
No longer just a novel idea, FPGAs today are a powerful solution
for a broad range of digital signal processing (DSP) applica-
tions. Due to the inherent flexibility of a programmable solution,
DSP system designers can be confident that their designs will
scale to accommodate ever-changing standards, protocols, and
performance requirements. In multi-channel processing
infrastructure applications wireless basestations being a
primary example FPGAs offer integration advantages and
lower system-solution pricing compared to multiple high-end
DSP processors. Furthermore, Altera’s programmable
solutions such as StratixTM devices, intellectual
property (IP) cores, and the Nios® embedded
processor are rapidly gaining a reputation as
efficient and competitive alternatives for main-
stream, real-life DSP applications. Altera’s new
DSP design flow based on C-code entry and
user-defined hardware acceleration relieves
processing bottlenecks and makes it easier
for DSP designers to jump on the FPGA
bandwagon.
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You’ve heard the saying: The world is analog. While that may be true in a pure sense, it is digital signal
processing (DSP) that increasingly allows most technology to touch and impact our daily lives. From
personal entertainment systems, to wireless communications, to remote medical diagnosis, DSP
technology is driving the most significant advances in real-world applications.

FPGAs have a long history of providing hardware acceleration in DSP applications and are now
breaking into the mainstream. Already at the heart of many mobile phone systems, FPGAs provide
the processing power for hundreds of individual simultaneous voice and data channels. Now, FPGAs
can be found providing signal processing power in a broad array of applications such as studio editing
equipment, high-definition televisions, global positioning systems, medical imaging, encryption
applications, and many more. The reason is simple; for many algorithm-intensive tasks, FPGAs can
frequently provide better performance at a lower cost when compared to a standard DSP processor.

Meeting this increasing demand for FPGA-based DSP solutions, Altera has significantly increased its
DSP arsenal, while maintaining a focus on ease-of-use. Over the last year, enhanced IP functions,
improvements in our software tools, new development kits, and better interfaces to industry-standard
tool flows reflect just some of our DSP-centric investments. A recent and more strategic addition is the
inclusion of dedicated DSP blocks in StratixTM devices, which are shipping to customers today.
(Stratix devices are breaking new ground. In fact, customers who have Stratix devices today inform us
that the DSP performance they are witnessing in the core logic and dedicated DSP blocks is higher
than in any other programmable device on the market.) All these elements are designed to provide
you with the competitive edge that you need to win in your markets.

In this issue, we will introduce the different DSP solutions that Altera has available today. And here is
the best part for DSP system designers: you no longer have to be experts in HDL design to implement
DSP functions on Altera FPGAs. Altera provides a C-code-based flow combined with custom DSP
hardware acceleration designed in the familiar MATLAB/Simulink tool domain. From Stratix em-
bedded DSP blocks to our Nios® embedded processor and intellectual property (IP) accelerator
functions, Altera offers an effective, competitive, and easy-to-use alternative to fixed DSP processors
with all the benefits of programmable logic. You can develop a complete solution integrating the data
path with the control path on a single FPGA. There are no limits to how far you can take your
application changing protocols and standards, exploding DSP performance requirements, and
ever-changing product features pose no threat to a programmable-logic-implemented design. Given
all these ingredients, the possibilities for FPGAs in the DSP world are endless.

Programmable Logic Goes Mainstream in the DSP World

Message from

2

Erik Cleage,
Senior Vice President of Marketing

Marketing
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DSP Processor Bottlenecks

DSP software developers have grown accustomed
over the last decade to leveraging hardware accel-
eration techniques employed by off-the-shelf DSP
processors. These techniques include adding spe-
cial custom instructions and dedicated co-pro-
cessors. For example, Texas Instruments (TI)
TMS320C54x and Motorola Starcore SC110/140
have “custom” instructions (capable of providing
up to 5× improvements in efficiency over pure
software implementations) to accelerate Viterbi
add-compare-select operations used in wireless
forward error correction (FEC). Although this
approach has proven to be quite successful for
the targeted applications, it does have several crit-
ical limitations. For example, in TI’s latest C6000
processor family, there are only two fixed co-
processors and eight custom integrated instruc-
tions. Most of the DSP applications do not cover
all the algorithms, and therefore cannot take full
advantage of the vendors’ predefined hardware
acceleration capability. In addition, the hardware
accelerators can quickly fall out of date for to-
day’s rapidly evolving standards. Another draw-
back is in the area of on-chip bus bandwidth.
When selecting an off-the-shelf DSP processor,
designers have to make compromises between
size and performance that determine the number
of data buses on the device. For heavily accelerat-
ed tasks, these often become the primary perfor-
mance limitation.

Relieving the Bus Bottlenecks with Nios

Altera’s Nios embedded processor was designed
to provide the maximum performance (over
125 MHz in Stratix devices) at the lowest cost by
giving the user flexibility to execute instructions
in hardware or software. With the Nios embed-
ded processor, automated hardware and software
compiler support for custom instructions and
custom peripherals is built right into the
SOPC Builder tool, delivered in the Altera®
Quartus® II software version 2.1. Table 1 shows
DSP hardware acceleration availability. As a key
element of DSP applications, the Nios embedded
processor utilizes a multi-master bus architec-
ture that removes the bus bandwidth performance
bottleneck found in DSP processors. Using multi-
master buses, designers can define as many buses
and as much performance as needed for a partic-
ular application.

Earlier this year at the Embedded Systems Con-
ference, an EE Times study revealed that the Nios
embedded processor is one of the fastest growing
16- or 32-bit processors in the market today. In
fact, since the product was released just over a
year ago, Altera has recorded over 6,000 Nios
embedded processor users.

C-Based DSP Design Flow

Altera provides the broadest and most cost-effec-
tive solutions for a wide variety of DSP applica-
tions by leveraging Stratix devices, implementing
the highly successful Nios embedded processor,
and including the Altera suite of parameterizable
DSP IP. Designers can accomplish this flow using
traditional C-code-based development; therefore,
software engineers can design their DSP systems
without becoming HDL experts. First, the soft-
ware developer profiles the algorithm in C and
identifies those functions which consume the
highest percentage of processor cycles. Then DSP
Builder version 2.0, a tool that leverages the capa-
bilities of MATLAB/Simulink and Altera DSP IP,
allows developers to verify their system design in
Simulink and go directly to a logic implementa-
tion (see Figure 1). Integration of the DSP IP and
custom instructions, along with the processor,
buses, memory interfaces, and communications
peripherals, is seamlessly handled by SOPC
Builder. The control code, along with any DSP
code that is left, can then run efficiently on the
Nios processor. The Nios processor combined
with hardware acceleration offers the ultimate

DSP System Designers: Relax, It’s Programmable,
continued from page 1

Note to Table 1:
(1) DSP Builder-Ready Certified.

Earlier this year at
the Embedded Systems
Conference, an EE
Times study revealed
that the Nios embedded
processor is one of the
fastest growing 16- or
32-bit processors in the
market today.

Table 1. DSP Hardware Acceleration Availability 

TI C6000 Altera 

Viterbi Reed Solomon (1) Numerically Controlled Oscillator 

(NCO) (1) 

Galois Field Multiply Viterbi Constellation Mapper (1) 

Turbo Turbo Correlator 

Cyclic Redundancy Code (CRC) G.711 

Interleaver (1) G.726 

Finite Impulse Response (FIR) (1) MPEG4 

Infinite Impulse Response (IIR) (1) MPEG2 

Fast Fourier Transform (FFT) (1) Discrete Cosine Transform 

(DCT) 

IDCT Motion JPEG 

Wavelet Color Space Converter 

Advanced Encryption Standard (AES) DES/3DES 

 

SHA-1 SHA-2 
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continued on page 6

flexibility, performance, and cost effectiveness in
a development flow that is familiar to software
developers (see Figure 2).

Stratix Dedicated DSP Blocks

Flexible, efficient, and optimized for a variety of
applications that require high data throughput,
the DSP blocks in Stratix devices contain a variety
of typical DSP functions. These blocks, available
on every member of the Stratix device family,
consist of hardware multipliers, adders, subtrac-
tors, accumulators, and pipeline registers (see
AN 214: Using the DSP Blocks in Stratix Devices).
Stratix DSP blocks can run at 250 MHz to pro-
vide data throughput performance of up to
2.0 giga multiply accumulate operations per sec-
ond (GMACs) per DSP block. Because designers
can implement Stratix DSP blocks with dedicated
circuitry, they offer optimal performance.

Advantages of Altera's MegaCore Functions

DSP IP is ideal for emerging applications such as
third-generation (3G) wireless, digital audio and
video imaging processing and broadcast, multi-
channel multi-point distribution services

 Figure 1. DSP Builder Design Flow

 Figure 2. DSP Solutions
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DSP System Designers: Relax, It’s Programmable,
continued from page 5

(MMDS), and orthogonal frequency division
multiplexing (OFDM) systems. The flexibility of
programmable logic and soft IP cores enables
companies to quickly adapt their designs to new
standards such as the Wireless 802.11a, Wireless
Broadband Working Group 802.16, and
HiperLAN/2.

Altera’s suite of DSP IP, which includes standard
DSP functions (i.e., Viterbi and turbo decoders),
offers several significant advantages. IP cores are
statically parameterized so that the most efficient
hardware is produced for a given set of parame-
ters, using the MegaWizard® Plug-In Manager.
These plug-ins provide maximum flexibility, al-
lowing users to customize IP without changing
design source code. If parameters change, Altera
can update the IP in a matter of days or weeks, as
opposed to DSP processors that may take years to
incorporate updated versions. Also, soft IP can
immediately be ported to new Altera FPGA de-
vice families providing an obsolescence-proof so-
lution with cost and performance advantages.

Design and manufacturing departments now have
a solution they can both agree on.

Conclusion

Both hardware and software designers now have
easy access to a variety of Altera solutions for DSP
applications, complete with all the benefits of
programmable logic. With the advent of new
FPGA architectures such as the Stratix device
family and the growing number of DSP IP cores
and tools such as DSP Builder version 2.0, pro-
grammable logic’s adoption for DSP applications
continues to increase. Control code and DSP al-
gorithms integrate with the Nios processor to
provide a performance and cost-optimized FPGA
solution that has a significant edge over generic
DSP processor devices (see Figure 3). When nav-
igating through feature and performance require-
ments, which change as rapidly as standards and
protocols, programmable solutions deliver a price-
less benefit peace of mind.

DSP IP cores and the integration of third-party
DSP system-level tools will truly put program-
mable logic in the forefront of DSP applications.

 Figure 3. Altera DSP Technology
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Shorten DSP Design Cycle Using Complex IP in
MATLAB/Simulink to Quartus II Flow

The use of complex digital signal processing (DSP)
intellectual property (IP), such as forward error
correction (FEC) functions like Reed-Solomon,
or filtering functions like finite impluse response
(FIR) or infinite impulse response (IIR), is be-
coming standard for system-on-a-programma-
ble-chip (SOPC) design methodology. Support
for encryption and parameterization schemes is a
significant factor in the success of IP adoption in
SOPC development. These two key features are
essential to enable complete IP evaluation in a
complex custom system. For example, there could
be different levels of parameterization, or a filter
can require system-specific bit widths or even
system-specific architecture such as direct form,
cascaded, or parallel. Also, different levels of en-
cryption can exist.

Although using IP speeds up DSP SOPC design
when compared to traditional register transfer
level (RTL) entry, there is strong motivation to
extend the use of the hardware IP one level above
traditional RTL tools.

Traditional hardware data analysis, such as wave-
form display or data tables, is somewhat limited
when exploring design behavior in the frequency
(or “Z”) domain. The typical analysis of complex
modulation architectures requires multi-dimen-
sional plotting capabilities to display specific con-
stellation schemes. In addition to the lack of visual
sinks, typical RTL tools do not always offer ap-
propriate sources for system-level analysis, such
as channel models or noise generators.

The Simulink tool from The Mathworks offers
very powerful system analysis that you can use in
conjunction with hardware implementation to
address many aspects of IP integration. DSP
Builder combines the Altera® Quartus® II devel-
opment tool and MATLAB/Simulink interface to
extend the hardware capabilities of Simulink to
RTL designs for Altera FPGAs. Simulink IP inte-
gration via DSP Builder supports all the existing
parameterization and encryption structures in
the RTL domain.

This article discusses how The MathWorks’
MATLAB and Simulink tools speed up IP’s inte-
gration in an SOPC design. The Altera
DSP Builder tool enables this flow by providing
an automated translation of a bit-and-cycle-ac-
curate Simulink model into a VHDL hardware
implementation.

