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Digital IF Modem Defined

m |[F: [from Wikipedia] An intermediate frequency (IF) is a
frequency to which a carrier frequency is shifted as an
Intermediate step In transmission or reception

m Digital IF modem: A device that processes IF signals in
their digital representations with digital methods
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Digital IF Market Applications

Cellular Video Military secure
communication broadcast communication

m Global System for Mobile = Digital video broadcast = Field sensors
Communications (GSM) (DVB) — H/T/S modulators Hand-held/portable radios
s W-CDMA and demodulators N o
m Military global positioning
m Code Division Multiple system (GPS)
Access-2000 (CDMA-2000) = Military radios
= EVD

m Satellite

m Long-term evolution (LTE) = Radar/sonar
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Application Example #2. DVB-T/H/S
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Application Example #3: Medical Ultrasound

32-Channel transmit path

>

ch.l Buffer
Gain

Ch.2 Buffer
Gain

Buffer
Gain

User Beam
Control

Ultrasound transducer

Ch.30 Buffer
Gain \
Ch.31 Buffer )
Gain “

. Comprehensive Altera solution
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Application Example #4: WiMAX Orthogonal
Frequency Division Multiplexing (OFDM) Engine

Downlink
" R Subchannelization, g?gi.f
Interleaving, Coding Pilot Insertion
Mapping Subchannelization, Cyclic )

MIMO Coding _
Pilot Insertion Prefix

Estimation,
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Remove Timing &
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Correction
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s Ti Pilot Extraction
pace 1ime Prefix
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MAC / PHY Interface

HEC : .
Decoding De-interleaving, . Beamforming —
Symbol Demapping Subchannel, Remove Timing &
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Decoding Brafi Correction

Up“n k Channel

Corn,
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High-Level Block Diagrams of a Typical
Digital IF Modem

-

From Baseband
Modem

<

Digital Up Conversion (DUC)

-

5

=ma CFR DP

_».:‘—y Resampler “Tae
1 To
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Resampler >

_».:‘ CIC

DUC and DDC: 1
wireless, military, medical, broadcast

Digital Down Conversion (DDC
. Crest-factor reduction (CFR) and digital J ( )

predistortion (DPD): wireless
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To Build These With an FPGA, We Need...

ﬁ
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Other Considerations...

From Baseb&nd
Modem

= -

% 1
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B Performance

B Productivity (e.g. ease of
design)
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FPGA is Ideal for Digital IF Functions Because...

m Abundance of resources for
building IF functions

— Logic: up to 338K logic elements (LES) -
and 270K registers Stratoc Il
— Digital signal processing (DSP): up to 896 | - |

Adaptive logic

18X18 multipliers modules (ALMs)

— Memory: up to 17.2 Mbits of
600-MHz memory

— PLLs, DLLs: numerous located across the
device for ease of clock management

— 1/O: support for wide varieties of single-
ended and differential 1/O standards

M9K blocks

M144K blocks

DSP blocks

I/O banks
m Latest manufacturing process
(e.g. 65 nm) + state-of-the-art P
design software tools for ! DLLs
— Low power
— Low cost

— Ease of design

© 2007 Altera Corporation—Public m
Altera, Stratix, Arria, Cyclone, MAX, HardCopy, Nios, Quartus, and MegaCore are trademarks of Altera Corporation @



Example: WIMAX PHY Layer Implementation

Number of MOK 18x18 Power
LEs .
memory blocks multipliers | (watts)
50 30 0.40

WiIMAX DUC 2,704
IF processing

WiMAX DDC 2,623 46 25 0.40
DL OFDMA engine 4,176 33 4 0.25
OFDMA
symbol-rate | UL OFDMA engine 3,834 57 4 0.25
processing ch | estimati
annel estimation 7 400 1 4 0.33
and equalization
Symbol mapper and 1.404 3 0 0.10
demapper
Bit-rate Forward error
rocessin '
P 9 correction (FEC, 18,511 26 0 0.60
encoding and
decoding)
Total percentage of
Cyclone® Il EP3C55 77% 83% 43% 2.33

resources
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Altera DSP Development Kits

Contains Everything You Need
ReatiSelomer to Develop High-Performance DSP
e\l 7 Designs on FPGAs

The MathWorks
Pl & Dumeniatasn 0

ioncy’  Product CD

4|0

30-Day evaluation

version
Development
Kit 1
fe Pl ol =
| Ty N

System reference
designs
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DSP Builder and Simulink Design Flow

Design in 3 : I
MATLAB/ Dsﬁ—p MATLABISmalink  <&— P
Simulink | Builder 4' | |
Signal Compiter
I

