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- DSP Design Flow in FPGA
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Altera System-Level Design Tools
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What i1s DSP Builder? B DsP Buider

B Interface between Quartus Il and
MATLAB/Simulink
e matic Floating Point

~ ® Library add-on to Simulink : Rl imuink Simulation
B Altera blockset

— Library of fixed-point corixed Point Fixed Point
Simulink functions Altera BlockSet "
— Uses double precision 1
® Altera DSP IP Signal Compiler
— OpenCore Plus

| SignalCompiIer Utlllty Synplify Pro ModelSim
— Converts between Simulink LeonardoSpecturm RTL Simulation
and Altera domain Quartus Il

RTL Synthesis
B Hardware debug

- H_ardware In the |00p (H”—)/ Quartus Il Quartus Il
SignalTap® logic analyzer I ritting Wave Simulation

O

« Simulink Design Entry




Traditional System Design Tool Flow
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DSP Builder - Simulink Design Flow
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DSP Bulilder Features

B Automatic generation of VHDL design from a
MATLAB/Simulink representation

B Automatic generation of VHDL testbench
— Captures stimulus from Simulink, writes testbench

B HDL import
— Reads in design: Verilog or VHDL, or Quartus Il project
— Creates Simulink simulation model

B SignalTap embedded logic analyzer
— Captures internal data and it into MATLAB

W HIL testing

— Pass vectors to/from board
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DSP Builder Benefits

B For hardware engineer

— Extends RTL analysis and debug capabillities to system-
level tool

®Access to MATLAB data formatting
®Access to a large library of Simulink models
— Speeds up simulation run time
— Enables IP evaluation at system level

B For system-level engineer
— Allows rapid prototyping with minimal PLD expertise_
— Provides easy access to hardware evaluation |

— Extends floating-point to fixed- pomt
system analysis
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DSP Builder Design Flow
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Design Flow Overview

1) Create design in Simulink using Altera libraries
2) Simulate in Simulink

3) Add SignhalCompiler to model

4) Create HDL code and generate testbench
5) Perform RTL simulation

6) Synthesize HDL code and place and route

/) Program device

8) Verify hardware: SignalTap
logic analyzer/HIL
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Altera DSP Builder Libraries

Library Browser

AltLab

Arithmetic

Boards

Complex type

Gate and control

I/O and bus

Rate change

SOPC Builder links
State machine functions
Storage
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D= = e

" Barrel Shifter: Shifts the input data by the amount set by the distance bus. The Barrel Shifter can shift
data to the left [toward the MSEB) or to the right [toward the LSB).

Inputs:

d : Data input to the barrel shifter

Aictomma - Aickzmea bo ohift

¢

=
=

-

B simulink
| Altera DSP Builder
[+ 2 alkLab
23] Arithmetic
= 22| Boards
2| Complex Type
2| Gate & Control
2] 10 & Bus
2| Rate Change
[+ 2| SOPC Builder Links
2] State Machine Functions
22| Storage
2| MegaCore Functions
B Communications Blockset
B Real-Time Workshop
B signal Processing Blockset
B simulink Extras
B Stateflow

]
F— ]
L]

B

=]

Barrel Shifter

Bit Level Sum of Product
Comparator

Counter

Differentiator

Divider

Gain

Increment Decrement
Integrator

M agnitude

Multiplier

Multiply Accumulate

Fultiply &dd '

Parallel Adder Subtractor

Pipelined Adder

Product

SOP TAP

Square Root

Sum of Products




Step 1: Create Design in Simulink Using
Altera Libraries

B Drag and drop library blocks into Simulink
design and parameterize each block
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Parameterization of IP MegaCore Functions

{1 Simulink Library Browser
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Step 2: Simulate in Simulink

AltrFir32 *
Fle Edt Yow Smulation Fomat Tools Help
DEHS » & = ®
-
Fixed-Coefficient 32 TAP Low Pass Filter Example % Wodel pre-load function
Useage of mixed 4-8 LUT table for partial product pre-computation % Coeficient Generation

FilterOrder = 32
InputBitiiih = 3
LowPassFregBand=[00.1021];
LowFassiagnBand = [1 0.8 0.0001 0.0001];

FICoef= firls (FilterOrder LowP as sFreqBand, LowPasshagnBand);

