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Summary

A Multi-Port Memory Controller (MPMC) is used in applications where multiple
devices share a common memory controller. An MPMC is a common requirement
in many video, embedded, and communications applications where data from
multiple sources moves through a common memory device, typically DDR3
SDRAM.

This application note demonstrates how to create a basic DDR3 MPMC design
using a 7 series FPGA and the IP integrator tool within the Vivado® Design
Suite[Ref 1]. The MPMC is created by combining the Memory Interface
Generator (MIG) core and the AXI Interconnect IP, both of which are provided in
the Vivado tools.

AXl is a standardized IP interface protocol based on the Advanced
Microcontroller Bus Architecture (AMBA® 4) specification [Ref 2]. This reference
design uses the AXI4, AXl4-Lite, and AXI4-Stream interfaces as described in the
AXIl4 specification. These interfaces provide a common IP interface protocol
framework for building the system.

Overview

The example design in this application note is a full working hardware system on
the KC705 evaluation board in the Xilinx® Kintex™-7 FPGA KC705 Evaluation
Kit [Ref 3].

The design implements a basic video system where data from a video Test
Pattern Generator (TPG) loops in and out of memory multiple times before being
sent to the High-Definition Multimedia Interface (HDMI) technology connector on
the board, as follows:

e The DDR3 memory acts as a multi-ported memory being shared by multiple
video frame buffers.

* Two AXI Video Direct Memory Access (AXlI VDMA) cores control the video
frame buffers.

e Each AXI VDMA takes AXI4-Stream data carrying video information and
moves the data to or from memory over AXI4 interfaces.

* The AXI Interconnect acts as an arbitrated switch to multiplex AX14
transactions to the shared memory controller, thus creating an AXI MPMC
system.

* A clock generator block supplies clocks throughout the system.

* AXIl4-Lite master cores generate the necessary configuration commands to
set up the AXI VDMA after reset.
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The design uses the Vivado® Design Suite IP integrator tool. The IP integrator is
a block-based design and assembly tool that provides a higher level of
automation than building the equivalent system using the Vivado tool logic design
flow. Vivado IP integrator is used to assemble many of the key blocks of the
design into a subsystem. This subsystem is instantiated inside a higher level HDL
design and is connected to additional HDL logic to illustrate how to build and
integrate subsystems into a complete design.

Figure 1 provides a block diagram of the system and illustrates the basic data
flow in the system.
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Figure 1:  Overview of AXI MPMC System
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Quick Start

This section provides the steps to build the design starting from the complete
project file set and also shows how to run the demonstration design on the
KC705 board.

Note: Instructions to build the design from a new Vivado tools project are covered in
Creating the AXI MPMC Design from a New Vivado Project, page 12.

Steps to Open and Rebuild the Design

To open and rebuild the design:
1. Install the Vivado Design Suite 2013.1 (requires a license to use the Vivado
IP integrator tool)

2. Install the ISE® Design Suite or ISE Lab Tools 14.5. This installs the iMPACT tool
that can be used for downloading the bitstreams.

3. Unzip the reference design files accompanying this application note into a local
folder (referred to as <design_dir>).

To run the pre-generated bitstream in hardware without rebuilding the design, go

to step 8, page 5

Otherwise, continue with these instructions to rebuild the design:

4. After setting up the Xilinx tools, open the Vivado Integrated Design Environment
(IDE):
* In Windows, select Start > Xilinx Design Tools > Vivado 2013.1> Vivado

2013.1.

* In Linux, enter the vivado command.

5. Inthe Vivado Integrated Development Environment (IDE), select Getting Started
> Open Project (Figure 2).
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Quick Start & XILINX.
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Figure 2: Getting Started Dialog Box

6. Select Browse Projects, and choose
<design_dir>/vivado/project_1/project_1.xpr (Figure 3).

Open Project

& — |

Look in: | project_1 ] 2 TBLEIXRSG @

g

I project_1.data | Recent Directories
I],'] project_l.sres | L fprojfmpmcfsandboxes,/xapp/xapp_vivado_mpmcfdesig... « |
L project_1.xpr

File Preview

e

Name: project_1 xpr

Directory:

Jproj fmpmc /sandboxes |xapp [ xapp _vivado_mprmc [ d
T 1 EeE'

File name: |pr0ject_1.xpr |

Files of typoe: |Vi\radu, Planahead, and I5E Project Files (.ppr, xpr, xise) |Z||

I Ok H Cancel ‘

Figure 3: Browse Project Dialog Box

7. Select Flow > Generate Bitstream, (Figure 4) or, from the Flow Navigator, select
Program and Debug > Generate Bitstream (Figure 5).
Note: If a dialog displays asking to run synthesis and implementation, click Yes. The

process to run synthesis and implementation on this design can take one hour or longer to
complete.
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& Bitstream Settings. .

| % Generate Eitstream

Figure 4: Generate Bitstream Option

4 Program and Debug

| Open Hardware Session

Figure 5: Si;rting Bitstream Generation Using Icon

ﬁ Generate Bitstream

8. When the Bitstream Generation Completed opens, click Cancel to return to the

Vivado GUI (Figure 6).

Bitstream Generatic

i e
Iol Bitstream Generation successfully completed.
A

x|
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{* Open Implemented Design
" View Reports
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= Launch iMPACT

[T Don't show this dialog again
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Figure 6: Bitstream Generation Completed
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KC705 Board Setup

1. The reference design runs on the KC705 board (Rev D), as shown in
Figure 7.

b XILLNX.
KINTEX’

Figure 7: KC705 Board Photo

2. Connect the USB cable (provided with the board) from the host PC to the USB
JTAG port (1 in Figure 7) of the KC705 board. Ensure that the appropriate device
drivers are installed.

3. Connect the HDMI connector of the KC705 board to a video monitor capable of
displaying a 1280 x 720p, 60 Hz video signal (2 in Figure 7).

4. Connect the power supply cable to the KC705 board (3 in Figure 7).
5. Turn on the power to the KC705 board (4 in Figure 7).
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Download and Run Bitstream

If the design was not rebuilt, and if you are going to use the pre-generated bitstream
included in the design files to program the KC705 board, perform step 1. If the design
has already been rebuilt in the Vivado tools and the project is open, go to step 2.

1. Open iMPACT directly by selecting Start > Xilinx Design Tools > ISE
Design Suite 14.5 > ISE Design Tools > (32 or64)-bit Tools > iMPACT or
enter impact at the command line in Linux, and go to step .

2. RuniMPACT by selecting Flow > Launch iMPACT from the Vivado tools menu bar
(Figure 8) or click the icon next to Program and Debug > Launch iMPACT
(Figure 9).
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S Sl
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B &
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*9  Open Static Simulation...
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# Run Synthesis Fi1
Open Synthesized Design

B Mew Synthesized Design...

ti  Implementation Settings...
[ Run Implementation
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{5 Bitstream Settings...

% Generate Bitstream
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Figure 8: Running iMPACT Using Menu Options
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4 Program and Debug
ﬁ Bitstream Settings
‘Qﬂ Generate Bitstream
H Cpen Hardware Session
T Launch iIMPACT
Figure 9: Running iMPACT Using Icons

The iIMPACT wizard launches automatically.
3. Ifit does not launch, select Edit > Launch Wizard (Figure 10).

=s[i8| Wiew Operations Qutput Debug

Add Device »
Edit SystemACE Collection 3
Edit SystemACE Design ,
Edit PFF Revision b

¥+ Launch wizard...

Figure 10: Launching iMPACT Wizard

4. Inthe Welcome to iMPACT dialog box, select Configure devices using
Boundary-Scan (JTAG), and click OK (Figure 11).

Ld

Welcome to IMPACT X

Please select an action from the list below

@ Configure devices using Boundary-Scan (JTAG)

| Automatically connect to a cable and identify Boundary-Scan chain % |

Prepare a PROM File
Prepare a System ACE File

Prepare a Boundary-Scan File

ol |

Figure 11: Welcome to iMPACT Dialog Box
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5. Inthe Auto Assign Configuration Files Query Dialog box, click Yes (Figure 12).

Auto Assign Configuration Files Query Dialog

@ Do you want to continue and assign configuration files(s)?

Don't show this message again, save the setting in preference.

| i@ No || @ Yes |

Figure 12: Auto Assign Configuration Files Query Dialog Box
6. Browse to <design_dir>/vivado/project_1.runs/impl_1, select
top.bit, and click Open (Figure 13).

Note: If the design was not rebuilt using the Vivado tools, download the pre-generated
bitstream file by opening <design_dir>/ready_to_download/top.bit.

Assign New Configuration File

File name: [h:up.hirl H [E= Dpen l

Files of 1ype: |AI| Diesign Files [*.bit * bt *,nky *isc *.bsd) = | 3 Cancel

Figure 13: Assign New Configuration File Dialog Box

7. For SPI or BPI PROM options, click No (Figure 14).

Attach 5PI or EFI PROM

@ This device supports attached Flash PROMs,
Do you want to attach an SPI or BPI PROM to this device?

| @ No || @ Yes |

Figure 14: Attach SPI or BPI PROM Dialog Box
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In the Device Programming Properties dialog box, click OK (Figure 15).

Device Programming Properties - Device 1 Programming Properties

Category
-I-Boundary-Scan
" Device 1 ( FPGA xc7k325t ) Property Name  Value
Verify
[ oK H Cancel H Apply H Help

Figure 15: Device Programming Properties Dialog Box

Program the FPGA
9. Right-click the xc7k325t device and select Program (Figure 16).

% File Edit Wiew Operations Output Debug Window Help
OFE DB X 20 3% T,N
iMPACT Flows = O @
+- 28 Boundary Scan EFIRET
[Z] systemACE Lo-Eo
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Configuration | Digilent JTAG-SMT1 | 10000000
Figure 16: Programming the FPGA
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After the design is downloaded, the video monitor shows a number of white circular ripple
patterns that slowly move outward (Figure 17). This demonstrates a live AXI MPMC system in

hardware moving multiple frames of video data through DDR3 memory controlled by two AXI
VDMA IP blocks.

Figure 17: Video Image Displayed on Monitor When KC705 Board is Programmed
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Creating the This section provides the steps to build the design starting from a new Vivado
AXI MPMC tools project. It describes how to use the Vivado Design Suite to add or configure
Design from a IP blocks to the project, connect them together into a system, and implement the

. design to a bitstream.
New Vivado 9

Pro ] ect Note: Figures might show additional configuration or GUI options than those listed in the

instructions. In these cases leave the option at its default value unless instructed to
change the setting.

Start a New Vivado Project and Set the Project Options

1. Install the Vivado Design Suite 2013.1 (requires a license to use the Vivado
IP integrator tool).

Note: An Early Access license for Vivado IP Integrator is required with 2013.1. To obtain
a license, contact your Xilinx Field Application Engineer.

2. Unzip the reference design files into a local folder (referred to as <design_dir>).
3. After setting up the Xilinx tools, open the Vivado Integrated Design Environment

(IDE):
¢ In Windows, select Start > Xilinx Design Tools > Vivado 2013.1> Vivado
2013.1.

