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Preface

About this Document

Intended Audience

This document has been written for design managers, system engineers, and designers who are evaluating or
using the PLDA EZDMA [Pwith Altera’s Stratix IV GX/GT, Arria Il or Cyclone IV devices.

Scope

This document describes how to integrate the PLDA EZDMA IP into your design flow as quickly as possible
(installing, customizing, integrating, and simulating the Core).

Typographical Conventions

italic Highlights important notes or publications
bold Highlights interface elements.
COURIER NEW DENOTES TEXT USED IN A CODE EXAMPLE OR A SIGNAL.

Additional Reading

This section lists additional resources from PLDA and third-parties.

PLDA periodically updates its documentation. Please contact PLDA Technical Support or check the Web site at
http://www.plda.com for current versions.

PLDA Publications

Please refer to the following documents for further information:

* EZDMA IP Core for Altera Devices Reference Manual: The Reference Manual provides the complete
functional description of the PLDA EZDMA IP Core.

* Bus Functional Model Reference Manual: The BFM Reference Manual provides the complete functional
description of the PLDA PCI Express Testbench.

¢ Software Tools for PCI/PCI-X and PCI Express IP Cores: The Software Reference Manual describes PLDA's
Software Development Kit (SDK).

* Build History: The Build History lists changes made to the packaging of each build.

* Revision History: The Revision History lists changes made to the RTL of the Core.

Other Publications

Please refer to the following documents for information on specification standards:
* PCI Express™ Base Specification Revision 2.0
* PCI Express™ Compiler User Guide Revision 9.1




EZDMA IP Getting Started

Feedback and Contact Information

Feedback about this Document

PLDA welcomes comments and suggestions about its documentation. Please contact PLDA Technical Support
and provide the following information:

* the title of the document
¢ the page number to which your comments refer

¢ a description of your comments

Contact information

Corporate Headquarters

PLDA

Parc club du golf - Bat. 11a

Rue Guillibert

13856 Aix-en-Provence Cedex 3 - France

Tel: USA +1 408 273 4528 - International +33 442 393 600
Fax: +33 442 394 902

Sales

For sales questions, please contact sales@plda.com.

Technical Support

For technical support questions, please contact PLDA Support at http://www.plda.com/plda_login.php using the
Support Center if you have a PLDA online account.

If you don’t have a PLDA account, contact http://www.plda.com/support_enquiry.php.
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Chapter 1 Before you Start...

1.1 System Requirements

To install the EZDMA IP for Altera Devices Core package, you need:
* Memory: 1 GB of RAM or greater
* Operating System: Windows 2000/XP/Vista/7 or any Unix/Linux platform supporting Java

* Hard Disk: 1 GB for Core installation and component design

1.2 EDA Tools Requirements

The following table describes EDA Tools Requirements unique to Windows, unique to Unix/Linux, and common to
both operating systems:

Table 1: EDA Tools Requirements

Windows Unix/Linux
- ModelSim PE or SE 6.6 or above, or Questa - ModelSim SE 6.6 or above, or Questa Advanced
Advanced Simulator Simulator
- Aldec Active-HDL 9.1 - NCSim version 6.1.1 s002
. Aldec Riviera-PRO 2011.10

« Quartus 11 v12.1
- Altera USB Blaster Cable

1.3 Package Features

The EZDMA IP Core is available for Windows or Unix/Linux in any of the following packages:
¢ Altera Source: pcie-ezdma_vXXXbuildYYY _altera_source.tar.gz
¢ Altera Full: pcie-ezdma_vXXXbuildYYY_altera_full.tar.gz
* Altera Board / Eval: pcie-ezdma_vXXXbYYY _altera_board_eval.tar.gz

1.3.1 Altera Source Package
The Source package contains full source code for the Core.

Table 2: Source package features

Core Source
- VHDL: Original clear-text source code
- Verilog: Original clear-text source code

Synthesis
- VHDL: Single Altera clear-text file
- Verilog: Single Altera clear-text file
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Table 2: Source package features

PLDA The PLDA testbench, exclusively compatible with the Core, includes the following:
testbench « Unlimited duration for purchased products
- BFM Instance: Root Port, Endpoint
- Number of Transactions: 1,000
- Monitor
Refer to the PLDA BFM Reference Manual for more information.
- Modelsim
« VHDL: VHDL pre-compiled library, multi-OS
- Verilog: Verilog pre-compiled library, multi-OS
- Aldec
- VHDL: VHDL pre-compiled library, multi-OS
- Verilog: Verilog pre-compiled library, multi-OS
- Cadence NCSim
- VHDL: VHDL-protected, UNIX/Linux
- Verilog: Verilog-protected, UNIX/Linux
- Synopsys VCS

- Verilog: Verilog-protected, Linux

1.3.2 Altera Full Package

The Full package is not time-limited and allows you to generate programming files for any supported device.

Table 3: Full package features

Core Simulation
- Modelsim
- VHDL: pre-compiled VHDL library
- Verilog: pre-compiled Verilog library
- Aldec
- VHDL: VHDL pre-compiled library, multi-OS
- Verilog: Verilog pre-compiled library, multi-OS
- Cadence NCSim
- VHDL: VHDL-protected, UNIX/Linux
- Verilog: Verilog-protected, UNIX/Linux

Synthesis
- VHDL: Single Altera encrypted file

- Verilog: Single Altera encrypted file

10
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Table 3: Full package features

PLDA
testbench

The PLDA testbench, exclusively compatible with the Core, includes the following:
« Unlimited duration for purchased products
- BFM Instance: Root Port, Endpoint
- Number of Transactions: 1,000
- Monitor
Refer to the PLDA BFM Reference Manual for more information.
- Modelsim
« VHDL: VHDL pre-compiled library, multi-OS
- Verilog: Verilog pre-compiled library, multi-OS
- Aldec
- VHDL: VHDL pre-compiled library, multi-OS
- Verilog: Verilog pre-compiled library, multi-OS
- Cadence NCSim
- VHDL: VHDL-protected, UNIX/Linux
- Verilog: Verilog-protected, UNIX/Linux
- Synopsys VCS
- Verilog: Verilog-protected, Linux

1.3.3 Altera Board / Eval Package

When testing hardware with the Eval package, the design will only work for a limited time. For the Board package,
there is no time limit when connecting protocore signals with PLDA boards.

