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In this paper, a novel design approach for a phase to sinusoid amplitude converter (PSAC) has been investigated. Two segments
have been used to approximate the first sine quadrant. A first linear segment is used to fit the region near the zero point, while a
second fourth-order parabolic segment is used to approximate the rest of the sine curve. The phase sample, where the polynomial
changed, was chosen in such a way as to achieve the maximum spurious free dynamic range (SFDR). The invented direct digital
frequency synthesizer (DDFS) has been encoded in VHDL and post simulation was carried out. The synthesized architecture
exhibits a promising result of 90 dBc SFDR. The targeted structure is expected to show advantages for perceptible reduction of
hardware resources and power consumption as well as high clock speeds.

1. Introduction

Recent applications of digital communication impose rigid
specifications on frequency synthesizers, which include the
ability to achieve ultrathin frequency increments, low spurs
level, and fast switching speed, with an efficient power
system. Direct digital frequency synthesizers (DDFS), among
other frequency synthesizer types, exhibit a greater flexible
capability to satisfy these needs, which are rapidly growing.

A classical DDFS architecture, introduced by Tierney
et al. [1] and shown in Figure 1, is no longer used. Extensive
research efforts, during the last four decades, have led to
major modifications in Tierney’s architecture, even to the
extent of introducing alternative architectures that no longer
employ the concept of a lookup table (LUT). The aim is
to imitate the proficiency of ROM-based DDFS in terms of
signal integrity, using the lowest computational cost.

One of the most interesting concepts that have been
explored is based on polynomial approximation, in which the

actual input phase sample is fed directly into an algorithm
to construct the sine curve, rather than indexing the power-
hungry bulky ROM.

Following this concept, ROM-less DDFS have been
reported based on a special phase conversion algorithm such
as a Taylors series evaluation as in [2], a coordinate rotation
digital computer (CORDIC) algorithm as in [3], a first-order
Chebyshev approximation as in [4, 5], a piecewise first-
order polynomial approximation as in [6, 7], a second-order
parabolic approximation as in [8], a two-segment fourth-
order parabolic approximation [9], and an eighth-order even
polynomial as in [10], among others. As reported, using a
high-order polynomial approximation, high SFDR can be
achieved, which is highly desirable. In contrast, the high
switching speed required by recent applications in wireless
communication is difficult to obtain using any method that
is based on high-order polynomials [11].

As the polynomial’s order increases, the number of poly-
nomial coefficients increases, resulting in extra arithmetic
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