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FrameWork Logic and Innovative
MATLAB Products £ Integration

. real time solutions!

« Innovative Integration offers
— FrameWork Logic for traditional VHDL design using Xilinx ISE software
— Support for MATLAB/Simulink and Xilinx System Generator based designs
— Extensive I VHDL IP cores

* Results
— Rapid application development
— Smooth integration of custom logic in II Framework

— Real time testing and debugging of algorithms using ChipScope Pro and
MATLAB/Simulink
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Bridge to the Real World Innovalilce
- System Generator/Simulink 4 Integration

. real time solutions!

Features

- MATLAB™
Bit true, CYCle true Algorithm Development
Simulation => Validation A and Analysis

=> [mplementation in

Simulink environment _
System-Level Design

Hardware-in-the-loop Simulink™

KILINK
SYSTEM
g GENERATOR

3 party prototype
and development
boards
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[ Simulink Library Browser

File Edit Miew Help I v
O = 4a ¢4 | 7,
_.. -1 _.. _..
Bazic Elements: Bazic dezign elements, including multipleser, counter, ‘Ur # In & Out &
canstant, and the speclal Swztem Generator elements: Black Baw, and the cine Wiave & ateway In & ateway Olut System
Syztem Generator function. Scope
Reqister Generator
B 11 Guixote_DZ Blocksst S :
[ 1azic Elements
El 11 T% Blockset Bazic Elements
W 1 UWE Blockset o 15¢] Gateway In [Xilinx Gateway In) | "D |&|
+- W Real-Time Workshop " Commurnication == .-
. [+ Gateway in block. Converts inputs of type Simulink, integer, double and
t El Real-Time Workshop Embedds fixed point ta *ilinx fiked point type.
+ E Signal Processing Blockset s' Control Logic Hard e I hord hose blacke b o ol ot
+ El S|m|_||"-|k Extr’as E‘ rF . p;r[tS.L'\'a[E notes [N hardware these DIoCK: Decome iop evel npu
% 5'.'|atE|:|I|:IWks SA Data Types Basic | Implementation
= #ilinx Blockset *
*3| Basic Elements v oop U
y Cammunicakion . - () Boolean  (®) Sigred [2's comp) () Unsigned
3+ Control Logic 3 Number of bits |16 |
y Data Types - - Indes Binary point |14 |
+
E DsP - [uantization:
E Index . }‘ Math {7 Tuncate (%) Found [unbiazed: +/- Inf]
T
y Math — Overflow:
i M:ml:": . ii tdemory ) Wiap (%) Satwrate ) Flag as emor
Shared Memory +
Sampl iod 14700
o }' Shared Memary asmpel - i
b
+- Nl wilinx Reference Blockset o ha 'muamr_] .
+ W wilin: ¥tremeDSP it 3 Hueride with dovbles
st Tools
£ | > + A . )
— - ok | [ Cancel ] [ Help ] [ Apply ] Titne offzet:
Ready




Innovative
Integration

.. real time solutions!

Xilinx System Generator
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File Edit ‘View Simulation Format Tools Help
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« Visualized debugging tools
« Reliable IP cores FIR Compiler
e No multiple clock domain 1ssues
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Cores from Various Sources

Parameterize
IP Blocks

Xilinx Reference
Designs
oo

Embed MATLAB
m-code

::::::

XILINX
SYSTEM
g | GENERATOR"

Integrate VHDL ——
or Verilog code

For DSP

Import AccelDSP designs
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Executable
Models

Model elaboration

Continuous verification

Simulation
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T
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Automatic

Code Generation

Test with Design
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System Engineering

