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BeMicro FPGA Project for ADF4156 with Nios
driver

Supported Devices

- ADF4156

Evaluation Boards

- EVAL-ADF41565D1Z

Overview

This lab presents the steps to setup an environment for using the EVAL-ADF4156SD1Z evaluation
board together with the BeMicro SDK USB stick, the Nios Il Embedded Development Suite (EDS) and
the Micrium pC-Probe run-time monitoring tool. Below is presented a picture of the
EVAL-ADF4156SD1Z Evaluation Board with the BeMicro SDK Platform.

For component evaluation and performance purposes, as opposed to quick prototyping, the user is
directed to Analog Devices System Demonstration Platform (SDP). The SDP consists of a:

- a controller board, like the EVAL-SDP-CS1Z (SDP-S)
- an compatible Analog Devices SDP product evaluation board
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- corresponding PC software

The EVAL-SDP-CS1Z controller board is Serial Interfaces Only, low cost, reduced functionality
controller board. It has a USB to Serial Engine at its core. It connects to the PC through a USB 2.0 high

speed port. The SDP-S has a single 120 pin connector and exposes SPI, 12C and GPIO interfaces to
connected SDP daughter boards.

The EVAL-ADF4156SD1Z is designed to allow the user to evaluate the performance of the ADF4156
frequency synthesizer for phase-locked loops (PLLs).

The ADF4156 is a 6.2 GHz fractional-N frequency synthesizer that implements local oscillators in the
upconversion and down-conversion sections of wireless receivers and transmitters. It consists of a low
noise digital phase frequency detector (PFD), a precision charge pump, and a programmable
reference divider. There is a 2-A based fractional interpolator to allow programmable fractional-N
division. The INT, FRAC, and MOD registers define an overall N divider (N = (INT + (FRAC/MOD))). The
RF output phase is programmable for applications that require a particular phase relationship
between the output and the reference. The ADF4156 also features cycle slip reduction circuitry,
leading to faster lock times without the need for modifications to the loop filter.

More information

- ADF4156 Product Info - pricing, samples, datasheet
- EVAL-ADF4156SD1Z evaluation board user guide

- BeMicro SDK

- Nios Il Embedded Development Suite (EDS)

- Micrium uC-Probe

Getting Started

The first objective is to ensure that you have all of the items needed and to install the software tools
so that you are ready to create and run the evaluation project.

Hardware Items

Below is presented the list of required hardware items:

- Arrow Electronics BeMicro SDK FPGA-based MCU Evaluation Board

- BeMicro SDK/SDP Interposer adapter board

- EVAL-ADF4156SD1Z evaluation board

- Intel Pentium Il or compatible Windows PC, running at 866MHz or faster, with a minimum of 512MB
of system memory
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Software Tools

Below is presented the list of required software tools:

- Quartus Il Web Edition design software v11.0
- Nios Il EDS v11.0
- UC-Probe run-time monitoring tool, version 2.5

The Quartus Il design software and the Nios Il EDS is available via the Altera Complete Design Suite
DVD or by downloading from the web.

The Micrium uC/Probe Trial version 2.5 is available via download from the web at
http://micrium.com/tools/ucprobe/trial/. After installation add to the “Path” system variable the entry ”
%QUARTUS _ROOTDIR%\bin\" on the third position in the list.

Downloads

- Lab Design Files

Extract the Lab Files

Create a folder called “ADIEvalBoardLab” on your PC and extract the ADF4156_EvalBoardLab.zip
archive to this folder. Make sure that there are NO SPACES in the directory path. After extracting the
archive the following folders should be present in the ADIEvalBoardLab folder: FPGA, Software,
ucProbelnterface, NiosCpu.
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Install the USB-Blaster Device Driver

After the Quartus Il and Nios Il software packages are installed, you can plug the BeMicro SDK
board into your USB port. Your Windows PC will find the new hardware and try to install the driver.

Click here for status.

{ °I - Installing device driver software

Since Windows cannot locate the driver for the device the automatic installation will fail and the driver
has to be installed manually. In the Device Manager right click on the USB-Blaster device and select

Update Driver Software.
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Launches the Update: Driver Software Wizard for the selected device.

In the next dialog box select the option Browse my computer for driver software. A new dialog
will open where it is possible to point to the driver’s location. Set the location to altera\<version
number>\quartus\drivers\usb-blaster and press Next.

=

faryt W Update Driver Software - USE-Blaster

How do you want to search for driver software?

+ Search automatically for updated driver software
‘Windows wall search your compuler and the Intermet for the latest diver softwane
fior your device, unless you've disabled this featune in your device installation
settings.

