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FPGA Co-Processors in
SDR Signal Processing




Agenda

m Applications of FPGA-Based Co-Processors SDR
m Considerations for Co-Processor Design

m Development Tools & Methodologies Available from
Altera to Build Co-Processors

— SOPC Builder
— DSP Builder
m FPGA Co-Processor Development Examples
— QAM Modulator
— FIR Filter

© 2003 Altera
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Techniques of Implementing of SDR
System Reconfiguration

m Using parameterized radio (and protocol)
modules

m Exchange of (a) single component(s) within a
module

m Exchange of complete radio modules or protocol
layers

© 2003 Altera AEFIE?A
®
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Using parameterized radio (and
protocol) modules

= Applicable within a standard

— CDMAZ2000 — Spreading factors, Viterbi
parameterization

— 3GPP - spreading factor, Viterbi parameterization

m Not Applicable across widely varying standards
— GSM, 3GPP — Need to replace entire physical layer

— GSM, CDMA2000 — Need to replace entire network
layer - GSM-MAP and ANSI-41

© 2003 Altera AEFIE?A
®
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Exchange of (a) single component(s)
within a module

m Applicable within a standard
— 3GPP — Turbo, Viterbi decoding
— GSM/EDGE - Transceiver chain

= Not Applicable across widely varying standards

— GSM, 3GPP — Need to replace entire physical
layer

— GSM, CDMAZ2000 — Need to replace entire
network layer - GSM-MAP and ANSI-41

© 2003 Altera
®
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Exchange of complete radio modules
or protocol layers

m Applicable across radio standards

— GSM to EDGE to 3GPP to CDMA2000 to WIFI
{0 il

— GSM-MAP to ANSI-41

© 2003 Altera Nirm
®
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Narrowband System Partitioning

MicroController

I_I_I

FPGA DSP
=y | Digital Down Conversion | sl Demodulation —
& Filtering
e Filtering i Modulation A
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Wideband System Partitioning

MicroController

I_;I

DDC
& FIR

e
<4 | FIR

FPGA
Wideband Signal
Antenna Detection
Array
Transmit

|

t
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FPGA Based SDR Radio

MicroController
FPGA
# DDC Wideband Signal Symbol Rate »
& FIR Antenna Detection
Array )
<= [[R Transmit Symbol Rate | |«
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DSP System Architecture Options

>

DSP

E>

sl

Stand-Alone Processor Array Processor + Dedicated Hardware
Processor Co-Processor Architecture

Performance (MMACs/Sec)

© 2003 Altera Nirm
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Exploring the DSP Design Space

S

Altera
FPGA
Algorithm
in Hardware
Digital Signal FPGA
Processor
Co-Processor
(4]
(&)
[
(4] Conventional
g Digital Signal Processor
o) Processor
E with Altera
i Co-Processor FPGA with
Nios &
Co-Processor
Digital Signal
Pr‘l’:‘;‘:fnsm Digital Signal
Processor Conventional
Processor
Flexibility
© 2003 Altera
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Co-Processing, Pre-Processing and
Post-Processing

Data

Processor Co-Processor

Control

Data Input Pre-Processor Processor

Controll

Data
Processor Data Input
Control J

© 2003 Altera Alirm
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Co-Processing on FPGAs

Processor on FPGA

FPGA

Processor 1Q

Map

Memory

Processor External to FPGA

Processor

FPGA

FIR

IQ

© 2003 Altera
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When Do FPGA Co-Processors
Reduce System Cost?

m Off-Loading Algorithms to Co-Processor Reduces Number or Cost of
Digital Signal Processors

Expensive Array
to DSP + FPGA

DSP

Expensive DSP to
ﬁ Inexpensive DSP + FPGA ﬁ
m Applications

— Algorithms with Large Amount of Digital Signal Processing &
Small Amount of Control Processing

NCO

© 2003 Altera AEI-EA
®
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FPGA Co-Processor Design Tools
OPC Builder DSP Builder

7 T i e e fye Dk (5%
— rios,_cou | deta_rastes (weson) DFES BS o REL

REERRRRRED

4 QAN D Wodyl
Oncillsior FDR

iatnr

110 db
Iintermediate Freq - 25 MHz
Root Raised Cosine Filter . roll-off factor = 0.22
Outpit QAN Signal Sampie rate |200 MSPS

b

Stand-alone Processor + Dedicated Hardware
Processor Co-Processor Architecture
© 2003 Altera =
/ANO[SRYA\,

16



0 .

e

_n__HH!