', Specification e System level design, no
(| i st o et e et v e e et .
---------L--_---l f. 1
.4;"‘2 Model =—ll-@j First Design and Debug : hardware englneer Il@GdCd
-7 . I s .
- Yl | | 2 CTTTTEEEEEEEEEEEesSs
'_,f N | H 1 . .
Py ,{ 1 3. Simulate :_ System & Algorithm Design
& i N S S e e 1
.’ H I i : 1. Specification
; h :*--‘- Analyze i
_,'r I e f—— f—— -I * ---------*------| (' ------------------ -i
! I ot Tala sl
i e » Harware Spec ---2  Model H_{"@' Design and Debug :
; ! . . ! * Test Vectors 7T = ] I
i Hardware|Engineering ! . 1 i
1 ! —_ - —_ iy t 13 Simulate I
i I1 = 1 i —— — - -f" 1'; I :
I . ' ] ! % 1
! :Lr“}rﬁ- HDL Coding =—=@ Second Design and Debug !/ 1~4.  Analyze !
I P i B e ] ! T e ]
| I
‘.' L X 16 HOL Simulation | |
i .L{I ‘1 | 1 I
[ (RN | ¥ i i
\ 1 V8. HDL Analysis ,  Physical DESI'Q” I
b= e [y | - \ : 1
"-;IL i ! = \ .-“"-5' Synthesis i
% | '---------------------I \\ r{ =
\ b 8. Synthesis i RN . _--®6  Place and Route i
N | Ay -
N ! v | S e
oo\ % 9. Place and Route - ~L=. Static Timing Analysis
\H“‘:‘Jﬁ \‘ I I
"===p~0. Static Timing Analysis = L System Integration
]
Physical Design - 1 1
I 11.  System Integration : g, System Test
I . 1
12. System Test =

1
1
1
[

Xilinx System Generator

Traditional VHDL Coding
Source: DSP Magazine, May 2006 p.37
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II MATLAB BSP

Advantage
- Save more than 80% time of hand-coding VHDL
System Generator : 45.5 hrs
Traditional VHDL : 782 hrs
Reason: clocking, defect discovery, and component interfaces
- Graphical interfaces for easy project construction
- Visual tools for easy debugging
- Fast sitmulation ability (Support Modelsim and Chipscope)
- Free

Now support: Quadia, Quixote, PMC UWB, TX, DR, P25M, X3
Family

Source: DSP Magazine, May 2006 p.40



MATLAB BSP Reduces Verification Innovatil(e
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Simulation Time (Seconds)

Software HW Co-Sim Increase

Beamformer

OFDM BER Test
DUC CFR

Color Space Converter

Video Scalar




Co-Sim Integrates MATLAB Innovatilce
Design Tools with Hardware 4 Integration
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» Access the hardware DIRECTLY FIR Compiler
from MATLAB
e Use powerful MATLAB tools RN O, —
for DSP design and test g 2
« Xilinx System Generator tools m s [
link Simulink to the hardware v
through the BSP
e Hardware Co-simulation FDA Tool
radically improves system design G 4h R 455 Kphssurausn
and test by reducing design and ||
debug effort I [ e

.....
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Design Flow

—Step 1. Start your design in Simulink
—Step 2. Attach II blocks to the design
—Step 3. Hardware co-simulation
—Step 4. Implementation

Il blocksets

#

Start and Verify Combine the design
the design using - ®» with peripheral =~ ®»Hardware Cosim &
Xilinx Blocksets devices on board

Integrate the
design into Logic
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FPGA
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IT PMC UWB Library

[ simulink Library Browser
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 Bit true, cycle true,
hardware-in-the-loop
simulation

e Fast stmulation with

infrastructures on the
board
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Top-Level
VHDL file

) System Generator: uwb_default_intf E”E'E'

——Xilinx System Generator

Cormpilation :
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Build Your Design
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not
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FPGA
@150MHz Matlab/Simulink
@150MHz >DDR
32in_160ut 16in_320ut INTF
12 .
s e
ADCO e
12 INTF - » J4
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Gain\ 32in_160ut 16in_320u
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N EW Featu re L | =] Function Block Parameters: ”ve

SYSte m Co nfi g u rati 0 n P a n el LIWE Simulink Black [mask]

Thiz block zetz up the command registers in Matlab. ‘when "Enable Configuration' is
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<) System Generator: default_implementation E|§|El
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MATLAB®

i KILINK

AccelDSP”

SYNTHESIS TOOL

S Al G e ey 4
T B ks e
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FrameWork VHDL Logic Design
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« Framework Logic Features

— Comprehensive board support packages in MATLAB and VHDL for FPGA
signal processing development

— Hardware interface layer design structure allows rapid integration of application
specific code

— Designed to support real time signal processing and data acquisition
» Complete end-to-end simulation testbench using ModelSim
« Reference designs illustrating hardware use
— Saves time by providing a simplified access to the hardware and data stream
— Supported by software for control, data logging and signal generation
— Get you off to a quick start

> Reduced design, test and verification time
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Hardware Control Cores | Function

