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About this User Guide
This user guide provides comprehensive information about the Altera® 
Correlator 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 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 on the binoculars icon in the top toolbar 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 Stratix™GX and Cyclone™ device information added. Quartus® 
II integrated synthesis information added.

July 2002 No changes to user guide.

April 2002 Stratix device information added.

September 2001 Initial release.
Altera Corporation  iii



About this User Guide Correlator MegaCore Function User Guide
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 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)
(7:30 a.m. to 5:30 p.m. 
Pacific Time)

(408) 544-7000 (1)
(7:30 a.m. to 5:30 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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Correlator MegaCore Function User Guide About this User Guide
Typographic 
Conventions

The Correlator 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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About this Core
About this Core
Release 
Information

Table 1 provides information about this release of the Correlator 
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 1. Correlator Release Information

Item Description

Version 1.1.0

Release Date December 2002

Ordering Code (Product ID) IP-CORRELATOR (0085)

Vendor ID(s) 6AF7 and 6AF8 (Standard)
6AF9 and 6AFA (Time-Limited)
Altera Corporation  9
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Table 2 shows the level of support offered by the Correlator MegaCore 
function to each of the Altera device families.

Introduction The Altera Correlator MegaCore function is a correlation engine for code 
division multiple access (CDMA) applications.

New in Version 
1.1.0

■ Support for StratixGX devices
■ Support for Cyclone devices
■ Support for Quartus II integrated synthesis

Features ■ Flexible architecture for optimal size vs. speed trade off
■ Avalon bus compatible interfaces
■ Easy-to-use IP Toolbench, which  generates parameterized MegaCore 

functions
■ Includes simulation models
■ Support for OpenCore® and OpenCore Plus hardware evaluation
■ OpenCore feature allows designers to instantiate and simulate 

designs in the Quartus® II software prior to purchasing a license

General 
Description

The Altera Correlator MegaCore function  provides correlation results for 
a sample sequence in two’s complement with a binary code sequence. The 
core is configured via the IP Toolbench, which controls the amount of 
parallelism inside the core, to provide a suitable solution for specified 
speed requirements.

Table 2. Device Family Support

Device Family Support

StratixGX 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

Other device families No support
10 Altera Corporation
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About this Core
A correlator is a function that searches for code patterns within a received 
stream of samples. It can be optimized to achieve the required search 
speed with the minimum amount of resources. The correlator calculates 
the in-phase (I) and quadrature (Q) results for all required lags as shown 
in the following equation:

where:

rk is the kth lag result, both I and Q
si + k is the complex sample number i + k
ci is the ith element of the complex code
n_chips is the number of chips of the code sequence
n_lags is the number of lags over which the search window is defined.

The Correlator MegaCore function has an Avalon™ bus compatible 
inferface, which is an Altera parameterized interface bus. The Avalon bus 
is a set of predefined signal types with which you can connect one or more 
intellectual property (IP) blocks.

The Correlator MegaCore function’s typical applications include CDMA 
and wideband CDMA (W-CDMA).

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 includes 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.

      n_chips – 1

rk = Σsi + k × ci  for k = 0 … n_lags – 1

      i = 0
Altera Corporation  11
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f For more information on OpenCore Plus hardware evaluation using the 
Correlator MegaCore function, see “OpenCore Plus Time-Out Behavior” 
on page 29 and AN 176: OpenCore Plus Hardware Evaluation of MegaCore 
Functions.

Performance Table 3 shows typical expected performance for the default parameter 
combination device. The results were generated using the Quartus II 
software, version 2.2.     

Notes:
(1) EP1S12F324-6 device.
(2) M4K RAM blocks.
(3) EP1S10F780-5 device.
(4) EP20K200CB356-7device.
(5) EP20K200EBC356-1 device.

Table 3. Performance

Device LEs ESBs fMAX (MHz)

Cyclone (1) 4,349 36 (2) 156

Stratix (3) 4,362 36 (2) 154

APEX 20KC (4) 4,359 40 105

APEX 20KE  (5) 4,359 40 83
12 Altera Corporation
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Getting Started
Getting Started
Software 
Requirements

The Correlator MegaCore function requires the following software:

■ A PC running the Windows 98/NT/2000 operating system
■ Quartus II version 2.2 or higher

1 This document assumes that you are using a PC with the 
Windows operating system. However, you can also use the 
Correlator MegaCore function on UNIX platforms.