C + ceilfog, 0enil
Fandom Paralal o Seral ScalingFactor= (24Coemitidth-1-1;
Humber

FpCoef= fixSealingFactor * FIGoed;

StepT Param

plot(FpCoer,a);

e Coeflivient Value);

i impuiseData = zeros(1,1000);
T el ImpulseDatal) = 100,

o | Sm of Froductd h = convlimpulseData, FCoe;

|fplotch);
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Step 3: Add SignalCompiler to

Generate HDL Code

Fle Edt View Simuation Fomet Tools Hep
DIGEE +BR2 ()= =@k Wbl SignalCompiler

Fixed-Cosfficient 32 TAP Low Pass Filier Example . . .
Useage of mixed 4-8 LUT table for partial productpre- |~ Project Setting Dptians

]

FilteringlLab. mdl

Model to

A 4

Stratix and Stratix Il

Stratix GX

Cyclone & Cyclone lI
ACEX® 1K

Mercury™

FLEX® 10K and FLEX 6000
Development Boards
APEX™ 20K/E/C

APEX I

» Re-Run Step 1 : Corvvert MDL toYHDL

Project Infa |

Fepaort File
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Step 4: Create HDL Code and
Generate Testbench

FilteringLab.mdl

Enable “Generate

Stimuli for VHDL
Testbench” Button

FilteringLab.vhd

— —
—_— —
L =

25
] | Froject Info | FReport File |

| >
Cancel |

= SignalCompiler
— Praoject Setting Options —Hardware Compilation—————————
— Single step compilahin—— —
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bl e L1~ DL VDL~ | L
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HDL Code Generation

library ieee; -- SubSystem Hierarchy - Similink Block "LowPass_Serial Filter"

‘ use deee.std:logic 11649.all; component LowPass_Serial Filter
| use ieee.std logic_signed.all; porc(
| clock : in std logic ;
library dspbuilder; sclr : in std_logic B
use dspbuilder.dspbuilderblock.all: iInputDatas 0 in std:.logic_vectortu downto )
. iStarts 0 in std_logic ;
Lihrary” lpm: oFirResults 5 out sta_logic_vector(ﬂ downto )
use lpm.lpm components.all; Vi
- . - . end component
Entity FilteringLab is
Port (
clock : in std_logic: 3 . 3 e o
Gy ; i st.d_logic:='0‘: - SubSvscer.n Hierarchy - Simulink Block "SineWave Generator
N 7 = 5 = i component SineWave Generator
i3W3s in std_logic_wvector (7 downto 0} pgrc(
clk outl out std_logic: lodk ; 9% 564 domas 1
oLED1s out std logic: & = X
ofir datains 3 out sr.d_logic wvector (11 downto 0); S,Clr & :!.n std_log:!.c 4
ofir results : out std logic vector (17 downto 0} igtacts : 1u 5t logic : i )

i o = 7 osin 833_33kHzs : out std_logic_vector (.. downto ) :

S%A, Filteringl',ab; osin 83_33kHzs out std_logic_vector (.2 downto [)
1:

architecture aDspBuilder of Filteringlab is end component :
signal SAfir datain0 3 std_logie_vector {11 downto 0): .
signal sclr 3 std_logic:='0'; Begin
—-Using PLL to drive pin Y3 (DAC clock source) assert (1<0) report altversion severity Note;
component dspboard1$25_pll PORT(

inclkO 3 IN STD LOGIC :

<0 2 OUT STD LOGIC): -- Output - I/0 assignment from Simulink Block "LED1"
end component ; = oLED1s Q= A14W;

ofir_datains = SAfir_ datainO;

signal board clk out int : std logic:

T = -- Output - I/0 assignwent from Simulink Block "fir result” :|‘
signal A0W : std_logic_vector {7 downto 0); ofir_results <= A10u; |
signal A1W 3 std_logic; sclr == sclrp;
signal A2W std_logic;
signal A3W std_logic_vector {12 downto 0); -- Input - I/0 assignment from Simulink Block "iSW3s"
signal A4 std_logic; AowW o= i8W3s;
signal ASW : std_logic_vector (15 downto 0):
signal A6W : std:logic:vecr,or( 7 downto 0); -- Bit Extraction - Simulink Block "ExtractBit"
signal A7W 3 std_logic_vector( downto 0); ExtExtract4d <= A0W;
signal A8W q std_logic_wvector( downto 0); a1y o= ExtExtract4 ()
signal A9W 3 std_logic_wector (13 downto 0):; sclr_us <= A16W or sclr:
signal A10W 3 std_logic_wvector (17 downto 0): sclr_u6 <= Al17W or sclr;
signal A11W 9 std_logiec_vector {12 downto 0):
signal A12W 3 std_logic_wector (12 downto 0): —-- Simulink Block "VCC"
signal A13W 3 std_logic; A15W <= b B
signal A14W : std_logic:
signal A15W std_logiec; -- Simulink Block "GND"
signal A16W std_logic; A16W o= B G
signal A17W A std_logic;
signal ExtExtractd std logic vector (7 downto 0); - Simulink Block "GND1"




DSP Builder Report

B Lists all converted blocks
— Port widths
— Sampling frequencies
— Warnings and messages

Signal Compiler Report File

Analysis & Synthesis report for filter ex 1 5
Tue Dec 14 16:55:07 2004
Version 4.2 Build 156 11/29/2004 3J Full Version

ignal Compiler Report File

File

Signal Compiler Report File

DSP Builder Report File for filter ex 1 S.andl

Project Setting

Device Family Stratiz IT

Synthesis Tool Quartus IT

Optimization  Speed

Date Tuesday, December 14, 2004
Time 16:54:55

Version 3.0.0b23

Compilatx

Convert Mdl to VHDL :

Synthesis : PASSED Tlter ex 1 5.map.rpt
ot i Dvipi— filter ez 1 5 fit.rpt

Ft

Fitter report for filter ex 1 5
Tue Dec 14 16:55:36 2004

Version 4.2 Build 156 11/29/2004 3J Full Version

Timing Analyzer report for filter ex 1 5

Timing Analyzer report - /E]ter ex 1 5fittan

‘Wy

Resource Usage
Total combinational functions 105
ALUT usage by number of inputs

-- 7 input functions 0

P P 3 an

i\ e ALY

Tue Dec 14 16:55:41 2004

Version 4.2 Build 156 11/29/2004 3J Full Version

> [x‘




Step 5: Perform RTL Simulation (ModelSim)

ﬁ Model5im ALTERA 5.6a - Custom Altera Yersion

File Edit “iew Comple Simulate BEGER Window  Help

Sz BRI G ¢ .

M avetorm Cormpare ¥

EIRY

ke

Breakpoints. ..

I ame

t Execute Macra...

Il 220model [ur...

Ill 220model_wver ...
[Il acexsk [unav...

alt_wer [unava...

Optiong »
Edit Preferences. ..
Save Preferences...

=

alt_wtl [unavail...

il

Ill altera_mf [una...
Ill altera_mf_wer ...
il

altgsb [unavail...
[Ilaltg;-:l:l_ver [un...
MEpEHEDk [Una...

Illape:-czﬂk_ver [...
I aoex20ke fun.. d

| Library |

|=:N|:| Design Loaded:= |

1) Setworking directory (File => [ =
Change Directory)

Loak ik | I altidemos j EF E-
E. [)alkera_mf
: Idb
My Recent Iy dsphuilder
Documents o eppyider_alkrFirsz
?L' IClpmm
[iwork,
Dezkiop @ altrFir32_quartus, bl
hy Documents
by Computer
My Metwork — File pame: Ith_AINFira2. tcl | Open |
Flaces
Files of type: |Macra Files [* do, " tel] | Cancel




Perform Verification

=+t wave - default

File Edit Wew Insert Format Tools  indow - -
ModelSim

EEHES R LN e v &S @R EF ELEIE R 3

VS

/ Simulink

ftbaltrfird2 fofiresults | -9

Cursor 1

920 nz
ll | L3 I 3 h| |_____.-|.
| 0 ps to 63010500 ps
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Step 6: Synthesize HDL and
Place and Route