Virtual FIFO Implements a FIFO using DDR DRAM memory buffer

Multi-queue FIFO Implements multiple FIFO queues in DDR DRAM memory buffer

Pattern Generator Implements adynamically loadable pattern generator for DDR DRAM capable of
>500 MB/s sustained operation

SRAM Controller Provides high speed synchronous SRAM interface

Packetizer Packetizes data for system interfaces

Deframer Unpacketizes data from system interface

J4 Link Implements a data link over PMC J4 connection to base cards capable of
>350 MB/s

SFP Data link Provides an SFP data link interface (Quadia)

RIO Data Link Provides a RIO link interface between FPGAs with flow control

DSP interfaces Interface cores for standard Tl D5Ps ('6416,'6713)

DDC Interface Interface to T1 GC5016 quad-channel DDC devices

Quadrature Decoding Interface to industry-standard quadrature encoders

Sigma Delta DAC Sigma Delta modulator and controls implements a DAC function. External
analog filter is required.

Triggering Controls Snapshots, external triggering, decimation

DSP Cores Function

Digital Downconversion 20 channels DDC operating at up to 208 MHz

Spectral Inverter Real-time spectral inversion

FFT Radix-2 FFT, 32 to 8K record lengths

FIR Filters Supportvia Xilinx Corelib and Matlab. The humber of taps that may be
implement for real time operation depends on sample rate, logic utilization and
logic clock rate.

CIC Filters Supportvia Xilinx Corelib and Matlab.




Xilinx IP Cores

Innovative
Integration

real time solutions!

® Xilinx CORE Generator - E:\corgenicoregen\DR\coregenicor... Q@E|

File Project Tools Help

el E E Show | Latest Versions

Function

+- [T Automative & Industrial
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Example: FIR Filter in UWB Integration
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e Two 12-bit 250 MSPS AD converters

* Virtex-1I Pro FPGA, 4 Million gates

* 64MB SDRAM plus 2MB SRAM for FPGA

» Sample clocks: dual external or on-board PLL

ARRRRA

.~...-HIHH

 Software Defined Radio (SDR)
e Electronic Warfare

e Advanced RADAR

» Telecom IP development
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Step 1 : Define system requirements
and architecture

B
* Define DSP, data analysis, triggering v
and system control functions ool ’
. e %’%’1’
e Define accuracy and dynamic range 7

requirements

o Identify real-time constraints such as 7
data rates and processing rates 7
 Identify system data buffering v
requirements 50 i - riz*:ia;;i’;;
 Estimate logic usage

Y

-:.5 -u./...r’;.":”f.a T

-

l Frecuency

(=L
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Step 2 — Create cores and logic

inx - ISE - C:\X3_FrameWorkiX3 SDF! MSFW3_sdfa3_sdf. i [Design Summary]

I Flle Edit “iew Project Source Process Window Help Q@
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(EEE BT OO