Design Flow This walkthrough involves the following steps:

1. Obtain and install the Correlator MegaCore function.

2. Set-up licensing.

3. Generate a custom MegaCore function using the IP Toolbench.

4. Simulate using the models.

5. License the Correlator MegaCore function and configure the devices.

1 The IP Toolbench is a toolbar from which you can quickly 
and easily view documentation, specify core parameters, set 
up third-party tools, and generate all files necessary for 
integrating the parameterized core into your 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 Correlator 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 Correlator via the Internet. If you do not have Internet 
access, you can obtain the Correlator from your local Altera 
representative.

1. Point your web browser to http://www.altera.com/ipmegastore.
Altera Corporation  13
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Getting Started Correlator MegaCore Function User Guide
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 Correlator in the Keyword Search box.

5. Click Go.

6. Click the link for the Altera Correlator MegaCore function in the 
search results table. The product description web page displays.

7. Click the Free Test Drive graphic on the top right of the product 
description web page.

8. Fill out the registration form, read the license agreement, and click 
I Agree at the bottom of the page.

9. Follow the instructions on the Correlator download and installation 
page to download the function and save it to your hard disk.

Installing the Correlator Files

For Windows, perform the following steps:

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. 

3. Click OK. The Correlator Installation 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>/correlator-<version>/lib) as a user library in the Quartus II 
software. Search for “User Libraries” in Quartus II Help for 
instructions on how to add these libraries.

MegaCore Directory Structure

The Correlator MegaCore function files are organized into several 
directories; the top-level directory is \correlator-<version> (see Figure 1).
14 Altera Corporation
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Getting Started
Figure 1. MegaCore Directory Structure

The MegaCore directory structure may contain several MegaCore 
products. Additionally, Altera updates MegaCore files from time-to-time. 
Therefore, Altera recommends that you do not save your project-specific 
files in the MegaCore directory structure.

MegaCore

        correlator-<version> 
        Contains the correlator MegaCore function files and documentation.

       
                  doc
                  Contains the documentation for the core.

                  lib 
                  Contains encrypted lower-level design files. After installing the MegaCore function,  
                  you should set a user library in the Quartus II software that points to this directory.  
                  This library allows you to access all the necessary MegaCore files.

                  lib_time_limited
                  Contains the OpenCore Plus encrypted lower-level design files. 
                  After installing the MegaCore function, you should set a user library in the 
                  Quartus II software that points to this directory. This library allows you to access 
                  all the necessary MegaCore files.
                 
                  sim_lib
                  Contains the simulation models provided with the core.

                            ModelSim 
                            Contains the ModelSim simulation models.
                            
                                      VHDL 
                                      Contains the VHDL simulation models.

                                                Corrlib 
                                                Contains the precompiled simulation library.

                                                testbench 
                                                Contains the VHDL testbench.

                            VisualIP
                            Contains the Visual IP simulation models.
Altera Corporation 15
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Set Up 
Licensing

You can use the Altera OpenCore feature to compile and simulate the 
Correlator MegaCore function, allowing you to evaluate it before 
purchasing a license. You can simulate your correlator design in the 
Quartus II software using the OpenCore feature. 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.

You can request a license file for the Correlator MegaCore function 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.

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 Correlator MegaCore 
function, 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 correlator 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 correlator license file and paste it 
into the Quartus II license file. 

1 Do not delete any FEATURE lines from the Quartus II license 
file.
16 Altera Corporation
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5. Save the Quartus II license file.

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 in a DOS box or 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.
Altera Corporation 17
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Correlator 
Walkthrough

This walkthrough explains how to create a custom core using the Altera 
Correlator IP Toolbench and the Quartus II software. As you go through 
the IP Toolbench, each page is described in detail. When you are finished 
generating a custom core, you can incorporate it into your overall project.

1 The IP Toolbench only allows you to select legal combinations of 
parameters, and warns you of any invalid configurations.

Generating a custom correlator core involves the following steps:

1. Create a New Quartus II Project.

2. Launch the IP Toolbench.

3. Step 1: Parameterize.

4. Step 2: Generate.

Create a New Quartus II Project

Before you begin creating a core, 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 also specify the correlator 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.

2. Choose New Project Wizard (File menu).

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

4. Specify the working directory for your project.

5. Specify the name of the project.

6. Click Next.

7. Click User Library Pathnames.

8. Type <path>\correlator-<version>\lib\ into the Library name 
box, where <path> is the directory in which you installed the 
Correlator. The default installation directory is c:\MegaCore.

9. Click Add.
18 Altera Corporation



Correlator MegaCore Function User Guide GettingGetting Started

2

Getting Started
10. Click OK.

