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Chapter 1

Introduction

This tutorial describes how to use ISim hardware co-simulation to capture live Ethernet
traffic through the Virtex®-5 FPGA Embedded Tri-mode Ethernet MAC and process the
captured packets from your HDL test bench at run-time.

When developing an FPGA design that uses Ethernet, it is often challenging to verify
the whole design including the Ethernet MAC, Multi-Gigabit Transceivers (if SGMII is
used to interface between the Ethernet MAC and PHY), and Ethernet PHY. Traditionally,
we either simulate the whole design in software, or run the whole design in hardware.
A full software simulation approach is useful in two aspects. It offers full visibility
into the design and allows the test bench or design to be changed and re-verified in a
rapid manner. The challenges, however, are setting a test bench that covers the Ethernet
MAC, MGT, and PHY, and achieving a reasonable simulation speed. Very often we
skip various details on the simulation of MGT and PHY, or bypass them altogether. In
contrast, running the design in hardware addresses these problems, but at the cost of
reduced visibility into the design, and the complexity to set up and change the test
bench in hardware.

ISim hardware co-simulation is a third option in your toolbox. It gives you the flexibility
to run a portion of your design in hardware while simulating the rest in software. The
Ethernet MAC, MGT and PHY are, for example, good candidates to put in hardware so
that they are modeled exactly and simulated quickly. The test bench and the application
logic such as the packet processor in your design, which are under development,
should be simulated in software so you can change, verify and debug them easily and
rapidly. Figure 1-1 on page 5 shows how a design for Ethernet packet processing can be
partitioned to leverage the ISim hardware co-simulation features.
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Prerequisites

This tutorial requires the following software and hardware:

Facket Generator
running on a PC

Co-simulated in FPGA

ISE® Design Suite, version 13.2
Virtex®-5 ML506 Evaluation Kit

Design File: rdf0127_live_emac_tutorial.zip

Live
Ethermet
Traffic

Note Please refer to the ML506 Evaluation Platform User Guide (UG347) to connect
your ML506 board to your PC using a JTAG cable. In this tutorial, we use the SGMII
mode to interface with the Ethernet PHY. As shown in the following figure, you need to
change the jumper J22, ]23 and J24 on the ML506 board to select SGMII as the default
PHY interface.

PHY Interface Mode Jumpers on ML506

SGMII to copper; no clock

J22

J23

J24

Oee®

ONORO,

L Q)

J56

J22: Jumper over pins 2-3

J23: Jumper over pins 2-3

J24: No jumper
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Tutorial Files

File Description

vbemac_top.vhd

Wrapper that instantiates the Ethernet MAC core, ingress FIFO,
egress FIFO, and packet count FIFO.

vbemac_tb.vhd

Top-level test bench that instantiates the packet processor.

simple_arp.vhd

A sample packet processor that responds to ARP requests.

vbemac_hwcosim.ucf

Custom constraints file for hardware co-simulation that indicates
which ports on the vSemac_top module to be mapped to external
I/Os and which ports are controlled from the test bench.

vbemac_ml50x.xise

ISE project for this tutorial.

ipcore_dir CORE Generator™ directory that contains the Virtex®-5
Embedded Tri-mode Ethernet MAC Wrapper and FIFO cores.
init.tcl Custom simulation command file that tells ISim to initialize the

simulation.

vbemac_tb.wcfg

Custom waveform configuration file.

vbemac_tb.prj

Hardware co-simulation board support file for PEEP.

vbemac_tb.prj

Windows batch file to fully compile the design for hardware
co-simulation with the Fuse command line.

full_compile.sh

Linux shell script to fully compile the design for hardware
co-simulation with the Fuse command line.

incr_compile.bat

Windows batch file to incrementally compile the test bench for
hardware co-simulation with the Fuse command line.

incr_compile.sh

Linux shell script to incrementally compile the test bench for
hardware co-simulation with the Fuse command line.

run_isim.bat

Windows batch file to launch the ISim simulation.

run_isim.sh

Linux shell script to launch the ISim simulation.

Note As you work through this tutorial, you must copy all data files to your current

working directory.
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Tutorial

This tutorial is separated into five sections that contain the steps you need to perform
to run an Ethernet design through ISim hardware co-simulation. Perform the steps in
the order that they are presented.

This tutorial contains the following sections:

1. Generate a Virtex®-5 Ethernet MAC example design using the Virtex-5 Embedded
Tri-mode Ethernet MAC Wrapper in CORE Generator™.

2. Create a test bench to binds the Ethernet MAC wrapper to a packet processor.

3. Create a custom constraints file to specify which ports on the example design are
controlled by ISim and which are mapped to external I/Os.

4. Compile the test bench for ISim simulation with the example design targeted for
hardware co-simulation.

5. Connect the target FPGA board to your PC and run the ISim simulation.

Generating a Design in CORE Generator

The Virtex-5 FPGA has an embedded tri-mode Ethernet MAC (EMAC) block, which
provides a simple and reliable way to interface with an Ethernet PHY interface. The
Virtex-5 Embedded Tri-mode Ethernet MAC Wrapper in CORE Generator simplifies
the configuration of the Ethernet MAC block. In this tutorial, we are going to use the
example design generated by the CORE Generator tool and create an ISim hardware
co-simulation test bench that runs on the Virtex-5 FPGA ML506 Evaluation Kit.

Note The screen captures in this tutorial are based on the Virtex-5 Embedded Tri-mode
Ethernet MAC Wrapper version 1.8. The CORE Generator GUI may look different in
later versions of the tool.

1. Launch the ISE® Project Navigator.

2. Choose File > New Project to open the New Project Wizard. Enter a project name
(vbemac_ml50x) and location. Click Next.

Processing Live Ethernet Traffic
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Create New Project

Specthy project locaton and type.

Enfier & name, locations, and comment for the project
| Mgme: whemas_miSn: |
lecation: C\Tuorials S therre iy Semas_miSin
Wrking Directory: | Co{ltorisls Ethemetyy Sema_miSi
Descripon:

DE

Sebect the type of top-evel source & the project
Topdevel source type:

- &

3. On the Project Settings page, choose the part for the ML605 board, which is Virtex-5
device XC5VSX50T, package FF1136, and speed -1. Select ISim as the simulator
and VHDL as the preferred language. Click Next and then Finish to complete
the project creation.

Project Settings
Specify device and propect properties,
Sebect the device and design Sow for the project
| | Property Name 'thuc
roduct La 1B s
Famniby | Virtexd -
Device | NCSVENS0T -
Package FF1135 -
Speed |1 -
Top-Level Scurce Type [HDL
Synthesss Tool HET (VHDL Verilog) -
Simulator 15am (WHDL Venlog) -
Preferred Lanquage VHDL -
Property Specification in Project File | Store all values -
Manual Compile Order E_"_
VHL Source Anabysis Standard [VHDL-83 =
p— =
Enable Message Filtenng |

4. Choose Project > New Source to open the New Source Wizard. Select IP (CORE
Generator & Architecture Wizard) and name the IPv5emac. Click Next.

Processing Live Ethernet Traffic
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Select Source Type

'y P [CORE Genesator B Architecturs Wizasd)

| ¥ aod to progect

C:utonials\Etherne iy Semac_miSi'poone_d =

from the IP list.

SelectIP

Create Conegen or Anchitectiore Wizard IP Core,

Mame

e ﬁ

5 ermT -
= [ Bhemet

4 Vietex-5 Embedded Tr-Mode Ethernet MAC Weapper 1.7

= Vermon ANH  Seatus o

Preduction
T Virtex-$ Enbedded Tri-Mode Ethernet MAC Wiapper 1.7 Predudtion =

) - L3 ] b
- o)
] AP versons [7] nly IP compatible with chossn part

Chapter 2: Tutorial

Select Virtex-5 Embedded Tri-mode Ethernet MAC Wrapper version 1.8 or later
Click Next and then Finish.

