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About this User Guide
This user guide provides comprehensive information about the Altera® 
Constellation Mapper/Demapper MegaCore function.

Table 1 shows the user guide revision history.

f Go to the following sources for more information:

■ See “Features” on page 10 for a complete list of the core features, 
including new features in this release.

■ Refer to the Constellation Mapper/Demapper MegaCore function 
readme file for late-breaking information that is not available in this 
user guide.

How to Find 
Information

■ The Adobe Acrobat Find feature allows you to search the contents of 
a PDF file. Click the binoculars toolbar icon to open the Find dialog 
box.

■ Bookmarks serve as an additional table of contents.
■ Thumbnail icons, which provide miniature previews of each page, 

provide a link to the pages.
■ Numerous links, shown in green text, allow you to jump to related 

information.

Table 1. User Guide Revision History

Date Description

December 2002 Minor modifications for v2.0.1 of the core. Updated the screen 
shots and modified instructions to use Quartus II version 2.2.

July 2002 Minor modifications for v2.0.0 of the core. Core now displays 
a single DSP Builder library for OpenCore® and OpenCore 
Plus in the Simulink Library Browser.

January 2002 Updated the wizard screen shots and Getting Started section. 
Changed document organization.

March 2001 First release of user guide.
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How to Contact 
Altera

For the most up-to-date information about Altera products, go to the 
Altera world-wide web site at http://www.altera.com. 

For technical support on this product, go to 
http://www.altera.com/mysupport. For additional information about 
Altera products, consult the sources shown in Table 2.

Note:
(1) You can also contact your local Altera sales office or sales representative. 

Table 2. How to Contact Altera

Information Type USA & Canada All Other Locations

Technical support http://www.altera.com/mysupport/ http://www.altera.com/mysupport/

(800) 800-EPLD (3753)
(7:00 a.m. to 5:00 p.m. 
Pacific Time)

(408) 544-7000 (1)
(7:00 a.m. to 5:00 p.m. 
Pacific Time)

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

Altera literature services lit_req@altera.com (1) lit_req@altera.com (1)

Non-technical customer 
service

(800) 767-3753 (408) 544-7000 
(7:30 a.m. to 5:30 p.m. 
Pacific Time)

FTP site ftp.altera.com ftp.altera.com
iv Altera Corporation
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Typographic 
Conventions

The Constellation Mapper/Demapper MegaCore Function User Guide uses the 
typographic conventions shown in Table 3.

Table 3. Conventions

Visual Cue Meaning

Bold Type with Initial 
Capital Letters

Command names, dialog box titles, checkbox options, and dialog box options are 
shown in bold, initial capital letters. Example: Save As dialog box. 

bold type External timing parameters, directory names, project names, disk drive names, 
filenames, filename extensions, and software utility names are shown in bold type. 
Examples: fMAX, \qdesigns directory, d: drive, chiptrip.gdf file.

Italic Type with Initial 
Capital Letters

Document titles are shown in italic type with initial capital letters. Example: AN 75: 
High-Speed Board Design.

Italic type Internal timing parameters and variables are shown in italic type. Examples: tPIA, n + 1.
Variable names are enclosed in angle brackets (< >) and shown in italic type. Example: 
<file name>, <project name>.pof file. 

Initial Capital Letters Keyboard keys and menu names are shown with initial capital letters. Examples: 
Delete key, the Options menu. 

“Subheading Title” References to sections within a document and titles of on-line help topics are shown 
in quotation marks. Example: “Typographic Conventions.”

Courier type Signal and port names are shown in lowercase Courier type. Examples: data1, tdi, 
input. Active-low signals are denoted by suffix n, e.g., resetn.

Anything that must be typed exactly as it appears is shown in Courier type. For 
example: c:\qdesigns\tutorial\chiptrip.gdf. Also, sections of an actual 
file, such as a Report File, references to parts of files (e.g., the AHDL keyword 
SUBDESIGN), as well as logic function names (e.g., TRI) are shown in Courier. 

1., 2., 3., and a., b., c.,... Numbered steps are used in a list of items when the sequence of the items is 
important, such as the steps listed in a procedure. 

■ Bullets are used in a list of items when the sequence of the items is not important. 

v The checkmark indicates a procedure that consists of one step only.

1 The hand points to information that requires special attention. 

r The angled arrow indicates you should press the Enter key.

f The feet direct you to more information on a particular topic. 
Altera Corporation v
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Abbreviations 
& Acronyms

2-D Two-Dimensional
A/D Analog to Digital
ADC Analog to Digital Convertor
AGC Automatic Gain Control
BER Bit Error Rate
DPSK Differential Phase Shift Keying
DQPSK Differential Quadrature Phase Shift Keying
MPSK M-ary Phase Shift Keying
M-QAM M-ary Quadrature Amplitude Modulation
PAM Pulse Amplitude Modulation
vi Altera Corporation
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About this Core

ut this Core
Release 

Information
Table 4 provides information about this release of the Constellation 
Mapper/Demapper MegaCore® function.

Device Family 
Support

Every Altera® MegaCore function offers a specific level of support to each 
of the Altera device families. The following list describes the three levels 
of support:

■ Full—The core meets all functional and timing requirements for the 
device family and may be used in production designs

■ Preliminary—The core meets all functional requirements, but may still 
be undergoing timing analysis for the device family; may be used in 
production designs.

■ No support—The core has no support for device family and cannot be 
compiled for the device family in the Quartus® II software.

Table 4. Constellation Mapper/Demapper Release Information

Item Description

Version 2.0.1

Release Date December 13, 2002

Ordering Code IP-MAP/DEMAP

Product ID(s) 0072

Vendor ID(s) 6AF7 (Standard)
6AFA (Time-Limited)
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Table 5 shows the level of support offered by the Constellation 
Mapper/Demapper MegaCore function to each of the Altera device 
families.

