Building a Direct
Digital Synthesis VFO

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

ince direct digital symthesis,
Sl[ﬁl[‘ﬁ}w;lx invented! in 1970, it

hag become more and more
prevalent in the communications
world—including  Amateur Hadio.
Some interceting articles have been
published in smateur-radic maga-
gines explaining how DDS works. 3
However, if vou have an interest in
building something with DDS, finding
a related construction project is a
pralzlem,

The purpose of this project was Lo try
ouwt DOE by building a DDS-based
VIO, The project was deliberately
kept as basic as [ could make it. It was
very tempting to add a few bellz and
whistles since DDS has many capa

"Moles appear on page ¥
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bilities, but there were enough prob-
lems to solve as it was. Of course, the
first problem wae to get hold of a DDS
integrated circuit. Some Web aurfing

revealed that a number af companies
are supplyving DDE chips or hybrids.
These range from commadity CMOES
devices that have clock rates up to

The DDS VFD. The rofary shalt ancodar is at the lower laf,
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125 MHz to specialty GaAs devices
with clock rates over 1 GHz. Corre-
gponding prices range from about ten
dollars (in quantity) to several thou-
pand dollars. Several of these compa-
nieg also supply evaluation boards for
thetr devices. These would be fing for
a technical evaluation, but | wanted to
apply DDE to an amateur-radio
project. [ decided to base the VF O ona
CMOS DDS chip, the ADGESH, that
was announced by Analog Devices Inc
in April of 1996, An ADSEE) 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

DS chips such as the ADSE5 con-
vert a reference oscillator input into a
gine wave ontput at a frequency se-
lected by the user. Basically, this
project provides a mechanizm to set
the ADIESD for a desired frequency.
See Fig 1 for a block diagram of the
project, A complete schematicis shown
in Fig 2. The rotary shaft encoder
shown is for disling in a frequency. A
micrecontroller moniters the outpats
from the rotary encoder. The microcon-
troller then translates the rotary en-
coder signale into frequency control
data, which is leaded into the DDS
chip. Likewise, the microcontroller
translates Lthe 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-paes filter is to
smaath the digitized sine wave output
of the DDS chip.

Microcontroller

A quick look st the schematic shows
it dossn't take many parts to wse the
ADSESD. The control progrom stored
on the microcontroller contning 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
thizs project is available at fips¥
Mp.arrl.org’pubigex. The microcon-
troller is & low-cost B-bit device from
Microchip Technology.® It has an
on-chip EPROM for storage of 512 in-
gtruction words and 24 bytes of RAM
for data storage. The program for this
project uses 474 imstructions and re-
quires 23 bytes of RAM, a0 adding any
features would require moving up the
micro-controller product line to a de-
viee with more memary. The EPROM
programmer used to load the code onto
the microcontroller is from Parallax.
Thia programmer comes with an as-
sembler and debugging program. The
manual for the programmer containe
saveral sample projects that were very
helpful in getting started. The
debugger program alsoe proved to be in-
valuable, T alse put an EPFROM eraser

to good wse,
The DDE Chip

The ADMESH 15 & complete DDES chip.
It contains a 32-bit phase accomula-
tor, a 14-hit leok up table and a 10-kit
digital-te-analeg converter (DAL,
It can he clocked at 125 MHz to pro-
duce a 41-MHz sine-wave output. The
spurious-free  dynamic range is
grester than 50 dB at 40 MHz with o
125-MHz reference clock, & complete
data szheet for the ADBEED can be
downloaded from the Analog Devices
weh aite at htipywww analog.com!
pdffadd250. pdf.

The frequency control word for the
ATHIESD can be loaded byte-wide or
serially. The serial mode iz slower but
iz used in this project to minimize the
number of output pins required on
the microcontroller. Berial mode is
gelected as the default by wiring pin 2
of the ADGEED to ground while pins 3
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Fig 1—DDS VFD Block Diagram.
4 QEX

and 4 are wired to the supply voltage,
Pin 26 is the serial data input, snd pin
Tie the data write clock, Alter shifting
in 40 data bits, pin 8 is uied to trans-
fer the data from the chip's input reg-
ister to the DS core, The 40 bits are
a 32-bit frequency contrel word, 3 con-
tral bits and 5 phase-modulation bits,

The ADWELG data eheet gives Eq 1
for caleulating the reqguired control
word, In order Lo minimize program
gize, the actual caleulation usee the
slgorithm shown in Eq 2. This algo-
rithm has some round-off error, bt
the error is less than 1 Hz, which i=s
small enough toignore in this applica-
tiom.