When the Virtex-5 Embedded Tri-Mode Ethernet MAC Wrapper dialog box opens,
set the Host Type to None. Make sure Enable EMAC 0 is checked and Enable

EMAC 1 is unchecked. Click Next.
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T ——

Yw Documents
P Symbol &% i
s - o r Virtex-5 Embedded Tri-Mode
Ethernet MAC Wrapper v
E m—wnmluw.f;'\_s'-q';_ |
Shared bteetaces
Host interface configuration.
Host Type DCR-specic options:
The hast intirtace fype 15 shared betwien the DR Bae Address (EMAC 0) e
o EMALCS. I r——
o DCR Base Address (EMAC 1) [
O host
& Hone
[Erabis EMACE
¥ Enabls EMAC O
1] Emable EMAC 1
Mote that the provided demonstration testhench will overwrite & subset of the emac configurations defined
in the GUE via  DCR, Host or MDD interface. Piease rafar to the “Demeonstration Testhench Tasks® section
in the Stnrted Guide.
; e 7| [atasbet] <pea | pagetofd [dea> | [ geoerae | [ comcel | [ mep ]

7. Set Phy Interface to SGMII, and the Speed to 1000 Mbps. Leave the MDIO check

box unchecked. Click Next.

7] Wireen 5 Embeased Tr-Mods Eshames MUC Wrapper o
Yw Documents
P Symbod L2 -
s | e Virtex-5 Embedded Tri-Mode
- 2 Ethernet MAC Wrapper =
L EMAC 0 Configuration
Phydotertoce: I - |
Epeed Chert Side Data Wsth
i e [ v cn e
& 1000 Mbps
+ 10/100 Mbps Wi
Glokal Buffar Usage Managemant Data
Dptions o reduce dock buffer usage
ik Enuide Ensile Managemend Dats
Bpte Py 1 vy
SGME Capebilies

& 10/ 100y 1000 Mby's (o codk cotstraints requined)
10051000 Mbs OR 10,103/ 1000 Mb/'s (dock constrants requined)

7| [oaasment] (Cemea | pogezors [ twa> | [Geowrate | [ comel ] [ twp ]

8. Use the default settings for the flow control, transmitter, receiver, and address filter

configuration. Click Generate to generate the core.
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) Virtex-5 Emisedéed Tri-Mode Ethemet MaC Wrapper P
Yrw  Documents
—— > ¢ Virtex-5 Embedded Tri-Mode
-3 Ethernet MAC Wrapper 17
EMAC 0 Configuration

Pl Comrol Corfigurntion
TX Flow Controd Enable

R Flows Control Enable

Transmitier Configuration Fencarer Configurntion
Iritsal (ranEmEIar SHLNgS Petial racRET BHENGS
Jumba Frame Ensble Jumba Frame Enable
In-band FCS Enable Jrr-band FCS Enable
VLAN Enabie WLAM Enable
IFG Adjust Enable FO{ Diisabla Length

Address Fiter Confguranon
Intial Address Filker setiings
Address Fiter Enabie

UNiChEL Paus MAC Address A8

Datastuat < Bbck | Page 3ol 1 Ganaraie e Lielp

Note After the Ethernet MAC wrapper core is generated, we use the
LocalLink submodule v5emac_locallink in example design generated in the
ipcore_dir/vSemac/example_design directory.

In this tutorial, we do not use the entire example design vGemac_example_design,
since we need to partition the design into two asynchronous halves, one simulated
in lock-step with the ISim test bench and the other free-running on FPGA through
hardware co-simulation. The packet processing module is simulated in ISim to
achieve a full debug visibility and faster turnaround for modifications. The Ethernet
MAC and MGT are free-running on FPGA to interface with the external Ethernet
PHY chip on the ML506 board. This allows the Ethernet MAC to receive and
transmit Ethernet packets on a live Ethernet connection.

9. Choose Project > Add Source. Go to the ipcore_dir/v5emac/example_design
directory. Add the following HDL files to the ISE project (all HDL files in the
example design except vV5_emac_example_design.vhd, which is not used in
this tutorial):

v5emac.vhd

vbemac_block.vhd
v5emac_locallink.vhd
client/address_swap_module_8.vhd
client/fifo/eth_fifo_8.vhd
client/fifo/rx_client_fifo_8.vhd
client/fifo/tx_client_fifo_8.vhd
physical/gtp_dual_1000X.vhd
physical/rocketio_wrapper_gtp.vhd
physical/rocketio_wrapper_gtp_tile.vhd
physical/rx_elastic_buffer.vhd

Typically, we can partition the design across the LocalLink interface where the
LocalLink FIFOs serves as asynchronous buffers for crossing clock domains.
However, the LocalLink FIFOs in the example design is not large enough and does
not work well with the emulated clock generated by ISim. Thus, we complement
the LocalLink FIFOs with a pair of asynchronous FIFOs for buffering ingress and
egress packets.

10. Choose Project > New Source to open the New Source Wizard. Select IP (CORE
Generator & Architecture Wizard) and name the IP packet_fifo. Click Next.

Processing Live Ethernet Traffic
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Select Source Type

15 Brana Fite

B name:
‘packet_fifo
LogaSon:
€:iorials EthemetiySemac_misOxiocore de | [yaa)

9] e o proect

11. Select Fifo Generator version 6.2 from the IP list. Click Next and then Finish.

Select [P

Create Conegen or Archiecture Wizard IP Core,

[ vewby rnson | inem by ame |

= [ Memories & orage Elements
= [ AFos

Search [P Catslog: | FIFD.
7] 88 1P versons

HName = Wersion

I7] ondy 1P compatible with chosen part

12. When the Fifo Generator core GUI opens, set the FIFO implementation to
Independent Clocks (RD_CLK, WR_CLK) Block RAM. Click Next.

14
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s e, e, e oo
Yeew  Documents
P Symbol LES
— " it Fifo Generator -
Component Nams :m
FIFO Implermentation
Choosa the FIFD implementation from oo of the following:
Supparted leatunes
Resd/Write Clock Domaiss Hemony Type (1) (2} (3) (4) (5}
© Comenon Clock (CLK) Block RAM x x
Comandn Cladk (LUK} Destrbatid RAM X
Comenon Closk [CLK) Shift Register
| Commenan Cloi (LK) Budlt-in FIFD il G
@ Independent Clocks (RD_CLE. WR_CLK) Block RAM nix %
Independent Clocks (RD_CLX, WR_CLK] Distrbuted RAM X
) Independent Clocks (RD_CLK, WR_CLK) Buift-in FIFD L
(1) Nor-symmetric aspect ratios (dfferent read and write data widths)
(2] Frgt-Werd Fall-Theough
() Uses Buit-in FIFD primithves
{4} ECC support
(5] Dynasmia: Ervor Inpcton
B
- | [nsment) boct | poganofe [ beas | [ganarnse | [ gomeel | [ e |

13. Set the Read Mode to First-Word Fall-Through. Set the Write Width and Read
Width to 10, and Write Depth to 16384. Click Next.

[ e E————— R\

Yew  Dorumants
ks z foglC P
Read Mode

Fifo Generator

& Szandard FIFO
) First-Word Fell-Through

Built-in FIFO Options
The frequency refabionship of WR_CLK and RD_CLK MUST be
EpRciind 13 GRnaratE thi COME IMpRmentaton.

