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Abstract This application note demonstrates how to run a simulation of an EDK system containing the
PLBv46 Endpoint Bridge for PCI Express®. The simulation consists of a PCle® Downstream
Port Model communicating over a PCle link to an EDK system containing the PLBv46 Endpoint
Bridge for PCI Express. The PLBv46 Endpoint Bridge uses the Xilinx Block Plus Endpoint core
for PCI Express in the Virtex®-5 FPGA. A Bus Functional Model (BFM) drives the EDK system.

Xilinx provides a simulation environment based on a Downstream Port Model which has a Test
Program Interface (TPI) for test programs. The Downstream Port Model is built using the Xilinx
Core Generator tool. Pre-written programs and Verilog tasks are used to generate Transaction
Layer Packets (TLPs). The setup of the simulation and steps used to run the system simulation
are provided as part of this application note. Example stimuli for root complex to endpoint and
endpoint to root complex transactions test the PLBv46 Endpoint Bridge in the EDK system. The
results from these tests are analyzed in the waveform viewer.

Included The project for the system simulation is available at:
SyStem https://secure.xilinx.com/webreg/clickthrough.do?cid=119465

In xappl1110.zip, the project directory ism1505_bfl_plbv46_pcie_sim, and the sub-
directory simulation contains most of the files used in this application note.

Introduction The PLBv46 Endpoint Bridge is a PCle endpoint instantiated in a Xilinx FPGA. An endpoint
normally communicates with a root complex. In this system simulation, the PLBv46 Endpoint
Bridge in the EDK system is connected to a test environment based on a Downstream Port
Model, which emulates the functionality of a root complex for test purposes. This application
note shows how to run a system simulation of an EDK system which uses the PLBv46 Endpoint
Bridge.The EDK system is based on a Base System Builder creation of a system using the
Xilinx ML505 Embedded Development Platform.

After describing the system, the steps to setup and run a simulation are provided. The first step
is to ensure that the EDK, ISE, and Smartmodel libraries are compiled and referenced by the
EDK system properly. Within the EDK project, the structure and content of the simulation
directory is discussed. The commands used to generate the EDK simulation model and the
Downstream Port Model model are provided. The script used to run the simulation is given.

In the simulation, stimuli is generated from both the Downstream Port Model side and the
PLBv46 side. The stimuli for the Downstream Port Model is provided in the rc2ep. v file. The
Bus Functional Model stimuli is provided in the ep2rc.bf1 file. The Xilinx PCle simulation
environment uses a Downstream Port Model which connects to test programs using at Test
Program Interface (TPI). Xilinx provides several programs which use the TPI. The test
programs use Verilog tasks to setup the simulation, configure and scan the Configuration
Space Header, and generate memory and completion TLPs. The steps to use the Xilinx PCle
simulation environment and to write and use custom tests are provided.

© 2009 Xilinx, Inc. All rights reserved. XILINX, the Xilinx logo, and other designated brands included herein are trademarks of Xilinx, Inc. All other trademarks are the property
of their respective owners.
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Software Requirements

SXILINX®

Software
Requirements

System
Specifics

The software requirements for simulating this system are:

e Xilinx Platform Studio 10.1.03

e Xilinx Integrated Software Environment (ISE®) 10.1.03

e ModelSim 6.3c (Support of both VHDL and Verilog is required)
¢ Bus Functional Models (BFM) for IBM CoreConnect

The Bus Functional Models for PLBv46 are available from

http://www.xilinx.com/coreconnect

The PCle Downstream Port Model and the EDK system are used in this simulation. The
Downstream Port Model (DPM) is a set of Verilog files written using Coregen when the PCle
core is generated. Since the Verilog files are provided in the simulation/dsport directory,
running Coregen is not necessary for this simulation. Since the EDK system is developed using
EDK’s Base System Builder, the Processor IP cores are defined in the system.mhs file.

Figure 1 shows a functional diagram of the system simulated.
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Figure 1: System Simulation

Since the PLBv46 transactions are done using the IBM Bus Functional Models and BFM cores,
the MicroBlaze microprocessor is unused (commented) in the system.mhs file. To implement
this system, uncomment the MicroBlaze processor and comment the three BFM cores in the
system.mhs file.

Figure 2 is the block diagram of the EDK system. The EDK system includes the MPMC, XPS
BRAM, XPS INTC, Clock Generator, XPS UART Lite, XPS Central DMA, and PLBv46 Endpoint
Bridge cores. The EDK system also includes the PLBv46_Monitor_BFM,
PLBv46_Master_BFM, and BFM_synch cores. The BFM cores are used to generate stimuli
using IBM CoreConnect Bus Functional Language (BFL) commands, monitor the PLBv46, and
synchronize transactions generated by the Downstream Port Model and the Bus Functional
Language. In this system, the three BFM components replace the Microblaze and/or IBM
PPC405 or IBM PPC440 hard microprocessors. An EDK simulation using a microprocessor
executing C commands instead of BFMs is given in XAPP1111 application note. In both cases,
the user is able to write and read registers and memory of the processor IP cores in the EDK
system.
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Figure 2: EDK System

Table 1 provides the address map of the system.
Table 1: EDK System Address Map

Peripheral Instance Base Address High Address
XPS INTC xps_intc_0 0x81800000 0x8180FFFF
Clock Generator clock_generator_0 N/A N/A
XPS BRAM CNTLR xps_bram_if_cntlr_1 0x8AE10000 O0x8AE1FFFF
XPS Central DMA xps_central_dma_0 0x80200000 0x8020FFFF
PLBv46 Endpoint Bridge PCle_Bridge 0x85C00000 0x85COFFFF
XPS Uartlite RS232_Uart_1 0x84000000 0x8400FFFF
MPMC DDR2_SDRAM 0x90000000 Ox9FFFFFFF
PLBv46_Monitor_BFM plbv46_monitor_bfm_0 N/A N/A
PLBv46_Master_BFM plbv46_master_bfm_0 N/A N/A
BFM_Synch bfm_synch_0 N/A N/A
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Compiling Simulation Libraries

SXILINX®

Compiling
Simulation
Libraries

In EDK, double click on the PCle_Bridge in the System Assembly View to invoke the PLBv46
_PCle generics editor. The generics are used to configure the PLBv46 Endpoint Bridge. The
Xilinx Device ID = 0x0505 and Vendor ID = 0x10EE are displayed in many of the PCle tests
done in this application note.

This section illustrates how to compile EDK, ISE, and Smartmodel simulation libraries.

Figure 3 shows the first step in compiling simulation libraries. Invoke EDK, and enter File ->
Open to open an EDK project. Select Simulation -> Compile Simulation Libraries.

h ilinx Platform Studio - fscratchfdesighs/mI505_bfl_plbvaé_pcie_simfsystemxmp - [System Assembly Viewl]

<

Output |Waming I Error

File Edit View Project Hardware Software Device Configuration Debug | Simulation Window Help =&l x|
oA &“J@ el =N M“_Ha ol 5 5 B“_[E Generate Simulation HDL Files (22 ||| 58 % || [E B-
lz = |J_|% B m w2 VP Generate Virtual Platform

=] (:_ Bus [~ Launch HDL Simulator... B~ BIF Filters
[Figfed I Applications | IP Catalog | Name Compile Simulation Libraries... |IP Type
Platform +_ +-<»ml  Clean Simulation plb_v46
- Project Files ?— +-<3 DL ) mpmc
~MHS File: system.mhs +~..>\ ety Wliie) (7t xps_bram_if_cntlr
~MSS File: system.mss %--prs_brdm_if_cnﬂr_... bram_block
UCF File: data/system.ucf - plby46_master_bf plbv46_master_bf
~IMPACT Command File: etc/download.cmd + plbv46_monitor
~Implementation Options File: etc/fast_runtime.opt - plbv46_pcie
~Bitgen Options File: etc/bitgen.ut +- «ps_central_dma
- Project Options o + v Xps_intc
~Device: xc5vIx50tff1136-1 o—||| - RS232_Uart_1 xps_uartlite
~MNetlist: TopLevel : <& bfm_synch_o0 bfm_synch
Implementation: XPS (Xflow) <> clock_generator_0 clock_generator
~HDL: VHDL “#proc_sys_raset_{ proc_sys_reset
-Sim Model: BEHAVIORAL ;'"QPC.FE_M_C& util_ds_buf
- Reference Files
+-Log Files
+-Synthesis Report Files 4« | ﬂJ
1 | —I ﬂ Block Diagraml | System Assembly View I
2l pegistry EDK compiled library [ /scratch/simlib/EDK10.1 .03 _mti_se_ linux/EDE_Lib/ ] -
Registry ISE compiled library [ /scratch/simlib/EDK10.1.03 mti_se_ linux/ISE_Lib/ ]

»

D4
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Figure 3: Selecting Compiling Simulation Libraries
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Figure 4 shows the use of the Simulation Library Compilation wizard in compiling simulation
libraries. Click Next.

« Simulation Library Compilation Wizard - Welcome

Welcome to the EDK Simulation Library
Compilation Wizard

Thig tool helpz you compile the simulation libranes required to simulate systems
dezigned using thiz installation of EDE.