F,.; = (APhase « Olkln)) 29 Eql

Where: APhosr = value of the 32-hit
tuning word, Clkln = reference clock
frequency in MHz, and F,, = fre-
guency of the output signal in MHz.

APhase = ¥ LOD_Thgit = Digit-Weight

Eq2
Where: APhase is the control word sent
tothe ADBBED, n is the rangeof 1 to T,
LCD_Digit iz a one of the seven digits
being display on the LCD, and
Digit Weight is a precaleulated value
given in Table 1.

The ADS850 DAC output iz a differ-
ential current on pins 20 and 21. A
resistor placed from pin 12 to ground
determines the full-ecale output cur-
rent for the DAC as given in Eq 3, The
current equation is valid provided the
voltage across the DAL putput pins is
leaa than 1.5V, Setting the resistor to
3.92 k0 vielde s DAC current of about
10.2 mA. With the parallel load of the
filter terminator and an external
50-01 load, this current resulis mm a
voltage swing of about 260-mV pesk-
to-peak.

Lo = 3 LI48V / ) Egi

The ADSB50 DDS chip is reaily small.




Rotary Shaft Encoder

The shaft enceder is optically coupled
and has 32 detents. It hes two digital
oubput pins that cycle through a 00, 01,
11, 10 sequence ms the shaft {urns
elockwize. Turning the shafl eounter-
clockwise reverses the sequence. The
control program monitors the shaft en-
coder outputs and decodes them o de-
termine which way the shaft turned. At
power-on reset the initinl value of the
VFD iz 10 MHz. Each change of the
encoder output causes the program to

increment or decrement the LCD fre-
guency display, followed by the caleu-
lation of a new frequency contrel word
that is sent to the DDE chip,

The contrel program also counts the
time elapsed between encoder culput
rhanges and will make bhigger or
gmaller frequency steps depending on
how fast the shaft ie being turned. The
particular rotary encoder shown in the
schematie alao has a built-in push-
button switch. Turning the shaft with
the switeh closed causes the control

program to change the frequency in
100-kHz steps. The combination of
gpeed-controlled sieps 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 liguid-

crvstal displays are available, with
different digit sizes or with back-
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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 formal, Al power-on,
eommands are sent b the LOCD that
oon EIHI.I[‘I’! 1t figr four data lnputhltﬂ L M-
stead of the normal B-bit data mode.
This minimizes the number of micro-
contraller pins required.

On the schematic, note that power
foor the LCD is heing supplied from an
outpual pin on the micracontroller. Thea
reason for this iz that the LCT was
fusay about the turn-on time of the
aupply voltage and would not always
resal properly. Using the microcon-
treller output pin for LODN power
allows eonsistent power-on resebs.
Potentiometer K7 adjusts the LCD
contrast.

Reference Oseillator

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

his a 100-ppm tolerance, so doos the
output. Cleck oscillator modules up to
66.666 MHz are readily available. For
many vendors, higher frequencies are
gpecial order items. Choice of a refer-
ence frequency will depend on the
application. Chanpging the reference
frequency requires updating the con
trol program values in Table 1. One
factor in the choice of reference fro-
quency might be the locations of spurs.
All DDS syetems will have low-level

spurious sutputs.® The freguency of

these spure is very prodictable, They
are related to the referonce clock fre-
quency and harmonics of the output
frequency,

Low-Pass Filter

The output of the DDS chip is a digi-
tized or sampled sine wave, Such a
wave shape has strong frequency cam-
ponents al the reference clock fre-
gueney plug or minus the output
frequency. Filtering out these compo-
nents produces a clean sing wave, For
this project, with a reference elock
near 66 MHz and a maximum cutput

froquency of 20 MHz, the low-pass fil-
ter must cut off frequencies above
46 MHz while passing frequencies be-
low 20 MHz, The filth-order elliptic
|{I-"¢'I.'-FI.5I.5.'5 filter® shown in the sche-
metic has 55 4B or greateratienuation
at frequencies shove 46 MHz. The fil-
ter requires @ 50-0) termination.

The caleulated passband ripple of
the filter is about 1 dB. However, a
more significant amplitude variation
can peedr a8 the output frequency in-
creases, As the output frequency goes
higher, the digltized sine wave iz con-
stritcbed Mrom fewer samples per cycle.
Al the DAC output pins, the wave
shape begins to look leas and less like
i sine wave. As this happens the
spurious fregqueney eomponents con-
atitules a larger portion of the total cut-
put power: meanwhile the desired out-
pul eomponent is less.

Construction

A drawback to the ADS8AD, from a
kome-builder's point of view, is the
package. The device 15 in a 28-lead
SB0OP, (shrink amall outiine package).

