIM information is contained in the top.ncd file, no additional par flags
are required (use of par flags is optional). Here is the command to use to perform this step:

par top.ncd top_impl.ncd <additional_par_flags>

The name assigned to the placed and routed NCD output file is “top_impl.” Optional par
flags can be specified in <additional_par_flags>. The par report file, top_impl.par, can be
consulted to view the performance of the overall design together with associated guide
information.

Note: Currently, the guide information in the par file incorrectly takes into account the failure to guide

pseudo-logic in the PIM guide files, but not in the top.ncd file. This incorrect functionality should be
ignored (it will be fixed in a future software release).
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Simulation Flow

Simulate the full design

The final step in the Modular Design flow (other than bitstream generation) is the simulation
of the full design to verify that it meets its timing specifications. This process is described in
the next section.

Functional and timing simulation can be performed on each module during the active module
implementation phase. Simulation of the entire design can be performed during the final
assembly phase.

Simulating the Module

A module can be simulated during the active module implementation phase. There are two
simulation methods:

1.

A module can be simulated directly, independent of the top-level design. Independent
module simulation is performed with the following commands:

ngdanno -o <module_name>.nga -module <toplevel>.ncd
Example: ngdanno -module —o module_a.ngo top.ncd

For VHDL, run:
ngd2vhdl —te <module_name> <module_name>.nga
Example: ngd2vhdl —te module_a module_a.nga

For Verilog, run:
ngd2ver —tm <module_name> <module_name>.nga
Example: ngd2ver —-tm module_a module_a.nga

Notice the use of the —te and —tm options in the VHDL and Verilog examples, respectively.
These options are used to rename the top-level entity to module_a, as indicated. If these
renaming options are not used, the resulting VHDL/Verilog entity/module will be named
“top.”

The resulting simulation netlist will contain only module-level logic and ports. This netlist
can be instantiated in a testbench that exercises just the module.

Current Limitations:

All ports and internal signal names appear in the back-annotated netlist in terms of the top-
level netlist. The ports are named after the top-level signals they connect to, and the
internal signals have the instance name tagged in front of them. For example, port B2A_IN
of module_a will be named B2A (B2A is the top-level signal that connects to port B2A_IN).
The internal signal Q0_OUT in module_a will appear as:

signal I NSTANCE_ A Q0 _QUT : std_logic; -- In VHDL
wire \instance_a/Q_OUT ; // in Verilog

Timing simulation will reflect the timing of components within the module. However, delay
and timing values of module ports should be ignored until a complete design simulation is
performed. Boundary timing is meaningless when simulating a module since port loads
and drivers are not known.

The top-level design with its active module can be back-annotated and completely
simulated. This simulation can be performed using the standard commands for correlated
back annotation, as follows:

ngdanno -o top.nga <toplevel>.ncd top.ngm

VHDL:

ngd2vhdl top.nga
Verilog:

ngd2ver top.nga
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The advantage of this approach is that top-level design logic is included in the simulation.
The disadvantage is that inactive modules will be undefined, and the signals connected to
their ports will be left dangling. Therefore, it will be necessary to probe or stimulate (or both
probe and stimulate) dangling signals to yield meaningful simulation results.

In VHDL, internal signals can not be driven from the testbench, but some simulation tools
allow access to these signals from a script/command file or from the GUI. Please refer to
tool documentation for more information.

In Verilog, users can access internal signals from the testbench as well as from a script or
command file.

Simulating the Entire Design
The entire design can be simulated in the assembly mode. The commands are:

ngdanno —o top.nga <toplevel>.ncd top.ngm

For VHDL:
ngd2vhdl top.nga

For Verilog:
ngd2ver top.nga

There are no restrictions for simulation of the full design during the final assembly phase.