¢ In Linux, enter the vivado command in Linux.

4. Create a new project by selecting Getting Started > Create New Project, refer to
Figure 2, page 4.

5. In the New Project window, click Next (Figure 18).

x|

Create a New Vivado Project

This wizard will gquide you through the creation of a new project

To create a Vivado project you will need to provide a name and a location for your project
files, Mext, you will specify the type of flow you'll be working with, Finally, you will specify
your project sources and choose a default part.

VIVADO™

To continue, dick Next.

= Back I Mext = I Fimish Cancel

Figure 18: Create New Project Wizard

6. Enter the project name, project_1, and select a directory for the project.
The selected directory for the new project is referred to as <user_dir>.
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7. In the Project Type dialog box, select RTL Project (Figure 19).

. New Project I x|
Project Type Z:
Spedify the type of project to create, ‘:L‘

{» BTL Project
You will be able to add sources, generate IP, run RTL analysis, synthesis, implementation, design planning and analysis.

¥ Do not specify sources at this time

¢~ Post-synthesis Project
You will be able to add sources, view device resources, run design analysis, planning and implementation.
[T Do notspedfy sources st this tme

¢~ L1/O Planning Project
Do not spedfy design sources. You will be able to view part/package resources.

¢~ Imported Project
Create a Vivado project from a Synplify, X5T or ISE Project File.

< Back Mext = st Cancel

Figure 19: New Project Window (Project Type)

8. In the following dialog boxes, click Next:
* Add Sources
e Add Existing IP
* Add Constraints
The New Project Default Part dialog box opens.
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9. Select the part by choosing the Kintex-7 KC705 Evaluation Platform and selecting
Specify > Boards and Filter > Family > Kintex-7.

Alternatively, in the Default Part dialog box, search box, type
xc7k325tffg900-2 (Figure 20).

x|
Default Part ,
Choose a default Xilinx part or board for your project. This can be changed later. ﬁlltf

~Specify Filter

Product category | Al - Package | all -
& Boards Farmily | Al ~ Speed grade | Al -
Sub-Family | Al + Temp grade | Al -

Reset All Filters |

Search: |

Gh
Transceive

Part FlipFlops

407600

< Back I Next = I Fimish | Cancel |

Figure 20: New Project Window (Default Part)

10. Click Next.
11. View the New Project Summary and click Finish.

12. In the Vivado IDE, select Flow > Create Block Design to create a new block
diagram, (Figure 21).

» | Project Manager

IP Integrator

#  Create Block Design
Figure 21: Flow Navigator: Create Block Diagram

Alternatively, from the Navigation bar, click the Create Block i create siock Design
Diagram button.

13. In the Create Block Design dialog box, (Figure 22), keep the default name,
design_1, and click OK.

x|

|ﬂ| Please specify name of block design
\.“5 ,-"'J

Design name: I design_1

(] 4 Cancel

Figure 22: Create Block Diagram Dialog Box
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Figure 24:

Properties

I T = |

=

= I T

dsie

& Select Al

Adding the Memory Controller (MIG IP Core) to the Design

To add the Memory controller:

Right-click the diagram and, from the popup menu, (Figure 23),
select Add IP or click the Add IP button on the Diagram toolbar
to open the IP Catalog window.

i
m
;o moom

[ I L i |

Cirl+a

{#  addIp...

AUto Lonnect

Figure 23: Add IP Popup Menu

In the Search bar, type MIG to find the MIG 7 series IP.
The IP integrator adds the symbol for the MIG 7 series IP to IP integrator

MIG 7 Series

Initial MIG Symbol in Block Diagram

Double-click the IP symbol, (Figure 24), to configure the MIG IP.

| &
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4. Inthe MIG GUI, review the Vivado project options, and click Next (Figure 25).

Xilinx Memory Interface Generator

REFERENCE — Memory Interface Generator

DESIGN [T]

The Memery Interface Generator [MIG} creates memory centrollers for Xilinx FPGAs. MIG creates complete customized
Werileg or VHDL RTL source code. pin-out and design constraints for the FPGA selected. and script files for

e s . . . o
e s e implementation and simulation
RS RS e e e e

& XILINX.

— Vivado Project Options

This GUl includes all configurable options along with explanations to aid in generation of the required controller. Flease
note that sorme of the options selected in the Vivado Project Options will be used in generation of the controller Itis very
important that the correct Vivado Project Options are selected These options are listed below.

Selected Vivado Project Options:

FPGA Family Rintex-7
FPGA Part xcTkI25t-Fga0n
Memory i
Speed Grade -2
- | Synthesis Tool VIVADD
Interface . | Design Entry VERILOG

If any of these options are incorrect, please click on "Cancel*, change the Vivado Project Oprions, and
Generator resrart MIG. This version of MIG is guaranread ro work with ISE 145 and Vivado 20131, not tested with
other ISE versions or Vivado versions.

User Guidel Version Infol

\_ LCancel

Figure 25: Kintex 7- FPGA Memory Interface Generator (MIG) Front Page

5. Choose Create Design, and click Next (Figure 26).

REFERENCE
DESIGN [1]

é&éwaém&&w&ssasé&mmsvwa
Litmiel i el
i i U

Memory
Interface

Generator

& XILINX.
UserGuidel Wersion Infnl

Xilinx Memory Interface Generator

~MIG Output Options

& Create Design

Select this option to generate a memory controller. Generating a memory controller vall create RTL. design constraints (
implernentation and simulation files.

© verify Pin Changes and Update Design

Selecting this feature verifies the modified UCF for a design already generated through MIG. This option will allow you to
pin out and wvalidate it instantly It updates the input UCF file to be compatible with the current version of MIG. ¥While updal
it preserves the pin outs of the input UCE This option will also generate the new design with the Component Name you s
this page.

~Component Name

Please specify the compeonent narme for the memory interface. The design directories will be generated under a directa
name. Three directories will be created “example_design™ "user_design™ and "docs”. The user_design wall contain the ge
memory interface. The example_design adds a simple example application connected to the generated memory interf

Component Name Fi g_7series_vl_9 a 0

r~Multi-Controller

Up to maximum of 8 controllers with a combination of DDR3 SDRAM. ODRII+- SRAM or RLDRAM || can be generated. The
controllers that can be accommedated may be limited by the data width and the number of banks available in device.
guide for more information

Number of Controllers |1 3:

-AX4 Interface

Enables the AX4 interface. AXI4 interface is supported only for DDR3 SDRAM and DDR2 SDRAM controllers with Verilog

M AX14 Interface

-

2

<Back| Nexts | Cancel |

Figure 26: MIG Output Options
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6. For Pin Compatible FPGAs settings, (Figure 27), click Next.
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Xilinx Memory Interface Generator 1 e

—Pin Compatible FPGAS

Fin Compatible FPGAs include all devices with the same package and speed grade as the target device Different FPGA
devices with the same package do not have the same bended pins. By selecting Pin Compatible FPGAs. MIG will only
select pins that are commen between the target device and all selected devices. Use the default UCF in the par folder
for the target part. If the target part is changed. use the appropriate UCF in the compatible_ucf folder If a Pin
Compatible FPGA is not chosen now and later a different FPGA is used, the generated UCF may not work
for the new device and a board spin may be required. MIG only ensures that MIG generated pin out is compatible
among the selected compatible FPGA devices. Unselected devices will not be considered for compatibility during the
pin allocation process

A blank list indicates that there are no compatible parts exist for the selected target part and this page can be skipped.
Mote that different parts in the same package will have different internal package skew values. De-rate the minimum

period appropriately in the Controller Options page when different parts in the same package are used Consuit the User
Guide for more information

Target FPGA

Fin Compatible FPGAs
- kirtex7
=7k
™ xc7kalon-ffgooo

< Back |rmex1> l Lcancel

Figure 27: MIG Pin-Compatible Virtex-7 FPGAs

This page is normally used for a new board pinout definition that is desired to
be compatible across multiple devices in the same package.

7. Click Memory Selection, select DDR3 SDRAM, then click Next (Figure 28).

—Memaory Selection

Select the type of memory interface. Please refer to the User Guide for a detailed list of supported controllers for each FPGA family. The list below shows

currently available interface(s) for the spedfic FPGA, speed grade and design entry chaosen,

Select the Controller Type:

{* DDR3 SDRAM

" DDR2 SDRAM

Figure 28:

MIG Memory Type and Controller Selection

This creates a memory controller for the DDR3 memory on the KC705 board

that has an AXI Interface to later connect to the AXI Interconnect IP.
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Creating the AXI MPMC Design from a New Vivado Project & XILINX.

8. In Controller Options, (Figure 29), set the following:

a. Clock Period: 2500 ps: Sets the design for a 400 MHz memory clock.
This clock frequency is supported for the device and speed grade of a
KC705 FPGA.

b. Set the memory information to match the KC705 (SODIMM Memory Type,
MT8JTF12864HZ-1G6 Memory Part).

c. Scroll down the page as needed to ensure that the Data Mask option is
checked (default) and Ordering is set to Normal (default).

d. Click Next.

Xilinx Memory Interface Generator

REFERENCE Options for Controller 0 - DDR3 SDRAM
DEsIGN [
Clock Period: Choose the clock period for the desired frequency The allowed period o
range(1072 - 3300) is a function of the selected FPGA part and FPGA speed grade. ‘ 2500 ‘:{ ps | 400.00 MHz
Refer to the User Guide for more information ==
The allowed period range is PRELIMINARY. The final range will be listed after characterization.
PHY to Controller Clock Ratio: Select the PHY to Memory Controller clock ratio. The PHY operates
at the Memory Clock Period chosen above. The controller operates at either 1/4 or 1/2 of the PHY 4:1 -
Pin Compatible FPGAs ¥~ rate. The selected Memory Clock Period will limit the choices.

. Vecaux_io: Vccaux_io must be set to 2.0V in the High Performance banks for the highest
Memory Selection v data rates. Vocaux_io is not available in the High Range banks. Note that Vccaux_io is

ay -
v commen to groups of banks. Consult the 7 Series Datasheets and FPGA SelectlO Lf
Resources User Guide for more information.
AXI Parameter L4
) Memory Type: Select the memory type. Type(s) marked with a warning symbol are not [SoDIMMs ]
Memory Options compatible with the frequency selection above. L =)
FPGA Options Memory Part: Select the memory part. Part{s) marked with a warning symbol are not [ MTeTF12864H7-1G6 - |
compatible with the frequency selection above. Find an equivalent part or create a
Extended FPGA Options part using the "Create Custom Part" button if the part needed is not listed here. The [ Create Custom Part |
"Create Custom Part" feature is not supported for RLDRAM I1.
I EIRANgI0pticnE Memory Voltage: Select the Voltage of the Memory part selected. 15V s
Bank Selection Data Width: Select the Data Width. Farts marked with a warning symbol are not 62 72
compatible with the frequency and memory part selected above B x
System Signals Selection
Summary ECC: MIG supports ECC for 72 bit data width configuration. To be able to select ECC, Dicabilsd G
Jisabled =

select a data width that has ECC supported.