Table 4: Board / Eval package features

Core

Simulation
- Modelsim
- VHDL: pre-compiled VHDL library
- Verilog: pre-compiled Verilog library
- Aldec
- VHDL: VHDL pre-compiled library, multi-OS
- Verilog: Verilog pre-compiled library, multi-OS
- Cadence NCSim
- VHDL: VHDL-protected, UNIX/Linux
- Verilog: Verilog-protected, UNIX/Linux

Synthesis

- VHDL: Single Altera encrypted file
- Verilog: Single Altera encrypted file

11
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1.4

Table 4: Board / Eval package features

PLDA

The PLDA testbench, exclusively compatible with the Core, includes the following:

testbench « Unlimited duration for purchased products

- BFM Instance: Root Port, Endpoint
- Number of Transactions: 1,000
- Monitor
Refer to the PLDA BFM Reference Manual for more information.

- Modelsim

- VHDL: VHDL pre-compiled library, multi-OS

- Verilog: Verilog pre-compiled library, multi-OS
- Aldec

- VHDL: VHDL pre-compiled library, multi-OS

- Verilog: Verilog pre-compiled library, multi-OS
- Cadence NCSim

- VHDL: VHDL-protected, UNIX/Linux

- Verilog: Verilog-protected, UNIX/Linux
- Synopsys VCS

- Verilog: Verilog-protected, Linux

Installing the Package

1.4.1 Windows

Unzip the tar.gz file using unzip software such as WinRAR or 7-Zip. Files are extracted to your hard drive in a

directory

named pcie-ezdma_vXXX_bYYY_ZZZ, where “XXX” is the Core version number, “YYY” is the build

number, and “ZZZ” is the supported technology.

1.4.2 UNIX/Linux

12

1.
2.

Unzip the tar.gz file using unzip software such as WinRAR or 7-Zip.
Open a shell and set the working directory to the directory where the Core package has been
downloaded from the PLDA web site.

. Create an empty directory.
. At the prompt, type:

tar -xzf pcie-ezdma_ vXXX bYYY ZZZ.tar.gz -C <your directory path>
Where “XXX” is the Core version number, “YYY” is the build number, and “ZZZ” is the supported
technology.
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1.5 Exploring the Installed Files

1.5.1 Altera Source Package

Table 5: Directory structure for the Source package

- core
- simulation
- Modelsim
- vhdl: compiled core library
- vlog: compiled core library
- Aldec
- vhdl: compiled core library
- vlog: compiled core library
- ncsim
- vhdl: encrypted core file
- vlog: encrypted core file
- source
- vhdl: core clear-text source code
- vlog: core clear-text source code
- synthesis
- vhdl: core clear-text source file
- vlog: core clear-text source file

- documentation
build_history.pdf
revision_history.pdf
getting_started.pdf
reference_manual.pdf
pciebfm_reference_manual.pdf

- ref_design
- simulation
- Endpoint
- source
- Endpoint
- synthesis
- Endpoint
- testbench: PLDA BFM
- wizard: EZDMA IP wizard provided for creating a top-level instance of the Core.

13
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1.5.2 Altera Full and Board/Eval Packages

Table 6: Directory structure for the Full and Board/Eval packages

- core
- simulation
- Modelsim
- vhdl: compiled core library
- vlog: compiled core library
- Aldec
- vhdl: compiled core library
- vlog: compiled core library
- ncsim
- vhdl: encrypted core file
- vlog: encrypted core file
- synthesis
- vhdl: encrypted core file
- vlog: encrypted core file

- documentation
build_history.pdf
revision_history.pdf
getting_started.pdf
reference_manual.pdf
pciebfm_reference_manual.pdf

- ref_design
- simulation
- Endpoint
. source
- Endpoint
- synthesis
- Endpoint
- testbench: PLDA BFM
- wizard: EZDMA IP wizard provided for creating a top-level instance of the Core

14
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1.6 Creating a Parameterized Instance of the Core

The EZDMA IP Wizard generates a VHDL or Verilog wrapper that instantiates the Core with custom values, input
ports, and output ports.

WARNING:

* The file created by the Wizard should not be modified with a text editor. Open the Wizard and select an
existing .vhd/.v file in order to modify an existing instance of the Core.

¢ If you have already created an instance of the Core and you create a second instance of the Core with the
same name, the Wizard will overwrite your original file without warning.

Follow the directions below to launch the Wizard and create an instance of the Core:

1.6.1 Launching the EZDMA IP Wizard

1. Launch the Wizard:

Windows: browse to the /wizard directory and run the run_wizard_ezdma.bat batch file to launch the
Wizard GUI.

Linux: open a terminal window and type: /bin/sh run_wizard_ezdma.sh (located in the ../wizard
installation directory).

The following window appears:
| 22| Enter @ narne for your PCI EZ Multi DMA core wrapper or select wrapper to edit.,

Rechercher dans : COMman b j = E
s CWV5
e bt primitives
Documents
récents

Bureau

Documents

A

=

Ordinateur

L-l Mom de fichier : kest_care | Open
=] e —

Réssau Fichiers dutype : | pCI EZ Multi DMA core instance files % Annuler

Figure 1: The choose wrapper window

2. To create a new wrapper, type a name in the Name text box and click Open. To modify an existing
wrapper, browse your Hard Drive, select the desired wrapper, and click Open. The first page of the
Wizard appears.

15
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1.6.2 Customizing the Core with the EZDMA IP Wizard

1.6.2.1 Define Settings for <wrapper name> instance: General tab

PLDA EZ DMA for Altera Hard IP v1.4.5 build 200 Gen2 x8: |

PLDA PCI Express Core

Define settings for 'EZDMA’ instance :

General IDMA' Optional features |

Stratixy
|t ERECE S HE =i
HreE| =

Device ype

Language Werilog-2001

Maximum pavioad size ; 256 nes |\J_| i
[l s ) rEa e rEE U EsD siEe Lk s |\j -
Mumkber of outstanding reguests 1 [=I_I =
FEceivE BUTTer sza 2 J

Application interface &d-pit - 250 MHz

Cenerate file

Figure 2: The Define Settings for <wrapper name> instance Window: General tab

To create or edit an existing instance, modify the following parameters:
* Device Type: Select either Stratix 1V, Stratix V, or Arria 1l/Cyclone IV.
¢ Interface Type: This is set by default and cannot be changed.
* Protocol: This is set by default and cannot be changed.
* Language: VHDL, Verilog-95, or Verilog-2001
* Maximum Payload Size: 256 bytes to 1 KB for Stratix IV and V; 256 bytes for Arria 1l/Cyclone IV.

¢ Maximum read request size: This setting is set automatically depending on the number of outstanding
requests and cannot be changed.

* Number of outstanding requests: 1 - 8
* Receive buffer size: This is set by default and cannot be changed.