Before you can simulate systems designed uzing EDEK., you need to compile the
HOL libraries available in thiz installation of EDFE, and ISE.

Some of the EDFK. libranes are stored in a secure format, Thig imitz simulation
support to gpecific simulators,

< Back Meut > ] [ Cancel
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Figure 4: Using the EDK Simulation Library Compilation Wizard
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Compiling Simulation Libraries S XILINX®

Figure 5 shows the selection of ModelSim v6.3c in compiling simulation libraries. The Wizard
displays the version of the ModelSim simulator that is detected. If this is grayed out, then the
simulator is not properly set up. Click Next.

« Simulation Library Compilation Wizard - Select Simulator

Select Simulator

Thiz panel helpz you zelect the zimulatar for which HOL libranies will be compiled Wie o
« E 5

YWhat is your zimulator?
(%) MaodelSim

HCSim

Current simulator wersion:
todel Technology MaodelSim SE wzim 6.3c Simulator 2007.09 Sep 11 2007

Only specific verzions of the simulators are supported. Pleaze verify that the zelected zimulator verzsion zatisfies the
following requirements:

ModelSim SE/PE 6.3c

HC5im iz not supported on Windows

tare Infao < Back ” Meut > ] [ Cancel
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Figure 5: Selecting the ModelSim Simulator
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Figure 6 shows the selection of both the VHDL and Verilog. Click Next.

& Simulation Library Compilation Wizard - Indicate the HDLs supported by your, simulator, D__<|

Indicate the HDLs supported by pour simulator

tultilanguage support offers the mozt simulation options in the EDE

YWhat HDLs dogs wour simulator support’?
(%) Both WHDL and Verilag

) WHDL
() Werilog

Thiz tool will ot venfy your zimulator icense.

After compilation, you will be able to perform following twpes of simulation:

- Behawioral Simulation in WHDL and Yerlog
- Structural Simulation in%HOL and Vernlog
- Timing Simulation in%¥HDOL and Yerilog

< Back I [ Meut > ] [ Cancel
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Figure 6: Selecting both Verilog and VHDL for Mixed Simulation
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Compiling Simulation Libraries S XILINX®

Figure 7 shows the specification of the directory for ISE library and Smartmodels. In general,
the location of the path below /scratch/simlib will vary for each user. Click Next.

hd Simulation Library Compilation Wizard - Gather information to compile ISE simuIE x

Gather information to compile ISE simulation libraries

Indicate data needed to compile the HDL libraries for the hardware primitives =g
available on Xilinx FPGAs ¥

ISE has a number of HDL libraries that are required for simulating systems built using EDK.

& Compile (or re-compile) the libraries into directory indicated below

" Use the compiled libraries in the directory indicated below (do not compile)

—Directory for compiled libraries

/scratchysimlib/EDK 10.1.03_miti_se_linux/ISE_Liby/ Browse ... |
Mote: if specified directory does not exist, it will be created

—Install SmartModels into the directory given below
/scratchy/simlib/EDK 10.1.03_mti_se_linux/smartmodel Browse ... |
Please make sure the LMC_HOME environment variable is set to the indicated path.

Cancel |

=)

LMure Info | < Back

X1110_07_103008

Figure 7: Defining the Install Directories of ISE_Lib, Smartmodels
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Compiling Simulation Libraries S XILINX®

Figure 8 shows the specification of the directory for the EDK libraries. Click Next.

hd Simulation Library Compilation Wizard - Gather information to compile EDK simij=l§

Gather information to compile EDK simulation libraries

Indicate data needed to compile the HDL libraries for the hardware components fed
available in EDK

EDK has a number of HDL libraries that are required for simulation of systems built using EDK.
" Compile (or re-compile) the libraries into directory indicated below

~

Directory to store compiled libraries

/scratchysimlib/EDK 10.1.03_mti_se_linux/EDK_Lib/ Browse ... |

Note: if specified directory does not exist, it will be created.

[ | want to compile other project specific simulation libraries.

LMare Info | < Back

Cancel |

—J

X1110_08_103008

Figure 8: Defining the Install Directory of EDK_Lib

Set the environment variables below as appropriate for the simulation environment.
XILINX=/build/agxfndry2/K.39.0/rtf; export XILINX
XILINX_EDK=/proj/abq_ip/edk_builds/EDK_K_SP3.6.1/rtf; export XILINX_EDK
MTI_LIBS=/scratch/simlib/EDK10.1.03_mti_se_linux; export MTI_LIBS
LMC_HOME=$MTI_LIBS/smartmodel; export LMC_HOME
LMC_CONFIG=$LMC_HOME/data/x86_linux.lib; export LMC_CONFIG
LMC_PATH=$LMC_HOME/foundry:$LMC_HOME/models; export LMC_PATH
LD_LIBRARY_PATH=$LMC_HOME/lib/linux.lib:$LD_LIBRARY_PATH

If Windows is used, make sure that %LMC_HOME%\lib\pcnt is in the Path under System
Variables.

If the Linux operating system is used, set the following lines in the modelsim.ini file.
veriuser = $LMC_HOME/lib/linux.lib/swiftpli_mti.so
libsm = SMODEL_TECH/libsm.sl
libswift = $LMC_HOME/lib/linux.lib/libswift.so
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If the Windows operating system is used, set the following lines in modelsim.ini.
veriuser = %LMC_HOME%/lib/pcnt.lib/swiftpli_mti.dll
libsm = %MODEL_TECH%/libsm.dlI
libswift = %LMC_HOME%/lib/pcnt.lib/libswift.dll

Set the simulator resolution to ps and use a semicolon to comment the PathSeparator =/ line.

To verify that SmartModels are set up correctly, enter the following command in the ModelSim
command window:

VSIM> vsim unisim.ppc405

If there are no errors when loading, the SmartModels are set up correctly.

i i e xappl110.zip project directory, m1505_bfl_plbv46_pcie_sim, contains the
Simulation Th t direct tains th
Directory simulation directory at the top level of the mI505_bfl_plbv46_pcie_sim project. The
St t simulation directory contains the scripts, ddr2, dsport, and testbench sub-

ructure directories. When simgen is run, the behavioral sub-directory is created under the
simulation directory.The Simgen tool can be run using the Generate HDL Simulation Files

Figure 9 shows the directory structure of the BFM simulation environment.

simulation

behavioral dsport scripts ddr2 testbench

X1110_09_103008

Figure 9: Simulation Directory Structure

The behavioral directory contains the wrappers which use core models in EDK_Lib to provide
a model of the EDK system.

The dsport directory contains the verilog files which model the Downstream Port. The files
are

e Dboard.v

e dsp_cfg.v - Downstream Port PCle configuration file

e pcie_exp_1_lane_64b_dsport.v - Downstream Port simulation model

e pci_exp_usrapp_cfg.v

e pci_exp_usrapp_com.v - Downstream Port Configuration Interface Controller
e pci_exp_usrapp_rx.v - Supports Endpoint to Downstream Port Model TLPs

e pci_exp_usrapp_tx.v - Verilog tasks for generating Downstream Port Model to
Endpoint TLPs
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e xilinx pci_exp_defines.v - Various parameter definitions

e xilinx_pci_exp_downstream_port.v - top level Downstream Port Model file

e xilinx_pci_exp_dsport.v - instantiates Downstream Port

The testbench directory contains the testbench. v file. The testbench. v file instantiates
the Downstream Port Model and the EDK system, which is the device under test (DUT). The

testbench.v also defines the clocks and resets for both downstream and EDK systems. The
tests. v file contains the names of the test program which drives the Downstream Port Model.

It contains rc2ep. v, or a user-developed test program.

The scripts directory contains the BFL script used to generate PLBv46 transactions. The
scripts directory also contains the files and commands used to compile the Downstream

Port Model and testbench.

The run.do file compiles the pcie_x1.f file. The pcie_x1.f file is the list of files used in
the Downstream Port Model. The run . do also invokes the Bus Functional Model Compiler to
compile the commands in ep2rc.bfl into ModeSim do commands. The run.do runs the

simulation for the time specified in the last line of the fun.do file.
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Generating
Simulation
Models with
Simgen

Before running simgen, edit the simgen. opt -X argument to specify the location of the ISE
Lib compiled in the section “Compiling Simulation Libraries”, and the -E argument to specify the
location of the EDK_Lib. The simgen. opt file is located in the

ml1505_bfl_plbvd6_pcie_sim directory.

