





Functional Description

Signals

The output signal out_val id is asserted when the first valid sine and
cosine outputs for channel 0, Sy, Cy, respectively are available. The output
values Sy and Cy corresponding to channels 1 through (M-1) are output
sequentially by the NCO. The outputs are interleaved so that a new
output sample for channel k is available every M cycles.

Avalon Streaming Interface

The Avalon® Streaming (Avalon-ST) interface is an evolution of the
Atlantic™ interface. The Avalon-ST interface defines a standard, flexible,
and modular protocol for data transfers from a source interface to a sink
interface and simplifies the process of controlling the flow of data in a
datapath.

Avalon-ST interface signals can describe traditional streaming interfaces
supporting a single stream of data without knowledge of channels or
packet boundaries. Such interfaces typically contain data, ready, and
valid signals. The NCO MegaCore function is an Avalon-ST source and
does not support backpressure.

For more information on the Avalon-ST interface including integration
with other Avalon-ST components which may support backpressure,
refer to the Avalon Interface Specification.

The NCO MegaCore function supports the input and output signals
shown in Table 4-4.

Table 4-4. NCO MegaCore FunctionSignals

Signal Direction Description

cl k Input Clock.

cl ken Input Active high clock enable.

freg_nmod_i [F-1:0] |[Input Optional frequency modulation input. You can specify the modulator
resolution F in IP Toolbench.

phase_nod_i [P-1:0] |Input Optional phase modulation input. You can specify the modulator precision
P in IP Toolbench.

phi _inc_i [A-1:0] Input Input phase increment. You can specify the accumulator precision A in IP
Toolbench.

reset_n Input Active-low reset.

fcos_o [M1:0] Output Optional output cosine value (when dual output is selected). You can

specify the magnitude precision M in IP Toolbench.
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fsin_o [M1:0]

Qutput Output sine value. You can specify the magnitude precision M in IP
Toolbench.

out _valid

Qutput Data valid signal. Asserted by the MegaCore function when there is valid
data to output.

References
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Altera application notes, white papers, and user guides providing more
detailed explanations of how to effectively design with MegaCore
functions and the QuartusII software are available at the Altera web site
(www.altera.com).

Refer also to the following references:
1. Andraka, Ray. A Survey of CORDIC Algorithms for FPGAs, FPGA ‘98

Proceedings of the ACM /SIGDA Sixth International Symposium on
Field Programmable Gate Arrays.
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Appendix A. Example Designs

®
Exam p le Example design 1 is a high-precision, dual-output oscillator for use in an
. intermediate frequency (IF) I-Q modulator. The design targets the Altera®
Design 1 EP2S15F484C3 Stratix® II device.

The top-level design file is:

<install path>\ip\nco\example_designs\designl\designl.bdf

The oscillator meets the following specifications:

SFDR: 110 dB

Output Sample Rate: 300 MSPS
Output Frequency: 21 MHz
Frequency Resolution: 0.07 Hz

To meet these requirements, the design uses the following NCO
MegaCore function settings:

Altera Corporation
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Multiplier-based algorithm—By using the dedicated multiplier
circuitry in Stratix devices, the NCO architectures that implement
this algorithm can provide very high performance.

Clock rate of 300 MHz and 32-bit phase accumulator precision—These
settings yield a frequency resolution of 70 mHz.

Angular and magnitude precision—These settings are critical to meet
the SFDR requirement, while minimizing the required device
resources. Setting the angular precision to 17 bits and the magnitude
precision to 18 bits results in the spectrum shown in Figure A-1 on
page A-2.

Dither level—The angular and magnitude precision settings
described above yield an SFDR of approximately 102.8 dB, which is
clearly not sufficient to meet the specification. Using the dither
control in the NCO MegaCore function, the variance of the dithering
sequence is increased until the trade-off point between spur
reduction and noise level augmentation is reached for these
particular clock-frequency to output frequency ratio and precision
settings as shown in Figure A-2 on page A-2. At a dithering level of
5, the SFDR is approximately 111.95 dB, which exceeds the
specification.
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Example Design 1

Figure A-1. Spectrum After Setting Angular & Magnitude Precision

After Setting Angular & Magnitude Precision

Magnitude (dB)

20

]

-20

-40)

-60

-100

-120

-140

Frequency-Domain of MCO Sin Output

-80 - --

Frequency Hz)

Figure A-2. Spectrum After the Addition of Dithering

After Addition of Dithering
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Example Designs

Example
Design 2
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Example design 2 is a quaternary frequency shift keying (QFSK)
modulator for use in a hypothetical transmitter design. The design targets
the Altera EP2515F484C3 Stratix II device. In this type of modulator, the
output frequency of the oscillator varies according to an input symbol
stream, the values of which map to a four-symbol alphabet.

The top-level design file is:
<install path>\ip\nco example_designs\design2\design2.bdf
The oscillator meets the following specifications:

m SFDR: 80 dB
B Output Frequencies:
e f.-576 MHz
e f.-192MHz
e f.+192MHz
e f.+576MHz
B Output Sample Rate: 220 MSPS
B Frequency Resolution: 0.05 Hz

Whetre f, is the free-running output frequency of the NCO.
Table A-1 shows the mapping of the symbols to output frequencies,

assuming that the free-running frequency is set to 15.36 MHz by setting
the phase increment of the oscillator to 299866808.

