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Numbotr <& on your Fee<tbaek card

The Techno-Whizzy 1, Part I
Build a direct digital synthesis (DDS) radio.

by John Welch N9JZW

Photo B. The Tw-t DDS transmitter consists of three separate PC boards. The RF amplifier
is shown on the left. tile diode matrix for frequency selection is shown at the upper right and
the DDS synthesizer board at the lower right.
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sine wave-it looks like a staircase with up
to 256 steps built on a sine wave. To remove
the " staircase," the signal is passed through a
seven-pole low-pass filter that cleans it up.
The now-clean sine wave (at 2 milliwatts) is
sent to a low-level class A linear RF amplifi

".
If the key is on, power is applied to the

class A driver amp lifier, which then ampli
fies the signal to 80 milliwalts and passes it
to the final amp. The final runs class A also,
for maximum linearity (a fter all. if you've
gone through all the trouble of making a
clean sine wave. why mess it up with a non,
linear amp?). The final outputs 2 watts into a
50-ohm load (either a dummy load or your
antenna).

Switching to another frequency is easy ;
just turn the channel knob. The DDS chip
reads the new value. and starts all over from

-
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grounded inputs. There is a line of pull-up
resis tors , one for each input line, and a place
to install pull-down diodes. When you select
a channel. it grounds the cathode end of that
row of diodes , pulling those lines low.

The Q2220 read s the input lines from the
frequency selection board 55 million times a
second (once per clock cycle), and adds that
value to its current va lue in the phase accu
mulator. (If the result is larger than 22 4 , it
subtracts 22 4 from it to keep the phase angle
between 0 and 22-1) . This number, expressed
as a percent of 22-1, tells the DDS how far
around a circle it currently is. II then calcu
lates the sine at that position, and outp uts the
sine's va lue to the Dig ital-to -Analog Con
vener (DAC).

The DAC then takes this value and trans
lates it into a voltage between DC and I volt.
At this point, the signal doesn't look like a

I 've grown tired of the same old designs be
ing reha shed over and over again. I wanted

something new, something stare-of-the-art,
but my wallet balked at paying over $2,000
for a new rig. Nobody offered a cheap Direct
Digita l Synthesized (DDS) radio but, folks. it
is nor only possible to design one, it is both
fun and easy.

No. it doesn 't have all the bells and whis
tles yet. What it does offer is a chance to
build a DDS radio of you r own, for a lot less
than buying a whole new rig. II 's mod ular, so
as I (or you) design new boards they can be
added to the basic unit without throwing out
all your work. I call it the TW-I. for Techno
Whizzy, model 1.

The TW·I is a modular mult iband CW
QRP transmitter, using a new Direct Digital
Synthesis (DDS) ch ip from Quakomm (1055
Sorrento Valley Rd.• San Diego CA 9212 1;
Te l: (619) 597-5005). It has I I diode-pro
grammable channels and one dip switch vari
able frequency channel, and it puts o ut 2
watts from I MHz through 21.5 MHz (that's
160 meters. 80 meters, 40 meters. 30 meters,
20 meters. 17 meters and 15 meters . FULL
COVERAGE, plus many MARS and CAP
bands to boot ). With some mod ifications to
the amplifier stage it can even cover the 1750
meter Experimenters Band. I'm planning to
eve ntually add a rece iver board , a li nea r
amp. a doubler to get full HF coverage, a
digital s ignal processor to handle SSB and a
dig ital freq uency d isplay with keypad input.

Instead of a VFO, the hean of this trans
mill er is the new Q2220 DDS c h ip from
Qualcomm. II runs at 55 MHz clock input,
and has a 24-bit phase accumulator. In En
glish, this means that the minimum frequen
cy change is 55,000,000 /22 -1 (two raised to
the 24th power), or just about 3 hertz. Above
Il8 lh the clock frequency. the quality of the
output signal falls off. but tight filtering can
remove the harmon ics. Bet.... cc n 113 and 1f2
the clock freq uency is the maximum output
frequ ency yo u'll get without a lot of fancy
filters . I've designed the lW-1 to run at any
frequency from 3 hertz to over 21 MHz in 3
Hz steps wh ile maintaining a decem sine
wave output to the amplifier. With the addi
tional filtering after the ampl ifier. it's FCC
legal-the spurious emissions are all more
than 30 dB down as measured on a spectrum
analyzer.