Introduction The Altera Constellation Mapper/Demapper function generates symbol 
mapping or demapping cores customized for Altera devices. With this 
function you can use the Constellation Mapper/Demapper Wizard to 
implement a variety of mapping and demapping schemes for your 
modulator/demodulator design.

New in Version 
2.0.1

■ Supports Stratix GX and Cyclone devices

Features ■ Optimized for the Altera APEX, FLEX, ACEX, Stratix, Stratix GX, and 
Cyclone devices

■ Supports a variety of modulation schemes, including:
– M-QAM
– MPSK
– DPSK
– π/4 DQPSK
– QPSK/OQPSK

■ Supports multiple encoding/decoding options
– Gray
– Binary
– Rotationally invariant
– User-defined symbol encoding/decoding 

■ Cartesian error soft information output

Table 5. Device Family Support

Device Family Support

Stratix™ GX Full

Cyclone™ Full

Stratix™ Full

Mercury™ Full

Excalibur™ Full

HardCopy™ Full

ACEX® 1K Full

APEX™ II Full

APEX 20KE & APEX 20KC Full

APEX 20K Full

FLEX Full

Other device families No Support
10 Altera Corporation
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1
■ Estimated received signal power output
■ Provides a complete integrated design environment, including:

– Constellation graphical display
– Optimal decision regions
– Noise analysis tool
– Symbol error rate estimator

■ OpenCore® feature allows designers to instantiate and simulate 
designs in the Quartus II software prior to licensing

■ Generates bit- and cycle-accurate MATLAB models to aid in system- 
level design and analysis

■ Generates VHDL testbench
■ Generates Verilog HDL testbench
■ Generates a vector file for simulation in the Quartus II and 

MAX+PLUS II software

General 
Description

Modulators and demodulators in almost every digital communications 
system require a Constellation Mapper/Demapper. Constellation 
mappers/demappers translate k-bit binary symbols to or from a signal 
space of ≤2k points. This translation allows for a robust transmission 
scheme, reducing the effects of induced channel noise. 

The Altera Constellation Mapper/Demapper MegaCore function 
(ordering code IP-MAP/DEMAP) allows designers to rapidly prototype 
constellation mappers/demappers for use in many digital 
modulation/demodulation schemes. The core also lets you design both 
the mapper and demapper rapidly in tandem, providing automatically 
matched symbol encoding and decoding. The core has integrated analysis 
tools that help you manage the trade-offs between power and bandwidth 
efficiencies.

Signal Constellations

A signal constellation is an n-dimensional space of M signal points in 
which each of the M points are uniquely specified by a k-bit binary 
symbol. See Figure 1. 
Altera Corporation 11
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Figure 1. Signal Constellation

Signalling schemes such as binary phase shift keying (BPSK) and pulse 
amplitude modulation (PAM) are one-dimensional, therefore, their 
constellation diagrams consist of a line of points representing the possible 
values that can be transmitted. Many of the most popular modulation 
schemes are two-dimensional (2-D), in which each symbol is mapped to 
one of M points in a 2-D plane. Examples of such schemes include M-ary 
quadrature amplitude modulation (M-QAM), M-ary phase shift keying 
(MPSK), and differential quadrature phase shift keying (DQPSK). 

2-D schemes require two coordinates to specify the position of a signal 
point in the constellation. These coordinates are known as quadrature 
components, or I-Q components, and allow the representation of a signal 
point, sk as a point in the complex plane as:

The components Ik and Qk can be each modulated onto two orthogonal 
sinusoidal carriers. The resulting waveform spectra are centered on the 
same frequency and can occupy the same bandwidth. However, the 
components are uniquely separable at the demodulator because there is a 
90-degree phase shift between the carrier signals. Therefore, it is possible 
to send twice the amount of data for a given signal bandwidth over 
quadrature carriers than over a single carrier. For example, a 16-QAM 
signal occupies the same bandwidth as a single 4-level PAM for a given 
input signal. Figure 2 shows the 16-QAM constellation. 
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1
Figure 2. 16-QAM Signal Constellation

2-D signal constellations can be square, circular, or any other shape that 
might offer performance improvements for  specific bandwidth, power 
level, or error performance constraints. Comparing the 64-QAM and 16-
PSK constellations illustrates the bandwidth and power efficiency trade-
offs. The 64-QAM constellation transmits 6 bits/symbol, making it 
bandwidth efficient compared to the 16-PSK constellation, which only 
transmits 4 bits/symbol. Because the 64 QAM constellation transmits  
more information in the same bandwidth, the system needs a higher 
signal to noise ratio. For more information, refer to A Mathematical Theory 
of Communication by Claude Shannon. See “References” on page 50.

Constellation Mapping

Constellation mapping is performed in a digital modulator before 
baseband filtering and IF mixing. A constellation mapper takes a serial bit 
stream as its input and segments the stream into k-bit symbols, which are 
mapped to coordinates in the signal constellation. The coordinates of each 
point in a two-dimensional signal constellation represents the baseband 
in-phase and quadrature (I-Q) components that modulate the orthogonal 
IF carrier signals. Because the constellation mapper defines the shape and 
dimension of the signal constellation, it defines the modulation scheme 
that is implemented. See Figure 3.
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Figure 3. Constellation Mapping

The k-bit symbol encoding method has significant effects on the 
transmission scheme performance. A common receiver error occurs when 
channel noise causes the receiver to deduce that an adjacent symbol was 
sent instead of the one actually transmitted. Symbols can be encoded such 
that adjacent symbols differ in one bit position. If the receiver incorrectly 
detects a given symbol, it is likely that only one of the k bits in the symbol 
is in error. This encoding scheme, known as Gray encoding, increases the 
robustness of the transmission scheme in the presence of a noisy channel. 

Rotationally invariant encoding maps the symbols to quadrature 
components to ensure that a fixed rotation of nπ/2 radians in the 
constellation still yields a decoded symbol that matches log2M-2 bits of 
the transmitted symbol. This method provides a powerful way to avoid 
ambiguities in clock/carrier recovery circuits that experience phase lock 
to 90 or 180 degrees. For some schemes, e.g., MPSK, binary encoding may 
prove to be the most suitable.