Simgen can be run from EDK or a command prompt. Figure 10 shows how to run simgen from
EDK. Select Simulation -> Generate Simulation HDL Files.

hdilinx Platiorm Studio - fscratch/designsiml505_bfl_plbv46_pcie_sim/system.zxmp - [System Assembly Viewl]
File Edit View Project Hardware Software Device Configuration Debug | Simulation Window Help

D® 8 &“J'D_—‘ P A MHJ usnl== N E“JE Generate Simulation HDL Files

EEEET=T

E|

Project IAppIications |IPCatalog |

Platform

- Project Files

- MHS File: system.mhs

- MSS File: system.mss

- UCF File: datafsystem.ucf

- IMPACT Command File: etc/download.cmd
- |mplementation Options File: etc/fast_runtime.opt
- Bitgen Options File: etc/bitgen.ut

- Project Options

- Device: xc5vIx50tff1136-1

- Netlist: TopLevel

- Implementation: XPS (Xflow)

- HDL: VHDL

VP Generate Virtual Platform

=181 x|

22| 8 x| B

~>clock_generator_0
=P proc_sys_reset_0

;_ Bus [i~ Launch HDL Simulator... ErBIF Filters
% Name Compile Simulation Libraries... | IP Type
+_ +-<#ml  Clean Simulation plb_v46
'l & PO Clean Virtual Platform mpme }
- PXp= xps_bram_if_cntlr
al bram_block
¥ plbv46_master_bf
+ L plbv46_m
* ‘
?_ + ®ps_intc
o ||| ¥ xps_uartlite

bfm_synch
clock_generator
proc_sys_reset

|

- Sim Model: BEHAVIORAL E"'-~--3PCPe‘;l_.DJ"ﬁ"_Cu’.lc util_ds_buf
- Reference Files
+-Log Files
+ Synthesis Report Files | | _.u
ﬂ—l 2 Block Diagraml | System Assembly View I
= Registry EDK compiled library [ /scratch/simlib/EDK10.1.03 mti_se_linux/EDK_Lib/ ] _I
Registry ISE compiled library [ /scratch/simlib/EDK10.1.03 mti_se linux/ISE Lib/ ]
Registry EDK compiled library [ /scratch/simlib/EDK10.1.03 mti_se linux/EDK_Lib/ ]
Registry ISE compiled library [ /scratch/simlib/EDK10.1.03_mti_se_linux/ISE_Lib/ ]

B

output |Warn|ng IError I

DA

X1110_10_103008

Figure 10: Running Generate Simulation HDL Files from EDK
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To run simgen from the command line, edit or create a simgen. opt as shown in Figure 11.

system.mhs

P

xcbvlx50tff1136-2

-lang

verilog

-mixed

yes

-s

mti

-X
/scratch/simlib/EDK10.1.03 mti se linux/ISE Lib
-E
/scratch/simlib/EDK10.1.03 mti se linux/EDK Lib
-m

beh

X1110_11_103008

Figure 11: simgen.opt

Run
simgen -f simgen.opt

If running simgen from the EDK GUI, modify library path values using

Edit -> Preferences -> Application Preferences -> Simulation Libraries

Path
Running a Do the following steps to run a simulation. From the project’s root directory
SlmUIatlon cd simulation/behavioral

Invoke ModelSim using
vsim &
For added functionality, invoke ModelSim using the command

vsim -do system_ setup.do

xaPP1110 (v1.0) April 13, 2009y ryarya7. B D) T Biigzeymy / X TTLIN X


http://www.xilinx.com

Running a Simulation

SXILINX®

In ModelSim, select View -> Workspace. As shown in Figure 12, verify that the EDK and ISE
libraries are correct and available. If the correct libraries are not displayed, copy the
/scratch/simlib/EDK10.1_03_mti_se_linux/EDK_Lib/modelsim. ini to the project’'s
simulation/behavioral directory and re-verify that the libraries are correct.

File Edit Miew aAdd Window

Workspace

| e AlD=u | &&=

J Layout NoDesign ﬂ ‘

| Contains [ 2 ‘

| Name [Type  |Path A
ﬂm wiark Library  sscratch/designs/mis05_bfl_plbv46_pcie_sim/simulationsbehavioralswork J
gm Hilin=CoreLib Library  sscratch/simlib/EDKI0.1.03_mti_se_linu=ASE_Lib/®ilinsCoreLib

ﬂ,[ll HilinxCoreLib_ver Library  fscratch/simlib/EDKI 0.1.03_miti_se_linuxA3E_Lib/XilinsCoreLib_ver

gm agilent_atc?_w1_00_a Library  fscratich/simlib/EDK0.1.03_miti_se_linux/EDK_Lib/agilent_atcZ_w1_00_a

gm agilent_mtc_wd_v1_00_a Library  sscratch/simlib/EDR0.1.03_mti_se_linu~EDk_Lib/agilent_mtc_w4_v1_00_a
gm agilent_mtc_v5_v1_00_a Library  sscratch/simlin/EDE0.0.03_mti_se_linu<EDk_Lib/agilent_mtc_w5_w1_00_a
gm agilent_mtc_v5_v1_00_k Library  sscratch/simlib/EDE0.0.03_mti_se_linu<EDk_Lib/agilent_mtc_w5_v1_00_h
ﬂ,[ll apu_fpu_vwE_10_a Library  fscratch/simlib/EDKI0.1.03_miti_se_linuxEDK_Lib/apu_fpu_vZ_10_a

llm apu_fpu_vz_10_h Library  fscratch/simlib/EDKI0.1.03_miti_se_linu<EDK_Lib/apu_fpu_vZ_10_h

gm apu_fpu_wi_00_a Library  sscratchs/simlib/EDKI0.1.03_mti_se_linu=EDk_Lib/apu_fou_v3_00_a

ﬂm apu_fpu_wi_10_a Library  sscratchs/simlib/EDKI0.1.03_mti_se_linu<EDE_Lib/apu_fou_v3_10_a

1,)]1 apu_fpu_virtexi_w1_00_a Library  sscratch/simlib/EDE0.0.03_mti_se_linu<EDk_Lib/apu_fpu_virtexs_v1_00_a
ﬂ,[ll apu_fpu_virtexS_w1_01_a Likrary fscraich/simlib/EDKI0.1.03_miti_se_linu</EDK_Lib/apu_fpu_vitex3_v1_01_a
gm hfm_synch_w1_00_a Library  fscratich/simlib/EDKI0.1.03_miti_se_linu<EDK_Lib/bfm_synch_w1_00_a

gm bram_caomman_v1_00_a  Library  sscratoh/simlib/EDR 00,03 _mti_se_linu=EDk_Lib/bram_comman_w1_00_a
gm bram_if_cntlr_v1_00_a Library  sscratchssimlib/EDKI0.1.03_mti_se_linu=EDk_Lib/bram_if_cntlr_v1_00_a

ﬂm bram_if_cntlr_v1_00_h Library  sscratch/simlib/ECKI0.1.03_mti_se_linu<EDCk_Lib/bram_if_cntlr_v1_00_h

g,[ll chan_dma_sgy_v1_00_a  Library Jscratich/simlib/EDKI01.03_miti_se_linuxEDK_Lib/chan_dma_sg_v1_00_a
llm channel_fifo_v1_00_a Library  fscratich/simlib/EDK0.1.03_miti_se_linux/EDE_Lib/channel_fifo_v1_00_a

gm chipscope_icon_w1_01_a Library Jfscraich/simlib/EDK10.1.03_miti_se_linu<EDK_Lib/chipscope_icon_v1_01_a
gm chipscope_ican_w1_0Z_a Library sscratch/simlib/EDR0.1.03_mti_se_linu~EDk_Lib/chipscope_icon_v1_0Z_a
gm chipscope_ila_v1_01_a  Library sscratch/simlin/EDE10.0.03_mti_se_linu<EDk_Lib/chipscope_ila_v1_01_a
g,[ll chipscope_ila_v1_02_a  Library Jscratich/simlib/EDKI0.1.03_miti_se_linuxEDK_Lib/chipscope_ila_v1_0Z_a J

Kl ] P
i Library I R
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Figure 12: Verifying Libraries Using View -> Workspace
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Figure 13 shows the compilation the EDK system. Run
do system.do

in the transcript window.

hd FUESTASIM 6.3¢ - 0%

File Edit Yiew Compile Simulate Add Transcript Tools Layout Window Help
I 0@ % || hep W ecuan

Contains [ ‘ e B ‘ Layout [MoDesign |

# £ Copyright 1991-2007 Mentor Graphics Corparation
# All Rights Reserved

#

# ff THIS WORK COMTAINS TRADE SECRET AMD

# /f PROPRIETARY INFORMATION WHICH IS5 THE PROPERTY

# ff OF MENTOR GRAPHICS CORPORATION OR ITS LICEMNSORS
# f AMD |5 SUBJECT TO LICEMSE TERMS.

#

QuestaSim= do system.do| —

) Transcript kI
l|1No Design Loaded= | A
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Figure 13: Compiling the EDK System
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Figure 14 shows the expected results from compiling the EDK system. The Processor IP

wrappers in the behavioral directory and the system. v file are compiled.

hd FUESTASIM 6.3¢ - 0%

File Edit Yiew Compile Simulate Add Transcript Tools Layout Window

Help

I 0w

Cuntams

“ Help’i m“ & @@|

Layout [MoDesign |

# -- Loading package vcompaonents
# -- Compiling entity system

# -- Compiling architecture structure of system

# CuestaSim vlog 6.3c Compiler 2007.09 Sep 11 2007
# -- Compiling module glhl

#

# Top level modules:

# gl
QuestaSims | Jj
) Transcript kI
l|1No Design Loaded= | A

Figure 14: Compiled EDK System

In the ModelSim transcript window run

do ../scripts/run.do

X1110_14_103008

If there is a compilation error, verify that the -L XilinxCoreLib_ver argumentis included in
the vsim command in run.do [f the compilation error persists and the NT operating system is

used, add the -novopt argument to the vsim command.
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Figure 15 shows the transcript window which displays the PLL lock and link training of the PCle
cores in the Downstream Port Model and the PLBv46 Endpoint Bridge. The resets are done at
5 us. FE is an abbreviation for Far End, referring to the Downstream Port Model. Link training
starts at 26 us and is complete at 80 us.