. T 3 | s Frca, Desin Surrary A ¥3_5DF Project Status B
[ r l l 1 l l I’ Sources for | ynihesie/mplemertofion ) [| 2 Design Dverview Project File: | #3_sdlise Cunerd State:  Programming Fie
&2 st ~ ummary B Generated
=€ KCBSEDDV”QAEE 0B Froperies Module Name: | #3_sdf * Erors: Mo Enars
. oq o =1 [l 3 s - 23 _sul_arch [C./43_FrameMiork/3, iming Constraints —_— 00 4iad5E LT
uSlng : : 111nX ( Sore Genera tOr ® insl_temp_sensor-ii_temp_sensol-H_lemp_ inout Report D:'vgi[e;e: e < e
t_trig - ii_trigger - i_trigger_arch [C:/<3_Fr: lock Report
Product ISE 3.1.0 « Updated: Mon Jun 25 15:43.04
’ E inst_cmd - i_cmd_reg - BEHAWIORAL [C:/AH2 =I-Errars andWarmings V::sil::l: ! [res 20%”7 un
B |nslisdfiadc -ii_sdf_ade - Behavioral [C:/X3 yrithesis Messages
MAT LB Or HD L l"SLD" ipep- Behaviord 543 Prams) b rensilon Messages X3_SDF Partition Summar,
° ~ P B = L= & ap Messages = v
Jace and Foute Messages Mo partiion information was found
Big Sources | ooy Snapshots | [P Libraries iming Messages
. . ilgen Messages Device Utilization Summary
. 1 I I l l I ate al I s/ erl Core Processes for. 43_sdi - £3_sd_arch V] \l Current Messages v Logic Utilization Used Available | Utilization | Mote(s)
L view Uesign sunimaty =L Detaled Renots Mumber of Slice Fiip Flops 5543 15,360 %
. . -3 Design Uilties FProject Froperties ) Murmber of 4 input LUT s amn 15,360 2%
% User Consiraints Enable Enhanced Design Summary o
I I Cth I I a 1t 03 I\ orthesice -K5T O Enable Message Fitering Lagic Distribution
3 O Display Incremental Messzages Mumber of occupied Slices 4,465 7.5ED 5e%
= B 1\ Implement Design e anced D s c
8.1\ Transate nhanced Design Summary Contents Nurber of Slices cantaiing 435 4465 9%
: Show Partition Data only related logic
! QDOMED L1 Shaw Enors Mumber of Slices containin 70 4,465 1%
#-§ 3\ Place & Route O ShowWamings unrelated logia s g N
[ Shaw Failing Constraints - -
€4 Analyze Deian Lsing Chinocops Sl - O Show Dock Repart ESITa: Number of 4 input 1452 15,360 8%
< ¥
ar MHumber used as logic 3710 L4
facesse £ Design Sunmay | [ Translation Report
pins. B Dstributed Arithmetic FIR Filier X
Process "Generate Prograwming Fi i1 5 5 5
a Parameters
B Shon Lo Vs L] ! { Core Ovenvigw| ] Contact| { Web Links;
Console | @Enors | _§\ Warings | @] [Function Vesn |eexe |8 lggiC'i"‘Rﬁ Distributed Arithmetic FIR Filter
Tregrar g e  }
(7 Buicing Blncks
(] Conelatos
= (1 Fibers
4] Cascated Int.. 30 Cormpanent Narng |
%] Distibuted A 3.0
v .
PRConpler 30 Elee
B .
 MACFIR Filer 51 O gingleRate IR~ () Halfband O Hilbert Transform
% (IModlsion
£ Makip Accuml. O Interpolated O Intemalation () Decimation
& et (O Decimating Hafoand ) Interpolating Halioand
(1 Trig Functions
[ TWavsloam Sunth &

Fitter Options

Number Of Channels |1«
Viewby Function | ViewbyName | Generated IP

Welcome to Klink CORE Generator,

(pened project file E:/corgen/caregen/DR/caregen/caregen. cap.
CustomizingP...

Canceled Customization

CustomizingP...

JM Page 1 of3

Console @Ermls ﬂWammgs

- [oenerte | [ oomis | [ Daasneet. | [ vemnim. |




Step 3 — Add functions to Innovative
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real time solutions!

— Custom

PMC UWB Interface Logi e
pme_ uwib vhd A ||Cat|0
> __AID HW Interface - th ‘:;d[l?rhd
Eigglg[]?gmhd - > Multi-Queue FIFO [ Error Correction | oI At ] &
PSSRt i S i_ddr_fifo_mo.vhd [ affgain.vhd e
ADA
¢ AD HW Interface
: ™ ii_pmc_uwh adc.whd ‘ e e
Packetizer
ii_packetizer vhd
¢ ADC Flow Controller
ToPCl RIO to PCI Controller ad ctlwhd
Controller 4— ™| ii_rocket_in_dual_link_dr.vhd =
Clocks ) Triggering
o sys_clk_dom. xeco ii_trigoer.whd
Testhench
Command Bus PLL Control
pmc_uwh_thvhd |4 Y ichreawe [ < pll_servhd L ToPLL
F Y
Constraints
prc_uwh.ucf SRAM
SRAM Controller
b =ht v hid ‘__b C'_‘,"?C13?2".l'hd
VHDL Packages
ii_ddr_fifo_mg_pkg.vhd
pmc_uwh_ pkgvhd
PMC J4
> fi_link.whd




Step 4 - Simulation
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ModelSim PE VHDL 6.2c
File Edit Wiew Compile Simulate Add  ‘Wave Tools Layouk  Window  Help