Data Mask: Enable or disable the generation of Data Mask (DM) pins using this check
box. This option can be selectable only if the memory part selected has DM pins.
Uncheck this box to not use data masks and save FPGA I/Os that are used for DM signals.
Design Notes ECC designs (DDR3 SDRAM, DDR2 SDRAM) will not use Data Mask.

Simulation Options

PCB Information

ORDERING: Normal mode allows the memory controller to reorder commands to the
memory to obtain the highest possible efficiency Strict mode forces the controller to iNormaI
execute commands in the exact order received.

v
i XI LI NX Memory Details: 1GB, x8, row:14, col:10, bank:3, unbuffered, data bits per strobe:8, with data mask, single rank, 1.5V
A ®

| User Guide | | version Info | | =<Back | [ Next> || cancel

4

Figure 29: MIG Controller Options Page
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In the AXI Parameter settings, set the following, then click Next: (Figure 30,
page 20).
a. AXI Data Width: 512 bit. This sets the AXI Interface data width to match

the native data width of the MIG data paths.

. Arbitration Scheme: RD_PRI_REG.

AXI Supports Narrow Width: 0. This disables support for AXI narrow width
transactions to reduce area and latency.

Narrow width transactions are generally unused by Xilinx IP as described
in the Xilinx AXI Reference Guide, (UG761) [Ref 4].

. AXI ID Width: 4. This value is set depending on the network of masters

connected to this memory controller.

The value is generally a system level parameter described in the ARM
AXl4 documentation and is determined by the AXI Interconnect or IP block
connected to the memory controller.

In this design a setting of 4 is sufficient for many typical configurations of
AXI Interconnect: however, for a custom user system this value might
need to be adjusted to meet the requirements of the AXI system it is
connected to, especially if the number of devices or AXI Interconnect
configuration is changed significantly.
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Figure 30: MIG AXI Parameter Options
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10. In Memory Options, select the following, then click Next (Figure 31).

a.

Clock Period: 5000ps (200 MHz). This is the clock frequency input
available in KC705 board.

Read Burst Type: Sequential (default). This is a recommended general setting
given which indicates that the masters in the system are video devices
generally using sequential bursts.

Output Driver Impedance Control: RZQ/7. This matches the design
requirements of the KC705 board.

Controller Chip Select Pin: Enable (default). This selection enables an
actively driven CS pin to the DDR3 memory.

RTT/ODT: RZQ/4. This matches the design requirements of the KC705 board.
Use either Memory Address Mapping Selection setting.

Because the video devices in the system have long sequential access
patterns, similar results are likely to be observed.

REFERENCE
DESIaN L

Xilinx Memory Interface Generator

Memary Options for Controller 0 - DDR3 SDARAM

|®

-
i Xl LI NX Pragrammiable irmpedance fer the output Buffer. [Rzar -
i ™ xl

Input Clock Pariod: Select the perod for the PLL input clock (CLRIN|. MIG
detarrnines e allowable input clock perinds based on the Memary Clock
Perod entered above and the <locking guidelines listed in the User Guide,
The generated design will use the selected Input Clack and Mermory Clack
Perods to generate the raguired PLL pararmeters. IF the reguired input Zlock
periad 1= not available. the Memory Clock Penod must be modified.

[s000 ps izo0 MHzI =]

™ select 2ddtional Clocks(if required?

VilG cam generats Up m S addtional clocks @ bhe dsed in Fabnc lngie This will Be cererated fronr e sanie MMCK
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Choose the Memory Options for the mermery device. Memory Option selections are restricted to those supported
by the contreller Consult the memory vendar data sheet formore infarmation

Read Burst Type and Langth
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Figure 31: MIG Memory Mode Options
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11. In FPGA Options, select the following, then click Next, (Figure 32).

a. Use the default options for Differential System Clock to match the clock
source on the KC705 board.

b. Reference Clock: Use System Clock so the system clock can be shared as
the reference clock source.

c. System Reset Polarity: ACTIVE_HIGH. This matches the KC705 board.
The remaining options can be left default. Leave the internal Vref unchecked.

Note: The setting of XADC instantiation is enabled by default. This matches the
normal configuration of the KC705 board where MIG is the only IP in the design

using the XADC block.
o]
REFERENCE e g
DESIGN [L] ¥
Choose the desired input dock configuration. Design dock can be Differential or Single-Ended.
System Clock Differential L!
—Reference Clock
Choose the desired reference dock configuration, Reference dock can be Differential or Single-Ended.
Reference Clock Use System Clock ;I
Pin Compatible FPGAs | 4
e —System Reset Polarity
Memory Selection v Choose the desired System Reset Polarity.
Controller Options v System Reset Polarity |ACTIVE HIGH |
AXI Parameter v —Internal Vref
Memory Options v Internal_\«'refmn be used ho allow the use oFﬁ'!e Vref pins as normal IO pins. This lopﬁon can only be used at 800 Mbps and lower data rates. This can
free 2 pins per bank where inputs are used. This setting has no effect on banks with only outputs.
Internal Vref | |
Extended FPGA Options —10 Power Reduction
10 Planning Options Significantly reduces average IO power by automatically disabling DQ/DQS IBUFs and internal terminations during WRITEs and periods of inactivity
10 Power Reduction Jon =]
Bank Selection
5 e I Jecti —XADC Instantiation
The memory interface uses the temperature reading from the XADC block to perform temperature compensation and keep the read DQS centered in the
Summary data window. There is one XADC block per device. If the XADC is not currently used anywhere in the design, enable this option to have the blodk
instantiated, If the XADC is already used, disable this MIG option, The user is then required to provide the temperature value to the top level 12-bit
Simulation Options device_temp_i input port. Refer to Answer Record 51687 or the UGS586 for detailed information.
ot XADC Instantiation Enabled x|
Design Notes
A ®

User Guide | \JersionInf'ol < Back | MNext=> I Cancel

Figure 32: MIG FPGA Options

12. In Extended FPGA Options:
e Check the DCI Cascade checkbox.
e Ensure Internal Termination Impedance is set to 50 Ohms.
This matches the requirement for KC705 board.
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13. Click Next (Figure 33).

—Internal Termination for High Range Banks

Select the internal termination (IN_TERM) impedance for the High Range (HR) banks. This setting applies only to the HR. banks used

Internal Termination Impedance I 50 Ohms

—DDR.3 SDRAM

—Digitally Contralled Impedance (DCI)

The DCI (Digitally Controlled Impedance) IO standards are applied appropriately in High Performance banks. DQ and DQ5/D05% 5
standards (55TL15_T_DCI for DQ's and DIFF_SSTL15_T_DCI for DQS and DQ5#£). DCI is not used for the Address/Control output !
the User Guide for more information and use IBIS simulation to determine the best termination strategy.

—DCI Cascading Information

Select the DCI Cascade for the DCI reference pins to achieve better pin efficiency. The UCF must be updated manually to select th
banks. Refer to the DCI Cascade section in the 7 Series FPGAs SelectlO Resources User Guide (UG471) for more information on D¢
Master Slave selection.

DCI Cascade v

Figure 33: MIG Extended FPGA Options

14. In Pin/Bank Selection Mode, choose Fixed Pin Out, then click Next (Figure 34).

This lets you enter predefined pin out information for an existing board like the
KC705.

Note: The other option is for a new board design where the user desires to have the tool
choose a pin out.

. i)

Pin/Bank Selection Mode

{” Mew Design: Pick the optimum banks for a new design

' Fixed Pin Out: Pre-existing pin out is known and fixed

Figure 34: MIG I/O Planning Options
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15. For Pin Selection a user would normally use the pulldown menus in the GUI to
enter the pin out information for I/O signals required by the memory interface
(Figure 35).

To save time, the MIG GUI has an option to read a UCF or XDC file to import
the pinout information. The format of this file is described in the MIG
documentation.

For this design:

a. Click Read XDC/UCF and enter the name of a file pre-generated for the
KC705 to save time from entering each pin location manually.

b. Browse and select the file design_1 mig 7series_1_0.ucf or
design_ 1 mig_7series_1 0.xdc in <design_dir>/src/ip/
mig_7series/user_design/constraints/.

c. Click Open to load the KC705 pinout information file.
This returns you to the Pin Selection menu.
d. Click Validate to have the MIG tool check the pinout, then click Next.

MIG only uses the UCF/XDC file format to save and read back memory
interface pinout information.

This file is not used for I/O constraints in the implementation tools.

The Vivado tool uses XDC files generated by the MIG tool to specify I/0
constraints for the implementation tools.

Xilinx Memory Interface Generator
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Figure 35: MIG Pin Selection Using an Existing Pinout
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16. For the System Signals Selection, set the sys_clk_p/n to AD12/AD11 (default),
then click Next (Figure 36).
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User Guidel version Infol

Xilinx Memory Interface Generator

Systern Signals Selection

Select the systern pins below appropriately for the interface. Customization of these pins can also be macde in the UCF
after the design is generated. For mare information see UGS86 Bank and Pin rules.

Syctern Clock and Reference Clack pin selections will not be visible if the ‘Mo Buffer option was selected in the FPGA
Options page.

|»

—Systern Clock Pin Selection

The sys_clk is used as the system clock for the memory intarface. This signal should be connected to a low
jitter external clock source via a differential (F/N) pair for best performance. This signal should be in the
address/control bank. but may be placed in an adjacent bank if there are not encugh pins available such as
when fitting a 16 bit interface in a single bank.

Signal Name | Bank Number | Pin Number

i[ sys_chpm |33 ~|faor2m011000 P10)

| | i b

-Reference Clack Fin Selection

The clk_ref input is used as the reference clock for the IODELAY Refer the "7 Series FPGA SelectlO Resources
User Guide® for more information. This input can be generated internally or can be connected to an external
clock source on a clock capable differential (BN} pair. This selection will be faded when Reference Clock type
chosen is Use System Clock

Signal Name | BankNumberl Pin Number

il, clle_ref_pin ISeIect Bank :“Select Fin r 5|

! — -
All pins must be constrained to specific locations in order to generate a bit file in the implementation
phase (this is not required for simulation).

-:Eackl Mext= | Lancel

Figure 36: MIG System Signals Selection
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17. Review the summary, and click Next.
The Summary page shows the overall IP configuration settings (Figure 37).