¢ Application interface: You can select one of the following application interfaces/user clock frequencies:

Table 7: Available application interfaces

Stratix IV/V

Arria Il GX/GZ, ArriaV

Cyclone IVIV

64-bit - 62.5 MHz

64-bit - 62.5 MHz

64-bit - 62.5 MHz

64-bit - 125 MHz

64-bit - 125 MHz

64-bit - 125 MHz

64-bit - 250 MHz

64-bit - 250 MHz

64-bit - 250 MHz

128-bit - 125 MHz

128-bit - 125 MHz

128-bit - 125 MHz

128-bit - 250 MHz

128-bit - 250 MHz

128-bit - 250 MHz

16
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1.6.2.2 Define Settings for <wrapper name> instance: DMA tab

PLDA EZ DMA for Altera Hard IP v1.4.5 build 200 Gen2 x8 — O X

PLDA PCI ress nre

Figure 3: The Define Settings for <wrapper name> instance Window: DMA tab

To customize DMA options, modify the following parameters:

Number of built-in DMA channels: 1 - 8

Maximum built-in DMA transfer size: Maximum values are between 8K - 4G.
DMA local address width: Values are between 13 - 32 bits.

Number of external DMA ports: 0 - 8

Enable completion timeout: Select to enable.

Completion timeout: Values are between 3 and 60 ms.

Maximum Supported Read Latency: Values are between O - 3.

17
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1.6.2.3 Define Settings for <wrapper name> instance: Optional features tab

| F™ PLDA EZ DMA for Altera Hard IP v1.4.5 build 200 Gen2 x8 — || [%

PLDA PCI Express Core 3

Define settings for 'EZDMA instance :

General | DM4  Optional features

Support locked transactions [l
IrElEmERT Advanced  ErraE e pa i [
ImElemEnRy ECREE gereratiomchiecking [
UrlEr offumeians: 1 | [
510 ) A S L = = g [
310 ) = S = = g [
310 ) g A o [
210 ) e o o = e = [

Figure 4: The Define Settings for <wrapper name> instance Window: Optional features tab

You can also implement the following optional features:

¢ Support Locked Transactions: We recommend not setting this option unless absolutely necessary. Normal
devices do not require support for locked transactions.

* Implement Advanced Error Reporting: Not supported.
¢ Implement ECRC generation/checking: Not supported.
* Number of functions: Not supported.

¢ Support 32-bit Atomic operations: Not supported.

¢ Support 64-bit Atomic operations: Not supported.

* Support 128-bit Atomic CAS: Not supported.

¢ Support Function-Level Reset: Not supported.

18
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1.6.3 Customizing Altera Hard IP Core for Use with EZDMA IP

When the EZDMA IP is customized, you must create an Altera Hard IP core instance as explained in this section.

MegaWizard Plug-In Manager [page 2a]

Which megafunction would you like to customize? which device family will you be using? | Stratix V =

Select a megafunction from the list below
X Which type of output file do you want to create?
=,

AHDL
VHDL

B £ Installed Plug-Ins
*{, Altera SOPC Builder

[Z1 Arithmetic @ Verilog HDL
1 Communications
1 Dsp What name do you want for the gutput file?
1 Gates ltest_hip.\.r
Do
£ [ Interfaces
1 asi ["] Return to this page for another create operation
e
- L1 CPRI Note: To compile a project successfully in the Quartus Il
(3 Ethernet software, your design files must be in the project
(1 External Memory directory, in a library specified in the Libraries page of the
(1 Interlaken Options dialog box (Tools menu), or a library specified in
Cara the Libraries page of the Settings dialog box (Assignments
B PCl Express TRE)
1 Rapidio Your current user library directories are:
3 soi
[ serialLite

[Z1 Transceiver PHY
[Z1 JTAG-accessible Extensions
[Z1 Memory Compiler
(21 Click to Open IP MegaStore

I Cancel H = Back || Next > H Finish ‘

Figure 5: Launching MegaWizard Plug-In Manager

1. Start the Altera MegaWizard Plug-In Manager and create a new project for your Stratix IV, Arria Il or
Cyclone IV device.

2. Select “PCl Express Compiler v10.0” and click “Next”.

3. Open the EZDMA IP Core instance created previously with a text editor.

4. The first few lines indicate mandatory values for some settings in PCI Express Compiler, you can set all
other settings to any value you choose.

-- Altera PCI Express Hard IP (v9.0 or later) must be configured as indicated below
-- for proper core behaviour

-- - Interface frequency : 250

-- - Application interface : Avalon-ST 64-bit

-- - Test out width : 64-bits

-- - Implemented ECRC forwarding : off

-- - Maximum payload size supported : 2048

-- - Number of virtual channels : 1

-- - Desired performance for received requests : High

-- all other settings are left to user's choice

Figure 6: Example of settings in a EZDMA IP Core instance

19
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1.7 Simulating your Design

(.vhd/.v)

I

I

stimuli |
file |

This section provides background information for running a functional simulation of the Core. The simulation
environment includes the Core, the Core wrapper, the PCI Express BFM, and all or part of your design (application
layer logic).

The figure below illustrates a typical simulation environment using a serial or parallel interface.

PCI Express BFM User Design
r—— - - — — 1 r—— - - - - - - - - - - - - - — — 1
| | |
Core Wrapper
PCI Express ;
Protocol Checker | | (from Wizard) |
| || Altera Hard IP |
| | | instance (from Apolicati |
|| PClExpress | | | MegaWizard) EZDMA IP . pﬁé"ztr'on |
BFM < > Core 4 yer.
| | | . < (userlogic/| |
(pre-compiled Reference

| | library or RTL) Design) | |
| PCl Express | | |
I Monitor | | |
L— e - - — - Lo - _I

Altera Hard IP Core local interface

PCI Express serial interface

Figure 7: Simulation environment

The simulation architecture includes the following elements:

* PCI Express BFM: The Core package includes evaluation versions of the PLDA PCI Express BFM. The
BFM is provided as compiled libraries or as protected code for various simulators. It includes a link monitor,
and can be instantiated at the serial, parallel, and PIPE interface levels. Refer to the BFM Reference Manual
in the documentation directory for additional information.

Altera Hard IP: This is a customized instance of a PCl Express Hard IP
Compiler.

created with PCIl Express

* EZDMA IP Core wrapper: This is the customized wrapper you create with the Core Wizard, which
instantiates the Core with custom parameters, features, and ports. See Section 1.6 for detailed information
about the Wizard and available configuration options).

* EZDMA IP Core: Provided as clear-text RTL or obfuscated/scrambled RTL depending on your particular
license (for synthesis) and as a compiled library (for simulation).

* User Design: Application layer logic implemented by the designer that connects to the Core’s local
Application Layer interface. For a tryout simulation, it is not required to have a fully functional or complete
design, however, all of the Core's Application Layer inputs should be set to appropriate values. The interface
between the Core and the Application Layer is described in the Reference Manual.

