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Abstract

An efficient pipeline architecture for computing N point FFTs using identical
√

N

point FFT modules is developed. The algorithm is compared to the conventional

pipeline FFT architecture and analyzed for hardware complexity and throughput.
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Introduction

A hardware efficient pipeline FFT is developed. The unit is composed of
identical modules joined with a specialized center element. The radix-4
modular pipeline algorithm is examined and architectures are developed and
analyzed.

• Algorithm

• Methodology

• Architecture

• Results & Comparison

• Conclusions
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Conventional Pipeline FFT

• Composed of a series of identical computational stages interspersed with
variable length delay lines

• Each computational stage contains a number of adders and multipliers and
a coefficient memory

• The total length of the delay lines and the amount of coefficient storage
increases linearly with the length of the transform

• In an N point pipeline, each of the logr(N) stages is unique

• If a series of identical stages is used in a pipeline, each stage must contain
the maximum amount of coefficient memory and maximum number of delay
elements
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Radix-4 Pipeline FFT Stage

• Computation Element – 3 Complex Multipliers, 8 Complex Adders, 3 × y
Element coefficient memory

• Delay Commutator – 2 each x, 2x, and 3x length delay lines
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Pipeline FFT Stage

Delay lines are implemented as a chain of shift registers. This diagram shows
the third stage of the radix-2 and radix-4 256 point pipelines respectively.
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Pipeline FFT Stage

• An optimally sized pipeline consists of a series of unique stages with differences
in the length of the delay lines and the amount of coefficient memory

• In the non-optimized pipeline each stage is identical, but requires the
maximum delay line length and coefficient storage for a given length FFT

• Silicon efficiency is decreased when unnecessary delay elements and coefficient
memory are included in the pipeline
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Problem

• For long FFTs, the total length of the required delay lines and the amount
of coefficient storage is large

• Each pipeline stage is unique in the size and complexity of the delay lines
and coefficient storage. A universal stage must have the maximum amount
of coefficient storage and delay elements

• Large FFTs implemented with the conventional pipeline algorithm are not
power efficient because on each clock cycle all the data is shifted into another
delay element, increasing the dynamic power consumption in CMOS circuits

• Software implementations do not provide adequate throughput for high data
rate applications
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Algorithm

The N point DFT is given by

X(k) =
N−1∑
n=0

x(n)Wnk
N where W k

N = e−j2π k
N , 0 ≤ k ≤ N − 1 (1)

The modular algorithm reduces this transform to a series of 2
√

N ,
√

N point
transforms. Intermediate values are represented by yk.

y(
√

Nk0 + k1) =

√
N−1∑

m=0

x(
√

Nm + k1)W
mk0√

N
, 0 ≤ k0, k1 ≤

√
N − 1 (2)

The intermediate values are combined to compute the DFT outputs

X(
√

Nk1 + k0) =

√
N−1∑

m=0

y(
√

Nk0 + m)Wmk1√
N

, 0 ≤ k0, k1 ≤
√

N − 1 (3)
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Algorithm

In a conventional N point transform, each point is rotated by a specific angle
in the unit circle given by 2πk

N . The modular FFT however divides the unit

circle into
√

N angles at 2πk√
N

.

Therefore, to properly compute the transform, each of the intermediate values
must be “pre-rotated” by a specific coefficient termed a “pre-rotation”
coefficient.

y′(
√

Nk0 + k1) = y(
√

Nk0 + k1)×W k1k0
N , 0 ≤ k0, k1 ≤

√
N − 1 (4)
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Algorithm

Combining the equations yields the modular FFT.

X(
√

Nk1 + k0) =

√
N−1∑

m0=0

Wm0k0
N

√
N−1∑

m1=0

x(
√

Nm1 + m0)W
m1k0√

N

Wm0k1√
N


=

√
N−1∑

m0=0

√
N−1∑

m1=0

x(
√

Nm1 + m0)W
m1k0√

N
Wm0k1√

N
Wm0k0

N

=

√
N−1∑

m0=0

√
N−1∑

m1=0

x(
√

Nm1 + m0)W
m1k0

√
N

N Wm0k1
√

N
N Wm0k0

N

=

√
N−1∑

m0=0

√
N−1∑

m1=0

x(
√

Nm1 + m0)W
m1k0

√
N+m0k1

√
N+m0k0

N

0 ≤ k0, k1 ≤
√

N − 1
(5)
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