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Verilog synthesis & simulation with Xilinx
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Opening a new project called ic
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Device options, etc. for synthesis & mapping

The next step is to select the target device and
its specs from the board (Spartan2E, xc2s200e,8)g20
to specify Verilog as the input HDL language;
and to specify ModelSim as the simulator of choice.
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Adding new Verilog source
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Create a new top level module ic in the project

Momnew source
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Source Tepe: Vernlog Maodulk
Source Mame: ic.w

Module Mame: ic

Port Definitions:

i S o B e 1]

4]

Source Directorny: E:'

—LCreate a Mew Source

Source File Type Mew Source... I
1 ficw Yerlog kModule
Remove |
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Grind through to initialize project directory
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Enter the source

Use bottom tab &= _zeca|  to selleetsource file, key in
the Verilog description, and save it
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Assigning pinouts

Area and timing constraints are usually used tot raesa-
performance-power goals

The “Assign Package Pins” utility allows us to leage the
switches, LEDs, etc. on the board to interact whth
Implemented design (see documentation on 326 age t
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€» | This process requires that an Implementation Constraint File (UCF) be added to the project and assaciated with the selected design module, YWauld you like Project MNavigakor ko automatically
\-"() create a UCF and add it to the project at this time? IF you select "Mo" you will need to create or add an existing UCF to the project before running this process,
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UCF file to map pins

The mapping assigns switch 1
(available on pin P162) to input a, etc.
These mappings will be provided to you
as part of the project documentation.
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Adding the enable pin for the LED

The LEDs are gated and require an additional glgatahg
signal that is tied t&y5. Add this to your top-level module and
Incorporate this into your pin assignments and sage
constraints file. Accept the default bus delimadgetions and

exit.
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Synthesis

Select the ic module and
double-click the “Synthesize —
XST” button. Note that Xilinx
displays all allowed options for
the selected file in the project.
For example, selecting the
ic.ucf file does not provide
options like synthesis, etc. since
it really is not a Verilog
module.
Synthesis will take some time
—if it is succesful, you will see
a green check-mark. You can
expand the synthesis tab and
look at the synthesis report,

warnings, critical path delay,
etc.
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Synthesis

During synthesis, the bottom
window provides a running
commentary of sorts.

The example on the right shows
that the path delay, as estimated
after synthesis, is 7.937 ns
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Synthesis

Expanding the synthesis tab

View the RTLschematic (allows you to see if whatiexpected-
Is-what-Xilinx-synthesized)
Technology schematic provides LUT-based schematic

FPGASs use programmable look-up tables to implenient
design, as opposed to gates

Read the synthesis report — we will cover some aspeclass
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Implement the design

Double-click the “Implement Design” option, withvcselected

There are several steps, including translate, aragh place-and-
route. These are key post-synthesis steps in aigrdéow

These steps really take a technology-independestigymthesis
netlist and move it closer to the physical (tecbggtdependent)
realization

There are similarities to program compilation

Industry actually uses FPGA-based prototyping Heaid relies
heavily on optimization during the implementaticogess to fine-
tune the performance of the design

However, if your original design is wanting, thenlyesized netlist
IS wanting, and no amount of optimization can mador that

Moral of the story — write good and efficient Veglo
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Implementation

A green-check mark indicates successful implememtatl.ook
at the warnings in the bottom window — if you endeurany,
they may cause trouble later. It is a good ideditninate
warnings before you proceed. Talk to the labbieklaarn to
distinguish the harmless from the potentially hardnoihes.
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The programming phase

Double-click the “Generate
Programming File” tab

Once this completes, we will
configure the FPGA using the
boundary-scan port

Boundary-scan and JTAG are
features used for post-
production test of ICs using
very simple shift-register
concepts and 4 1/O pins

The parallel-port connector
lists these as TDI, TDO,
TCLK, and TMS (test data in,

)

Can be used to configure
FPGAS
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Configuration

Right-click the “Configure Device (iIMPACT) button
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Configuration

Accept this summary and select the programmingdilat
Ignore the xcv200e warning
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Configuration

Ignore this warning as well. The JtagCIk is acyualed to
download the bit pattern onto the FPGA

At this point, the device is initialized and ready
Right-click and program
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And finally ...

Do not check the verify box — programming will craGiiou do
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Verify that it works

| will post a couple of photographs of the boardehe
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Simulation and testing

Testbenches are the Verilog structure of choiceifoulation
A testbench is associated with a Verilog module

The uut (unit-under-test) in the testbench is atamce (the
process of creating an instance is instantiatibthe Verilog
module

Adding a testbench to test the Verilog module igolsws
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Adding a testbench
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Testbenches

In Verilog simulation, a #delay refers to delaysigulation by
delay time steps following a change in input pater

The initial block is a construct that is used tplgsuccessive
Input patterns, separated by #delays

Initial blocks are not synthesizable, since thest gorrespond to a
bunch of inputs applied in sequence. They reallyilement no
logic!

The ModelSim simulator can be used to view andpmé the
waveforms that are obtained by simulating the outained in the
testbench

Note that testbenches are not synthesizable, alhtteey contain
are initial blocks and a few instances of Verilogdules. They
have no use since they are not actually implemented
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Specifying test patterns

Edit the initial block in the testbench, and add@e stimuli as
shown below
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Simulation

We have several simulation options
Behavioral, post-translate, post-map, ...
The main trade-off is speed of simulation versusieacy
We will mainly use behavioral simulation

At the behavioral level, we really are checkingdumnality w/o
regard for timing, interconnect delay, routing gelketc.

Double-click the “Simulate Behavioral Model” tab
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Simulation

Select ic_test, and start behavioral simulation
ModelSim window pops up
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Simulation range

View the simulation trace over the full range bles@ng the
waveform window and using right-click — Zoom Full

Just pressing F also does the job
Analyze the results of simulation
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