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Get Started with DDS




Building a Direct
igital Synthesis VFO

This DDS-based VFO requires few parts
and is a good starting DDS project.

ince direct digital synthesis,
(DDS) was invented! in 1970, it

has become more and more
prevalent in the communications
world—including Amateur Radio.

Some interesting articles have been
published in amateur-radio maga-
zines explaining how DDS works.??
However, if you have an interest in
building something with DDS, finding
a related construction project is a
problem.

The purpose of this project was to try
out DDS by building a DDS-based
VFO. The project was deliberately
kept as basic as I could make it. It was
very tempting to add a few bells and
whistles since DDS has many capa-
"Notes appear on page 7
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bilities, but there were enough prob-
lems to solve as it was. Of course, the
first problem was to get hold of a DDS
integrated circuit. Some Web surfing

revealed that a number of companies
are supplying DDS chips or hybrids.
These range from commodity CMOS
devices that have clock rates up to

The DDS VFO. The rotary shaft encoder is at the lower left.
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125 MHz to specialty GaAs devices
with clock rates over 1 GHz. Corre-
sponding prices range from about ten
dollars (in quantity) to several thou-
sand dollars. Several of these compa-
nies also supply evaluation boards for
their devices. These would be fine for

atechnical evaluation, but I wanted to
DNDS to an

A7 AT an amaleulr-racio

annly amateur-radio

app:y
project. I decided to base the VFO on a
CMOS DDS chip, the AD9850, that
was announced by Analog Devices Inc
in April of 1996. An AD9850 and a few
other components were used to build a
VFO that can tune from 100 kHz to

20 MHz in 10-Hz steps.

Project Description
nna kL tha ANAKRKAN san-

LIS Lllips such as the AD9850 con
vert a reference oscillator input into a
sine wave output at a frequency se-
lected by the user. Basically, this
project provides a mechanism to set
the AD9850 for a desired frequency.
See Fig 1 for a block diagram of the
project. A complete schematic is shown
in Fig 2. The rotary shaft encoder
shown is for dialing in a frequency. A
microcontroller monitors the outputs
from the rotary encoder. The microcon-
troller then translates the rotary en-
coder signals into frequency control
data, which is loaded into the DDS
chip. Likewise, the microcontroller
translates the selected frequency into
data for display on the liquid-crystal
display. The reference oscillator pro-
vides a digital clock to the DDS chip.
The purpose of the low-pass filter is to
smooth the digitized sine wave output
of the DDS chip.

Microcontroller

A quick look at the schematic shows
it doesn’t take many parts to use the
AD9850. The control program stored
on the microcontroller contains most
of the complexity involved with this

project. The nice thing about programs
is that they are easy to replicate. A
complete listing of the source code for
this project is available at ftp:/
ftp.arrl.org/pub/qex. The microcon-
troller is a low-cost 8-bit device from
Microchip Technology.# It has an
on-chip EPROM for storage of 512 in-
struction words and 24 bytes of RAM
for data storage. The program for this
project uses 474 instructions and re-
quires 23 bytes of RAM, so adding any
features would require moving up the
micro-controller product line to a de-
vice with more memory. The EPROM
programmer used to load the code onto
the microcontroller is from Parallax.
This programmer comes with an as-
uuuuuuuuuuuuuuuu

manual for the programmer contains
several sample projects that were very
helpful in getting started. The
debugger program also proved to be in-
valuable. I also put an EPROM eraser
to good use.

The DDS Chip

The AD9850 is a complete DDS chip.
It contains a 32-bit phase accumula-
tor, a 14-bit look up table and a 10-bit
digital-to-analog converter (DAC).
It can be clocked at 125 MHz to pro-
duce a 41-MHz sine-wave output. The
spurious-free dynamic range is
greater than 50 dB at 40 MHz with a
125-MHz reference clock. A complete
data sheet for the AD9850 can be
downloaded from the Analog Devices
web site at http:/www.analog.com/
pdf/ad9850.pdf.

The frequency control word for the
AD9850 can be loaded byte-wide or
serially. The serial mode is slower but
is used in this project to minimize the
number of output pins required on
the microcontroller. Serial mode is
selected as the default by wiring pin 2
of the AD9850 to ground while pins 3

Reference
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Fig 1—DDS VFO Block Diagram.
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and 4 are wired to the supply voltage.
Pin 25 is the serial data input, and pin
7is the data write clock. After shifting
in 40 data bits, pin 8 is used to trans-
fer the data from the chip’s input reg-
ister to the DDS core. The 40 bits are
a 32-bit frequency control word, 3 con-
trol bits and 5 phase-modulation bits.

The AD9850 data sheet gives Eq 1
for calculating the required control
word. In order to minimize program
size, the actual calculation uses the
algorithm shown in Eq 2. This algo-
rithm has some round-off error, but
the error is less than 1 Hz, which is
small enough to ignore in this applica-
tion.