In many applications, you may want to encode the symbols to 
precompensate for some known non-linearity in the system, such as the 
saturation of an amplifier at higher input levels. In this situation, you can 
stretch or skew the constellation by altering the desired I-Q component 
values so that high-power components in the saturation region of the 
characteristic are suitably scaled. Scaling the lower power coordinates in 
the amplifier does not change the constellation, and detection circuitry in 
the demapper operates as expected.

In other situations you may know that certain symbols in the input data 
are much less likely to occur than others. To conserve power, these less 
likely symbols can be assigned to coordinates that have higher energy.

101110111110

1011 1011 1110

(-1,3) (-3,3) (-1,1)
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Demapping

Constellation demapping is performed in a digital communications 
receiver and involves the translation of the demodulated I-Q coordinates 
back to the k-bit symbols they represent. Demapping is complicated by the 
fact that the transmitted symbols can be corrupted by a noise-inducing 
channel. The demodulated I-Q coordinates may no longer correspond to 
the exact location of a signal point in the original constellation. The 
demapper must detect which symbol was most likely transmitted by 
finding the smallest distance between the received point and the location 
of a valid symbol in the signal constellation. Having detected the most 
likely coordinates, the constellation demapper then performs the 
decoding procedure to output the correct k-bit symbol represented by 
those coordinates. See Figure 4.

Figure 4. PSK Demapping

Once the demapper detects the transmitted I-Q coordinates, it can output 
the difference between the actual constellation point and the received 
coordinates as an error. This information indicates the level of confidence 
in the decision made by the demapper, and it can also be used by other 
parts of the demodulator to obtain a confidence estimate. Demodulator 
subsystems can use this output information to compensate for channel 
impairments such as phase noise, carrier noise, channel dispersion, or 
suboptimal A/D sampling. 
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Decision-directed channel equalizers normally base the update to the 
coefficients in the adaptive filter on the error between the expected 
symbol coordinates and the actual received coordinate values. A phase 
error between the actual symbol phase and the received phase often 
indicates a drift-in carrier phase that can be corrected by feeding back the 
error to a decision-directed carrier recovery circuit. Clock recovery also 
uses error information from the demapper to adjust the sampling 
instances of the analog-to-digital convertor (ADC). 

You can judge the input signal channel attenuation by the energy levels 
present in the constellation for a given I-Q resolution in the demapper. 
With decreased power levels, the signal points in the signal constellation 
are closer together, making the demapper more prone to incorrect symbol 
detection. Automatic gain control (AGC) circuits can use power 
estimation output by the demapper to scale the incoming data to the 
receiver.

DSP Builder Support

DSP system design in Altera programmable logic devices requires both 
high-level algorithms and HDL development tools. The Altera DSP 
Builder, which you can purchase as a separate product, integrates the 
algorithm development, simulation, and verification capabilities of The 
MathWorks MATLAB and Simulink system-level design tools with 
VHDL synthesis and simulation of Altera development tools.

DSP Builder allows system, algorithm, and hardware engineers to share a 
common development platform. The DSP Builder shortens DSP design 
cycles by helping you create the hardware representation of a DSP design 
in an algorithm-friendly development environment. You can combine 
existing MATLAB functions and Simulink blocks with Altera DSP Builder 
blocks to link system-level design and implementation with DSP 
algorithm development. The DSP Builder consists of libraries of blocks as 
shown in Figure 5. 
16 Altera Corporation
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Figure 5. DSP Builder Blocks in Simulink Library Browser

DSP Builder version 2.0.0 and higher provides modular support for Altera 
DSP cores, including Constellation Mapper/Demapper. The MATLAB 
software automatically detects cores that support DSP Builder and the 
cores appear in the Simulink Library Browser.

f For more information on using DSP Builder with Constellation 
Mapper/Demapper, see “DSP Builder Feature & Simulation Support” on 
page 44.
Altera Corporation 17
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OpenCore & OpenCore Plus Hardware Evaluation

The OpenCore feature lets you test-drive Altera MegaCore functions for 
free using the Quartus II software. You can verify the functionality of a 
MegaCore function quickly and easily, as well as evaluate its size and 
speed, before making a purchase decision. However, you cannot generate 
device programming files.

The OpenCore Plus feature set supplements the OpenCore evaluation 
flow by incorporating free hardware evaluation. The OpenCore Plus 
hardware evaluation feature allows you to generate time-limited 
programming files for designs that include Altera MegaCore functions. 
You can use the OpenCore Plus hardware evaluation feature to perform 
board-level design verification before deciding to purchase licenses for 
the MegaCore functions. You only need to purchase a license when you 
are completely satisfied with a core’s functionality and performance, and 
would like to take your design to production.

1 If you are simulating a time-limited MegaCore function using 
the DSP Builder and Simulink, i.e., in software, the core 
operation does not time out.

f For more information on OpenCore Plus hardware evaluation using 
Constellation Mapper/Demapper, see “OpenCore Plus Time-Out 
Behavior” on page 45 and AN 176: OpenCore Plus Hardware Evaluation of 
MegaCore Functions.

Performance Table 6 shows typical expected performance for the Constellation 
Demapper, for a EP1S20F780C6 device. For user-defined decoding, the 
resource usage varies depending on the specified demapping. Results 
were generated using the Quartus II software version 2.1..