# Browse my computer for driver software
Locate and install driver software manually.

| Cancel |
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Quick Evaluation

The next sections of this lab present all the steps needed to create a fully functional project that can
be used for evaluating the operation of the ADI platform. It is possible to skip these steps and load
into the FPGA an image that contains a fully functional system that can be used together with the
uC-Probe interface for the ADI platform evalution. The first step of the quick evaluation process is to
program the FPGA with the image provided in the lab files. Before the image can be loaded the
Quartus Il Web Edition tool or the Quartus Il Programmer must be installed on your computer. To
load the FPGA image run the program_fpga.bat batch file located in the ADIEvalBoardLab/FPGA
folder. After the image was loaded the system must be reset. Now the FPGA contains a fully functional
system and it is possible to skip directly to the DEMONSTRATION PROJECT USER INTERFACE
section of this lab.

15 Sep 2011 14:43 - Andrei Cozma

FPGA Design

The lab is delivered together with a set of design files that are used to evaluate the ADI part. The
FPGA image that must be loaded into the BeMicroSDK FPGA is included in the design files. This section
presents the components included in the FPGA image and also the procedure to load the image into
the FPGA.
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FPGA Components

The following components are implemented in the FPGA design:

Name Address|IRQ
CPU 800 -
Main PLL 80 -
JTAG UART 90 0
uC-Probe UART A0 1
EPCS FLASH CONTROLLER|1800 2
OnChip RAM 10000 |-
LED GPIO 100 -
SPI_0_PO 2000 4
SPI_1 PO 2040 6
GPIO 2080 -
CTRL GPIO 20A0 -
SPI 0 P1 0 5
SPI 1 P1 20 7
SYS ID 40 -
TIMER 60 3
12C 0 Cco 8
12C 1 EO 9

Load the FPGA Image

To load the FPGA image the following steps must be performed:

- Plug in the BeMicroSDK Stick into a USB port

- Start Altera Quartus Web edition and start the programmer by selecting the menu option
Tools-Programmer

- Select Add File and select the file ADIEvalBoardLab/FPGA/SDP1_bemicro2.jic

- Check the Program/Configure box and press Start
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After finishing, the image is permanently loaded to the configuration Flash and the system will start
with a blinking LED after reset or power up.

15 Sep 2011 14:47 - Andrei Cozma

NIOS Il Software Design

This section presents the steps for developing a software application that will run on the
BeMicroSDK system and will be used for controlling and monitoring the operation of the ADI
evaluation board.

Create a new project using the NIOS 1l Software Build Tools
for Eclipse

Launch the Nios Il SBT from the Start - All Programs - Altera - Nios Il EDS 11.0 - Nios Il
11.0 Software Build Tools for Eclipse (SBT).

NOTE: Windows 7 users will need to right-click and select Run as administrator. Another
method is to right-click and select Properties and click on the Compatibility tab and select the
RN This Program As An Administrator checkbox, which will make this a permanent change.
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1. Initialize Eclipse workspace

- When Eclipse first launches, a dialog box appears asking what directory it should use for its
workspace. It is useful to have a separate Eclipse workspace associated with each hardware project
that is created in SOPC Builder. Browse to the ADIEvalBoardLab directory and click Make New
Folder to create a folder for the software project. Name the new folder “eclipse_workspace”.
After selecting the workspace directory, click OK and Eclipse will launch and the workbench will
appear in the Nios Il perspective.
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2. Create a new software project in the SBT

- Select File » New - Nios Il Application and BSP from Template.

= Miosi - Edigse
lﬁ fdt Mengeie Seach Pmject Run Biosll Window  Help
Fiie Al=ShiftsM v | Miei 0 Agplication and BEP Trem Template
Open File—. E HMiow [ Application
Hios [ Brard Support Packsge
e Mices 1 Libray

Praject.

Otha . T+

- Click the Browse button in the SOPC Information File Name dialog box.

- Select the uC.sopcinfo file located in the ADIEvalBoardLab/FPGA directory.
- Set the name of the Application project to “ADIEvalBoard".

- Select the Blank Project template under Project template.

- Click the Finish button.
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The tool will create two new software project directories. Each Nios Il application has 2 project
directories in the Eclipse workspace.

- The application software project itself - this where the application lives.

- The second is the Board Support Package (BSP) project associated with the main application
software project. This project will build the system library drivers for the specific SOPC system. This
project inherits the name from the main software project and appends “_bsp” to that.

L[ Project Explorer i — O

= ADIEvalBoard

== ADIEvalBzard_bsp [uC

Since you chose the blank project template, there are no source files in the application project
directory at this time. The BSP contains a directory of software drivers as well as a system.h header
file, system initialization source code and other software infrastructure.