Fig 3—Component Layoul.
6 QEX




The word for this package is tiny. The
small size and close lead spacing made
construction & challenge. A printed-
eireuit board is necessary. The use of
gurface-mount packages seems to be
gtandard practice for suppliers of
DDS chips. Some use leadless chip
carriers, others use guad flat packs or
small outline formats. Although the
packages vary, experimenting with
DDE means dealing with small pack-
AgEs.

The circuit board for the project was
made with the use of iron-on transler
paper.” The layeut was done using &
program called WinBoard® Fig 3
ghows the layout that T used, Coe word
of cantion: this layout isn't necessar-
ily an example of good layout prac-
tices. Simplifying board fabrication
was the goal. The wiring around the
DDS chip iz wery tight. 1 used a
G0M-dpi laser printer to print the pad
patterns for this chip,

The board is doable-sided, but only
the compenent side is etched; the back
side is a solid ground plane. Clearance
on the ground side of viss was etched
manually with a small drill bit. Eve-
fets were placed in the vigs under the
erystals. Decoupling caps for the DDS
chip and clock module were placed on
the ground side.

After making the board, the next
challenge was getting the DDS chip
golderad in place. With a 25-mil lead
pitch, unintended solder bridges form
between pins as if by magic. In a com-
mercial environment the methad for
maounting such chips is to put a eolder
pagte on the circuit board pads
through a precisely made silk screen.
The chipe are positioned with a pick-
and-place machine, then the whole
board is sent through a heating cham-
ber to roflow the solder paste, Lacking
such equipment, I used a small solder-
ing irom, some 25-gauge solder and a
magnifying glaszs. There moy be a bet-
tor way, but at least one way Lo put the
chip down is to tack it at one corner.
Check and adjust the pin-te-pad align-
ment until it is right then tack the
ather corners, Once that's done just
solder the pins, letting bridges form
where they may, thenm use copper
degoldering braid to wick the pins
elean. The pads for the DDS chip de-
mand careful use of the seldering iron,
Too much heat or pressure will tear
these off the board.

Conelusion

While this project was probably
overkill as the VPO for a basic radio, it
was 8 great excuse to try out new

Table 1: Diglt Weights for a 56.866-MHz Reference Clock

LCD Digit  Digit_Weight (in hex)
10's o

100's 1524

1k FBAS

10% gho498

100K B24E13

1M 3DTOCC

10M 2Ee6TFa0

Table 2: Parts List

Referance Value/Dascription Part Number

C1 180-pF chip capacitor PCC181CGCT-ND
cz 150-pF chip capacitor PCC1S1CGCT-ND
Ca 10-pF chip capacilor PCC100CHCT-ND
04 33.pF chip capacitor PCCIa0CGECT-ND
el 270-pF chip capacitor PCCETICGEOT-ND
CE.C7.CB (.01-pF chip capacitor PCC103BNCT-ND
£a,c10 4.7-uF tantalum P2011-ND
c11.012 15-pF caramic disk P4D144-M0

L1 0.47-uH chip inducior DN104aT1CT-ND
L2 0.8%-puH chip induglor D103 CT-MD
R1,R2.R3 1-ki}, 5%, Wa'W 1KOBK-ND

R4 3.02-kiy, 1%, e W 3.02KXBK-MD

RS 24-01, 5%, e W 240BK-ND

RE B1-0}, 5%, a W 510BK-ND

RT 10k poleniiometer J1G14-ND

L2 DDS chip ADSESOBRS

L3 Microcontroller {not-programmed)  PIC1GCS4/JW-ND
LGD1 16x1 liguid crystal display 73-1016-ND

51 Rotary shaft encoder GHE102-ND

Y1 4-3Hz crysial CTX00&-MD

X1 GE.6EE-MHzZ crysial oscillator XC228-N0

Except for the ADS&S0 DDS chip, all these paris are known 1o be availabie from
Digi-Key. Any equivalent parts can be used. A list of distributors far the ADBES0
is available from Analog Devices. However, af the time of writing only FAI
Electronics Corporation, {B00-707-6040) had ADS850s in stock. Retail price was
§21.00. For convenlence, the Digi-Key stock numbers are shown. Tha EFROM
programmer by Parallax is available from Digi-Key as is an EFROM ergzar from

the Walling Co.

things. DDE has significant advan-
tages in many applications and its use
will become incressingly common.
There are a number of moedulation
technigques that can be used with DDE.
Some CMOS chips with modulation
capabilities are available, DDE can
alas be combined with phase-locked
loap circuits to produce some interest-
ing ayatems. Lots of possibilities!
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TFor mone information on this prodess see
the wed site at htlp:/ilwww.dynaart. com/

B demp varskon of this progrium is avadable
at http=ifwww. ivex.comd, M
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