How II Works

The freq uency is set using pull-up resistors
and d iodes. The input to the Q2220 chip is
binary (don ' t panic-I'll explain th is later),
with I 's being a 5-volt input and O's being
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Figure I . Btoct: diagram oftne nV·1 DDS transmiuer dn·"il.
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13-year-old computer nut for this. The num
ber mu st have 23 di gi ts-if you 're sha n a
few. put D's at the LEFT side until you ha ve
23 dig its .

Pick an unused switch po sition and find
the lin e of holes for that channel (they 're
numbered start ing from FI at the ribbon ca
ble back to FIl near the res istor pa ck s).
Counting from left (nearest the power sup
ply) 10 right. at every place you had a 0 put
in a d iode (l1'\914s will work fine) with the
cathode (the banded end) in the air and the
anode through the hole. Leave an y spot that
had a I empty. Run a wire tying all the carh-

Dutpul
Filter

(Band 01
Choice)

RF Dut
(2 Want)

~'-----'

odes together. and run that wire into me hole
neares t the si lk-screened "F??" label for thai
channel. When you sw itch the channe l se
Jec tor to thai channel. the d iod es conduct.
pulling those lines to ground. The lines with
out diodes remain at 5 volts.

For example: If you want to sci the TW-I
to 7 .040 k Hz on c h an ne l I , tak e
7040000/3.278555 = 2147483. Convert ing
this to binary gives you 0 100000 11 00 0 100
1001 0 110. You would PUI a diode in holes
1.3.4.5.6.7. 1O.11.1 2.14.15.17.IlU O and 23.
(Sec Figure 6 for deta ils ). If you wanted this
frequency on the DIP sw itch channel (chan-
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Diode
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there . 11 lake s si x clock cycl es for thi s
change 10 be seen at the driver stage. which
is about 120 ns-so fast it 's effectively in
stamaneous. There are no adjustments 10
tweak . no gu essing where you are-s-ju st
click and yo u' re there. That's the joy of a
digital rig!

1I0w to Set the Frequency

Okay. now for the hard pan-math! with
the simple setup thi s rig has. you do ha ve 10

do some pencil work. It's nOI hard. and you
can even cheat IWO ways-I've included a
table of seve ral standard QRP frequencies
and there's BASIC source code for a pro
gram 10 compute the frequency if you have a
computer.

Keep in mind that there is a difference be
tween repeatability and absolute accuracy.
This rig is repeatable-a channel is always
on the same frequency it was last time. 11 can
also be accurate. bUI you 'll have to measure
the output frequency o f your particular oscil
lator. Mine was 55 .001 MH z or so at room
temperature. If you want accuracy. use your
exact oscilla tor freq uency instead of 55 mil 
lion in the following calculations. Note: The
table was designed using 55 millicn-c-it 'H be
close 10 the correct frequency and repeat
able. but not absolutely accurate.

Remember earlier where I said the DDS
has a 24-bit phase accumulator. and run s at
55 MHz? The s ize of a step. then. is 55 mil
lion divided by 22-1. To get the radio on your
desired frequency. divide your frequency by
t ha i s tep (5500000011 6 7 7721 6. or
J.:!78255 5). Convert th is number 10 b ina

ry-use a scientific calculator. computer or a
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Figure 2. Schematic diag ram oftill.' DDS liFO board.
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nel 12), for any digit that was a 0 tum the
swi tc h ON. T h is will pull those lines to
ground when you select channel 12.

Doing 7030 kHz gives 2144433, or 01 0
0000 01 10 1000 0 110 0001 in binary. 10.106
MHz gives 010 11 11 0000 100 1 1111 000 1
in binary. For other values, see the chan on
p. 18 s ho wi ng so me common Q R P fre 
quencies. If yo u don ' t like the math and
need a d ifferent frequency, I've wnnen a
program you ca n use (see the program list
ing on p. 18).

Const ruction

Take a tip fro m me- usc a fine -lipped
low-wattage soldering iron for these boards.
Th e pins sometimes have traces running be
tween them, so keep a keen eye out for sol
der bridges and co ld so lder joints. When
yo u' re done so lderin g, n ip off the leads
close to the boards. Thi s keeps things look
ing neat and will prevent accidental shorts
when you assemble the boa rds into a chas
SIS.