Table 6. Constellation Demapper Performance

Demodulation 
Scheme

I/Q 
Resolution

Decoding
Scheme

Compute 
Error

Estimate
Power

LEs 4k RAM 
Blocks

MHz          

8-PSK 8 User-Defined Yes Yes 448 1 234.69

16-QAM 11 Gray Yes Yes 344 1 231.82

256-QAM 16 User-Defined Yes No 306 1 215.40
18 Altera Corporation



Altera Corporation
Getting Started

G

etting Started

2

Software 
Requirements

The Constellation Mapper/Demapper requires the following software:

■ A PC running the Windows 98/NT/2000/XP operating system

■ Quartus II version 2.1 or higher

■ MATLAB software version 6.1 R12.1 or higher

■ Simulink software version 4.0

■ DSP Builder version 2.0 or higher (optional)

Design Flow Once you have purchased a license for Constellation Mapper/Demapper, 
the design flow involves the following steps:

1 If you have not purchased a license, you can test-drive the core 
for free using the OpenCore or OpenCore Plus feature. Refer to 
AN 176: OpenCore Plus Hardware Evaluation of MegaCore Functions 
for more information on the OpenCore Plus feature.

1. Download and install the Constellation Mapper/Demapper 
function.

2. Set up licensing. This step is not required if you are test-driving the 
core using the OpenCore feature, however, you do need to obtain 
and install an OpenCore Plus license to test-drive the core using this 
feature.

3. Create a custom variation of the Constellation Mapper/Demapper 
using the core’s wizard.

4. Implement the rest of your system using the Altera Hardware 
Description Language (AHDL), VHDL, Verilog HDL, or schematic 
entry.

5. Use the Constellation Mapper/Demapper wizard-generated 
simulation models to confirm your custom core’s operation.

6. Compile your design and perform place-and-route.
 19
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7. Perform system verification.

8. Configure or program Altera devices with the design.

Download & 
Install the 
Function

Before you can start using Altera MegaCore functions, you must obtain 
the MegaCore files and install them on your PC. The following 
instructions describe this process.

Obtaining the Constellation Mapper/Demapper MegaCore 
Function

If you have Internet access, you can download MegaCore functions from 
Altera’s web site at http://www.altera.com. Follow the instructions below 
to obtain the MegaCore functions via the Internet. If you do not have 
Internet access, you can obtain the MegaCore functions from your local 
Altera representative.

1. Point your web browser to http://www.altera.com/IPmegastore.

2. Choose Megafunctions from the Product Type drop-down list box.

3. Choose Signal Processing (DSP) from the Technology drop-down 
list box.

4. Type Constellation Mapper/Demapper in the Keyword Search 
box.

5. Click Submit.

6. Click the Try icon next to the Altera Constellation 
Mapper/Demapper MegaCore function in the search results table.

7. Follow the on-line instructions to download the function and save it 
to your hard disk.

Installing the Constellation Mapper/Demapper Files

For Windows, follow the instructions below:

1. Choose Run (Start menu).

2. Type <path name>\<filename>.exe, where <path name> is the 
location of the downloaded MegaCore function and <filename> is the 
filename of the function. 
20 Altera Corporation
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3. Click OK. The Constellation Mapper/DemapperInstallation dialog box 
appears. Follow the on-line instructions to finish installation.

4. After you have finished installing the MegaCore files, you must specify the 
directory in which you installed them (e.g., <path>/constellation-v2.0.1/lib) 
as a user library in the Quartus II software. Search for “User Libraries” 
Quartus II Help for instructions on how to add these libraries.

Constellation Mapper/Demapper Directory Structure

Figure 6 shows the directory structure for the Constellation Mapper/Demapper.

Figure 6. Constellation Mapper/Demapper Directory Structure

lib
Contains encrypted Constellation Mapper/Demapper files for for Quartus II.

lib_time_limited
Library folder for time-limited (OpenCore Plus) version of the core for Quartus II synthesis. 
You should indicate this folder as a user library in the Quartus II software before attempting to 
use the time-limited version of the Constellation Mapper/Demapper.

doc
Contains the core user guide (this document) in Adobe Acrobat Portable Document  
Format (.pdf), as well as other documentation in PDF and text files.

sim_lib
Contains the simulation library files.

          matlab
          Contains the MATLAB libraries for simulation.

          VHDL
          Contains the VHDL libraries for simulation in the ModelSim software.

          Visual IP
          Contains the Visual IP simulation libraries.   

<path>/MegaCore/constellation-v<version>
Altera Corporation 21
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Set Up 
Licensing

You can use Altera’s OpenCore evaluation software to compile and 
simulate the Constellation Mapper/Demapper MegaCore function in the 
Quartus II software, allowing you to evaluate it before purchasing a 
license. However, you must obtain a license from Altera before you can 
generate programming files or EDIF, VHDL, or Verilog HDL gate-level 
netlist files for simulation in third-party EDA tools.

After you purchase a license for Constellation Mapper/Demapper, you 
can request a license file from the Altera web site at 
http://www.altera.com/licensing and install it on your PC. When you 
request a license file, Altera e-mails you a license.dat file. If you do not 
have Internet access, contact your local Altera representative.

1 If you want to use the OpenCore Plus feature, you must request 
a free license file from the licensing page of the Altera web site 
(http://www.altera.com/licensing) to enable it. Your license file 
is sent to you via e-mail; follow the instructions below to install 
the license file.

To install your license, you can either append the license to your 
license.dat file or you can specify the core’s license.dat file in the 
Quartus II software.

1 Before you set up licensing for the Constellation 
Mapper/Demapper, you must already have the Quartus II 
software installed on your PC, with licensing set up.

Append the License to Your license.dat File

To append the license, perform the following steps:

1. Close the following software if it is running on your PC:

■ Quartus II
■ MAX+PLUS II
■ LeonardoSpectrum
■ Synplify
■ ModelSim

2. Open the Constellation Mapper/Demapper license file in a text 
editor. The file should contain one FEATURE line, spanning 2 lines.

3. Open your Quartus II license.dat file in a text editor.

4. Copy the FEATURE line from the Constellation Mapper/Demapper 
license file and paste it into a new line in the Quartus II license file. 
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1 Do not delete any FEATURE lines from the Quartus II license 
file.