DSP Builder Overview

An overview of the DSP Builder design flow is
necessary prior to describing the implementa-
tion details of DSP IP cores in Simulink.
DSP Builder contains bit- and cycle-accurate
Simulink blocks that cover basic operations such
as arithmetic or storage functions as well as more
complex functions such as FEC and filtering from
the IP libraries.

As shown in Figure 1, the overall design flow
starts by converting Simulink model files (.mdl)

 Figure 1. DSP Builder Design Flow
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continued on page 8
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Shorten DSP Design Cycle Using Complex IP in
MATLAB/Simulink to Quartus II Flow, continued
from page 7

that are built using DSP Builder blocks into a RTL
VHDL representation and tool command lan-
guage (Tcl) scripts. After synthesis, you can com-
pile a gate-level netlist into a binary file format
called a POF that is downloaded into the target
FPGA device. Figure 2 shows the RTL representa-
tion, automatically generated by the
SignalCompiler feature in the DSP Builder.
Figure 3 shows an amplitude modulation design
modeled in Simulink.

This conversion is based on a structural analysis
of the Simulink model. Each DSP Builder block is
optimized to take advantage of the dedicated hard-
ware resources, which may vary from one device
family to another. For instance, an accumulator
block generally uses a dedicated DSP block when
designed for StratixTM devices, but will use logic
elements (LEs) when you compile the design for
APEXTM II devices.

To achieve efficient hardware implementation,
you should have some understanding of how the
DSP Builder tool operates and the correspon-
dence between Simulink and VHDL simulation
with respect to signals and clock domains.
Simulink signals, typically of type double, are

mapped to VHDL buses. The DSP Builder pro-
vides several casting schemes to map Simulink
double signals into hardware buses covering vari-
able bit widths as well as multiple bus types, such
as signed integer, unsigned integer, or signed bi-
nary fractional.

To simplify the design entry, the SignalCompiler
block propagates bit width information across an
entire data path from the source to the destina-
tion through all intermediate blocks. For exam-
ple, in the amplitude modulation design (see
Figure 3), the SinIn and SinDelay blocks have a
bit width of 16. Therefore, SignalCompiler auto-
matically assigns a bit width of 16 to the Interme-
diate Delay block. The bit width growth rule of
each DSP Builder block is described in the DSP
Builder User Guide, available in the Literature
section of the Altera web site at
http://www.altera.com.

The next step in the conversion is to take a close
look at the clock domain correspondence be-
tween the Simulink and VHDL representations.
The Simulink register transfer conversion is based
on synchronous design rules. For digital designs
implemented in programmable logic, the model
needs to work with the Simulink fixed-step dis-
crete solver. Therefore, all DSP Builder synchro-
nous blocks, such as the Delay block, operate on
the positive edge of the single clock domain, which
is running at the system-sampling frequency. The
clock pin is not graphically displayed in the block
symbol in Simulink; however, when
SignalCompiler converts the design to VHDL, it
automatically connects the clock pin of the syn-
chronous blocks (i.e., the Delay block) to the
clock domain of the system.

By default, Simulink does not graphically display
the clock enable and synchronous reset input
pins of the DSP Builder’s synchronous blocks.
When SignalCompiler converts the design to
VHDL, it connects these pins to VCC and the
system reset, respectively. If you turn on the Use
Control Inputs parameter in the Parameter dia-
log box of each of the DSP Builder synchronous
blocks, you can access and drive the clock enable
and synchronous reset input pins graphically in
the Simulink software. Most DSP systems oper-
ate with a normalized frequency with respect to
the Nyquist rate. By default, DSP Builder works
with a Nyquist rate of 1.0. All discrete sampling
blocks operate at this normalized sampling fre-
quency.

 Figure 2. RTL Representation

 Figure 3. Simulink Model
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A Complete Flow

The Altera Stratix DSP development kit, which
combines the DSP Builder and the Stratix DSP
development board, enables the design of a com-
plete system from the Simulink cockpit, giving
you the tools to:

� Design compilation from Simulink to the
Quartus II software

� Download the resulting POF into the DSP
board

� Analyze in MATLAB the internal hardware
node using the SignalTap® II logic analyzer

Although system-level simulations such as
Simulink offer a speed advantage over traditional
RTL simulation, there is still a strong need in DSP
system analysis to extend simulation coverage
time in real hardware. This coverage time applies
to a wide variety of systems, such as adaptive
filtering or bit error rate analysis, where hours of
real-time simulation are required to trigger prob-
abilistic blocks.

The Quartus II software includes the
SignalTap II logic analyzer, with which you can
set up event triggers, configure memory, and dis-
play captured waveforms. Samples are saved to
internal embedded RAM blocks when the logic
analyzer is triggered, and are subsequently
streamed off chip via the Joint Test Action Group
(JTAG) port using the ByteBlasterMVTM or
MasterBlasterTM download cable. The captured
data is then stored in a text file, displayed as a
waveform in a MATLAB plot, and transferred to
the MATLAB work space as a global variable.

IP Design Flow in Simulink

From a user standpoint, hardware IP cores in
Simulink are presented as discrete block library
elements. DSP Builder uses the Altera
MegaWizard® Plug-In Manager technology to
configure the IP within Simulink. The
MegaWizard Plug-In Manager is a stand-alone
graphical user interface (GUI) that you can use to
pass static parameters to complex IP in an HDL
design flow. This technology, which manipulates
encrypted IP, is extended to pass parameters to a
C++ model.

The Simulink simulation engine is state based.
Simulink supports the C++ model via S-function
callback methods. Each discrete block contains a
set of methods per state. The simulator schedules
these functions during initialization, output re-
sult, and register update events.

A VHDL IP model contains a generic section for
static parameters like bit width or architecture
type, a port section for the input and output port
signal, and an architecture section to describe the
function. The task of translating a C++ model to
a VHDL model consists of mapping correctly
those three sections with respect to the simulator
states.

Figure 4 illustrates how a single user interface
(the IIR MegaCore® function) is deployed to con-
figure in Simulink both the C++ model and
VHDL representation. At this point, the conver-
sion to hardware is closely tied to the coding rules
used for the Simulink C++ model and VHDL
module.

To maintain IP protection, the models are de-
ployed as compiled dynamic linked libraries in
the Simulink domain. In the VHDL domain, the
encryption is based on Altera’s OpenCore® or
OpenCore Plus evaluation tools. The OpenCore
evaluation feature lets you test-drive IP cores for
free using the Quartus II software. The
OpenCore Plus evaluation feature enhances the
OpenCore feature by supporting free hardware
evaluation. This feature allows you to generate

 Figure 4. IIR MegaCore Function

Features

continued on page 10
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time-limited programming files for a design that
includes Altera MegaCore functions. With these
files, you can perform board-level design verifi-
cation before deciding to purchase licenses for
the MegaCore functions.

With additional development, you can make
these C++ IP models compatible with the
The MathWorks Real Time Workshop. This pow-
erful feature can offer a single DSP design repre-
sentation, which not only links system-level

features with implementation features, but also
facilitates hardware and software partitioning.

Conclusion

This article covers the needs of both hardware
engineering and system-level engineering. DSP
Builder offers an extension of RTL and debug
capabilities to system-level tools and enables IP
evaluation at the system level. For a system-level
engineer, DSP Builder is a rapid prototyping ve-
hicle, which requires minimal FPGA expertise
and extends the system analysis from floating
point to fixed point.

Hardware-Verified DSP Performance with Stratix Devices
StratixTM devices feature the versatile digital sig-
nal processing (DSP) blocks along with dedicated
functional blocks and routing, delivering high
performance. Table 1 summarizes the perfor-
mance from the DSP blocks in Stratix Program-
mable Logic Device Family Data Sheet.

Due to characterization results that showed sili-
con is faster than expected, Altera was able to
improve the specifications in the Stratix Program-
mable Logic Device Family Data Sheet. The data
was taken under worse-case operating conditions.

Test Conditions

The following is a list of test conditions:

� Testing performed on typical -6ES silicon
� Ambient temperature = 85° C
� VCCINT (-5%) = 1.425 V

Altera performs hardware characterization test-
ing on all FPGAs to verify timing specifications.
Characterization data with system noise and cor-
ner silicon is required before the preliminary spec-
ification in the Quartus II software is finalized.
The Quartus II software version 2.1 service
pack 1 will reflect the new data sheet specifica-
tions.

The DSP block supports operation in eight modes.
Table 2 shows the preliminary Quartus II soft-
ware specification and the measured character-
ization data results.

Shorten DSP Design Cycle Using Complex IP in
MATLAB/Simulink to Quartus II Flow, continued
from page 9

Table 1. Stratix Data Sheet Performance Results for DSP Blocks 

Speed Grade Definition 

-5 -6 -7 

Unit 

Data Width = (9×9)     

Simple Multiplier 336 294 256 MHz 

Two-Multiply Adder  336 294 256 MHz 

Four-Multiply Adder 336 294 256 MHz 

Data Width = (18×18)     

Simple Multiplier 279 237 206 MHz 

Multiply Accumulator 279 237 206 MHz 

Two-Multiply Adder  279 237 206 MHz 

Four-Multiply Adder 279 237 206 MHz 

Data Width = (36×36)     

Single Multiplier 279 237 206 MHz 

Table 2. DSP Block Support for the Stratix EP1S25 Device (–6 Speed Grade) 

DSP Block 
Operation 

Definition Quartus II 
Version 2.1 

-6ES Silicon 
Data 

Unit 

Mode 1 18×18-bit Multipliers  232 290 MHz 

Mode 2 18×18-bit Multiply-Accumulator  232 284 MHz 

Mode 3 Sum of two 18×18-bit Multipliers  232 281 MHz 

Mode 4 Sum of four 18×18-bit Multipliers  232 288 MHz 

Mode 5 9×9-bit Multipliers  281 376 MHz 

Mode 6 Sum of two 9×9-bit Multipliers  281 339 MHz 

Mode 7 Sum of four 18×18-bit Multipliers  281 339 MHz 

Mode 8 36×36-bit Multiplier  232 282 MHz 
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Stratix DSP Development Kit Provides Designers with Complete
Out-of-the-Box Experience

Many digital signal processing (DSP) algorithms
can run faster in programmable logic and offer
significant performance advantages over conven-
tional DSP processors. The challenge is how to
prove this enhanced capability in real-system de-
signs. Whether you are looking to increase per-
formance, re-partition your system, or evaluate
some of Altera’s intellectual property (IP)
MegaCore® functions, the StratixTM DSP devel-
opment kit can help. The core of this kit is the
DSP Builder, which is a tool that interfaces the
industry-leading MATLAB/Simulink environ-
ment from The MathWorks to the Altera®
Quartus® II software development flow. DSP
Builder allows you to target a design from the
Simulink environment to an Altera Stratix DSP
development board, without extensive program-
mable logic expertise.

The Stratix DSP development board has all the
necessary analog connectivity to plug into an
existing design or test equipment. Additionally,
Altera’s unique OpenCore® Plus technology al-
lows users to evaluate DSP MegaCore functions
in hardware as well as within the simulation en-
vironment of Simulink. The Stratix DSP devel-
opment kit contains everything that you need to
start converting Simulink designs to Altera pro-
grammable logic.

Development Kit Contents

The items included in the kit provide you with a
complete out-of-the-box experience. In addition
to power supplies, cables, and documentation,
the Stratix DSP development kit includes the
following items.

DSP Development Board

The DSP development board is a hardware plat-
form that provides DSP system designers with a
solution for prototyping and verifying signal pro-
cessing designs. Some of the key features on the
board include:

� Stratix EP1S25F780 device
� Analog I/O pins

o Two-channel, 12-bit, 125 million sam-
ples per second (MSPS) analog-to-digi-
tal (A/D)

o Two-channel, 14-bit, 165 MSPS digital-
to-analog (D/A)

� Digital I/O pins
o 40-pin connectors for Analog

Devices A/D converter evaluation boards
o Connector for TI TMS320 cross-plat-

form daughter card
o Expansion/prototype headers
o RS232 serial port

� Two Mbytes of synchronous SRAM

DSP Builder

DSP Builder is a digital processing tool that inter-
faces the Simulink system-level tool with Altera’s
industry-leading Quartus II development soft-
ware. DSP Builder provides a seamless design
flow, where you can perform algorithmic design
in the MATLAB software and system integration
in the Simulink software. You can then port the
design to HDL files to use in the Quartus II soft-
ware.

Quartus II Development Software

The Quartus II development software provides a
comprehensive environment for designing and
prototyping systems with the Altera DSP devel-
opment kit.