Configure the Board Support Package
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- Configure the board support package to specify the properties of this software system by using the
BSP Editor tool. These properties include what interface should be used for stdio and stderr
messages, the memory in which stack and heap should be allocated and whether an operating
system or network stack should be included with this BSP.

- Right click on the ADIEvalBoard_bsp project and select Nios Il -» BSP Editor... from the
right-click menu.

1 Project Explorer -
e ADEvalBeand
=5 ADEvalB Mew H

G lits
Oyper in Mew Window
Copy Chrl+

MW Delsis Dalete
Rename. F2

sy Import..

15 Export.
Busld Froject
Clean Progect
Refreik F%
Close Project
Close Unrelsted Projects
Budld Configurations k
Make Targets k
Index E
Convert Tow.
Fn fig k
Detiug A5
Profile A5 B
Tesm k
Compare With B
Rizstere from Local Hetory..
Tibocei 1 k Mios I Comenand Sl
~ 7 G i ESP
Propertees Alt=Enter

ESP Editor.

! protierre |43 Tastes | 0 Conel | Pt Programimer..
The software project provided in this lab does not make use of an operating system. All stdout, stdin
and stderr messages will be directed to the jtag uart.

- Select the Common settings view. In the Common settings view, change the following settings:
- Select the jtag_uart for stdin, stdout and stderr messages. Note that you have more than one
choice.
- Select none for the sys _clk_timer and timestamp_timer.

Rev 15 Feb 2013 14:52 | Page 12



AR e — —

- Select File -» Save to save the board support package configuration to the settings.bsp file.
- Click the Generate button to update the BSP.
- When the generate has completed, select File = Exit to close the BSP Editor.

Configure BSP Project Build Properties

In addition to the board support package settings configured using the BSP Editor, there are other
compilation settings managed by the Eclipse environment such as compiler flags and optimization
level.

- Right click on the ADIEvalBoard_bsp software project and select Properties from the right-click
menu.

- On the left-hand menu, select Nios Il BSP Properties.

- During compilation, the code may have various levels of optimization which is a tradeoff between
code size and performance. Change the Optimization level setting to Level 2

- Since our software does not make use of C++, uncheck Support C++.

- Check the Reduced device drivers option

- Check the Small C library option

- Press Apply and OK to regenerate the BSP and close the Properties window.
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Add source code to the project

In Windows Explorer locate the project directory which contains a directory called Software. In
Windows Explorer select all the files and directories from the Software folder and drag and drop

them into the Eclipse software project ADIEvalBoard.

- Select all the files and folders and drag them over the ADIEvalBoard project in the SBT window and

drop the files onto the project folder.
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- A dialog box will appear to select the desired operation. Select the option Copy files and folders
and press OK.

[ 3 File and Folder Operation |

Select how files and folders should be imported into the project:
@ Copy files and folders
Link to files and folders
Link to files and recreate folder structure with virtual folders

Create link locations relative t PROJECT |

Configure Drag and Drop Settings..

? ) OK | l Cancel

- This should cause the source files to be physically copied into the file system location of the

software project directory and register these source files within the Eclipse workspace so that they
appear in the Project Explorer file listing.

L[| Project Explorer i = B8

4 == ADIEvalBoard
> [al Includes
= ADI_Driver
» (= uC-CPU
= uC-LIB
- (= uC-Probe
[® main.c
=| create-this-app
= Makefile
my_include_path.in
=] readme.bd
=3 ADIEvalBoard_bsp [uC

Configure Application Project Build Properties
Just as you configured the optimization level for the BSP project, you should set the optimization level
for the application software project ADIEvalBoard as well.

- Right click on the ADIEvalBoard software project and select Properties from the right-click menu.
- On the left-hand menu, select the Nios Il Application Properties tab
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- Change the Optimization level setting to Level 2.
- Press Apply and OK to save the changes.
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Define Application Include Directories

Application code can be conveniently organized in a directory structure. This section shows how to
define these paths in the makefile.

- In the Eclipse environment double click on my_include_paths.in to open the file.
- Click the Ctrl and A keys to select all the text. Click the Ctrl and C keys to copy all the text.