VHDL Example

l'ibrary | EEE;
use | EEE. std_|logic_1164.all;

entity top is port (ipad_dll _clk_in:

in std_| ogic;
dli | _rst in std_| ogic;
top2a_c: in std_| ogic;
top2b: in std_| ogic;
obuft_out: out std_| ogic;
mod_c_out: out std_| ogic;

nmoda_cl k_pad: in std_|ogic;
nmoda_data: in std_|l ogic;
nmoda_out: out std_l ogic;
nmodb_cl k_pad: in std_|ogic;
nmodb_data: in std_|l ogic;
modb_out: out std_l ogic;
modc_cl k_pad: in std_|ogic;
nmodc_data: in std_Ilogic;
nmodc_out: out std_logic

)

end top;

architecture nodul ar of top is

signal dll_clk_in : std_|logic;

signal clk_top : std_l ogic;

signal dll_clk_out: std_logic;

signal a2top_obuft_i: std_|l ogic;

signal a2c: std_logic;

signal a2b: std_l ogic;

signal b2top_obuft_t: std_| ogic;

signal b2c: std_logic;

signal b2a: std_l ogic;

signal c2and2: std_| ogic;

signal c2a: std_|ogic;
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signal a_and_c: std_l ogic;
signal moda_cl k: std_| ogic;
signal nmodb_cl k: std_| ogic;
signal nmodc_cl k: std_| ogic;
conponent | BUFG i s port(
end conponent;
conponent CLKDLL is port (
CLKIN : in std_|l ogic;
CLKFB : in std_|l ogic;
RST : in std_Il ogic;
CLKO : out std_logic;

CLK90 : out std_logic;
CLK180 : out std_l ogic;
CLK270 : out std_l ogic;

CLKDV : out std_| ogic;
CLK2X : out std_| ogic;
LOCKED : out std_logic);
end conponent;
conponent BUFG

port (

I : in std_l ogic;

O: out std_logic);
end conponent;
conponent BUFGP

port (

I : in std_l ogic;

O: out std_logic);
end conponent;

in std_ logic; O: out std_logic);

-- Declare nodules at top-level to get port directionality
component nodule_a is port( CLK TOP: in std_|logic;

B2A IN: in std_l ogic;

TOP2A IN: in std_Ilogic;

C2A IN: in std_logic;

MODA DATA : in std_logic;
MODA CLK : in std_l ogic;

)

A2B_OUT: out std_logic;
A2TOP_OBUFT_I _OUT: out std_l ogic;
A2c_ouT: out std_| ogic;

MODA_QUT : out std_logic

end conponent;

component nodule_ b is port( CLK TOP: in std_|logic;

A2B IN: in std_|ogic;

TOP2B_IN: in std_Ilogic;

A AND CIN in std_logic
MODB_DATA: in std_| ogic;
MODB_CLK: in std_| ogic;

MODB_QUT : out std_l ogic;

B2A QUT: out std_|l ogic;
B2TOP_OBUFT_T_OUT: out std_l ogic;
B2C_QOUT: out std_logic);

end conponent;

component nmodule _c is port( CLK TOP: in std_|logic;

B2C IN: in std_logic;

TOP2A C IN: in std_logic;

A2C IN: in std_logic;
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MODC_DATA: in std_l ogic;
MODC _CLK: in std_| ogic;
MODC_QOUT: out std_| ogic;
C2A _QUT: out std_l ogic;
C2TOP_QUT: out std_I ogic;
C2AND2_QUT: out std_Il ogic);
end conponent;
begin
i buf _dll: I1BUFG port map(l =>ipad_dll _clk_in,
O =>dll _clk_in);
dl | _1: CLKDLL port map(CLKIN => dl I _clk_in,
CLKFB => cl k_t op,
CLKO => dIl _cl k_out,
RST => dl | _rst);
gl obal cl k: BUFG port map(O => cl k_t op,
I =>dll_clk_out);
buf g_nmoda : BUFGP port map (O => npbda_cl k,
I => npda_cl k_pad) ;
buf g_nmodb : BUFGP port map (O => nodb_cl k,
I => nodb_cl k_pad);
buf g_nmodc : BUFGP port map ( O => nodc_cl Kk,
I => nodc_cl k_pad);

