




















Chapter 3: Quick Start Example Design & XILINX.

5. After creating the project, locate the SPI-3 Link Layer core in the taxonomy tree under
Communication & Networking > Telecommunication > SPI-3 Link Layer Interface.

6. Double-click the core to display the SPI-3 Link Layer Interface primary screen in
Figure 3-1.
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Figure 3-1: SPI-3 Link @ rimary Screen

7. In the Component Name field, enter a name for t}wﬁ Nustance. This example uses
quickstart.

8. After selecting the desired features and parameters fromthe GUI screens, click
Generate.

The core and its supporting files, including the example design, are generated in the
project directory. For detailed information about the example design files and
directories see Directory and File Contents, page 22.

Implementing the Example Design

After generating a core with a Full-System Hardware Evaluation or Full license, the netlists
and the example design can be processed by the Xilinx implementation tools. The
generated output files include scripts to assist the user in running the Xilinx software.

To implement the SPI-3 Link Layer example design, open a command prompt or terminal
window and type the following commands:
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Simulating the Example Design

For Windows

ms-dos> cd <proj>\quickstart\implement
ms-dos> implement_bat

For UNIX

unix-shell% cd <proj>/quickstart/implement
unix-shell% ./implement.sh

These commands execute a script that synthesizes, builds, maps, and place-and-routes the
example design. The script then generates a post-par simulation model for use in timing
simulation. The resulting files are placed in the results directory.

Simulating the Example Design

The SPI-3 Link Layer core provides a quick way to simulate and observe the behavior of
utilizing the provided example design. There are two different simulation types,
Y and timing. The simulation models provided will be in VHDL or Verilog,

@ the CORE Generator Design Entry project options.

Setting up for |@tion

L 2
Functional Simulation //
u

The Xilinx Un§sim #nd SimPrim libraries must be mapped into the simulator. If the UniSim
or SimPrim libY# not set for your environment, please refer to the Xilinx Synthesis
and Simulation DeXg for the current release available from the Xilinx
Documentation page.

Instructions for running a func ulation of the SPI-3 Link Layer core using either
VHDL or Verilog are provided be ional simulation models are provided when
the core is generated. Note that impl gt he core before simulating the functional
models is not required.

To run a VHDL or Verilog functional simulati example design using ModelSim:
1. Set the current directory to:

<proj>/quickstart/simul ation/functio%

2. Launch the ModelSim simulation script:
vsim -do simulate_mti.do

To run a VHDL or Verilog functional simulation of the example design using NCSIM:

1. Set the current directory to:
<proj>/quickstart/simulation/functional

2. Execute the simulation script:
% simulate_ncsim.sh

To run a Verilog functional simulation of the example design using VCS:

1. Set the current directory to:
<proj>/quickstart/simulation/functional

2. Execute the simulation script:
% simulate_vcs.sh
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Chapter 3: Quick Start Example Design & XILINX.

The functional simulation script compiles the simulation model and the demonstration test
bench, adds relevant signals to the wave window, and runs the simulation. To observe the
operation of the core, inspect the simulation transcript and the waveform.

Timing Simulation

Timing simulation is available only with purchase of the core (Full license) or with access
to the Full System Hardware Evaluation license. With a Simulation Only Evaluation
license the core cannot be run through the implementation tools, which is required for
timing based simulation.

Instructions for running a timing simulation of the SPI-3 Link core using either VHDL or
Verilog are given below. A timing simulation model is generated when the core is run
through the Xilinx tools using the implement script.

To run a VHDL or Verilog timing simulation of the example design using ModelSim:

e current directory to:
>{qu ickstart/simulation/timing

g the ModelSim simulator.

