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Direct Digital Synthesis

I had noticed the subject of these notes in the

advertising blurbs for Yaesu equipment in the Dick
Smith catalogue.

Curiosity got me interested in exactly what this was and the opportunity
to be teaching a technical class on oscillators gave good reason to chase the
matter up. I will say I was somewhat disappointed with results of Internet
searches with one “basic tutorial” on the subject being unnecessarily
complex and demoralizing to read.

The technique is in fact some thirty or so years old and with the advent of
faster semiconductor memories and other devices has more recently (last
ten or so years) become an economic proposition.

Direct Digital Synthesis (DDS) provides the opportunity for very fine
tuning increments (eg 1 Hz) over large bandwidths (eg 500 MHz). Such

- would be astronomically expensive to attempt with crystals alone, and
phase lock loops with comparable specifications would also be quite costly.
DDS finds ready application in many finely tuned, wide bandwidth areas
such as multiband amateur work and wideband RF testsets. DDS is very
fast at changing frequency and so it finds another application in
“frequency agile” systems (ie the frequency rapidly changes) as used in
military frequency hopping radio systems, and now more commonly with
the mobile phone CDMA (code division multiple access) systems.
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So then, what is DDS. The principle, of which I wish to outline, is in fact
very simple. DDS consists of four main sections which are

1. Clock

2. Phase Accumulator

3. Waveform Map

4. Digital to analogue converter and low pass filter.

In fact, I find these names a little “over the top” as it already seems to be
overly complex, which, in principle, it is not. Let us approach each section
in turn, to see what each does, and then attempt to knit the whole lot
together.

First, the clock. This is a digital signal source where digital signals, high

and low, are produced at a regular rate. A 555 timer can be configured as e

a clock, as one of its two main circuits (the clock is the 555 in “astable”
mode).

Second, the phase accumulator. This is a fancy name (given its application
in DDS) for a counter circuit. A counter circuit is able to measure how
many high-low or low-high transitions a digital signal source makes. In
this application, the phase accumulator will increment say by one, or
perhaps two, three etc each time there is a transition in the clock, a little
different to normal counting, though nothing startling.

Third, the waveform map. This is a bank of semiconductor memory. Each
memory address stores bits of data that correspond to values of amplitude
in a desired waveform (often a sine wave).

Fourth, the digital to analogue converter and filter. This takes the digital
values from the waveform map and converts these to an analog signal.
Digital to analog conversion results in analog waveforms that have
digitized steps in them. A filter will remove those digitizing steps and
leave a smooth desired waveform.

To knit these four elements together, let us assume we have a “three bit”
phase accumulator. Hence the phase accumulator will have a count of
0,1,2,3,4,5,6,7 (for three bits). This will enable the principle of DDS to be
more readily digested.

Now the clock outputs a digital signal at a constant rate. The phase -
accumulator monitors this clock signal and will increment by a rate
determined by whoever set the system up. Let us increment by 1. The
phase accumulator progressively moves through a count of 0,1 etc to 7 and
then repeats. As each count occurs, the value held by the phase
accumulator is passed as a memory address to the waveform map. So the
phase accumulator holds a count of 1, therefore memory location 1 is
“opened”. As the phase accumulator increments, the next count is 2,
therefore memory location 2 is “opened”.
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And so the process continues in a repetitive cycle.

Now the contents of each memory address is, say, a digital representation
of the value of a part of a sine wave. So memory address 0 might contain
a value of O corresponding to the sine of 0 degrees. In dividing a sine wave
up into 8 parts, we might recognize that the value of every 45 degrees is
held. So memory location 1 might contain a value of 0.707 equivalent to
the sine of 45 degrees. Memory location 2, holds a value of 1 for sin 90, and
memory location 3 holds a value of 0.707 again since sin 135 = 0.707.

The memory address and the value held therein for a 3 bit system would
be as follows:- L . o
memory address address contents comment

0 0 sin 0°

1 "0.707 sin 45°
2 1 sin 90°
3 0.707 sin 135°
4 0 sin 180°
5 -0.707 - sin 225°
6 -1 . sin 270°
7 -0.707 sin 315°

Recycling after address 7 of course brings us to 360° or 0° (same thing isn’t
it!).

Don’t forget that the memory contains digital equivalents to the values
given in the address contents column above. The memory address contents
are passed to a digital to analog converter which does the job of
synthesizing a signal. -

What appears at the digital to analog converter output if we increment the
phase accumulator by 1? We commence to synthesize a sine wave. The
waveform will have steps in it because of the digital to analog conversion
process. A filter will remove the step edges resulting in a smooth sine
waveform. The converter output before filtering is shown below.

0O 1 2 3 4 5 6 7 0 memory locations

[

L]

Figure 1. Digital to Analog output with a phase increment of 1
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The memory locations on the diagram above show the locations that store
the values that appearing.

If we now increment the phase accumulator by 2, we will double the
frequency at the converter output. The following diagram illustrates how
only every second memory address is accessed.

0O 2 4 6 0 2 4 6 0 memory locations

i

Figure 2. Digital to Analog output with a phase increment of 2

If we now increment the phase accumulator by 3, we will now have a
signal as in the following diagram.

O 3 6 1 4 7 2 5 0 memory locations

Figure 3. Digital to Analog output with a phase increment of 3

Not immediately obvious in the above is the fundamental frequency which
is desired. It is in there and it is somewhat higher than for a phase
increment of 2.

We cannot increment any faster than a count of 3 in our three bit example
because a count of 4 would, if you refer to our table of the waveform map,
simply cycle between sin 0 and sin 180 which are both 0!

So there you have it or “there we be” as some say
What then do the “professional”’ systems have that our example doesn t?

Large bandwidths and small increments are achieved with sufficient clock
speeds and very particularly, large count phase accumulators. A single
cycle sine wave might be described by thousands of points. Each point is
defined in the thousands of memory locations required to store it which
are addressed in turn by the aforementioned large count accumulators.
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The count sequence can be far more complex. In our simple example,
other count sequences are possible such as counting 0 to 6 and skipping 7.
This gives a higher fundamental frequency. With the typically far more
voluminous memory map, many different count sequences yielding many
frequecies of signal are possible.

DDS only became economically possible with the advent of vast amounts
of fast semiconductor memory.

73s -

Vaughan Williamson VK2KBI

NEWTEK ELCTRONICS

Phone or fax 42271620

RESELLER FOR i
ALTRONICS ARISTA JAYCAR AVICO |
Stockist of ]

Alarm accessories , UHF antennae , tools ,
jcomputcr accessories , Test equipment , cables ,
plugs , RF sprays and components for the
professional and AMATEUR alike.

 Call and see Jack at 345 KEIRA STREET
WOLLONGONG Just across road, at new address.
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