11. Click Next.

12. Click Finish.

Launch the IP Toolbench

The MegaWizard Plug-In Manager allows you to run the IP Toolbench, 
which helps you easily specify options for the Correlator. To launch the IP 
Toolbench, perform the following steps:

1. Start the MegaWizard Plug-In Manager by choosing the 
MegaWizard Plug-In Manager command (Tools menu in the 
Quartus II software). The MegaWizard Plug-In Manager dialog box 
is displayed.

1 Refer to the Quartus II Help for more information on how to 
use the MegaWizard Plug-In Manager.

2. Specify that you want to create a new custom megafunction and 
click Next.

3. Select Correlator-<version> in the DSP > Correlation directory (see 
Figure 2).
Altera Corporation 19
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Figure 2. Selecting the MegaCore Function

4. Choose the output file type for your design; the wizard supports 
AHDL, VHDL, and Verilog HDL.

5. Specify a directory, <directory name> and name for the output file, 
<variation name>.

1 <variation name> and <directory name> must be the same name 
and the same directory that your Quartus II project uses.

Step 1: Parameterize

To parameterize your core, perform the following steps:

1. Click Step 1: Parameterize in the IP Toolbench (see Figure 3).
20 Altera Corporation
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Figure 3. IP Toolbench

2. Set your system parameters (see Figure 4). Table 4 shows the system 
parameters.

Table 4. System Parameters 

Description Values

Block length (see “Sample & Code Organization” on page 34). 2n, where n = 4, 5, 6…).

Number of chips per section. Typically, the number of samples is 
set to the number of chips per symbol. The correlator then works 
on a symbol by symbol base. However, it is also possible to set 
the number for a fraction of a symbol, and integrate the I and Q 
results over a complete symbol externally.

2n, up to the value of block length.

Oversampling rate. Any integer (typically 2n, where n = 
0,1,2,3,4).

Number of lags. Any even integer.

Number of code sources. Any integer (typically 1, 2, .., 64).

Number of sample sources. Any integer (typically 1, 2, .., 64). 
Altera Corporation 21
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Figure 4. System Parameters

3. Click Next.

4. Set your timing parameters (see Figure 5). Table 5 shows the timing 
parameters.

Table 5. Timing Parameters 

Description Values

Speedup. Number of correlation operations that are 
carried out in parallel. Speedup = 2n, where n = 
4, 5,… . Maximum value of speedup = 
min (number of chips, number of lags/oversampling).
22 Altera Corporation
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Figure 5. Timing Parameters

5. Click Next.

6. Set your implementation parameters (see Figure 6). Table 6 shows 
the implementation parameters.

Table 6. Implementation Parameters 

Description Values

Number of bits. Any integer (typically 4 .. 
8).

Number of parallel results. When speedup is > 256, the number of parallel results 
must be increased by a factor of 2.

2n, where n = 0,1,2,3,4.

Input buffer multiplier. When set to 2, double buffering is implemented, i.e., all 
samples for (2 × number of chips) can be stored. 

Any integer (2 … n).

Output buffer multiplier. All I and Q lag results for (input buffer multiplier × number 
of lags) can be stored in the output buffer.
When set to 2, double buffering is implemented, i.e., all I and Q results for (2 × 
number of lags) can be stored. Increasing this buffer multiplier increases the 
memory size, which allows results to be kept longer before being overwritten by new 
results.

2n, where n = 0,1,2,3...

Quad port. When quad port is turned on, the architecture is based on quad port 
memory instead of dual-port memory. This setting gives a more efficient 
implementation, but is only supported on some devices.

–
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Figure 6.  Implementation Parameters

7. Click Finish.

Step 2: Generate

To generate your core, perform the following steps:

1. Click Step 2: Generate in the IP Toolbench (see Figure 7).

Figure 7. IP Toolbench—Generate

2. Click OK (see Figure 7).
24 Altera Corporation
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Figure 8. Summary Page

3. The generation report lists the design files that the IP Toolbench  
creates (see Figure 9). Click Exit IP Toolbench.

Figure 9. IP Toolbench-Generated Files
Altera Corporation 25
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When you have created a custom megafunction, you can integrate it into 
your system design and compile. 

Simulate using 
the Models

Altera provides a VHDL model that you can use to simulate the 
MegaCore function in your system. Altera also provides Visual IP models, 
which you can use with the Visual IP software and are supported by other 
simulators. The pre-compiled simulation library has been generated with 
the ModelSim-Altera simulator version 5.6a and is installed in the 
sim_lib\modelsim\vhdl\corrlib directory. You can integrate this model 
into your system, speeding the simulation process. 