If the simulation transcript window does not indicate that the PCle link is trained, and the
Downstream Port Model does not generate active signals on TxP, TxN, verify that the
Smartmodels are set up correctly. While the Endpoint for PCI Express core and GTPs in the
Virtex-5 FPGA use SecurelP models, the GT11 transceiver models in the Downstream Port
Model require Smartmodels when using ISE 10.1.03 software.

hd SUESTASIM 6.3C

File Edit Miew Compile Simulate Add ‘Wave Tools Layout Window Help
[Ds@s s m@n | oo B &L eor||Naai ke g
|aaaaq
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| wave <3
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§3: FE RESET_M deasserted

18756: FE PIPE_RESET deasserted
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16639: FE PHYSTATUS low

24716: FE TXDETECTRX asserted

26320: FE THELECIDLE deasserted

26320: FE Started transmission

74084: FE LIME is up

# [75066.10 ns] : Transaction Link I3 Up...

# [75066.10 ns] : Reading from PCIPCl-Express Configuration Registers

# [G1562.00 ns] : - Device/vVendor ID = 005057 0ee

EE E S O

WEIM 3 =

V]

f=4 Transcript I 43
uuw: 84 us Delta: 14 simz‘hoardx01 |D ps to G8200 ns A
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Figure 15: Simulation Startup
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Figure 16 shows that the memory controller calibrated at 71135 ns.

. T i - - -

File Edit ¥iew Compile Simulate Add  Transcript Tools  Layout  Window Help
-
T Under % 13 ¢ g 48 ﬂ‘

‘ Contains >

LA LA
| 50

# *7 Warning: NUMERIC_STD.TO_INTEGER: metavalue detected, returning 0 A
#  Time: 135 ns Heration: 17 Instance: /board/duti<ps_intc_08<ps_intc_0/plbywd6_id_slave_attac
hment

# [4995.00 ng] : System Reset De-asserted...

# [2346.10 ng] : Transaction Reset s De-assered..

# First Stage Calibration completed at time 325815.00 ns

# Second Stage Calibration completed at time 43655.00 ns

# Third Stage Calibration completed at time 53525.00 ns

# Fourth Stage Calibration completed at time 71135.00 ns

# Calibration completed at time 71135.00 ns

WS 2 | 7]
[ Transcript I e
|an; 130 us Delta: 18 |sim:ft:n:|ard p
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Figure 16: Memory Controller Calibration
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Figure 17 shows the simulation startup in the ModelSim waveform viewer. The trn_reset_n
signal is inactive at 5 us.The PCle_Bridge (DUT) generates Training Sequence (TS) packets at
23 us. The pcie_master (Downstream Port Model) generates TS packets at 57 us. The
trn_Ink_up_n is active at 80 us.

The waveform viewer contains dividers for the PCle Bridge, Downstream Port Model, BRAM,
DDR2, and Central DMA signals. In the waveform figures in this application note, only a limited
number of signals are displayed. Additional signals need to be viewed to understand most
simulations. This requires running the simulation and to scrolling through signals for each
active IP in the waveform viewer.

wave - default

File Eiew Add  Format Tools  Window
|DsEs i weD A% saam "
|laqag |4« B[ 0 AEE BT AW

& ®y

n@aRpRODoOanR

A

[ [ [

1= T i -
| 0 ps to 114322654 ps | Mow: 130 us  Delta: 21

N
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Figure 17: Waveform of Simulation Startup
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Stimuli from the In this application note, Downstream Port Model to endpoint transactions are done using the
PCle side testbench/rc2ep.v file.

The Xilinx simulation environment for PCI Express includes the Downstream Port Model tests
listed in Table 2. These tests are provided in two files, sample_smoke_tests.v and
pio_tests.v,inthe simulation/testbench directory. These tests are listed for reference
and are not discussed in this application note.

Table 2: Downstream Port Model Tests

Test Name Description

Issues a PCI Type 0 Configuration Read TLP, waits for
sample_smoke_test0 Completion TLP, and compares the value with the
Device/Vendor ID expected value.

Same as sample_smoke_test0 but uses parallel tests as

sample_smoke_test1 defined in UG341

Transmits a 1 DWORD Write TLP followed by a 1 DWORD Read

pio_writeReadBack TLP, waits for Completion TLP, and verifies results.

Issues four sequential Write TLPs enabling a unique byte

pio_testByteEnables_test0 enable, and then a Read TLP to verify the results

pio_memTestDataBus Runs a walking 1s address test on BRAM
pio_memTestAddrBus runs a walking 1s address test on BRAM
pio_memTestDevice Runs an increment/decrement test on BRAM

Sends a MWr32TLP followed by a MRd32 TLP to an invalid

pio_timeoutFailureExpected address and waits for a CpID TLP

Example which issues a sequence of Read and Write TLPs to

pio_tlp_testO the RX interface

Xilinx provides 40 Verilog tasks for use in the test program which connects to the Downstream
Port Model through the TPI. The Verilog source for many of the tasks is given in the
simulation/dsport/pci_exp_usrapp_tx.v file. The tasks acceptinput and write to and
read from the DPM PCle core’s Local Link interface. Table B-4 in UG341 provides the
inputs/arguments for the 40 pre-written Verilog tasks.

The rc2ep. v file calls the Type 0 Configuration Read and Configuration Write Verilog tasks
and Memory Read and Memory Write tasks. The four Verilog tasks used in rc2ep . v are listed
in Table 3.

Table 3: Commonly Used Verilog Tasks

Tasks Arguments
TSK_TX_TYPEO_CONFIGURATION_READ tag, address, first_dw_be
TSK_TX_TYPEO_CONFIGURATION_WRITE tag, address, data, first_dw_be

tag, tc, length, address, last_dw_be,

TSK_TX_MEMORY_WRITE_32 first_dw._be

tag, tc, length, address, last_dw_be,

TSK_TX_MEMORY_READ_32 first_dw. be
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PCle to PLBv46 stimuli is provided in rc2ep.v. To provide an overview of rc2ep.v, most of
rc2ep.vis shown in Figure 18. The rc2ep . v file begins with the
TSK_SIMULATION_TIMEOUT and TSK_SYSTEM_INITIALIZATION tasks.

The rc2ep. v file then reads the Configuration Space Header (CSH) of the PLBv46 Endpoint
Bridge using the TSK_TX_TYPEO_CONFIGURATION_READ task. In Figure 19, the Device
ID/Vendor ID is read. In the actual rc2ep . v, the Command/Status, Class code/Revision ID and
Header/Latency/Cache registers are also read. For reading and writing the Endpoint
Configuration Space Header (CSH), the argument is the offset address of the register read or
written.

This is followed by a configuration write of the Command/Status register, located at offset
address x04, and then the Base Address Register 0 (BARO), located at offset address x10 in
the CSH. The TSK_TX_TYPEO_CONFIGURATION_WRITE task is used. The second
argument provides the CSH offset, and the third argument provides the data written.

The PCI BARO is actually a 64 bit BAR, and is written by two configuration writes to CSH offsets
x10 and x14. Offset x10 is the least significant word and offset x14 is the most significant word,
so the PCIBARQO starting address is 0x0000000060000000.

With BARO defined, memory writes are done to 0x60000000 using the
TSK_TX_MEMORY_WRITE_32 task. To verify that the memory write is correct, this is followed
by a memory read using the TSK_TX_MEMORY_READ_32 task.

Unlike TSK_TX_TYPEO_CONFIGURATION_WRITE, there is no data argument in the
TSK_TX_TYPE_MEMORY_WRITE_32 task. The data written in the memory write task,
TSK_TX_MEMORY_WRITE_32, is written into the DATA_STORE structure in rc2ep.v.