Features

continued on page 12

The Stratix DSP devel-
opment board has all the
necessary analog con-
nectivity to plug into an
existing design or test
equipment.
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DSP-Certified, Third-Party Design Services Partners
Reduce Time-to-Market with FPGA-Based DSP Solutions

Altera’s comprehensive digital signal processing
(DSP) solutions, consisting of a complete design
software environment, performance-optimized
devices, and DSP-related intellectual property
(IP), give you the opportunity to integrate entire
DSP systems on a programmable chip. If you do
not have the resources to take advantage of
Altera’s solutions, DSP-certified members of the
Altera Consultants Alliance Program (ACAP®)
partnership can assist you in your DSP design.

DSP-certified ACAP partners are industry-lead-
ing design service providers that use their FPGA
and DSP knowledge to create system-on-a-pro-
grammable-chip (SOPC) solutions for Altera’s
customers.

Serving customers in North America, DSP Chap-
ter members include Adaptive Micro-Ware,
CEPD, Nuvation, PTG, Synopsys Professional Ser-
vices, and Vanteon; Alcahest, El Camino,
Plextek, and Synopsys Professional Services pro-
vide service to customers throughout Europe; and
Dexcel Electronics Designs service customers in

the Asia Pacific and India. Along with regional
diversity, the selected partners have a broad range
of DSP expertise.

All partners are trained and certified by Altera
and have a strong relationship with the Altera®
field sales force. By using these partners for DSP
services, Altera customers gain access to engi-
neers with a much-needed combination of Altera
and traditional DSP expertise, thus easing the
transition to an FPGA-based DSP solution. Col-
laboration between Altera and ACAP partners
increases the quality of services and support for
the customer. Using Altera® devices, tools, and
IP, Altera’s partners help shorten design cycles
and decrease development costs and risk. Ulti-
mately, as with any FPGA-based SOPC solution,
the bottom line is reduced time-to-market.

For more information, or to engage with
DSP-certified ACAP partners, contact your local
Altera sales representative or visit the Altera DSP
Solutions Center at http://www.altera.com.

30-Day MATLAB/Simulink Evaluation
Software

MATLAB/Simulink is an industry-leading,
system-level tool from The MathWorks. You
can obtain a 30-day evaluation license
from The MathWorks web site at
http://www.mathworks.com.

Evaluation MegaCore IP Functions

The kit contains evaluation versions of Altera
DSP MegaCore functions. You can evaluate the
functions using the OpenCore feature, which lets
you quickly and easily verify the functionality
and performance of an IP function. Additional-

ly, these functions support the OpenCore Plus
hardware evaluation feature, which allows you to
generate time-limited programming files for pro-
totyping and board-level simulation.

System Reference Designs/Labs

Included with the kit are several system-level ref-
erence designs and labs that help you get started
with the kit.

The ordering code and pricing for the Stratix
DSP development kit is DSP-BOARD/S25 and
$1,995, respectively. The kit will be shipping in
early Q4 2002. To learn more about Altera’s DSP
kit offerings and discover a new way to imple-
ment your DSP systems, go to the Altera web site
at http://www.altera.com under Products and
then Development Kits.

Stratix DSP Development Kit Provides Designers
with Complete Out-of-the-Box Experience, contin-
ued from page 11



13Third Quarter 2002          News & Views Altera Corporation

Efficient Channel Coding Builds iPSTAR Satellite Modem with Altera DSP

Efficient Channel Coding, Inc. (ECC) helped to
launch the first satellite broadband system in Thai-
land and was tasked with evaluating ways to effi-
ciently deploy modem and transport functions
for Shin Satellite’s iPSTAR two-way digital satel-
lite radio system.

For the design, ECC integrated its high-speed
modem intellectual property (IP) with several
digital signal processing (DSP) functions, includ-
ing advanced forward error correction (FEC),
finite impulse response (FIR) filter, and fast
Fourier transform (FFT) IP targeting the design
for Altera’s high-density programmable logic de-
vices (PLDs).

The parallel processing capabilities of program-
mable logic offered an ideal solution for imple-

mentation of the iPSTAR system, delivering ad-
ditional benefits over stand-alone DSP proces-
sors. ECC chose Altera’s APEXTM 20K,
APEX 20KE, and MAX® 3000 devices to imple-
ment the system in customer premise equipment
(CPE) and transmitter and receiver head-end car-
rier class equipment. See Figure 1.

Altera’s devices allow the head-end equipment to
be updated with custom instructions to add bill-
ing and other features, delivering tangible bene-
fits to service providers.

For further information on the ECC design and
the ShinSat iPSTAR system, visit the Altera web
site at http://www.altera.com/ecc.

 Figure 1. ECC Transmitter/Receiver Head-End

Features
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Stratix

New Stratix -5 Speed Grade Released in
Quartus II Version 2.1

Altera introduces a faster -5 speed grade for
StratixTM devices (see Table 1), enabling further
performance improvements to the industry’s fast-
est FPGA. Through enhancements both to silicon
and software, Stratix devices provide up to a 20%
design performance boost over the
Quartus® II software version 2.0, and provide
over 60% performance improvements over pre-
vious architectures on older software platforms.
Support for Stratix devices is currently available
in version 2.1.

Table 1. Stratix Device Speed Grade Availability 

Device Speed Grade 

EP1S10 -5, -6, -7 

EP1S20 -5, -6, -7 

EP1S25 -5, -6, -7 

EP1S30 -5, -6, -7 

EP1S40 -5, -6, -7 

EP1S60 -6, -7 

EP1S80 -6, -7 

EP1S120 TBD 

EP1S10 Devices Now Shipping

The second member of the Stratix device family,
the EP1S10 device, is now shipping. Following
the timely rollout of the Stratix EP1S25 device,
the EP1S10 now extends Altera’s product leader-
ship in performance and features.

Table 2. Stratix Device Availability 

Device Device Availability Pin-Out Availability 

EP1S10 Now Now 

EP1S20 Q4 2002 Now 

EP1S25 Now Now 

EP1S30 Q4 2002 Now 

EP1S40 Q4 2002 Now 

EP1S60 First half of 2003 Now 

EP1S80 September 2002 Now 

EP1S120 First half of 2003 TBD 

See Tables 2 and 3 for Stratix availability sched-
ules and software support.

Note to Table 3:
(1) BGA: Ball-grid array.

Table 3. Stratix Devices & Quartus II Software 
Advanced Support Availability 

Device Package Quartus II Software 
 Advanced Support 

Availability 

EP1S10 672-pin BGA (1) 

672-pin FineLine BGA®  

780-pin FineLine BGA 

Now 

Now 

Now 

EP1S20 672-pin BGA 

672-pin FineLine BGA  

780-pin FineLine BGA 

Now  

Now 

Now 

EP1S25 672-pin BGA 

672-pin FineLine BGA  

780-pin FineLine BGA 

1,020-pin FineLine BGA 

Now 

Now 

Now 

Now 

EP1S30 780-pin FineLine BGA 

956-pin BGA 

1,020-pin FineLine BGA 

Now  

Now 

Now 

EP1S40 956-pin BGA 

1,020-pin FineLine BGA 

1,508-pin FineLine BGA 

Now 

Now 

Now 

EP1S60 956-pin BGA 

1,020-pin FineLine BGA 

1,508-pin FineLine BGA 

Now 

Now 

Now 

EP1S80 956-pin BGA 

1,508-pin FineLine BGA 

1,923-pin FineLine BGA 

Now 

Now 

TBD 

EP1S120 1,923-pin FineLine BGA TBD 
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EXCALIBUR

Targeting applications requiring the functional-
ity of microprocessors and the flexibility of FPGA
designs, Altera’s ExcaliburTM device family of
embedded processor FPGA solutions provides a
platform to integrate these requirements on a
single device. Excalibur devices tightly integrate
Altera’s FPGA architecture with an ARM922TTM

processor subsystem (stripe). This implementa-
tion optimizes the performance of the processor
subsystem and enhances those applications that
require high-speed computing capabilities along-
side advanced, high-performance programmable
logic.

Excalibur solutions also enable stand-alone pro-
cessing and programming of the device without
external influence. You are free to focus on the
custom logic and intellectual property (IP) blocks
required to complete your system-on-a-program-
mable-chip (SOPC) designs. IP cores, such as the
10/100 Ethernet MAC, double data rate (DDR)
SDRAM controllers, universal asynchronous re-
ceiver/transmitters (UARTs), and peripheral com-
ponent interconnect (PCI) interfaces from Altera’s
IP MegaStoreTM web site and third-party IP part-
ners, further facilitate the design process.

Excalibur embedded processor solutions are suc-
cessfully designed into industrial automation sys-
tems, test equipment, medical equipment, avionic
products, networking systems, and printer prod-
ucts. The Excalibur device family is well suited for
both ASIC prototyping quantities and low to
moderate volume production.

Processor Subsystem

The processor subsystem (stripe) includes the
following:

� 133-, 166-, or 200-MHz ARM922T proces-
sor

� 8-Kbyte instruction and 8-Kbyte data caches
� Memory management unit (MMU) for real-

time operating system (RTOS) support
� 32-, 128-, 256-Kbyte SRAM memory
� 16-, 64-, 128-Kbyte dual-port SRAM memo-

ry
� Interrupt controller
� Single data rate (SDR) and DDR SDRAM

and flash controllers

� EBI controller (flash, SRAM)
� UART
� Joint Test Action Group (JTAG) debug and

ETM9TM trace support
� Stripe-to-FPGA logic interface
� Choice of development tools, operating sys-

tems, and applications software IP from
third-party companies

FPGA Architecture

The FPGA architecture includes the following:

� 1.8-V, 0.18-µm SRAM process
� 100,000 to 1,000,000 gates

- EPXA1 device: 4,160 logic elements (LEs)
- EPXA4 device: 16,640 LEs
- EPXA10 device: 38,400 LEs

� MultiCoreTM architecture: dual-port RAM,
content addressable memory (CAM), prod-
uct-term architecture

� Multiple phase-locked loops (PLLs)
� Advanced I/O support: PCI, PCI-X, LVDS,

SSTL-3, GTL+, AGP, LVPECL, HSTL,
LVTTL, and LVCMOS

� Altera® and third-party IP

Excalibur devices are supported by a versatile
selection of Altera and third-party tools such as
EDA software, compiler, assembler, synthesis,
verification, debug, and real-time trace. All
Excalibur development kits include the develop-
ment board, documentation, connection cables,
power supply, Quartus II software, including
SOPC Builder, GNUPro tools, and an Excalibur
Solutions Pack containing third-party demon-
stration and evaluation tools.

Ordering Information

The following is a list of Excalibur device order-
ing codes:

� EPXA1 (EPXA1F484Cx, EPXA1F484I2,
EPXA1F672Cx)

� EPXA4 (EPXA4F672Cx, EPXA4F672I2,
EPXA4F1020Cx)

� EPXA10 (EPXA10F1020Cx)

For more information, visit the Altera web site at
http://www.altera.com or contact your local dis-
tributor or sales office.

continued on page 16
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Devices & Tools, continued from page 15

GNUPro Development Tools

Red Hat’s GNUPro Toolkit is now included with
Altera software subscriptions and provides
Excalibur and Nios® developers with industry-
standard embedded software development tools.
The GNUPro compiler and debugger is an open-
source C/C++ development tool suite that is op-
timized for the Excalibur and Nios embedded
processors. It delivers an environment familiar to
design engineers, including:

� GNU C compiler (gcc) and GNU C++ com-
piler (g++)

� GNU debugger (gdb) source and assembly-
level debugger

� GNU assembler (gas)
� GNU linker (ld)
� Insight interface for GNU debugger
� GNU software code profiler (gprof)

Some of the many benefits to using the GNUPro
tools include:

� Complete set of tools needed to design and
debug software applications running on
Excalibur devices and/or Nios embedded pro-
cessors

� No new tool chain to learn (industry stan-
dard)

� Portability within Altera embedded proces-
sor solutions

� Open source code (GNUPro tools available
with complete source code)

� No license fees (chain included with the de-
velopment kits)

GNU Compilers

GNUPro includes a compiler suite consisting of
the optimized ANSI-C compiler (gcc) and the
C++ compiler (g++). The toolkit also includes
additional tools and utilities, including the GNU
assembler (gas), GNU linker (ld), and many Nios
and ARM® processor-specific binary utilities.

GNU Debugger

The GNUPro Toolkit provides all the tools neces-
sary for effective software debugging. The com-
mand-line (gdb) debugger provides complete
access to program state, including source and

assembly level, variables, registers, and memory.
Additionally, the gdb debugger easily handles
large, complex programs.

Red Hat’s Insight tool is a graphical user interface
to the gdb debugger. Insight contains all of the
expected features of a source-level debugger; it is
capable of displaying mixed mode/split screen
source and assembly-level code, with “watch
points” and “breakpoints” windows and a graph-
ical stack display for quick navigation.