1. Setthe cu

tory to:
<proj>/qui rr/simulation/timing
2. Execute the simu n ¥ript:

Tipt
% simulate_ncsi P

&do simulate_mti.do
Toruna @’erilog timing simulation of the example design using NCSIM:
t

1. Set the current directory to

<proj>/quickstart/sim ongtiming
2. Execute the simulation script: @

To run a VHDL or Verilog t%nj ﬁlation of the example design using VCS:

% simulate_vcs.sh

The simulation script compiles the timing si @ model and the demonstration test
bench, adds relevant signals to the wave wind Ovgfa nd?the simulation. To observe the
d

operation of the core, inspect the simulation transcript Avaveform.
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Chapter 4

Detailed Example Design

This chapter provides detailed information about the example design, including a
description of files and the directory structure generated by the Xilinx CORE Generator,
the purpose and contents of the provided scripts, the contents of the example HDL

wra s, and the operation of the demonstration test bench.

jeet directory>
| project directory; name is user-defined

rbject directory>/<component name>
@ase notes file
) ;@nent name>/doc
C umentation

) <compongft @ /example design
Verilog or esign files

] <component nagfie> lement
Implementation yffrigftile

) implement/res
Results directory, crgat&fafter implementation scripts are run, and

contains implement S€Tig
) <component name>/simulatio
Simulation scripts
)] simulation/functional
Functional simulation files

) simulation/timing
Timing simulation files
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Directory and File Contents

The CORE Generator provides the resulting TX and RX core files in the <project_dir>
directory. The NGC files are the resulting core netlists, the VHDL and Verilog files are the
functional simulation models, and the VHO and VEO files are instantiation templates.

<project directory>

The <project directory> contains all the CORE Generator project files.

Table 4-1: Project Directory

Name Description

<project _dir>

<component_name>_spi3_link_tx.ngc Top-level netlist for the TX core.

qent _name> spi3_link _rx.ngc Top-level netlist for the RX core.

#t_name> spi3_link_tx.v[hd] Verilog or VHDL simulation
model for the TX core.

Yname>_spi3_link_rx.v[hd] Verilog or VHDL simulation
model for the RX core.

<component XCO CORE Generator project-specific
option file; can be used as an input
to the CORE Generator.

List of files delivered with the
core.

<component_name>__

<component_name>_spi3_IWnkgtx_{veo|vho} | VHDL or Verilog instantiation

template for the TX core.

<component_name> spi3_link N vho} | VHDL or Verilog instantiation
template for the RX core.

Return to Top

<project directory>/<component name> /&
otes Wt provided with the core,

The <component name> directory contains the release
which may include last-minute changes and updates.

Table 4-2: Component Name Directory

Name Description

<project_dir>/<component_name>

spi3_link _readme.txt SPI-3 Link Layer release notes file.

Return to Top
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<component name>/doc

The doc directory contains the PDF documentation provided with the core.

Table 4-3: Doc Directory

Name Description

<project_dir>/<component_name>/doc

spi3_link _ds504.pdf SPI-3 Link Layer Data Sheet
spi3_link _gsgl184.pdf SPI-3 Link Layer Getting Started Guide
Return to Top

<component name>/example design

N ple design directory contains the example design files provided with the core.

&xample Design Directory

Name Description
@ <project_dir>/<component_name>/example_design

<componen¥{ na top.ucfF The user constraints file for both the core and
the example design. Provides example
constraints necessary for processing the core
using the Xilinx implementation tools. The
* UCF can be modified to meet individual
/ system requirements. It contains a timing

example design; instantiates the TX and RX
res.

constraint on both TX and RX clocks.
<component_name>_top.v[h : The VHDL or Verilog top-level file for the

<component_name>_spi3_link_tx! file for the TX core (verilog only)

<component_name>_spi3_link_rx.v er file for the RX core (verilog only)

Return to Top c

<component name>/implement

The implement directory contains the core implementation script files. The implement
directory is only generated for Full-System Hardware Evaluation and Full license types.
See Chapter 2, “Licensing,” for licensing information.

Table 4-5: Implement Directory

Name Description

<project_dir>/<component_name>/implement

implement.{sh | bat} A Windows (.bat) or UNIX (.sh) script that
processes the example design through the
Xilinx tool flow.
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Table 4-5: Implement Directory (Cont’d)

Name Description

xst.prij The XST project file for the example design
that lists all of the source files to be
synthesized. Only available when the
CORE Generator Vendor project option is
set to ISE or Other.

xst.scr The XST script file for the example design

used to synthesize the core. Only available
when the CORE Generator Vendor project

option is set to ISE or Other.

synplify.prj The Synplify synthesis script for the example
design. Only available when the CORE
Generator Vendor project option is set to

P\ Synplicity.