Ruad Clock Frequency (M) [ | Range: 11000

wrte Clock Fraquesoy (Mz) ;[__-: Range: 1..1000
Dt Poit Parameters
Virfte Width 10 Range: 1,2,3..1624
WVirfte Depth 16384 E Achusl Write Depth: 16383
i

fuod Depth [JAS80 || Actusl Read Degth: 16383

Read Width 10

Implementation Options
_| Enable ECC
] Use Embedded Regusters. in BRAM or FIFQ {when possible]

Read Latency (From Rising Edge of Read Clodk): 1

=
-3

L) ™ " ] v

[ gomee | [t |

| Doasneet. [ <poa | rogezors [ mea> | [ ganersse |

14. Use the default settings for Optional Flags, Handshaking Options and Error
Injection. Click Next.
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e — e m—

Yew  Documenks
F Symbol 5 g
| foglC P Fifo Generator -
Optional Flags
] Almest Full Flag I Almeest Empty Flag.
Handshelong Opbons
Wiribe Furt Hendshalking
170 wirite Acknowdedge Flag ] Overfiow Flag
Write Acknowledge Overflow (\Wribe Error)
& Activa Hgh @ htive High
Actrve Low Actve Low
Riad Port Haadshaling
7} vkl Flag 7] undesfiow Flag
vahid (Raad Acknovdedge) Undgrfiors (Raad Errer)
@ Actva Hgh @1 Artam High
Aty Low Actm Low'
Error Injection
Single Bit Ervor Injectan Doubly B Errer ljecicn
B
ey [<moa |rogarore [ bear |[Gensrmte | [ Gomel || wep |

Yiow  Documents
P Symibol & K- hﬂ
w‘c"i
Inialzation
] Resat Fin
Reset Type
Synchronous Redst

@ Agymchronous Reset

Full Flags Ruset Valug |1 =
] Use Doot Resst
ise Dout Reset Voloa | 1 ()
Progrensnatin Flags
Prograemmable Full Type i Programmable Full Threshold =
Full Threshold Assert value  [SOBT Ringe: 4..1021
Pl Threshokd Negate Value (GBI ot 3..1020
Prograsenalie Empty Type | o Programesable Esgey Theashold [

Errgty Thrwshold Assent Value (30 Renge: 2..1019
Errgpty Thrashold Negate Value E Rangs: 3,.1020

15. Use the default settings for Initialization and Programmable Flags. Click Next.

A ———— —————

Fifo Generator -

! Erable Reset Synchronization

16. Set the Write Data Count and Read Data Count to 14. Click Next.

16
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| IglC P Fifo Generator

Data Count Oplions
Use exira ogic for more accurade Data Counts

Data Count
{Synchroned With Cic)

Data Count Width 1 Boogs: 1,14

= WrRn Dabs Count
" [Synchronized With Write Ck)

Wirfe Data Coust Width |14 | Range: 1.14

) Fad Datn Coent
! [Synchronered with Read CIk)

Feoad Data Count Width 14 | Range: 1..14

Simulation Dptiens
~1 Disnble tming viedation on crorss check domain registers

y [ porashent| (xmoa ] poge sore [_iea> | [Generase ] [ comeel ] [ o]

17. Click Generate to generate the FIFO core.

18.

| logiC P Fifo Generator -
FIFD Generator Summany
Selected FFO Type
Clocking Scheme: Independent Clocks: Mastnory Type: Blodk RAM
Seleched Simulation Model

Model Generated | Bebavoral Model

Hotes © el i not cycke sccurabe. Use struchural medel for cycke socuracy.
Please nefer o FIFD Generator User Guidé penerated with the core

FIFO Csmensions

WWiribe Wicth ; 10

Write Diget © 16303

Block RAM resecrce{s] (185 BRAMS): 1
Bloxck RAM rescearce(s]) ( 36K BRAMS]: 4

Fesd Width - 10
Raepd Dispth : 16380

Addtiomal Features

Aimoft FullfEmgty Flags | Hot Selectad [ Nol Selected
Frogrammabie Full Empty Flags : ot Selecied | Mot Selected
Data Count Cutputs Selected

Handihaking - ot Sulected

Read Mods [ Reset : ‘Standard FIFQ / Asychronous

Read Latency (From Bising Edge of Resd Clack): 1
Corusult Dtn Shaet for ParformieosResourcs impact of sbeh faature

[ Dotasteet | [ <moak | Fagucors | nea~ | [Generste | [ comel | [ mel |

Note In this tutorial, the egress FIFO forwards a packet to the TX LocalLink FIFO
only when there is at least one complete packet in the egress FIFO. For this purpose,
we add another FIFO to monitor the packet count in the egress FIFO.

Choose Project > New Source to open the New Source Wizard. Select IP (CORE
Generator & Architecture Wizard) and name the IPcount_fifo. Click Next.

Processing Live Ethernet Traffic
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Select Source Type

15 Brana Fite

B name:
‘packet_fifo
LogaSon:
€:iorials EthemetiySemac_misOxiocore de | [yaa)

9] e o proect

19. Select Fifo Generator version 6.2 from the IP list. Click Next and then Finish.

Select [P

Create Conegen or Archiecture Wizard IP Core,

[ vewby rnson | inem by ame |

= [ Memories & orage Elements
= [ AFos

Search [P Catslog: | FIFD.
7] 88 1P versons

HName = Wersion

I7] ondy 1P compatible with chosen part

20. When the Fifo Generator core GUI opens, set the FIFO implementation to
Independent Clocks (RD_CLK, WR_CLK) Distributed RAM. Click Next.

18
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21.

[E-rEEsm——— 2. 2SS e
Yew  Documenks
P Symbol LES
— " it Fifo Generator -
Coraert o (]
FIFO Implermentation
Choosa the FIFD implementation from oo of the following:
Supparted leatunes
Resd/Write Clock Domaiss Hemony Type (1) (2} (3) (4) (5}
© Comenon Clock (CLK) Block RAM x x
Comandn Cladk (LUK} Destrbatid RAM X
Comenon Closk [CLK) Shift Register
| Commenan Cloi (LK) Budlt-in FIFD il G
} Independant Clocks (R0_CLK, WR_CLK) Biock RAM nix %
@ ndependent Clocks (RD_CLE, WR_CLK) Distrbuted RAM X
) Independent Clocks (RD_CLK, WR_CLK) Buift-in FIFD L
1) Norr-gymmetric aspect rotios (difenent read and write data widths)
(2] Frgt-Werd Fall-Theough
() Uses Buit-in FIFD primithves
{4} ECC support
{5} Dynasmic EXvor Inpacton
B
o - | [osment) bt | poganofe [ beas | [ganarnse | [ gomeel | [ pes |

Set the Read Mode to First-Word Fall-Through. Set the Write Width and Read
Width to 1, and Write Depth to 32. Click Next.

EETEEEESSS——"S . 2 O aaaaaaa Oaaee
Wi Documents |
P Syl & x o
| JogiC LRt Fifo Generator &
Read Mode
Standard FIFFQ
i & First-Word Fall-Through
: fe Budt-in FIFD Options
The Frequency relationship of WR_CLK and RB_CLK MUST be
= specified s gensrate the comed implamentabon.
SpEes Read Clock Frequancy (MHz) J - Rasnge: 1..1000
Wity Clock Fraquancy (Mt} I | Range: 11000
[t Port Parametens
Wirite Width 1 Range: 1,2.3.1004
BTy Write Depth 32 [=] Actuai write Depth: 33
o Aead Width 'l j
Ruad Dopth B8 _ Actusl Raad Degth: 33
Implefmentation Optons
Enable ECC
Uz Embaddad Fegisters in BRAM or FIFD (when possible)
Read Latency (From Resing Edge of Read Clodk): 0
e | [msteren] | <bock |Pagezefs | mot= || gewsrote | [ goncsi || pep |
22. Use the default settings for Optional Flags, Handshaking Options and Error
Injection. Click Next.
Processing Live Ethernet Traffic
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e — e m—