Simulate the VHDL Model in the ModelSim Simulation Tool

The following instructions describe how to set up your system and how to 
simulate the VHDL model using the ModelSim simulation tool. 

1 You can also use the ModelSim graphical user interface (GUI) to 
create a logical map. Refer to the ModelSim online help for 
details.

1. Run the ModelSim software and create a logical map called corrlib 
to the directory containing the compiled library by typing the 
following command in the ModelSim software:

vmap corrlib <Drive:>/<MegaCore Path>
/sim_lib/ModelSim/vhdl/corrlibr

2. Depending on your version of the ModelSim software, you may 
need to refresh the compiled library by typing the following 
command:

vcom -force_refresh -work corrlibr

Using the VHDL Testbench

Altera provides a VHDL testbench (in the 
sim_lib\vhdl\modelsim\testbench directory), which is an example of 
how you can use the correlator core as a path profiler in UMTS 
applications (see “Performance” on page 42). To use the models, you must 
first instantiate them in your system. To compile these files in the 
ModelSim software, perform the following steps:

1 To use the VHDL testbench, the VHDL models must be available 
and both setup for ModelSim as described earlier.
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1. Load the testbench by typing the following command:

vsim corrlib.aukcr_corr_tb

2. Setup the waveform display tool by typing the following command:

do <Drive:>/<MegaCore Path>/sim_lib/modelsim
/vhdl/testbench/corr_tb_wave.do

3. Run the simulation by typing the following command:

run -all 

The simulation stops when either the maximum time has elapsed, or a 
complete block has been processed.

Simulate using the Visual IP Model

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

1. Point your web browser at 
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 the 
Visual 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).

2. Compile the wrapper for the core model. 
The Verilog 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  aukcr_corr_tb. 

3. Compile the wrapper for the testbench model 
(sim_lib\modelsim\vhdl\testbench\aukcr_corr_tb.vhd).
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1 Verilog HDL users must create their own version of the 
testbench.

4. Compile the IP Toolbench-generated wrapper file.

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

Configure 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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Specifications
Functional 
Description

Table 7 shows the core’s parameters, which are set using the IP Toolbench 
and are described in more detail in “Correlator Walkthrough” on page 18.

Note:
(1) Currently, this value is fixed to complex.

OpenCore Plus Time-Out Behavior

The following outputs remain at zero when the Opencore Plus hardware 
evaluation times out:

■ s_readdata
■ ctrl_readdata
■ iq_readdata

A time-limited Correlator MegaCore funtion runs for approximately 
45 minutes for a 100 MHz clock (exactly 2.7 × 1011 clock cycles).

Table 7. Parameters 

Parameter Name IP Toolbench Identification

block_length Block length (see “Sample & Code Organization” on page 
34).

n_chips Number of chips per section.

oversampling Number of samples per code bit, or oversampling rate.

n_lags Number of lags.

n_code_sources Number of code sources.

n_sample_sources Number of channels or antennas.

speedup Number of correlation operations that are carried out in 
parallel.

n_bits Number of bits per sample.

complex_inputs Selects between real valued and complex operation. (1)

n_par_results Number of parallel results. 

buff_in_mult Buffer in multiplier.

buff_out_mult Buffer out multiplier.

quadport Quad port option. 
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f For more information on OpenCore Plus hardware evaluation, see  
“OpenCore & OpenCore Plus Hardware Evaluation” on page 11 and 
AN 176: OpenCore Plus Hardware Evaluation of MegaCore Functions.

Signals

f For more information on the Avalon bus see the Avalon.txt file in the 
documentation directory (Windows Start Menu > Programs > Altera > 
MegaCore > Correlator).

The Correlator core has a code interface and three Avalon interfaces, 
which act as Avalon slaves, for samples (s_), control/status (ctrl_), and 
results (iq_). The code interface is not Avalon compatible. It can be 
connected to either memory or external code generators. Only essential 
signals are included:

■ The sample interface effectively has only one address—no address 
bus is implemented for the sample interface

■ The core implements only readn signals for the control/status 
interface, where a read action triggers internal events. On the other 
interfaces, the core generates data corresponding to the address at the 
output. 

■ The result interface is read-only; it has no writen or chipselect 
signal

Table 8 shows the common signals; Table 9 shows the samples signals; 
Table 10 shows the code signals; Table 11 shows the control/status 
signals; Table 12 shows the results signals.

