By James D. Hagerty, WATFFL

Once available only in
expensive commercial

you’ve been home-brewing radio
[fwumch for any length of time,

you know that, until quite re-
cenily, ihe thought of using a DDS VFO
next radio project was only
dream. But thanks to the march of tech.
nology, reduced pricing of single-quan-
tity DDS ICs and their ever-increasing
gration and performance, DDS tech-
nology is now within just about every
builder's reach,

The DDS VFO described here is a
digitally tuncd, variable-
oscillator (VFO) with six tun
ing step sizes—100 kHz, 10 kHz, | KHz.
100 Hz, 10 Hz and 1 Hz. The compac

Ait features a software-controlled spot/

2y line, a 50-2 output driver using an
RF op amp, a BNC output connector and
a compact (2.5 x 3.0-inch) board size.
The shaft encoder that tunes the VFO alsa
has an integral pushbutton switch to se-
lect step sizes.

The VFO uses a tiny DDS (direct digi
I synthesis) integrated circuit that gen-
ates a digitally derived sine wave with
ahigh-speed clock, cosine look-up table,
32-bit phase accurnulator, frequency reg-
ister and a digitalto-analog converter
(DAC). (To brush up on the subject be-

A Compact,

transceivers, the DDS VFO—
with its accuracy, flexibility
and precision—is now a
home-brew reality. The VFO
described here is compact,
has a low parts count and is
the perfect way to bring your
homemade gear into the 218! century!

fore you dig in, a well-written and inter
esting twtorial on direct-digital synthesis
is available on CD-ROM from Analog
Devices.))

Orwma]lv desip
0 in the WTZOI
mn\:e receiver det;
ARR! Handbook,® the VFO tunes down-
ward from 5.5 to 5.0 MHz to mix with a
o 4.0 MHz signal to produce  9-MHz
fr cy (IF). The Hand-
book receiver is a real classic that is still
wiable today. It's an ¢xcellent foundation
for building multi-band receivers. For
added versatility, I've also programmed
the single-band VFO for conventional tn-
ing on 80, 40, 30 or 20 meters. The dis-
played frequency range could be extended
by modifying the display soft which
simulates a 0-500 “digital dial” (with three
places after the decimal)

In the March 1996 issue of (ST, Jay
Craswell described a VFO controlled by
u Harris DDS chip.’ Like many other
readers, [ built one of Jay's kit VFOs. His
design, one of the first published DDS
VFO circuits, stimulated my interest in
learning about this new technology

TNotes appear on pags 38,

Direct-

Digital

In the same time period, several new
DDS processors were introduced by Ana-
log Devices. Some of the larger chips had
staggering levels of integration. For ex-
ample, the AD9SS4 (a big brother of the
chip used here) features a 300-MHz clock
rating and two built-in, 12-bit D/A con
verters, and multiple frequency- and
phase-cantrol registers

More recently, other advances in in-
tegrated circuits have included mieropro-
cessors with integrated clock oscillators,
LCDs with integrated, on-board data con-
version circuitry and further strides in RF
op-amp technology, simplifying DDS
VFO design even further.

As 1 started the d
smaller device, the AD9S.
be ideal for an amateur VFO. It has a 50-
MHz clock speed rating, a built-in 10-bit
DAC and two frequency registers. Unlike
the Harris chip, it uses serial control sig-
nals. T decided 10 design a scratch-built

its potential for improved minia-
turization, better close-in spurious energy
suppression and simplified circuit archi-
tecture. [Editor’s note: The ARRL Lab
measured phase noise at a level about as
low as the Lab can measure, Frequency
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The
captien for Figure 1.

was about 4 ppm, or 31 Hz ai 7
MHz. Power output was measured at +13
dBm, more than enough to drive common
mixers. Close-in spectral plots provided
by the author showed spurious output
well within FCC standards.]

