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1. About This MegaCore
Function
New Features This release has the following new feature:

■ Support for Stratix® IV devices

Release 
Information

Table 1–1 provides information about this release of the Altera® FFT 
MegaCore® function.

f For more information about this release, refer to the MegaCore IP Library 
Release Notes and Errata.

Altera verifies that the current version of the Quartus® II software 
compiles the previous version of each MegaCore® function. The MegaCore 
IP Library Release Notes and Errata report any exceptions to this 
verification. Altera does not verify compilation with MegaCore function 
versions older than one release."

Device Family 
Support

MegaCore functions provide either full or preliminary support for target 
Altera device families:

■ Full support means the MegaCore function meets all functional and 
timing requirements for the device family and may be used in 
production designs

■ Preliminary support means the MegaCore function meets all 
functional requirements, but may still be undergoing timing analysis 
for the device family; it may be used in production designs with 
caution.

Table 1–1. Product Name Release Information

Item Description

Version 8.0

Release Date May 2008

Ordering Code IP-FFT

Product ID 0034

Vendor ID 6AF7 
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Features
Table 1–2 shows the level of support offered by the FFT MegaCore 
function to each of the Altera device families.

Features ■ Bit-accurate MATLAB models
■ DSP Builder ready
■ Enhanced variable streaming FFT: 

● Single precision floating point or fixed point representation
● Input and output orders include:

• Natural order
• Bit reversed
• –N/2 to N/2

● Reduced memory requirements
● Support for 8 to 32 bit data and twiddle width
● DSP Builder fast functional simulation model

■ Radix-4 and mixed radix-4/2 implementations
■ Block floating-point architecture—maintains the maximum dynamic 

range of data during processing (not for variable streaming)
■ Uses embedded memory
■ Maximum system clock frequency >300 MHz
■ Optimized to use Stratix series DSP blocks and TriMatrix™ memory 

architecture
■ High throughput quad-output radix 4 FFT engine 
■ Support for multiple single-output and quad-output engines in 

parallel
■ Multiple I/O data flow modes: streaming, buffered burst, and burst
■ Avalon® Streaming (ST) compliant input and output interfaces

Table 1–2. Device Family Support

Device Family Support

Arria™ GX Full

Cyclone® Full

Cyclone II Full

Cyclone III Full

HardCopy® II Full

Stratix® Full

Stratix II Full

Stratix II GX Full

Stratix III Preliminary

Stratix IV Preliminary

Stratix GX Full
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About This MegaCore Function
■ Parameterization-specific VHDL and Verilog HDL testbench 
generation

■ Transform direction (FFT/IFFT) specifiable on a per-block basis
■ Easy-to-use IP Toolbench interface
■ IP functional simulation models for use in Altera-supported VHDL 

and Verilog HDL simulators

f For more information on Avalon ST interfaces, refer to the Avalon 
Interface Specifications.
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General Description
General 
Description

The FFT MegaCore function is a high performance, highly-
parameterizable Fast Fourier transform (FFT) processor. The FFT 
MegaCore function implements a complex FFT or inverse FFT (IFFT) for 
high-performance applications.

The FFT MegaCore function implements one of the following 
architectures:

■ Fixed transform size architecture
■ Variable streaming architecture

Fixed Transform Size Architecture

The fixed transform architecture FFT implements a radix-2/4 decimation-
in-frequency (DIF) FFT fixed-transform size algorithm for transform 
lengths of 2m where 6 ≤ m ≤ 14. This architecture uses block-floating point 
representations to achieve the best trade-off between maximum signal-to-
noise ratio (SNR) and minimum size requirements.

The fixed transform architecture accepts as an input, a two’s complement 
format complex data vector of length N, where N is the desired transform 
length in natural order; the function outputs the transform-domain 
complex vector in natural order. An accumulated block exponent is 
output to indicate any data scaling that has occurred during the 
transform to maintain precision and maximize the internal signal-to-
noise ratio. Transform direction is specifiable on a per-block basis via an 
input port. 