RedBoot

Included with the GNUPro tools is RedBoot for
Excalibur devices. RedBoot is Red Hat’s standard
embedded system debugging environment that
supports embedded Linux on Excalibur devices.
It includes facilities such as network download-
ing and debugging, and a simple flash file system
for boot images.

GNUPro Tool Availability

GNUPro tools are included in the SOPC Builder
version 2.6 CD that is shipping with the
Quartus II software version 2.1. The GNUPro
toolkit is also included in the Nios Development
Kit.

SOPC Builder

SOPC Builder Version 2.6 Now Shipping

Altera is now shipping the SOPC Builder system
development tool version 2.6 along with the
Quartus II software version 2.1. All Altera soft-
ware subscription customers can now take ad-
vantage of the industry’s first complete SOPC
integration tool.

The SOPC Builder system development tool is an
Altera-pioneered technology that dramatically
increases designer productivity, slashing time-to-
market while enabling the creation of high-band-
width systems. Version 2.6 of this development
tool introduces advanced support for the
Excalibur device family, with their associated
ARM922T processing cores. You can now use
SOPC Builder to configure the processor stripe of
Excalibur devices, add soft peripherals to the ad-
vanced high-performance bus (AHB), and gener-
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ate a custom software development environment
for each unique processor configuration. Addi-
tionally, with the availability of an AvalonTM-to-
AHB bridge, you can connect all of Altera’s Avalon
interface peripherals to the ARM922T processor,
giving you flexibility beyond bus interface stan-
dards. For more information on SOPC Builder,
see http://www.altera.com/sopcbuilder.

Test Drive the Nios Embedded Processor

Included with SOPC Builder is an
OpenCore® Plus version of the Nios embedded
processor. The OpenCore Plus Nios processor
evaluation provides a free test drive of the proces-
sor prior to purchase. With this version, you can
generate, simulate, compile, and download to
Nios processor-based hardware systems, creating
time-limited hardware evaluation designs. Cus-
tomers can upgrade to a fully supported Nios
product by purchasing the Nios Development
Kit for $995. The full product provides you with
12 months of product upgrades as well as techni-
cal support. For more details, go to
http://www.altera.com/nios.

Nios Subscription Renewal

Annual subscription renewals are available for
the Nios embedded processor. With the Nios
Embedded Processor Subscription Program, you
will receive automatic updates to the Nios pro-
cessor, peripherals, SOPC Builder, and other re-
lated development tools for 12 months. Visit
http://www.altera.com/niosrenewal for more de-
tails.

APEX II Availability

All members of the APEXTM II device family are
shipping. APEX II devices range in density from
16,640 to 67,200 logic elements (LEs) and are
memory-rich, offering 4 Kbits of memory per
embedded system block (ESB), with total device
memory ranging from 416 Kbits to 1.1 Mbits.

Table 4. APEX II Device Availability 

Device Production Availability 

EP2A15 Now 

EP2A25 Now 

EP2A40 Now 

EP2A70 Now 

APEX II

The APEX II device family supports high-speed
data transfers through a wide range of high-speed
I/O standards such as LVDS, PCML, LVPECL,
HSTL, SSTL, and HyperTransportTM technology.
With True-LVDSTM circuitry, APEX II devices
can achieve data transfer rates of up to 1 gigabit
per second (Gbps) per channel. With these I/O
features, you can use APEX II devices in the fol-
lowing applications:

� PHY-link layer interface applications (POS-
PHY, Flexbus, and UTOPIA)

� Host-processor interface applications
(HyperTransport technology, peripheral
component interconnect (PCI), and PCI-X)

� Switch fabric interfaces (CSIX and LCS)
� External memory interfaces (double data rate

(DDR), zero bus turnaround (ZBT), and
quad data rate (QDR) memory devices)

See Tables 4 and 5 for availability and software
support for APEX II devices.

continued on page 18

Nios Processor

Table 5. APEX II Devices & Quartus II Software 
Support 

Device Package Software 
Support 

EP2A15 672-pin FineLine BGA 

724-pin BGA 

Now 

EP2A25 672-pin FineLine BGA 

724-pin BGA 

Now 

EP2A40 672-pin FineLine BGA 

724-pin BGA 

1,020-pin FineLine BGA 

Now 

EP2A70 724-pin BGA 

1,508-pin FineLine BGA 

Now 
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APEX 20KC Available in Production Mode

All APEX 20KC devices are available with all parts
and packages shipping in full production mode.
Table 8 shows the availability schedule for
APEX 20KC devices.

Devices & Tools, continued from page 17

Industrial-Grade APEX Offerings

Industrial-grade APEX devices are now available
in a wide variety of package offerings. Refer to
Tables 9, 10, and 11.

Mercury Silicon Available in Production
Mode

All devices and all speed grades of the MercuryTM

device family are shipping in production mode,
including industrial-temperature offerings in
both product lines (see Table 7). High-speed
1.25-gigabits per second (Gbps) serial links fea-
turing clock data recovery (CDR) circuitry and
an embedded serializer/deserializer (SERDES)
make these devices ideal for serial backplane
applications.

MERCURY

Table 7. Mercury Device Availability 

Device Package Temperature 
Grade 

Production 
Availability 

EP1M120 484-pin  

FineLine BGA 

Commercial in  

-5, -6, -7 speed 

grade 

Now 

  Industrial in  

-6 speed grade 

Now 

EP1M350 780-pin  

FineLine BGA 

Commercial in  

-5, -6, -7 speed 

grade 

Now 

  Industrial in  

-6 speed grade 

Now 

Table 8. APEX 20KC Device Availability 

Device Production Availability 

EP20K200C Now 

EP20K400C Now 

EP20K600C Now 

EP20K1000C Now 

Table 9. APEX 20KC Device Industrial Offering 

Device Package Speed 
Grade 

EP20K200C 484-pin FineLine BGA -8 

EP20K400C 652-pin BGA 

672-pin FineLine BGA 

-8 

EP20K600C 652-pin BGA 

672-pin FineLine BGA 

-8 

EP20K1000C 1,020-pin FineLine BGA -8 

APEX II HardCopy Solution

Altera offers a migration option from APEX II to
HardCopyTM devices for system designers who
need a low-risk, cost-reduction solution for high-
volume production. You can prototype time-sen-
sitive applications using APEX II devices and
migrate the design to HardCopy devices for high-
volume production. HardCopy devices preserve
the functionality and timing of the design and
allow you to improve time-to-market at the low-
est cost.

APEX II Industrial Offerings

All the industrial-grade devices for the APEX II
device family are now available to further com-
press design cycles for the fastest possible time-
to-market. Industrial-grade production versions
of the device offerings are available in a -8 speed
grade. Table 6 shows the availability for industri-
al-grade offerings.

Table 6. APEX II Industrial Device Offering  

Device Package Production 
Availability 

EP2A15 672-pin FineLine BGA Now 

EP2A25 672-pin FineLine BGA 

724-pin BGA 

Now 

Now 

EP2A40 724-pin BGA 

1,020-pin FineLine BGA 

Now 

Now 
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continued on page 20

Table 11. APEX 20K Device Industrial Offering 

Device Package Speed 
Grade 

EP20K100 208-pin PQFP 

240-pin PQFP 

-2V (1) 

EP20K200 240-pin PQFP 

484-pin FineLine BGA 

-2V (1) 

EP20K400 652-pin BGA 

672-pin FineLine BGA 

-2V (1) 

MAX

Improved MAX Design Performance in the
MAX+PLUS II & Quartus II Software

MAX devices are now supported in the
Quartus II software version 2.1, including
the free downloadable Web Edition. The soft-
ware integrates the support of both complex pro-
grammable logic devices (CPLDs) and FPGAs
into a single platform, and significantly improves
second-time fitting for MAX designs. See
Table 12.

MAX® device performance has also improved in
the MAX+PLUS® II software version 10.2, which
includes the PALACETM Compiler software from
Altera’s partner Aplus Design Technologies, Inc.
(ADT). The PALACE software complements the
MAX+PLUS II software by using advanced phys-
ical re-synthesis algorithms and timing constraints
to increase the design’s performance. ADT’s soft-
ware can increase the design performance of MAX
devices by up to 50%.

For more information on the improved MAX
design performance, contact your local Altera
sales representative. Your Altera sales representa-
tive can also help you choose the optimal soft-
ware support for your design needs.

ACEX

ACEX 1K Availability

ACEX® 1K devices are available in quad flat pack
(QFP) and FineLine BGA packages in 576-,
1,728-, 2,880-, and 4,992-LE densities. These cost-
optimized devices are specially suited for low-
cost, high-volume applications.

Altera continues to provide the lowest-cost solu-
tion in the industry.

Free software support for all ACEX 1K devices is
available in the Quartus II Web Edition software
version 2.1, which is available for download at
http://www.altera.com.

Notes to Table 10:
(1) The “X” denotes PLL and LVDS support.
(2) PQFP: Plastic quad flat pack.

Note to Table 11:
(1) The “V” denotes 5.0-V tolerant I/O interfaces.

Table 12. Software Support for MAX Devices 

Device Family Quartus II Support MAX+PLUS II Support 

MAX 7000 v

MAX 7000E v 

MAX 7000S  v 

MAX 7000AE v v 

MAX 7000B v v 

MAX 3000A v v 

EP20K300E 240-pin PQFP 

652-pin BGA 

672-pin FineLine BGA 

-2X (1) 

EP20K400E 652-pin BGA 

672-pin FineLine BGA 

-2X (1) 

EP20K600E 652-pin BGA 

672-pin FineLine BGA 

-2X (1) 

EP20K1000E 652-pin BGA 

672-pin FineLine BGA 

-2X (1) 

Table 10. APEX 20KE Device Industrial Offering 

Device Package Speed 
Grade 

EP20K30E 144-pin FineLine BGA -2X (1) 

EP20K60E 144-pin FineLine BGA 

208-pin PQFP (2) 

324-pin FineLine BGA 

-2X (1) 

 

EP20K100E 144-pin FineLine BGA 

240-pin PQFP 

324-pin FineLine BGA 

356-pin BGA 

-2X (1) 

EP20K160E 484-pin FineLine BGA -2X (1) 

EP20K200E 240-pin PQFP 

356-pin BGA 

484-pin FineLine BGA 

672-pin FineLine BGA 

-2X (1) 



Altera Corporation         News & Views Third Quarter 200220

Devices & Tools

CONFIGURATION

Enhanced Configuration Devices

Altera’s enhanced configuration devices enable
remote system upgrades. Coupled with dedicated
circuitry in Stratix devices, remote configuration
allows you to get your products to market in the
fastest time possible, while ensuring the capabili-
ty to keep up with evolving standards and proto-
cols.

Enhanced configuration devices provide a com-
plete single-device solution for a wide range of
density requirements. Vertical migration capa-
bility allows you to easily migrate from the EPC4
to the EPC8 to the EPC16 device in the same
package without having to change the board lay-
out. Commercial and industrial grade EPC4,
EPC8, and EPC16 devices are all now available.

Enhanced configuration devices offer ISP through
a built-in IEEE standard for boundary-scan-
based, in-system configuration standard of pro-
grammable devices (IEEE 1532). The inclusion of
ISP and re-programmability provides a signifi-
cant advantage over one-time programmable so-
lutions by introducing flexibility and reusability
to the configuration process.

Altera’s enhanced configuration devices also in-
troduce numerous features for specialized con-
figuration needs. These features include an
external flash interface that allows unused por-
tions of the flash memory to be used as general-
purpose memory, parallel configuration capability
to accelerate configuration times, a new page
mode that allows you to store multiple configu-
rations, block protection for partial reprogram-
ming support, and full clocking flexibility through
the programmable clock and external clock fea-
tures. This advanced feature set enhances the
overall programmable logic device (PLD) design
experience.

Devices & Tools, continued from page 19

EPM3512A Device Availability

Altera now extends the popular 3.3-V MAX 3000A
family to include 512 macrocell devices. With the
introduction of the EPM3512A device, the
MAX 3000A family now offers a complete high-
volume, low-cost solution with densities ranging
from 32 to 512 macrocells, offering customers an
ideal pairing of cost and density. Fabricated on a
0.3-µm, four-layer-metal process, the EPM3512A
device provides 7.5-ns pin-to-pin performance
and frequency counter speeds of up to 115 MHz.
As with previous MAX 3000A device offerings,
the EPM3512A device has an enhanced in-sys-
tem programmability (ISP) feature set, supports
both JamTM standard test and programming lan-
guage (STAPL), MultiVoltTM I/O (2.5-, 3.3-, and
5.0-V) operation, and is IEEE 1532 compliant.
Table 13 shows the packages and speed grades
available for the EPM3512A device. Production
quantities of the EPM3512A device are now avail-
able.