DSP Builder

ra

)
“
<
32)
o
o
N
©




Altera® DSP Builder

m Fixed-Point Hardware Architecture
Library

System Architecture IP Library
Automatic HDL Generation
Automatic Testbench Generation

Integrated Link to Altera
Development Boards

m Real-Time Link from Development
Board Back to Simulink

m Link to SOPC Builder and Nios
Custom Instruction

&:

MMMMMMMMMMMMMMMMMMMMM L)[])’\ I{'l‘l]t‘;

Reed-Solomon
b ‘FFT

(___) CX )ex e.rnpf?r
Synplicity
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FPGA Co-Processor Design Tools
OPC Builder DSP Builder

7 T i e e fye Dk (5%
— rios,_cou | deta_rastes (weson) DFES BS o REL

REERRRRRED

4 QAN D Wodyl
Oncillsior FDR

iatnr

110 db
Iintermediate Freq - 25 MHz
Root Raised Cosine Filter . roll-off factor = 0.22
Outpit QAN Signal Sampie rate |200 MSPS

b

Stand-alone Processor + Dedicated Hardware
Processor Co-Processor Architecture
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Datapath/Co-processor Design using DSP Builder

SR Place and Route

zp voo e ooemesy Creates HDL Code T R v— ] x|

30 library altlink:

SiGeeSTuie Aieisona aTTs Fle Edt Cursor Zoom Bookmatk FModel TeChnOIOQY

33 library lpm: n‘nég CK; f £ MENTOR GRAPHICE COMPANY

34 use lpm.lpm components.all: E: [\\\% oo TR

. = H O S T R R

35 @Entity multirate is \\ s =
!

37 Porty
38 clock rin std_logic:
L scle rin std_logic:z='0';

a0 ikltBuss rin std_logic_wector(? dowmto 07 B *

a1 oAltEusls roun std_logic_wector (S dowmto 0 : QUARTUS

az chlrBuszs rour std logic wector(7 downto 0]]:

43  end wulrirarte:

a4q

45 ddarchitecture a of multirate is 1
as

a7

48 signal SAAltBuslO std_logic_wector (9 downto 0] :

45 signal SALltBuszo  : std_logic_wector(7 downto 0] : /
50 signal &0W = std_logic_wvector (7 downto 0] : L)
51 sigmnal ALV : std_logic_wector(7 dowmto 0

52 signal ASW : std_logic_wector(7 dowmto 0 :

53  =ignal A3V : =td logic wector(7 dowmto 0):

54  sigmal AW : std logic wector (7 dowmto 0) “Q@ﬁ-soloman

55 =signal ASW : std_logic: \ TLET ]

56 signal ABW : std logic: FFr .
57 signal AT = std_logic; H H

e P e oi:] Creates Simulation Testbench 4
=

&0

61 EBegin

52

HDL Synthesis

S| _T_."j: |
(X D) excmplar [C - _c B

A NEHTOR CRAPHICE COUWPANY

\\% Synplicity SOPC Builder

QUARTUS

Download Design to DSP
Development Kits

Integrates Co-processor
into System

© 2003 Altera m—m
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Library Components

Altera Library
Arithmetic

Bus Manipulation
Complex Signals
DSP Board
Logical Components
MegaCore IP
Rate Change
SOPC Ports
State Machine
Storage

© 2003 Altera
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E! Simulink Library Browser
Eile Edit Yiew Help

=101 x|

[ = = Find ||

A2D_1 12 Bit Signed: A20_1

Conkects ta the analog-to-digital 12-bit Signed input bus on the Stratic DSP developrent board.

El Sirnulink =]
- Tl Altera DSP Buider
& 2] altLab
- 2] Arithmetic
- 1] Bus Manipulation
- 21 Complex Signals
- 2+ DSP Builder Board
[ 2] APEX 20KE DSP Board EP20K
[ ] APEY 20KE DSP Board EPZ0K
- y Stratix D3P Board EF1525

Lo e R P Board EF1530
y Gates
- 71 Rate Change
£l 2 SOPC Parts

L B3] AYALON Ports

o 2| Custom Instruction
- 23] State Machine Functions
-2 storage
- W] altera MegaCore FIR Compiler v2.6.2
H- E Alkera MegaCore IIR. Compiler w1.3.3
- | Altera MegaCore Resd Solomon Comnp
(- | Altera MegaCare Vikerbi Compiler v3.2
- El alkera Megacore FFT Campiler
[
E
[

- W Altera Megacore NCO Compiler w2.0.0
- W Altera Megacore Time Limited FFT Cor

- W] Commurications Blockset
. Lo . i
A 3

Ready

|
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L
&

e

L
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DEBUG
lv_ab2
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m
@
=
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IP MegaCore Functions

ary Browser o ] 3

File Edit Wiew Help

[ = Ha Ffind ||
NCO: Numerically Controlled Dscillator

Implements the NCO Compiler MegaCore function. Y'ou can set the parameters of the function via the wizard
interface.

Ta configure the NCO Compiler

1 - The spstem must contain the "'Signal Compiler " block with the corect Working directory setting,
2 - Double click on the MCO Compiler block ta invoke the Megaiwizard.