)y

Implementatio/ t Details

The implemegfatic script is either a shell script (.sh) or batch file (.bat) that processes the
example desi the Xilinx tool flow. The scripts are located in the following

directory:
<proj>/<component_gfimeg)/ iggplement /

If the CORE Generator isTu
implementation script is pr

*
the Full System Hardware license or the Full license, the
erforms the following steps:

* Synthesizes the example desi &he selected synthesis tool (XST or Synplify)

e Runs ngdbui Id to consolidate #ge ggffe netlists, wrapper netlist, and constraints file
into the common database

®  Runs map to perform technology spec ing of the design
¢ Runs par to perform place and route of t gn

* Runs trce to perform static timing analysis of t% design
* Runs bitgen to generate a bitstream for downldtid4# rget FPGA

* Runs netgen to generate a post-par simulation model for use in timing simulation

implement/results

The results directory is created by the implement script, after which the implement script results
are placed in the results directory.

Table 4-6: Results Directory

Name Description

<project_dir>/<component_name>/implement/results

Implement script result files.

Return to Top
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<component name>/simulation

This directory contains the necessary files to test a VHDL or Verilog example design that is
provided with the demonstration test bench.

Table 4-7: Simulation Directory

Name Description

<project_dir>/<component_name>/simulation

spi3_link _clk gen.v[hd] Demonstration test bench file.
spi3_link _driver.v[hd] Controls the operation of the demonstration
test bench, and can be user-modified.
spi3_link_monitor.v[hd] Demonstration test bench file.
spi3_link_procedures.v[hd] Demonstration test bench file.

ink_tb.v[hd] Demonstration test bench file.

_testcase pkg.-v[hd] Controls the operation of the demonstration
test bench, and can be user-modified

Return

Simulation Script De

Simulation scripts are viled for ModelSim, IES, and VCS, which compile the
simulation model and'de tign test bench and runs the simulation. The simulation

files are located in the follo yi ectory:

<proj>/<component_name>7 sgfiulafon/{functional | timing}/
For functional simulation, the si n geript performs the following tasks:

* Compiles the simulation models i ith the core

Compiles the wrapper file, which ins egores

¢ Compiles the demonstration test bench
Starts a simulation of the demonstration test eny
Opens the waveform viewer and adds key signa: A

e Runs the simulation

For timing simulation, the simulation script performs the following tasks:
¢ Compiles the post-par example design, which includes the cores
e Compiles the demonstration test bench

e Starts a simulation of the demonstration test bench

Opens the waveform viewer and adds key signals

Runs the simulation
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simulation/functional

The functional directory contains functional simulation scripts provided with the core.

Table 4-8: Functional Directory

Name

Description

<project_dir>/<component_name>/simulation/functional

simulate_mti.do

A ModelSim macro file that compiles the
HDL sources and runs the simulation.

wave .do

A ModelSim macro file that opens a wave
window and adds key signals to the wave
viewer. The wave.do file is called by the
simulate_mti.do file, and is displayed after
the simulation is loaded.

Shell script that compiles the HDL sources
and runs the simulation.

8

IES macro file that opens a wave window
and adds key signals to the wave viewer.
The wave.sv file is called by the
simulate_ncsim.sh script.

simulate Q@verilog only)

Shell script that compiles the functional
netlist and example design. The script also
runs the functional simulation using VCS.

vcs_session.tcl (g} %n ly)

VCS tcl script that opens wave window. This
macro is called by the simulate_vcs.sh script.

VCS command file. The file is called by the
simulate_vcs.sh script.

ucli_commands.key (ve o]
only)
Return to Top @

simulation/timing

only with Full System Hardware Evaluation and Full li€¥nsg

Table 4-9: Timing Directory

The timing directory contains the timing simulation scr% w ed with the core. Generated

Name

Description

<project_dir>/<component_|

name>/simulation/timing

simulate_mti.do

A ModelSim macro file that compiles the
post-par timing netlist and demonstration
test bench files and runs the simulation.
Note that the implement script must be run
to generate the post-par timing simulation
model. Simulation can only be run after the
timing simulation model is generated.