Software Support

The EPM3512A device is supported by both the
Quartus II software version 2.1 and the
MAX+PLUS II software version 10.2. If you want
to evaluate the new device, download the soft-
ware from the Altera web site at
http://www.altera.com.

MAX Process Transition

Altera has migrated all existing MAX 7000AE and
MAX 3000A devices from 0.35-µm process to an
advanced 0.3-µm process. All timing and reliabil-
ity characteristics for the devices remain within
the data sheet specifications. Altera provides a
comprehensive Process Transition Report (also
referred to as the data pack) for each device that
compares the key characterization and reliability
data for the two processes.

Table 13. EPM3512A Devices 

Package Speed Grade 

208-pin PQFP -7, -10 

256-pin FineLine BGA -7, -10 
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Design Software

Quartus II Version 2.1 Includes New Timing
Closure Flow

The Quartus II software version 2.1 is now ship-
ping, and includes a new timing closure method-
ology facilitated by a suite of tools that allows a
hardware design to achieve timing requirements
on all clocks signals with fewer iterations. For
more information, see “Quartus II & the New
Timing Closure Methodology” on page 35.

In addition to integration to third-party synthe-
sis software from Mentor Graphics®, Synopsys,
and Synplicity®, the Quartus II design software continued on page 22

includes integrated VHDL and Verilog HDL syn-
thesis technology. For more information, refer to
“Quartus II Verilog HDL & VHDL Integrated
Synthesis” on page 33 and AN 238: Using Inte-
grated RTL Synthesis in the Quartus II Software.

Additionally, version 2.1 features enhancements
and improvements in FPGA design, embedded
software design, the LogicLockTM block-based de-
sign flow, place-and-route, verification, and de-
vice support. Refer to Table 14 and the Design
Software section of the Altera web site for more
information.

Table 14. New Features in Quartus II Version 2.1 

Design 
Flow 
Area 

New Features 

Design Device and EDA tool settings can now be assigned in the New Project wizard  

Device migration is now supported for APEX II, APEX 20K, APEX 20KE, APEX 20KC, and MAX 7000 device families 

HardCopy device's Design Assistant design rule checker checks designs to make sure they can easily be migrated to low-cost, high-volume 

HardCopy devices  

Tool command language (Tcl) scripts can be assigned to the new Tcl toolbar buttons  

Embedded 

Software 

Design 

The SOPC Builder system development tool is integrated into the Quartus II user interface and now supports Excalibur devices 

The Red Hat GNUPro C/C++ development tools are provided with Altera subscriptions  

LogicLock 

Block-Based 

Design Flow 

With the new Reserve nodes feature, only nodes assigned to a region are allowed in the region; these nodes are used to reserve areas of a 

device  

Support for virtual I/O pins allows users to specify which LogicLock region I/O pins will be internal nodes in the top-level design  

Soft region support allows nodes to be placed outside of a LogicLock region to meet timing requirements  

Resource entity usage information is added to the Project Navigator  

Place-and-

Route 

New timing closure flow increases designer productivity; new features include the Timing Closure Floorplan Editor, ability to make path-based 

assignments, netlist optimizations, and incremental, block-based placement 

Initial placement configuration option is available to improve performance by an extra 5%  

Quality-of-results enhancements are added for the Stratix devices   

Verification Introduction of the SignalTap® II Embedded Logic Analyzer  

Introduction of the Excalibur Stripe Simulator (ESS), to simulate the ARM embedded processor stripe  

Improved SignalProbeTM routing success rate for APEX 20K, APEX II, and Excalibur device families 

PowerGaugeTM support for APEX II and Excalibur embedded processors, updated support for Mercury devices 

Support for Verplex Conformal LEC software formal verification flow for APEX 20KE, APEX 20KC, and APEX II designs 

Support for Atrenta Spyglass and Synopsys LEDA design-rule checking tools 

OS Support Added support for Windows XP 
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Support for Faster -5 Speed Grade Stratix
Devices

Full compilation, simulation, timing analysis, and
programming support is available in the
Quartus II software version 2.1 for the new devic-
es and device packages located in Table 15. The
Quartus II software version 2.1 also includes sup-
port for faster -5 speed grade Stratix devices.

Quartus II Web Edition Device Support
Expanded

The Quartus II Web Edition software is an entry-
level version of the Quartus II design software
supporting selected Stratix, APEX II, APEX 20KE,
Excalibur, MAX 7000, MAX 3000, FLEX 10KE,
ACEX 1K, and FLEX 6000 devices. With
PowerFitTM place-and-route technology,
the Quartus II Web Edition software lets you
experience the performance and compile time
benefits of the Quartus II software.

The Quartus II Web Edition software includes a
complete environment for PLD design including
schematic- and text-based design entry, HDL syn-
thesis, place-and-route, verification, and pro-
gramming. The Quartus II Web Edition software
removes all barriers for designing for Altera de-
vice architectures for high-performance applica-
tions.

The Quartus II Web Edition software version 2.1
now supports devices from all mainstream Altera
device families, including:

� Stratix (EP1S10)
� APEX II (EP2A15)
� Excalibur (EPXA1)

APEX 20KE (EP20K30E, EP20K60E,
EP20K100E, EP20K160E)

� ACEX 1K (all devices)

� FLEX 10KE (EPF10K30E, EPF10K50S,
EPF10K100E, EPF10K130E, EPF10K200S)

� FLEX 6000 (all devices)
� MAX 7000AE (all devices)
� MAX 7000B (all devices)
� MAX 3000A (all devices)

The Quartus II Web Edition software now in-
cludes integrated VHDL and Verilog HDL
synthesis. The Mentor Graphics® LeonardoSpec-
trumTM-Altera synthesis tool is also available from
the Altera web site to use in conjunction with the
Quartus II Web Edition software. Quartus II Web
Edition users can also use third-party synthesis
tools from Mentor Graphics, Synopsys, and
Synplicity.

Quartus II Web Edition software version 2.1 is
available now for downloading from the Altera
web site and is also included on the Altera Digital
Library (ADL) CD-ROM.

MAX+PLUS II Version 10.2 Improves MAX
Design Performance

The MAX+PLUS II and MAX+PLUS II
BASELINE software version 10.2 include the
Aplus Design Technologies (ADT) PALACE Com-
piler option, which can increase performance by
up to 50% for MAX 7000 and MAX 3000 designs.
The ADT PALACE software optimally compiles
designs using pin and timing constraints and ad-
vanced physical synthesis algorithms to improve
performance and place-and-route results.

Other improvements to the MAX+PLUS II soft-
ware include support for the Windows XP oper-
ating system and resolution of nearly 50 customer
issues.

The Quartus II software version 2.1 upgrade ship-
ments include the MAX+PLUS II version 10.2
CD-ROM and ADT documentation describing
the benefits of enabling the ADT PALACE
Compiler option in the MAX+PLUS II software
(available in PC and Solaris versions only).
MAX+PLUS II BASELINE version 10.2 is now
available for downloading from the Altera web
site and is included on the ADL CD-ROM.

The E+MAXTM software will not be updated to
version 10.2; E+MAX software version 10.1 will
remain on the Altera web site until the end of
December 2002. E+MAX licenses will not be is-
sued after March 31, 2003.

Table 15. New Quartus II Device Support  

Device Family Device Package 

Stratix EP1S25 672-pin BGA 

672-pin FineLine BGA 

780-pin FineLine BGA 

1,020-pin FineLine BGA 

MAX 3000A EPM3512A 208-pin PQFP 

256-pin FineLine BGA 

�

New

New

New

New

New

New
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Stratix DSP Accelerates Medical Imaging

Michael Worry
CEO, Nuvation Engineering
Altera Certified Design Center

Recently Nuvation encountered a medical imag-
ing application that required algorithm accelera-
tion to both increase image resolution and reduce
processing time. As an Altera® Certified Design
Center (CDC), Nuvation often encounters con-
flicting goals that can only be solved with the use
of innovative technologies. The digital signal pro-
cessing (DSP) capabilities of Altera’s StratixTM

devices provide the architecture to solve this prob-
lem.

Computationally-Intensive Design

The customer’s process required matching and
indexing subsequent captured images, which is
accomplished by an algorithm known as normal-
ized cross-correlation. This algorithm requires
computationally-intensive convolution of imag-
es, which is primarily implemented in multiply
accumulators. A further functional requirement
is that the image that can grow in either size or
resolution for future products, resulting in a ex-
ponential increase in required processing power.

Traditionally, a design like this would be imple-
mented in a digital signal processor. A high-end
digital signal processor can produce roughly a
half dozen billion multiply-accumulates per sec-
ond (GMACS). As a comparison, each DSP block
in an Altera Stratix FPGA can produce two
GMACS. The number of DSP blocks ranges from
6 with the entry product to 28. This means Stratix
devices are capable of producing several multi-
ples higher DSP throughput, or 228 parallel mul-
tiplications and a combined throughput of 56
GMACS. If further processing is required, you
can instantiate additional multiplier-accumula-
tors (MACs) in the distributed logic elements
(LEs) and memory. Coupling this with the ability
to drop in larger footprint-compatible devices
allows you to start with a cost-effective FPGA and
scale as needed without a board spin, which en-
ables future functionality and enhanced algo-
rithms.

Memory Flexibility

As a further advantage, the initial target image
fits nicely into Stratix’s industry-leading
TriMatrixTM memory architecture. The different-
sized memories allow the customer to make ar-
chitecture tradeoffs between increasing the
number of data ports for overall bandwidth (up
to 12 terabits per second), or storing the whole
image in a unit of an M-RAM blocks (up to
10 Mbits) to avoid swapping to an external mem-
ory.

Small Form Factor

A traditional design would need an FPGA for
some data flow massaging, a DSP for processing,
RAM, and likely a phase-locked loop (PLL). With
Stratix devices, all that discrete functionality is
neatly tucked into a single device.

Remote System Configuration

The desire for a standard product with future
feature scalability is becoming increasingly nec-
essary. This flexibility allows in-field devices to
support new algorithms and standards, feature
integration, and revenue streams. The Stratix de-
vice family supports this scalability with dedicat-
ed support for remote system configuration. A
complete solution is achieved by combining
Stratix devices with a device to manage the up-
grade, such as Blue Iguana’s in-system program-
ming gateway. Blue Iguana’s firmware code could
be loaded onto a Nios® embedded processor in-
side the Stratix device, and hooked back to Blue
Iguana’s Secure Service Hub software. Remote
system configuration provides enhanced design
flexibility and an extended product life.

Conclusion

Altera’s Stratix devices allowed Nuvation to meet
the tough requirements of this medical imaging
application. A combination of the GMACs
throughput,  future scalability, memory flexibili-
ty, system integration, and remote system config-
uration support distinguish Stratix devices as a
true programmable logic powerhouse.

continued on page 24
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About Nuvation

Nuvation is a leading electronics design services
(EDS) firm that provides ASIC, FPGA, board,
and firmware design services for the DSP and
embedded systems industry. Nuvation is a mem-
ber of the Altera CDC and is a certified high-
speed design center. Nuvation is an Altera
Megafunction Partners Program (AMPPSM) part-

ner with a 10-channel Gigabit Ethernet over
OC-192 IP core (GEOS-10). Nuvation’s design
experience spans the Communications, Consumer
Electronics, Medical, and Security/Defense in-
dustries. Founded in 1997 and based in San Jose,
California, Nuvation’s customers include a num-
ber of top-tier companies such as Altera, Lucent,
Hewlett Packard, JDS Uniphase, Infineon, Leap-
Frog, SanDisk, Finisar, and Trimble Navigation.
Nuvation is a wholly owned subsidiary of IAR
Systems. For more information, visit the Nuva-
tion web site at http://www.nuvation.com.

Instantiating Memory Using Synopsys FPGA Compiler II
Saves Coding Time & Area

The StratixTM device family is based on a 1.5-V,
0.13-µm, all-layer-copper process technology and
offers up to 114,140 logic elements (LEs), 10 Mbits
of embedded memory, optimized digital signal
processing (DSP) blocks, and high-performance
I/O capabilities. Because these devices offer a less
expensive and more flexible alternative to ASICs,
design engineers are choosing them for prototyp-
ing and for use in complex, high-performance
systems. As a result, designers are turning to ASIC-
like tools and techniques to fully take advantage
of all that Stratix devices have to offer.