-- A sinple piece of external logic at top |evel
a_and_c <= c2and2 and b2a;
-- Tri-state output

obuft _out <= a2top_obuft_i when b2top_obuft_t ='0" else’

i nstance_a: nodul e_a port map (CLK_TOP =>cl k_t op,
TOP2A I N =>t op2a_c,
C2A I N =>c2a,
B2A I N => bh2a,
MODA DATA => noda_dat a,
MODA CLK => noda_cl k,
MODA OUT => npda_out,
A2B_QUT => a2b,
A2TOP_OBUFT_I _QUT => a2top_obuft i,
A2C _QUT => a2c)
i nstance_b: nodul e_b port map ( CLK_TOP => cl k_t op,
TOP2B_I N => t op2b,
A2B I N => a2b,
A AND C IN => a_and_c,
MODB_DATA => nodb_dat a,
MODB _CLK => nodb_cl k,
MODB_OUT => nodb_out,
B2TOP_OBUFT_T_OUT => b2top_obuft _t,
B2C_OUT => b2c,
B2A OUT => b2a);
i nstance_c: nodule_c port map ( CLK_TOP => cl k_t op,
TOP2A C IN => top2a_c,
B2C I N => b2c,
A2C I N => aZ2c,
MODC_DATA => nodc_dat a,
MODC_CLK => nodc_cl k,
MODC_QOUT => nodc_out,
C2TOP_QUT => nod_c_out,
C2AND2_QUT => c2and2?,
C2A _QUT => c2a);
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end nodul ar;

Verilog Example

modul e top (ipad_dll _clk_in, dll _rst, top2a_c, top2b, obuft_out,
mod_c_out, noda_data, noda_cl k_pad, noda_out, nopdb_dat a,
modb_cl k_pad, nmodb_out, nodc_data, nodc_cl k_pad, nodc_out)
i nput ipad_dll_clk_in;
i nput dll_rst;
i nput top2a_c;
i nput top2b;
out put obuft _out;
out put nod_c_out;
i nput noda_dat a;
i nput noda_cl k_pad,;
out put noda_out ;
i nput nodb_dat a;
i nput nodb_cl k_pad,;
out put nodb_out ;
i nput nodc_dat a;
i nput nodc_cl k_pad,;
out put nodc_out;
[Iwire ipad_dll _clk_out;
ire clk_top;
wire dll _clk_out;
Wi re a2top_obuft _i;
Wi re a2c;
wire az2b;
wire b2top_obuft t;
Wi re b2c;
Wi re b2a;
Wi
Wi
Wi
Wi
Wi
Wi

S

re c2andz;
re c2a;
re a_and_c;
re noda_cl k;
re nodb_cl k;
re nodc_cl k;
I BUFG i buf _dll (.1(ipad_dll_clk_in),
.Q(dll _clk_in));
CLKDLL dI'l _1 (.CLKIN(dIIl _clk_in),
. CLKFB(cl k_t op),
. CLKO(dII _cl k_out),
.RST(dll _rst));
BUFG gl obal cl k (.O(cl k_top),
.1 (dll _clk_out));
BUFGP buf g_mpda (. Q(nmoda_cl k),
.1 (moda_cl k_pad));
BUFGP bufg_nodb (. Q(nmodb_cl k),
.1 (modb_cl k_pad));
BUFGP buf g_nmodc (. Q(nmodc_cl k),
.1 (modc_cl k_pad));
/'l A sinple piece of external logic at top |eve
assign a_and_c = c2and2 && b2a;
/1 Tri-state output