Variable Streaming Architecture

The variable streaming architecture FFT implements a radix-22 single 
delay feedback architecture, which you can configure during runtime to 
perform FFT algorithm for transform lengths of 2m where 4 ≤ m ≤ 16. This 
architecture uses either a fixed-point representation or a single precision 
floating point representation. The fixed-point representation grows the 
data widths naturally from input through to output thereby maintaining 
a high SNR at the output. The single precision floating point 
representation allow a large dynamic range of values to be represented 
while maintaining a high SNR at the output.

For more information on radix-22 single delay feedback architecture, refer 
to S. He and M. Torkelson, A New Approach to Pipeline FFT Processor, 
Department of Applied Electronics, Lund University,  IPPS 1996.
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About This MegaCore Function
The order of the input data vector of size N can be natural, bit reversed, 
or DC-centered. The architecture outputs the transform-domain complex 
vector in natural or bit-reversed order. The transform direction is 
specifiable on a per-block basis using an input port.

OpenCore Plus Evaluation

With Altera’s free OpenCore Plus evaluation feature, you can perform the 
following actions:

■ Simulate the behavior of a megafunction (Altera MegaCore function 
or AMPPSM megafunction) within your system

■ Verify the functionality of your design, as well as evaluate its size 
and speed quickly and easily

■ Generate time-limited device programming files for designs that 
include megafunctions

■ Program a device and verify your design in hardware

You only need to purchase a license for the megafunction when you are 
completely satisfied with its functionality and performance, and want to 
take your design to production.

f For more information on OpenCore Plus hardware evaluation using the 
FFT MegaCore function, see “OpenCore Plus Time-Out Behavior” on 
page 3–5 and AN 320: OpenCore Plus Evaluation of Megafunctions.

DSP Builder Support

Altera’s 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/Simulink blocks with Altera DSP 
Builder/MegaCore blocks to verify system level specifications and 
perform simulation. After installing this MegaCore function, a Simulink 
symbol of this MegaCore function appears in the Simulink library 
browser in the MegaCore library from the Altera DSP Builder blockset. To 
use this MegaCore function with DSP Builder, you require DSP Builder 
v8.0 or higher and the Quartus® II software v8.0 or higher.

1 For more information on DSP Builder, refer to the DSP Builder 
User Guide and the DSP Builder Reference Manual.
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Performance
Performance Performance varies depending on the FFT engine architecture and I/O 
data flow. All data represents the geometric mean of a three seed 
Quartus II synthesis sweep. Table 1–3 shows the streaming data flow 
performance, using the 4 mults/2 adders complex multiplier structure, 
for width 16, for Cyclone III (EP3C10F256C6) devices.

Table 1–4 shows the streaming data flow performance, using the 4 
mults/2 adders complex multiplier structure, for data and twiddle width 
16, for Stratix III (EP3SE50F780C2) devices.

Table 1–5 shows the variable streaming data flow performance, with in 
order inputs and bit-reversed outputs, for width 16 (32 for floating point), 
for Cyclone III (EP3C16F484C6) devices.

1 The variable streaming with fixed-point number representation 
uses natural word growth, therefore the multiplier requirement 
is larger compared with the equivalent streaming FFT with the 
same number of points.

Table 1–3. Performance with the Streaming Data Flow Engine Architecture—Cyclone III Devices

Points Combinational 
LUTs

Logic 
Registers

Memory
(M9K)

Memory 
(Bits)

9 × 9 
Mults

fMAX 
(MHz)

Clock 
Cycle 
Count

Transform 
Time (μs)

256 3,537 3,925 20 39,168 24 251 256 1.02

1,024 3,944 4,618 20 155,904 24 236 1024 4.34

4,096 (1) 6,220 6,450 76 622,848 48 245 4096 16.69

Note to Table 1–3:
(1) EP3C40F780C6 device.

Table 1–4. Performance with the Streaming Data Flow Engine Architecture—Stratix III Devices

Points Combinational
ALUTs

Logic 
Registers

Memory
(M9K)

Memory 
(Bits)

18 × 18 
Mults

fMAX 
(MHz)

Clock 
Cycle 
Count

Transform 
Time (μs)

256 2,145 3,637 20 39,168 12 410 256 0.62

1,024 2,421 4,330 20 155,904 12 404 1024 2.54

4,096 3,764 5,875 76 622,848 24 367 4096 11.16
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