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The Downunda Project: Part I
Stone the crows! This fair dinkum 2m transceiver

from Austra l ia really scores a six!

Reprinted with permission from Electronics Australia.

Photo A. The D5£ Com mander two-meter transceiver kit.

A complete kit Is available for $1 49 plus postage and handling
from Dick smith Electronics. PO 80x 2249, Redwood City CA
94063.

they are all built into the ba
sic radio.

Opera ting fac ili t ies on the
new transceiver a re a ll that
most amateurs would want
without a ll t he " be lls a nd
whistles" of so me of t he
more fancy models. There
a re none of those hard-to-re
member-how-to-use memo
rie s. and the frequency
readout and se lect ion is via
no-nonsense pus h-b utton
type thu mbwheel switches.

As is usual prac tice with
two-mete r a mate u r t ra ns
ce ive rs, the two most signif i
cant d igits of the freq uency
sec tion are omitted, which
means that there is an as
sumed decimal point be
tween the first and second
digits of the three-digit read
out (i.e.. 14 - .- -MHzl. In
Photo A, this means that the
transceiver is set for a fre
quency of 148.42 M Hz.

Standard controls for vol
ume and squelch require lit
t le com men t, a s does t he
signa l-strength/power meter.
The microphone socket is a
stand a rd configurat ion a l
lowing press-to-ta lk opera
tion .

In addition , there is a
three-position switch for sim-

Features

As the acco m p a nyi ng
spec panel shows, this new
two-mete r transceiver has
ve ry good perf o rman c e
which is matched by the fea
tures that most amateur-ra
d io o pe ra to rs wa nt . Note
also that there are very few
o ptions available because

money over the price of an
equiva lent commercia l unit.

We' re very glad to able to
report this development be
cause it signa ls a resurgence
in the construction of gear
amongst amateurs who, for
a long time, have been con
tent to buy ra ther than build .

Just as night follows day,
there was bou nd to be a ca ll
for a two-meter ve rsion of
the transceiver. The VHFver
sion wa s just cry ing out to be
produ ced.

We l l, now it h a s h ap
pened. The same peop le that
produ ced the UHF kit, Ga rry
Cra pp VK2Y BX/T and G ill
McPherson VK2ZG E, have
put their thinking caps on
and produced a two-meter
t ra nsceiver that will cer
ta inly set any keen amateur
longing.

not been able to keep up
with the demand.

As the reputat io n of the
UHF transceiver has grow n,
more and more amateu rs
have decided to have a go at
building a really worthwhile
piece of gear for themselves.
At the same time, they can
save a substantia l amount of

By any sta ndard, the UHF
transceiver desc ribed in

the Septembe r, October, and
Nove mber, 1983, issue s o f
f fectronics Aus tralia has
been a n outstanding suc
cess. Many hundreds have
been successfully bui lt and
the kit supplier responsible,
Dick Smith Electronics. has

Photo B. Inside the Commander.
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In greater detail, crysta l
Xl at pin 1 of ICl sets the lo
cal-osci llato r frequency to
10 .24 5 MH z . Th is is inte r
nally mixed with the 10.7
MHz signa l from Q7 to pro
duce a 455--kHz i-f, which is
then fed to an external filter
a t pin 3. Tran sistor Q8 ampli
fies the filtered 455-kHz sig
nal and feed s it back into the
limiting-amplifie r input at
pin 5.

The limiting amplifier is a
five-stage differentia l ampli
f ie r w hic h bo o sts t he 455
kHz signa l we ll into cl ipping,
at its output. That is, we say
the signa l is limited . This ef·
fect ively removes any ampli
tude va ri ations (AM) so that
the signa l only conta ins fre
quency modulation.

The limited signa l is then
fed to the inte rna l FM quad
rature detecto r associ a ted
with co il L7 and ca pac itor
C37 a t pins 7 and 8.

The detected audio is ex
tracted from pin 9 and fed
via R33 and C35 to VR40, the
volume control. At the same
time, a sa mple of the signa l
is coupled via R32 and C33
to an interna l amplifier be
tween pins 10 and 11 .

This amplifies any noise
signa l (h iss) above the ex
pe c ted audio p a ssb and
which is then recti fied by 07
and used to "sq ue lch" the
audio output via control pin
12. VR39 is the squelch con
tro l.