The TSK_TX_COMPLETION_DATA task sends a CpID TLP in response to a Memory Read
TLP sent by the PLBv46 Endpoint Bridge in the EDK system.
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TSK_SIMULATION_TIMEOUT(5050);
TSK_SYSTEM_INITIALIZATION;

Sdisplay("[%t] : - Device/Vendor ID = 0x%08x, $realtime, P_READ_DATA);
TSK_TX_TYPEO_CONFIGURATION_READ(DEFAULT_TAG, 12'h000, 4'hf);

Sdisplay("[%t] : - Command/Status Register = 0x%08x/, $realtime);
TSK_TX_TYPEO_CONFIGURATION_WRITE(DEFAULT_TAG, 12'h004, 32'hFFFFFFFF, 4'Hf);

Sdisplay("[%t] : - BAR = 0x%08x/, $realtime);
TSK_TX_TYPEO_CONFIGURATION_WRITE(DEFAULT_TAG, 12'h10, 32'h60000000, 4'hf);
TSK_TX_TYPEO_CONFIGURATION_WRITE(DEFAULT_TAG, 12'h14,32'h00000000, 4'hf);

Sdisplay("[%t] : RC to EP Single Tests’ $realtime);

DATA_STORE[O
DATA_STORE[1
DATA_STORE[2
DATA_STORE[3

=8'h78;
=8'h56;
=8'h34;
=8h12;

TSK_TX_MEMORY_WRITE_32(DEFAULT_TAG, DEFAULT_TC, 10'd1,’h60000000, 4'h0, 4'hF, 1'b0)
TSK_TX_MEMORY_READ_32(DEFAULT_TAG, DEFAULT_TC, 10'd1,’h60000000, 4'h0, 4'hF)
TSK_WAIT_FOR_READ_DATA;

#20000
TSK_TX_COMPLETION_DATA(DEFAULT_TAG, DEFAULT_TC, 10'd1, 12'd4, 7'b0000000, 3'h0, 1’b0)

X1110_18_120708

Figure 18: Display of the rc2ep.v file

The rc2ep. v file can be edited to perform a variety of tests. In the remainder of this section,
single and burst PCle to PLBv46 transactions are done. Besides standard configuration
writes/reads and memory writes/reads, rc2ep . v can be edited to cause the Endpoint Bridge
in the EDK system to transmit TLPs which cause interrupts to be generated. These are referred
to as abnormal transactions in the Xilinx PLBv46 Endpoint Bridge documentation. Several
examples are given in “Abnormal PCle to PLBv46 Transactions”.

In most applications, the functionality of IP cores in the EDK system is controlled by the either
the PowerPC or MicroBlaze microprocessor. As an alternative, rc2ep . v can control the
functionality of IP cores in the EDK system over the PCle link. An example is given in
“Controlling EDK Functions from the PCle Side”.

The rc2ep.v file provided in xapp1110.zip cannot do all of the tests provided in this
application note. Most of the tests are included in rc2ep.v as comments.

Understanding transactions in the Downstream Port Model

The DPM is a simulation model which acts as a pseudo Root Complex interface to the PLBv46
Endpoint Bridge. The DPM is not a complete system. It does not have memory. The principal
interfaces in the DPM are the transmit local link interface trn_td and receive local link interface
trn_rd. This section provides training needed to understand PCle transactions in the DPM. The
Xilinx Live e-Learning course Designing a LogiCore PCI Express System provides examples

and a lab on using the PCle local link interface.
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Figure 19 shows a configuration read from the rc2ep . v file. The Xilinx Device ID/Vendor ID is
provided at the local link trn_rd signal at 78480 ns. The following line in rc2ep. v is the stimuli
for reading the PLBv46 Endpoint Bridge CSH.

TSK_TX_TYPEO_CONFIGURATION_READ (DEFAULT TAG, 12'h000, 4'hF);

In the waveform, the trn_rd link contains the CpID TLP. The 4A defines the TLP as a CpID
packet. The returned data, ee100505, indicates the Device ID of the endpointis 0505 and
the Vendor ID is 10EE. The next pages provide a description of how to read TLPs in the DPM.

Edwave - default
File Edit Miew Add Format Tools Window

DzEa 202 A% |cuam "
(4w B WelEEE AT R

|aqe)|x g & & e
i 3

==}

..................... == e e e e
4 . 1000ee100505 \aoa...

34000 ng
Cursor 1 '8434.374 ng /
LARL] <RI d E
| 78400317 ps to 75435883 ps | Now: 94 us Delta: 14

L (1 s

X1110_19_120708

Figure 19: Configuration Read from the Downstream Port Model
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Figure 20 shows the transcript window indicating the time of the configuration transactions in
the DPM. The TSK_PARSE_FRAME task in dsport/pci_exp_usrapp_com.v displays in
the transcript window the time a TLP is generated or received in the DPM.

QuestaSim 6.3c =l=l*]
File Edit iew Compile Simulate Add  Transcript Tools Layout Window Help
ISEE L RBD (AES
3 Under % = rm_ﬂ
Help[ g4
o FogE

# [100282.00 ns]

# [106458.00 ns]

# [100262.00 ns)
: Setting up BARs
# [100252.00 ns)
# [1003758.00 ng
# [103162.00 ng) :
# [103573.00 ng]
# [103674.00 ns]
: TSk _PARSE_FRAME on Receive

# [965338.00 ng] - T5E_P&RSE_FRAME on Receive
# [A70G2.00 ng) : TSK_PARZE_FRAME on Transmit
# [99534.00 ng] : TSK_FPaR3E_FRAME on Receive

- CommandsStatus = 0x=<001005347

- BAR 0 Setfting address = 0<0000000
Tak_PARSE_FRAME on Transmit
TSk _PARZE_FRAME on Receive

- BAR 1 Setfting address = 0=00000000
T3k _PARSE_FRAME an Transmit

VI 2= | _
|

(] Transcript I EE
|an: 130 us Delta: 21 |sim:mnaru p

X1110_20_120708

Figure 20: Transcript of Configuration Reads

After noting the TSK_PARSE_FRAME output in the transcript window, there are two ways of
understanding the TLPs transmitted and received in the DPM. The tx.dat and rx.dat log

filesinthe simulation/behavioral directory provide information on DPM transactions.

The second method, illustrated briefly in Figure 19, is to analyze the trn_td and trn_rd signals
in the ModelSim waveform viewer. The next figures show excerpts from the log files and show
how to identify common TLP transactions transmitted and received by the DPM.
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The Downstream Port Model uses a Local Link interface. Table 4 provides format information
for reading data on the trn_rd and trn_td local link interfaces. The last column in this table
provides the type of transaction transmitted or received by the Downstream Port Model. As an
example, the trn_rd signals in Figure 19 have a value of 0x4A000001 when trn_rsof_n
becomes active. From Table 4, the 4A indicates that a Completion with Data (CPLD) TLP is

received.

Table 4: Downstream Port Model Local Link Commands

. . - trn_td[63:56]

Type Format (1:0) Type(4:0) Description trn_rd[63:56]

00
MRd 01 0 0000 Memory Read Request 00
10 .

MWr 1 0 0000 Memory Write Request 40
CfgRd0 00 00100 Type 0 Configuration Read 04
CfgWr0 01 00100 Type 0 Configuration Write 44

Cpl 00 01010 Completion without Data 0A

CpID 10 01010 Completion with Data 4A

Table 5 lists the Format field. This shows the 32 and 64 bit TLPs in the previous table for MRd
and MWr TLPs.

Table 5: Format Field

FMT[10]

TLP Format

00

3 DW Header, No Data

01

4 DW Header, No Data

10

3 DW Header, With Data

11

4 DW Header, With Data
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Figure 21 shows an excerpt from the DPM transmit log file, tx . dat, after running a simulation
with rc2ep.v. The transmit TLPs are the write tasks defined in testbench/rc2ep.v. The
tx.dat file shows a configuration read of the Device/Vendor ID and the Command/Status

registers in the Configuration Space Header, at 77402 and 83898 ns. To get the result of the

two reads, open rx.dat and look for CplD TLPs sometime following the Memory Read
request times in tx.dat.

File Edit

(=2 ](]

View Terminal Tabs Help

EFF4DE.DD ns] : Config Read Type 0 Frame

Traffic Class: Ox0

TD: 0

EP: O

Attributes: Ox0

Length: Ox001

Requester Id: Ox01a0

Tag: 0x00

Last and First Byte Enables: OxOf
Completer Id: Ox01a0

Register Address: Ox000

[83898.00 ns] : Config Read Type 0 Frame

Traffic Class: 0OxD

TD: 0

EP: O

Attributes: Ox0

Length: Ox001

Requester Id: Ox01a0

Tag: Ox01

Last and First Byte Enables: OxOf
Completer Id: Ox01a0

Register Address: Ox004

i
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Figure 21: Downstream Port Model tx.dat file
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Figure 22 shows excerpts of the rx . dat file for the DPM. The rx.dat log file is the result of
DPM read tasks in rc2ep . v and/or read or write commands across the PCle link from PLBv46
Endpoint Bridge in the EDK system, which is driven by the ep2rc.bf1l. file. The TLPs in the
figure are the result of memory write and memory read commands in ep2rc.bfl.

(= =]

File Edit View Terminal Tabs Help

EIQ?EQD.DD ns] : Memory Write-32 Frame -
Traffic Class: Ox0
TD: O
EP: O

Attributes: 0Ox0

Length: Ox001

Requester Id: 0Ox01a0

Tag: Ox00

Last and First Byte Enables: OxOf
Address Low: Ox00000000

Ox12
Ox34
Ox56 z
Ox78 -
[197818.00 ns] : Memory Read-32 Frame
Traffic Class: OxO
TD: 0O
EP: O
Attributes: 0Ox0
Length: Ox001
Requester Id: Ox01la0
Tag: Ox00
Last and First Byte Enables: OxOf
Address Low: Ox00000000
-
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Figure 22: Downstream Port Model rx.dat file
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Figure 23 shows the Configuration Write TLP on the DPM trn_td local link. The task in

rc2ep.vis:

TSK_TX_ TYPE(O_CONFIGURATION_WRITE (DEFAULT_TAG,

12'h04, 32'hFFFFFFFF, 4'hF)

In this task, the 12’h04 offset is the Command Status Register in the Configuration Space
Header. The third argument is the data written. All Fs are written to the Command/Status
register to avoid looking up each bit.