- Leonardo
Spectrum

- Synplify
- Quartus Il

N

= signalCompiler

— Project Setting Optiohs

FilteringLab. mdl

| Stratix I

W hoal I CQuartus 1l

O ptimization eed

SignalTap Il Testbench | SEIF'EInfu:uI W

Generate Stimuli for WHOL T estbench

A

lZI<_I*_I*_

2

— Hardware Caompilation
— Single step compilation

éa| 1 - Canvert MDL ta WHDL

% 2 - Synthesiz
e = /= o= e

_— —
o T T

7
SBeaute gtens 1. 2and3 —t’\

@l 4 - Program Device
]

Mezzages

» Total fan-out : 2491

» Average fan-out: 1.88

» Qluartug || Fitter waz succezful

» Generated CQuartuz 1| SOF file 'FilkeringLab.

zof'

» Check the Report File for additional information

< Il |

Ok |

Project Info |

[

<

Repaort File Cancel

@. 3 - Quartus [l Fitter :, \
—

*Synthesis

*Quartus Il Fitter




Step 7: Program Device

[ simulink Library Browser
File Edit View Help

‘ D= 4 dh |
Stratix Il DSP Board 2560 Configuration: Stratix DSP Board 2560 Configuration

Make configurgation settings for the following signals:

o Input Clock [Crystal Oscillator) : Pin_aM17. Pin_aL17. Pin_A16, Pin_t
A Evtarmal Clonl: Din 111 Pin 221

@ ﬂ Simulink
= W Altera DSP Builder
[+ 2] AltLab
23| Arithmetic
(=1 2 Boards
2| Stratix DSP Board EP1525
3| Stratix DSP Board EP1580
Q—_J Stratix II DSP Board EP2560
2| Complex Type
2| Gate & Control
2 10 &Bus
3| Rate Change
[+ 2| SOPC Builder Links
23| State Machine Functions

— Project Setting Options

FilteringLab. mdl

Device IStratiM Il ;I
Synthesiz tool IQuarlus 1l LI

420_1

A2D_2

D251

D262 L
= (0 ptimization ISpeed &

9-%€ " SignalTap | Testbench | SOPC Info | w4 | » ]
LEDO

Generate Stimul for YHDL Testbench I~

— Hardware Compilation
Single ztep compilation

ésl 1 - Convert MDL ta WHDL

Execute stepz 1, 2 and 3 |

@l 4 - Program Device

» Check the Report File far additional information

[ Lepes |4 il |

[ Lep? (] 4 | Project |nfo |

PROTO

FIN_R30

PROTO1

FIN_F=

o PROTOD2

PR PROTO3

i I;! Seven Segment Display 0
=

R

[Ready

| Storage 1 LED1
23| MegaCore Functions
-l Commurications Blocksek E==1 ieo2 ]
B Real-Time Workshop
" = ngnél Processing Blockset =1 LeD3 MESSEIQES
e Bl Simulink Extras > Total fan-out ; 2491
B steteflow = ieps |» Average fan-out: 1.88
= Quartuz [ Fitter was successful
= s |’ Generated Quartuz [I SOF file Filteringlab. zof

Report File Cancel

Download Design
to DSP
Development Kits




Stratix || DSP Development Board

VGA <« »90-Pin RS232
Connector Connector
12-Bit,
125-MHz A/D
16-Mbyte SDR
SDRAM
14-Bit, Texas
165-MHz D/A Instruments

i DSP Connector

16-Bit <— on Underside
Audio Codec R LTS of Board
10/100 G ’ i \; S IE2 h ; * l, " - I - .‘: 5‘:
Ethernet - ==
e

——

Available with EP2560 or EP2S5180 Device
b4 '3{SOPC

N
WORLD
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Cyclone Il DSP Development Board

256-Mbyte
DDR2 DIMM

Power
Supply i S Wy By
Connector i —T e R e TI EMIF
(o _ Connector
on Underside
of Board

Stereo
Codec

nnnnnnnnnnnnnnnnnnnnnnnn

T < ExpanS|On
: ¢ O 7 Prototype
VGA N FECTTEL i Connector
Connector ;A ™M 12-Bit. 125-
14-Bit MHz ADC
165‘ Bt :I‘:“f.m
MHz FEaaLiicl o) mmm: © Nk
DAC @0 Clverrrery B Il 0TS

Now Available with EP2C
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Step 8: SignalTap Il Logic Analyzer