NCO Tirne: Limited

el gl Simulink. =
¢ T Altera DSP Builder

]--E Altera MegaCore FIR Compiler v2.6.2
. N ltera MegaCore TIR Compiler v1.3.3
3]
t
]

B Altera MegaCore Reed Soloman Corng
E Altera MegaCore Yiterbi Compiler w3.;
E Altera Megacore FFT Compiler

.. |l Altera Megacore MCO Compiler ¥2.0.:

E Altera Megacore Time Limited FFT Cor

-\ Communications Blockset -

.- W 5-function demos -
- »

e e e e ] ]

H
H

]

|

DSP Builder MegaCores
FIR
Reed Solomon
Viterbi
FFT
NCO
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Trassmit Circultry

Recelve Circuitry

ted [Page 1 of 2] =0l
HEFRHSEIoNLE ORI Parameters | mplementation | Resource Estimate | Smuistion Outout |
phi_inz_i[21.0] fein_ol12.0] 3= ~Generation Algorithmy  -Precision hase Dithering
clken timed_out
reset 1 Small ROM Ascumulator Frecision 32 [ Implemerit Phase Dithering
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Dither Lewel  1viofovane
" Large ROM Magnituce Precision ﬁa &2 hne Mz
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FIR MegaCore Function

FIR Compiler 2.3.1 : Coefficient Ana

TT 1T TT1

data_in[]
load
we_coef

coef_in(]
caef_sddr_in[]

rat
clock

fir_result[]

coef_outf]

done

-

-

— 97 Coefficient[z] in thiz zet

 NoScaling Pazitive Symmetmy 3I;:.uenffic:ier'ut Values_l
% Auto Scaling Coefficient Bit Width : - [ v] 3324
[ Scale By Power of 2 7 gé : gg
r - A
™ Manual Scaling Scaling Factar I g %g g.’-"
" Signed Binary Fractional ; gg : E?
Bitz Leftof [ - a «| Bitz Right of :
Decimal Paint I J 'I J Decimal F'uin 40:0 LI
.
I RECREATE THIS
14 Coefficient Set
0 15 RELOAD THIS
\ 16 Coef. Set from File
\ 17 -
20 18 r
Current |-| vl
l Coef. Set:
A0 L N & Fi) Make NEW
i “[\ { Wl N ﬂ L Coefficient Set
A j A DELETE THIS
-50 N Iﬂ M (‘l,i wik i Coefficient St
| \[ Load MEW Caef.
H ' Set from File
a0 l
! ISingIe Fiate j
1.00e6 2 00e6 2006 4 00e6 Factar I2 ]‘
Frequency
Blue : Freq. Responze of Fiked Paint Coefficients —
Green : Freq. Responze of Floating Point Coefficients < Back Cancel | Finish I Mext > I
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NCO MegaCore Function

Megawizard - DSP Builder: NCO Compiler ¥2.0.3 Time Limited [Page 1 of Z]

filter_design_MCO_10MHz

TTT1

phi_ine_i[231..0] fzin_o[12..0]
clian timed_out
reset

ol

Parameters Implemerrtatiu:unl Fesource Es’timatel Simulation Outputl

—Feneration Algorithm-

{ Small RO

" Large Ron

" CORDIC

i+ Multiplier-Bazed

—Precizion

Accumulator Precision [52 'I
ﬁ 2 - I
ﬁ 3 - I

Angular Precision

Magnitude Precision

hase Dithering

[v! Implemenit Phase Dithering

—
trrar e

Iuin hx

Dither Lewel

=101 ]

Clack Rate
Desired Output Freguency

Phase Increment Yalue

—zenerated Output Freguency Parameter

B0 =limHz =]
no =z =]

| 536870912
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e
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Cancel
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State Machine Builder

Bl Edt Wew Smulation Format Tools Help

DSHS| =R 0 REL®| > =

’ FIFQO Example

full

<kt
local_reset
B idle

J mpup haltl Bop_nat_smpty |
Stepd

<_ibit > push push_nat_full {1
II push

fifo_contraller

100%

© 2003 Altera
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Inputs I States Conditional Statements | Design Fule Check I
Current State Condition Mext State | Add |
ernpty [puzh=1 & [count_inl=260"| puzh_not_full «
ermnphy [puzh=0)%[pop=0] idle
fuill [puzh=01%{pop=0] idle
fuil [pop=1] pop_nat_emp Change |
idle [pop=1]1%[count_in=0] empky
idle puzh=1 puzh_not_full
idle [pop=1]&[count_inl=0) pop_nok_emp
idle (oush=11&count in=25011 full i Delete |
Mawe Up Mave Down
(] Help Cancel |
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SignalCompiler