Yew  Documenks
F Symbol 5 g
| foglC P Fifo Generator -
Optional Flags
] Almest Full Flag I Almeest Empty Flag.
Handshelong Opbons
Wiribe Furt Hendshalking
170 wirite Acknowdedge Flag ] Overfiow Flag
Write Acknowledge Overflow (\Wribe Error)
& Activa Hgh @ htive High
Actrve Low Actve Low
Riad Port Haadshaling
7} vkl Flag 7] undesfiow Flag
vahid (Raad Acknovdedge) Undgrfiors (Raad Errer)
@ Actva Hgh @1 Artam High
Aty Low Actm Low'
Error Injection
Single Bit Ervor Injectan Doubly B Errer ljecicn
B
ey [<moa |rogarore [ bear |[Gensrmte | [ Gomel || wep |

Yiow  Documents
P Symibol & K- hﬂ
w‘c"i
Inialzation
] Resat Fin
Reset Type
Synchronous Redst

@ Agymchronous Reset

Full Flags Ruset Valug |1 =
] Use Doot Resst
ise Dout Reset Voloa | 1 ()
Progrensnatin Flags
Prograemmable Full Type i Programmable Full Threshold =
Full Threshold Assert value  [SOBT Ringe: 4..1021
Pl Threshokd Negate Value (GBI ot 3..1020
Prograsenalie Empty Type | o Programesable Esgey Theashold [

Errgty Thrwshold Assent Value (30 Renge: 2..1019
Errgpty Thrashold Negate Value E Rangs: 3,.1020

23. Use the default settings for Initialization and Programmable Flags. Click Next.

e — e m—

Fifo Generator -

! Erable Reset Synchronization

24. Set the Write Data Count and Read Data Count to 14. Click Next.

20
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25.

26.

7| InglCRPF Fifo Generator -

Data Count Oplions
1] Use extra logic for more accurste Data Counts

Data Count
{Synchronired With Cic)

Data Count Width 3 Rongd 1.3

o WrRn Dabs Count
" [Synchronized With Write Ck)

Wirfie Data Count Width 5 Range: 1.3

) Fad Datn Coent
! [Symchronered with Read CIk)

Road Data Count Width 3 | Range: 1.5

Simulation Dptiens
1] Disnbie timing viciation on cross check domain registers

. [ porashent | <mak | pagasore [ tea> | [Generme | [ concel | [ o ]

Click Generate to generate the FIFO core.

7| InglCRPF Fifo Generator -

FIFD Generator Summary
Selected FFO Type

Clocking Stheme: Independent Cocks Mmary Type: Distributed RAM
Sefoched Simulation Model

Model Generated | Bebavoral Model

Hotes © el i not cycke sccurabe. Use struchural medel for cycke socuracy.
Please nefer o FIFD Generator User Guidé penerated with the core

FIFO Csmensions

WWribe Wdth ¢ 1 Read Widh : 1

Wirihe Degeh : 33 Read Dapth : 33

Additiceal Fentures
Aaaet Full Ermpty Fligs | Vot Selected | ot Sebected
Frogrammable Full Empty Fiags : Mot Selected | Hot Selected
Dk Count Outputs : Selected

Handshaking : Mot Selected

Forad Mode | Resat : ‘Standord FIFD | Asyexcheonous

Ritad Labency (From Rising Edge of Resd Clack):
Corsult Diotn Shawt for Performance/Rescuros mpact of ebdh faature

[ porashent | (Cxma | pogusore | nen - | [enerase ] [Ccomeel ] [t ]

Add a top-level module v5emac_top that instantiates the v5_emac_locallink module,
ingress FIFO, egress FIFO, and egress packet count FIFO. You can use the completed
v5emac_top.vhd provided in this tutorial. Choose Project > Add Source. Add
the vbemac_top.vhd.
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Creating a Test Bench

1. Add a VHDL test bench module v5emac_tb.vhd that binds the vSemac_top
instance to a packet processor. You can use the completed vS5emac_tb.vhd file
provided in this tutorial. SelectProject > Add Source. Add the vSemac_tb.vhd
and simple_arp.vhd.

Step 1. Generating a Design in CORE Generator

The Virtex-5 FPGA has an embedded tri-mode Ethernet MAC (EMAC) block, which
provides a simple and reliable way to interface with an Ethernet PHY interface. The
Virtex-5 Embedded Tri-mode Ethernet MAC Wrapper in CORE Generator simplifies
the configuration of the Ethernet MAC block. In this tutorial, we are going to use the
example design generated by the CORE Generator tool and create an ISim hardware
co-simulation test bench that runs on the Virtex-5 FPGA ML506 Evaluation Kit.

Note The figures in this tutorial are based on the Virtex-5 Embedded Tri-mode Ethernet
MAC Wrapper version 1.8. The CORE Generator interface may look different in later
versions of the tool.

1. Launch ISE® Project Navigator.

2. File > New Project to open the New Project Wizard. Enter a project name
(vbemac_ml50x) and location. Click Next.

T -El

L'] Pew Progect Wizard

Create New Project

Specify progect locaton and type.
Enter & name, locations, and comment for the project
Figme: Sl
ocabion: e Tistowriade E therraed o Serues_milSl
Wariang Drectory:  CriTutorisisE theme o Semes_miSi

Rescrpnon;

Select ghe type of top-ewsl source for the project
[oprdeed source type:

HOL B

Mere Info [ opet || conc

3. On the Project Settings page, choose the part for the ML605 board, which is Virtex-5
device XC5VSX50T, package FF1136, and speed -1. Select ISim as the simulator
and VHDL as the preferred language. Click Next and then Finish to complete
the project creation.

Processing Live Ethernet Traffic
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Project Settings
Spectly device and project propertes,
Select the device and design flow for the project
| Prcperty Name Ve
[Product Cateqory | -
Farmiy | Virtess =
Device | MCTWENEOT -
Package |FF1136 -
Speed Irl -
e
Top-Level Scurce Type ML -
Synthesis Tl HST (VHDL Verifog) -
Simulator TSam (VHDL Verilog) =
Prefesred Lanquage | VHDL -
Property Specification in Project File | Store all values -
Manwal Compile Cirder B
VHIL Source Analysis Standard [vHDL-33 _E1
_———————
Enable Message Filtering (|

4. Choose Project > New Source to open the New Source Wizard. Select IP (CORE
Generator & Architecture Wizard) and name the IP vSemac. Click Next.

Eie name:
| vsemac
Legation:

¥ aod to proect

| rumnsisigmemeriusemac msnmone ar | [uu]

5. Select Virtex-5 Embedded Tri-mode Ethernet MAC Wrapper version 1.8 or later

from the IP list. Click Next and then Finish.
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Select IP

Crease Conegen or drchisecture Wizard IP Core,

Hame = Verson AMH Status o
& [ Communicetion & Metworking 3j
&= ¥ Ehemet 18
& Virtex-5 Embedded Tn-Mode Ethernet MAC Wirapper 1.7
@ ¥ Netwerking
4 Virtex-5 Embedded Tri-Mode Ethernet MAC Wrapper 1.7 Production
= i’_} Telecommunacations
T Virbex-$ Embedded Tri-Mode Ethernet MAC Weapper 1.7 Prodduction =
€| nr | ¥
sech B orog s (=
[Z] & 1P versons [7] Gy IP compatiie with chosen part

6. When the Virtex-5 Embedded Tri-Mode Ethernet MAC Wrapper dialog box opens,
set the Host Type to None. Make sure Enable EMAC 0 is checked and Enable

EMAC 1 is unchecked. Click Next.