B Embedded logic nstlap
analyzer (ELA)

— Downloads into device
with design

— Captures state of
Internal nodes

— Uses JTAG for
communication

./

&

QUARTUSII



SignalTap |l Logic Analyzer
=10 x|

File Edit Wiew ‘web Window Help 2 Figure No. 5 _|EI|1||

File Edit Yiew Insert Tools Window Help

O = | + B w2 o | ﬁ | 7 |Current Direc:tory:IC:Ialtera1d3p_builder_trainingiref_designstmultirate
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@sine_table_l 256x1 20438 | double 100 ‘ ! w5 ‘. ’ |
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Ready I ! ]
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Hardware in Loop (HIL)

HIL Edge Detection Design %

Device programmer

£ 70 > iin1=7:0)

datavalid > i =
| From i1 o P bit é
Workspace1 datavalid
> i7:0 P ithresholds7:0) 150
threshold
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Design Flow Review

1) Create design in Simulink using Altera libraries
2) Simulate in Simulink

3) Add SignalCompiler to model

4) Create HDL code and generate testbench
5) Perform RTL simulation

6) Synthesize HDL code and place and route

/) Program device

8) Verify hardware: SignalTap Ioglc
analyzer HIL _,
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WIMAX DUC and DDC Design
Case Study
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Base Station Architecture Overview

Digital I/F : Multiplexer/
D/A DUC/DDC Baseband Processing De-

(W-CDMA/ multiplexer
CFR CDMA2000/WIMAX) Host [P

uP Proc.

Glue Logic Glue Logic
RF Card Channel Card

Switch IP/ATM
Generator Interface Interface p

Timing : BSC/RNC
Card Switch Card Interface

O

Host Control
CPU Logic

Glue Logic
Control Card

B PLD Applications



Reference Design Overview

m DUC/DDC

— Provides the link between digital baseband and analog RF front
end of generic transceiver

— High throughput signal processing required makes FPGA
ideal platform

4---- RF -=-==--- Pt -------- IF --=-==-----4 P« --- Baseband ---»

Front-end

Processing

VI H=H=H
-]




u DSP Builder Ready
WIMAX DUC and DDC Designs

B Compliant to the draft WIMAX standard (IEEE 802.16)
B Multi-channel filter design for low cost

B Support for multiple transmit and receive antenna
configurations

B Easily modifiable to support scalable channel
bandwidths

B Uses DSP Builder methodology

B Backed up by DSP Builder-ready, highly
parameterizable IP MegaCore functions

NA N


http://www.altera.com/products/software/products/dsp/dsp-builder.html

DUC and DDC High-Level Block Diagrams

From Baseband NCO
Modem

<RI o3
K KT

To
Baseband

—

Resampler

[] DUC and DDC:
Wireless, Military, Medical, Broadcast

i Crest-Factor Reduction (CFR) and g
Digital Predistortion (DPD): Wireless =

NA N | ~



Dlz--wﬁll

fir_compiler: MegaCoresltr/fir_compiler

= W Simulink

- ﬂ Altera DSP Builder

[+ 2_9-1 AltLab
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Boards
Complex Type
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Reed_Solomon
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E] Simulink Extras
ﬂ Stateflow

EEE
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Ready A

IP Can Be Added to the
Library Separately

- DSP Builder Implementation: IP MegaCore Library

=TS
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DSP Builder Implementation: Digital

[ Simulink Library Browser
Fil= Edit Wiew Help

O 5 4 @4 |

FFC: Frame Format Converter

Exarmple: 'Fed. Green. Blue'

lze a quoted string or a Matlab variable for each format field.

..... % Lookup Tables

..... 2] Math Operations

----- 23] Model Yerification

..... #| Model-wide Utiities

----- 2 Ports & Subsystems

..... # sigrial Attributes

----- 24 Signal Routing

..... # Sirks

..... ] Sources

----- 2 User-Defined Functions
- B Additional Math & Discrete

Altera IF Modern
----- 2 Adapters

----- L8R Multichannel
- % Rounding

[+ §_| Communications Blockset
----- W Contraol System Tookbox

----- B Image acquisition Toolbox

..... B 1inl: Frw MAdelSio
4 |

Ready

(53

o
et | FrameF ormatD ecimation

vl
i
i Pt Fiirua

vl

ta FrameF ormatinterpolation

i

TwoChannelDemus
TwoChannelbus

Intermediate Frequency (IF) Library

B Adapters

— Provide input/output
interface to finite impulse
response (FIR) filter

B Multichannel

— Frame format converter

— Decimation

— Interpolation

— Multiplexer

— Demultiplexer

B Rounding




DUC With 2 Antennas Design Architecture

11.424 MHz  45.696 MHz 91.392MHz 45.696 MHz 182.784 MHz 91.392 MHz
Il

Ql —EI
I2 - w
Q.