Generates VHDL Design Files

Generates Tool
Command Language
(TCL) Scripts

Generates Testbench

Enables

Parameterization
of IP Blocks

m Launch Hardware
Compilation from the
Simulink Cockpit

© 2003 Altera
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EigSignal Compiler ¥ersion 2.1.2 - x|
— Project Setting Options — Hardware Compilation
[ﬁl filter_desigr.mdl & 1 - Conwert MDL
to WYHODL
Device IDSF‘ Board j
; % 2 - Spnthesis
Synthesiz Tool IDuartus I ﬂ
Digfiit={farn ISF'EE':I j % 3 - Quartus || Fitter
Reset | SignalTapli | Testbench | soF_« »
_____________________________________________ \'&Dl 4 - Program D3P
LConnect o Ground r Board
Global Reset I.-ﬁu:ti\-'e High j |
Meszages
> Rezource utilization by entity filker_design ;I
> 4443 Logic Cell: 4203 Reaisters 21 Pinz
> 4992 Memomy Bits: 8 D'SP Elements
o | » Analyzis and synthesiz completed =
1] 3
Cancel |
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SignalTap Il Logic Analyzer

m Built-In SignalTap Il Interface to DSP Builder
m Captures Signal Activity from Internal Device Nodes
m Displays Captured Data in MATLAB/Simulink

SignalCompiler SignalTap Analysis

AND_Gated ML

«) Figure No. 1: SignalT ap Analysis Results with Ungrouped Bus Signals [=] B3

File Edit iew |nzert Toolz Window Help

lDzEE@& NA A/ @2e0

2
1) s I I I
=3
g of ]
ﬁ firstandout 1 : : : . ‘ .
E; i ] A0 50 20 100
] 2
SWITCHE AND TanalTag o =21 i
F LEDD g 0
-} OR_tate @
5 0 20 40 B0 80 100
J_,—"'_rr : Switch Control Example 9l
EightBit Counter ot é m ]
[ [ . . . . .
CNST_aND Edi the rigger condiior, 20 40 B0 20 100
Signel Mare Trigger Cordlian I
3 etk —
Looatoul & daorlt care
ot B dartl care , , , . .
cbeul 7 darlt care 20 40 B0 80 100
darll care
sacopdandou dort care
20 40 G0 a0 100
fratardau [tenitens =] Sample Index
crcs |

Slart ."mdpsisl
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Automated Link to RTL Simulator

SIMULINK Domain ModelSim Domain

— 13l x| ModelSim PE 5.6d _ 3Ol x|
File Edit Wiew Simulation Format Tools Help File Edit VYiew Compile Simulate Tools ‘Window Help
D EBEE& 2R 9y |y RE T ® S BREF omHEEERR D
X[ [# - Loading package dspbuilderblock 1=

- Loading package lpm_components

-- Compiling entity singen

- Compiling architecture adspbuilder of singen
- Loading package #td_logic_unsigned

- Loading entity sbf

- Loading entity sdelay

genladspbuilder]
streammodi: sbf{zbf_synth)
delayi sdelay(sdelay_synth]
product: alimult{altmult_synth)
W Package std_logic_unsigned

W Package textio

W Package lpm_components

HF

o F

HF

SinDelay

- Loading package standard

- Loading package #td_logic_1164
- Loading package std_logic_arith

- Loading package std_logic_signed
- Loading package dspbuilderblock
- Loading package lpm_components
- Loading package textio

- Comoiling entitu th_singen

Loading entity altimult
Model Technalogy MadelSim PE wcomn 5.6d Compiler 200208 Aug 28 2002 J

Product Streamhlod

‘ackage dspbuilderblock -
ackage std_logic_signed
ackage sid_logic_arith LI

Random

Bitstream Bitstream

4

Project: singer 2 I & y Bo @B ah ) b X € (N miE G @ ENEAEAE S

AT TR TR

=10

Fie Edt ‘“iew Insert Format Tools Window

v Divider

| N Vi

Compare ,
ompar

4000000 ps

0p

< | >l | D) |
0 ps to 4450986 ps

2

SignalCompiler
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Sub-System Builder

m Import Existing VHDL Design into Simulink

m  Simulink Simulation Options
— Convert into DSP Builder Blocks or MATLAB Functions
— Treat VHDL Design as Black Box

File Edit View Help

[ Simulink Library Browser (=[O0 =]

[ & =4 find 1|

SubSypstemBuilder: ALTELIMK AlLab/SubSystemBuilder

- Tl Simulink

- W8 Altera DSP Builder

& ] [Biles

] HOL SubSystem

- 2] Avithmetic

y Bus Manipulation

-2 Complex Signals

[ﬂ:bj D5SP Board EP20R1500EBCES2-1:1
| DSP Board EP20K200EBCES2-1:4

: :iﬂ Storage

Ej Altera MegaCare FIR Compiler
E_[ Altera MegaCare IR Compiler

Ej Altera MegaCore Interleaver Delnterleaver
E Altera Megacore Time Limited RS Compiler
-l Altera RS Compiler
[+ Ej Communications Blockset
- B DSP Blockset
r]--g_[ S-function demas
E Simulink Extras