Table A-1. Symbol Mapping

Binary Symbol | Frequency Modulation Value | Output Frequency (MHz)
10 4182517243 9.60
11 4257483945 13.44
01 37483351 17.28
00 112450053 21.12

To meet these requirements, the design uses the following NCO
MegaCore function settings:

B Parallel CORDIC algorithm—In the overall hypothetical design, other
system blocks use much of the Stratix device’s internal memory and
DSP blocks; however, logic elements (LEs) are in abundant supply.
The need for a high precision, high performance oscillator that uses
logic elements only makes the Parallel CORDIC algorithm a suitable
choice.
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Example Design 2

B Phase accumulator precision—The frequency resolution specifications
demand a phase accumulator precision of 32 bits.

B Frequency modulator precision—To maximize the frequency resolution
of the modulating signal, the resolution of the frequency modulator
is also set to 32 bits of precision.

B Angular and magnitude precision and dithering—An angular precision
of 15 bits, a magnitude precision of 14 bits, and a dithering level of 5
meet the requirements of 80 dB SFDR for the four possible output
frequencies as shown in Figure A-3.

Figure A-3. Output Frequencies
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Example Designs

Figure A—4 shows a segment of the resulting FSK modulated waveform
in the time-domain.

Figure A-4. FSK Modulated Waveform
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The generated output frequency for a given phase increment, f; and
frequency modulation increment, fr), can be calculated using Equations 3
and 6 on page 4—4.

The following parameters are specified in the nco_design_tb.m file:

dpve = 299866808
Oy = 268435456
fur=220MHz

M =32

F=32

This parameterization gives the following values for f, and fr:

B f,=1536MHz
B =1376MHz
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Additional Information

®

Revision History

The following table displays the revision history for this user guide.

Date Version Changes Made
May 2008 8.0 e Separated the design flows and parameter setting sections.
e Full support for Cyclone® IlI
e Preliminary support for Stratix® IV
October 2007 7.2 e Updated NCO block diagram
e Added multi-channel description and timing diagram
e Added latency table
e Updated GUI screenshots
e Full support for Arria™ GX
May 2007 7.1 e Added 32-bit precision for angle & magnitude
e Preliminary support for Arria™ GX
e Full support for Stratix Il GX and HardCopy Il devices.
December 2006 7.0 e Preliminary support for Cyclone lll
December 2006 6.1 e Preliminary support for Stratix |1l
e Minor updates throughout the user guide
April 2006 2.3.1 |e Maintenance release; updated screen shots and format
October 2005 2.3.0 |e Maintenance release; updated screen shots and format
e Preliminary support for HardCopy® I, HardCopy Stratix, and Stratix Il GX
e Removed Mercury and Excalibur device support
June 2004 2.2.0 |e Added Cyclone Il support
e Updated functional description, tutorial instructions and screenshots

February 2004 2.1.0 |e Enhancements include support for Stratix Il devices; support for easy-to-use IP
Toolbench; IP functional simulation models for use in Altera®-supported VHDL
and Verilog HDL simulators; support for UNIX and Linux operating systems.

November 2002 2.0.2 |e Updated the screen shots; made some formatting and organization changes;
minor wording changes to several sections.

July 2002 2.0.1 |e NCO MegaCore functions now display a single DSP Builder library for
OpenCore and OpenCore Plus in the Simulink Library Browser.

May 2002 2.0.0 |e Updated functional description. Added DSP Builder, OpenCore Plus, and
licensing information. Removed reference designs and replaced with example
designs. Updated all screen shots. Made formatting and organization changes.

April 2000 1.0 e \ersion 1.0 of this user guide.
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How to Contact Altera

How to Contact
Altera

Typographic
Conventions

For the most up-to-date information about Altera® products, refer to the
following table.

Contact (7) &1’:}?&’(} Address
Technical support Website www.altera.com/support
Technical training Website www.altera.com/training
Email custrain@altera.com
Product literature Website www.altera.com/literature
Non-technical support (General) | Email nacomp@altera.com
(Software Licensing) | Email authorization@altera.com

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

This document uses the typographic conventions shown in the following
table.

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 hames, project names, disk drive names,
filenames, filename extensions, and software utility names are shown in bold
type. Examples: fyax, \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: tpja, 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.”
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Additional Information

Visual Cue

Courier type

Signal and port names are shown in lowercase Courier type. Examples: datal,
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:\gdesigns\tutorial\chiptrip.gdf. Also, sections of an
actual file, such as a Report File, references to parts of files (for example, the
VHDL keyword BEGIN), as well as logic function names (for example, TR1) are
shown in Courier.

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.

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

The hand points to information that requires special attention.

The caution calls attention to a condition that could damage the product or design
and should be read prior to starting or continuing with the procedure or process.

The warning calls attention to a condition that could cause injury to the user and
should be read prior to starting or continuing the procedure or processes.

The angled arrow indicates you should press the Enter key.

The feet direct you to more information on a particular topic.
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