1.7.1 Simulating with the PLDA PCle BFM

PLDA PCI Express BFM is available for the following simulation tools:

1.7.1.1 ModelSim

The BFM is delivered as a simulation library. To use the BFM, map the library pciebfm_lib. When compiling with
Verilog, you must include the .h file located in the include directory. When launching vsim, add the BFM library

with the following command:

vsim

-L pciebfm_lib

1.7.1.2 NCSim and VCS
The BFM is delivered in the form of encrypted files. To use the BFM, compile the encrypted library pciebfm_lib.
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Before you Start...

1.7.1.3 Aldec Active-HDL and Riviera-Pro

Aldec’s Active-HDL and Riviera-Pro simulators are also supported by the EZDMA IP Core. To request the
necessary simulation libraries and models, contact PLDA Support at http://www.plda.com/plda_login.php using the
Support Center (if you have a PLDA online account) or http://www.plda.com/support_enquiry.php (if you don’t have
a PLDA account).

1.7.2 Simulating with ModelSim

The following directions describe how to create a project and compile the necessary libraries in order to run a
simulation with the Core. Note that this section is offered as background information only. The plda_simulate.tcl
script provided with the Core package automatically performs these tasks and starts a simulation for you.

1. Launch ModelSim.

2. Select the working directory:

- Choose Change Directory from the File menu. The Choose a Directory window appears.

- Browse your hard drive and select or create a directory in which to compile your project.

3. Create a work library:

4. Map the required libraries. There are three libraries necessary to run a simulation of the Core.

1. Create and map the PLDA BFM (PCI-Express Testbench) library. At the ModelSim prompt, type:

vlib libs/pciebfm_lib

vmap pciebfm_lib «libs/pciebfm_lib»

vlog -work pciebfm_lib <absolute path>/testbench/plda/modelsim/viog/pciebfm_lib.vp

or

vcom -work pciebfm_lib <absolute path>/testbench/plda/modelsim/vhdl/pciebfm_lib.vhdp
where "<absolute path>" is replaced by the directory in which you installed your project.

2. Map the EZDMA IP library. At the ModelSim prompt, type:

Warning:

vlib libs/ez_lib

vmap ez_lib «libs/ez_lib»

vlog -work ez_lib <absolute path>/core/simulation/modelsim/viog/ez_lib.vp

or

vcom -work ez_lib <absolute path>/core/simulation/modelsim/vhdl/ez_lib.vhdp
where "<absolute path>" is replaced by the directory in which you installed your project.

If you have recently upgraded your version of ModelSim, we recommend refreshing
previously-compiled libraries. At the ModelSim prompt, type:

vcom -refresh -work <name_of_library>
5. Compile your core instance file(s) previously generated with the EZDMA IP Wizard.

- If you are using VHDL, type:
vcom -work work -93 <absolute path>/<filename>.vhd

- If you are using Verilog, type:
vlog -work work <absolute path>/<filename>.v
6. Compile all your design files.

7. Compile the stimuli file used to simulate your design by generating traffic with the Core. An example file,
ref_design_stimuli, is provided with the Reference Design.

8. Compile your top level that connects your design with the Core, the BFM, and the stimuli instance. Example

files

(ref_design_testb) are provided with the Reference Design.

9. Simulate the project, by typing:
vsim -t ps -L <bfm_library> -L ez_lib work.<design_top_level>

1.7.3 Additional Altera Considerations

In order to simulate your design, you must compile the following Altera Primitives libraries:

altera_mf

llpm

sgate

stratixiv_pcie_hip

stratixiv_hssi

altera
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Chapter 2 Reference Design

2.1 Introduction

The Reference Design demonstrates an implementation example of the EZDMA IP Core. The complete Register
Transfer Level (RTL) source code of the design (VHDL or Verilog) is provided so that you can:

¢ Perform hardware testing using a prototyping board.

* Modify the design in order to integrate the Core with your own design.

2.2 Architecture of the Reference Design

2.2.1 Top-Level Blocks

The Reference Design includes several blocks, illustrated below:

Towards PCle Link Towards User Application
— >

Reference Design

Altera Hard IP EZDMA IP

Core instance Core instance DMA
< » ) FIFO

DMA management
module

Internal
» SRAM

A

Slave management
module

Registers
— LEDs

Figure 8: Top-level blocks of the Reference Design

¢ Altera Hard IP Core: Custom instance of the core created by PCI Express Compiler.
* EZDMA IP Core: Custom instance of the core created by the EZDMA IP Core Wizard.

* DMA management: Handles two independent DMA channels, one that reads data from host memory, the
other that writes the data back to host memory.

¢ Slave management: Handles target-mode read and write access to a memory-mapped on-chip SRAM and
registers.
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2.2.2 Reference Design Files and File Structure

The following figure provides a schema of the files implicated in the Reference Design. Each file is described in
Table 8.

ref_design_ahip... ref_design_epcore...
(Hard IP

Core Module
instance)

(top level (top level
for for
synthesis) simulation (EZDMA

Core Module
instance)

ref_design_ezinst...

ref_design

ref_design_ahipx_top...

slave_mgt dcrambe
manages memory model
int memory

and registers

dma_mgt scfifo dcram
Performs DMA FIFO model Memory model
transfers

dma_sg

Scatter Gather

Figure 9: Architecture of the simulation environment
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The following table describes each file used by the Reference Design.

Table 8: Description of Reference Design files

Module / File

Description

dcram

Generic DCRAM model available in ASIC (RTL description) and
Altera (uses Altera memory primitives) versions.

scfifo

Generic Single Clock FIFO model

dcrambe

Generic DPRAM with Byte Enable model available in ASIC (RTL
description) and Altera (uses Altera memory primitives) versions.

dma_sg

The DMA Scatter Gather module provides scatter-gather functionality
to DMA 0 and DMA 1 channels.

dma_mgt

The DMA Management module handles two DMA channels that
connect to the Core Master interface through a 64-bit X 256 Words
FIFO. The FIFO uses PLDA's scfifo general-purpose single-clock
FIFO model. A set of memory-mapped registers (accessible from the
PCI Express bus) is used to set up DMA registers and start transfers.

slave_mgt

The Slave Management module instantiates a 1-KB synchronous
dual-port RAM using PLDA's plda_dpram general-purpose DPRAM
model. the memory is mapped in BAR 2/3 address space and can be
read to or written from the PCI Express bus. The registers are
mapped in the BAR 0/ 1 address space.

ref_design

Reference design top-level that connects the peripheral modules.