The trn_td signal shows 44 as the type Configuration Write as defined in Table 4, followed by

the OxFFFFFFFF payload.
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Downstream Port Model Configuration Write TLP
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Figure 24 shows DPM memory write TLP on trn_td. The task in rc2ep.v is:

TSK_TX_ MEMORY_WRITE_32 (DEFAULT_TAG, DEFAULT_TC, 10'dl, 32'h60000000, 4'hO,
4'hF, 1'Db0)

Setting the third argument, the length field, to 10°d1, causes a single DWORD write to be
generated. A burst transaction is generated when the length field is > 1. The forth argument, the
address, is 32'h60000000. Since the 32'h60000000 address is the same address written in
the configuration write statements in rc2ep . v to define BARO (offset x10, x14), this TLP will
be recognized by the PLBv46 Endpoint Bridge.

e —— |
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Figure 24: Memory Write TLP
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Figure 25 shows the Downstream Port Model Memory Read TLP on trn_td. The task in
rc2ep.v which generates the read is:

TSK_TX_ MEMORY_READ_32 (DEFAULT_TAG, DEFAULT_TC, 10’dl, 32'h60000000, 4'hO,
4’hF)

Setting the third argument, the length field, to 10’d1, causes a single DWORD read to be
generated. A burst transaction is generated when the length field is > 1. The address is
32'h60000000, the address written in the configuration read statements in the rc2ep. v file.

Note: The code cited in this application note may or may not be in the rc2ep.v and ep2rc.bfl files
provided in xapp1110.zip. This application note describes simulations for a number of different tests. To
run a specific test, the rc2ep.v and ep2rc.bfl files generally need to be edited.

The memory read operation begins with a transmission of a type 00 Memory Read TLP on
trn_td. After a relatively long cycle, a (type 4A) CpID TLP is received on trn_rd.
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Figure 25: Downstream Port Model Memory Read TLP

Abnormal PCle to PLBv46 Transactions

The next figures show how to generate abnormal conditions. Abnormal conditions are not
desirable. The motivation for learning about abnormal conditions is to facilitate quick debug of
incorrect behavior.

The Master Completion Abort (MCA) is asserted when the master side of the Endpoint Bridge
receives an Abort from the PLB. To cause a MCA interrupt, change the C_PCIBAR2IPIFBAR_O
generic in system.mhs from 0x90000000, the address of DDR2, to 0x60000000, an
address without a target. Re-run the simgen command.
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The Global Interrupt Enable and Bridge Interrupt Enable registers are written in ep2rc.bfl.
The rc2ep.v write command does not change:

TSK_TX_ MEMORY_WRITE_32 (DEFAULT_TAG, DEFAULT_TC, 10’dl, 32'h60000000, 4'hO,
4'hF, 1'Db0)

Figure 26 shows the Master Completer Abort interrupt.
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Figure 26: Master Completer Abort Interrupt
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To generate a Non-Contiguous Byte Enable interrupt, the original system.mhs is used. The
sixth argument in the memory write task in the rc2ep.v file, First Byte Enable, is changed
from 0xF to 0xA.

TSK_TX_ MEMORY_WRITE_32 (DEFAULT_TAG, DEFAULT_TC, 10’dl, 32'h60000000, 4'hO,
4'hA, 1'b0)

Figure 27 shows the interrupt due to non-contiguous byte enables.
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Figure 27: Interrupt Due to Non-contiguous Byte Enable(s)
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The interrupt due to a poisoned payload is generated by changing the last field in the memory
write task in the rc2ep. v file from O to 1.

TSK_TX_ MEMORY_WRITE_32 (DEFAULT_TAG, DEFAULT_TC, 10’dl, 32'h60000000, 4'hO,
4'hF, 1’bl)

Figure 28 shows the interrupt due to a Poison bit.
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Figure 28: Poison Bit Interrupt

Controlling EDK Functions from the PCle Side

The rc2ep. v file can be edited so the DPM controls operations within the EDK system from
the PCle side. Typical applications include controlling the SPI or IIC cores in the EDK system.

Another application is to control the DMA Controller in the EDK system from the PCle side. This
may address the performance issue of PCle to PLBv46 read operations. Write transactions are
faster than read transactions. To transfer data from the EDK system memory to the DPM, a
DMA operation controlled by the DPM may increase throughput.
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To initiate a DMA operation, the rc2ep . v file controls the XPS Central DMA Controller in the
EDK System. The use of the DMA Controller is defined in the section “Stimuli from the PLBv46
side”. To control the DMA controller with the DPM, set C_PCIBAR2IPIFBAR = x80200000, the
base address of the XPS DMA Controller in the system.mhs file, and re-run simgen.

The rc2ep.v code below shows the control of the DMA controller from PCle side. Four
memory write tasks write to the control, source address, destination address, and length
registers in the DMA controller. The data written to these registers is stored in the
DATA_STORE array. The data is set for each write task.

-- Write DMA Controller Control Register

DATA_STORE[0] = 8'hCO;
DATA_STORE[1] = 8'h00;
DATA_STORE[2] = 8'h00;
DATA_STORE[3] = 8'h04;

TSK_TX_ MEMORY_WRITE_32 (DEFAULT_TAG, DEFAULT_TC, 10’'dl, 32'h80200004, 4'hO,
4'hF, 1'bl)

-- Write DMA Controller Source Address

DATA_STORE[0] = 8'h90;
DATA_STORE[1] = 8'h00;
DATA_STORE[2] = 8'h00;
DATA_STORE[3] = 8'h00;

TSK_TX_MEMORY_WRITE_32 (DEFAULT_TAG, DEFAULT_TC, 10’dl, 32'h80200008, 4'ho0,
4'hF, 1'bl)

-- Write DMA Controller Destination Address

DATA_STORE[0] = 8'hAO0;
DATA_STORE[1] = 8'h00;
DATA_STORE[2] = 8'h00;
DATA_STORE[3] = 8'h00;

TSK_TX_MEMORY_WRITE_32 (DEFAULT_TAG, DEFAULT TC, 10’dl, 32'h8020000C, 4'ho0,
4'hF, 1'bl)

-- Write DMA Controller Length

DATA_STORE[0] = 8'h00;
DATA_STORE[1] = 8'h00;
DATA_STORE[2] = 8'hl0;
DATA_STORE[3] = 8'h00;

TSK_TX_MEMORY_WRITE_32 (DEFAULT_TAG, DEFAULT_TC, 10’dl, 32'h80200010, 4'hoO,
4'hF, 1'bl)
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The tasks in the rc2ep.v file cause the DMA Controller in the EDK system to transfer data
from XPS BRAM across the PCle link. This transaction involves operations from the DPM,
BRAM, PLBv46 Endpoint Bridge, and XPS Central DMA Controller, so analysis requires
running a simulation and scrolling through the waveform viewer signals.

Figure 29 shows the XPS Central DMA in the EDK system reading BRAM at address

0x8AE10000 and writing the data to the C_IPIFBARO address 0x20000000. This address is
translated across the PCle link to the DPM.
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Figure 29: DMA Controller Controlled from PCle Side

Stimuli from the The ep2rc.bfl is used to write and read EDK peripherals, both registers and memory. The

PLBvV46 side Bus Functional Language (BFL) commands in ep2rc.bfl test the BRAM and MPMC/DDR2,
and then set up the PLBv46 PCle Bridge and XPS Central DMA Controller.

To do Endpoint to Root Complex transactions over the PCle link, commands in ep2rc.bfl
write to the C_IPIFBARO address range. There are two ways to write/read across the PCle link.
In one, a BFL write is done directly to the C_IPIFBARO address. In the second, the DMA
Controller Source and/or Destination address is in the C_IPIFBARO range.

The ep2rc.bfl is compiled into a MTI do file when do . . /scripts/run.do is run. To
provide an overview of the ep2rc.bf1 file functionality, most of the ep2rc . bf1 file is shown
in Figure 30. A brief description of the file is given below.

The set_device command selects the model to initialize. The path argument specifies the
path to the PLBv46 master. The device type argument specifies the type of model initialized.
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The configure command allows the user to configure different PLBv46 model attributes. The
msize=01 configures the master bus size as 64 bits.

The wait (level = START) command waits for the beginning of the simulation. The
generation of the START is defined and controlled in testbench.v. Since the EDK system
contains DDR2, this allows the BFL to wait for the DDR2 to initialize before generating stimuli.

The statements following the comment “Write/Read the Bridge Control Register” write a value
of 0x003F0107 to the Bridge Control Register in the PLBv46 Endpoint Bridge, located at
0x85C010EQ.

The read command verifies that the write is done correctly. This form of the write and read
commands uses the aliases defined at the beginning of the ep2rc.bfl file. The aliases are
not shown in the figure. It is not necessary to use aliases.