REFERENCE
DESIGN [

Pin Compatible FPGAs v
Memory Selection v
Controller Options v
AXI Parameter v
Memory Options v
FPGA Options e

Extended FPGA Options\(
v
v

10 Planning Options
Pin Selection

System Signals Selectiof
Simulation Options

PCB Information

Design Notes

Vivado Project Options:
Target Device
Speed Grade
HDL
Synthesis Tool

If any of the above options are incorrect,
change the CORE Generator Project Options,

MIG Output Options:
Module Name
No of Controllers
Selected Compatible Device(s)

FPGA Options:

XCTK325t-TTgo00
-2

verilog

WIVADO

please click on "Cancel",
and restart MIG.

design_1_mig_7series_1_0
1

System Clock Type Differential

Reference Clock Type Use System Clock

Debug Port OFF

Internal Vref disabled

I0 Power Reduction ON

XADC instantiation in MIG Enabled
Extended FPGA Options:

DCTI for DQ,DQS/DQS#, DM enabled

Internal Termination (HR Banks) 50 Ohms
Pl ook
I Controller 0@ *
Pl ook
Controller Options :

Memory DDR3_SDRAM

Interface AXI

Design Clock Frequency 2500 ps (460,00 MHz)

Phy to Controller Clock Ratio 4:1

Input Clock Period 5000 ps

CLKFEOUT_MULT (PLL) 4

DIVCLK_DIVIDE (PLL) 1

VCC_AUX I0 1.8V

Memory Type SODIMMs

Memory Part MT8JTF12864HZ-1G6

Equivalent Part(s) --

Data Width 64

ECC Disabled

Data Mask enabled

ORDERING Normal
AXI Parameters

Data Width 512

Arbitration Scheme RD_PRI_REG

Narrow Burst Support c]

ID Width 4
Memory Options:

Burst Length (MRO[1:0]) 8 - Fixed

Read Burst Type (MRG[3]) Sequential

CAS Latency (MRO[6:4]) 6

output Drive Strength (MR1[5,1]) @ RZQ/7

Controller CS option Enable

REE_NOM - ODT (MR1[9,6,2]) RZ(/6

Rtt_WR - Dynamic ODT (MR2[10:9]) : Dynamic ODT off

Memory Address Mapping BANK_ROW_COLUMN
Bank Selections:
System_Clock:

SignalName: sys_clk_p/n
PadlLocation: AD12/AD11(CC_P/N) Bank: 33

System_Control:

& XILINX.

SignalName: sys_rst
PadLocation: No connect Bank: Select Bank
SignalName: init_calib_complete
PadlLocation: No connect Bank: Select Bank
SignalName: tg_compare_error
PadlLocation: No connect Bank: Select Bank
< Back H Next= ][ Cancel

Figure

37: MIG Summary
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18. Review the License Agreement, click Accept, and then Next to have the Vivado
tools deliver a memory simulation model for use in creating a simulation testbench

(Figure 38)

. If the License agreement is declined, a separate model must be

obtained to perform simulations with this IP core.

Note: This application note does not demonstrate the simulation flow.

REFERENCE
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Pin Compatible FPGAs L4
Memory Selection
Controller Options
AX| Parameter
Memory Options
FPGA Options

ded FPGA

ry Interface Generator,

Micron Technelogy, Inc. Simulation Model License Agreement

PLEASE READ THIS SIMULATION MODEL LICENSE AGREEMENT ("AGREEMENT") FROM MICRON TECHNOLOGY, INC. ("MTI")
CAREFULLY BEFORE INSTALLING OR USING THIS SIMULATION MODEL (THE "MODEL"). BY INSTALLING OR USING THE MODEL. YOU
ARE ACCEPTING AND AGREEING TO THE TERMS AND CONDITIONS OF THIS AGREEMENT. IF YOU DO NOT AGREE WITH THE
TERMS AND CONDITIONS OF THIS AGREEMENT, THEN DO NOT INSTALL OR USE THE MODEL.

SOFTWARE LICENSE: You acknowledge and agree that it is your sole responsibility to obtain the appropriate license or
permission from the owner(s) of the software platformis) that are necessary for you to operate the Modeal. MTl is under no
obligation whatsoever to offer, provide or secure such license or permission for you

MODEL LICENSE: MTI hereby grants to you the right to install, use and modify the Model solely for testing the Model and
designing your product(s) in connection with the Model. You shall not use the Model or any modifications for any other purpose,
and shall not copy. rent, or lease the Model or the modifications to any third party. MTI may make changes to the Model at any
time without notice to you. MTI is under no obligation whatsoever to update, maintain, or provide new versions or other support
for the Model

OWNERSHIP OF MATERIALS: You acknowledge and agree that the Model is proprietary property of MTI and is protected by United

P

10 Planning Options

b I (5 O, S, OO 85 ¢

Pin Selection
System Signals Selectiof

Summary L

PCB Information

Design Notes

& XILINX.

| User Guide ‘ |\:'ersinn Info‘

States copyright law and international treaty provisions. The Model may not be copied, reproduced, published, uploaded.
posted, transmitted, or distributed in any way without MTI's prior written permission. Except as expressly provided herein, MTI
does not grant any express or implied right to you under any patents, copyrights, trademarks, or trade secret information. This
Agreement does not convey to you an interest in or to the Model, but enly a limited right to use and modify the Model in
accordance with the terms of this Agreement

DISCLAIMER OF WARRANTY: THE MODEL IS PROVIDED "AS 15" WITHOUT WARRANTY OF ANY KIND. MTI EXPRESSLY DISCLAIMS ALL ||

WARRANTIES EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO, NONINFRINGEMENT OF THIRD PARTY RIGHTS, AND ANY
IMPLIEC WARRANTIES OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE. MTI DOES NOT WARRANT THAT THE
MODEL WILL MEET YOUR REQUIREMENTS, OR THAT THE OPERATION OF THE MODEL WILL BE UNINTERRUFTED OR ERROR-FREE
FURTHERMORE. MTI DOES NOT MAKE ANY REPRESENTATIONS REGARDING THE USE CR THE RESULTS OF THE USE OF THE
MCDEL IN TERMS OF ITS CORRECTNESS, ACCURACY, RELIABILITY, OR OTHERWISE. THE ENTIRE RISK ARISING QUT OF USE CR
PERFORMAMCE OF THE MODEL REMAINS WITH YOU. IN NO EVENT SHALL MTI, ITS AFFILIATED COMPANIES OR THEIR SUPPLIERS BE
LIABLE FOR ANY DIRECT, INDIRECT, CONSEQUENTIAL, INCIDENTAL, OR SPECIAL DAMAGES (INCLUDING, WITHOUT LIMITATION,
DAMAGES FOR LOSS OF PROFITS, BUSINESS INTERRUFTION, OR LOSS OF INFORMATION) ARISING OUT OF YOUR USE OF OR

*]

K1l

Print |
Check Accept or Decline to proceed. By clicking Accept. memory model will be output in the simulation & Accept Decline
directory. By clicking Decline, a memory model must be acquired and configured appropriately P
| < Back | [ Next=> l ‘ Cancel |

Figure 38:

MIG Micron Model License Agreement
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19. This window mentions that important PCB information is contained in the User
Guide that is accessible by clicking the button in the lower-left corner (Figure 39).

Xilinx Memory Interface Generator i e 7 o IDEE

REFERENCE Creating Printed Circuit Boards for MIG Designs
DESIGN [H

Design characterization is not done. The User Guide can be accessed by clicking the User Guide butten in the
lower left corner of this tool. Refer to the Design Guidelines section for DDR3 controller.
Pin Compatible FPGAs v
Memory Selection
Controller Options
AXI Parameter

Memory Options

L XX

FPGA Options
Extended FPGA Optinnsv
10 Planning Options W
Pin Selection v
System Signals Selectiof
Summary v

Simulation Options W,

Design Notes

& XILINX. (o]

i User Guide ‘ |Verswcn \nfol < Back ‘ l Next= ] | Cancel ‘

Figure 39: MIG PCB Information
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20. Review the Design Notes and click Generate (Figure 40).

The MIG IP files are generated as the IP customization GUI is running to
create the underlying HDL and constraint files.

After several seconds for the generation process to complete, control is
returned to the Vivado tools.

This creates a memory controller for the DDR3 memory on the KC705 board
that has an AXI Interface to later connect to the AXI Interconnect IP.

Xilinx Memory Interface Generator

BeSiCREE DDR3 SDRAM Design for Kintex-7 FPGAs B

Design Notes
Pin Compatible FPGAs L4 g

: v 1. This design is tested with ISE 145 and Vivado 2013.1 version
Memory Selection 2. This design is simulated with ModelSim 10.1a version
Controller Options 14 3. This design is hardware validated for single controller
4. Components, RDIMMs, UDIMMs and SODIMMs are supported
AXI Parameter v 5. If fly by delays are simulated, they must be limited to 1.2ns
6. Consult the Version Info for known limitations
Memory Options L4
FPGA Options v | |Key Enhancements from MIG 1.7 to MIG 1.8
Extended FPGA optign5V 1. Added support for Verify XDC feature

10 Planning Options ¥ kay Enhancements from MIG 1.6 to MIG 1.7

i i v
EinSe S EHins 1. Support of system clock pin sharing for multi-controller designs

System Signals Selectiofi

Key Enhancements from MIG 1.5 to MIG 1.6
Summary v

1. Added support for "No Buffer" option for System Clock and Reference Clock
2. Added support for "Use System Clock" option for Reference Clock when Input Clock Peried is 5000 ps

PCB Information v (200MHz)

Key Enhancements from MIG 1.4 to MIG 1.5

Simulation Options v

v 1. Support of VHDL (top level files only) |
& XILINX. T

i User Guide | | Version Info | | <Back | [ Generate l | Cancel |

Figure 40: MIG Design Notes
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Adding AXI Interconnect to the Design

This section describes the steps to add the AXI Interconnect IP block to the
project. Detailed information about the AXI Interconnect IP core is described in
the AXI Interconnect Data Sheet (DS768) [Ref 5].

The configuration of the AXI Interconnect and the process of optimizing AXI
systems is described in the “AXI System Optimization: Tips and Hints” chapter of
the AXI Reference Guide (UG761) [Ref 4].

1. In the IP integrator block diagram, launch the Add IP option, find AXI
Interconnect IP and add it to the diagram (Figure 41).

axi_interconnect_1
| s00_ax
- ALK
—ARESETN
w500 _ACLE
=500 _ARESETN
w400 _ACLE
M OO_ARESETM
0L _ACLE
—P01_ARESETM

-

MOO_AXI 5 |
MO1_AXI: |

L — A
AxlInterconnect

Figure 41: axi_interconnect_1 Block Diagram

2. Double-click the added axi_interconnect to begin configuring the IP.

3. Inthe Top Level Settings tab of the AXI Interconnect IP configuration GUI,
configure the interconnect to support connections from four master endpoint IP
cores to one slave. Each AXI_VDMA contains a separate read-only and write-only
interface, resulting in a total of four masters between both AXI_VDMAs.
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4. Use the following settings for this configuration (Figure 42):
* Number of Slave Interfaces: 4.

This allows four AXI master endpoints to be connected to the
Interconnect.

* Number of Master Interfaces: 1.
* Interconnect Optimization Strategy: Maximize Performance.
* Keep options in the other tabs as default, then click OK to apply the settings.

=

ik Re-customize IP x|
AXl Interconnect (2.0) ‘;1/
7 Documentation [ IP Location

“Top Level Settings Slave Interfaces Master Interfaces

Humber of Slave Interfaces |4 hd |
Humber of Master Interfaces |1 s |
Interconnect Jptimization Strategy |Maximize Performance = |

AX| Imerconnect w2 .0 includes P Integrator automatic conwverter insertion and configuration.