5. Save the Quartus II license file as a text file.

1 When using editors such as Microsoft Word or Notepad, 
ensure that the file does not have extra extensions appended 
to it after you save (e.g., license.dat.txt or license.dat.doc). 
Verify the filename at a command prompt.

Specify the Core’s License File in the Quartus II Software

To specify the core’s license file, perform the following steps:

1. Create a text file with the FEATURE line and save it to your hard disk. 

1 Altera recommends that you give the file a unique name, 
e.g., <core name>_license.dat. 

2. Run the Quartus II software.

3. Choose License Setup (Tools menu). The Options dialog box opens 
to the License Setup page.

4. In the License file box, add a semicolon to the end of the existing 
license path and filename. 

5. Type the path and filename of the core license file after the 
semicolon.

1 Do not include any spaces either around the semicolon or in 
the path/filename.

6. Click OK to save your changes.

Constellation 
Mapper/
Demapper 
Walkthrough

This walkthrough explains how to create a constellation mapper and 
demapper using the Altera Constellation Mapper/Demapper 
MegaWizard® Plug-In and the Quartus II software. As you go through the 
wizard, each page is described in detail. When you are finished generating 
a constellation mapper and demapper, you can incorporate it into your 
overall project.
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You can use Altera’s OpenCore evaluation feature to compile and 
simulate the MegaCore functions, allowing you to evaluate the 
Constellation Mapper/Demapper before deciding to purchase a license. 
However, you must purchase a license before you can generate 
programming files or EDIF, VHDL, or Verilog HDL gate-level netlist files 
for simulation in third-party EDA tools.

This walkthrough consists of the following steps:

■ “Create a New Quartus II Project” on page 24
■ “Launch the MegaWizard Plug-In Manager” on page 25
■ “Implement a Constellation Mapper” on page 26
■ “Implement a Constellation Demapper” on page 31

Create a New Quartus II Project

Before you begin, you must create a new Quartus II project. With the New 
Project wizard, you specify the working directory for the project, assign 
the project name, and designate the name of the top-level design entity. 
You will also specify the Constellation Mapper/Demapper user library. 
To create a new project, perform the following steps:

1. Choose Altera > Quartus II <version> (Windows Start menu) to run 
the Quartus II software. You can also use the Quartus II Web Edition 
software.

2. Choose New Project Wizard (File menu).

3. Click Next in the introduction (the introduction will not display if 
you turned it off previously).

4. Specify the working directory for your project. This walkthrough 
uses the directory c:\qdesigns\constellation-v2.0.1.

5. Specify the name of the project. This walkthrough uses 
constellation-v2.0.1.

6. Click Next.

7. Click User Library Pathnames.

8. Type <path>\constellation-v2.0.1\lib\ (or 
<path>\constellation-v2.0.1\lib_time_limited\ to use 
the OpenCore Plus version) into the Library name box, where 
<path> is the directory in which you installed the Constellation 
Mapper/Demapper. The default installation directory is 
c:\MegaCore.
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9. Click Add.

10. Click OK.

11. Click Next.

12. Click Finish.

You have finished creating your new Quartus II project.

Launch the MegaWizard Plug-In Manager

The MegaWizard Plug-In Manager allows you to run a wizard that helps 
you easily specify options for the FIR Compiler. The wizard lets you 
generate coefficients, make I/O settings, specify a filter architecture, etc. 
Perform the following steps to launch the wizard and begin generating a 
filter.

1. Choose MegaWizard Plug-In Manager (Tools menu).

2. Select Create a new custom megafunction variation (default).

3. Click Next.

4. Expand the Signal Processing folder under Installed Plug-Ins by 
clicking the + next to the name.

5. Click Constellation v<version> (either the standard version or the 
time-limited one).

6. Choose the desired output file type for your design.

7. Type the name of the output file. This walkthrough uses psk8_map. 
Figure 7 shows the wizard after you have made these settings.

8. Click Next.
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Figure 7. Choose Constellation Mapper in the MegaWizard Plug-In Manager

You are now ready to set the options for your custom mapper/demapper.

Implement a Constellation Mapper

Follow the instructions below to implement a mapper. See “Implement a 
Constellation Demapper” on page 31. for the demapper instructions.

1. Select Constellation Mapper or Constellation Demapper. Click 
Next. See Figure 8.
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Figure 8. Select a Mapper or Demapper

2. Select  modulation scheme and desired constellation dimension. 
Click Next. See Figure 9.

Figure 9. Indicate Modulation Scheme & Dimensions

3. In the Scheme tab, select a predefined encoding scheme or select 
User-Defined Encoding to input your own custom encoding 
scheme. You should also define the desired resolution of the I-Q 
components in this screen. See Figure 10.
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Figure 10. Choose the Encoding & Resolution Bits

4. In the Mapping tab, you can view the mapping of symbols to I-Q 
coordinates in tabular form. If you selected User-Defined Encoding, 
you can manually edit both the symbols and their corresponding 
quadrature coordinates. The default I-Q values are calculated to be 
the maximum possible distance between mapped symbols for the 
specified resolution. See Figure 11.

If you manually enter a value into the table press the Enter key to 
ensure the value is set in the wizard. To view the changes 
graphically, click Update.
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Figure 11. Enter the Mapping Coordinates

5. In the Format tab, select the order in which you would like the input 
serial stream to be formatted into symbols. See Figure 12.

Figure 12. Select the Desired Order of Data Stream Formatting.

If you selected a differential encoding scheme, you can modify the 
symbol fields in the table to generate the approriate carrier phase 
shift for a given input symbol. See Figure 13. Click Next.
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Figure 13. Adjust the Phase Shift & Symbol Values for Differential Schemes

6. Select the desired simulation outputs. See Figure 14.Click Finish.

Figure 14. Select Simulation Output Files
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7. Review the list of output files that the wizard will generate. See 
Figure 15. Click Finish.

Figure 15. Review Output Files

Implement a Constellation Demapper

Follow the instructions below to implement a demapper.