The section following the comment “Write/Read the Management Interface” reads the
Management Interface in the PLBv46 Endpoint Bridge, which is located at 0x85C00000 +
0x2000.

The two sections following the comments “Test BRAM” and “Test DDR2” test that BRAM and
DDR2 function as expected. In the section following the comment “Test DMA from BRAM to
DDR2”, a DMA transaction from BRAM to DDR2 is done.

In the section following the comment “Test single write/read to Downstream Port Model”, a
single write/read to the Downsteam Port Model is done. This uses a write command to an
address in the C_IPIFBAR region (0xA0000000).

In the section following the comment “Test DMA to Downstream Port Model”, a DMA from
BRAM to the Downstream Port Model across the PCle link is done. In this case, the destination
address in the DMA controller is in the C_IPIFBAR_O region.
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set_device(path /boardx/dut/plbv46_master_bfm_0/plbv46_master_bfm_0/master, device_type = plb_master)

configure(msize = 01)
wait(level=START);

-- Write/Read Bridge Control Register

mem_update(addr = 0x85C001EO, data = 003F0107)

write(addr = 0x85C001EQ, size = SINGLE_NORMAL, be = WORDO)
read (addr = 0x85C001EOQ, size = SINGLE_NORMAL, be = WORDO)

-- Write/Read Management Interface

wait(level = NEXT)

mem_update(addr = 0x85C02000, data = EE100505)
read (addr = 0x85C02000, size = 0000, be = 1111_0000)

--Test BRAM

wait(level = NEXT)

mem_update(addr = 0x8AE10000, data = 00000000)
write(addr = 0x8AE10000, size = WORD_BURST, be = FBURST16)
read(addr = 0x8AE10000, size = WORD_BURST, be = FBURST16)

--Test DDR2

wait(level=NEXT)

mem_update(addr = 0x90000000, data = 00000000)
write(addr = 0x90000000, size = WORD_BURST, be = FBURST16)
read(addr = 0x90000000, size = WORD_BURST, be = FBURST16)

-- Test DMA from BRAM to DDR2

wait(level= NEXT)

mem_update(addr = 0x80200004, data = C0000004)
mem_update(addr = 0x80200008, data = 8AE10000)
mem_update(addr = 0x8020000C, data = 90001000)
mem_update(addr = 0x80200010, data = 00000010)
write(addr = 0x80200004, size = 0000, be = 0000_1111)
write(addr = 0x80200008, size = 0000, be = 1111_0000)
write(addr = 0x8020000C, size = 0000, be = 0000_1111)
write(addr = 0x80200010, size = 0000, be = 1111_0000)

--Test single write/read to Downstream Port Model
wait(level=NEXT)

mem_update(addr = 0xA0000000, data = 12345678)
write(addr = 0xA0000000, size = 0000, be = 1111_0000)
read(addr = 0xA0000000, size = 0000, be = 1111_0000)

-- Test DMA to Downstream Port Model
wait(level=NEXT)

mem_update(addr = 0x80200004, data = C0000004)
mem_update(addr = 0x80200008, data = 8AE10000)
mem_update(addr = 0x8020000C, data = AO000000)
mem_update(addr = 0x80200010, data = 00000010)
write(addr = 0x80200004, size = 0000, be = 0000_1111)
write(addr = 0x80200008, size = 0000, be = 1111_0000)
write(addr = 0x8020000C, size = 0000, be = 0000_1111)
write(addr = 0x80200010, size = 0000, be = 1111_0000)

Figure 30: Excerpts of ep2rc.bfl file
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Figure 31 shows the waveform resulting from the write and read of the Bridge Control Register
of the PLBv46 Endpoint Bridge. This write operation shows a value of 0x85C001e0 on
PLB_ABus when PLB_PAvalid is high and a value of 0x003F0107 on PLB_Wrdbus when
sl_wrcomp is asserted. The read operation shows a value of 0x003F0107 when sl_rdcomp is
asserted.
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Figure 31: Write and Read of Bridge Control Register

The ep2rc.bfl file contains other setup commands, including enabling the interrupt registers.

After the link is trained, the Request Control Register and the Status Register are read to
determine max payload size, max read request size, link status, and link width:

-- Reading MPS, RRS

mem_update (addr = 0x85CO001EC, data = 00000002)

read (addr= 0x85C001EC, size = 0000, be = 1111_0000)
-- Reading Link Width, Link Status

mem_update (addr = 0x85C001F0, data = 00000060)

read (addr= 0x85C001F0, size = 0000, be = 1111_0000)
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Additional status registers from the PCle core management interface (M) are provided at the
beginning Endpoint Bridge address C_BASEADDR + 0x2000. The content of these registers
are defined in UG197 Virtex-5 Integrated Endpoint Block for PCI Express Designs User Guide.
An excerpt of ep2rc.bf1 which reads Ml registers is given below.

-- Reading PLBv46 PCIe Management Interface Registers
mem_update (addr = 0x85C02000, data = EE100505)
mem_update (addr = 0x85C02004, data = 47051000)
mem_update (addr = 0x85C02008, data 00008005)
read (addr = 0x85C02000, size = 0000, be = 1111_0000)
read (addr = 0x85C02004, size = 0000, be 0000_1111)
read (addr = 0x85C02008, size = 0000, be = 1111_0000)

Figure 32 shows the reading the PCle MI registers located at 0x85C00000 + x2000.
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Figure 32: Reading PCle Management Interface Registers
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A common PCle function is to transfer data from one memory across the PCle link to a memory
at the other end of the link. Memory addresses and address translations are used at each end
of the PCle link. Other PCle use cases can often be modeled as subsets of a memory to
memory transfer across the PCle link. In the next figures, writing and reading stimuli to BRAM,
DDR2, and the Central DMA controller is discussed. The initial transactions are to verify that
BRAM, DDR2, and the Central DMA controller in the EDK system is functionally correct. After
these tests, transfers across the PCle link are tested.

Figure 33 shows writing and reading BRAM. The C_BASEADDR for BRAM is 0x8AE1000.

Excerpts of ep2rc.bfl are

mem_update (addr = 0x8AE10000, data 00000000
mem_update (addr = 0x8AE1003C, data = 0000000F
write(addr = 0x8AE10000, size = WORD_BURST, be = FBURST16)
read(addr = 0x8AE10000, size = WORD_BURST, be = FBURST16)

In the ep2rc.bfl file, WORD_BURST is aliased as 1010, and FBURST16 is aliased as
11110000.
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Figure 33: Writing and Reading BRAM
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DDR2 provides a much larger memory than BRAM. The ep2rc.bfl commands for testing
DDR2 are similar to those provided for BRAM. DDR2 uses the Micron Memory model in the

simulation/ddr2 directory. In the simulation, the memory controller initialization time affects
the startup of the simulation.

Figure 34 shows writing and reading DDR2.
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Figure 34: Writing/Reading DDR2
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Memory to memory transactions are usually done by a DMA controller. Four write commands
to the DMA controller registers defined in Table 6 generate a DMA operation.

Table 6: XPS Central DMA Controller Register

DMA Register Address
Control C_BASEADDR + 0x04
Source Address C_BASEADDR + 0x08
Destination Address C_BASEADDR + 0x0C
Length C_BASEADDR + 0x10

After writing to the DMA Controller control register, the source address (SA) and destination
address (DA) register are written. The transfer is then initiated by a write to the length register.
The stimuli in ep2rc.bfl initially verifies DMA controller operation with a DMA transfer from
BRAM to DDR2.

A transaction over the PCle link occurs when a bus master writes an address which resides in
th C_IPIFBAR region, which is in the range C_IPIFBAR: C_IPIFBAR_HIGHADDRESS. To read
across the PCle link, write an address in the C_IPIFBAR region to the DMA controller Source
Address register. To write across the PCle link, write an address in the C_IPIFBAR region to
the DMA controller Destination Address register.

Figure 35 shows the DMA Controller operation. The splb_wrdbus has values written to the
DMA controller control, SA, DA, and length registers when sl_wrcomp is asserted.
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Figure 35: DMA Operations
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PCle write transactions are posted.

The IPIFBAR used for the PLB to PCle transactions is defined in system.mhs as

C_IPIFBAR_0 = 0xA0000000.

The excerpt of the ep2rc.bf1 file used to generate a write transaction to the PCle link is

mem_update (addr = 0xA0000000,
write(addr = 0xA0000000, size

0000,

data = 12345678)
1111_0000)

be =

Figure 36 shows a PLB to PCle single write operation. The value written is 0x12345678.
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Figure 36: Single Write Operation
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PCle read transactions are non-posted, meaning that a response is required.

The IPIFBAR used for the PLB to PCle transactions is defined in system.mhs as
C_IPIFBAR_0 = 0xA0000000.

The excerpt of ep2rc.bfl used to generate the read transaction is

mem_update (addr = 0xA0000000, data = 12345678)
read (addr = 0xA0000000, size = 0000, be = 1111_0000)

After receiving the MemRd TLP on trn_rd, the DPM writes a completion with data TLP (CpID).
The following task in rc2ep. v generates the CpID TLP.