Convert to l l . l :
FPGA Design '-:‘ T i [ A= i =

« VHOL or Verilog * Simulation

+ Tol Files la Run L -Read

Synihesis & + Tel Files ta Run oar Bl

. Place-and-Route | | MedelSim Teol | | Il
System Synthesis & Cuartus || Software
Verification &  Quarlus || Softwars Model Sim/ SOPC Builder

Construction Flace-and-Roule MadelSim-Allera Tool

G
& Stratix Il
Cyclone’™ Il
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Stratix || DSP Development Board

Video graphi
array (VGA)
connector

12-hit, A
125-MHz analog to e 20 1—4 B Femaliet
digital (A/D) RN s 16-Mbyte SDR
IR TR | o | - SDRAM

14-bit, T Texas
165-MHz digital to /5 e o Instruments
audio (D/A) £ | DSP connector
16-bit <«—| =23 on underside
udio coder/decodeS of board

(CODEC)
10/100

Ethernet
Cyclone lll Edition Available Soon

»9-pin RS232
connector

Fibesibbnt
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Live Demo




Conclusion

m FPGAs deliver low power, high performance, and cost-
efficient digital IF functions to enable customers’ innovation

m Innovative DSP design tool flow improves productivity

m DUC and DDC application demo example

— Design methodology significantly reduces the development time for
different standards

— Highly optimized and cost-efficient designs

Visit Altera’s DSP Solution Center at

http://www.altera.com/dsp
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Live Demo

m DDC/DUC reference design
m DSP Builder
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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 r===-- Pt -------- IF =========- P« --- Baseband ---p
? J I_,l I
ADC DDC
RE 1 I Baseband
Front-end Processing
| ‘, \ L
DAC DUC
I |
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WiMAX DUC and DDC Designs bt

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

Support for multiple transmit and receive antenna configurations
Easily modifiable to support scalable channel bandwidths

Uses DSP Builder methodology

Backed up by DSP Builder-ready, highly parameterizable
intellectual property (IP) MegaCore® functions
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DUC and DDC High-Level Block Diagrams

— KNI

From Baseband
Modem

o

I Resampler >

To
Baseband

Resampler —>Q

DUC and DDC:
wireless, military, medical, broadcast

. Crest-factor reduction (CFR) and digital
predistortion (DPD): wireless
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DSP Builder Implementation: IP MegaCore Library

E_!-Simul_.inl-: Library Browser

L "

D= A ¢ |
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b
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Library Separately
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DSP Builder Implementation: Digital
Intermediate Frequency (IF) Library

[ simulink Library Browser
File Edit ‘iew Help

O 4= #

FFC: Frame Format Converter

Example; 'Red, Green, Blue'

2 Lockup Tables

%3] Math Operations

2| Model Yerification

2] Model-'Wide Utilities
2 Ports & Subsystems
# Signal Attributes

m Signal Routing

2 Sirks

g Sources

2 User-Defined Functions

Altera DaH Builder
Albera IF Modem
2] Adapters

S B ultichanine]
# Rounding

+- N Communications Blockset
W@ Contral System Tookox

E_| Image Acquisition Toolbox
B 1ink Far MadelSim

Ready

+- P Additional Math & Discrete

Use a quoted string or a Matlab wariable far each format figld.

L
FFC

FrameFormatD ecimation
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TwiolhannelD emus

TwaChannelbd L
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m Adapters

— Provide input/output interface to

finite impulse response (FIR) filter

m Multichannel

Frame format converter
Decimation
Interpolation
Multiplexer
Demultiplexer

= Rounding



DUC With 2 Antennas — Design Architecture

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

Timeshare DUC Hardware Between Antennas
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DSP Builder Implementation: DUC Example Design With 2 Antennas
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Simulation

ALUTs: 2113
egacore simulation files type
AB command line: % 18x18 Mults: 30
h megacore X . MA512: 21
- SignalCompiler
LS 23
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Convert to VHDL: SignalCompiler

/ m SignalCompiler

/ . . . I
/ — Project Setting Options —Hardware Compilation
/ — Single step compilation
/ == example_design_data_path.mdl
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DDC With 4 Antennas — Design Architecture

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

Y oversample _&* FIR L

S
[ -

Voersampe &*E"
NcoM
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DSP Builder Implementation: DDC
Example Design With 4 Antennas

7] fixeddde_4Rx
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2xRx DDC Architecture

Remove Redundant Filter Chains Change Input/Output Frame Formats

Yoversample &_’ FIR —
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DUC and DDC Synthesis Results

Adaptive
look-up Multipliers

tables 18x18
(ALUTS)

2,113 21 23 0 30 281
4,229 21 56 0 55 193
2,488 19 22 0 25 293
10,753 67 69 0 74 201

Highly Optimized and Cost Efficient Designs!
More Information at www.altera.com
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