When the endpoint IPs attached to the interfaces of the AX| Interconnect differ

inwidth, clock or protocol, a comverter [P will automatically be added inside the intercannect.
If a carnwerter P is inserted, IP integrator's parameter propagation automaticallky

configures the conwerter to match the design.

To see which conwversion IPs hawve been inserted, use the IP integrator

‘expand hierarchy! buttons to explore inside the A%l Interconnect hierarhcy

MOTE: Addressing information for AX| Interconnect is specified in the IP Integrator address editar,

[ ] Enable Adwanced Configuration Cptions

i | [+]

ok || cancel |

Figure 42: AXI Interconnect Global Settings
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Adding a Clocking Wizard to the Design

The AXI MIG core contains its own clock generation and reset logic, leaving only
the 75MHz video clock to be generated with the Clocking Wizard from the Vivado
IP Catalog.

MIG provides an output 100MHz clock using the ui_c1k which can then be used
as the Clocking Wizard input clock.

1. In the IP integrator diagram, launch Add IP.

2. Using the IP search, find the Clocking wizard, and add that IP, as shown in
Figure 43.

clk_wiz_1

clk_inl clk_outl

reset locked

Clocking Wizard

Figure 43: clk_wiz_1 Block

3. Double-click the added clk_wiz_1 to customize the IP.
4. In the Clocking Options tab:
* Enable the Frequency Synthesis option.

* Disable Phase Alignment. One BUFG can be saved when output clock is not
required to be phase aligned to input clock.

e Set primary input clock frequency to 100.000 MHz.
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Board  Clodking Opuiens

* In the Source column, select No buffer (Figure 44).

Qutput Clocks  MBMCOM Seuings  Pom Reraming  Sumimary

PRI pa2

B MMCHE2 AT

Clocking Feafures

[ Freguency Sitthesis [
[ Phase algimem |
[l cynarmic Friase shin ]

[J=afe Clatk Startup

Input Clock Informmation

(I PLLED AD

Jittar Dptireization

Spreadd Spectrum (@ Balan:ed

Mnimize Piver ) Minimize Cuput Jiter

L e 20 Maxirmiza Input Jitter fikoring

e Set CLK_OUT1 Output Frequency to 75.000 MHz.
* Keep the other settings at their default, and click OK.

Clocking Options Output Clocks  MMCM Settings  Fort Renaming = Summanry
The phase is calculated relative to CLE_OUT1. w
[Output Freq (MH2) Phase (degrees) [Duty Cycle G2 |
Qutput Clock Requested lActual Requested lActual Requested lActual Drives
CLK_ouT1  [75.000 |7s.000 0.000 (50.000 |s0.0 BUFG
[ CLK_ouUTZ
Clocking Feedback
Output Clock  Sequence Number T
3
4] | [

Figure 45: Clocking Wizard: Output Clocks Settings Tab

Input Clods Input Frequenoy d&4HZ) |_|ittr|:r Options  Input Jitter  Sowrce
Prirnar, L0, o L0 00D — D33 00 |I_|| * ||ooa 0 o bufer -
| secondery 100,000
Figure 44: Clocking Wizard: Clocking Options Tab
5. In the Output Clocks tab (Figure 45):
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Adding AXI VDMA to the Design

This section describes the generation of both AXI_VDMA cores into the design.
The axi_vdma_1 does the following:

* Receives video data from the master_example core, and places it in DDR3
memory through the write channel.

* Reads data back out, and loops the video data over AXI4-Stream read
channels to axi_vdma_2.

The axi_vdma_2 writes the data to memory, and then reads it back out and
presents it to the slave_example for display.

Both AXI VDMA cores are configured identically in this design.

1. In the IP integrator diagram, click Add IP.

2. Inthe IP search, find the AXI Video Direct Memory Access core, and double-click
it to add the IP to the diagram (Figure 46).

axi_vdma_1

arS_AXI_LITE
2rS_AXIS_S2MM
s_axi_lite_aclk

M_AXI_MM2S=pF
M_AXI_S2MM=p
M_AXIS_MM2S 5
mm2s_frame_ptr_out[5:0]

— m_axi_mm2s_aclk
— m_axis_mm2s_aclk

¥ LR

) s2mm_frame_ptr_out[5:0]
—m_axi_s2mm_aclk 5 ,
i mmZs_introut =
—s_axis_s2mm_aclk .
. sZmm_introut =
—axi_resetn

AXI Video Direct Memory Access

Figure 46: axi_vdma_1 Block

Configuring VDMA as a Video Frame Buffer

You next configure the VDMA to act as a video frame buffer with settings to
enable reasonable performance. The following information describes how to
configure AXI VDMA.

1. Double-click the axi_vdma_1 block.
2. Duplicate the settings he VDMA Basic tab, as follows:
a. Keep Frame Buffers as 3.

This sets the maximum number of frame buffer ranges needed, and
generates associated configuration registers for each. For this design,
three frame buffers provides sufficient buffering to allow the MM2 S channel
to read data, and the channel to write data without the channels
overwriting or reading stale data.
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Basic Adwvanced

Enable the Write Channel as follows:

Memory Map Data Width: 32
Write Burst Size: 256
Stream Data Width: 32

Line Buffer Depth: 512

Enable the Read Channel as follows:

Memory Map Data Width: 32.
Write Burst Size: 256
Stream Data Width: 32

Line Buffer Depth: 512

This enables the Line Buffers of the VDMA and sets the depth to 512
words.

The line buffers allow some elasticity between the AXI4-Stream and
associated AXI4 interfaces providing sufficient buffering to prevent

push-back from the VDMA on the AXI4-Stream (Figure 47).

Write Burst Size
Stream Data Width

Line Buffer Depth

Frame Buffers

[¥] Enable Write Channel

Memory Map Data Width |22

!

256 Fead Burst Size

Kl

32 Stream Data Width

!

512

Kl

Figure 47: VDMA Basic Tab

[¥] Enable Read Channel

!

Memaory Map Data Width

Kl

E!

Line Buffer Depth

The AXI Interconnect is configured to match the 512 bit x 100 MHz

interface of the AXI MIG to which the AXI Interconnect will be connected.
This optimizes the performance of the system and reduces the need for
width and clock conversion.
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3. Click the VDMA Advanced tab, ensure that Enable Asynchronous Mode is
checked, and configure the settings to match Figure 48, as follows:
a. Write Channel: Fsync options: s2mm fsync
This feature enables the VDMA frame rates to be synchronized to the
video endpoint IP to which they are connected.
b. Write Channel: GenLock Mode: Dynamic-Master
Gen-Lock is used to maintain frame level synchronization between the
read and write channels, thus preventing each interface from overwriting
or reading stale data.
c. Read Channel: Fsync Options: mm2s fysnc
d. Read Channel: GenLock Mode: Dynamic Slave
4. Keep all other settings and click OK.
Basic Advanced

Wirite Channel Options
Fsync Options |52mm faymic
CenLock Mode |Dwamic—Master E“

[1 Allow Unaligned Transfers

o
o

-]

Fsync Options |mm25 faymic

Fead Channel Options

-]

CenLock Mode |Dwamic—5|a\rﬁ E“

[1 Allow Unaligned Transfers

Figure 48: AXIVDMA Advanced Tab

5. Inthe IP Integrator diagram:
o
°
axi_vdma_l
| -RS_AXILITE
o _L5_AXIS_S2ZMM !
= T M_AXI_MM2S -} [
= s_axi_lite_aclk .. . f
M_AXI_S2 MM -5 |2

m_axi_mm2s_aclk
rm_axis_rmms_aclk
m_axi_s2 mrm_aclk
s_axis_s2mm_aclk
axi_resetn

mim s_fsync
s2mm_fsync

M_AXIS_MM25 -1

i s_frame_ptr_out[5:0]
s2mm_frame_ptr_out[5:0]
mima s_introut

s2mm_introut

Axl Video Direct Memory Access

Select axi_vdma_1, and press Ctrl+C to copy the block.
Press Ctrl+V to duplicate it as axi_vdma_2, (Figure 49).

axi_vdma_2
-pS_AXI_LITE
_hE_AXIS_S2MM -
v M_AXI_MM2S -1 =
5 _ami_lite_aclk .. , ks
M_AX]_52 MM -0 [22

m_axi_mm2as_aclk
m_axis_rmmas_aclk
m_axi_s2 mm_aclk

M_AXIS_MM25-5
mm2 s_frame_ptr_out[5:0]

s2mm_frame_ptr_out[5:0]
s_axis_s2mm_aclk

) mimd s_introut
axi_resetn

. sZmim_introut
mm2 s_fsync

sZ2mm_fsync

Axl Video Direct Memory Access

Figure 49: Two VDMA Blocks in Diagram

»
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Adding Processor System Reset Modules

This subsection describes the generation of both proc_sys_reset cores to the
design. The proc_sys_reset_1 generates a reset signal in the MIG 100 MHz
clock domain while Proc_sys_reset_2 generates a reset signal in the output
of c1k_wiz_1 75MHz clock domain.

1. In the IP integrator diagram, click Add IP.

2. Using the Search option, find the Proc Sys Reset core and double-click it to add it
to the design.

Figure 50 shows the proc_sys_reset_1 block design.

You can double-click the instance to view the configuration options of the IP;
however, the default configuration of the core is used in this design, so no
changes are required.

proc_sys_reset_1

—slowest_sync_clk mb_reset
—ext_reset_in bus_struct_reset[0:0]
—aux_reset_in peripheral_reset[0:0]

—mb_debug_sys_rst interconnect_aresetn[0:0]

—dcm_locked peripheral_aresetn[0:0]

Proc Sys Reset
Figure 50: proc_reset_1 Block Diagram

3. Copy (Ctrl+C) proc_sys_reset_1, and then paste (Ctrl+V) the IP block to copy
it as proc_sys_reset_2 (Figure 51).

proc_sys_reset_1

=slowest_sync_clk mb_reset m=
)l _reset_in bus_struct_reset[0:0] m
-Gl _reset_in peripheral_reset[0:0] m
=mb_debug_sys_rst  interconnect_aresetn[0:0] s
mdom_locked peripheral_aresetn[0:0] m

Proc Sys Resel

proc_sys_reset_2

- owest_sync_clk mb_reset m=
—ext_reset_in bus_struct_reset[0:0] m
—dUx_reset_in peripheral _reset[0:0] m
- mb_debug_sys_rst interconnect_aresetn[0:0] m
w{dem_locked peripheral _aresetn[0:0] m

Proc Sys Reset

Figure 51: proc_sys_reset_1 and proc_sys_reset_2 in Block Diagram
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Connecting Modules in the Vivado IDE IP Integrator

This section briefly describes the method of connecting interfaces and signals in

the IP integrator block diagram.