assign obuft_out = (!b2top_obuft_t) ? a2top_obuft_i : 1’ bz;
modul e_a instance_a (.CLK TOP(cl k_top),
. B2A I N(b2a),
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. TOP2A I N(top2a_c),
. C2A I N(c2a),
. MODA_DATA( noda_dat a) ,
. MODA_CLK (moda_cl k),
. MODA_QUT (noda_out),
. A2B_QUT(a2b),
. A2TOP_OBUFT_I _QUT(a2t op_obuft i),
. A2C _QUT(a2c))
nodul e_b instance_b ( .CLK TOP(cl k_top),
. TOP2B_I N(t op2b),
. A2B_|I N(a2b),
.A_AND C IN(a_and_c),
. MODB_DATA( nodb_dat a) ,
. MODB_CLK(nodb_cl k),
. MODB_QUT( nodb_out),
. B2TOP_OBUFT_T_OUT( b2t op_obuft _t),
. B2C_QUT(b2c),
. B2A_QUT(b2a));
nodul e_c instance_c ( .CLK TOP(clk_top),
. TOP2A C I N(top2a_c),
. B2C_I N(b2c),
. A2C_I N(a2c),
. MODC_DATA( nodc_dat a) ,
. MODC_CLK( nodc_cl k),
. MODC_QUT( hodc_out),
. Q2TOP_QUT(nmod_c_out),
. C2AND2_QUT( c2and2),
. C2A _QUT(c2a));
endnmodul e

/'l Declare nodules at top-level to get port directionality

nodul e modul e_a ( CLK_TOP, B2A IN, TOP2A IN, C2A I N, MODA DATA,

MODA_CLK, MODA_QOUT, A2B_OUT, A2TOP_OBUFT_I _QOUT, A2C_QUT)
nput CLK_TOP ;

nput B2A_IN ;

nput TOP2A_IN ;

nput C2A_IN ;

nput MODA DATA,

nput MODA_CLK;

out put MODA_OUT,;

out put A2B_OUT ;

out put A2TOP_OBUFT_I _QUT ;
out put A2C _OUT ;

endnodul e

modul e nodul e_b ( CLK_TOP, A2B_IN, TOP2B_IN, A AND C IN, MODB_DATA,

MODB_CLK, MODB_QOUT, B2A OUT, B2TOP_OBUFT_T_OUT, B2C_QUT)
nput CLK TOP ;

nput A2B_IN ;

nput TOP2B_I N ;

nput A AND C IN ;

nput MODB_DATA,

nput MODB_CLK;

out put MODB_QOUT,;

out put B2A_OUT ;

out put B2TOP_OBUFT_T_OUT ;
out put B2C_OUT ;

endnodul e
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modul e nodul e_c ( CLK_TOP, B2C_IN, TOP2A C IN, A2C_ IN MODC_DATA,
MODC_CLK, MODC_OUT, C2A_OUJT, C2TOP_OUJT, C2AND2_QUT)
i nput CLK_TOP ;

i nput B2C_IN ;

i nput TOP2A C IN ;

i nput A2C IN ;

i nput MODC_DATA,;

i nput MODC_CLK;

out put MODC_QOUT,;

out put C2A OUT ;

out put C2TOP_QUT ;

out put C2AND2_OUT ;

endnodul e
Appendix B — VHDL Example
HDL Code
Examples for library |EEE;

. . use | EEE. std_|logic_1164.all;
Insertlng /Os in entity module_a is port ( CLK TOP : in std_Ilogic;
a Module B2A_IN: in std_l ogic;
TOP2A IN: in std_Ilogic;
C2A IN: in std_logic;
MODA DATA : in std_l ogic;
MODA CLK : in std_l ogic;
MODA_QUT : out std_l ogic;
A2B_OUT: out std_|l ogic;
A2TOP_OBUFT_I _OUT: out std_l ogic;
A2C _QOUT: out std_Il ogic)
end nodul e_a;
architecture nodular of nodule_a is
-- add your signal declarations here
signal Q_OUT, QL _OUT, @_OUT, @B_QUT : std_logic;
signal AND4_OUT: std logic ;
signal OR4_QUT : std_|logic;
begin
AND4 OUT <= Q0_OUT and Q1_OUT and @2 _OUT and @B_QUT ;
OR4_QUT <= QO_OUT or QL_QOUT or @2 _QUT or B_OUT ;
TOP_CLK: process(CLK _TOPR)
begin
if (CLK_TOP event and CLK_ TOP = "1') then
QQ_QUT <= MODA DATA ;
@_QUT <= TOP2A I N ;
MODA QUT <= OR4_QUT ;
A2B_OUT <= AND4_OUT :
end if;
end process TOP_CLK;
CLK_MODA: process( MODA CLK)
begin
if (MODA CLK event and MODA CLK = "1') then
Ql_OUT <= B2A IN ;
@ _OUT <= C2A IN ;
A2TOP_OBUFT_| _OUT <= AND4_OUT ;
A2C QUT <= OR4_QUT ;
end if;

