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FPGA Compiler Design Methodology
Using LogiCore™ Drop-in Modules

Summary

This Application Note address the design flow used to insert a PCI Target LogiCore into a VHDL design that is proc-
essed using FPGA Compiler. The flow using Design Compiler is similar.The PCI modules consist of a 32-bit target inter-
face and a back-end interface unit (BIU). The designer can add logic to the BIU to customize it to their application.
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Introduction

One of the classic trade-offs in system design is that ge-
neric design using HDL may sacrifice performance com-
pared to designs optimized for a particular target archi-
tecture. The problem is no one wants to make their de-
sign highly specific for a given architecture since that
limits the possibilities for retargeting at a later time. This
problem gets acute when considering the use of macro

cores or building-block elements. If the cores are too
general purpose, they may be capable of being targeted
to many architectures but performance may suffer. Xilinx
has addressed this problem by introducing LogiCore™
Solutions, drop-in modules for FPGAs. These drop-in
building blocks are unique because they are the only pre-
implemented and fully verified drop-in modules in the
FPGA industry and are pre-defined and optimized for a
particular Xilinx FPGA family and/or device(s). Because
they are highly optimized to the target architecture, the
designer saves the time involved in learning, optimizing
and verifying the design.

The LogiCore™ drop-in modules are ready to use with
pre-determined timing, performance, and area. This ap-
proach leverages the experience of design experts and
makes the results available to a large number of users.
As a result, designers can dramatically cut development
time, significantly reduce design risk, and have access to
the best performance and lowest component cost avail-
able.

Figure 1, LogiCore™ PCI Interface Block Diagram
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The FPGA Compiler Design Flow

The normal FPGA Compiler design flow using
the Xilinx-supplied XSI libraries and interface
is:

1. Analyze/elaborate source code (from
lower levels upwards)

2. Set timing constraints

3. Define I/O ports as pads (optional)

4. Insert I/O pads (optional)

5. Compile

6. Run timing and area reports

7. Convert CLBs/IOBs to gates (output for-
matting)

8. Write XNF file (.SXNF format)

9. Place & Route with XACTstep tools

When using the PCI LogiCore there are sev-
eral important differences in the design flow.
Because the core is highly optimized, the place-and-
route netlist contains many physical constraints
(placement and timing) that guarantee the final perform-
ance. In order to take advantage of this we want this
netlist to be used for physical implementation. We would
also like the compiler to be able to time through the core
and optimize the logic adjacent to it, however, so a
mechanism is needed to achieve both of these goals.
The principal changes to the design flow are:

1. LogiCore elements will be read in from post-route
netlists to give FPGA Compiler access to both func-
tion and timing.

2. No optimization will be performed on the LogiCore
elements.

3. LogiCore elements will be removed from the design
database before writing the output netlist for physical
implementation.

4. Physical implementation will use LogiCore design
netlist with imbedded physical and timing constraints.

Using this design methodology, we can use the post-
route, gate-level netlist of the LogiCore modules for
functional simulation, timing estimation, and optimization
of surrounding logic taking into account the function and
timing of the logic at the boundaries of the LogiCore
modules. After synthesis of the user-defined logic, use of
the original LogiCore netlist with all of it’s placement and
timing constraints ensures the guaranteed performance
of the module will be met. Probably the most important
point is remembering to remove the LogiCore modules
from the design database. This will cause the output

netlist to have “holes” in it where the modules go and the
XACTstep tools will search for XNF design files with
those names to merge in. If the modules are not re-
moved from the design the output netlist will have the
generic gate-level description read in earlier in the proc-
ess and will not contain the valuable mapping, timing,
and physical constraint information needed to obtain the
desired performance.

Recommended practice for Xilinx design in Synopsys is
to handle global reset assignment and global clock buff-
ering at the top level of the design. Therefore, the top
level VHDL file includes an instantiated global clock
buffer BUFGP for the system clock. The buffered clock
signal (CK) is used to drive the PCI bus interface (CTLR-
32T) and the back-end interface unit (BIU). This buffered
clock should also be used for any user-defined logic.

There is also an instantiated STARTUP symbol at the
top level that defines which signal will be connected to
the system global set/reset net. If the user-defined VHDL
code includes reset behavior, it should use this master
reset signal (RST_N) if possible. The XACT tools will
remove redundant connections to individual set or reset
pins on registers since this signal is also connected to
the GSR pin of the STARTUP symbol.

Figure 2, Synopsys/Xilinx Design Flow
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New Design Flow

1. Read in LogiCore controller module and
back-end interface in netlist form (post-
route w/ timing) using XNF reader

2. Analyze/elaborate balance of source
code (including user logic connected to
back-end interface)

3. set_dont_touch on LogiCore elements

4. set timing constraints

5. set_port_is_pad for any user I/O pads in
back-end logic (LogiCore elements con-
tain I/O pads already so no pad insertion
is necessary for those modules).

6. insert_pads (if using auto pad insertion
for back-end logic)

7. Compile

8. Run timing and area reports

9. Convert CLBs/IOBs to gates (output for-
matting)

10. remove_design for all LogiCore elements

11. Write XNF file

12. Place & Route with XACTstep tools (LogiCore de-
sign files will be merged in automatically from the
working directory)

Using Design Compiler

The Xilinx-Synopsys FPGA User Guide describes the
difference between the FPGA Compiler and Design
Compiler flows. The principal difference when using De-
sign Compiler for the XC4000 Series is that there is no
“replace_fpga” step and the output format is EDIF in-
stead of XNF. In addition, the “report_fpga” command is
not valid and “report_area” is used to get a report of de-
sign area. The principal disadvantage is that since De-
sign Compiler will not perform mapping the XC4000 ar-
chitecture, some performance potential is lost and the
area of synthesized logic will not be as small as when
using FPGA Compiler. Timing reports when using De-
sign Compiler should not be counted on to be accurate
as well since the lack of technology mapping introduces
uncertainty as the the number of logic levels in any given
path. In this case, timing reports should be treated as an
advisory only.

Verification

As mentioned previously, the post-route XNF netlist of
the LogiCore modules read into FPGA Compiler can also
be used for functional simulation since it consists entirely
of post-route simulation primitives found in both the VSS
simulation library and the Xilinx Verilog simulation librar-
ies.

After the design is processed with the XACTstep tools it
can be simulated with timing using the same back-
annotation interfaces as any conventional Synopsys de-
sign. Back annotation interfaces for both Synopsys’
VHDL System Simulator (VSS) and Verilog XL are avail-
able from Xilinx. Although this example used VHDL, the
entire process can be reproduced using Verilog and the
design flow is exactly the same.

Summary

This paper has focused on a design methodology that
allows the use of pre-defined LogiCore drop-in modules
to be used in combination with user-defined and synthe-
sized logic when using FPGA Compiler to target a Xilinx
FPGA device. This combination provides a valuable
combination of guaranteed high performance from the
drop-in modules and the flexibility and retargetability of
HDL driven synthesis.

Figure 3, Synopsys/Xilinx LogiCore Design Flow
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