Connecting Buses and Wires

1. To make connections between modules, click the port of the module, hold the
mouse and drag it to the destination port of another module. If one port has
the same type as the source and can be connected with it, there is a green
check marked beside the port (Figure 52).

opS_AX| LITE
gL 5_AXIS_SZMM
s_axi_lite_aclk

= axi_resetn

= mm2s_fsync

=5 2mm_fsync

= m_axi_mm2s_aclk
w_axis_mm2s_aclk
w_axi_sZmm_aclk
wc_Axis_s2mm_aclk

axi_wvdma_l
&

M_AXI1_52 MM <k
M_AXIS_ MMM 2550
mmz2s_frame_ptr_out[5:0]

sZ2mm_frame_ptr_out[5:0]
mmZs_introut =
S 2 m_i nkro Ut e

AX] Video

Direct Memory Access

| db502
| dhSD3

axi_interconnect_1
."u s

| L500_AXI

I:Il}slﬁl LR |

Connect from ‘M
to 'S00_AX] interface
o

Al _MAMZ2S" interfac

ACLKE
ARESETMN
SO0_ACLK
SO0_ARESETN
MOO_ACLE
MOO_ARESETM
SO01_ACLK
S01_ARESETN
S02_ACLK
S02_ARESETN
SO3_ACLK
SO3_ARESETN

MOO_AXI 5 b

.

AXl Tnterconnect

Figure 52: Connecting Buses in the Block Diagram
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2. To make connections from one source to multiple destinations, right-click the
source port, and select Start Connection Mode, (Figure 53).

clk_wiz_1

g ]
C”(_II"I 1 E”(”_L utl & Black Pin Properties... Ctri+E

reset locked X
5 Copy Ctr+C
v ’ ™ Paste CHr+Y
Clocking Wizard S G A o
& add (P, Ctri+|
Px Make External Ce+T

Start Cnnnecﬁ_inn Mode Cirl+-H

Create Hierarchny. ..
Create Comiment
Create Port... Ctrl+K
Create Interface Port... Ctri+L
T Sawe as POF File. .
Figure 53: Start Connection Mode from Popup Menu

3. To connect an I/O port or interface of a module to an external port or interface,
right-click the port and select:

e Create Port (for a single I/0O port such as init_calib_complete)

* Create Interface Port (for an interface such as DDRB3), then click OK
(Figure 54).

Create Hierarchy, ..

Create Comment

| Create Part... Zkr|+E

Create Interface Port, ., Zkrl+L

™ Save as FOF File. ..

Figure 54: Create Interface Port Option
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Figure 55 shows an external connection in the IP integrator diagram to be used in
the design.

clk_wiz_1

CLK_IN1 CLH_DUT;I [ =CLK_OUuT1
RESET LDCI{EDJ—

Figure 55: External Connection in IP integrator Diagram

You can clean up the diagram and redraw it automatically using the Regenerate
button and Zoom buttons (Figure 56).

jm_axi s_mmZs_aclk

m_axi s2mm_aclk
Regenerate m

Cenerate optimized layvout

[T ey

Figure 56: Regenerate Button on Design Toolbar
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Setting Clock Properties

The Vivado IDE IP integrator requires frequency information for the output clock

ports.

1. To set the clock frequency and the phase for the output port, CLK_0UT1,

(Figure 57):

Right-click to select External Port Properties.

a
b. In the External Port Properties window, select the Properties tab.
c. Expand the CONFIG property and set FREQ_HZ to 75000000 and PHASE to

0.0.
| Bhock Design - design L *
Diesign Hiararche: _ 0O @ = 5 address Edboe % feDiagram 3 Owe =
o, = [E) #) 2 dasiar 1 »
g ...T.-I L & D=sigrer fsststarce awsilsble. Bun Correction Subomebon
L4 Paripheral _aresetn x| (@ pesn : :
- sEZmm_Fsprc = !
D mmZs_fayrne al
E-ic Nets il | =
T mig_Psanes_L_ink_ealh_oomplete - Il
i =) i
- % Sources b Design Hierarchy o _ dlk_wiz_1
""" i K_OUT1
Exkerna Pork Properies — 0O @ = s * S T ool |
: oy sterna Port Properties ... +
el [
+ + (Bl | o Dbt Dkt
", |
dclk_oum [y <opy il
Q| rcLass 1 pozt E W Fase b+
| 5 CONFIG @ ¢ sekt Al T+
- AFSOCTATED_HLSIF 3_ANT_LITH:-3 AT LITH. .. |
= LE_CMATR dosige 1 cllk wiz 1 0 ... .. cei
3% FH :':_—F plnlnlunlnll Lasconnect AN
B FHASE a.0 regbs Herardhy. ..
G| e /CLE_OUTL N S
ey DR
e Criedta PoiL... Clrl+k
RIGHT Creabe [nbarface Part. .. e+l
TYPE ™ ZSaveas FOFFil. ..
INTF FALEE
LOCaTION 1310 8é0
§
senaral | Properties 4] [=[
Figure 57: Set Frequency for Clock Ports
XAPP1164 (v1.0) May 9, 2013 www.xilinx.com 41


http://www.xilinx.com

Creating the AXI MPMC Design from a New Vivado Project

& XILINX.

create_bd_intf_port
connect_bd_intf_net
create_bd_intf_port
connect_bd_intf_net
create_bd_intf_port
connect_bd_intf_net
create_bd_intf_port
connect_bd_intf_net
create_bd_intf_port
connect_bd_intf_net

[get_bd_intf_ports /DDR3]

External Bus Interface Connection Table

This section lists the bus interfaces which are connected to external ports.

Create the external ports and connect the buses using method described in the
IP integrator block diagram, or execute the following Tcl script to complete the

same operations.

Bus Connection Table

Table 1 lists the external bus interfaces the internal module name/interface

name.

Table 1: External Bus Interface Connections

External Port Name

Internal Module Name/Interface Name

DDR3 mig_7series_1/DDR3
S_AXI_LITE axi_vdma_1/S_AXI_LITE
S_AXI_LITE_1 axi_vdma_2/S_AXI_LITE
S_AXIS_S2MM axi_vdma_1/S_AXIS_S2MM
M_AXIS_MM2S axi_vdma_2/M_AXIS_MM2S

Tcl Script to Create External Interface Port Connections

-mode Master -vlnv xilinx.com:interface:ddrx_rtl:1.0 DDR3

[get_bd_intf_pins /mig_7series_1/DDR3]
-mode Slave -vlnv xilinx.com:interface:aximm rtl:1.0 S_AXI_LITE
[get_bd_intf_ports /S_AXI_LITE]
-mode Slave -vlnv xilinx.com:interface:aximm rtl:1.0 S_AXI_LITE_1
[get_bd_intf ports /S_AXI_LITE_1]
-mode Slave -vlnv xilinx.com:interface:axis_rtl:1.0 S_AXIS_S2MM
[get_bd_intf_ports /S_AXIS_S2MM]
-mode Master -vlnv xilinx.com:interface:axis_rtl:1.0 M_AXIS_MM2S
[get_bd_intf_ports /M_AXIS_MM2S]

[get_bd_intf_pins /axi_vdma_1/S_AXI_LITE]
[get_bd_intf_pins /axi_vdma_2/S_AXI_LITE]
[get_bd_intf_pins /axi_vdma_1/S_AXIS_S2MM]

[get_bd_intf_pins /axi_vdma_2/M_AXIS_MM2S]

Table 2 lists the interface connections.

Table 2: Interface Connections

Source Module Source Interface Destination Module Destination Interface
axi_vdma_1 M_AXIS_MM2S | axi_vdma_2 S_AXIS_S2MM
axi_vdma_1 M_AXI_MM2S | axi_interconnect_1 S00_AXI
axi_vdma_1 M_AXI_S2MM; | axi_interconnect_1 S01_AXI
axi_vdma_2 M_AXI_MM2S | axi_interconnect_1 S02_AXI
axi_vdma_2 M_AXI_S2MM | axi_interconnect_1 S03_AXI
axi_interconnect_1 MOO_AXI mig_7series_1 S_AXI

connect_bd_intf_net
connect_bd_intf_net
connect_bd_intf_net
connect_bd_intf_net
connect_bd_intf_net
connect_bd_intf_net

[get_bd_intf_pins
[get_bd_intf_pins
[get_bd_intf_pins
[get_bd_intf_pins
[get_bd_intf_pins
[get_bd_intf_pins

Tcl Script to Make Connections Between Bus Ports

/axi_vdma_1/M_AXIS_MM2S]
/axi_vdma_1/M_AXI_MM2S]
/axi_vdma_1/M_AXI_S2MM]
/axi_vdma_2/M_AXI_MM2S]
/axi_vdma_2/M_AXI_S2MM]
/axi_interconnect_1/M00_AXI] [get_bd_intf_pins /mig_7series_1/S_AXI]

[get_bd_intf_pins /axi_vdma_2/S_AXIS_S2MM]
[get_bd_intf_pins /axi_interconnect_1/S00_AXI]
[get_bd_intf_pins /axi_interconnect_1/S01_AXI]
[get_bd_intf_pins /axi_interconnect_1/S02_AXI]
[get_bd_intf_pins /axi_interconnect_1/S03_AXI]
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Wire Connection Table

This section lists the wires which are connected in the IP integrator diagram.

Connect the wires using method described in the IP integrator diagram, or
execute the following Tcl script to complete the same operations.

Wire Connection Table
Table 3: Clock Wires Connection Table

Source Module Source Wire Deﬁggzﬂon Destination Wire
External Input sys_clk_p mig_7series_1 sys_clk_p
External Input sys_clk_n mig_7series_1 sys_clk_n
mig_7series_1 ui_clk clk_wiz_1 CLK_IN1
mig_7series_1 ui_clk axi_interconnect_1 ACLK
mig_7series_1 ui_clk axi_interconnect_1 MOO_ACLK
mig_7series_1 ui_clk proc_sys_reset_1 Slowest_sync_clk

clk_wiz_1 CLK_OUT1 External Output CLK_OUT1
clk_wiz_1 CLK_OUT1 axi_interconnect_1 S00_ACLK
clk_wiz_1 CLK_OUT1 axi_interconnect_1 S01_ACLK
clk_wiz_1 CLK_OUT1 axi_interconnect_1 S02_ACLK
clk_wiz_1 CLK_OUT1 axi_interconnect_1 S03_ACLK
clk_wiz_1 CLK_OUTH1 axi_vdma_1 s_axi_lite_aclk
clk_wiz_1 CLK_OUTH1 axi_vdma_1 m_axi_mma2s_aclk
clk_wiz_1 CLK_OUTH1 axi_vdma_1 m_axis_mm2s_aclk
clk_wiz_1 CLK_OUTH1 axi_vdma_1 m_axi_s2mm_aclk
clk_wiz_1 CLK_OUTH1 axi_vdma_1 s_axis_s2mm_aclk
clk_wiz_1 CLK_OUTH1 axi_vdma_2 s_axi_lite_aclk
clk_wiz_1 CLK_OUT1 axi_vdma_2 m_axi_mm2s_aclk
clk_wiz_1 CLK_OUT1 axi_vdma_2 m_axis_mm2s_aclk
clk_wiz_1 CLK_OUT1 axi_vdma_2 m_axi_s2mm_aclk
clk_wiz_1 CLK_OUT1 axi_vdma_2 s_axis_s2mm_aclk
clk_wiz_1 CLK_OUT1 proc_sys_reset_2 Slowest_sync_clk