Timeshare DUC Hardware Between Antennas

)4{SOPC

WORLD

© 2006 Altera Corporation 39



1
4
|
:

DSP Builder Implementation: DUC Example Design With
2 Antennas

Multiplexer
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IZ] fixedduc_IQTimeMux/Oscillator
File Edit View Simulstion Format Tools Help File Edt View Simulation Format Tooks Help
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i «
Channel Filter Numerically Controlled Oscillator |

This filter shapes the baseband IO data in erderte attenuate any spectral energy that is outside of the transmit spectral mask, ince we require a sharp rell off and high This Altera Megacore generates 3 carrierwave with | (cosine) and @ (sine) components. This reference

stopband attenuation, this filter has 111 taps. The Input delay register is raquired to delay the input samples until the filter is r2ady to load data (and to sync with design demonstrates 2 carrier of 22.848 MHZ. Since we require the sample rate of the camier to be equalto

ohannel input) . 1392 MHZ and our clock ks nice this 1ate, e oan specity that each sample is valid for o yeles. This

allows the megasare o intemally exploit this flexbility in the form of resource sharing.

Required to delay the data until the filter
is ready to load data (and to synewiith channel
inputy -

This particular configuration of the NCO has 22 bits of internal precision which lsads to 2 SFDR of -1004B.
Thisis a key paramste in the specification of 3 DDC/DUC baeauss the SFDR characterizes the spectral purity
ofthe output tone.

done
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Simulation

Flle Edit WYiew Insett Tools Desktop ‘window Help ~
DeEEE x| Ra0s @ 08O

ALUTs: 2113 )
egacore simulation files type Fixed Point Frequency Response of Cascaded Filter Stages
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Convert to VHDL: SignalCompiller

=21 SignalCompiler EI
: / — Project Setting Options — Hardware Compilation
{ / — Single step compilation
/ [ example_design_data_path.mdl
// ﬁ| 1 - Conwert MOL to WVHDL
— Device -
=S Cyclane | J @ 2 - Spnthesis
/ \ - 1 -
- 7 y | Synthesiz tool | Quartus || | _
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h_megacore %ﬂg I' | wer | Optimization | Speed -
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I\ Generate SOPC Builder PTF File v ﬁ 4 - Program Device
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DDC With 4 Antennas Design Architecture

91.392 MHz 5.696 MHz Hz 91.392 MHz 11.424 MHz
Y oversample FIR I,
\Z!
Q.
I
Y oversample FIR 2

\Z.

H Q.
\1/2 |3

Yoversample

oversample

NCO



f SP Builder Implementation: DDC Example
r esign With 4 Antennas
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2XRx DDC Architecture

Remove Redundant Filter Chains Change Input/Output Frame Formats

Y oversample FIR
> —
&
Yoversample

Yoversample
->

Yoversample &_’
nco M _g raml

—

30 minutes!
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DUC and DDC Synthesis Results

Multipliers fax
18x18 MHz

ALUTs M512 M4K MRAM

;3 | 2 o2 o | 3 | o1

“a20 | 2| s | 0 | 55 | 193

2,488 19 22 0 25 293

10,753 67 69 0 74

More Informatlon at y

\i5i. <ZEIog ,E\&a Gt o
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Summary

B DSP Builder tool improves productivity

— System-level DSP design and FPGA design integrated
Into one platform: Simulink

B \WIMAX DUC and DDC application example

— DSP Builder-based 1Q time multiplexed and multi-
antenna designs

® Use FIR compiler and NCO compiler IP

— Design methodology significantly reduces the
development time for different standards

— Highly optimized and cost-efficient design
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