Build the power supply and frequency se
lector board first. Install the DIP sw itches
and their diodes first , with the banded ends
o f the diodes tied together to the hole near
the DIP switches. Set the DIP switch (chan
nel 12) to 7,040 kHz (see above). Attach the

12-position channel sw itch to a shon len gth
of ribbon cable, with the common connec
tion on the red wire. Run this cable 10 the 13
holes at the rig ht side of the board, with the
red wire at the top. Bend one set of pins on
the resistor packs horizontal (or use individ
ual re sistors-I did), and put the re si sto r
packs on the board with the horizontal set o f
leads in the holes and the other set in the air.
Run a bare wire from the J UMPER hole
across the pins in the air, soldering 10 each
pin. Install the 50-pin header, be ing careful
of shorts. Make sure yo u have the 7805 and
the electroly tic caps in correctly. Check all
connections for shorts and bad solder joints.
When you' re sati sfied with your work, apply
12 volts to th e power supply. You should
have 5 vol ts at the jumper, if not, check your
wmng.

At the holes marked FF (for Frequency,
Future), you should read 5 volt s o n holes
2,8 ,9 ,13,16,19,2 1 and 22. Holes 1,3,4,5 ,6.
7,10.11 ,12,14,15,17,18,20 and 23 should be
at ground (0.7 volts or less). Remove power
from the board and it 's func tional!

Next, bu ild the DDS board. Install UI , the
clock osci lla tor, first. The mounting is de
signed to allow either a la-pin-sized oscilla
tor or an 8-pin-sized oscillator. Pin I is the
same for either, but the Bcpin-sized oscillator

is shorte r and only reaches to the first set of
holes. A l4- pin-sizcd device covers the mid
die set of holes, and installs in the second set
of holes. If you wa nt to socket this chip, use
a 14-pin socket but remove the unused pins.
Also, insta ll the jumper wire from U I to U2
now.

Install the socket for the DDS chip (U2)
next. Make sure the socket ma tches the out
line. with pin I facing up and the angled co r
ner in the upper left. Install U3. the DAC,
and the 5Q.pin header. These pans all have
wires between pins. so be very careful when
soldering them.

I socketed U3. and ra n in to phase j it ter
problems that were cured by adding two ell:'
ua bypass caps soldered directly to the pins
on U3. I added a 1.0}.lF cap between pins 16
and 14. and another between pins 13 and 11.
For best re sults , these should be tac ked in
either on the chip or under the board, but
keep the leads as short as possible for good
bypassing.

Install the filter next. L1 and L3 are 12
turns on a T 37·2 (red) core and L2 is 14
turns on a T 37-6 (y ellow) core. For those
who are new to this. a "tum" is any lime the
wire goes through the hole. (A bobby-pin on
a core wou ld be one tum.] Once you have
these wound, spread the turns ou t 10 cover

T•

..,, .

"1"
"

• •

"

u ~O<.'.

•

•

Figure 3. Schematic diagram of till.' diode matrix freqeency selection board and power supply.
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MICROWAVE TRANSVERTERS
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S" f 900K 902·906 MHz 50mW K~139 B ul~ S265
SHf 1240K 1296·1300 MHz 10mW Kot$149 BUI~S26S

SHf 1lt\9K 1268·1n Z llitar _l10IllW K~I 40 Bu lllS2S5
SHf Z3ll4K 23ll4-Z3llI lIlHl 10mW KII$205 BuillSJ25
SHf Z.,1Ii 2400 Mltl MIHl, S I'n" e- KlSl55 BullS255
Stif Sol56IIi ~3460 MHz l omW K4205 ~
$HF 51101( S1&ll MHzJ129li IF U Il'IW K/lS170 8,,""260
__ 432I4.20-4SO MHz 100ll If 70mW llI$l511 8lIiI$n5

DOWN EAST MICROWAVE
~ Bill Olson, mHOT I ':;-1
...... Box231 0,RR1 TroY, ME 04987 .
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16$11.2304.2401 ,3456 MHz . 5 .7 .... 10GHZ.
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Figure 4. (a). PC board/ vii panem for the DDS l/FO board. (b). Parts placement.

three-quarters of the core. then cover the cores
in plastic model ce ment. Make sure you re
member which core is which!