Yiow  Documents
P Symbol &

Bl component hame [FERMBED

| iR Virtex-5 Embedded Tri-Mode
2 Ethernet MAC Wrapper

T —— e e

Shared laeetaces
Host interface configuration.
Hast Type:

The kst istérface fype is shaced betwien the
twen EMACS.

o DCR

o Hone

Enabls EMACE
7| Enabls EMAC O
1] Emable EMAC 1

DCR Bape Addrass (EMAC 0]

DCR Base Address (EMAC 1)

=0

o]

Started Guide.

Mote that the provided demonstration testhench will overwrite 8 subset of the emac configurations defined
in tha GUE via & DCR, Host or MDID inkerface. Please ralar to the “Demanstration Testbench Tasks” section
in the

R < | roge1os [ en> | Ganerte ) [ conce | [, )

7. Set Phy Interface to SGMII, and the Speed to 1000 Mbps. Leave the MDIO check

box unchecked. Click Next.

24
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Yirw  Documents
| IF Symbod A
- = g Virtex-5 Embedded Tri-Mode
- 2 Ethernet MAC Wrapper 17
b EMAC 0 Configuration
Client Side Data Width
[Conhgures EACD dota chent nterfa
Enable Management Data
< o 7| [atashenr ] | <dock |Pogezofd | mea> || Geosrme | [ ol || men |

8. Use the default settings for the flow control, transmitter, receiver, and address filter
configuration. Click Generate to generate the core.

= -
- vac e Virtex-5 Embedded Tri-Mode
-
Ethernet MAC Wrapper 5
b EMAC 0 Configuration
Flow Contral Configurplion
T Fgw Control Enable
X Flow Condrod Enable
Transmitter Configuration Risgibot Confagarnlion
Intal rassmisier sattings: Trétial recetver settings
| humbo Frame Ensble Jumbo Frame Enable
In-band FCS Enable Ir-band FCS Enabie
TX frable 0 EX Enable
WVLAN Enabls WLAM Enabli
tal-Duplers: Enabls Fa¥-Duphe Enable
TFG Adjust Enabls FOC Disabl Length
Address Filter Confiquraton
Tl Address Filer settings
hddress Fiter Enable
Unicast Fouse MAC Address |84 BH L= oo [£3 F
! = : i | Erastear | [ <hock |Pogedofs| pes | Genermte | | goncel || pelp |

Note After the Ethernet MAC wrapper core is generated, we use the
LocalLink submodule v5emac_locallink in example design generated in the
ipcore_dir/v5emac/example_design directory.

In this tutorial, we do not use the entire example design vSemac_example_design,
since we need to partition the design into two asynchronous halves, one simulated
in lock-step with the ISim test bench and the other free-running on FPGA through
hardware co-simulation. The packet processing module is simulated in ISim to
achieve a full debug visibility and faster turnaround for modifications. The Ethernet
MAC and MGT are free-running on FPGA to interface with the external Ethernet
PHY chip on the ML506 board. This allows the Ethernet MAC to receive and
transmit Ethernet packets on a live Ethernet connection.

9. Choose Project > Add Source. Go to the ipcore_dir/v5emac/example_design
directory. Add the following HDL files to the ISE project (all HDL files in the
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10.

11.

example design except vV5_emac_example_design.vhd, which is not used in
this tutorial):

v5emac.vhd

vbemac_block.vhd
v5emac_locallink.vhd
client/address_swap_module_8.vhd
client/fifo/eth_fifo_8.vhd
client/fifo/rx_client_fifo_8.vhd
client/fifo/tx_client_fifo_8.vhd
physical/gtp_dual_1000X.vhd
physical/rocketio_wrapper_gtp.vhd
physical/rocketio_wrapper_gtp_tile.vhd
physical/rx_elastic_buffer.vhd

Typically, we can partition the design across the LocalLink interface where the
LocalLink FIFOs serves as asynchronous buffers for crossing clock domains.
However, the LocalLink FIFOs in the example design is not large enough and
does not work well with the emulated clock generated by ISim. Therefore, we
complement the LocalLink FIFOs with a pair of asynchronous FIFOs for buffering
ingress and egress packets.

Choose Project > New Source to open the New Source Wizard. Select IP (CORE
Generator & Architecture Wizard) and name the IP packet_fifo. Click Next.

I i E I

ﬂ Mew Source Wizaed

Select Source Type

St gy bype, fle fsme snd ite lecabion,

) BMM File

&2 Chiptcope Defindtion and Connection File

J‘ Irnplementation Constraints File |
| P (CORE Gensesator & Architectune Wizsd)

[ haEmA File

| Schematic Po— |

User Docusment = )

Werilog Module packet_fife

Werilog Test Foture

[ng WHOL Medule

{_‘ WHDL Library CTutorials Ethemet v Sema:_mis ipoore_di

| ¥} WHDL Package

[5) VHDL Test Bench

r_' Embedded Processor

TEI=Te el

Logaton;

e

| Add to project |

Mare Infa [t || coma

=]

Select Fifo Generator version 8.1 from the IP list. Click Next and then Finish.
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Select IP

Crease Conegen or drchieciure Wizard IP Core,

ey | vembytions |

Hame
= 7 Memories & Sorage Bements
2 [ AF0s

"y Fio Generator -2

Search [P Catalog; | FIFO
7] &1 IP versons:

= Wersion ANM Status

Producton

Wes  Pre-Froduction

License

7] Gnly 1P compatible with chosen part

I

12. When the Fifo Generator core GUI opens, set the FIFO implementation to
Independent Clocks (RD_CLK, WR_CLK) Block RAM. Click Next.

ErEss—— . 2 S o

W DOCUMeTes
P £ .
== [egiC (FE Fifo Generator 2
Companent hame [padket o |
FFO Implemsntation
Choose the FIFD implementation froen oo of the following:
Sepported Featunes
Resdiwrte Clock Domaiss Memory Type (1) (2} (3) (43 (5)
") Comenon Clock (£LK) Block RAM ® X
Coenenon Cloak (CLK) Drmruted RAM X
Ceemanion Clagk [CLE) Shit Ragister
*) Commen Clock (CLE) Buil-in FIFQ N TH
& Independant Clocks (RD_CLK, WR_CLK) Block RAM WX X
 Independant Clocks (RD_CLE, WR_CLK) Distrbubed RAM X
4 Independent Clacks (RO_CLK, WE_CLK) Buit-in FIFO X ox X

(1) Mo symrmetnic Bspect rtios (dfferent read and wite data widths)
(2] First-Werd Fall-Through

(3] Uses Bult-in FIFD primithes

{4) ECC support

{5} Dynasmic: Evor Inacton

Poge 1006 o> ] [ Genarue | [ comesl | [t ]

< fock

13. Set the Read Mode to First-Word Fall-Through. Set the Write Width and Read
Width to 10, and Write Depth to 16384. Click Next.
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F Symbol 5 ’
= == e
fogiC [FF Fifo Generator o
Fead Mode
@ Standard FIFO
' First-word Feil-Through
g Euilt-in FFO Opbons
e The frequency relstionship of WR_CLK and RD_CLK MUST be
specified to generste the comed implementation.
ao Rend Clock Fraquency (iz) (IR ange: 11000
P Wirtie Clock Erequescy [Mz) !E_ | Range: 1..1000

L
Data Pom Poramaters
Wire Width 10 Range: 1,2,3.1024
wirne Depth 16354 =] Actusl write Depth: 16383
fead Width 10 [+
Fued Dupth [J8380 | Actusl Read Depth: 16383
Implernentation Options
7] Enable ECC
U] Use Embedded Regaters in BRAM of FIFO (whén podsible)

Ftad Labency [From Rising Edge of Read Clock): 1

AT

- | [sahent] (smoa ] rage zots [t ] [Genarase

14. Use the default settings for Optional Flags, Handshaking Options and Error

Injection. Click Next.

