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Goals

.Enable next generation of radio signal data
acquisition

.Use a commercial 'off the shelf' solution

-4DSP FMC104
.Analog to Digital Converter Card

JInterface the 4DSP card with a Xilinx Field
Programmable Gate Array (FPGA)

.Develop firmware to implement the interface
using a high-level Hardware Description
Language (VHDL)




What is a Digital Receiver?

.Radio using Digital Signal Processing
-Eliminate most analog components

.Can be implemented using:

—Application Specific Integrated Circuit (ASIC)
-Field Programmable Gate Array

~Software

104 X|I|nx FPGA




Field Programmable Gate Array |[ |-
(FPGA) =
-An FPGA 1s an integrated circuit that 1s -; 5 ;;
configured after manufacturing % Tl
—~Reconfigurable : “
.Used 1n digital interfacing and signal processing x

-Modern tools are simplifying a traditionally
complex development cycle




FPGA: South African Rhino
Board

.Reconfigurable Hardware Interface for
Computing and Radio (open source)

.Developed by the Radar and Remote Sensing

Group — University of Cape Town, South Africa =
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FPGA: Xilinx Virtex 6 ML605

.Since the Rhino board has been delayed, we
turned to the Virtex 6 ML605 board

Sk =2 FPGA Mezzanine Card
e Connect analog-to-digital converter card
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USB
Connect PC for prograngi

DDABTIGA/KHINS

Ethernet
Transfer data

Xilinx FPGA chip
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i
Analog-to-Digital Conversion —‘%‘L

OPTION AL
A4DSP FMC104 ADC card @Eﬂiﬁ
=  Monitoring
—4 channel . ;
o : 0 : Clock e
_14_bit SSIIEELE Clock Tree - Status & Confrol *F
C=
—250 Msps rrigger — 1> V1 - Jo
ADC A —»—0—.- _'|-| Clodk + Data '_D'I' %
ADSGH 49 | Status & Control : 7 @:
14- kit , 250 MSPS
-Serial Control w00 —=Q——= H

~Inter-Integrated Circuit (12C)

.2 wire bidirectional serial bus

—Serial Interface for ADC and Clock Control




Xilinx Development Tools

FPGA Development Flow
—-Synthesis
.Convert VHDL code to logic gates

~-Implementation

2 XILINX

.Assign and connect logic resources

—~Configuration
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23 architecture i12c master syn of i2c master is

Programthe FPGA

component wb i2c cotrl
port |
—— Wishbone signals
wb_clk i : in

wh rst 1 : in

wb adr o : out
wh_dat i : in
wb dat o : out

wb sel o : out
= out
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=td logic
=td logic
=td logic

=td logic;

=td logic;

=td logic wecto
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=td logic;

vEeCT
vEeCT

vEeCT

r{3 downto 0);
or {7 downto 0);
or {7 downto 0);
or {3 downto 0);

—— ma=ster clock input

—— synchronous actiwve high reset
—— lower address bits

—-— databu=s input

—— databus ocutput

—-— byte =select inputs

—— write enable input
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Xilinx Debugging Tools

.ChipScope
~Integrated CONtroller (ICON)
—Virtual Inputs/Outputs (VIO)

PC With ChipSCOPE




Firmware

.The ADC to FPGA 1nterface logic

~Enables control of the ADC, Clock Chip,
onboard Sensors

—Interfaces data and transfers 1t for use

.Ultimately the goal 1s to transfer data out over
ethernet

-The Firmware 1s complex, need to break into
smaller pieces for implementation




Results

4DSP Provided Firmware for Testing P

Trl':DM Band using FMC104 ADC at 250 MSPS (2012-06-15 at 04:36LT) 1 | il
[ [ [ [ [ [

60 b S S S S

sol o S A ]

A0 - ............... , ............... , ............... ......

30k SO IR e ol

ol SO A A SN

10

i i i i i i
0 20 40 60 80 100 120 140
frequency (MHz)

Log Periodic FM radio antenna passed through band-pass filter

wnJoadg Jamod




Results

.Focused on interfacing a serial temperature
SEeNnsor:

~Design approach 1s similar for control of other
onboard components

ADT7411_interface
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clk errar | ERROR
Dout(7:0) ——F— Dout(7:0)>
soL|—— w<seint>
[ RST_BTN » nReset SDA
state_led(2:0) F state led(2:0) > | |
BUF
switch |
IBUF
I
clk_pll
[clk p CLK_IN1_FCLK_OUT1 | |

[cik_n CLK_IN1_N | -5BUE

sda smail >

BUF

RESET LOCKED

L] LoCK LED

clock out >



Conclusion

JFPGA's are complicated =)

Xilinx Development tools are 'buggy’ Sl
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-Obscure error messages =
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( PHASE OME WJILL BE IN PHASE TWO, THE IGMORAMCE AND ENVY 1 3
R ‘ UNLJARRANTED OBSTRUCTIONISTS WILL FUEL RUMORS || BT
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RESOURCES WIILL BE AND REQUIREMENTS THAT BRINGS US I LIANT MY
ALLOCATED BASED ON WILL DRIFT UNTIL TO THE SECOND UMNLJARRANTED
MISINFORMATION THE PROJECT 15 BOTH WEEK. OPTIMISM BACK.
AND FAVORTITISM. UNMDESIRABLE AND
IMPOSSIBLE. N
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