Install the remaining resistors and capaci
tors in their proper places. Solder a short (5"
or so) length of RG 174 coax cable to J1. with
the center connected to the trace going to LJ
and the braid connected to ground (the other
hole ). Solder another short hunk of two-con
ductor wire to n, and put an SPST Nonnally
Open momentary switch at the other end. This
is the RESET switch, which resets the DDS
chip. You'll probably never use this, so it can
go on the back of the case.

Attach the DDS board under the power sup-

ply board. leav ing a small gap. Mounting
holes have been provided at each comer for
this. Make the ribbon cable to connect the first
board with the DDS board. Pin I is on the left
side. and should be the red stripe on the cable.

Check all work carefully, because we 're go
ing to give it a trial run now. With the DIP
switches set to 7,040 kHz as above, connect
the two boards with the ribbon cable. Set the
channe l switch to 12. Connect power to the
power supply board. You should get 5 volts at
pin I of U I. The input lines on the 50-pi n
header should be the same as they were when
you tested the power supply board. Remove
power-we're ready for a Jive test!

Loop V19S. Powet Oividets.StadUng f ramos. Cc:Jnl(IIIIlI
Array of 902. 910. 1269. 12'96. 1691. 2304. 2401 . 3458
MIiZ. ForTropo. EME. Weak~. OSCAR. ATV. Re
peal.,.. WEFAX. COmmon::ia1 poinllO point. Ava;lable in
kit form or assemblld Ind IllSled ,

3333tVK 3361 loopV agi K~ 902 MHI lB.5d8i 1 95 00
230(SlVK 4511 loopV agi K~ 1296MHz 21d6' $ 9500
24oI5t.VK 4511 loopVagiK~ 1269 MHz 21d6' $ 9500
184<ll.V «el loopVlgll_~ 1691 MHz 21d6i $105.00
2355l.VK S5II~ Kit 1296l1Hl 2208 $1011.00
1:M5LVK ~ loopVIgl Kil 2304MHz 2108 $ 7900
~VK ~ loopVIO Kil 345oI!lIHl 2108 $ 7900

Now in SlOd<_ VHF & UI-F vagr. br Rutland AmI yt;
e:ttt- i'_ avoiIabIlI . CllIor *"telor C<ltalDQ
DOWN EAST MICROWAVE

Bill Olson, W3HQT
Box 2310, RR1 Troy, ME 04987

(207) 948-3741
Z FA'''(207) 948-5157 8
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Figure 6. All example ofdiode array programming for frequellcy selection, A frequency of 7.040
MH: is shown, The I·iew is from the fran! side of the frequency select/power supply hoard.

Figure 5. fa}. PC board paJlernfor tht diode flUlfrufrequenc)' ulection board. (b). Pam placemmt.
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In our continuing effort to present the
be st in amateur radio features and
columns, we recognize the need to go
directly to the source-you, the reader.
Articles and columns are assigned feed
back numbers, which appear on each
article/column and are also listed here.
These numbers correspond to those on
the feedback card opposide this page .
On the ca rd , plea se check the bo x
which honestly represents your opinion
of each article or column.

Do we really read the feed back
cards? You bet! The results are tabulat
ed each month, and the editors take a
good , hard look at what you do and
don't like. To show our appreciation. we
draw one feedback card each month
and award the lucky winner a free one
year subscription (or extension) to 73.

To save on postage , why not fill out
the Product Report card and the Feed
back card and put them in an envelope?
Toss in a damning or praising letter to
the editor while you're at it. You can alos
enter your Q$l in our aSl of the Month
contest. All for the low, low orce of 29
cents!

FEEDBACK

,
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10
11
12
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15
16
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",.
20

21
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23
2'
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Continued a ll raKe /8
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Basic Program to Determine Diode Array Placement for a Given Frequency.