5 Project Explares 22 rmy_include_pathun 5
= & = APF_INCLUDE DIRS += ADI_Driver
ADE E 5 &= PC=CPO
+ & ADEvalBoard f‘i‘_ E:E: e :Ef_._sr
Inchudes . . e AR TR
N AFF £ DIRS += uC-CPU/CEG
e AFE £ DIRS += uC-CPU/Niosll
G- uC-CPU AFE £ DIRS += uC-LIB
F us-LB AFF £ DIRS += uC-LIB/CIg
M L APF_INCLUDE_DIRS += uC-Frobe
[# rrain.c
create-this-app
Malkefile
rry_include_path.in
i bet

=% ADIEvalBoard_bsp

- Double click on Makefile to open the file.
- If you see the message shown here about resources being out of sync, right click on the Makefile
and select Refresh.
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- Makefile [

Resource is out of sync with the file system: '/ADIEvalBoard /Makefile',

Press 'F5' or select File > Refresh to refresh the file.

- Select the line APP_INCLUDE_DIRS :=

# Lise of application specific include directories, library directories and library names

- FF INCLUDE D155k
DIRS

APP_LIBRARY

AFP LIBRARY MAMES =

- Click the Ctrl and V keys to replace the selected line with the include paths.

!l.'_'."_:'_'.' include dirsctories, ._::.21_".' directories and library namss

CFD
uC-CPU/B3SP
iC-CPUSCEG
C-CPU/Hiaall
wC=-LIB
:C-LIB/CEg
C=Frobe

- Click the Ctrl and S keys to save the Makefile.

Compile, Download and Run the Software Project

1. Build the Application and BSP Projects

- Right click the ADIEvalBoard_bsp software project and choose Build Project to build the board

support package.
- When that build completes, right click the ADIEvalBoard application software project and choose

Build Project to build the Nios Il application.

These 2 steps will compile and build the associated board support package, then the actual
application software project itself. The result of the compilation process will be an Executable and
Linked Format (.elf) file for the application, the ADIEvalBoard.elf file.
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2. Verify the Board Connection

The BeMicroSDK hardware is designed with a System ID peripheral. This peripheral is assigned a
unique value based on when the hardware design was last modified in the SOPC Builder tool. SOPC
Builder also places this information in the .sopcinfo hardware description file. The BSP is built based
on the information in the .sopcinfo file.

- Select the ADIEvalBoard application software project.
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- Select Run - Run Configurations...

- Select the Nios Il Hardware configuration type.

- Press the New button to create a new configuration.

- Change the configuration name to BeMicroSDK and click Apply.

- On the Target Connection tab, press the Refresh Connections button. You may need to expand
the window or scroll to the right to see this button.

- Select the jtag_uart as the Byte Stream Device for stdio.

- Check the Ignore mismatched system ID option.

- Check the Ignore mismatched system timestamp option.
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3. Run the Software Project on the Target

To run the software project on the Nios Il processor:
- Press the Run button in the Run Configurations window.

This will re-build the software project to create an up-to-date executable and then download the code
into memory on the BeMicroSDK hardware. The debugger resets the Nios Il processor, and it
executes the downloaded code. Note that the code is verified in memory before it is executed.

|® Problemns | 1] Tesks 2 Consale Properties H Mices B Consaole
<terrninated> BebicroSDE [Mios I Hardware] nices? -dosanload &/23711 247 PR

able "U5B-Blastcer [O3B-0]", +:.-: 1, inscance OxlC

CFO cache (if presesnt)

Scarcing processor at address Jx000LO1E4

de size and start address might be different than the ones displayed in the above

ﬁshot.

12 Sep 2011 10:39 - Robin Getz

uC-Probe Interface

A notable challenge in embedded systems development is to overcome the lack of feedback that such
systems typically provide. Many developers resort to blinking LEDs or instrumenting their code with
printf() in order to determine whether or not their systems are running as expected. Micrium
provides a unique tool named pC-Probe to assist these developers. With this tool, developers can
effortlessly read and write the variables on a running embedded system. This section presents the
steps required to install the Micrium uC-Probe software tool and to run the demonstration project
for the ADI evaluation board. A description of the uC-Probe demonstration interface is provided.

Configure uC-Probe

Launch uC-Probe from the Start - All Programs - Micrium - uC-Probe.
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Select uC-Probe options.

- Click on the uC-Probe icon on the top left portion of the screen.
- Click on the Options button to open the dialog box.

@ Micrium uCProbe - Untitled Workspace

<

R

T Wetraz sl Selass Tk Mozl v s

Hecenl Dociamesns

3t Opan

[
I Save
i

. -
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Set target board communication protocol as JTAG UART

H

- Click on the Communication tab icon on the top left portion of the dialog box
- Select the JTAG UART option.

| Options [t ]
= Communication SeMings
R&-232
J-Link RS-232
TCHRIP J-Linik
USH i
ITAG-URRT TCPAIP (UDP) @ JTAG UART
=} Enwironment
Genera
Update
— SEresn e
_ - Starup symbols/sec
arget
@ bytes/sec
Slow gueue update pericd: 10 - =eC.
Wait Time 0 ma.
QK Cancel Apply

Setup JTAG UART communication settings

- Select the JTAG-UART option from the Communication tab.