Table 8. Common Signals 

Name Direction Description

clk Input System clock. All registers are connected to this 
clock.

resetn Input Active-low asynchronous system reset. Must be 
asserted (low) for at least one full clock period. 

timed_out Output Timed-out signal. Indicates when the core has 
timed out with the OpenCore Plus evaluation 
license (OpenCore Plus hardware evaluation 
only).
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Table 9. Samples Signals 

Name Direction Description

s_writedata

(n_sample_sources×2×n_bits-1:0)

Input Sample data input into correlator core. Samples 
from all sample sources, each consisting of an I 
and a Q value of n_bits bits are written into the 
correlator core concurrently.

s_chipselect Input Active-high chip select. Write instructions can only 
be carried out when this signal is high.

s_writen Input Active-low write enable. When this signal is low 
and s_chipselect is asserted, data is written 
into the sample input buffer.

s_readdata 

(n_sample_sources×2×n_bits–1:0)

Output Sample read data. The last written sample 
appears at readdata.

Table 10. Code Signals 

Name Direction Description

code(2log4(speedup)–1:0) Input Code input.

code_source

(log2(n_code_sources)–1:0)

Output Indicates which code source is currently 
processed.

next_code_source Output High for one clock cycle before the correlator 
requires code for the next code source.

code_section

(log2(n_chips/2
log4(speedup))–1:0)

Output Indicates which code section the correlator is 
currently processing. A code section is 
log4(speedup) bits wide.

next_code_section Output High for one clock cycle before the next code 
section is required.

qnoti Output Indicates whether the Q or I part of a complex 
code is used.

next_iq Output High for one clock cycle before correlator switches 
from requiring I code sections to Q code sections 
and vice versa.
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Figure 10 shows the Correlator MegaCore function block diagram. The 
Correlator MegaCore function contains a correlation engine, which 
searches for correlation between a sample sequence of two’s complement 
numbers with a code sequence. Samples are input via the Avalon 
compatible interface, and are stored in the sample memory.

The code memory is not currently part of the correlator. The code can be 
stored in memory. Alternatively, it can be generated by a code generator, 
which can be directly connected to the correlator.

Table 11. Control/Status Signals 

Name Direction Description

ctrl_address(0) Input Status and control address bus. One bit is 
sufficient, as there are only two addresses.

ctrl_writedata (7:0) Input Control data input into correlator core

ctrl_chipselect Input Active-high chip select. Read and write 
instructions can only be carried out when this 
signal is high.

ctrl_writen Input Active-low write enable. When this signal is low, 
data is written into the location determined by 
address

ctrl_readn Input Active-low read signal. 

ctrl_readdata (7:0) Output Correlator core output. When chipselect is 
high and readn is low, valid data appears at 
readdata. In all other cases, all these signals are 
high.

ctrl_irq Output Active-high interrupt request (see “Interrupts” on 
page 40.).

Table 12. Results Signals 

Name Direction Description

iq_address(address width–1:0) Input Address for I and Q output memory.

iq_readdata

(2 × n_par_results × 

(n_bits+2+log2(n_chips))–1:0)

Output Correlator core data output. 

iq_irq Output Active-high interrupt request (see “Interrupts” on 
page 40.).
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Figure 10. Block Diagram

When a complete set of samples and the corresponding code are available, 
the correlator automatically starts. It then automatically reads the correct 
code/sample combinations, and searches over the number of lags you 
specified. While the correlator is processing this block, the next block of 
samples and code can be written into the sample input memory, which is 
double buffered (as a minimum). You can extend the sample input 
memory further by setting parameter buff_in_mult to higher values 
than 2 if required. 

Sample
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Sample
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Altera Corporation  33



Specifications Correlator MegaCore Function User Guide
An interrupt is generated when the correlator has finished writing results 
for a block of input data for one sample source and one code source. This 
interrupt indicates that the output memory has switched, and that new 
results are ready to be read while the correlator is already writing a new 
set of results into the result memory. If the buffer out multiplier is set to 2, 
the result memory is double buffered. If necessary, the result buffer can be 
increased by setting the buffer out multiplier to higher values.

Avalon Slave Interface

The result memory is read-only, i.e., there is no write address or write 
enable signal.