10 REM t~ 1-f req. ba s by n 9 j zw nnnOwyz 9-24-92
20 REM proqra. c o.putes the lar o ut o f the b inary arra y o f diodes f o r
) 0 REM s ett ing t he tw-I t o a gI ven freque nc y
40 REM load t h e hex-to-bi nary conve rs ion t a ble
50 DI M binary$ tl6 J
60 f OR x a 1 TO 16
70 READ bi nary$ ( x)
80 NEXT X

100 REM s e t the clock s pee d and number o f bits o f phase a c cumutator
110 clock ~ 55000000
120 pha se - 24
130 REM s et the max imum s t ep r a te
140 fs t e p - 2 • phas e
150 REM comp ut e ma x frequency ( MMZ ) that s till has 3 steps per cycle
16 0 max . (. 4 • c lOCk) I 10 0 0 0 00
170 PRI NT ~Max l mu. frequency i s ~ : aax : - a nd .inu.u. frequenc y i s . 0 001~

180 I NPUT -Enter the frequency i n MH z ( eq 7.040 • 7040KHz) -- >~ : freq
190 I f freq < .0001 COTO 170
200 I F freq > aa x COTO 170
21 0 REM co.put e the freq uency set ting i n deeiaal
220 set ting· (f r eq • 1000000) I (clock I f step)
23 0 REM now in b inary .•.
240 d i ode S = - 00 00 000 00 000 00 000 00 000 0 
250 tempS - HEX$(se t t i ng)
260 FOR x - 1 TO LEN (temp$ )
270 temp1$ - MI D$ ( t e mp $ , x , 1 )
280 If temp1$ < " A" THE N 300
290 t empl$ · STR$ (10 + ASC(templ$) - ASC( "A"))
300 temp - VAL(templ$)
31 0 diodeS - diodeS + b inary$(temp + I )
320 NEXT x
3)0 PR INT "Put d i ode s, banded end UP, i n the positions whi ch have Os : "
340 PRI NT RIGHT$ (d i ode$ , phase - 1)
9000 DATA "0000" ,-000 1- ,-00 10- ," 00 1 1" ," 0 1 00" ," O I 0 1 " ,~01 01- ,-0II I

9010 DATA - 1000- ,-1001- ,- 101 0- , -1 011 -,"1 10 0 " ," 1101" ,- 11 10- ,-1 11 1
9999 EHD

Diode Matrix Frequency Selec tion & Power S up pl y
C l ,C3 100 fJF as-von electrolytic
C2 0 .1 fJ F
Dl lN4004
D2,03,04,05,06, lN914
D7 ,08,09, 0 10 ,0l1 ,0 12,
D13,014 ,015, 01 5,0 16. 017,
018,019,020,021,022,023,024
J1 so-eo header (25 pins by 2) Oigi-Keylt 923876-A-ND
J2 12 volts in
RP1,RP2,RPJ 20k ohm, l !4-wall R-packs or 2Ok,

114 watt individual resistors Oigi-Keylt 761 -3-R20K
SWl Channel s elector lP1 2T rotary s wi1ch Oigi-Key. EGl 952·NQ or GH5601 -NO
SW2,SW3,SW4 a-cosmcn DIP switches Digi·Keylt A5208-NO
1 SO·pin ribbon cable connector Oigi-Keylt ASCSOT-ND
Ul 7805 voltage regula tor
Misc. - 1N914 for setting channe ls

A complete kit 01 parts (including the PC boards) is a vailable Iro m Elktronics -NE, Rt. 1 Box 78 9,
Hancock NH 03449, Tel; (603) 525-4001. Prices a s renews: DDS VFO mOO(,lle - $99; Diode Mil/rix
module - $49; Power Amplifier module - $49; 0u/ptJt Filter module (specily band)- $1 0, A COt'i!Pele
padlilge of as mod(,lles - $ 199. The Q ualcomm 02220 ODS chip can be oroered separately tor $39.
All prices irdude postagelhandling.

Elched and drilled PC boards lor this project are also available separately lrom FAR Circuits, 18N640
Field COurt, Dundee 1l 60118. Prieing: DDS VFO PC board - $8 ; Q;ode MdtfiX - $8; Power AtrpIifier
$6 ; OlItplJt Aner board - $3. Please add $1 .50 per order for shipping,

The 02220 (as well as data sheets) is also available directly from Oualcomm, 10555 Sorrento Valley
Rd., San Diego CA 92121 : (61 9) 597-5005, lor $49, but they have a $150 minimum o rder.

The CA3338A, the 55 MHz clock OSCillator and most of the s mall parts are available from Digi-Key;
(800) 344-4539.

Toroids a re a va ila ble from Amidon As s ocia te s o r KA7QJY Compone nts (Danny S te vig ), Box 3893,
Logan UT 84323: Tel: (801) 563-5173.