ref_design_ezinst_64
ref_design_ezinst_64_ 250

EZDMA IP Core custom instance:

- DMAQO: Write to FIFO, read from PCI Express

- DMA1: Read from FIFO, write to PCI Express
- DMA2: Completions

- 6 Completion resources

- BAR 0/1: 4 KB memory space (registers)

- BAR 2/3: 4 KB memory space (internal SRAM)

ref_design_epcore_1x125_gen1
ref_design_epcore_4x125_gen1
ref_design_epcore_8x250_gen1

Altera Core custom instance

- BAR 0/1: 4 KB memory space (registers)

- BAR 2/3: 4 KB memory space (internal SRAM)
- 256 bytes maximum payload

- 100MHz reference clock

ref_design_ahip1_top_gen1
ref_design_ahip4_top_gen1
ref_design_ahip8_top_gen1

Reference Design top level file with PIPE signals for simulation.

ref_design_ahip1_gen1
ref_design_ahip4_gen1

ref_design_ahip8_gen1

Reference Design top level file with SERDES signals for synthesis.

Note: xx_ 250 means that the Core clock runs at 250MHz.




EZDMA IP Getting Started
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2.2.3 Registers

The following table describes the registers used by the Reference Design. All of these registers are mapped in

BAR 0/1.

Table 9: Reference Design configuration of the Core

Register Description Offset
DMAO_ADDR32 DMAOQ address bits [31:0] 00h
DMAO_ADDRG64 DMAO address bits [63:32] 04h
DMAO_SIZE DMAQO transfer size in bytes 08h
DMAO_CTRL DMA Control 0Ch

- DMAO_CTRL[1]: Enables demo mode

- DMAO_CTRL][2]: Starts DMA

- DMAO_CTRL([3]: Abort transfer and clear FIFO

- DMAO_CTRLI[4]: Enable scatter-gather

- DMAO_CTRL][7:5]: reserved

- DMAO_CTRL[11:8]: Reports DMAO channel state

- DMAO_CTRL[9:15]: reserved

- DMAO_CTRL[31:16]: Reports number of DMA finished per 50 ms period (demo mode)
DMA1 DMAA1 control registers (same layout as DMAQ) 10h..1Ch
STATUS_REG Bits [7:0] report reference design version. 20h
MAILBOX_REG General purpose 32-bit read / write register. Bits [2:0] are connected to onboard LEDs 24h
INT_REG Bit 0 indicates an interrupt request; writing 1 to this bit clears interrupt 34h
reserved -- other

25




Reference Design EZDMA IP Getting Started

2.3 Simulation of the Reference Design

2.3.1 Overview

The following figure offers an overview of the simulation environment:.

refdesign_testb

pldawrap_link
log file . .
< : refdesign_ahip1_gen1
< PCle link »| refdesign_ahip4_gen1
refdesign_ahip8_gen1
BFM wrapper
(Root Complex) Reference Design
top level
(Endpoint)

refdesign_stimuli

Reference Design
Stimuli

Figure 10: Overview of the simulation environment

The Reference Design shown above (refdesign_testb) is illustrated in greater detail in Figure 8 and described in
Table 8. The following table describes each file used in the Simulation environment:

Table 10: Description of Simulation files

Module/File Description
refdesign_stimuli Sends PCI Express transactions and sets up the BFM.
pldawrap_link Connects the Monitor, Checker, and BFM with the serial interface. See the

PCle BFM Reference Manual for more information.

refdesign_testb Testbench design that connects the BFM and the Reference Design. This file
is the top-level file for simulation. It also contains a stimuli module that sends
PCI Express transactions to configure and test the design.
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2.3.2 Script Behavior and Arguments

The script copies and compiles the necessary files and launches a simulation based on the arguments passed. It:
* Reads passed arguments
¢ Detects the operating system used
¢ Compiles the BFM, which is provided as a library for Modelsim and Aldec or a protected file for NCSim

* Compiles the PLDA Core, which is provided as a library for Modelsim and Aldec, or as an encrypted file for
NCSim

¢ Compiles reference source code and libraries depending on the programming language
¢ Simulates the design using the selected arguments

The following command line includes all potential arguments:

plda simulate.tcl $language $simulator $lane $simlevel $device

The following table describes each argument:

Table 11: Simulation Arguments

Argument Argument Name Potential Values

$language Programming Language - vhdl
- vlog

$simulator Simulator - model (for ModelSim)
- ncsim
- aldec

$lane Number of Lanes - x1
- x4
- X8

$datapath Data Path This optional argument enables the use of the 128-bit
datapath with the Ref Design (when available). Possible
values are:

- 128b

- 64b

$device Altera device targeted - Stratix IV

- Stratix V

- Arria Il GX
- Arria Il GZ
« Arria V

- Cyclone IV
- Cyclone V

$simlevel Simulation Level This optional argument enables you to perform serial
simulation instead of PIPE-level simulation. Possible values
are:

- 1b
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2.3.3 Launching the Simulation

2.3.3.1 1-Bit Simulation

You must have Quartus Il installed to perform 1-bit simulation.

2.3.3.2 ModelSim

A .do file is provided for simulating the project with ModelSim.

Follow the steps below to run a simulation:
1. Open the Modelsim simulator
2. Select File -> Change Directory and browse to ./ref_design/simulation/endpoint
3. Type the following command lines:
- do plda_simulate.tcl model vhdl x1 for VHDL simulation
- do plda_simulate.tcl model vlog x1 for Verilog simulation

2.3.3.3 NCSim

A script file is provided for simulating the project with NCSim. Follow the steps below to run the simulation:
1. Change directory to: ./Iref_design/simulation/endpoint
2. At the prompt, type:
- sh plda_simulate.tcl ncsim vhdl x1 for VHDL simulation
- sh plda_simulate.tcl ncsim vlog x1 for Verilog simulation
3. The simulation is launched and a log file is created in the project directory.
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2.3.4 Annotated Explanation of the Simulation

The simulation performs the following tasks:
¢ Configuring the BFM
* Training and Initializing the Link
¢ Configuring the Reference Design
¢ Testing transfer of a Memory Write to a mailbox register
¢ Testing Internal SRAM
¢ Programming DMA Transfers

* Handling Interrupts

2.3.4.1 Configuring the BFM

The first step in stimuli is BFM initialization, which configures the log file format, sets BFM maximum payload size
to 256 bytes and sets three memory spaces inside the BFM:

* |0 space: 256B, range DDDDO0000Oh...DDDDOOFFh
* 32-bit addressing memory space: 64KB, range AAAAOOOOh...AAAAFFFFh
* 64-bit addressing memory space: 64KB, range BBBBBBBBCCCCO0000h...BBBBBBBBCCCCFFFFh

These memory spaces are used when performing DMA transfers from the EZ Reference Design. Their size is set
by the 10_SIZE/MEM32_SIZE/MEM64_SIZE parameters for the BFM instance in the Reference Design Testbench
top-level. For more information, see the PCI Express Bus Functional Model Reference Manual.