Sample & Code Organization

Figure 11 shows the organization of the data stream. The correlator core 
processes blocks of data. The block length is defined by block_length. 
Each block is broken down into sections. These sections can be chosen to 
coincide with symbol boundaries. Each section contains exactly n_chip 
chips. The correlator divides these sections further into code sections. The 
size of the code sections is dependent on the parameter speedup. A chip 
is further divided into oversampling phases, if oversampling > 1 is 
chosen. For each oversampling phase, an I and a Q sample must be 
produced.
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Figure 11. Organization of Data Stream

Sample Memory

The size of the sample memory depends on the parameters that you 
choose. The width of the data input is determined by the number of 
sample sources and the width of the samples. Table 13 shows the format 
for n bits per I or Q sample and m sample sources.

Block 0 

Chip n_chips / 2^log4(speedup) - 1  Chip 0  

Code Section 1  Section n_chips / 2^log4(speedup)  Code Section 0 

 Chip 1  

Code I

Code Q  

Oversample phase oversampling - 1Oversample phase 1 Oversample phase 0 ...

...

...

...

...

Block n  Block 1 

...

Sample I Sample I Sample I 

Sample Q Sample Q  Sample Q  ...

...

Section 1  Section block_length/n_chips-1 Section 0 ...

Table 13. Sample Memory Format

Qm – 1, n – 1…0 Im – 1, n – 1…0 … … Q1, n – 1…0 I1, n – 1…0 Q0, n – 1…0 I0, n – 1…0
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Code Memory 

The code must be provided in sections. The correlator provides 
information about which code source and code section it is currently 
processing, and whether it is processing I or Q. External logic should be 
implemented to ensure that the relevant sections are provided at the 
correct times. You can use the signals next_code_source, 
next_code_section, and next_iq to register the precalculated 
section into a register to which the correlator core signals are connected. 
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Table 14 is an example for the required code selection for speedup = 64, 
n_chips = 32, n_lags = 16, n_code_sources = 2 and 
n_sample_sources = 4. The code is required in the following order:

Table 14. Code Selection Example  (Part 1 of 2)

Time Step Sample 
Source 

Code 
Source 

I, Q Code 
Section

Bits

0 0 0 I 0 7...0

1 1 15…8

2 2 23…16

3 3 31…24

4 Q 0 7...0

5 1 15…8

6 2 23…16

7 3 31…24

8 I 0 7...0

9 1 15…8

10 2 23…16

11 3 31…24

12 Q 0 7...0

13 1 15…8

14 2 23…16

15 3 31…24

16 1 I 0 7...0

17 1 15…8

18 2 23…16

19 3 31…24

20 Q 0 7...0

21 1 15…8

22 2 23…16

23 3 31…24

24 I 0 7...0

25 1 15…8

26 2 23…16

27 3 31…24

28 Q 0 7...0

29 1 15…8

30 2 23…16

31 3 31…24
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32 1 0 I 0 7...0

33 1 15…8

34 2 23…16

35 3 31…24

36 Q 0 7...0

37 1 15…8

38 2 23…16

39 3 31…24

40 I 0 7...0

41 1 15…8

42 2 23…16

43 3 31…24

44 Q 0 7...0

45 1 15…8

46 2 23…16

47 3 31…24

48 1 I 0 7...0

49 1 15…8

50 2 23…16

51 3 31…24

52 Q 0 7...0

53 1 15…8

54 2 23…16

55 3 31…24

56 I 0 7...0

57 1 15…8

58 2 23…16

59 3 31…24

60 Q 0 7...0

61 1 15…8

62 2 23…16

63 3 31…24

64 0 0 I 0 15…8

… … … … … …

Table 14. Code Selection Example  (Part 2 of 2)

Time Step Sample 
Source 

Code 
Source 

I, Q Code 
Section

Bits
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Result Memory 

The result memory contains all I and Q lag results for the current section 
of n_chips. It is arranged as a circular buffer, and can contain results for 
several sample source and code source combinations. If buff_out_mult 
is set to 2, double buffering is implemented. Table 15 shows how the core 
stores results. 

When sample source 0 and code source 0 results become available, the 
core generates an interrupt. You should read the results immediately, 
while the correlator calculates the results for sample source 0/code source 
1. After which, the correlator overwrites the results of sample source 
0/code source 0 with sample source 0/code source 2 results. When the 
core has processed all code sources, it generates the next sample source’s 
results.

The results are ordered in such a way that adjacent lag results of the same 
oversampling phase are read out together. 