Ready
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SubSystem Builder

Current System topuart

N

Select VHDL Fils I D:AMegaCaore\DSFBulderD esignE=a \

[ Create BlackBox SubSytem

Entity uart]_tw

baud_divisor : in - 3 bit[s]
begintranzfer : in- 1 bit[z)

clk :in - 1 bitfz]

clk_en:in -1 bitfs)
do_force_break : in- 1 bit(s)
rezet_n:in- 1 bitfg]
status_wi_strobe : in - 1 bitfs)
tx_data: in - 8 bitfs]
bw_wur_strobe :in - 1 bit[z]

b= owerun : out - 1 bitfz]

Add uart]_ts in topuart

Help

= -
o0
= _diu sor
IbEgin e
Idk
Idk_en
Ido_vorce_hresk:
IeseLn
I labhas_wr_s che
Ib_d=bs
—%u_nm
> ~
] -
-
o o A
-~ %U.ssﬂ
-
E ShaComplkr
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=
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Stratix 1525/1S80 DSP Development Board

80-pin I/O Connector
1 Altera Nios Expansion
Prototype Connector

14-bit, 165 Mhz D/A '_' ., ”*’“-f :

iy

" s

Prototyping Area

G-SI:rntlm:-zdgz=
1 0 L -
s 1' = s

Push Button Switches

o e
'l

b b == Lluu.h--ih L]

5V Power Supply | : S T T | AT 9-pin RS232 Connector

it e e eI
— Y LihbhbambAlibs Ill-lllll-liilliiill_q

HIIIIIII.‘rlI HHIIIIIIIIIIIIHt'

40-pin (?onnector For Analog Devices | LEDs Texas Instruments Connectors can be found
Evaluation Boards on the underside of the board
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Turbo Encoder Co-processor
Reference Design (Tl Solution)

m Interface to TI DSP EMIF (External Memory
Interface)

— Other processor interfaces in development
m Uses DSP Processor’s on-chip DMA
m Wrapper for Turbo Encoder MegaCore

— Can select a different configuration (e.g. block
size) for each data packet/block

m Software Libraries

© 2003 Altera
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Turbo Co-processor Block Diagram
(Tl Solution)

Turbo

Encoder

Core

A 4

EMIF Interface

TI DSP EMIF DMA Controller

. Turbo Core Wrapper
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Turbo Co-processor Block Diagram
(ADI Solution)

l Turbo
Encoder

Core

\ 4
Link Port Rx Slave Link Port Tx

ADI| DSP DMA Controller

. Turbo Core Wrapper
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Data Buffering

m FIFOs in Atlantic slave sink store EMIF 64 byte
bursts whilst being serialised into core

m Slave sink in receive converter has similar FIFO
m FIFOs introduce latency but
— throughput is maintained

— System bus not tied up during
serialization/deserialization

© 2003 Altera AI!I-EA
®
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Tl Development Environment

m Stratix DSP Development Board plugs into EMIF
slots of TI 6713 DSK (DSP Starter Kit)

m Limited to Asynchronous EMIF interface due to
design of Tl card

— Customer designs may use synchronous
Interface

© 2003 Altera AEFIE?A
®
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Tl Development Hardware
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Software Environment

® Running on TI DSP

m Uses EDMA controller to transfer data
— To and from accelerator

m Asynchronous, streaming, interface
— Callback when packet is complete

— Can submit 2" packet before 1st is done
e Callbacks occur in order

© 2003 Altera
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Header file

B typedef void (* TXCALLBACK) (
vold * handle);

B typedef void (* RXCALLBACK) (
uchar * data,
vold * handle) ;

B void turbo encode (
const uchar * data,
uchar * output,
=enE b1ts,
TXCALLBACK txcallback,
RXCALLBACK rxcallback,
vold * handle);

© 2003 Altera
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Using the accelerator

m Call function for each packet

— Packets can have any block size
m Data is sent to encoder

— Queued if accelerator is already busy
m txcallback called when data has been sent
m rxcallback is called once results available
m Interface can be changed if desired

© 2003 Altera AI!I'EA
®

40



Cost Analysis Example (1)

14.4Mbits/s Turbo Encoder

Cyclone: $10.75 TI C64 DSP: $33.00
m 2600 LE equivalent cost Based | | m 136/600 MHz based on
on EP1C3T100C8 1k units 9.7cycles/bit (Source: TI)
(July 2003) = C6416/600MHz @ $145 1kunit

pricing (Source: Tl)
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Cost Analysis Example (2)