1. Select the Constellation Demapper (see Figure 16) and click Next.

Figure 16. Select Constellation Demapper

2. Select demodulation scheme and dimension. You can view an 
estimate of the symbol error probability for a specified Eb/No ratio 
in decibels (dB) (see Figure 17). Click Next.
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Figure 17. Select the Demodulation Scheme & Dimension

3. In the Scheme tab, select a predefined decoding scheme or select 
User-Defined Decoding to input your own custom decoding 
scheme. Specify the desired resolution of the I-Q components to be 
input to the demapper (see Figure 18). Click Next.

Figure 18. Select the Decoding Scheme
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4. In the Demapping tab, you can view the demapping of symbols to I-
Q coordinates in tabular form. If you selected User-Defined 
Decoding, you can manually set the symbols to be decoded from 
each pair of (I,Q) coordinates for any desired decoding scheme (see 
Figure 19). Click Next.

Figure 19. View the Demapping of Symbols
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5. In the Format tab, select the order in which you would like the 
demapped symbol to be serially streamed. See Figure 20. Click Next.

Figure 20. Select the Desired Order of Data Stream Formatting 

6. In the Optional Outputs tab, indicate whether you want to have 
cartesian error or estimated power outputs. The resolution of the 
cartesian error signals i_error and q_error is equal to the 
resolution of the input I and Q buses. The power output resolution is 
specified in the wizard (see Figure 21). If you wish to have a power 
output, the wizard outputs a memory initialization file, <variation 
name>_mag.hex. See Figure 21. Click Next.
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Figure 21. Indicate Whether to Create Error or Power Outputs 

7. Specify the simulation outputs desired. See Figure 22. Click Next.

Figure 22. Specify the Simulation Outputs

8. Review the list of output files that the wizard will generate. Click 
Finish. See Figure 23.
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Figure 23. Review the Output Files

Using the Core 
with Simulink 
& DSP Builder

You can use Simulink blocks, Altera DSP Builder blocks, and the 
Constellation Mapper/Demapper to build a model of your design in the 
Simulink software. Refer to “DSP Builder Support” on page 16, “DSP 
Builder Feature & Simulation Support” on page 44, and the DSP Builder 
User Guide for more information.

Simulate Using 
HDL Models

Altera provides several testbenches and simulation scripts with the 
Constellation Mapper/Demapper. 

VHDL Simulation in ModelSim

The Constellation Mapper/Demapper ships with a precompiled library 
for simulation in the ModelSim software. To simulate the core, you must 
complete the following steps. 

1. At the ModelSim command prompt in your working directory, create 
a new library constellation, map it to the Constellation 
Mapper/Demapper simulation library, and refresh the library using 
the following commands:

vlib constellation

vmap constellation <install dir>/Constellation-
v<version>/sim_lib/vhdl/ModelSim/constellation

vcom -work constellation -refresh

2. Compile your design. 
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The wizard optionally generates a VHDL testbench named <variation 
name>_tb.vhd, and a ModelSim Tcl script <variation name>vhdl_tb.tcl. To 
run the testbench and view the resulting waveforms, perform the 
following steps.

1. Choose Execute Macro (Macro menu). 

2. Double-click the filename <variation name>_vhdl_tb.tcl to run the 
simulation. By default, the testbench uses the following wizard-
generated text files as its stimulus.

– Constellation mapper: data_in.txt
– Constellation demapper: i_file_demap.txt, q_file_demap.txt

You can also substitute your own data files for the ones above.

Visual IP Simulator

Altera provides a Visual IP model with the Constellation Mapper / 
Demapper Megacore function, which you can use with the Visual IP 
software.

Follow the instructions below to obtain the Visual IP software via 
theInternet. If you do not have Internet access, you can obtain the Visual 
IP software from your local Altera representative.

1. Point your web browser to
http://www.altera.com/products/ip/altera/visual_ip.html

2. Follow the online instructions to download the software and save it 
to your hard disk.

To use the Visual IP model, perform the following steps:

1. Set up your system to use the Visual IP software, as detailed in 
theVisual IP documentation (Simulating Visual IP Models with the 
ModelSim Simulator for PCs White Paper, Simulating the Visual IP 
Models with the NC-Verilog, Verilog-XL, VCS, or ModelSim (UNIX) 
Simulators White Paper).
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2. Compile the wrapper for the core model. The Verilog HDL version of 
the wrapper is in the $VIP_MODELS_DIR\<model 
name>\interface\pli directory. The corresponding VHDL version is 
in the $VIP_MODELS_DIR \<model name>\interface\mti 
directory, where <model name> is one of the following names, 
depending on the variation of the MegaCore specified in the wizard:

– asj_psk_m
– asj_qam_m
– asj_dpsk_m
– asj_psk
– asj_qam
– asj_dpsk

3. Compile the wizard-generated wrapper  file <variation name>.v or 
<variation name>.vhd.

4. Compile the top-level wizard-generated testbench <variation 
name>_tb.v or <variation name>_tb.vhd.

The Visual IP model is now ready for use in your simulator.

1 If you are simulating a Verilog HDL variation of the core via the 
PLI interface in the ModelSim Simulator on a PC, use the wizard-
generated script <variation name>vlg_tb.tcl to compile the 
wrappers, compile the associated  testbench, and set-up a 
waveform to view the results.

MATLAB Testbench

If you choose to output a MATLAB model, the wizard generates a 
MATLAB script named <variation name>_mat.m, which provides a set of 
stimuli to run the bit- and cycle-accurate MATLAB model. The script also 
provides a plotting routine to view the simulation results graphically. The 
wizard also generates a text file named <variation name>_sdata.txt, which 
contains parameter data for the model. 

Type the name of the script at the MATLAB command prompt to run the 
script.