26
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Table 4-9: Timing Directory (Cont’d)

Name Description

wave.do A ModelSim macro file that opens a wave
window and adds key signals to the wave
viewer. The wave.do file is called by the
simulate_mti.do file, and is displayed after
the simulation is loaded.

simulate_ncsim.sh Shell script that compiles the post-par
timing netlist and demonstration test
bench, and runs the simulation.

wave.sv IES macro file that opens a wave window
and adds key signals to the wave viewer.
The wave.sv file is called by the
simulate_ncsim.sh script.

S e_vcs.sh (verilog only) Shell scripts that compiles the post-par
timing netlist and example design. The
script also runs the timing simulation using

*
/ VCS.
VCS_S@ cl (verilog only) VCS tcl script that opens a wave window.

b This macro is called by the simulate_vcs.sh
Q script.

ucli_command

erilog only) | VCS command file. The file is called by the
simulate_vcs.sh script.

Return to Top /
Demonstration Test Bench jc
The SPI-3 Link Layer example design

@f two components:
¢ Example design wrapper

Instantiates both the RX and TX netlists (L@)r SIMPRIM simulation models). A
direct loopback from the RX to the TX is used; the R OflLink interface is connected

directly to the TX LocalLink interface.

e The demonstration test bench

The demonstration test bench (Figure 4-1) is comprised of a number of modules that
work together to generate and drive data into the RX core’s SPI-3 Packet Interface, and
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receive data from the TX core’s SPI-3 Packet Interface. After Figure 4-1, see a brief
description of each module.

Demonstration Test Bench SPI-3 Link Layer Example Design

SPI-3 Link Layer
Clk Clk/Rst Core
Gen >
. Rx SPI-3 Packet Interface Rx LocalLink Interface
Data Driver [ Rx CORE

_ -
Data Monitor
Tx SPI-3 Packet Interface Tx LocalLink Interface
-« Tx CORE g ‘
/ -

Figure 4-1: Demonstration Test Bench

Clock Generator Modu link_clk_gen.v[hd])

The clock generator mod€legffe 2 all clocks required for the demonstration test bench.
The frequency of each core iglefined in the testcase package, as defined below.

Procedures Module (spi3_link_pr uges.v[hd])

The procedures module contains all fuffc d procedures used to create the bus
functional model of the RX core’s SPI-3 P fage.

Testcase Package (spi3_link_testcase pkg.Whd

The testcase package file contains all global paramets).

Data Driver Module (spi3_link_driver.v[hd])

The data driver module is the customer interface for passing data to/from the SPI-3 Link
Layer RX core by transmitting data to the RX core’s SPI-3 Packet Interface. Data is
transferred from the data driver to the RX core using a variety of procedure calls, which let
the user customize the traffic patterns being sent and observe the core’s responses.

The procedure calls support transmission of both valid and errored packets, which enables
the user to observe both normal operation and the core response under various error
conditions.

Data Monitor Module (spi3_link_monitor.v[hd])

The data monitor module records all transactions sent by the driver on the RX SPI-3 Packet
Interface, and compares them to the transactions received on the TX SPI-3 Packet Interface.
If a mismatch is observed, an error is flagged.
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Customizing the Demonstration Test Bench

The demonstration test bench can be customized to send different data patterns than the
default case. To achieve the desired test bench behavior, the following files can be
customized:

quickstart/simulation/spi3_link_testcase_pkg.v[hd]
quickstart/simulation/spi3_link_driver.v[hd]

Customizing the Testcase Package

Several user-defined parameters (constants) appear at the top of the test case package file,
which can be changed to modify the behavior of the demonstration test bench. Note that
only the parameters in the test case package defined in Table 4-10 should be changed by the
user; the remaining test case package parameters are internal to the test environment and
should not be modified.