58Mbits/s Turbo Encoder

Cyclone: $21.58 TlI C64 DSP: $136.00
m 2600 LE equivalent cost Based | | m 563/600 MHz based on
on EP1C3T100C6 1k units 9.7cycles/bit (Source: TI)
(July 2003) = C6416/600MHz @ $145 1kunit

pricing (Source: Tl)
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Tl Reference Design Summary

m Contents
— Turbo Encoder MegaCore (OpenCore)
— TI EMIF Interface
— Wrapper
— DSP Software Libraries
m Expected Availability
— September 2003

© 2003 Altera
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ADI Reference Design Summary

m Contents
— Turbo Encoder MegaCore (OpenCore)
— ADI Link Port Interface
— Wrapper
— DSP Software Libraries
m Expected Availability
— Q1 2004
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Future HSDPA
Functionality

Currently implemented:
*Channel coding

Future additions:
*CRC attachment
*Rate Matching
*DTX generation
eInterleaving

CRC

attachment

v

Bint iz, i3 K b

TrBk concatenation /
Code block segmentation

0ir15,0ir2,50ir3,K 5, 0k, H
Ci15Ci2,Ci3,K ,Cig I

Rate matching

Rate
matching

8i1,8i2,8i3,K », 8ic

v

1*'insertion of DTX
indication

b, hiy s his , K hip |

1** interleaving

v

qi1,912,9i3,K , dio,
: Radio fra

me segmentation

feeenes fresseensd :

TrCH Multiplexing

$1585,85,K g *

2" insertion of DTX
indication

Wi, Wy, Wi, K

W v CCTiCH

Physical channel
segmentation

upl’u;)Z’up}

Koy ¥ b

2" interleaving

Vp15Vp2,Vp3,K ,Vyu + * °ce

Physical channel mapping

Source: 3GPP TS 25.212 V5.3.0 (2002-12), page 12, figure 2
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Modem Reference Design

m Installed with Code Composer Studio As a Tutorial

— C:\ti\tutorial\dsk6711\modem

m Used to Demonstrate

B i) 1 DG ( Teacas Insbraments),CPU_L - C6711 - Code Composer Studia 5K Teals - [mademter] IR
. . § Fie Edt Wew Projeck Debug Profker OFL Ophon Took PBC DOP/EOS Winkes Help =l212]
CCS F t I t BE@ L Bl[= 5 e[ S| ARHR BN e kR EE| AR e
unC Iona I y [rocerepe =l[oet =] B AR R
BHe| | opEOHEd 5t =% @5
W I - 5|
m 16 QAM TX Modem A
" P modenot |
0 0 DoPmoas
L) Ganratad
F3 # (] ekt
= " & oo
= 3 souce
=
=]
L2}
)
Y|
Ol TR | i
[erunaTED [ . eemen T
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Modem Design Overview

m Add Noise Signal

[ Modem

Shaping Filter

Transmitter

Sine Lookup
Modulation Cosine Lookup

© 2003 Altera Nirm
®
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Modem Design Code Profile

Tl Code Composer Studio Profiling Output

E Functions Code Size Count Incl. Total Incl Mawimum | el Minimum | kel Average | Ewxcl Total
=l modem.aut

E = [ modemty.c

[gé ----- it h48 1 4222002 0 I 4222002 23446

e fens bd odemn Tranzmit ber 304 7 4035331 RE07EZ 573435 R76904 83561

g ----- ShapingFilter 35k 14 JE10811 258438 267493 257915 3610811
e M odulation 238 213 341438 1658 1584 1603 g7E43

'DLE - SineLookup 148 490 264817 15 493 540 264817

-DlEl ----- Initiahze B3E 1 11770 117780 11F7ED 117780 117780
- Cosinelookup BE 245 142443 EdE 533 REh S0ES

) I ReadiextData 40 7 AE92 820 a8 813 e

fSEI ------ ReadConstellation 40 7 R370 774 7E2 767 259

— | e AddMoizeSignal A0g 7 A045 728 716 74 5044

Ed

Files |2 Funcons | T Ranges | Geu
© 2003 Altera m—m .
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Modem Design Code Profile

Main
100%
|
Initialize Add Noise Signal
3% 0.5%

Shaping Filter

Modem 82%
Transmitter Sine Lookup
96.5% 3.0%
Modulation -
Cosine Looku
8% P

3.5%

© 2003 Altera AEI-EA
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Modem Design Hardware/ Software
Petition

Main
100%
|
Initialize Add Noise Signal
3% 0.5%

Modem
Transmitter Shaping Filter 82%

Hardware
Accelerator

96.5%

Modulation 8%

Sine Lookup 3.0%

Cosine Lookup 3.5%

© 2003 Altera m—m
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Modulator Co-Processor