Compile & 
Place-and-
Route the 
Design

You can use the Quartus II software to compile and place-and-route your 
design. Refer to Quartus II Help for instructions on performing 
compilation. After you have verified that your design is functionally 
correct, you are ready to perform system verification.
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Perform 
Synthesis 
Compilation & 
Post-Routing 
Simulation

As a standard feature, Altera’s Quartus II software works seamlessly with 
tools from all EDA vendors, including Cadence, Exemplar Logic, Mentor 
Graphics, Synopsys, Synplicity, and Viewlogic. 

1 After you have licensed the MegaCore function, you can use the 
NativeLink™ feature to integrate the Quartus II software with 
other EDA tools easily. See Quartus II Help for details.

The following sections describe the design flow to compile and simulate 
your custom MegaCore design with the Quartus II software and a third-
party EDA tool. To synthesize your design in a third-party EDA tool and 
perform post-route simulation, perform the following steps:

1 These instructions reference the menus and dialog boxes in 
Quartus II version 2.2. If you are using another version of 
Quartus II software, refer to on-line help for instructions.

1. Create your custom design instantiating a Constellation 
Mapper/Demapper MegaCore function.

2. Synthesize the design using your third-party EDA tool. Your EDA 
tool should treat the MegaCore instantiation as a black box by either 
setting attributes or ignoring the instantiation.

1 For more information on setting compiler options in your 
third-party EDA tool, refer to the Quartus II Nativelink 
Guidelines.

3. After compilation, generate a hierarchical netlist file in your third-
party EDA tool.

4. Open your netlist file in the Quartus II software.

5. Specify the following Compiler settings in the Settings dialog box 
(Assignments menu), or use the Compiler Settings Wizard.

a. Click User Libraries under Files & Directories.

b. Specify the user libraries for the project by clicking the Add 
button. List them in the order that you want the Compiler to 
search the libraries.

c. Click EDA Tool Settings.

d. Click Simulation under Tool type.
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e. Choose your simulation tool and HDL from the Tool name list 
box.

f. Click Settings.

g. Make additional simulation settings as needed, e.g., the time 
scale.

h. Click OK twice when you are finished.

6. Choose Start Compilation (Processing menu) to compile your 
design. The Quartus II Compiler synthesizes and performs place-
and-route on your design, and generates programming files.

7. Import your Quartus II-generated output files (.edo, .vho, .vo, or 
.sdo) into your third-party EDA tool for post-route, device-level, and 
system-level simulation.

Configuring a 
Device

After you have compiled and analyzed your design, you are ready to 
configure your targeted Altera device. If you are evaluating the MegaCore 
function with the OpenCore feature, you must license the function before 
you can generate configuration files.
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Functional 
Description

The following sections describe the functionality of the Constellation 
Mapper/Demapper function.

Constellation Mapper

The constellation mapper can be synchronized with other custom logic or 
IP blocks in your system via the reset, clken, and data_valid control 
signals. When the clock enable, clken, is high, the serial input data is 
latched into the mapper on the next positive clock edge. While high, 
successive input data bits are streamed into the constellation mapper on 
each rising edge of the clock to form a k-bit symbol, where k = log2M, with 
M being the constellation dimension. The order in which the serial data 
forms the symbol to be mapped is selectable from within the 
MegaWizard. You can choose to have the first bit clocked into the mapper 
from either the LSB or MSB of the symbol, as shown in the block diagram 
below, for the case of k = 4.

Figure 24. Symbol Format

While the clken signal is high, the mapper operates in a continuous 
mode—segmenting the input stream into k-bit symbols as described 
above and mapping them to the corresponding quadrature components I 
and Q, which are output every k clock cycles. The data_valid signal is 
raised high, indicating valid I and Q component values. This operation is 
illustrated in Figure 25.

LSB First

0      1      0      0

MSB First

0      0      1      0

Time

1100101110.....
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Figure 25. Mapper Waveform

The reset signal is active high and sets the output (I,Q) coordinate pair 
to a default level in which case the data_valid signal remains low. 
While clken is high, new I and Q data is output every k clock cycles, 
where k is the symbol width. When clken is low, the mapper is forced 
into an idle state.

Constellation Demapper

The constellation demapper also provides reset, clken, and 
data_valid signals to help synchronize the demapper to custom logic or 
other IP blocks. While the clken signal is high, the I and Q values are 
latched into the demapper every k clock cycles and the appropriate 
symbol is detected. See Figure 26.
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Figure 26. Demapper Waveform

The data_valid signal is set high, indicating the availability of valid 
symbol data at the output.

The order in which the demapped symbol is streamed is selectable from 
the MegaWizard. You can choose to output the LSB or the MSB of the 
symbol first, as shown in the diagram below, for the case of k = 4.

Figure 27. Demapper Symbol Format

Error Computation

The constellation demapper ouputs the cartesian/rectangular error 
(Ie, Qe)  between the received signal point coordinates (Ir, Qr)  and the 
expected I-Q components that map directly to a signal in the constellation 
(Is, Qs). The error is computed as show below:

Output Serial StreamDemapped Symbol

1101 0010 1010
MSB First:   1 1 0 1 0 0 1 0 1 0 1 0

LSB First:    1 0 1 1 0 1 0 0 0 1 0 1

Ie Ir Is–=

Qe Qr Qs–=
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This error indicates how much signal degradation has occurred due to 
channel noise and the error is often fed back into channel equalization 
circuits and clock data recovery (CDR) circuits. The Constellation 
Mapper/Demapper optionally outputs two signals, i_error and 
q_error, which represent the signed distances Ie and Qe, respectively. 

Received Signal Power Estimation

The constellation demapper can optionally output a power estimate of the 
received signal (power). The power signal is computed as: 

C is a scaling constant given by:

C = 2 - (2m - p + 1)

where m is the resolution of the I-Q components and p is the desrired 
resolution.

AGC loops can use this value to determine if there is sufficient energy in 
the constellation to maintain the same BER.