For oversampling = 2 and n_par_results = 1, the following situation 
applies: 

■ lag results 0 and 2 are read from address 0
■ lag results 1 and 3 are read from address 1
■ lag results 2 and 4 are read from address 2 etc., see Table 15

For n_par_results = 2, twice as many lags are stored at each address, 
and the following situation applies:

■ lag results 0, 2, 4, and 6 are read from address 0 
■ lag results 1, 3, 5, and 7 are read from address 1 
■ lag results 8, 10, 12, and 14 are read from address 2 etc.
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Interrupts

The correlator core generates two internal interrupts, which are active for 
one clock cycle. iq_irq is set when the correlation engine has finished 
processing a block of samples for one code source and one sample source, 
and context switching takes place at the result memory. ctrl_irq is set 
when a complete block is finished. Both interrupts are disabled by setting 
the relevant bits in the control register to 0.

Control/Status Interface

The control/status interface comprises two registers, which are accessible 
via the Avalon bus.

Table 15. Result Memory Example 

Sample 
Source

Code 
Source

I, Q Oversampling Result Result Address

0 1 Q odd Lag n-3 Lag n-1 2*n-1

… … …

odd Lag 1 Lag 3

even Lag 0 Lag 2 1.5*n

I odd Lag n-3 Lag n-1 1.5*n-1

… … …

odd Lag 1 Lag 3

even Lag 0 Lag 2 N+1

0 0 Q odd Lag n-3 Lag n-1 N

… … …

odd Lag 1 Lag 3

even Lag 0 Lag 2 N/2

I odd Lag n-3 Lag n-1 N/2-1

… … …

odd Lag 1 Lag 3 1

even Lag 0 Lag 2 0
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Control Register 00H

The control register has read/write access. Table 16 shows the control 
register format.

Status Register 01H

The status register has read only access. Table 17 shows the status register 
format.

Table 16. Control Register Format 

Data Bit Mnemonic Description

0 START 0 1 starts the correlator.

1 ENABLE 0 Set ENABLE low, to disable parts of the correlator.

2 ABORT 0 ABORT acts as synchronous reset, or software reset.

3 IQ_IRQ_EN 0 1 enables interrupt IQ_IRQ, which is generated every time a new block of I 
and Q lag results become available.

4 CTRL_IRQ_EN 0 1 enables interrupt CTRL_IRQ, which is generated when a complete block 
has been processed.

7:5 – 0 Reserved, 0 must be written to this location.

Table 17. Status Register Format 

Data Bit Mnemonic Description

7 OC 0 OpenCore Plus status. 1 indicates a time limited core. 0 indicates a non-time limited 
core.

6 TO 0 For OpenCore Plus hardware evaluation: 0 indicates that the core is fully functional. 
1 indicates that the OpenCore Plus timeout has occurred, which occurs at the same 
time as the timed_out pin. 

5 – 0 Reserved.

4 CTRL_IRQ 0 1 indicates that IQ_IRQ has occurred. This bit is automatically reset after the status 
register has been read.

3 IQ_IRQ 0 1 indicates that IQ_IRQ has occurred. This bit is automatically reset after the status 
register has been read.

2 – 0 Reserved.

1 FINISHED 0 1 indicates that the correlation engine has completed. This bit is automatically reset 
after the status register has been read.

0 ACTIVE 0 1 indicates that the correlation engine has been started, and has not yet completed 
the current correlation process.
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Note:
(1) When time out occurs in OpenCore Plus hardware evaluation cores, the input address is fixed at 01H. The status 

register is selected in which bits 0 to 5 are disabled.

Example This example is based on a UMTS path profiler, which is detailed in 3G TS 
25.213, 3rd Generation Partnership Project; Technical Specification Group Radio 
Access Network; Spreading and modulation (FDD) V3.4.0, and 3GPP TS 
25.211, 3rd Generation Partnership Project; Technical Specification Group Radio 
Access Network; Physical channels and mapping of transport channels onto 
physical channels (FDD) V3.5.0.

1 You can currently download these documents from 
http://www.3gpp.org/ftp/Specs/2000-
12/R1999/25_series/25213-340.zip and 
http://www.3gpp.org/ftp/Specs/2000-
12/R1999/25_series/25211-350.zip.

If your requirements differ from this example, you can change the 
parameters. 

You must define the search space for the whole system and the timing 
parameters, which are detailed in the following sections. To define the 
search space consider the following factors:

■ How many chips long is the pattern to be searched for? Can this 
pattern been broken down into smaller sections? 

■ Do you use oversampling?
■ How many lags do you need to search for?
■ How many code sources do you search for?
■ Is there more than one source for samples?
■ How wide are your samples?
■ Are the code and sample sequences real or complex numbers? 