TSK_TX_COMPLETION_DATA (0, DEFAULT_TC, 10'dl, 12’'d4, 7’'b0000000, 3'hO,
1'b0)

To match the request tag, the first argument in TSK_TX_COMPLETION_DATA is changed from

DEFAULT_TAG to 0. The data in the completion packet is defined in the DATA_STORE array as
0x12345678.

Read transactions are complex, and it is constructive to read the DPM rx.dat and tx.dat
files to understand the timing.

Figure 37 shows the overall PLB to PCle single Read operation to 0xA0000000. The signals in
the figure are in the PLBv46 Endpoint Bridge. To understand the read operation, the signals at
the receive end (DPM) must also be analyzed.
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Figure 37: Complete PLBv46 to PCle Read Operation
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Read transactions start with the master read request on the PLB. The Endpoint Bridge

then

generates a MemRd TLP request across the PCle link. At the receiver, the data is normally

fetched from memory. The DPM does not have memory. In the rc2ep.v file, the DPM

transmits the CpID TLP back to the requesting Endpoint Bridge, and the Endpoint Bridge

completes the read on the PLB.
Figure 38 shows the start of the PLBv46 to PCle read operation from the EDK system.
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Figure 38: Start of PLBv46 to PCle Read Operation
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Figure 39 shows the end of the PLBv46 to PCle read operation for the EDK system.

The sl_rdcomp is asserted at 200.4 us. The address is 0xA0000000.
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Figure 39: Completion of the PLBv46 to PCle Read Operation
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In the next pages, example PLB to PCle abnormal transactions are given.

The maximum payload size in the Endpoint Bridge, given in the Request Control register, is
128. When the requested payload size of a TLP exceeds the MPS, the Endpoint Bridge asserts
SI_wrBterm.

The following commands in ep2rc.bfl use the DMA Controller to write a packet which
exceeds the MPS across the PCle link:

-- Exceed MPS: Verify sl_WrBterm asserted
mem_update (addr = 0x80200008, data = 8AE10000)
mem_update (addr = 0x8020000C, data = A0000000)
mem_update (addr = 0x80200010, data = 00001000)
write(addr = 0x80200004, size = 0000, be = 0000_1111
write (addr 0x80200008, size = 0000, be 1111_0000
write (addr 0x8020000C, size = 0000, be 0000_1111
write (addr 0x80200010, size = 0000, be = 1111_0000

)
)
)
)

Figure 40 shows the Endpoint Bridge assertion of slave burst terminate when the payload size
exceeds maximum payload size.
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Figure 40: Burst Termination - SI_WrBterm

XAPP1110 (v1.0) April 13, zoogwww.BDTm@mn/XILINX 47


http://www.xilinx.com

Stimuli from the PLBv46 side

SXILINX®

The Endpoint Bridge generates a Slave Bar Overrun interrupt when a PLB master requests an
address outside the IPIFBAR address range. The following values for generics are defined In

system.mhs

C_IPIFBAR_0 = 0xA0000000

C_IPIFBAR_HIGHADDRESS 0 = 0xBFFFFFFF

The following ep2rc.bfl excerpt sets the Destination Address register in the DMA controller
close to C_IPIFBAR_HIGHADDRESS_0, and writes a length in the Length register which
causes a write outside the IPIFBAR upper boundary.

-- Generate SBO
mem_update (addr 0x80200008, data
mem_update (addr = 0x8020000C, data
mem_update (addr = 0x80200010, data
write (addr 0x80200004, size
write (addr 0x80200008, size
write(addr = 0x8020000C, size

8AE10000)
= BFFFFFFO0)
= 00000100)

0000, be = 0000_1111)
0000, be = 1111_0000)
0000, be = 0000_1111)

)

write(addr = 0x80200010, size = 0000, be = 1111_0000

Figure 41 shows the slave bar overrun interrupt SBO. The address on PLB_ABus is

OxBFFFFFFC.
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Overrun Error
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Reset
Functionality

Synchronizing
Stimuli from the
PLBv46 side

The Endpoint Bridge can be reset using a software reset, PERSTN, or a PLB reset. The
Endpoint Bridge consists of the Block Plus LogiCORE, PLB Master and Slave interfaces, and
Bridge functions. A simulation can show the reset behavior of each section.

To generate a soft reset, the following command is used in ep2rc.bfl:

mem_update (addr = 0x85C00080, data = 0000000F)
write(addr = 0x85C00080, size = 0000, be = 1111_0000)

To generate a reset on PLB or PERSTN, edit testbench/testbench.v:

initial begin
Stimeformat (-9,2," ns", 1);

sys_reset = 1;
synch_in = 0;
#1000;

sys_reset = 1;

Figure 42 shows a write of 0x0000000F to address 0x85C00080 on plb_abus to generate a
software reset. Add registers whose reset behavior is of interest to the waveform viewer.
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Figure 42: Reset Functionality

Although simultaneous transactions can be done, most of the tests in rc2ep.v and ep2rc.bfl are
point tests, meant to occur independent of other tests. To focus on a single test at a time,
synchronization operations are used. The BFM Synch module in the EDK project provides a
method of synchronizing operations between the Downstream Port Model and the PLBv46
Master BFM transactions. The synch bus is used. Synchronization transactions are in the
ep2rc.bfl andin testbench.v. Timing in rc2ep. v is controlled by the Verilog time delay:

#2000

The START, STOP, and NEXT aliases in ep2rc.bfl are used to control timing. To divide the
timing of individual tests in ep2rc.bf1l, the wait command is used:
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wait (level=NEXT)

The SendSynch task is defined at the bottom of testbench.v. Typical code in testbench.v
to delineate a test is:

Sdisplay (“[%t] : Testing BFL Endpoint to DPM transfers ...”, Srealtime);
SendSynch (SYNC_NEXT) ;
#2000

In this case, the BFL transfers control to the testbench only for the testbench to display
information on the test being done. In other cases, the BFL transfers control so that
testbench.v or rc2ep.v generates or checks stimuli.

Figure 43 shows the synchronization signals in the waveform viewer.
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Figure 43: Synchronization Signals

XAPP1110 (v1.0) April 13, zoogwww.BDTm@m/XILINX 50


http://www.xilinx.com

References ST XILINX®
References . UG197 Virtex-5 FPGA Integrated Endpoint Block for PCI Express Designs User Guide
2. UG341 LogiCORE Endpoint Block Plus v1.7 for PCI Express User Guide - April 25, 2008
3. XAPP1030 Reference System: PLBv46 PCle in the ML505 Embedded Development
Platform
4. XAPP1111 C Simulation of an EDK System which Uses the PLBv46 Endpoint Bridge for
PCI Express
5. XAPP1000 Reference System: PLBv46 PCle in the ML555 PCI/PCIE
Revision The following table shows the revision history for this document.
HIStory Date Version Revision
4/13/09 1.0 Initial release.
Notice of Xilinx is disclosing this Application Note to you “AS-1S” with no warranty of any kind. This
Disclaimer Application Note is one possible implementation of this feature, application, or standard, and is

subject to change without further notice from Xilinx. You are responsible for obtaining any rights
you may require in connection with your use or implementation of this Application Note. XILINX
MAKES NO REPRESENTATIONS OR WARRANTIES, WHETHER EXPRESS OR IMPLIED,
STATUTORY OR OTHERWISE, INCLUDING, WITHOUT LIMITATION, IMPLIED
WARRANTIES OF MERCHANTABILITY, NONINFRINGEMENT, OR FITNESS FOR A
PARTICULAR PURPOSE. IN NO EVENT WILL XILINX BE LIABLE FOR ANY LOSS OF DATA,
LOST PROFITS, OR FOR ANY SPECIAL, INCIDENTAL, CONSEQUENTIAL, OR INDIRECT
DAMAGES ARISING FROM YOUR USE OF THIS APPLICATION NOTE.

XAPP1110 (v1.0) April 13, 20097 ATV ATYAT . BDT@@%/XILINX 51


http://www.xilinx.com
http://www.xilinx.com/support/documentation/user_guides/ug197.pdf
http://www.xilinx.com/support/documentation/user_guides/ug197.pdf
http://www.xilinx.com/support/documentation/application_notes/xapp1030.pdf
http://www.xilinx.com/support/documentation/application_notes/xapp1030.pdf
http://www.xilinx.com/support/documentation/application_notes/xapp1030.pdf
http://www.xilinx.com/support/documentation/application_notes/xapp1111.pdf
http://www.xilinx.com/support/documentation/application_notes/xapp1000.pdf

	BFM Simulation of an EDK System Which Uses the PLBv46 Endpoint Bridge for PCI Express
	Abstract
	Included System
	Introduction
	Software Requirements
	System Specifics
	Compiling Simulation Libraries
	Simulation Directory Structure
	Generating Simulation Models with Simgen
	Running a Simulation
	Stimuli from the PCIe side
	Understanding transactions in the Downstream Port Model
	Abnormal PCIe to PLBv46 Transactions
	Controlling EDK Functions from the PCIe Side

	Stimuli from the PLBv46 side
	Reset Functionality
	Synchronizing Stimuli from the PLBv46 side
	References
	Revision History
	Notice of Disclaimer