The AD9835 data sheet specifies a
ximum output frequency of 25 MHz
with a 50-MHz master clock frequency

al

s actually recommends pro-
gramming the et frequency

put fre-
d r\; the froqacaoy
J6. \nlux.\ur. the
output frequency is controlled by 32-bit
numbers that are loaded into lln DDS
requen-
cies across a given 500-kHz band will
appear noisier than others on an os
scope. This is no nd expected be.
havior with this type of numerically
ed oscillator

contro

The Microprocessor

As detailed in the schematic shown in
Figure 1, the microprocessor is a critical
component of any DDS system, It de-
codes the shaft encoder, sends updated
information to th displa, slects the un-
ing siep size and calculates the new
bit constant for the frequency-control
gister inside the DDS (ADIE35), thus

N

vear-old) 8051 assembler
Ichose 10 usc an 8051
Philips PSTLPCT62BN is a new
sign that is code.compatible with the
time-proven 8051 instruction set. The
"LPC” stands for “low pin count.”

rect-Digital VFQ, with 2:16 LCD display.

Twas able to develop all of the software
for the VFO's microprocessor using my
trusty old 051 assembler made by Ameri
cun Automation (no longer supported). If
you don't happen to have access toa simi
8051 a\\LmNrﬁ are -HH

cil unit, recommended by Phil
W microprocessors, supports virally
any 803 1 variation. Other 8051 assemblers
are available as shareware on the
but be careful of viruses when dow
ing unfamiliar products. Another Philips
recommended 8051 development ool is
available from Raisonance (www.amrai.
com). All B05 1-family derivatives are sup-
ported. The product I used to program the
mieroprocessor was & Philips BxC76x pro-
grammer, which cost about $100. It's PC-
controlled, menu-driven, convenient and
worked well
In the process | discovered that many
microprocessors arc now available only
as write-onc ammable chips. The
windowed, UV-erasable parts are becom-
ing rather rare. This is the case for the
Manufacturers say that it
1s more to make the ceramic win-
dowed case than it docs to make the
If. Still, T miss the
y of UV-erasable parts.

flexibi
The Philips micro has only 20 pins
.mﬂmml anique, Jr‘pt’vlm\‘

chip to execute code with no external
components—a boon to miniaturization
and EMI reduction

The Circi
The DDS control signals generated by
the microprocessor (enable, clock and

Any of several displays will work with this project. See the parts I

inthe

serial data) were all probed with a logic
analyzer o confirm that they produced
the correct timing and data waveforms

The microprocessor (U1) reads the
Grayhill shaft encoder and determines the
direction of the coded “clicks.” It trans-
lates these tuning inputs into a higher or
lower tuning number for the direct-digi-
tal synthesizer, the AD9S35, generating
the proper serial control signals to down-
10ad the new constant

U2 is a bufferfline driver recom-
mended by Analog Devices to provide the
fast-rise-time signals needed by the
AD983S. The '9835 is clocked by Ud, a
50-MHz, TTL-computible, dual-inl
package (DIP) oscillator. The two types
that | used (C-MAC and ECS) were speci
fied for 10 TTL loads

The C-MAC oscillator (part no
1QX0-350C) has a siability tolerance of
£100 parts per million (ppm) and an ac-
curacy spec of +25 ppm. This particular
part s also available in %5 ppm and £10
ppm tolerances (contact C-MAC, 919-
474-3500, ext 3554.) The Analog Devices
ADYE3S evaluation board actually used
one of the IQXO-350C units, which was
terminated with 4 51 K2 resistor

A software-controlled keying line is
provided in the VFO package. The DDS
can be initialized and even tuned in
“sleep” mode until the operator is ready
1o turn on the AD9S:
This is accomplished by
the micropracessor port
ing the correct control signals to enable
the DDS output.