Design engineers who use Synopsys’ FPGA
Compiler II in their design flows have the option
of instantiating memory in Stratix devices, in
contrast to the more common inference method
used by other synthesis tools on the market. With
the inference method, designers create a one- or
two-dimensional array, and then put values in
and out of the array variable. These values will be
automatically mapped to memory.

With instantiation, you can indicate that a specif-
ic portion of the HDL code will be used for mem-
ory, which is then “wired in” as though you are
constructing a gate-level design. You might think
that instantiation means more work and that it is
easier to just code an array. However, inferencing
involves more coding because you have to refer-
ence the array each time you use memory. In
instantiation, Altera supplies the whole declara-
tion, which means that you simply insert the
declaration and connect to it.

There are several reasons to instantiate. First,
memory allocation is optimized by hand, saving
device area. When targeting Stratix devices, it is
impossible for the tool to automatically allocate
the correct type of memory (M4K, M512, or
M-RAM blocks) for the application. Second,
memory instantiation allows an easier technolo-
gy transfer to or from an ASIC. Additionally,
there is less typing when instantiating versus
memory inference (e.g., when entering VHDL or
Verilog HDL).

Using Memory Elements with Altera Devices

The preferred method of instantiating Altera
memories is to use the MegaWizard® Plug-In
Manager in the Quartus® II software to set up
and parameterize a memory megafunction. In
the case of Stratix devices, the altsyncram
megafunction is instantiated by performing the
following steps:

1. Use the MegaWizard Plug-In Manager to
configure the memory according to your de-
sign specifications. The wizard creates three
files: a wrapper file that instantiates the mega-
function, a file that contains the module dec-
laration, and a file that contains the
instantiation declaration. Refer to
Quartus II Help for detailed instructions on
how to create and instantiate a megafunc-
tion for FPGA Compiler II.

Stratix DSP Accelerates Medical Imaging, contin-
ued from page 23

The preferred method of
instantiating Altera
memories is to use
the MegaWizard Plug-
In Manager in the
Quartus II software to
set up and parameterize
a memory megafunc-
tion.
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 Figure 1. Verilog Example of a User Design File Instantiation & a Wizard-Created Wrapper
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2. Create a design file that black-boxes the wrap-
per module and synthesize it using FPGA
Compiler II. Figure 1 shows a Verilog exam-
ple. In this case, the user file is called
memory_inst.v. The files created by the
MegaWizard Plug-In Manager are
called mymem.v, mymem_bb.v, and
mymem_inst.v. You can copy and paste the
module declaration and instantiation from
the mymem_bb.v and mymem_inst.v files
to create the user design file.

3. Synthesize the file you created
(memory_inst.v) along with the rest of your
design in FPGA Compiler II and export the
EDIF Output File (.edf) after synthesis.

4. Place-and-route the EDIF file in the
Quartus II software. Ensure that the
wizard-created file and the user-created
wrapper exist in the same directory.

Conclusion

Design engineers who follow these simple steps
will quickly realize the advantages of instantia-
tion in terms of time, effort, and efficient use of
Stratix resources. For more information, visit the
Synopsys web site at http://www.synopsys.com.

User design file: memory_inst.v

module memory_inst (

data_sig,

wren_sig,

wraddress_sig,

rdaddress_sig,

clock_sig,

q_sig);

input [7:0] data_sig;

input   wren_sig;

input [4:0]  wraddress_sig;

input [4:0]  rdaddress_sig;

input   clock_sig;

output [7:0]  q_sig;

mymem mymem_inst (

.data ( data_sig ),

.wren ( wren_sig ),

.wraddress ( wraddress_sig ),

.rdaddress ( rdaddress_sig ),

.clock ( clock_sig ),

.q ( q_sig )

);

endmodule

module mymem (

data,

wren,

wraddress,

rdaddress,

clock,

q);

input [7:0]  data;

input  wren;

input [4:0]  wraddress;

input [4:0]  rdaddress;

input  clock;

output [7:0]  q;

endmodule

Megawizard created file (edited for space): mymem.v

module mymem (

data,

wren,

wraddress,

rdaddress,

clock,

q);

input [7:0]  data;

input   wren;

input [4:0]  wraddress;

input [4:0]  rdaddress;

input   clock;

output [7:0]  q;

wire [7:0] sub_wire0;

wire [7:0] q = sub_wire0[7:0];

altsyncram altsyncram_component (

.wren_a (wren),

.clock0 (clock),

.address_a (wraddress),

.address_b (rdaddress),

.data_a (data),

.q_b (sub_wire0));

defparam

altsyncram_component.operation_mode = "DUAL_PORT",

altsyncram_component.width_a = 8,

altsyncram_component.widthad_a = 5,

altsyncram_component.numwords_a = 32,

altsyncram_component.width_b = 8,

altsyncram_component.widthad_b = 5,

altsyncram_component.numwords_b = 32,

altsyncram_component.lpm_type = "altsyncram",

altsyncram_component.width_byteena_a = 1,

altsyncram_component.outdata_reg_b = "UNREGISTERED",

altsyncram_component.indata_aclr_a = "NONE",

altsyncram_component.wrcontrol_aclr_a = "NONE",

altsyncram_component.address_aclr_a = "NONE",

altsyncram_component.address_reg_b = "CLOCK0",

altsyncram_component.address_aclr_b = "NONE",

altsyncram_component.outdata_aclr_b = "NONE",

altsyncram_component.read_during_write_mode_mixed_ports = "DONT_CARE",

altsyncram_component.ram_block_type = "AUTO",

altsyncram_component.intended_device_family = "Stratix";

endmodule
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Controlling I/O Register Mapping For Altera Devices

by Roger Do,
Mentor Graphics

Altera’s look-up table (LUT)-based series of de-
vices contain I/O structures that include input,
output, and control signal registers. To adequate-
ly meet timing requirements on and off chip,
these registers must be implemented.
Mentor Graphics® synthesis software fully sup-
ports the use of all the I/O registers for StratixTM,

APEXTM, and MercuryTM devices. APEX 20K and
APEX 20KE devices have only a single I/O regis-
ter while the Stratix, APEX II, and Mercury de-
vices have input, output, and control signal
registers.

How Synthesis Works

The default configuration for Precision
SynthesisTM and LeonardoSpectrumTM does not
map to any I/O registers. For mapping
I/O registers, you can implement I/O registers
globally or individually. When you globally im-
plement I/O registers, all input and output regis-
ters are mapped to the I/O atom. For
APEX 20K and APEX 20KE devices, if a bidirec-
tional I/O pin has both input and output regis-

ters, the input register is mapped to the I/O atom
and the output register is mapped to an internal
LCELL atom.

Considerations Before Synthesis

Deciding to globally map to I/O registers affects
the overall design performance. Since the I/O
registers are moved to the peripheral of the de-
vice, these registers may or may not be placed in
close proximity. Therefore, the internal register-
to-register performance of the design can suffer
because of the placement of the I/O registers with
respect to the logic that it is driving. Altera rec-
ommends you only use I/O register mapping when
external I/O timing requirements dictate I/O reg-
ister use.

Controlling I/O Mapping Globally

You can perform global I/O register mapping
through either the graphical user interface (GUI)
or an attribute. To select global I/O register map-
ping from the LeonardoSpectrum GUI, go to the
Technology Flow tab and click Map IO Regis-
ters. When the Altera library is loaded, the at-
tribute altera_map_complex_ios will be
set to TRUE. This attribute can also be set to
TRUE at the command line or from tool com-
mand language (Tcl) scripts anytime before opti-
mization to enable global I/O register mapping.
See Figure 1.

The following is a command-line example:

set altera_map_complex_ios TRUE

Mapping Individual I/O Registers

You can control individual I/O register mapping
through attributes placed on individual signals
either through the HDL code or at the command
line. The attribute that controls I/O register map-
ping is map_complex. The map_complex at-
tribute overrides the mapping directive
that is set globally with the
altera_map_complex_ios variable. In one
situation, you might want to set the
map_complex attribute to TRUE on a few I/O

 Figure 1. Global I/O Register Mapping
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usage: set_attribute -<obj_type> <obj_name> -name <attribute_name> -value <attribute_value>

set_attribute -port inp -name map_complex -value TRUE

VHDL Example:

entity example is

port (inp, clk : in std_logic;

outp : out std_logic);

--usage:

--The following syntax can be used for the declaration of a VHDL attribute:

--attribute <attribute_name> : <attribute_type>;

--The following syntax describes how to set an attribute on a VHDL component.

--Set on component that corresponds to view.

--attribute <attribute_name> of <object_name> : component is

--<attribute_value>

--Set on a label that corresponds to an instance.

--attribute <attribute_name> of <object_name> : label is

--<attribute_value>

attribute map_complex: string ;

attribute map_complex of inp:signal is "TRUE";

end example;

Verilog Example:

//Usage:

//synthesis attribute <object_name> <attribute_name> <attribute_value>

//example

module example (inp, clk, outp);

input inp, clk;

output outp;

.

.

.

// synthesis attribute inp map_complex TRUE

endmodule

 Figure 2. Mapping Individual I/O Registers Example

Contributed Articles

ports that you want to map to the I/O atom. In
another situation, you might want to turn on
global mapping for all I/O ports by setting
altera_map_complex_ios to TRUE, then

turn off complex mapping for selected ports by
setting the map_complex attribute to FALSE.
Figure 2 shows a command-line example.
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El Camino’s Design Services Provide Solutions
for Incremental Encoder Emulation

Albert Lindmeier,
Director of Engineering,
El Camino GmbH

With a strong background in digital signal pro-
cessing (DSP) designs, El Camino contributed its
highly qualified design knowledge to Baumueller
Anlagen-Systemtechnik, a company that special-
izes in distributed drive technology, specifically
for publishing and printing applications. For their
new generation of drive controls, El Camino fo-
cused its resources on providing a solution which
includes an Altera® ACEX® 1K EP1K30 device.

Incremental Encoders

Contemporary motor drives for printing ma-
chines often use the concept of virtual axes, in
which remote drives are synchronized to each
other by means of a control algorithm (behaving
as if they were connected physically). Usually,
you can achieve this synchronization by using a
real-time bus system and a digital signal proces-
sor built into the drives. The tracking perfor-
mance depends mainly on the update rate of the
position data and the algorithm.

However, there is still a lot of auxiliary equip-
ment (e.g., paper cutters or paper-folding equip-
ment) that must receive the input signals from a
traditional incremental encoder. Incremental en-
coders have two tracks (A and B) that have a
phase shift of 90 degrees and one reference pulse
(zero-pulse) to achieve the proper start condi-
tion. You can derive the direction of the rotation

from the time relation of track A to track B. For
example, if track A is leading track B, the rotation
is clockwise and vice versa.

The most obvious way to generate such signals is
to add an incremental encoder to the axis, but
this is not always possible or desirable because of
mounting problems, reliability, and cost.

Existing Solution: Incremental Encoder
Emulation

Running an incremental encoder emulation on a
digital signal processor is the existing solution.
This solution, as in most cases, is the same digital
signal processor as the drive control with addi-
tional external counters for speed considerations.
A position control loop within the digital signal
processor controls the frequency of the oscillator.
You can generate the signals for tracks A and B
out of this oscillator frequency and the direction
information. A state machine and a counter eval-
uates these track signals and the resulting counter
value, which represents the actual generated num-
ber of output pulses (which can differ from the
actual change in position due to response time or
frequency errors). This value is another input to
the position control loop. An error signal is gen-
erated out of the counter value and the actual
position value, which in turn controls the oscilla-
tor to minimize the error.

 Figure 1. Tracking Loop Basic Block Diagram
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For their new generation
of drive controls, El
Camino focused its re-
sources on providing a
solution which includes
an Altera ACEX 1K
EP1K30 device.
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The type of emulation described above is known
as incremental encoder emulation with tracking
loop. Figure 1 shows a basic block diagram of this
solution.

Despite the fact that the control algorithm is re-
fined by adding features like position prediction
or similar logic, it is common that the actual
number of track pulses A and B does not always
represent the actual position. This fact is especial-
ly true if the drive changes its speed (acceleration
or deceleration). The speed of the control loop is
also limited by the available computation power
of the digital signal processor.

New Solution: Using Altera FPGAs

The new solution does not use a tracking loop.
The track pulses A and B are directly synthesized
from the incoming position information. You
can view this solution as a virtual axis with a
high-resolution angle accumulator. From this
angle accumulator, you can derive the signals for
the tracks and the zero pulse.

However, due to the high resolution of the counter
and the desired rotation speed of the drive, this
accumulation must execute very quickly (in this
application, 160 ns). You could not achieve this
quick execution with a digital signal processor.
Furthermore, you have to perform several paral-
lel tasks within that 160-ns cycle time. Therefore,
an Altera ACEX EP1K30 device was selected to
accomplish the task. Using an Altera FPGA, you
are able to vary your program to fit different
solutions in terms of pulses per revolution. This
programmability allows you to emulate a whole
range of incremental encoders.