Pattern Chip Length

3G TS 25.213 describes the pattern. A radio frame contains 15 slots of up 
to 8 symbols (pilot bits), each comprising 256 chips. You can dimension 
your correlator to process individual symbols of 256 chips, or you can 
break it down further into fractions of 256 chips. Processing complete 
symbols requires no additional integrator to combine the partial results 
into symbol results, however the input memory must be large enough to 
capture complete slots. This example processes complete symbols, so:

block_length = 2048
n_chips = 256
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Oversampling

If you use oversampling, choose the oversample factor accordingly. For 
example, for half chip sampling, the oversampling factor is 2, therefore:

oversampling = 2

Number of Lags 

Number of lags is a function of the expected frame in which symbols can 
arrive, and depends on the distance and timing offset between the 
transmitter and the receiver which contains this correlator. If this factor is 
64 chips, with half chip sampling, you must search over 128 lags, 
therefore:

n_lags = 128

Code Sources

UMTS basestations receive signals from several users at the same time. 
You can implement one correlator for each possible user, but this 
implementation is very inefficient. Alternatively time-share one correlator 
between several users. This example assumes that the correlator works 
with 32 users, each with their individual delays and code pattern, 
therefore:

n_code_sources = 32

Sample Sources

In UMTS basestations there may be several antennas, each delivering a 
stream of samples. For two antennas:

n_sample_sources = 2

Sample Width

This depends on the precision of the previous stage, and is usually in the 
4- to 8-bit range. This example uses a 4-bit sample width, therefore:

n_bits = 4
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Sample Sequences

complex_inputs depends on whether the sample sequences are real 
values or complex. This example has complex samples and codes, 
therefore:

complex_inputs = true.

Defining the Timing Parameters

First assume a clock frequency for your correlator; this example uses 
125 MHz. Then calculate how long it takes for a serial correlator (see 
Figure 12) to carry out all searches.

Figure 12. Serial Correlator

The number of serial correlators is calculated using the following 
equation:

Ncorr = NAntennas × NUEs × NSamples × Nlags/Nov × 4 × Nov           

where: 

Ncorr is the number of real-valued correlation operations
NAntennas is the number of antennas
Nusers is the number of users 
NSamples is the number of samples (I, Q pairs) per symbol
Nlags/Nov is the number of chips for which lags must be calculated

Four for I and Q, because there are four real valued correlation operations 
for each complex correlation, Nov for oversampling factor.

For the example’s parameters, 

Ncorr =2 × 32 × 256 × 128/2 × 4 × 2 = 8388608

Received Samples
+

Code
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Therefore at 125 MHz, it takes 8388608 × 8 ns = 67.108864 ms. 

In 3G TS 25.213 a frame of 15 slots takes 10 ms, this example has 10 
symbols per slot. Hence the time for one symbol is:

10 ms/(15 × 10) = 0.06667 ms

i.e., 67.1/0.06667 = 1,007 correlation operations in parallel.

You must now select a speed-up factor, which effectively sets the number 
of correlation operations your correlator processes. The speed-up factor 
must be a power of two. For the example, the nearest power of two is 
1,024. The requirement is for 1,007 correlation operations carried out in 
parallel, therefore:

speedup = 1,024

Finally, select the size of your input and result buffers. While double 
buffering is usually sufficient, quadruple buffering is safer, so:

buff_in_mult = 4

buff_out_mult = 4

You can select the number of parallel results to just fulfill the correlator’s 
speed requirements, i.e., it must be greater than 2 × n_chips/speedup. 
With a speedup = 1024 and 256 chips,

n_par_results = 2

If desired, the correlator can provide more lag results per clock cycle, 
which can be useful for further processing the accumulation results.

System 
Integration

If the targeted device has quad port memories, you can select the quad 
port option in the IP Toolbench, which gives a more efficient 
implementation. For all other devices disable the quad port option. When 
integrating the correlator into a system, you must decide whether the 
correlator processes complete symbols or partial symbols. If complete 
symbols are processed, the input memory is large enough to hold all 
samples necessary to process two or more symbols (see Figure 13), with 
the advantage that the I and Q values for all lags for a complete symbol 
become available in the output memory. These values can be fed into an 
I2 + Q2 unit to calculate the signal power.
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Figure 13. System Integration

Processing partial symbols decreases the size of the input memory, but 
you need an inter-symbol integrator between the output of the correlator 
core and the I2 + Q2 unit. The integrator’s size increases with an increasing 
number of sample sources and code sources, because intermediate 
accumulation results for all lags must be stored for all code source and 
sample source combinations.
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