D —— E—
Wew  Doruments
P Symbol & e
= = lglCRF Fifo Generator -
Optianal Flags
] Admerst Full Flag I Almaest Empty Flag.
Handsheiueg Cpbans
Winbe Fort Heedshaking
77 twirite Acknowdedge Flag I overfiow Flag
Write Acknowledge Overflow (\VWnbe Erroe)
& Active Hgh @ Actve High
Aectren Lo Aitave Lo
Feead Forl Handshaling
[7 vl Flag _ Undesfiow Flag
Valid (Read Accowiedge)) Usdarfions (Rerad Errer)
# Active High i Active High
Aoty Low Actsom Lo
[Error Inpecton
Single Bt Envor Snjacton Doubly Bt Ermee Bveoten
B
i . ,| [msmsheet) (o] poge 306 e ] [ Ganarme

15. Use the default settings for Initialization and Programmable Flags. Click Next.
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IF Symibod

Fifo Generator

] Resat Fin
Resex Type
Synchronius. Ressd
@ Asynchronous Reset

! Erable Reset Synchronization

Full lags Ruset Valua |1 [=]
V] Use Dot Reset
ise Dout Resed Volie |1 )
Programmaile Flags
Programmable Ful Typs f# Frogrammable Full Threshold =
Full Threshold Assert Vialue 1021 Rnnge: 4. 1021
Full Threshold Negate Value  [TGRGIIN Range: 3..1020
| Programentie Emply Type 1o Programmabie Emty Theeshold [
| Gty Thrashoid Asseet Vaiue [T Rovw: 21018

Errgty Thrashold tiegate Value [0 Range: 3..1020

[ <iock | pogaaors [ mear | [Generste | [ concel | [ s |

L =

16. Set the Write Data Count and Read Data Count to 5. Click Next.

T ——— s

YW Doruments
moe = gl Fifo Generator 2
Dats Count Options
U etra hogic for mare sccurate Dabs Coonts
, Data Count o
llw;uunlwm Eﬂm'l.:a
{ammm
o (Synchronized With Wit Ok}
Wirie Data Count Width 14 | Range: 1..14
17 Raad Data Count
[Synchroneped With Read Ok}
Read Data Coant Width |14 | Range: 1..14
Sirmdalion Dptend
7] Dismbie trming violabion on cres dlodk dombn regitirs
g
G = [<hock | rogesore [ tear | [Generase | [ Gomcel | [ pelp |
17. Click Generate to generate the FIFO core.
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Wirw  Decuments
P Symibol LR
= | glC P Fifo Generator -
FIFD Generator Summany
Selected FFO Type
Chocking Scheme: Independent Clocks. Mastnory Type: Blodk RAM
Seleched Simulation Model
Model Genersied ; Behavioral Model
Neotes - el i not cycke sccurabe. Use struchural medel for cycke socuracy.
Please nefer to FIFD Generator User Guide generated with the core
FIFO Dimensions
Viiribe Wdth ; 1 Fend Width : 10
\Arite Diéspth © L6383 Febd Dpth : 163

Block RAM resecrca(s] (18K BRAMs): 1
Block RAM rescurce(s) (36K BRAMs): 4

Additicel Features
Aimost Fllfmety Flags | ot Selected | Nt Sebected
Frogrammable Full Empty Flags : Mot Selected | Mot Selected
Dk Count Outputs © Selected

Handshaking : ot Selacted

Rorad Mode [ Resat : ‘Standard FIFD / Asychronous

Read Latency (From Bising Edge of Resd Clack): 1
Corsult Diotn Shaet for Performiacs/Resourcs impact of adh faature

[ porashent| (Csma | rogesore | nen - | [enerase ] [Ccomeel ] [ o]

Note In this tutorial, the egress FIFO forwards a packet to the TX LocalLink First
In First Out (FIFO) only when there is at least one complete packet in the egress
FIFO. For this purpose, we add another FIFO to monitor the packet count in the
egress FIFO.

18. SelectProject > New Source to open the New Source Wizard. Select IP (CORE
Generator & Architecture Wizard) and name the IPcount_fifo. Click Next.

Select Source Type

_ Sabect ource type, fle name and its location,

[ ) BMM File

| € ChipScope Defintion and Connection File
Inplementation Constrairts File

User Docusment Bt
Werilog Medude packet_fife

VHDL Module Lol

|
|
|
|
i
[
!
E 1) WHDL Library Cr\Tistorials e thermet i Semac,_miS ipoore dr m
i

|

| [¥] A = project

'
3

(oo ][ cme |

19. Select Fifo Generator version 8.1 from the IP list. Click Next and then Finish.
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Select IP

Crease Conegen or drchieciure Wizard IP Core,

ey | vembytions |

Hame
= 7 Memories & Sorage Bements
2 [ AF0s

"y Fio Generator -2

Search [P Catalog; | FIFO
] AB 1P versons

= Wersion ANM Status

Producton

Wes  Pre-Froduction

License

7] Gnly 1P compatible with chosen part

I

20. When the Fifo Generator interface opens, set the FIFO implementation to
Independent Clocks (RD_CLK, WR_CLK) Distributed RAM. Click Next.

& "

A— e

W  Documents
P & .
== [egiC (FE Fifo Generator 2
Companent hame [GOUNLND) |
FIFO Implemantation
Choose the FIFD implementation froen oo of the following:
Sepported Featunes
Read{Wrte Cock Tamaias Memory Type (1) (2} (3) (%) (5}
") Comenon Clock (£LK) Block RAM S
Coenenon Cloak (CLK) Drmruted RAM X
Ceemanion Clagk [CLE) Shit Ragister
*) Commen Clock (CLE) Buil-in FIFQ N TH
" Indapendent Clocks [RD_CLK, WR_CLK) Block RAM WX X
& Independant Clocks (RD_CLK, WR_CLK) Distrbubed RAM X
) Independent Chacks (RD_CLK, WR_CLK) Buit-in FIFO X N X

(1) Mo symrmetnic Bspect rtios (dfferent read and wite data widths)
(2] First-Werd Fall-Through

(3] Uses Bult-in FIFD primithes

{4) ECC support

{5} Dynasmic: Evor Inacton

Poge 1006 o> ] [ Genarue | [ coml | [ 1o ]

< fock

21. Set the Read Mode to First-Word Fall-Through. Set the Write Width and Read
Width to 1, and Write Depth to 32. Click Next.
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Fifo Generator i

1 Standard FIFQ
& First-Word Fol- Through

Buit-in FIFO Options

The frequency relationship of WR_CLK and RD_CLK MUST be

wpacifiid bo gerarate the COrTedt Frplamantaton.
Bl

Riéad Clock Frequancy (WHz} i | Renge: 1..1000

Write Clock Frequancy (M) [ | Range: 1..1000
Data Peet Fatarmeters

werite width 1 Range: 1231024

e wieite Depth 32 [ ] Actusi irite Depth: 33

T Read Width [1 iE

Aoad Dopth 50 | Actunl Read Dopth: 33

Implementabon Options
Enable ECC
[ Use Embedded Regsters in BRAM or FIFO (when possible)

Fead Litency (From Rising Edge of Read Clock): 0

RET:

| <Bock |Fagezefs | ped> || Geeerote | [ goncel || pep |

;| [matadhest]

L™ o

22. Use the default settings for Optional Flags, Handshaking Options and Error
Injection. Click Next.

EIcce S S
Yew  Documenks
P Symbol 5 g
[ogiC FE Fifo Generator -
Optional Flags
] Almest Full Flag I Almeest Empty Flag.
Handshaisng Cptans
Write Fort Hesdshaking
I7) Wirite Acknowdiedge Flag | Onverfiows Flag
Write Acknowledge Overflow (\Wribe Error)
& Activa Hgh @ htive High
Actrve Low Actve Low
Rl Port Haadihaling
1) vl Flag 7] Underfiow Flag
vahid (Raad Acknovdedge) Undgrfiors (Raad Errer)
@ Actva Hgh @1 Artam High
Aty Low Actam Lo
Error Infection
Single Bit Ervor Injectan Doubdy Bit Erer Iajecton
B
- | [nsment) [ <hock | pogasote [ teas | [ guenarnse | [ gomeel | [ wep |