Reset Wires Connection Table

Table 4: Reset Wires Connection Table

Source Module Source Wire Destination Module | Destination Wire
External Input sys_rst mig_7series_1 sys_rst
mig_7series_1 ui_clk_sync_rst clk_wiz_1 RESET

mig_7series_1

ui_clk_sync_rst

proc_sys_reset_1

Ext_Reset_In

mig_7series_1

ui_clk_sync_rst

proc_sys_reset_2

Ext_Reset_In

proc_sys_reset_1

Interconnect_aresetn

axi_interconnect_1

ARESETN
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create_bd_port
connect_bd_net
create_bd_port
connect_bd_net
create_bd_port
connect_bd_net
create_bd_port
connect_bd_net

Table 4: Reset Wires Connection Table (Cont’d)

Source Module

Source Wire

Destination Module

Destination Wire

proc_sys_reset_1

Interconnect_aresetn

axi_interconnect_1

MOO_ARESETN

proc_sys_reset_2

Interconnect_aresetn

axi_interconnect_1

S00_ARESETN

proc_sys_reset_2

Interconnect_aresetn

axi_interconnect_1

S01_ARESETN

proc_sys_reset_2

Interconnect_aresetn

axi_interconnect_1

S02_ARESETN

proc_sys_reset_2

Interconnect_aresetn

axi_interconnect_1

S03_ARESETN

proc_sys_reset_2

Peripheral_aresetn

External Output

Peripheral_aresetn

proc_sys_reset_2

Peripheral_aresetn

axi_vdma_1

axi_resetn

proc_sys_reset_2

Peripheral_aresetn

axi_vdma_2

axi_resetn

General Wires Connection Table

Table 5: General Wires Connection Table

Source Module

Source Wire

Destination Module

Destination Wire

mig_7series_1

init_calib_complete

External Output

init_calib_complete

External Input s2mm_fsync axi_vdma_1 s2mm_fsync
External Input mm2s_fsync axi_vdma_1 mm2s_fsync
External Input mm2s_fsync axi_vdma_2 mm2s_fsync
External Input mm2s_fsync axi_vdma_2 s2mm_fsync
clk_wiz_1 LOCKED proc_sys_reset_1 Dcm_locked
clk_wiz_1 LOCKED proc_sys_reset_2 Dcm_locked

Wire Connection Tcl Script

-dir O init_calib_complete
[get_bd_ports /init_calib_complete]
-dir I -type rst sys_rst
[get_bd_ports /sys_rst] [get_bd pins /mig_7series_1/sys_rst]
-dir I -type clk sys_clk_p
[get_bd_ports /sys_clk_pl
-dir I -type clk sys_clk_n
[get_bd_ports /sys_clk_n]

[get_bd_pins /mig_7series_1/init_calib_complete]

[get_bd_pins /mig_7series_1/sys_clk p]

[get_bd_pins /mig_7series_1/sys_clk_n]

#Next 3 lines were previously performed

#create_bd_port -dir O -type clk CLK_OUT1

#set_property CONFIG.FREQ_HZ {75000000} [get_bd ports /CLK_OUT1]
#set_property CONFIG.PHASE {0.0} [get_bd _ports /CLK_OUT1]

connect_bd_net

[get_bd_ports /CLK_OUT1] [get_bd pins /clk_wiz_1/CLK_OUT1] [get_bd_pins

/axi_vdma_1/s_axi_lite_aclk] [get_bd_pins /axi_vdma_1l/m_axi_mm2s_aclk] [get_bd_pins /axi_vdma_1l/m_axis_mm2s_aclk]

[get_bd_pins /axi_vdma_1l/m_axi_s2mm_aclk]

[get_bd_pins /axi_vdma_1l/s_axis_s2mm_aclk] [get_bd_pins

/axi_vdma_2/s_axi_lite_aclk] [get_bd_pins /axi_vdma_2/m_axi_mm2s_aclk] [get_bd_pins /axi_vdma_2/m_axis_mm2s_aclk]

[get_bd_pins /axi_vdma_2/m_axi_s2mm_aclk]
/axi_interconnect_1/S00_ACLK]
/axi_interconnect_1/S02_ACLK]

[get_bd_pins /axi_vdma_2/s_axis_s2mm_aclk]
[get_bd_pins /axi_interconnect_1/S01_ACLK] [get_bd_pins
[get_bd_pins /axi_interconnect_1/S03_ACLK] [get_bd_pins

[get_bd_pins

/proc_sys_reset_2/Slowest_sync_clk]

create_bd_port
connect_bd_net

/axi_vdma_1l/axi_resetn]

create_bd_port
connect_bd_net
create_bd_port
connect_bd_net

/axi_vdma_2/mm2s_fsync]

-dir O -from 0 -to 0 -type rst Peripheral_aresetn

[get_bd_ports /Peripheral_aresetn] [get_bd_pins /proc_sys_reset_2/Peripheral_aresetn] [get_bd_pins
[get_bd_pins /axi_vdma_2/axi_resetn]

-dir I s2mm_fsync
[get_bd_ports /s2mm_fsync]
-dir I mm2s_fsync
[get_bd_ports /mm2s_fsync] [get_bd_pins /axi_vdma_1l/mm2s_fsync]
[get_bd_pins /axi_vdma_2/s2mm_fsync]

[get_bd_pins /axi_vdma_1l/s2mm_fsync]

[get_bd_pins
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connect_bd_net [get_lbd pins /mig_7series_1/ui_clk _sync_rst] [get_bd_pins /clk _wiz_1/RESET] [get_bd_pins
/proc_sys_reset_2/Ext_Reset_In] [get_bd_pins /proc_sys_reset_1/Ext_Reset_In]

connect_bd_net [get_bd pins /mig_7series_1/ui_clk] [get_bd_pins /clk _wiz_1/CLK_IN1l] [get_bd_pins
/axi_interconnect_1/ACLK] [get_bd_pins /axi_interconnect_1/M00_ACLK] [get_bd_pins
/proc_sys_reset_1/Slowest_sync_clk]

connect_bd_net [get_bd_pins /proc_sys_reset_l/Interconnect_aresetn] [get_bd _pins /axi_interconnect_1/ARESETN]
[get_bd_pins /axi_interconnect_1/M00_ARESETN]

connect_bd_net [get_bd_pins /proc_sys_reset_2/Interconnect_aresetn] [get_bd _pins /axi_interconnect_1/S00_ARESETN]
[get_bd_pins /axi_interconnect_1/S01_ARESETN] [get_bd_pins /axi_interconnect_1/S02_ARESETN]

[get_bd_pins
/axi_interconnect_1/S03_ARESETN]

connect_bd_net [get_bd_pins /proc_sys_reset_1/Peripheral_aresetn] [get_bd_pins /mig_7series_1/aresetn]
connect_bd_net [get_bd _pins /clk_wiz_1/LOCKED] [get_bd_pins /proc_sys_reset_1/Dcm_locked] [get_bd_pins
/proc_sys_reset_2/Dcm_locked]

The following additional Tcl commands are needed (or they can be performed by
editing the corresponding external wire or interface port properties:

set_property CONFIG.POLARITY {ACTIVE_HIGH} [get_bd_ports /sys_rst]
set_property CONFIG.ASSOCIATED_BUSIF {S_AXI_ LITE:S_AXI_LITE_1:S_AXIS_S2MM:M AXIS_MM2S} [get_bd _ports /CLK_OUT1]

Assigning Addresses to the DDR Memory
1. Select the Address Editor tab.

2. Right-click the first entry, axi_vdma_1, and select Auto Assign Address. This
maps the 1 GB of DDR3 memory to the address range 0x80000000 to

O0xBFFFFFFF and allows the IP integrator tool to configure the address decoders in
the AXI Interconnect (Figure 58).

£= Djagram X | B Address Editor X 17 0=
2, | Cell |BELSE Mame |OffSEt Arddress |Range |Higr
=R {F Jaxi_wdma_1l
j‘ {F jaxi_wdma_2
= . External Masters & Block Properties. .. Ctrl+E
]
B Auto Assign Address
Export to Spreadsheet. ..

Figure 58: Auto Assignh Address Option

Validating and Saving the Design

The design in the IP integrator tool is complete. Validate the design to check for
any errors.

1. Select Tools > Validate, and ensure the message "validation
successful. There are no errors or critical warnings in
this design" appears, and click OK.

2. Save the design with File > Save Block Diagram.
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Figure 59 showns the final IP integrator design.
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Figure 59: Final IP Integrator Design Diagram

Adding Other Ready-Made Modules to the Project

Outside of the IP integrator diagram, the user can add custom HDL and connect
the custom logic to the IP Integrator subsystem in a higher level HDL file.

Besides the Vivado tool generated IPs for basic building blocks, the system
contains some customized logic used to generate test video patterns, configure
the DMA engine and display it on the HDMI/DVI display port.

You can add these custom logic blocks as HDL sources or netlists to the project
outside of Vivado IDE IP integrator. The following section describes the functions
of these modules and the process of adding them to the project.

AXI4-Lite Masters to Configure AXI VDMAs

Each AXI VDMA must be configured at startup to act as a circular frame buffer on
1280x720p video frames. Each AXI VDMA has an AXI4-Lite interface to
configure its control registers.

In the system, two, simple write-only AXI4-Lite masters are instantiated.

e Each AXIl4-Lite master has an internal state machine that executes a fixed
sequence of write commands to properly configure the AXI VDMA blocks.

* A separate AXI4-Lite master IP is connected directly to each AXlI VDMA
control interface. The AXI4-Lite master design is taken from the sample
AXl4-Master design described in Xilinx Answer Record 37425.
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AXIl4-Stream Test Pattern Generator

The AXI4-Stream source driving AXlI VDMA 0 is a video test pattern generator
with a Timebase generator (to generate video frame sync signals). The TPG
block is delivered as a fixed netlist. The fixed netlist is configured to drive a
1280x720p, 60 hertz video pattern into AXI VDMA 0 using an AXI4-Stream
protocol.

AXI4-Stream DVI Display Controller Files

AXI VDMA 1 drives an output AXI4-Stream into a HDMI/DVI display controller
with a timebase generator (to generate video frame sync signals).

The DVI display controller block also includes an |IC driver to configure the video
chip on the KC705 board. It is delivered as a fixed netlist. The fixed netlist is
configured to display a 1280x720p, 60 hertz video signal on the KC705 using an
AXI4-Stream protocol from the AXI VDMA 1.

The files related to these modules are in the <design_dir>/src directory. The
file names and their functions are listed as follows (Table 6).