DSP Builder Feature & Simulation Support

You can create Simulink Model Files (.mdl) using Constellation 
Mapper/Demapper and DSP Builder blocks. DSP Builder supports all 
Constellation Mapper/Demapper options.

After you create your model, you can perform simulation. DSP Builder 
supports the simulation types shown in Table 7 for Constellation 
Mapper/Demapper.

Power C I
2

Q
2

+( )=

Table 7. Constellation Mapper/Demapper Simulation File Support in DSP Builder

Simulation Type Simulation Flow

Precompiled ModelSim model 
for RTL functional simulation

The DSP Builder SignalCompiler block generates a ModelSIm Tcl script and a 
VHDL testbench on-the-fly.

VHDL Output File (.vho) models 
for timing simulation

You can generate a .vho after you have purchased a license for your 
MegaCore function. Refer to the “VHDL Output File (.vho)“ topic in Quartus II 
Help for more information.

Visual IP Models Not Supported

Quartus II simulation The DSP Builder SignalCompiler block generates a Quartus II simulation 
vector file on-the-fly.
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1 If you are using the time-limited version of the Constellation 
Mapper/Demapper in your Model File, simulation does not time 
out. The core only times out if you are performing hardware 
evaluation as described in “OpenCore Plus Time-Out Behavior” 
on page 45.

f For more information on DSP Builder, see “DSP Builder Support” on 
page 16.

OpenCore Plus Time-Out Behavior

The following events occur when the OpenCore Plus hardware evaluation 
times out:

■ all outputs remain at zero (0)
■ timed_out is driven from low to high

A time-limited Constellation Mapper/Demapper runs for approximately 
30 minutes for a 150 MHz clock (exactly 270,000,000,000 clock cycles of the 
clock input clk).

f For more information on OpenCore Plus hardware evaluation, see 
“OpenCore & OpenCore Plus Hardware Evaluation” on page 18 and 
AN 176: OpenCore Plus Hardware Evaluation of MegaCore Functions.

Core 
Verification

Before releasing a version of the Constellation Mapper/Demapper, Altera 
runs a comprehensive regression test that executes the wizard to create 
the instance files. Next, VHDL testbenches are created and the results are 
compared to the MATLAB software, using ModelSim simulators to 
exercise the VHDL models.
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Figure 28. Regression Flow
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Signals The constellation mapper function has the signals shown in Table 8.

Table 8. Constellation Mapper Signals

Signal Type Direction Description

data_in Bit Input Serial data in.

clk Bit Input Input clock.

reset Bit Input Active high synchronous reset.

clken Bit Input Clock enable. When clken transitions from low to high, the data at the 
mapper input is read on the next positive clock edge. While clken is 
high, the input serial data is streamed continuously into the mapper. 
When low, the mapper is forced into an idle state. 

data_valid Bit Output Valid I-Q components. This signal is high while valid I-Q components 
are available at the output of the mapper. 

data_valid_i Bit Output Valid I-component in OQPSK mapping. This signal is high while valid
I component values are available at the output of the mapper. 

data_valid_q Bit Output Valid Q component in OQPSK mapping. This signal is high while valid 
Q component values are available at the output of the mapper..

I Bus Output In-phase component. The resolution is set in the wizard.

Q Bus Output Quadrature component. The resolution is set in the wizard.

timed_out Bit Output Signal used for OpenCore Plus hardware evaluation.
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The constellation demapper function has the signals shown in Table 9.

MegaWizard 
Plug-In 
Manager

The Constellation Mapper/Demapper function has an interactive wizard-
driven interface that allows you to create custom functions easily. You can 
launch the MegaWizard Plug-In Manager from within the Quartus II or 
MAX+PLUS II software, or you can run it from the command line. The 
wizard allows you to input your choice of parameters, verifies that all 
choices are valid, and generates a custom MegaCore function in VHDL, 
AHDL, or Verilog HDL, which you can integrate into your system design. 
When you finish going through the wizard, it outputs some or all of the 
following files, depending on parameters selected in the wizard.

■ VHDL Design File (<variation name>.vhd)
■ Symbol Files (<var_name>.bsf for the Quartus II software, 

<var_name>.sym for the MAX+PLUS II software) used to instantiate 
the function into a schematic design

■ An example core instantiation <variation name>_inst
■ A component declaration file <variation name>.cmp
■ Simulation output files:

– A Vector File (.vec) (<variation name>.vec) for simulation in the 
Quartus II or MAX+PLUS II software

– A VHDL testbench (<variation name>_tb.vhd), which is used to 
simulate the core in the ModelSim software

Table 9. Constellation Demapper Signals

Signal Type Direction Description

I Bus Input In-phase component. The resolution set in the wizard.

Q Bus Input Quadrature component. The resolution set in the wizard.

clk Bit Input Input clock.

reset Bit Input Active high synchronous reset.

clken Bit Input Clock enable. While clken remains high, the I-Q data is read into the 
demapper every k clock cycles, where k is the symbol width. When low, 
the demapper is in an idle state. 

data_out Bit Output Serial output data. 

data_valid Bit Output When high indicates valid output symbol data.

i_error Bus Output I-component cartesian error (optional). Resolution is set to be equal to the 
defined resolution of the received I-Q components.

q_error Bus Output Q-component cartesian error (optional). The resolution is set to be equal 
to the defined resolution of the received I-Q components.

power Bus Output Estimation of received signal power (optional). The resolution is set in the 
wizard.

timed_out Bit Output Signal used for OpenCore Plus hardware evaluation.
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– A Verilog HDL testbench which can be used to exercise Visual IP 
models of the core.

– A ModelSim macro file (<variation name>_tb.do) to run the 
testbench and launch a wave file for  viewing the results

– MATLAB script  (<variation name>_mat.m), which is used by the 
MATLAB software to exercise the bit-accurate model and plot 
results

– MATLAB data file  (<variation name>_sdata.txt), required to run 
all MATLAB models /DSP Builder models

■ <variation name> is the variation name you choose for the core
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