Configuring the BFM

refdesign_stimuli.vhd
xbfm print comment (O,"### Initialise BFM");
xbfm init (0,x"00000000", x"AAAA0000", x"BBBBBBBBCCCCO000") ;
xbfm set requesterid (0,x"0008");
xbfm_set maxpayload (0,256);
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2.3.4.2 Training and Initializing the Link

The BFM and Reference Design perform Link training as soon as a simulation is started. This phase starts with the
exchange of training set packets followed by the exchange of init flow control packets.

No commands can be sent until the Link is fully configured.

Training and Initializing the Link

refdesign_stimuli.vhd
-- Wait for link to get initialised
xbfm wait linkup (0);

transaction log file

3390 ns : LTSSM transition: Detect.Quiet -> Detect.Active

6638 ns : LTSSM transition: Detect.Active -> Polling.Active

8766 ns : LTSSM transition: Polling.Active -> Polling.Configuration

10174 ns : LTSSM transition: Polling.Configuration -> Config.Linkwidth.Start
10878 ns : LTSSM transition: Config.Linkwidth.Start -> Config.Linkwidth.Accept
11198 ns : LTSSM transition: Config.Linkwidth.Accept -> Config.Lanenum.Wait
11662 ns : LTSSM transition: Config.Lanenum.Wait -> Config.Lanenum.Accept
11790 ns : LTSSM transition: Config.Lanenum.Accept -> Config.Complete

13518 ns : LTSSM transition: Config.Complete -> Config.Idle

13598 ns : LTSSM transition: Config.Idle -> LO
Link trained in x1 at Genl speed

13710 ns T - --- IFC1_P 0 7F 400
13742 ns T - --- IFC1L NP 0 7F O7F
13774 ns T - --- IFC1L CPL 0 00 000

2.3.4.3 Configuring the Reference Design

30

The Reference Design Configuration Space must be configured before performing memory or DMA transfers.
Please refer to the PCI Express specifications for a detailed description of configuration registers and plug-n-play
configuration processes.

The Initialisation process performs the following steps:
* Reads and checks the device/vendor ID register to ensure that correct device is present.
* Initializes BARO/1 registers with the range 1111111111110000h..11111111111103FFh.
* Initializes BAR2/3 registers with the range 2222222222220000h..22222222222203FFh.
* Reads and checks the initial value of the PClI command & status register.
* Writes the PCI Command and Status register to enable 10/Memory/Master.

* Writes the PCI Express Device Control and Status register to set "Maximum Read Request Size" to 256
bytes, "Maximum Payload Size" to 256 bytes, and to clear any error bits that have been set previously.

* Reads and checks the PCI Express device control and status register to ensure that this setup is correct.

Note that the configuration write results in a completion CPL, whereas a successful configuration read results in a
completion with data CPLD, which returns read data.
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Configuring the Reference Design

refdesign_stimuli.vhd
xbfm print comment (0,"## Initialise Reference Design configuration");

xbfm dword (0,XBFM _CFGRDO,x"00000000", x"F",x"11001556") ; —-— Device & vendor ID
xbfm dword (0,XBFM CFGWRO,x"00000010",x"F",x"11110000"); -- BARO --64bits

xbfm dword (0,XBFM CFGWRO,x"00000014",x"F",x"11111111"); -- BARI1

xbfm dword (0,XBFM CFGWR0,x"00000018",x"F",x"22220000"); -- BAR2 --64bits

xbfm dword (0,XBFM CFGWRO0,x"0000001C",x"F",x"22222222"); -- BAR3

xbfm dword (0,XBFM CFGRD0,x"00000004",x"F",x"00100000") ;

xbfm dword (0,XBFM CFGWRO,x"00000004",x"F",x"000001FF") ; -- Control/Status
xbfm wait (0);

-- PCIe Device CSR : maxrdreg=256 maxpayloadsize=256

xbfm print comment (0,"## Set max payload & max read request registers");
xbfm dword (0,XBFM CFGWR0,x"00000088",x"F",x"00001830") ;

xbfm dword (0,XBFM CFGRDO,x"00000088",x"F",x"00001830") ;

xbfm wait (0);

transaction log file

14478 ns T 0 001 CFGRDO 0 -- -—- 001 00 0008 --==---- 00000000 —======= —===———= 0 F ———= —==——= —- 000

14486 ns R - --- IFC2 NP 0 10 010

14518 ns R - --- IFC2 CPL 0 00 000

14550 ns R - --- IFC2 P 0 20 080

14574 ns T 2 002 CFGWRO 0 -- --—- 001 01 0008 --==---- 00000010 —======= —====———- 0F ——== —===—= —- 000
11110000

14670 ns T 2 003 CEFGWRO 0 -- --—- 001 02 0008 --==----- 00000014 ----=--= ——===——- 0F ——== —===—= —- 000
11111111

14766 ns T 2 004 CFGWRO 0 -- --—- 001 03 0008 --==----- 00000018 —-======= —==————= 0F ———= —==——= —- 000
22220000

14806 ns R - 000 ACK

14862 ns T 2 005 CFGWRO 0 -- -—- 001 04 0008 --==----- 0000001C —======= —====——— 0 F ——== —==——= —- 000
22222222

14902 ns R - --- UFC_P 0 21 081

14934 ns R - 001 ACK

14958 ns T 0 006 CFGRDO 0 -- -—- 001 05 0008 --==----- 00000004 -—-=-===--= ——==———- 0F ———= —==——= —- 000

14998 ns R - --- UFC_NP 0 11 010

15054 ns T 2 007 CFGWRO 0 -- -—- 001 06 0008 --==----- 00000004 --====-= ——==———— 0 F ——== —==——= —— 000
000001FF

15094 ns R 2 000 CPLD 0 -- -—- 001 00 0008 004 00 —======= —=—————— -~ - 0000 SC--000
11001556

15126 ns R - --- UFC NP 0 12 011

15222 ns R 0 001 CPL 0 -- -—- 000 01 0008 004 00 ——====—= ———————— -~ - 0000 SC--000

15246 ns T - 000 ACK

15254 ns R - --- UFC NP 0 13 012

15350 ns R 0 002 CPL 0 -- -—- 000 02 0008 004 00 —=====—= ———————— -~ - 0000 SC--000