23. Use the default settings for Initialization and Programmable Flags. Click Next.
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IF Symibod o
| lglCiPE Fifo Generator -
Inibalzation
4] Resat Fin ! Erable Reset Synchronization
Reset Type
Synchronous Redst

@ Asmchronous Reset

Full lags Ruset Valua |1 [=]
71 se Dowt Reset
Use Dout Resed valoa |0 (i)
Programemaiie Flags
Programmatle Ful Tyge  tio Programmable Full Threshold =

Full Threshold Assert Vialue 1021 Rnnge: 4. 1021
Full Threshold Megate Value  (R000 Range: 3.1020

| Progroerenshie Empty Type | Ho Programmable Esgty Theashold [«
| Gty Thrashoid Asseet Vaiue [T Rovw: 21018
Ermgty TRrashold tiagetn Veiue [ Range: 3,020

| [oasmen] [<moar | rgasote [ mea> | [Goarmme | [ comcel | [ o |

L =

24. Set the Write Data Count and Read Data Count to 5. Click Next.

ETEEEE————— 2 = 22— e

YW DOOUMEnts
P Symibol &% o
| logC P Fifo Generator -

Data Count Options
7] Use etra fogic for more sccurste Duts Counts

1 Data Count.
{Synchronaed With ik}
Data Count Width B eonge: 1.5
7 Virte Dats Coust
o (Synchronized With Wit Ok}
Wirfe Data Count Width 3 | Range: 1.3

1 Faod Dot Count
(Symchrocized With Raad CIK)

Ruad Data Coent Wdth 5 | Range: 1.5

Sinulabion Optiond
7] Dismbie trming violabion on cres dlodk dombn regitirs

Iotashent | [ <mosk | Pagesors | mear | [genere | [ comel | [ el |

L ™ - = |

25. Click Generate to generate the FIFO core.
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o Fifo Generator o
Yiew Dotuments
P Symbol EE . ¥
fogiC 7 Fifo Generator s
FIFO Generabor Sumenany
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26. Add a top-level module v5emac_top that instantiates the v5_emac_locallink
module, ingress FIFO, egress FIFO, and egress packet count FIFO. You can use the
completed vS5emac_top.vhd  provided in this tutorial.

27. Select Project > Add Source. Add the vSemac_top.vhd.

Step 2: Creating a Test Bench

1. Add a VHDL test bench module vSemac_tb.vhd that binds the v5emac_top
instance to a packet processor. You can use the completed vSemac_tb.vhd file
provided in this tutorial.

2. Select Project > Add Source. Add the vbemac_tb.vhd and simple_arp.vhd.

Step 3: Creating a Custom Constraints File

Partitioning the Design into Lock-Step and Free-Running Portions

The key concept of this tutorial is to partition the design into two portions:

* A free-running portion that interfaces with the external Ethernet PHY through the
Virtex-5 Embedded Ethernet MAC. It connects to external I/Os and clocks, and runs
at full clock speed required by the Ethernet interface

* A lock-step portion that is driven by the HDL test bench through ISim. It is
synchronized to the ISim simulation, and receives stimuli and clock events virtually
over the hardware co-simulation interface. As a result, it runs at a much lower speed.

The following figure shows how the Ethernet design is clocked under hardware
co-simulation. The hardware co-simulation interface is inserted automatically during
the compilation. It generates an emulated clock based on the 100 MHz user clock on the
ML506 board. The emulated clock corresponds to the clock event on the clk signal in the
test-bench and drives the clk port of vSemac_top running in hardware. The MGT clock
for the Ethernet MAC is received from the 125 MHz differential clock on the ML506
board. The ingress and egress FIFO provide an asynchronous packet buffer for crossing
domains between the emulated clock clk and the LocalLink interface clock 11_clock.

34
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Mapping Ports to External 1/0Os and Clocks

You can provide a custom constraints file, in Xilinx UCF format, to instruct the ISim
compiler about which ports of the instance under hardware co-simulation are to be
mapped to FPGA IOBs, and which ports are controlled by the HDL test bench. The
ISim compiler looks for LOC constraints in the provided UCF file. A port with a LOC
constraint is mapped to the corresponding FPGA IOB. A port without a LOC constraint
is mapped to the hardware co-simulation interface and is accessible from the HDL

test bench.

The partitioning of a design into a free-running portion and a lock-step portion happens
implicitly based on how clock ports are mapped. If a clock port is mapped to an FPGA
IOB via a LOC constraint, the logic driven by this clock belongs to the free-running
portion. If a clock port has no LOC constraint assigned, the hardware co-simulation
interface toggles the value on this port when a corresponding clock event occurs in the
test bench. The logic driven by this clock therefore belongs to the lock-step portion.

Because the free-running and lock-step portion run at different speeds with separate
clocks, the design should handle clock domain crossing between the two portions. The
ISim hardware co-simulation compilation does not modify the internal of the design,
and so it assumes the design can handle the speed difference and synchronization
between the two portions.

The following table lists the ports on the V5emac_top module that are mapped to
external I/Os, and those are controlled by the test bench.
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Partition of ports on the vbemac_top module

Ports mapped to external I/Os Ports controlled by the test bench
CTXP_0 clk
TXN_O0 reset
RXP_0 resetdone
RXN_0 ingress_sof_n
MGTCLK_P ingress_eof_n
MGTCLK_N ingress_data
PHY_RST_N ingress_rd_count
ingress_re

ingress_empty
egress_sof_n
egress_eof n
egress_data
egress_wr_count
egress_we
egress_full
count_we_o
count_wr_count

The example design provided by Virtex-5 Embedded

Tri-mode Ethernet MAC Wrapper has a UCF file,

ipcore_dir/vSemac/example_design/vS5emac_example_design.ucf. We

are going to use it as a template to create the custom constraints file for hardware

co-simulation.

1. Copy
ipcore_dir/vSemac/example_design/vS5emac_example_design.ucf to
the ISE project directory where v5_emac_top.vhd  is located. Name the
copied file as vSemac_hwcosim.ucf.

2. Modify the vSemac_hwcosim.ucf file as follows for the ML506 board.

a. Comment out the area group constraints for the embedded Ethernet MAC.

#INST v5_emac_ll/* AREA_GROUP = AG_v5 emac ;
#AREA_GROUP "AG_v5_emac" RANGE = CLOCKREGION_X1Y2,CLOCKREGION_X1Y

Change the LOC constraints of MGTCLK_P and MGTCLK_N to P4 and P3,
respectively, if the default values are different.

INST "MGTCLK_N" LOC = "P3"
INST "MGTCLK_P" LOC= "P4"

b. Change the LOC constraint of GTP primitive from GTP_DUAL_X0Y2 to
GTP_DUAL_X0Y3.

INST "™GTP_DUAL_1000X_inst?GTP_1000X?tile0_rocketio_wrapper_i?gtp_
dual_i" LOC = "GTP_DUAL_XO0Y3";

c. Enable auto-negotiation by default on EMACO of the Ethernet MAC primitive.
INST "*?v5_emac" EMACO_PHYINITAUTONEG_ENABLE = TRUE;

d. Add the LOC constraint for TXN_0, TXP_0, RXN_0, RXP_0, and PHY_RST_N to
match the pin assignments on ML506.