Customizeable Test Bench Parameters

V'S

grer (Constant) Valid Value Description
DATAY 0 Incrementing data pattern
Q 1 Random data pattern
RANDOM_S Positive integer | Seed used for random number generation
VERBOSE_MODE 0 Verbose mode off
® 1 Verbose mode on
SPICLK_PERIOD A Sets the TFCLK and RFCLK clock periods
(VHDL in ns, Verilog in ps)
LLCLK_PERIOD A Sets the TX_CLK and RX_CLK clock
periods (VHDL in ns, Verilog in ps)
CALCLK_PERIOD N/A e TX_CAL_CLK period (VHDL inns,
Veglog in ps)

Note that the default example design connects both %F X LocalLink clocks to

RX_CLK, because a loopback configuration is used.

Customizing the Data Driver Module

The data driver is the main interface used to control the behavior of the demonstration test
bench. Each procedure call in the main process of the driver corresponds to a single SPI-3
transaction to the RX core. The data driver module can be customized by performing
different procedure calls within the main process, which are defined below.

Packet Procedures

e write_pkt (addr, len, sop, eop, stut, err, perr)

Transmits a SPI-3 packet or packet segment of a specified length to the address
indicated. If a complete packet is to be sent, then both sop and eop should be set, which
corresponds to sending RSOP and REOP at the beginning and end of the packet data,
respectively. It is possible to leave unset sop and/or eop if a packet fragment is to be
sent, which would be done if portions of several packets are being sent in an
interwoven manner. If stut is set, the packet will be transmitted with RVAL randomly,
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toggling on and off. If err is set, RERR will be asserted with the packet, and if perr is set,
then parity errors will be generated. See the write_pkt parameters in Table 4-11.

Table 4-11: write_pkt

Input

Range

Description

addr

0-255

Address used in the packet transaction; the value will be
sent on RDAT when RSX asserts.

len

1-256

Number of bytes sent to the RX core for a SPI-3 packet or
packet segment.

sop

0,1

This indicates that a start-of-packet indicator should be
sent. If set to 1, RSOP will be asserted with the first byte
of data. This should be set if a complete SPI-3 packet is
to be sent with a single write_pkt procedure call.

0,1

This indicates that an end-of-packet indicator should be
sent. If set to 1, REOP will be asserted with the last byte
of data. This should be set if a complete SPI-3 packet is
to be sent with a single write_pkt procedure call.

stut

C

0,1

When set to 1, will cause the RVAL signal to be stuttered
or randomly turned on and off throughout the packet
transmission. Otherwise, RVAL asserts constantly
throughout the transfer.

perr

*

When set to 1, will cause the RERR signal to assert with
the last data.

e check_ stpa (addr, value)

Transmits a 1-byte SPI-3 packet to the :

TX_STPA signal assertion corresponds to /@

When set to 1, will cause parity errors to be generated on
RTY for address and data. Otherwise parity will be
t.

jrated, and checks that the resulting
F expected in the value field. This

procedure is only valid if the TX core is cor¥gired fogbyte-level (direct) transfer
control. See the check_stpa parameters in Table 4- A

Table 4-12: check_stpa

Input Range Description
addr 0-255 Address used in the packet transaction; the value will be
sent on RDAT when RSX asserts.
value 0,1 Expected signal level for TX_STPA after packet is

transmitted.

Verilog Procedure Calls

The following examples illustrate the use of the data driver procedure calls in Verilog:

procedures._write_pkt(0,128,1,1,0,0,0);
procedures.check_stpa(1,0);
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VHDL Procedure Calls

All VHDL procedures have one more required port in addition to those described
above. This port is a VHDL record which enables the procedures to read/write to the
signals used in the data driver (note that Verilog does not require this).

The following examples illustrate the use of the data driver procedures in VHDL.

write_packet(addr=>12, len=>256,sop=>1,eop=>1,stut=>0,err=>0,
perr=>0,pro_bus=>pro_bus);

check_stpa(addr=>4,value=>~1",pro_bus=>pro_bus);

SPI-3 Link Layer v7.3 Gett
UG184 December 14, 2010

ing Started Guide www.xilinx.com 31


http://www.xilinx.com

Chapter 4: Detailed Example Design & XILINX.

32 www.xilinx.com SPI-3 Link Layer v7.3 Getting Started Guide
UG184 December 14, 2010


http://www.xilinx.com