15374 ns T - 001 ACK

15382 ns R - --- UFC NP 0 14 013

15478 ns R 0 003 CPL 0 -- --—- 000 03 0008 004 00 —=—====== ——=————— - - 0000 SC -- 000

15502 ns T - 002 ACK

15510 ns R - --- UFC NP 0 15 014

15606 ns R 0 004 CPL 0 -- --—- 000 04 0008 004 00 —=—====== ——=————— - - 0000 SC -- 000

15630 ns T - 003 ACK

15638 ns R - --- UFC NP 0 17 015

15734 ns R 2 005 CPLD 0 -- -—- 001 05 0008 004 00 —======= —==————— - - 0000 SC-- 000
00100000

15758 ns T - 004 ACK
15830 ns R 0 006 CPL 0 -- --—- 000 06 0008 004 00 —=—====== ———————— - - 0000 SC -- 000
15862 ns R - 007 ACK
15886 ns T - 005 ACK

15982 ns T - 006 ACK
16142 ns T 2 008 CFGWRO 0 -- --- 001 00 0008 —-------- 00000088 —======= ——=-——-- 0 F -=== —=—=——= —- 000
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00FF2830
16238 ns T 0 009 CFGRDO 0 -- --- 001 01 0008 —-------- 00000088 -======= —==————- 0F --——= —-
16566 ns R - 008 ACK
16662 ns R - --- UFC_NP 0 18 016
16758 ns R 0 007 CPL 0 -- --- 000 00 0008 004 00 —=====-= ———————— - - 0000
16790 ns R - --- UFC NP 0 19 016
16886 ns R 2 008 CPLD 0 -- --- 001 01 0008 004 00 -======= —===———— - - 0000

00002830

16894 ns T - 007 ACK
16918 ns R - 009 ACK
17022 ns T - 008 ACK

—————— 000
SC--000
SC--000

2.3.4.4 Testing Registers

The first test performs a memory write to a mailbox register then reads it back.

Note that memory writes are posted and do not result in a completion whereas successful memory reads result in

a completion with data CPLD, which return read data.

Testing registers

refdesign_stimuli.vhd

xbfm print comment (0,"## BARO/1 : write mailbox register");
databuf (0) :=x"76543210"; -- write mailbox register at address 24h
xpbfm burst (0,XBFM MWR,x"1111111111110024",4,databuf,"000","00");
xbfm wait (0);

xbfm print comment (0,"## BARO/1 : read main status & mailbox registers");
databuf (0) :=x"00000020"; -- expect to read "version 2.0"
databuf (1) :=x"76543210"; -- expect to read what was written

xbfm burst (0,XBFM MRD,x"1111111111110020",8,databuf,"000","00");
xbfm wait (0);

transaction log file

FHEFFFF AR AR R R R R R R
### BARO/1 : write mailbox register

FhEdF R R R R R R R R R
FHEFFHF A F A F AR R R R R R R R
### BARO/1 : read main status & mailbox registers

FhEdF R R R R R R R R

17438 ns T 3 00A MWR 0 -- --- 001 00 0008 11111111 11110024 ------== ——==———— 0F -—— --
76543210

17534 ns T 1 00B MRD 0 -- --- 002 00 0008 11111111 11110020 --====== ——==—=--- FF-——- —-

17894 ns R - 00A ACK

17958 ns R - --- UFC P 0 22 082

17990 ns R - 00B ACK

18054 ns R - --- UFC NP 0 1A 016

18182 ns R 2 009 CPLD 0 -- --- 002 00 0008 008 20 —==mmmmm e - - 0000

00000020 76543210
18334 ns T - 009 ACK

sSC--000

2.3.4.5 Testing Internal SRAM

This test performs single data read/write to internal SRAM memory then performs a larger 1KB transfer. The EZ
Module Maximum Payload Size is 256 Bytes, so it is not possible to write more than 256 Bytes to the Reference
Design in a single transfer. However maximum read request size is not limited so it is possible read up to 4KB from

the Reference Design in a single request.

Testing Internal SRAM

refdesign_stimuli.vhd

-- Perform single data read/write to SRAM

xbfm print comment (0,"## BAR2/3 : Single data read/write to SRAM");
databuf (0) :=x"01234567";

xbfm burst (0,XBFM MWR,x"2222222222220000",4,databuf,"000","00") ;
xbfm burst (0,XBFM MRD,x"2222222222220000",4,databuf,"000","00") ;
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databuf (0) :=x"89ABCDEF";

xbfm burst (0,XBFM MWR,x"2222222222220004",4,databuf,"000","00") ;
xbfm burst (0,XBFM MRD,x"2222222222220004",4,databuf,"000","00");
xbfm wait (0);

-- prepare a ramp in data buffer
xbfm buffer fill (256,databuf);

-- Maximum payload size is 256 bytes so transfer must be split into 4 blocks
xbfm print comment (0,"## BAR2/3 : Write 1KB to SRAM");

xbfm burst (0,XBFM MWR,x"2222222222220000",256,databuf,"000","00") ;

xbfm burst (0,XBFM MWR,x"2222222222220100",256,databuf,"000","00") ;

xbfm burst (0,XBFM MWR,x"2222222222220200",256,databuf,"000","00");

xbfm burst (0,XBFM MWR,x"2222222222220300",256,databuf,"000","00") ;

xbfm wait (0);

-- read data from SRAM and check all data with corresponding data buf value
xbfm print comment (O,"## BAR2/3 : Read 1KB from SRAM");

xbfm burst (0,XBFM MRD,x"2222222222220000",1024,databuf,"000","00") ;

xbfm wait (0);

2.3.4.6 Programming DMA Transfers

This test performs a 1-KB memory transfer using DMA channels:

* DMAO is programmed to read 1KB of data from the BFM 64-bit address space at address
BBBBBBBBCCCCO0000h. Data is written to the FIFO.

* DMA1 is programmed to read 1KB of data from the same FIFO and write it to the BFM 32-bit address space
at address AAAAAQOO0OOh.

DMA transfers starts automatically as soon as the local address register is written.