DSP Builder Used to Build Hardware DSP Data Path

==l x|
File Edit Wiew Simulation Format Tools Help
- -
T
Stratix DSP Board 1525 SonalCompiler
Configuration
Wiite Data ~
10 >
en — e phi_ine_i
Dataln z
ol plohen  Mumenzally
S Contralled -
ET R el — e reset Oscillater
Decoder )
Address
Read Data X
310
. Decoder! P
Froduct tatlu
L
Plen — | 30 e data_in fir_result
ol < AltBuss FIR
P clk_en o g o bt
Delay2 Compilar
AltBus
., O sone| 0 T
IR AltBusz
4 anp |
WREN NOT =
z
HOT NOT1 ;
p— Logical
Dalay Bit Operator
BUTTON Swin
Ready 100% lode4s

© 2003 Altera
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Avalon™ |nterface in SOPC Builder

mSin‘lulink Library Browser o ] 4|  ARera SO Bullkder - 059 _Dulider . =10 x|
File Edit Wiew Help ffe Spbem Module View Help

O = - find ||
Address: Addresz Bus

Sy Contenty | sore s P Seltege | Symien Gensrston |

I
2| Gystem Tk Frequency, [0 107 MR

|N|dw|ﬂm'h.- )

& AReia R TECR

W Uses Dairesd nleitas

Connect the input bus to the Avalon SOPC address bus. TR

File Edit Wiew Simulation Format Tools Help

Usege: DSHS| /D@2 r = Sk WmT® ]

B Simulink. =

£ W Altera DSP Builder

-2 Altlab
y HDL SUbS-:..-stem Chip 2zlec] Stratix uBr:tAIf:n1525 SignalCompiler

..... #] Arithmetic

..... 2 Bus Manipulation

..... # Complex Signals

- 3 DSP Builder Board T

..... 1 Gates

..... # Rate Change

=) 3| SOPC Ports

e

7 DD0O0000T | ¥
% CEOO000GF | A7

Tt |

310 1
en —

z

>| irite D ata

phi_inc_i
Dataln

Yy

wlr

Numerically
Contolled """
— o reset Oscillater

clken

Delayl

dETO) d==azzed
Decoder

dET0) d==47

Decodert

NCO

Address

Read Data
310

DataOut

Address

DAl Ausli=hie

Froduct

1
en— e o 30 p{data_in fir_result
elr AltBus3

cli_en FIR by to 14 >
DalmZ Compiler
AltBust
|.> e 1t done |—_obit > &l

IR AlBus2

—-.-—DNDT e I d

NOTH

Erd O7Pace|

YYY

m Custom Instruction
----- #2 State Machine Functions
----- 2 Storage
EJ Alkera MegaCore Constellation Mappe
i| Alkera MegaCore FIR Compiler T | Ry o vl
E Alkera MegaCore IIR. Compiler
.. W Altera MegaCore Interleaver Delnker
§_| alkera MegaCore Reed Solomon Comg
EJ Alkera Megacore FFT Compiler

E Alkera Megacore NCO Compiler -
| | 3

¥

Logical
Bit Operator

A N NOTZ
BUTTON S0

g IJ
3
m

0SSN o T e IO O OO e OO O
i i | e . e

Ready [100% |ode4s
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DSP Builder— SOPC Builder Import

Import DSP Builder Generated Co-Processor
into SOPC Builder

© 2003 Altera
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DSPB_HWACCEL modem’,texras - [texas.bdf]
ﬁFi\e Edit Wiew Project Assignments Processing Took  Window Help

=& ]
=]

DS s BR < =[N ronbrD 86 6|

HenuRE|leveow| s

mee Ry |

‘Communication

K
” B2 Hierarchies I

}Altera SOPC Builder - titest o [m] 3]
Enlity File System Module View Help
23 Campilation Hierarc System Contents | Sy Generatmnl -:':i}SEIPE Builder Setup ]

E texas ——
" Alters SOPC Builder = - General
@ Interface to User Logic . ;
[=-Avalon Modules Documentation accessed , or Lacally when not available.
L] ;»Iius Processor - Altera Co Use [ Always enable Run Modelsim' buttan e End | IRQ'
ges
v

i~ Component Likrary Search Path
Additional directories containing SOPC Builder components

Je:ATI_EMIF_FIRFIR_Corp

EP1510 Hios Development
EP20K200E Hios Developnu
Ethernet

nterface i
Math Coprocessors

hodule I Progie

All Available Components
LR E A EE

A |

& Check |

- Application Paths

Cygvin Directory
IC'iCygwin

Quartus Directory
IC. Touartus2

ModelSim Directary

wyeh Browvser (Leave blank for system default)

[ Use Prowy Host 50

bl

P ROV
= "iiie
=
="t

|[71 Done checking For updates,

Cnmpileﬂ Simulate ?