Table 6: Custom Module File Names

File Name Module File Type
axi_lite_master_vdma_0.v AXl4-Lite Master to Verilog implementation
Configure AXI VDMAs
axi_lite_master_vdma_1.v AXI4-Lite Master to Verilog implementation
Configure AXI VDMAs
axis_master_example.v AXI4-Stream Test Netlist-based HDL simulation model
Pattern Generator and HDL black box definition of the IP
axis_slave_example.v Axi4-Stream DVI Netlist-based HDL simulation model
Display Controller and HDL black box definition of the IP

Add these files to the project with the following steps:

1. In the Vivado IDE Project Manager, click Project > Add Source > Add or
Create Design Sources > Add Files.

2. Inthe Vivado IDE Source window, browse to the <design_dir>/src/ directory and
add the files listed in Table 6.
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3. Click OK (Figure 60).

4. Inthe Add or Create Design Sources dialog box, confirm the file names and its
library and click Finish.
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0] Jl Cancel |

Figure 60: Add Source Files Dialog Box

Module Instantiation and System Connection

1. In the Design Hierarchy window, go to the Sources tab, right-click the
design_1.bd file, and select Create HDL Wrapper.

This creates designl_wrapper.v, which shows the subsystem
instantiation. Normally, the user would then create a top-level HDL file where
it instantiates the subsystem and customs cores using the following process
sub-steps.

2. To save time, skip to step 3.

a. Create a new top.v file as the top module of the project using the Add
Sources dialog box: Add Sources > Add or Create Design Sources >
Next > Create File > top.v > OK > Finish > Yes.

b. Copy and paste the IP instantiation template of the IP integrator design,
instantiate the remaining custom HDL blocks, and wire them together in
top.w.

c. Again, as a time saver, add the completed top-level file, top. v, to integrate all
the submodules.

3. From the Project Manager, click Project > Add Source > Add or Create Design
Sources > Add Files.

4. Inthe Add Sources dialog box, browse to <design_dir>/src/top.v, then
click OK.
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sized Design - xc7k3251ffg200-2

_onstraints —
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5. Selectthe design_1_wrapper.v, then from the popup menu, right-click and
select Remove File from Project.

Pinout and Timing Constraints

The design is now completed; however, the design still requires physical
constraints for the 1/0Os and system clock timing constraints.

Pinout constraints can be specified using the Vivado IDE by:
e Synthesizing the design

e Opening the synthesized design and selecting Layout > I/O Planning to
display the 1/0 Planning view (Figure 61). This tool can be used to set
location for non-DDRS related 1I/O pins.

Note: DDRS3 I/O pin location constraints were set in the MIG tool and result in
automatically generated core level XDC files associated with the design.
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Figure 61: 1/0 Pin Planning Layout
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This design has only one input clock. All internal clocks are derived from this
input clock using the MMCM.

Because the input clock timing constraint was generated by MIG core, and
MMCM takes care of all generated clocks. You need only to add the top-level
XDC timing constraints for the input clock, and set a false path on the
init_calib_complete net, which drives an LED and is not timing sensitive.

The Tcl commands are:

create_clock -period 5.000

[get_ports sys_clk_p]

set_false_path -through

To save time, use the completed file
<design_dir>/src/constraints/top.xdc, which contains the necessary
I/0 and timing constraints for the KC705 board.

From the Vivado IDE, select Add Sources > Add or Create Constraints >
Add Files > <design_dir>/src/constraints/top.xdc > Finish. (Figure 62).

-name sys_clk_pin

[get_nets init_calib_complete]
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Figure 62: Pin Constraints Added to top.xdc

Simulation
Testbench

This design does not support simulation. Because this is a video design with long
frame times, simulations of multiple video frames would be impractical.
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Equivalent For reference, an equivalent Tcl- based design is implemented. The Tcl script to
Tcl-Based IP create the entire Vivado project and all the portions of the design is in
Integrator <design_dir>/src/tcl/create_design.tcl.

Design Note: There is an underlying script to build the IP integrator portion of the design at

<design_dir>/src/tcl/create_ipi_design.tcl.
To generate the whole project from Tcl, execute the following commands:

1. Create a new empty directory and change to that directory.
2. Open a new Vivado session from the empty directory.
3. Inthe Tcl Console, type:

source <design_dir>/src/tcl/create_design.tcl

After a few minutes, a new project is created and the AXI MPMC design is
created. Then design can then be synthesized, implemented, and a bitstream
generated in the GUI, or by running the provided Tcl script.

4. Inthe Tcl Console, type:

source <design_dir>/src/tcl/generate_design.tcl

Reference Design File Location

DeSIQn The reference design files for this application note can be downloaded at:

https://secure.xilinx.com/webreg/clickthrough.do?cid=333031

Reference Design Checklist
Table 7 is a reference design checklist.

Table 7: Reference Design Checklist

Parameter Description

General

Developer Name Xilinx

Target Devices (Stepping Level, ES, Production, Speed Kintex-7 FPGAs

Grades)

Source Code Provided? Yes (except two blocks delivered
as a netlist)

Source Code Format Verilog

Design Uses Code or IP from Existing Reference Design, Reference designs provided for

Application Note, 3rd party, or Vivado Software? flows based on the Vivado tools.

Simulation

Functional Simulation Performed? N/A (simulation not supported)

Timing Simulation Performed? N/A (simulation not supported)

Testbench Provided for Functional and Timing Simulations? | N/A (simulation not supported)

Testbench Format N/A (simulation not supported)

Simulator Software and Version N/A (simulation not supported)

SPICE/IBIS Simulations? N/A (simulation not supported)

Implementation
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Table 7: Reference Design Checklist (Cont'd)

Parameter Description

Synthesis Software Tools and Version Vivado synthesis 2013.1
Implementation Software Tools and Version Vivado Design Suite 2013.1
Static Timing Analysis Performed? Yes

Hardware Verification

Hardware Verified? Yes

Hardware Platform Used for Verification KC705 Board Rev D

Resource Utilization and Clock Frequency

The resource utilization and clock frequency of the system are summarized in
Table 8. The system is designed to fit the FPGA resources and speed grade of
the XC7K325TFFG900-2 FPGA on the KC705 board. It has not been
characterized for other FPGA devices or speed grades.

Table 8: Resource Utilization

Parameters Specification/Details
Maximum Frequency (by speed grade) | -2 100 MHz (AXI), 400 MHz (Memory
Clock)
Device Utilization Slices 12199
LUTs 32894
Registers 33963
GCLK Buffers | 3
Block RAMs 58

HDL Language Support Verilog

DDR3 Memory Configuration 64-bit, 400 MHz DDR3 SDRAM
Video Clock Frequency 75 MHz

AXI Interconnect and MIG Main Clocking 100 MHz

The AXI MPMC Interconnect and MIG tool are configured for medium to high
performance. The system is not area optimized, but is optimized for throughput.

The AXI MPMC portion of the system has more available throughput than the two
AXI VDMA masters can consume. The extra available throughput can be used for
expansion of the system to include additional AX14 masters.

See the AXI Reference Guide [Ref 4] for more information about optimizing the
AXI MPMC for different area, timing, throughput, latency, and ease of use
trade-offs.

Table 9 details the device resource utilization for each IP core.

Note: The information in Table 9 is taken from the Vivado tools by selecting Open
Implemented Design and then clicking Implemented Design > Report Utilization
(Figure 63, page 53).
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Table 9: Module Level Resource Utilization

IP Core Instance Name Eﬂ% R esélii.:.:tz rs EK’I\(I:IE
MIG mig_7series_1 21208 23072 0
AXI Interconnect axi_interconnect_1 6574 4311 48
VDMA 0 Config axi_lite_master_vdma_0 27 12 0
VDMA 1 Config axi_lite_master_vdma_l 24 9 0
AXI VDMA 0 axi_vdma_1 1718 2276 4
AXI VMDA 1 axi_vdma_2 1709 2260 4
AXI TPG axis_master_example_0 1,037 1,221 2
DVI Controller axis_slave_example_0 586 742 0
Clock Generator clock_generator_1 0 0 0

4 |mplementation
% Implementation Settings
[* Run Implementation
4 Implemented Cesign
@ Edit Timing Constraints

Q}} Feport Timing Summanry

. Repart Clack Metwiorks
Bl Report Clock Interaction
D Repont DRC

M Report Moise

E] Feport Utilization

%]j Feport Power

Repon
Figure 63: Generating a Resource Utilization Report

The report shows the resource utilization by resource type and design hierarchy

(Figure 64).

Implemented Design - «cTHEZ5HFE00-2 (i)

Utilization - wtilization_1 _ P
el — R 1] Slice Logi - Slice LUT3
& Summany (<] &, [Wame [ Lnilizanion
—Table e | SN2 LUTS I 2 38 0
Chart =2 o B 52854
@ Slice Logic = 201 design_1 31220
G Alice LUT= (32894 of 2038000 165 e [E] mig_Fseries_1 21208
— LT as Logic T-E agl_interconnect 1 6574
— LT =5 Mamory 2= 3] aw _wdma_ L 11718
@ 5lce Reqisters a= 1] am_wdma_2 11709
Remister as Fip Flop EI_ proc_sys_reset_ 1 117
— Repgistar a5 Larch m[@] proc_sys_reset_2? 117
— F7 Muses (0] 25 _rmasier_example_d 11037
— FB Mues =[] axls_slave_example 0 1596
& slice LogIc DISTrEUton £|_.| axl_lite_master woima 0 127
Slice [0l axi_lie_master_wrima_1 124
— LT &5 Logic
— LUT as Memory
Figure 64: Obtaining Module Level Resource Utilization
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Conclusion € XILINX.
The utilization information is approximate due to cross-boundary logic
optimizations and logic sharing between modules.

Conclusion This application note describes the steps to build a high-performance AXI MPMC

(memory controller and AXI Interconnect) system using the Vivado tools.
It illustrates the steps and design considerations necessary to create a working
system in hardware. The AXI MPMC system is exercised by AXlI VDMA IP cores
moving video frames through DDR3 memory from a video test pattern generator
IP block to an HDMI Display IP block. This system can be used as a template and
as training information for a new design.
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Automotive
Applications
Disclaimer

XILINX PRODUCTS ARE NOT DESIGNED OR INTENDED TO BE FAIL-SAFE,
OR FOR USE IN ANY APPLICATION REQUIRING FAIL-SAFE PERFORMANCE,
SUCH AS APPLICATIONS RELATED TO: (I) THE DEPLOYMENT OF AIRBAGS,
(Il) CONTROL OF A VEHICLE, UNLESS THERE IS A FAIL-SAFE OR
REDUNDANCY FEATURE (WHICH DOES NOT INCLUDE USE OF SOFTWARE
IN THE XILINX DEVICE TO IMPLEMENT THE REDUNDANCY) AND A
WARNING SIGNAL UPON FAILURE TO THE OPERATOR, OR (lll) USES THAT
COULD LEAD TO DEATH OR PERSONAL INJURY. CUSTOMER ASSUMES
THE SOLE RISK AND LIABILITY OF ANY USE OF XILINX PRODUCTS IN
SUCH APPLICATIONS.
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