20 www.xilinx.com XAPP404 (v1.2) April 20, 2001
1-800-255-7778


http://www.xilinx.com

Xilinx Alliance 3.1i Modular Design 2:X||_|NX®

end process CLK_MODA,
end nodul ar;

Verilog Example

modul e nodul e_a ( CLK_TOP, B2A IN, TOP2A IN, C2A I N, MODA DATA,

MODA_CLK, MODA QUT, A2B_QUT, A2TCOP_OBUFT_I _QUT, A2C QUT);

i nput CLK_TOP ;

i nput B2A IN ;

i nput TOP2A_IN ;

i nput CCA IN ;

i nput MODA DATA, MODA CLK;

out put MODA_QOUT,;

out put A2B_QOUT ;

out put A2TOP_OBUFT_I _QUT ;

out put A2C _OUT ;

/1 add your declarations here

reg QQ_QUT, QL_OUT, 2_OUJr, @_OaJT ;

reg A2B_OUT, A2TOP_OBUFT_I _QUT, A2C QUT ;

reg MODA OUT;

wire ANDA_QUT ;

wire OR4_QUT ;

/1 add your code here

assign AND4_OUT = QO_QUT && QL

assign OR4_QOUT = QO_OUT || QL_

al ways @ (posedge CLK_TOP)

begin : TOP_CLK
QQ_QUT <= MODA DATA ;
@_QUT <= TOP2A I N ;

_our _
ouT

:
:
;
:

MODA OQUT <= OR4_QUT ;

A2B_OUT <= AND4_OUT :
end
al ways @ (posedge MODA CLK)
begin : CLK _MODA

Ql_OUT <= B2A IN ;

@ _OUT <= C2A IN ;

A2TOP_OBUFT_| _OUT <= AND4_OUT ;
A2C_OUT <= OR4_OUT :

end
endnodul e

In the above example, the module has two external inputs ( IPAD_MODA_CLK and
IPAD_MODA_DATA), and one external output (OPAD_MODA_OUT). For these external 1/Os,
IBUF, OBUF, and BUFGP are instantiated.

The lower-level port declaration is different from top-level declaration of module_a. Specifically,
lower-level module_a has three additional ports. With Modular Design, ngdbuild will ignore this
port mismatch and use module_a.edf to describe module_a. These 1/Os will be present in the
design and available for simulation.
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Appendix C —
Vendor-Specific
Notes

This section provides vendor-specific information on the following subjects:
* Creating a Separate Netlist for Each Module

« Disabling I/O Insertion

e Instantiating Primitives

Creating a Netlist for Each Module

In Synplify or FPGA Express/FPGA Compiler Il version 3.3.1 or earlier, each design project
creates one netlist. A project is required for the top level and for each lower-level module (four
projects are created in the previous examples: for top, module_a, module_b, and module_c.).
The top-level project will be synthesized with 1/O insertion and the lower levels will be
synthesized without 1/O insertion.

FPGA Express/FPGA Compiler Il (version 3.4 or later) includes a new Incremental Synthesis
feature. This feature allows each design module to be synthesized individually within a project.
Exporting the design produces a separate EDIF for each module, tagged with a Block Root
designation. This attribute is set under the Modules tab within the FPGA Express/FPGA
Compiler Il Constraints Editor, as shown in the Figure 3.