Configuring d
Device 1 cor
Configuration

L=

(zZ] TIMaster requires a slave of bype avalon.Ple:

Cannot locate fvsim.exe

Cancel | Ok I

Exit | = Brey. MNext = | Generate |

Programming succeeded

Processing g System

For Help, press F1

555, 338

[ Ees|
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C Builder Integration

Modem Co-Processor (fir_comp) Integrated with
TI EMIF I/F (TIMaster)

Altera SOPC Builder - titest i ] [

File System Module Wiew Help

System Cantents | System Generation |

Altera SCPC Builder

@ Irterface to User Logic
[=-Avalon Modules — TiMaster (aevalon)
L. @ Nioz Processor - Aftera Cr
ridges

ommunication

SP Builder D
R b

P1C20 Hios Development
P1510 Hios Development
P20K200E Hios Developrmu

|

System Clock Frequency: IBD hiHZ

Lze I | Maodule Mame I Description | Bus Type | EBase | Enc |EI
| TiMaster | Texas | avalon | Joo]

| |
v —4—Efir_comp |ir_camp | avalon 0x00000020] 0:x00000027

gl

ath Coprocessors
Memory
[#-Other

e %
4| I »
All Awailable Components
@p | @ | & O

Add... | ) check |

Move L Maorve Do

(7 Done checking For updates.

Exit = Prew Mext = Generate
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Design Example




Driving Down System Costs

Multi-Processing Digital Signal Processor +
DSP FPGA Co-Processor

DSP DSP DSP

© 2003 Altera AEFIE?A
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FIR Co-Processor Design
Example
m FIR Parameters
— 128-Tap
— 16-Bit Data, 14-Bit Coefficients
m Four FIR

ET
=T
~A
~A

© 2003 Altera
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C67"
C64-

mplementations for Comparison
1-Optimized Tl DSPLib Function

6-Optimized TI DSPLIib Function

tera Eight-Cycle FIR Co-Processor
tera One-Cycle FIR Co-Processor
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Tl Filtering Library (DSPLib)

m C-Callable Optimized Assembly Routines
m TI Co67x DSPLib: FIR Filter (Radix 8)
— Formula: Nh * Nr /2 + 13

e Nh = Number of Coefficients
e Nr = Number of Samples

— ~1 Sample/ 64 Cycles (128 Tap Filter)
m Tl C64x DSPLib: FIR Filter (Radix 8)

— Formula: Nnh * Nr/4 + 17

—~ 1 Sample/ 32 Cycles (128 Tap Filter)

© 2003 Altera
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Filter Co-Processor Design
Example

m Current Implementation
— 100 MHz, 32-Bit, Asynchronous EMIF on DSK
— TI1 Writes 300 Samples to Co-Processor (Input Data)
— Filter & Send Output to Tl

C6000
Digital
Signal
Processor

Jajidwo)n

4/1 AMowdy
|euta)xsg
910D 4/l IL

]

FPGA Co-Processor

© 2003 Altera
60

dld




FIR Filter Example* — 16X
Cost/Performance Improvement

Device FIR Performance Device Cost per
(MHz) Cost™*** FIR MHz

TI C6713-200 64-Cycles** 3.125 $24.59 $7.87
at 200 MHz

TI C6416-600 32-Cycles** 18.75 $160 $8.53
at 600 MHz

Altera 7-Cycles*** 28 $14

EP1C3-8 at 197 MHz

Altera EP1C12- 1-Cycle*** 170 $84

8 at 170 MHz

*  FIR 128 Tap, 16-Bit Data, 14-Bit Coefficients

** DSPLib Optimized Assembly Libraries from Texas Instruments
*** Optimized MegaCore FIR Compiler from Altera

**** Pricing in Quantity of 100 at Arrow 6/25/03

© 2003 Altera m—m
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14X Reduction in System Costs

FIR

DSP DSP

Memory

Architecture FIR Total FIR Device | Total Cost
Performance Performance Costs
(MHz) (MHz)
9*TI C6416-600 9*18.75 167 9*
$160
Altera EP1C12-8 + 1 170 + 3 173 $84 +
TI C6713-200 $25

© 2003 Altera Nirm
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Summary

m FPGA Co-Processors for DSP Offer Many
Advantages
— 10X Performance Boost
e More Channels
e More Complex Algorithms
e Increased System Throughput

— 10X Cost Reduction

e Fewer Components

— Complementary to DSP-Based Systems
e Offloads Existing DSP
e Integrates Into Existing DSP IDE
e Evolution Not Revolution

© 2003 Altera
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Altera Code: DSP Solutions

m FPGAs

— Stratix, Stratix GX, Cyclone
m Development Tools

— DSP Builder, SOPC Builder
m Intellectual Property

— FIR, FFT, Viterbi, Turbo, Reed Solomon, NCO

— AMPP Third-Party Partners
m Development Kits

— Altera

— Third-Parties
m Design Services

— ACAP Third-Party Partners
m Training
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