The digital signal processor writes a new current
position value to the FPGA every 0.2 to 2 ms,
depending on the application.

The algorithm calculates the difference of the
incoming current position value and the internal
virtual position value. The resulting difference is
divided by k (the ratio of sample time [Ta] to
updated time [Tk]) and split into an integer and
the remainder part. By integration of the integer
part of ∆l, you get a high-resolution representa-
tion of the current position, updated every cycle
time (in this case, 160 ns), including an accumu-
lated remainder. Every time it exceeds one, the
one is added to the integer part, resulting in no
pulse loss.

In contrast to the tracking solution, this new
approach makes a linear interpolation of the an-
gle values, which immediately follow changes in
the input value, and not after the latency time Ta
as in the tracking solution.

The high-angular resolution of the virtual axis
allows a more accurate setting of the zero-refer-
ence pulse. The track pulses A and B are directly
derived from the virtual axis value. Depending on
the register-settable number of pulses per turn
(lines per revolution of a real incremental encod-
er), the track pulses A and B are generated at
given positions of the virtual axis.

When there is no movement of the axis, this
technique also suppresses any high-frequency tog-
gling of the track pulses, which would be a prob-
lem with the tracking solution.

The FPGA contains multipliers, accumulators,
limiters, a divider, and additional logic. Most of
the processing must be done in parallel, which is
not possible in a DSP solution. Therefore, the
Altera EP1K30 device made it possible to use a
high-performance solution, which would other-
wise not be possible.

About El Camino

El Camino GmbH was founded in 1999 and is a
fast-growing competence center focusing on de-
sign, training, and consultation related to PLDs.
With its background in DSP design, El Camino
GmbH is a key partner in implementing innova-
tive DSP designs in programmable logic. For more
information on El Camino GmbH and its prod-
ucts and services, visit their web site at
http://www.elca.de.

About Baumueller Anlagen-Systemtechnik
GmbH & Company

Baumueller Anlagen Systemtechnik are experts
in distributed drive technology and offer com-
plete solutions for publishing and printing, and
advertising and package printing. Baumueller An-
lagen Systemtechnik is a reliable partner with
many years of experience in the fields of process
engineering, automation, drive technology, and
open- and closed-loop control engineering.

Using an Altera FPGA,
you are able to vary your
program to fit different
solutions in terms of
pulses per revolution.
This programmability
allows you to emulate a
whole range of incre-
mental encoders.
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Effective Programmable Logic Architecture for
CDMA/W-CDMA Matched Filter

Code division multiple access (CDMA) and the
newer wideband code division multiple access
(W-CDMA) are wireless communication stan-
dards. In both standards, different users are using
the same frequency spectrum and, to distinguish
one user from the other, a different code se-
quence is used for each user. You can use matched
filters to identify the different code sequences.
The matched filter is a correlator structure. You
can use similar correlator structures for random
access channel (RACH) detectors. Matched fil-
ters or RACH detectors typically require high-
speed computation power. Depending on the
parameters, the matched filter or the RACH re-
ceiver can require execution of tens of billions or
hundreds of billions of operations per second.
This high-speed computational power require-
ment is clearly beyond the capability of a single
digital signal processor. FPGAs can achieve this
level of computational power and still maintain
the high level of flexibility required to support
different variants of these applications.

FPGA architecture based on distributed memory
is used in some of those applications to create a
high-speed parallel processing architecture. Dis-
tributed memory architecture is based on logic
cell RAM elements that can store 16 bits each and
can be used as a 16-bit shift register. This article
describes another FPGA architecture based on
(parallel samples, parallel coefficients, and time
division multiplexing (TDM)) (PPT) array cal-
culations and memory blocks that can achieve
even higher levels of cost efficiency for those ap-
plications.

Correlator Function

Matched filters and RACH detectors are imple-
mented as correlators. The correlator searches
for a code sequence (sometimes multiple code
sequences) embedded in the received signal by
comparing the received signal with a copy of the
code sequence. The code sequence is a sequence
of +1 or -1 coefficients. Figure 1 shows a correla-
tor example.

The correlator slides the code sequence to the
right of the received samples and searches for one
of the correlation points that has the maximum
correlation value. The correlation value is calcu-
lated as a sum of multiplication coefficients and
samples similar to a finite impulse response (FIR)
filter structure. The maximum correlation result
47 is found in point number 10, as shown in
Figure 1.

Parallel Samples, Parallel Coefficients &
(PPT) Correlator Architecture

In each clock, an array of n*d (n = number of
samples processed together, d = number of cor-
relation points calculated together) correlation
nodes is processed by the PPT correlator. In the
next clock, a subsequent array of n*d correlation
nodes (to the right of the current n*d correlation
nodes in Figure 3) is processed. After L/n clocks
the correlation calculation, the current d starting
nodes is completed. Later, a new correlation cal-
culation for shifted correlation sequences is start-
ed d nodes to the right of the previous starting
point. Each one of the horizontal lines in Figure 3
represents a shifted sequence of L samples. The
number of samples processed together (n) of  co-
efficients (FFs) are driving in parallel the array of
correlation nodes. For (n+d-1) samples, each
number of samples (b bits in width) are driving
in parallel the array of correlation nodes.

 Figure 1. Correlator Example Graph
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The samples and coefficients are coming from
internal block memories (embedded system
blocks (ESBs) for APEXTM devices or M4K blocks
for StratixTM devices). They are not shifted into
the array, and there is no latency issue for context
switching. It is possible to switch to the next d-
shifted, correlation sequence calculation, or switch
to another code sequence calculation immediate-
ly to the next clock. Once the PPT correlator
completes processing (a group of shifted correla-
tion sequences), it loads the output matched re-
sults to an output shift register, and can start
processing the next group of shifted correlation
sequences immediately to the next clock.

Each group of n multiplier (implemented as an
exclusive or gate of b samples and coefficients
plus the sign bit for two’s compliment represen-
tation) outputs feed the adder tree, as shown in
Figure 4. On each clock, a new group of n nodes
along the horizontal line of Figure 3 feeds the
inputs of the same adder tree. The last adder of
the adder tree sums all the intermediate results.
After the (L/n) clock sequence, the final correla-
tion results are latched in the output-matched
result register. The next clock after the final cor-
relation results is latched into the matched result
register, a new set of d correlation points begins
calculation. In parallel, the matched result regis-
ters of all the d adder trees (connected to each
other as a shift register) will shift the results clock
after the clock to the correlator block output.

The PPT correlator has some features of tradi-
tional FIR correlators (e.g., adder trees for the
multiplication results), and has some features of
inverse FIR correlators (e.g., data samples driving
multiple nodes in parallel). It is significantly dif-
ferent from both of them since the samples and
the coefficients are driving a two-dimensional
array of nodes and are stored in a block memory.

To estimate the PPT correlator size, see equation
(1):

To estimate the distributed memory correlator
size based on the traditional FIR architecture, see
equation (2):NLEs = n + b*(n+d-1) + d*(2*(log2L +b) +  ΣM

2i (b + i))  (1)

log2n

i = 1

NLEs = L*(b + 1)/16 +  ΣM

2i (b + i)  (2)

log2n

i = 1
M = L/16 for clock rate/chip rate = 16
M = L/32 for clock rate/chip rate = 32
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 Figure 3. PPT Correlator Architecture

 Figure 4. PPT Correlator Adder Tree
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This size estimation (equations 1 and 2) does not
include the control logic for the memory and the
timing logic for the correlator. It also does not
include variations in size when you use different
synthesis tools. You can assume that the control
and timing logic is significantly smaller than the
correlator logic.

To calculate the memory size, see equation (3):

Benchmark PPT vs. Distributed Memory

Figures 5 and 6 plot the resource usage efficiency
of Altera’s PPT architecture versus the competi-
tion’s distributed memory architecture.

 Figure 5. Benchmark 1 (LEs only) (1)

 Figure 6. Benchmark 2 (LEs only) (1)

Note to Figure 5:
(1) Sample (5 bits), clock (122.88 MHz), sequence length

(1024, 4096), number of channels (1, 4, 16)

Note to Figure 6:
(1) Sample (8 bits), clock (61.44 MHz), sequence length

(1024, 4096), number of channels (1 , 4, 16)

Effective Programmable Logic Architecture for
CDMA/W-CDMA Matched Filter, continued from
page 31

In all the data points covered by this benchmark-
ing, the PPT architecture shows better results
(smaller size for same functionality and perfor-
mance).

Figures 5 and 6 display a clear trend. The PPT
architectural advantage increases when there is
the following:

� Higher computation load [(computation
load = sequence length)*(number of bits per
sample)*(oversampling)*(number of chan-
nels (user codes))*(number of antennas)].

� Higher ratio of clock-to-chip rate.

Figures 5 and 6 show that the clock rates are
(16*chip rate) and (32*chip rate). Those com-
parison points are sweet spots for the competi-
tion’s distributed memory architecture, which
compresses 16 bits of shift register into a single
logic cell. If the maximum possible clock fre-
quency is not an integer multiplication of (16*chip
rate), the comparison point will be more friendly
to the Altera PPT architecture which is more
flexible and takes advantage of a higher clock
frequencies.

Conclusion

The Altera PPT correlator architecture is more
cost effective (same functionality and perfor-
mance with smaller size) than the competition’s
distributed memory architecture. Techniques of
parallel processing, TDM, and efficient data flow
are used to achieve this level of cost efficiency.

Memorybits = L*(b + 1)*Number of Channels*Oversampling (3)

The Altera PPT correla-
tor architecture is more
cost effective (same func-
tionality and perfor-
mance with smaller size)
than the competition’s
distributed memory ar-
chitecture.
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Quartus II Verilog HDL & VHDL Integrated Synthesis

In addition to supporting third-party synthesis
flows from Mentor Graphics®, Synopsys, and
Synplicity®, the Altera® Quartus® II software ver-
sion 2.1 introduces improved integrated synthe-
sis that fully supports the Verilog HDL and VHDL
languages, and provides synthesis options to con-
trol the synthesis process. Integrated synthesis is
also included in the Quartus II Web Edition soft-
ware. With this synthesis support, the Quartus II
software provides a complete, easy-to-use, stand-
alone solution for system-on-a-programmable-
chip (SOPC) designs.

Improved Verilog HDL & VHDL Support

The Quartus II software’s integrated synthesis
now fully supports Verilog HDL and VHDL syn-
thesizable language features, as well as certain
compiler directives. In addition to the Altera sche-
matic Block Design File (.bdf) and AHDL Text
Design File (.tdf) formats, the Quartus II
Compiler’s Logic Synthesizer module supports
the following language standards:

� Verilog-1995 (IEEE Std. 1364-1995)
� Verilog-2001 (IEEE Std. 1364-2001) (new,

partial support)
� VHDL 1987 (IEEE Std. 1076-1987)
� VHDL 1993 (IEEE Std. 1076-1993)

You can select which standard to use with an
option in the Verilog HDL Input or VHDL Input
tab of the General Settings dialog box (Project
menu). The Compiler uses Verilog-2001 and
VHDL 1993 by default. For full information on
specific syntax features and language constructs,
refer to the “Quartus II Verilog HDL Support”
and “Quartus II VHDL Support” topics in
Quartus II Help.

New Features in Verilog HDL Synthesis

Verilog-2001 support is a new feature in the
Quartus II software version 2.1 and higher. Ex-
amples of supported constructs include:

� Generate statements
� Preprocessor statements such as ‘elsif,

‘line, and ‘file
� Signed declarations for all variables
� Operators such as ** and <<<

In version 2.1 and higher, the Quartus II software
supports case-sensitive Verilog HDL code in ac-
cordance with the Verilog HDL standard. Older
versions of the Quartus II software did not sup-
port case-sensitive module names.

New Features in VHDL Synthesis

The Quartus II software version 2.1 and later
supports VHDL libraries differently from previ-
ous versions of the Quartus II or MAX+PLUS® II
software, and now conforms to the VHDL stan-
dard.