HeEE B

EETEIEELEY

&1 m

t e (B e EDE DT R o

J Layout |Simulate e H \‘?p

A A

&

+f [l mo_buffer_sram oyl 383d_model[cy7cl.. Architecture
& lins_E54 w3_sdf_th{behavior] Process
& line_E53 #3 sdf_th(behavior] Process
& line_E50 #3_adf th{behaviar] Process
& line_B43 #3_sdf_th{behaviar] Process
@ line_B47 w3_sdf_th{behaviar] Process
& line__B44 w3_sdl_th{behavior] Process
@ line_ 543 w3_sdl_th{behavior] Process j

JC [ol
\ Project l JIL Library I @ im ‘ ilex I B Memories

Workspace ——————————————— s Hd X | Objects
7'1 Instance "lDesign unit |Design unit _*
_thib ]
-l uut w3_sdi(«3_sdi_arch] Architecture
@ testbench #3_sdf_th{behavior] Process
+- [l b trpl 75 tpl 75 _modeltmpl75_m... Architecture
_T_,.. th_link_mazter ii_link_master(ii_link_mast... Architecture
_T_,.. th_deframer ii_deframer|behavioral] Architecture
+- [l t_cmd_channel command_channellbehav... Architecture
W sram cyiic] 383d_model[cy?ol.. Architecture

4
4
4
4
4
4
4
4
4

[+ 3

[ N

Transcript

H# = Waming: [vaim-3473] Component instance "inst_ilal : 12" is not bound.

# Time: 0 pe Iteration: O Region: A3_sdf_th/uut File: | frource/s3 sdf vhd
# = Warning: [vsim-3473] Component instance "inst_vio : vio'" is not bound

#  Time: 0 ps Iteration: 0 Region: Ax3_sdf_tb/uat File: . /zource/s3_sdf vhd
1 Loading work.ii_link_master(i_link_master_arch)

# Loading work.cydc1 283d_modelcy?c1393d_model_arch)

# Loading work.command_channel(behavioral]

1 Loading work.pll_zpi_madelpll_spi_madel_arch)

# Loading waork.ad?7E0[ad77EQ_arch]

# Loading work.tmp175_model(tmp175_model_arch]

1 Loading work.i2c_slave(r]

WS 2

wave - default

e Simulate the logic using

testbench

FrameWork Logic provides
complete testbench with
models for A/D, memories,
etc

e Saves time before debug!

5

File Edit Wiew Add Format Tools Window

eds

IEELEEL YT

Fl Transcript

‘F'rmecl D w3 _sdf ‘Now: Ops Delta: 0

sirn:/x3_sdf th - Limited Visibility Region [280328285 ps to 383245087 ps

[ 187826093 ps to IBE44107 ps

[Mow: 500 us Delta: 5




Xilinx ISE Environment
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= Xilinx - ISE - C:\X3, FrameWork\X3_SDFRTLVISEx3_sdflad, sdf.ise - [Design Summary]

L File Edt Wiew Project Source Process ‘Window Help
PARNP BN BE DTSN M Rmdad
FEE MULLL:O0

Saurces for: | Syrthesis/mplementation

<

DA Ea

LidBREX B Qi

9]
L]

Sources

&) %3 _sel

(=) £ #c3s1000-4fg456

inst_sdf_ade - i_sdf_adc - B

el . T -

<

= ﬁ’:ﬁ wa_gdf - w3 sdf_arch [C:/=3_FrameWork <3
inst_temp_sensar - ii_temp_sensar - i_temp_:
inst_triq - ii_trigger - ii_trigger_arch [C:A3_Fr:
inst_cmd - i_cmd_req - BEHAVIORAL [T/

ehaviaral [C:/3

ingt_pll - ii_pll_spi - Behavioral [C:4<3_Framet 2

A e e

>

Processes

B Sources {51 Snapshiots

Processzes for, #3_sdf - #3_sdf_arch
1 Wiew Uesign summary

W Design Utilties
‘ﬁ‘ User Congtraints
£2.1\ Synthesize - ¥5T
w_ﬂlmplement Design

£2.1\ Translate

L@ ES

€21\ Place & Raute

; rate Pragramming File
€= Anpalyze Design Using Chipscope
<

E Libraries

I FPGA Design Summary *
(= Design Qverview
Summary
|08 Properties
Timing Constraints
Pinout Feport
Clock Report
(= Errars and W arnings
Synthesiz Messages
Tranglation Meszages
Map Meszages
Place and Route Messages
Timing Messages
Bitgen Messages
All Current Messages
[=I- Detailed Report: L/