Elocksl Pathz I Ports  Modules | Hegistersl Hilirs Dptionsl

Block Operator | Optimize Hupltests

Hame Hierarchy | Primitives | Dont Touch Partition Sharing for Effort Register
Merge
1 EH =defautt= Preserve  |Preserve on Speed High Enahle
2 EHER top False Bllack Raat
3 [ [BUFG - fbuf_di
4 " CLKDLL - dll_1 Preserve
5 5 BUFG - globalclk
5 5 BUFGP - hufy_modc
7 EH module_a - instance_a Block Root
g 5 BUFGP - hufy_modk
9 5 BUFGP - hufy_moda
10 " module_c - instance_c Block Root
11 EH module_b - instance_kb Block Root

Figure 3: FPGA Constraint Editor, "How to Assign Block Root"

In LeonardoSpectrum, multiple netlists from a single project can be created from the GUI as
well as from the script. The following script describes the method for a VHDL design:

set part vb50ecsl44

|l oad_Iibrary xcve

read ./top.vhd

optimze -target xcve -hier preserve
present _design .work.top. nodul ar
auto_wite -format edf top.edf

read ./ nodul e_a. vhd

read ./ nodul e_b. vhd

read ./nodule_c.vhd

optimze -target xcve -hier preserve
present _desi gn .wor k. nodul e_a. nodul ar
auto wite -format edf nodul e_a. edf
present _desi gn .wor k. nodul e_b. nodul ar
auto wite -format edf nodul e_b. edf
present _desi gn .wor k. nodul e_c. nodul ar
auto wite -format edf nodul e_c. edf

The following script describes the method for a Verilog design:

set part vb50ecsl44
|l oad_Iibrary xcve
read ./nodule_a.v
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read ./nodule_b.v

read ./nodule c.v

read ./top.v

optimze -target xcve -hier preserve
present _desi gn .wor k. nodul e_a. | NTERFACE
auto wite -format edf nodul e_a. edf
present _desi gn .wor k. nodul e_b. | NTERFACE
auto wite -format edf nodul e_b. edf
present _desi gn .wor k. modul e_c. | NTERFACE
auto wite -format edf nodul e_c. edf
NOOPT . wor k. nodul e_a. | NTERFACE

NOOPT . wor k. nodul e_b. | NTERFACE

NOOPT . wor k. nodul e_c. | NTERFACE

present _design .work.top. | NTERFACE
auto_wite -format edf top.edf

Disabling I/O Insertion

In Synplify, click the Change button next to Target, or select Target->Set Device Options.
Then, check the Disable 1/0 insertion box.(Figure 4)

“Synplify -

[I.:Insaved Project =]

PRl Eile Miew Source Target Synthesize HDL Analyst Qp_tions Window Help

= = = = P L
RBEPSHS 889003 62 9900 1iée»
L ]
Synplify
Set Device Dptions [ %]
Source Files
Add | nodule s v [VERILOG] | Technalagy: [iin Vites =l
Changel Part: IXEVSD vI ;ty°
Edit | Package: I_BG258 'I
Speed Grade: |-4 vI IU
V_Es ge  Fanout Guide: I‘IDD piler r
| ¥
FesultFile _ .
Changel nodule a. edf I I eyt jv
Target
¥ilinz XCVS0BG256-4, F ok ]| Coneel | Help_|
N Ready ...
Cancel

] Unzaved Pro..

B [ [ [/

Figure 4: Disabling I/O Insertion in Synplify
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In FPGA Express, click the Create Implementation icon after Update. Check “Do not insert I/O

pads.” (Figure 5).

FPGA Express - module_a.exp
ile Edit Synthesiz Script  Filters  Miew ‘Window Help

I module_a

N@FEE =20 @ 0

|— T

To synthesize the design, select the top level design name from the drop down list.
Then chooze the target FPGA device to synthesize a new design implementation

Create Implementation - module_a

Implementation Mame Imodule_a

Design Sources

E|8 WOREK. Target device
=By %D.dl:lfl ‘endar Device
[Xiins =] |ws0B G256 [~
F armnily Speed grade

[VIRTEX =l | & =l

i~ Optimize for
& Speed
i Area

— Effort
& High
 Low

[E{pch frequens |5El MHE

V' Skip constraint eritry

[T ATE BT Errors b wWarnings 4 Messages

Faor Help, press F1 |

Figure 5: Disabling I/O Insertion in FPGA Express

In LeonardoSpectrum (Figure 6),

Exemplar £ ogve - LeonardoSpectrum Level 3 - [Command Line]

M= 3 |

Quick ... ITechn... l Inputl Corstr... l Dptimi% Heportl Dutputl F'&F!l Back ...