Programming DMA Transfers

refdesign_stimuli.vhd
xbfm print comment (O,"## DMAO : program read transfer (write to FIFO)");

databuf (0) :=x"CCCCO000"; -- pci address (31..0) : read data from NVS BFM 64-bit mem space
databuf (1) :=x"BBBBBBBB"; -- pci address (63..32)

databuf (2) :=x"00000400"; -- transfer size (1KB)

databuf (3) :=x"00000004"; -- write 'l' to bit 3 to start transfer

xbfm burst (0,XBFM MWR,x"1111111111110000",16,databuf,"000","00");

xbfm print comment (O,"## DMAl : program write transfer (read from FIFO)");
databuf (0) :=x"AAAAQ000"; -- pci address (31..0) : write data to NVS BFM 32-bit mem space
databuf (1) :=x"00000000"; -- pci address (63..32)

databuf (2) :=x"00000400"; -- transfer size (1KB)

databuf (3) :=x"00000004"; -- write 'l' to bit 3 to start transfer

xbfm burst (0,XBFM MWR,x"1111111111110010",16,databuf,"000","00");

2.3.4.7 Handling Interrupts

The Reference Design automatically fires an interrupt when DMA transfers are complete, and the stimuli module
waits for an "INTA pin asserted" message. Upon reception, the interrupt register is read to check that bit O is set to
1. A 1 is written to this bit in order to clear the interrupt and an "INTA pin deasserted” message results.

Handling Interrupts

refdesign stimuli.vhd
-- Wait for "INTA pin asserted" message
xbfm wait event (0,XBFM INTAA RCVD);

-- Read interrupt register content

xbfm print comment (0,"## Interrupt : read & clear interrupt register");
databuf (0) :=x"00000001";

xbfm burst (0,XBFM MRD,x"1111111111110034",4,databuf,"000","00");
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-- Clear interrupt register content
xbfm burst

-- wait for "INTA pin de-asserted" message
xbfm wait event (0,XBFM_INTAD RCVD) ;

transaction log file
18572 ns U 01C -- MSG

(0,XBFM MWR,x"1111111111110034",4,databuf,"000","00") ;

1 000 -======= —=———-—- ABC00020 34000000 - ASRT A

00000000 00000000

41998 ns T - 01B ACK

42094 ns T - --- UFC_P 0 87 440

42126 ns T - 01C ACK

42222 ns T 1 01C MRD 0 -- --- 001 00 0008 11111111 11110034
42350 ns T 3 01D MWR 0 -- --- 001 00 0008 11111111 11110034
42382 ns T - --- UFC_ P 0 88 440

42646 ns R - 01C ACK

42742 ns R - --- UFC_NP 0 1E 016

42838 ns R 2 01D CPLD 0 -- -—- 001 00 0008 004 34
42870 ns R - --- UFC_P 0 2B 0C7

42902 ns R - 01D ACK
42990 ns T - 01D ACK
43030 ns R 1 01E MSG
43182 ns T - 0lE ACK
43214 ns T - --- UFC_P

0 -- 100 000 00 0000 00000000 00000000

0 89 440

———————————————— 0 F === =—==== == 0 0

———————————————— 0 F =—== ====== == 0 0
00000001

————————————————— - 0000 SC--000
00000001

—————————————————————— DSRT A -- - 0 0
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2.3.4.8 Performing a Read Transfer in DMAO Scatter Gather Mode

This part of script creates a chained list of descriptors and stores it in BFM memory.

Then it starts DMAQO in scatter-gather mode to perform a read transfer, pointing to the beginning of the descriptor
chain.

Read transfer in DMAO Scatter Gather mode

refdesign_stimuli.vhd

-— Prepare read descriptors
-- read descriptor #1

databuf (0) :=x"CCCC0400"; -- pci address (31..0)
databuf (1) :=x"BBBBBBBB"; -- pci address (63..32)
databuf (2) :=x"00000100"; -- page size
databuf (3) :=x"CCCCO0014"; -- next page pointer (31..1) & End chain bit
databuf (4) :=x"BBBBBBBB"; -- next page pointer (63..32)

-- read descriptor #2

databuf (5) :=x"CCCCO0500";
databuf (6) :=x"BBBBBBBB";
databuf (7) :=x"00000100";
databuf (8) :=x"CCCC0028";
databuf (9) :=x"BBBBBBBB";

-- read descriptor #3

databuf (10) :=x"CCCCO0600";
databuf (11) :=x"BBBBBBRBB";
databuf (12) :=x"00000100";
databuf (13) :=x"CCCCO003C";
databuf (14) :=x"BBBBBBBB";

-- read descriptor #4

databuf (15) :=x"CCCCO0700";
databuf (16) :=x"BBBBBBBB";
databuf (17) :=x"00000100";
databuf (18) :=x"00000001"; -- bit 0 is 'l' => end of chain
databuf (19) :=x"00000000";

-- Write read descriptor to BFM 64-bit memory space
xbfm memory write (0,XBFM MEM64,x"00000000",20,databuf) ;

-- Write data to BFM 64-bit memory space
xbfm buffer fill (256,databuf);
xbfm memory write (0,XBFM MEM64,x"00000400",256,databuf);

-- Program DMA transfer
xbfm print comment (O,"## DMAO : program SG read transfer (write to FIFO)");

databuf (0) :=x"CCCC0000"; -- pci address (31..0)
databuf (1) :=x"BBBBBBBB"; -- pci address (63..32)
databuf (2) :=x"00000400"; -- transfer size
databuf (3) :=x"00000014"; -- write 'l' to bit 2 to start transfer

xbfm burst (0,XBFM MWR,x"1111111111110000",16,databuf,"000","00");
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2.3.4.9 Performing a Write Transfer in DMA1 Scatter Gather Mode

This part of script creates a chained list of descriptors and stores it in BFM memory.

Then it starts DMA1 in scatter-gather mode to perform a write transfer, pointing it to the beginning of the descriptor
chain.

Write transfer in DMA1 Scatter Gather mode

refdesign_stimuli.vhd

-- write descriptor #1

databuf (0) :=x"AAAA0400"; -- pci address (31..0)
databuf (1) :=x"00000000"; -- pci address (63..32)
databuf (2) :=x"00000200"; -- page size

databuf (3) :=x"AAAA0014"; -- next page pointer (31..1) & End chain bit
databuf (4) :=x"00000000"; -- next page pointer (63..32)

-- write descriptor #2
databuf (5) :=x"AAAAQ0600";

databuf (6) :=x"00000000";
databuf (7) :=x"00000200";
databuf (8) :=x"00000001"; -- bit 0 is 'l' => end of chain
databuf (9) :=x"00000000";

-- Write read descriptor to BFM 32-bit memory space
xbfm memory write (0,XBFM MEM32,x"00000000",10,databuf);

-- Program DMA transfer
xbfm print comment (O,"## DMAl : program SG write transfer (read from FIFO)");

databuf (0) :=x"AAAA0000"; -- pci address (31..0)
databuf (1) :=x"00000000"; -- pci address (63..32)
databuf (2) :=x"00000400"; -- transfer size
databuf (3) :=x"00000014"; -- write 'l' to bit 2 to start transfer

xbfm burst (0,XBFM MWR,x"1111111111110010",16,databuf,"000","00")
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