- Press the Open File button to select the JTAG Debug Information file (.jdi)

- Navigate to the ADIEvalBoardLab/FPGA folder and select the BeMicroSDK.jdi file. Press Open.
- Type the value 1 in the the Device Id window.
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- Select uCProbe_uart(0) from the Instance Id pulldown menu.

. .
Options ]
Communication Settings
R5-232
+-J-Link Cable USB-Blaster [USE-0] -
- TCPIP
USE Device d: 1 hl
JTAG-UART
Emvironment 7
: Instance |d: |4
General ton uard 1] B
r~ Soreen
Startup 8
Target
oK | [ concs || sy |

- Press Apply and OK to exit the options menu. The embedded target has two UARTs. uC-Probe will
be communicating with the uCProbe_uart.

Load and Run the Demonstration Project

- Click the Open option from the uC-Probe menu and select the file
ADIEvalBoardLab/ucProbelnterface/ADF4156_Interface.wsp.
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- Before opening the interface uC-Probe will ask for a symbols file that must be associated with the
interface. If the lab was done according to the steps provided in the Quick Evaluation section,
select the file ADIEvalBoardLab/ucProbelnterface/ADIEvalBoard.elf to be loaded as a symbol

file, otherwise select the file

ADIEvalBoardLab/FPGA/software/ADIEvalBoard/ADIEvalBoard.elf to be loaded as a symbol

file.
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- Run the demonstration project by pressing the Play button.
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Demonstration Project User Interface

The following figure presents the uC-Probe interface that can be used for monitoring and controlling

the operation of the EVAL-ADF4156SD1Z evaluation board.
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Section A allows for the communication with the board to be activated / deactivated by toggling the
ON/OFF switch. The Activity LED turns green when the communication is active. Before pressing the
ON/OFF switch, make sure you select the desired Device Initialization Procedure. If the ON/OFF switch
is set to ON and the Activity LED is BLACK it means that there is a communication problem with the
board. See the Troubleshooting section for indications on how to fix the communication problems.

Sections B allows the application of newly selected configuration. All the registers should be
configured before pressing the Apply button. The order in which the registers are programmed after
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pressing Apply is R4, R3, R2, R1, RO.

Sections C to G allow for configuration of each register on the ADF4156.
Section C allows for the configuration of the FRAC/INT register.

Section D allows for the configuration of the PHASE reqister.

Sections E allows for the configuration of the MOD/R register.

Sections F allows for the configuration of the FUNCTION register.

Sections G allows for the configuration of the CLK DIV register.

Troubleshooting

In case there is a communication problem with the board the follwing actions can be perfomed in
order to try to fix the issues:

- Check that the evaluation board is powered.

- Check that the USB connection cable is properly connected to the device and to the computer and
that the USB Blaster Device Driver driver is installed correctly. If the deriver is not correctly
installed perform the steps described in the Getting Started - Install te USB-Blaster Device
Driver section.

- In uC-Probe right-click on the System Browser window select Remove Symbols. A dialog box will
open to select the symbols to remove. Press OK to remove the symbols.
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- After removing the symbols a new set of symbols must be added in order for the interface to be
functional. In uC-Probe right-click on the System Browser window select Add Symbols. A dialog
box will open to select the symbols to be added. If the lab was done according to the steps provided
in the Quick Evaluation section, select the file
ADIEvalBoardLab/ucProbelnterface/ADIEvalBoard.elf to be loaded as a symbol file, otherwise
select the file ADIEvalBoardLab/FPGA/software/ADIEvalBoard/ADIEvalBoard.elf to be loaded
as a symbol file.

@‘n‘p‘@kspace Explorer @F’mpemes
Symbel Browser ‘F
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Remove Symbols
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Expand All
Collapse All

S Fl

Symbols removed JTAG-UART USB-Blaster [USB0J 10

- If the communication problem persists even after performing the previous steps, restart the
uC-Probe application and try to run the interface again.
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More information

. % ask questions about the FPGA reference design

- Example questions:
= FMCOMMS2 Bandwidth limit by frankyp
= FMCOMMS1-4 custom Signal Path by frankyp
= Clock generation for AD9625 JESD204B interface by Chris_Aed
- ADXL345 PMOD Zedboard - Changing Root Filesystem by ddub
- AD9361 eval design with Vivado 2014.27 by ecwhitney

21 Sep 2011 08:17 - Andrei Cozma
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