In version 2.1 and later, you can call standard
IEEE and vendor VHDL libraries and packages
from VHDL code from within the Quartus II
software. For a complete listing of library and
package support, refer to the “Using Quartus II
Packages” topic in Quartus II Help. The IEEE
library includes the standard VHDL packages
std_logic_1164, numeric_std, and numeric_bit.
The STD library is part of the VHDL language
standard and includes standard packages (includ-
ed in every project by default) and textio. For
compatibility with older designs, the Quartus II
software also supports vendor-specific packages
and libraries, including:

� Synopsys packages such as std_logic_arith
and std_logic_unsigned in the IEEE library

� Mentor Graphics packages such as
std_logic_arith in the ARITHMETIC library

� Altera packages such as maxplus2,
altera_mf_components, and
lpm_components in the ALTERA library

In previous versions of the Quartus II software,
you declared precompiled libraries in the VHDL
Input tab of the General Settings dialog box
(Project menu). To call a user-defined VHDL
package in version 2.1 and later, indicate the li-
brary and package name using the LIBRARY
and USE commands. You can use any name for
your library, including work; therefore, you can
use version 2.1 and later to compile projects that
you created in earlier versions of Altera software
that used precompiled user-defined libraries with-
out any code modifications. To do so, simply

Technical Articles
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include your VHDL package in your
Quartus II project using the Add Files tab of the
General Settings dialog box (Project menu). The
package must be listed before other files that use
the package because it must be analyzed first by
the Quartus II Compiler.

Compiler Directives

The Quartus II software now supports certain
Compiler directives, also called pragmas or at-
tributes. The user includes Compiler directives in
Verilog HDL or VHDL code as comments. These
directives are not Verilog HDL or VHDL com-
mands; however, synthesis tools use the com-
mands to drive the synthesis process in a particular
manner.

The translate_on and translate_off
directives indicate whether the Quartus II soft-
ware or a third-party synthesis tool should com-
pile a portion of the design file. For example, you
might use this directive to indicate a portion of
code that is intended for simulation only. The
synthesis tool reads synthesis-specific directives
and processes them during synthesis; however,
third-party simulation tools read them as com-
ments and ignore them. The translate_off
directive indicates the beginning of code that the
synthesis tool should ignore; the translate_on
directive indicates that synthesis should resume.

Figure 1 shows the different translate compiler
directives that are supported in the Quartus II
software.

Quartus II Synthesis Options

The Quartus II software provides a number of
logic options that control synthesis. Refer to
Quartus II Help for more information on how to
use logic options and which options are available.
You can use the following logic options to change
how the compiler synthesizes and optimizes your
design:

� Optimization Technique: This option speci-
fies the overall goal for logic optimization,
(i.e., whether to attempt to achieve maxi-
mum speed performance or minimum area
usage during compilation). The default set-
ting varies by target device family, and is
generally optimized to get the best area/speed
trade-off.

� Preserve Hierarchical Boundary: This option
determines how strictly the hierarchical
boundaries between design entities should
be maintained during logic synthesis.

� Power-Up Don’t Care: This option causes
registers to power up with a “don’t care”
logic level (X), or the logic level most appro-
priate for the design. You can use this option
to allow the Compiler to change the power-
up level of a register to minimize your de-
sign’s area usage.

� Remove Duplicate Logic or Remove Duplicate
Registers: If you turn on one of these two
options, the Compiler removes logic or reg-
isters respectively if they are identical to oth-
ers in the design, minimizing area utilization.
If two functions generate the same logic or
registers, the Compiler removes the second
one and the first one fans out to the second
one’s destinations.

Conclusion

The Quartus II software includes full Verilog HDL
and VHDL synthesis support, making it a com-
plete easy-to-use stand-alone solution for SOPC
designs. For more information on Quartus II
integrated synthesis, refer to AN 238: Using
Quartus II Verilog HDL & VHDL Integrated Syn-
thesis (available in the Literature section of the
Altera web site at http://www.altera.com).

Quartus II Verilog HDL & VHDL Integrated Syn-
thesis, continued from page 33

Verilog HDL:

// synthesis translate_off

// synthesis translate_on

// synopsys translate_off

// synopsys translate_on

// exemplar translate_off

// exemplar translate_on

VHDL:

-- pragma translate_off

-- pragma translate_on

 Figure 1. Translate Compiler Directives
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Quartus II & the New Timing Closure Methodology
Designers now face the difficult task of achieving
timing closure in designs while still maintaining
the significant time-to-market advantage that
FPGAs offer. The Altera® Quartus® II software
version 2.1 introduces a new timing closure meth-
odology to address this new dilemma with FPGA
designs.

Altera delivers a timing closure methodology as
an integrated part of its existing tool suite at no
additional cost. As shown in Figure 1, the
Quartus II timing closure methodology enables
close interaction between synthesis, timing anal-
ysis, floorplan editing, and place-and-route pro-
cesses to easily meet complex timing requirements.
The Quartus II software now provides designers
with a new timing closure flow and new timing
closure features, including netlist optimization
options and a new Timing Closure floorplan.
This new floorplan allows designers to achieve
timing closure on designs faster and with fewer
iterations.

Timing Closure Flow

A traditional flow for designs using FPGA tools is
to enter constraints, synthesize the design, and
then perform place-and-route. The Quartus II
software introduces features that allow you to
more effectively close timing, including netlist
optimization, a new Timing Closure floorplan,
and more powerful user assignments. The
Quartus II timing closure flow also offers more
control over the synthesis and place-and-route
process. You can now use fitter information for

more efficient synthesis. Figure 2 on page 36 shows
the Quartus II timing closure flow diagram.

Netlist Optimization

The Quartus II software now includes push-but-
ton netlist optimization options to further opti-
mize your design after synthesis and before place-
and-route (designs average a 10% increase). You
can apply these options regardless of the synthe-
sis tool used. Three netlist optimization options
are offered. You can use these options in different
combinations to provide the best results.

WYSIWYG Primitive Resynthesis

The WYSIWYG Primitive Resynthesis option un-
maps logic element (LE) primitives from a third-
party atom netlist to gates and then remaps the
gates back to Altera-specific primitives. This fea-
ture uses different architecturally-aware tech-
niques during the remapping process that can
achieve significant performance improvements.

Gate-Level Register ReTiming

The Gate-Level Register ReTiming option enables
movement of registers across combinational log-
ic to balance timing, allowing the Quartus II soft-
ware to trade off the delay between critical paths
and non-critical paths.

Logic Element Duplication

After place-and-route, placement information and
routing delay information give an accurate indi-
cation as to whether or not logic duplication will
increase the performance of a design. The LE
duplication option allows you to automatically
duplicate LEs based on this information. You can
duplicate an LE that fans out to multiple loca-
tions to reduce the delay of one path without
degrading the delay of another.

Timing Closure Floorplan

The Quartus II software introduced a Timing
Closure floorplan to help you interactively ana-
lyze designs and make assignments. This new

 Figure 1. Timing Closure Methodology
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floorplan, used in conjunction with traditional
Quartus II timing analysis features, provides a
powerful method to perform design analysis.

The Timing Closure floorplan (see Figure 3) al-
lows you to see user assignments and fitter place-
ments simultaneously. It also introduces a number
of features to aid in the analysis of designs.

Physical Timing Estimates

The Physical Timing Estimates option allows de-
signers to interactively calculate the probable de-
lay from a source to a destination. Once a resource
is selected, all other resources on the floorplan are
shaded a different color corresponding to the
delay from the selected resource. You can also
determine the delay in nanoseconds from a re-
source to any other specific resource, and the
delay within a LogicLockTM region.

LogicLock Region Connectivity

The LogicLock Region Connectivity option shows
how LogicLock regions interface by viewing the
connectivity between regions. This feature allows
you to see how nodes assigned to LogicLock re-
gions interact with nodes assigned to other
LogicLock regions.

Critical Paths

It is now possible to display paths in the floorplan
based on criticality, which allows you to see where
problem paths are based on the location of their
nodes in the floorplan. You can view critical fMAX,
clock-to-out, and set-up paths. In addition to the
features above, there have also been changes to
how assignments can be made. To provide a more
complete timing closure solution, it is now possi-
ble to make path-based assignments. The path-
based assignments feature allows you to make
placement assignments directly to a failing path
from within the timing analysis tool, the Timing
Closure floorplan, or a new path window.

Conclusion

The new Quartus II timing closure methodology
provides significant benefits over traditional FPGA
design flows. For more information on the tim-
ing closure methodology, refer to AN 198: Timing
Closure with the Quartus II Software.

 Figure 2. Timing Closure Flow

 Figure 3. Timing Closure Floorplan

Quartus II & the New Timing Closure Methodolo-
gy, continued from page 35
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Discontinued Devices Update

Altera will be obsoleting select devices from prod-
uct-term and FPGA families (see Table 1). Most
of the devices will have longer-than-usual last-
time buy (18 months) and last-time ship dates
(an additional 6 months) to allow customers to
gradually transition to using alternative ordering
codes.

Select ordering codes from mature families such
as MAX® 7000S are being obsoleted to increase
the operational efficiency in the manufacturing
flow. On mainstream product families such as
the MAX 7000A, FLEX® 10KE, APEXTM 20K and

newer product families, such as the MAX 7000B,
ACEX® 1K, and APEX 20KE, ordering codes have
been consolidated to offer a limited set of codes
that will cover the various package and speed
grade options.

Continued support for devices beyond the phase-
out period may be available through Rochester
Electronics, an extended after-market supplier.
For more information, contact Rochester Elec-
tronics at (508) 462-9332 or your local Altera
sales office.

In Every Issue

Continued support for
devices beyond the phase
out period may be avail-
able through Rochester
Electronics, an extend-
ed after-market suppli-
er.

Table 1. Discontinued Device Update 

Product 
Family 

Device Last Order 
Date 

Last 
Shipment 

Date 

Reference  

MAX 7000 Selected devices with a dry pack option 

EPM7192EGM160-15 

05/31/02 

05/31/02 

11/30/02 

11/30/02 

PDN 0117 

PDN 0117 

Selected devices in plastic quad flat pack (PQFP) and 

thin quad flat pack (TQFP) packages 

05/31/02 11/30/02 PDN 0117 MAX 7000S 

Selected devices with fixed-pulse width programming 

option 

10/31/03 04/30/04 PDN 0203 

MAX 7000A Selected devices in micro ball-grid array (BGA),  

FineLine BGATM, and TQFP packages 

10/31/03 04/30/04 PDN 0203 

MAX 7000B Selected devices 10/31/03 04/30/04 PDN 0203 

EPM9560BC356-20 05/31/02 11/31/02 PDN 0117 MAX 9000 

EPM9320RC208-15F 05/31/02 11/31/02 PDN 0117 

Selected FLEX 8000 pin-grid array (PGA) packages 02/28/02 08/31/02 PDN 0107 

Selected devices 02/28/03 08/31/03 PDN 0107 

FLEX 8000 

EPF8820ABC225-3 05/31/02 11/31/02 PDN 0117 

Selected FLEX 10K PGA packages 02/28/02 08/31/02 PDN 0107 

Selected FLEX 10K PGA & BGA packages 02/28/03 08/31/03 PDN 0107 

FLEX 10K 

EPF10K10LI84-4 05/31/02 11/31/02 PDN 0117 

Selected PGA packages 02/28/03 08/31/03 PDN 0107 FLEX 10KA 

EPF10K30AFI256-2 05/31/02 11/31/02 PDN 0117 

Selected PGA packages 02/28/03 08/31/03 PDN 0107 FLEX 10KE 

Selected devices 10/31/03 04/30/04 PDN 0204 

Selected PGA packages 02/28/03 08/31/03 PDN 0107 

EP20K400BI652-2 05/31/02 11/31/02 PDN 0117 

APEX 20K 

Selected devices 10/31/03 04/30/04 PDN 0204 

APEX 20KE Selected devices 10/31/03 04/30/04 PDN 0204 

ACEX 1K Selected devices 10/31/03 04/30/04 PDN 0204 
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Notes:
(1) The Quartus Installation and Licensing and MAX+PLUS II Getting Started manuals are available from the Altera® web site. To obtain other

MAX+PLUS® II software manuals, contact your local distributor.
(2) You can also contact your local Altera sales office or sales representative. See the Altera web site for the latest listing.

It is now easier than ever to get information and services from Altera. The table below lists some of the ways you can reach Altera.

How to Contact Altera

Information Type U.S. & Canada All Other Locations 

Product Literature http://www.altera.com http://www.altera.com 

Altera Literature Services (1) lit_req@altera.com lit_req@altera.com 

News & Views Information http://www.altera.com/literature/nview.html 

n_v@altera.com 

http://www.altera.com/literature/nview.html 

n_v@altera.com 

Non-Technical Customer Service (800) 767-3753 (408) 544-7000 

Technical Support https://www.altera.com/mysupport https://www.altera.com/mysupport 

 (408) 544-6401 (408) 544-6401 (2) 

FTP Site ftp.altera.com ftp.altera.com 

General Product Information (408) 544-7104 (408) 544-7104 (2) 

 http://www.altera.com http://www.altera.com 