INST "TXN_0" LOC = "N2%
INST "TXP_0" LOC = "M2"
INST "RXN_0" LOC = "P1%
INST "RXP_0" LOC = "N1%

INST "PHY_RST_N" LOC = "J14"
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3. Modify the vbemac_hwcosim.ucf  file for ISim hardware co-simulation

requirements.

a. Add a wildcard character “*” at the beginning of the hierarchical path for the
following constraints. This is required because the vSemac_locallink will be
wrapped as a submodule when it is compiled for hardware co-simulation.

NET "*clk125" TNM_NET = "clk_gtp";

b. Put a timing ignore constraints (TIG) on the resetdone signal to avoid any timing
error as it will be monitored by the ISim test bench.

NET "*resetdone" TIG;

Step 4. Compiling the Design for Hardware Co-Simulation

Once you have created the test bench and the custom constraints file, you can compile
the design for hardware co-simulation using the ISim compiler. This can be done

in Project Navigator by enabling hardware co-simulation on a selected instance in
your design. The selected instance, including its submodules, will be co-simulated in
hardware during the ISim simulation. Other modules will be simulated in software.

1. Switch to the Simulation View in Project Navigator. Right-click on the vSemac_dut -
v5emac_top instance from the Pane of the Design panel and click Source Properties.
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2. Select the Hardware Co-Simulation category. Check the Enable Hardware
Co-Simulation checkbox. Set the Clock Port to clk. Select ML506 (JTAG) as the

Target Board for Hardware Co-Simulation.
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If the instance selected for hardware co-simulation does not change in subsequent
runs, you can turn on the Enable Incremental Implementation option to skip the
synthesis, implementation, and bitstream generation for hardware co-simulation.

It allows the test bench or any portion simulated in software to be modified and

simulated again quickly.

3. Select the v5emac_tb instance from the Pane of the Design panel. Go to the Pane
of the Design panel, right-click on Simulate Behavioral Model, and click Process

Properties.
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4. Change the Property display level to Advanced. Set the following properties for the

Simulate Behavioral Model process:

e Check Use Custom Simulation Command File.
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e Set Custom Simulation Command File to init.tcl.

* To set this option, the Use Custom Waveform Configuration File needs to be
checked.

e Set Other Compiler Options to -hwcosim_constraints vSemac_hwcosim.ucf.

The init.tcl script is executed when the ISim simulation starts. It runs the simulation
for 50 ns to perform an initial reset of the design.

The v5emac_tb.wcfg file provides a customized waveform configuration view for
this tutorial.

Note The custom constraints file for hardware co-simulation is provided to the ISim
compiler through the —hwcosim_constraints switch. This property is currently not
accessible in the Project Navigator GUI, so that we specify it through the Other
Compiler Options.

i} Process Properties - [Sim Properties &
Switch Hame Property Name Value
Use Custom Simulation Command File  [¥]
Custom Simulation Command File nittel
=incremental | [ncremental Compilation e
-nodebug Compile for HDL Debugging i
Use Custom Project File
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Use Custom Wavefiorm Configuration File [
Custom Waveform Configuration File viemac_th.wcfg '
Other Compiler Options -hweosim_constraints viemac_hwoosimoucf
-rangecheck  Value Range Check
Library for Venlog Sources
N Specify Search Directories for Include [] (i
=-d Specify ‘define Macre Mame and Value
Specify Top Level Instance Mames workviemac_th
Other Simnulator Commands
Property display level; | Advanced [7] (V] Display switch names | pefault
[ ox J[ coest || moy |[ new
5. Run the Simulate Behavioral Model process for the vSbemac_tb instance.
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Compiling from the Command Line

The ISim compiler can be invoked through the Fuse command line tool. As in the pure
software simulation flow, you need to provide Fuse a project file, the design top-level
module(s), and other optional arguments such as libraries to link in and library search
paths. To compile the design for hardware co-simulation, you need to provide the extra
arguments listed below:

fuse -prj <project file> <top level modules>
-hwcosim_instance <instance>
-hwcosim_clock <clock>
-hwcosim_board <board>
-hwcosim_constraints <constraint file>
-hwcosim_incremental <0|1>

* hwcosim_instance specifies the full hierarchical path of the instance to co-simulate
in hardware.

* hwcosim_clock specifies the port name of the clock input for the instance.

- This is the clock in the lock-step portion, which is to be controlled by the test
bench.

— For a design with multiple clocks, specify the fastest clock using this option so
that ISim can optimize the simulation. Other clock ports are treated as regular
data ports.

* hwcosim_board specifies the identifier of the hardware board to use for
co-simulation. A few Virtex-5 boards are supported by default:

- ml5014tag: Xilinx ML501 Evaluation Platform
- ml5054tag: Xilinx ML505 Evaluation Platform
- ml506-jtag: Xilinx ML506 Evaluation Platform
- ml5074tag: Xilinx ML507 Evaluation Platform
- ml5104tag: Xilinx ML510 Evaluation Platform
- xupvb-jtag: Xilinx XUPV5-LX110T Evaluation Platform

* hwecosim_constraints (optional) specifies the custom constraints file that provides
additional constraints for implementing the instance for hardware co-simulation.
We also use the constraints file to specify which ports of the instance are mapped to
external I/Os or clocks.

* hwecosim_incremental (optional) specifies whether Fuse should reuse the last
generated hardware co-simulation bitstream and skip the implementation flow.

For example, to compile the EMAC design for this tutorial, you can run the Fuse
command line as follows:

fuse -prj vbemac_ tb.prj vbemac tb
-0 vbemac_th.exe
-hwcosim_instance /v5emac_tb/vS5emac_dut
-hwcosim_clock clk
-hwcosim_board mlI506-jtag
-hwcosim_constraints vbGemac_hwcosim.ucf

Step 5: Running ISim Hardware Co-Simulation

The simulation executable generated by the ISim compiler runs in the same way in
both the pure software simulation and hardware co-simulation flow. Project Navigator
automatically launches the simulation executable in GUI mode after the compilation
finishes.
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In the Instances and Processes view, a special icon ¥4 indicates that an instance is
selected for hardware co-simulation. As the instance runs in hardware, you cannot
expand it to see its internal signals and submodules.
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Before the simulation starts, ISim programs the FPGA with the bitstream file generated
for hardware co-simulation. You may notice the message in the ISim console window:
Downloading bitstream, please wait till status is READY. After the

FPGA is configured, the console shows Bitstream download is complete.

READY for simulation. From this point, you can run the simulation and interact

with the ISim interface the same way you do in the software simulation flow.

The test bench initially resets the system by asserting the reset signal. The resetdone
signal transits from low to high quickly after the reset is de-asserted. This is because the
reset process takes place in hardware at full speed. It may take a much longer time if
the same process is simulated in software.
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If the Ethernet MAC receives packets, the packets are forwarded from RX LocalLink
FIFO to ingress FIFO. When the test bench runs for a few thousand nanoseconds, it
starts to read packets out from the ingress FIFO. The ISim console prints out a message
like receive a packet at 110 ns when there is a packet read from the ingress
FIFO. You can also observe the packet data (ingress_data) from the ISim waveform.

If you run the ISim simulation continuously (using the Run All command), you

can observe the packet stream and how the packet processor processes the packets.

As a validity check, you can install a third-party packet sniffer such as Wireshark
(http://www.wireshark.org) to compare the packets captured by the ISim test bench, and
the ones captured by the sniffer.
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Now you can modify your packet processor in your test bench and quickly
recompile the ISim test bench with the Enable Incremental Implementation turned
on in the Hardware Co-Simulation properties. This substantially speeds up the
develop-compile-debug cycle for your HDL design.
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Appendix

Additional Resources

e Xilinx Glossary -
http://www.xilinx.com/support/documentation/sw_manuals/glossary.pdf

¢ Xilinx Documentation - http://www.xilinx.com/support/documentation

* Xilinx Support - http://www.xilinx.com/support
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