Fuul = (APhase x ClkIn)/ 232 Eq 1

Where: APhase = value of the 32-bit
tuning word, ClkIn = reference clock
frequency in MHz, and F,, = fre-
quency of the output signal in MHz.

APhase = ¥ LCD_Digit x Digit-Weight

n

Eq2
Where: APhase is the control word sent
to the AD9850, n is the range of 1 to 7,
LCD Digit is a one of the seven digits
being display on the LCD, and
Digit Weight is a precalculated value
given in Table 1.

The AD9850 DAC output is a differ-
ential current on pins 20 and 21. A
resistor placed from pin 12 to ground
determines the full-scale output cur-
rent for the DAC as given in Eq 3. The
current equation is valid provided the
voltage across the DAC output pins is
less than 1.5 V. Setting the resistor to
3.92 kQ yields a DAC current of about
10.2 mA. With the parallel load of the
filter terminator and an external
50-Q load, this current results in a
voltage swing of about 250-mV peak-
to-peak.

I, =32(1.248V / R) Eq 3
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The AD9850 DDS chip is really small.



Rotary Shaft Encoder

The shaft encoder is optically coupled
and has 32 detents. It has two digital
output pins that cycle through a 00,01,
11, 10 sequence as the shaft turns
clockwise. Turning the shaft counter-
clockwise reverses the sequence. The

control program monitors the shaft en-
coder outnuts and decodes them to de-

te;r;mine which way the shaft turned. At
power-on reset the initial value of the
VFQO is 10 MHz. Each change of the

encoder output causes the program to

increment or decrement the LCD fre-
quency display, followed by the calcu-
lation of a new frequency control word
that is sent to the DDS chip.

The control program also counts the
time elapsed between encoder output
changes and will make bigger or
smaller frequency steps depending on
how fast the shaftis being turned. The
particular rotary encoder shownin the
schematic also has a built-in push-
button switch. Turning the shaft with
the switch closed causes the control

program to change the frequency in
100-kHz steps. The combination of
speed-controlled steps and 100-kHz
steps allows rapid tuning across the
VFO range. If there were only 10-Hz
steps it would take 62,000 revolutions
of the tuning knob to cover the VFO
tuning range!

Liguid-Crystal Display
A wide variety of low-cost liquid-

crystal displays are available, with
different digit sizes or with back-
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Fig 2—DDS VFO Schematic.
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lighting. Fortunately, most of them
use a common method of accepting
data and control information. The con-
trol program assumes an LCD having
a 16 by 1 display format. At power-on,
commands are sent to the LCD that
configure it for four data input bits in-
stead of the normal 8-bit data mode.
This minimizes the number of micro-
controller pins required.

On the schematic, note that power
for the LCD is being supplied from an
output pin on the microcontroller. The
reason for this is that the LCD was
fussy about the turn-on time of the
supply voltage and would not always
reset properly. Using the microcon-
troller output pin for LCD power
allows consistent power-on resets.
Potentiometer R7 adjusts the LCD
contrast.

Reference Oscillator

The reference oscillator is a stan-
dard clock oscillator module. The ac-
curacy of the reference oscillator
directly determines the VFO output
accuracy. If the reference oscillator

has a 100-ppm tolerance, so does the
output. Clock oscillator modules up to
66.666 MHz are readily available. For
many vendors, higher frequencies are
special order items. Choice of a refer-
ence frequency will depend on the
application. Changing the reference
frequency requires updating the con-
trol program values in Table 1. One
factor in the choice of reference fre-
quency might be the locations of spurs.
All DDS systems will have low-level
spurious outputs.” The frequency of
these spurs is very predictable. They
are related to the reference clock fre-
quency and harmonics of the output
frequency.

Low-Pass Filter

The output of the DDS chipis a digi-
tized or sampled sine wave. Such a
wave shape has strong frequency com-
ponents at the reference clock fre-
quency plus or minus the output
frequency. Filtering out these compo-
nents produces a clean sine wave. For
this project, with a reference clock
near 66 MHz and a maximum output

frequency of 20 MHz, the low-pass fil-
ter must cut off frequencies above
46 MHz while passing frequencies be-
low 20 MHz. The fifth-order elliptic
low-pass filter® shown in the sche-
matic has 55 dB or greater attenuation
at frequencies above 46 MHz. The fil-

ter requires a 50-Q termination.

mh Toanilatnd 1
The calculated passband ripple of

the filter is about 1 dB. However, a
more significant amplitude variation
can occur as the output frequency in-
creases. As the output frequency goes
higher, the digitized sine wave is con-
structed from fewer samples per cycle.
At the DAC output pins, the wave
shape begins to look less and less like
a sine wave. As this happens the
spurious frequency components cor-
stitute a larger portion ofthe total out-
put power; meanwhile the desired out-
put component is less.

Construction

A drawback to the AD9850, from a
home-builder’s point of view, is the
package. The device is in a 28-lead
SSOP, (shrink small outline package).
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Fig 3—Component Layout.
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