LS File Edit Wiew Took Options ‘Window Flows Help = |
|5 ||[E2e % pemEe|fsas|[r e[
=l =

Info: Attempting to checkout
Info: License passed

Fun the entire synthesiz flow from thiz one condensed page. Specify pour
zource files(z). technology and desired frequency, then press Run Flow.

module_a.v =

I »

Operi files

Output File: [H: \customer\modsquad\exemplar\vx_arilog\M od_ules\mod

Technologies: Drevice:
: =] |vi0bg2se =l
Speed Grade:
A -

Clock Frequency
Ihz

Stbepemmbeniill = oy ptimrization
™ Insert 10 Pads
Hizrarchy e ptimizatior E ffart
& Auto

Fiun Flaw | : Help |

Gezzsion history will be logge
Info, Working Directory is nc
-rset _xmp_enable renoir FALZ
FALSE

Info: system wariahle EXEMPLE
Info: Loading Exemplar Blocks
Messages will be logged to £1i
Leonardofpectrun Lewel 3 - wl
Copyright 1990-1999 Exemplar

-— Welcome to Leonardofpectru
-- Fun By vennitBEYENNI
-- Pun Started On Sun Jan 09

i o

l: =set xmp_enable renoir FALE;I
2

I il

HTATETEIT sctive Review /

Transcript | Filtered Trariscript I

Fieady I

[Working Directory: Fr\spla |Line

Figure 6: Disabling I/O Insertion in LeonardoSpectrum
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Instantiating Primitives

Synthesis tools support different methods to instantiate primitive components. Most synthesis
tools recognize primitive components when the correct library or device is targeted.

¢ In FPGA Express, all instantiated components must be declared in VHDL. Module
declarations are not necessary in Verilog. Also, if an IBUFG is instantiated in the top-level
Verilog code, FPGA express inserts IBUF before IBUFG, causing an ngdbuild error. A
workaround is to instantiate the IPAD, omitting the port declaration. This is not an issue in
a VHDL design.

* LeonardoSpectrum instantiates components in a manner similar to FPGA Express—that
is, all VHDL components must be declared. However, Verilog module declaration is not
necessary.

«  Synplify provides Virtex primitives in “library virtex” (VHDL) and “virtex.v" (Verilog). These

are available in $SYNPLICITY/lib/xilinx. Primitives may be called and port mapped without
component or module declarations.

Append iIX D — The Constraints Editor identifies clock signals by recognizing clock pin loads. Consequently,
Tool Limitations the Constraints Editor will not recognize the clock signal during the initial budgeting phase
. - unless a clock pin load exists at the top level of the design.
in the First , , ,
Modul Desi An OFFSET constraint on a module port must be relative to the actual clock pad net (most likely
odular besign ["located" "specified"?] in the top-level design), not to the module clock port
Release Par guide information in the report file refers to failures to guide pseudo logic.
Revision The following table shows the revision history for this document.
HIStOI"y Date Version Revision
04/14/00 1.0 Initial Xilinx release.
06/15/00 11 Added note to have all 3-state drivers within a lower level module

declared as "inout". Added cmd line example to show copying of top-
level UCF to module directories. Fixed NGDBUILD command line for
module impl. Phase to include -uc switch. Added tcl script for
exemplar verilog design

04/21/01 1.2 Moved Synthesis examples into an Appendix A, B and C. Renamed
Appendix on known limitations to be Appendix D. Added description
of floorplanning with auto port placement during Initial Budgeting.
Removed notes about limitations that have been fixed
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