Console

@I: Processes

Project Properties

Enable Enhanced Design Surmmary

O Enable Message Filtering

O Display Incremental Messsages
Enhanced Design Summary Cantents

Show Partition Data

[ Show Errors

O Show Warnings

[ Shaw Failing Constraints

O Show Clock Report

% Design Summary

%3 _SDF Project Status

Project File: w3_sdfize Current State:
Module Hame: | =3 sdf + Errors:
Target wo3g1000-4fgdhe * Warnings:
Device:

Product ISE 9.1.02i + Updated:
Version:

X3 _SDF Partition Summary

Mo partition information was found,

Device Utilization Summary

Logic Utilization Used Available
Nuriber of Slice Flip Flops 5,549 15,360
Nuraber of 4 input LT 5 Kiralil 15,360
Logic Distribution
Number of occupied Slices 4,465 7580
Mumber of Slices containing 4,395 4,485
only related logic
Murber of Slices containing 70 4 465
urrelated logic
Total Humber of 4 input 4,452 15,360
LUTs
Numnber uzed as logic kKialil

[ Tranzlation Repart

Pragramming File

Generated

No Emorg

7316 Wamings

Man Jun 25 15:43:04

2007

Utilization

Project
Summary

Note(s)

pins.

Process "Generate Prograwming File®™ completed successfully

<

Conscle oEnors

1 Warnings
2

@ 7ol shel

|pg Find in Files

Ln1Call




Step 5: Compile and Download é Innovative
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Processes:

- 02 1\ Synthesize - XST
- €2 2\ Implement Design
: @--C)_ﬁTransiate

Parallel Cable IV

=-0E
[£)@) Place & Route Report
@ Clock Region Report
- @ Asynchronous Delay Report
- [£]@ Pad Report
% @ Guide Results Report
Fﬁ MPPR Resuits Uilties
= Q} Generate Post-Place & Route Static Timing
Poe[d Post-Place & Route Static Timing Report
@@ Text-based Post-Place & Route Static Timing Report
f f) Generate Primetime Netlist
‘M8l  Analyze Post-Place & Route Static Timing (Timing Analyzer)

T = Bz - o
rrrr regr 18] ol & - e - T v

| Al
II|JIrI_J_._.F=J‘_."




Innovative

Step 6 - Debug Integration

. real time solutions!

TN o g

§ Fl M S

HHEH ‘ - ChipScope Pro Analyzer functions as a logic

analyzer, bus analyzer, and control console
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Software Defined Radio



Software Defined Radio

Innovative

. real

Integration

time solutions!

e Wireless communication 1ssue today
— Compatibility & Spectrum usage

* Purpose

— Produce a radio that can receive and transmit a new form of radio protocol by
running new software

« Key

— Software- programmable hardware

Antenna

W%

Reconfigurakle Hardware Platform

 Data

Lz ane
: L% anc

synthesizer

Local oscillator

90"

nj
=
{ e

Baseband
processor
(DSP, FPGA, efc.)

out

Dala

iy fths

(5




Digital Down Converter (DDC) IZ%;‘:%:,

real time solutions!

Coarse Gain c %HR t c F’ﬁH_R t
oefficients oefficients
Input Sample N=3, R=64 x{1.2.4,...,128}
Rate f; M1
J - B3 B4 B5 B6 B7 B8
—'{2’% # P-Stage CIC r # Polyphase + Polyphase ra A |
() B M2 downsample CIC Coarse Decimator Decimator ﬁ
I B3 || e sV ass || B4 Gain B5| | Decimate by| | BE %ezcir?zate ga}g B7|p| B8
o y e I R A3 D1=1{2,...8}H—= i # -0
182 +B2 C(z) CFIR G(2) PFIR H(z)
P=2_.8
Tuning Frequency —
g Freq Y 0DS
Phase Offset —
T T
— | |
Ce)
- AN
— | |
(2) o
_ l_ _ _ _ _ l__ _ _ 1_ ]
| | |
B6 g CIG |L|:- I J : : : :
B i A T Ve S e iy
T L jll__l _____ L ]
AN AN
L B A R Wl S
HNIRA TN
0% 0.01 002 0032 004 005 0.06
Frequency