Oigi-Key' SE1 109

();gi-Key. CA3338AE
();gi-Key' A417-NO
1 f.lF ceramic between pins 16 & 1401 U3
1 fJ F cerame betwe en pins 11 & 13 of U3
Oigi-Keylt ASCSOT·NO

Parts Li st

0.11lF ceramic
160 p F s~ver mica
300 p F saver mica
Low RF oot
50 pin-header (25 pins by 2) Oig i-Ke y' 923876·R·ND
Reset switch, SPST (Normally ON) momentary
0.542 Il H, 12tums #26 enameled wire on T3 7·2 toroid
O.608IlH, 14I\Jms '26 ename led wire on T37·6toroid
101t ohm, 1/4 wan
75 ohm. 1/4 wan
55 MHz oscilla tor module
02220 ODS by Oualcomm (see l"lOIe below)
CA3338AE OAe by HarriS
44-pin PlCC socket tor U2
noeeoee
II needed
Ribbon cable connector

DDS VFO Board
C l,C2,C7,C8,
C9,C10
C3,C6
C4,C5
. n
J2
J3
L1,L3
12
Rl ,R2
R3
U,
U2
OJ
1
1
t
t

Some Common OAP Frequencies
for the TW-'

Frequency SetTW-l diode Irray 10:
(M~) MSB LSB

1.810 000 1000 0101 1100 1011 1011

1.84322 000 1000 1001 0 100 0 101 0000
1,860 000 1000 1010 1000 01 00 1111

1.900 000 1000 110 1 01 11 11 11 1001
354025 00' 0000 0 111 1010 0101 1111

3.560 001 0000 1001 0001 1111 0111

3.579 001 0000 1010 1000 >001 1011

36864 001 0001 0010 1000 '001 0100
7 030 010 0000 1011 ' 000 1011 000'
7 .040 01 0 0000 1100 0100 '001 1100
7.0805 010 0000 1111 0100 1101 1110
7.110 010 0001 0001 1000 0000 0100
10,106 010 111 1 0000 1001 111 1 0001
14 ,060 100 0001 01 11 0001 0101 0010
14 ,16 1 100 0001 1110 1001 1011 1100
18.074 101 0100 0010 0000 0101 0010
21.060 101 0010 0000 010 1 01 0 1 0100

Put eoces. banded end up, wherever there is
a 0 (ze ro).

Install the chips in the ....'ckets. Be espe
c ially ca reful installing U::!~ Removing this
chip requires a specia l tool 10 prevent dam
age. so make sure it faces up! You should be
able 10 read the chip number if you have the
50-pin header at your lower right.

Tempora ri ly solder a 51 -o hm resi s to r
across the free end o f the RG 174. Hook a
frequency counte r to the ho t end o f the 5 1
ohm output resistor. Once again. apply pow
er. You should have 7,040 kHl coming OUI

of the unit. If so, congratulations! You ' ve
j us t built a basic DDS VFO ~

If it didn-t work, check for power on pin I
of the ribbon cable. If there 's power. check
for +5 on pi ns 4 and 16-2 ,fd U O.1 2. 14
should be ground. If these aren't right. check
the ribbon cable and connec tors.

If there's power to the VFO board , look at
the inputs to the DAC (U3 pins :!-9). These
pins sho uld be changing very fast . If they
aren't , re-check the soldering on U2. check
for clock signals our of UI and try pressing
the RESET switch. If the signals work while
yo u press RESET, you 've got a Normally
Closed switch.

If the inputs to the DAC are Changing,
look for output. If there 's no output. the chip
may be in backwards or dead . If there 's a
signal OI l the output of U3, all tha t's left is
the filter and the cable, Check these, and re
paI r as necessary.

Now tha t you ha ve a functiona l VFO .
hook up a scope to the output. You should
have a 0.7-0,K-volt peak-to-peak sine wave
that looks pretty clean. Unplug the power,
remove the 51-ohm resistor from the RG 174
coax and you now have a very useful s igna l
source and test generator.

Next month in Part 11 , we wi ll tum th is
low-level (2 mill iwatt) signal into someth ing
a little more useful by addi ng a 2-walt am
plifier wh ich should make this into a very
capable QRP rig, iii
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