The display is an affordable, parallel-
\umlrd unit made by Optrex. Serial-
led displays were investigated, and
several were available with on-board con-
vetsion circuitry, but the price of these
units approached $50, The parallel dis.
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play worked quite well, the only compro-
mise being the number of pins that are
tied up by the microprocessor driving it
The software was written around timing
diagrams provided by the manufacturer,
Optrex recommends the use of pull-
ch I implemented with
pack. The displays
mentioned in the parts list, including an
alder Varitronix unit, all worked well.
Finally. U6 buffers the DDS output and
provides a small amount of gain in the
lower HF region. This op amp. an Analog
Devices ADS11. can drive a 50-22 load,
R22 provides extra
and c_u gets rid of the de
offset. R23 provides a discharge path for
Cl4 during testing. but is still large
to avoid loading down a 50-0
A BNC output connector is
provided for easy cabling to mixers, elc
A number of frequency bands were
d up to 14 MHz. At frequen-
proaching 10 MHz. the output
waveform begins to look a bit triangular.
Analog’s Bill Chestnut suggested | use
some output filtering if the sig

ring mirer (used in the WIZOKSIRK
design and many home-brew circuits), it
will be clipped, anyway

Once again, the application will de-
termine whether fillering is reguired.
Following the VFO with a high-Q tuned
amplificr may be sufficient. The buffered
VFO output stage will make it easier 1o
drive u 50-81 filter, if necessary, One ap-
proach is shown in the AD9850 data sheet

%E

(a cousin of the '8835), available at
www.analog.com. The applications note
shaws an clliptical, low-pass output fil-

ter that can be scaled 10 provide the de-
sired cutoff frequenc

Other filter circuits are available in the
ARRL Handbook. A set of excellent band.
pass filter designs is provided by Wes
Hayward, W7ZOI, and John Lawso,
KSIRK, in their “High-Performance
Communications Receiver,” which ran in
the 1983-1990 editions of The ARRL
Handbook * The first section of this band-
pass filter contains a five-pole low-pass
filter that 1 used at the ouput of Jay
Craswell's VFO eireuit. Anather ampli-
fier stage might be necessary to of
filter's insertion loss

The VFO's double-sided printed cir-
<uit board was laid out using Eagle la
out software. The completed board, alon
with a display and shaft encoder, is shown
in the photographs. A parts kit for this
project, along with a cirevit board that
includes an installed DDS chip and a pro-
grimmed microprocessor is available.
Pleuse scnd me & note via e-mail or postal
38 January 2002 0S¥

As with

VFO, I strongly recom-
e the h(mrd ins

ular window
e of the enclosure will
y 10 be mounted whi
effect as much

preserving the shieldin
25 possible.

icknowledge the help of
Bill Chestnut and Chuck Kitchin of Ana
log Devi ¢ on the
vely, and
T his significant advice on
the PCB h\uul His salary: a free VFO
kit! Paul Mileski provided generous as-
sistance in making spectrum measure-
ments and plots,

Thope that this article has made DDS
technology more accessible. It's not an
exaggeration (o say that this VFO has the

ity of an LC oscillator, ihe sta-
bility of a crysial and the precision of o
32-bit computer!

Notes
"Analog Devices, Norwood, MA 02062, ‘A
Tectnical Tutorial on Digital Signai Synine.
sis” (CD-ROM;
“Wes Hayward, WTZOI, and John Lawsan,
KSIRK, *A High-Pérformance Communica-
jons Recever,” The AAAL Handbook for
iadla Amaeurs, 1980, pp 30-8 through
0-1

“lames Clasw?ll Weakend DigiBrain.” GST,
Mar 1996, py

“Data Shost, Anclog Devie ADSBS Direct
Gigial - Synthesizer, Analog Devices,

Norwood, MA 01062 (avaitable at www,
analog.com)

“Opirex LCO Usar Manual, Op
In, Plymouth, Michigan
www.oplrex.com)
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0ST Congratulates..

e
that will be the first phase of a 60,
square-fool conference center. The gift was
the third largest in CSU’s history and will
establish the John Cunningham Sales o
Leadership Institute, John, now retired
owned dio Wholesa n Columbus that
provided equipment to hams in the south-
east and in many foreign countries.

I would like to get in touch with . . .
@ hams in the New York Metropoli
that have ANSI IEEE 802.11% based com-
T subnets, or are interested in forming
such subnets.—Dr M. Bieito I
cisitRobosicis, 113 £
York, NY 16003
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