Normalized freq
0.5/64 =



Our DDC Solution
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« MATLAB Simulink design for FPGA
e Supports up to 208 MSPS with >90 dB dynamic range

e 10 kHz tuning resolution

Counber

Cloch ‘
o fer %
hela
Up Crt

Sin=gen.

s

v

EYHLT
Genzrotor

—p-db| fpt—e 2
G bavday In 3 1.5'”':'_"
tadiztar
zln l |
VG
005

o m f rcd —3 e | 1
J-Stane CIC o . f ~ p
30 badmatal | Aeintopret  Corwat e — (0 Pin—e - [achl— boice—e &
" L Slise2  Rainterprat:
Delay Dl
CFIR
cic
majgniblds
To Lo kspace
ol TR [abl ] foe—e 2! i dbI—e ‘ ol
Slicel  Rantwrpratt 3 abavaay Ol P
balay2 FFT Subaystem

FFIA



MATLAB Simulation (Bit True, Cycle True) Innovati ve
Integration

1.5 !
It
Elosk fen dbl  fpt a
|'>““EtEI & atemay In Lab)|—ln wnl— el forcel el cast| el
Up Crt _ bz 5-Stage CIC 1 15 ta : -1
Sine gen — <0 Purm —ie [a:b] — force—ps =
g&n. - 20:1 Decimatar Reintarpret Canvert rpen
hiser win wout Sice? )
Counter e Reinterpret?
Delay CFIR Delayd
2N cic
WG
Lhs
magnitude
¥ To MWatkspace
& L {51 taPyr [a:b] ] forcel ] =7 fpt dhbl ]
System Slice1 Reinterpretl Gatemay Dut Soope
Genergtor EFIR Delayz FFT Subsystem
C5 DRE System Response C5 DRR System Response
0 . . . . . . . o T T T T T T
e T Ll | E [ [ [ [ [ T
20 - | REREEE - o bo-ee- FRRREEES RREEED TRRREES TREEERED bo-eee S et S S S S S
= L e s WEEEEE PRI SERRRRE SEEPRRE FEPRISFARERE |2 | [ [ [ [ [ T
: : : : : : : : : m ' ' ' ' ! '
um| . . . . . . . . . AN He oo oo L . _
= Al L Rk o po-see- A oo 1o FRRRhh b boomoqim Al ! ! ! ! - !
@ ' ' ' ' ' ' ' ' ' R ' ' ' ' ' '
= : : : ' : ' : ' : = _5|:|_l ......... L b e L Ao de ]
E A0p------1-0 et e el e = ' ' ' ' ' '
2r : : : : : : : : = '
= : : : : : : : : : b ) S S O S
Bl - rRRRhh A7 po-see- A oo 1o FRRRhh b - ! ! ! ! , !
A0 p-mmmeeeeee e S i Rl bbb bbb R
a0 - rRRRhh e po-see- A oo 1o FRRRhh b -
S STV T P ik
| | [inn O,
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20 channels of /1Q @ DDR RAM 10 channels of
4.33 MSPS 16Mx16 Q@
32--bit 1.0833MSPS

16-bit
AD uwB o

> 12-bit | |
A 130/208 1of2
MSPS

A

1 of 20 channels

FIFO
FIFO

Clock
Clk P circuitry

Y

A/D

B 12-bit

130/208
MSPS

errupts

10 channels of

@
1.0833MSPS
" 16-bit

PCI FPGA




Software Defined Radio Results ’7,:}‘;;1,’,’,'}2,
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 SDR implemented Quadia: 4x T1'6416 DSP + 2x b
. B /P40 FPGA + 2x PMC sites
on Quadia and UWB M e =, PMC UWB:
o ! TS Tl LT 2x 250 MSPS A/D
« Example results + VP40 FPGA

shown for 97.5MHz
input, 130 MSPS
sampling, channels

tuned to
97.5+n*10KHz

0

-20
40
-60

o -80
=100
-120
-140
-160

-180
0 50 100 150 200 250 300 350 400 450 500 550
KHz

|

AE O i i
i 1 . I =E S
L
iy 20t B
x
A
i it
b}
By F
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II SDR Support

» Logic designs and supporting software are available for
application development

 Full application note available

Innovative Innovative
Integration £22 Integration

... real time solutions

ive Integration on March 2, 2007,

Innovative Integration
Digital Radio Receiver System

Application Note - March 31,2006 MA TLAB BSP Manual