Transistor Q8 feeds a por
tion of the 4550kHz signa l
(befo re limiting is applied) to
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men-emitter amplifier with
l3 as its collector load . l3 is
part of the three-stage ba nd
pa ss filte r which on ly a c
cepts signa ls in the 144-to
148-MHz range.

MOSFET Q7 is the mixer.
Cate 1 of Q7 is the incoming
rf signa l while gate 2 is the
vco (loca l-oscillator) signa l.
l6 is the dra in load of Q7 and
the mixer output is the differ
ence frequency, 10.7 MHz .

."

This is passed via Fll , a two
pole filter, to lel .

ICl is a Motorola MC3357
device specifically designed
for use in a narrowband FM
dua l-conversion commu ni
cations receiver, which is ex
actly what this circuit is. We
have al ready tal ked about
the first conversion, which
takes place in mixer Q 7,
from 144 (to 148 MHz) down
to 10.7 MHz. The MC3357
handles the second conver
sion using an inte rnal 10.245
MHz loca l oscillator.

This gives a second inter
mediate-frequency signa l of
455 kHz which is amplified,
limited, and detected by IC1 .
IC1 a lso pro v id e s the
squelch function.

Fig. 1. Block d iagram of the DSE Commander.
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"We are happy to give full rights to any kit
or parts supplier to sell or reproduce the
board or circuit for this project. We feel this
is the best wa y for the whole industry . . .the
more people there are who construct proj
ects, the more hobbyists there will be ben
efiting all of us."-tke Bain VK2AtG/W6,
President, Dick Smith Electronics.

MHz interm ediate fre
quency at the output of the
mixer, Q7. The lower vco fre
q ue n cy is o bta ined b y
switching a d ifferent crystal
into the offset osci llator.

Circuit Details
Now let's have a look a t

the ci rcuit d iagra m (Fig. 2).
Don't sh ud d e r. We'll con
side r the receiver ci rc uit ry
first.

Input signa ls from the an
ten na a re fed via the art 
tenna filter and rf-switch tng
network on the extreme
right-hand side of the c ircuit
d iag ram. The signa ls pass via
L30. l 29. l 27. l 26. l26. and
Cl23. From there they go to
the input of Q6 via trans
fo rmer l2 and C11 (on the ex
treme left-hand side of the
circu it).

The rf switch ing is pe r
fo rmed by 0 13 (nea r l28, on
the right-hand side of circuit
ry). In the transmit mode,
013 is forward-biased and
thus shorts out any rf signa l
from the transmitter which
would otherwise be fed into
the receiver input.

Q6 is a conventional com-

plex and ± 6oo-k Hz trans
mitter offset fo r working into
repeaters. There is a lso an
ant i-repea te r (reverse ) but
ton so that the transceiver
can be used to listen in on
the repeater receiving fre
quency.

Finally, there is the 5-kHz
offse t switc h which effec
tive ly doubles the number of
channe ls from 400 to 800, a l
beit with 5-kHz c ha n ne l
spac ing.

How It Works

For those not familia r with
the series of articles on the
UHF transceiver, le t's now
go thro ugh the block dia 
gram, befo re attacki ng the
main c ircuit d iagram. Refer
now to Fig. 1 .

The block diagram shows
that the transceiver is split
into two sectio ns, rece iver
and transmitter, which come
togethe r in the antenna fil 
te r. Both sections employ a
common frequency synthe
sizer and voltage-co ntro lled
osci lla tor.

The rece ive r is a conven
t iona l do ub le-co nve rs io n
superheterodyne with inte r
mediate frequencies at 10.7
MHz and 455 kHz . The sec
ond co nve rs io n from 10 .7
MHz to 455 kHz is ach ieved
in an integ ra ted c irc u it
which also includes limiting
amplif iers and an FM quad
rature detector. From there
the signal is passed to an au
dio amplifie r.

The vco (vo lt a ge-con
trolled osci lla tor) ha s two
modes and , a s you might
have guessed, these a re
transmit and receive. In the
transmit mode, the vco is set
to an exa ct frequency with in
the range of 144 to 148 MHz
by the frequency synthesizer
which, in turn, is controlled
by the offset osci ll ator. The
output of the vee is fed via
Q17 and Q18 to the rf power
amplifier and thence via the
antenna filte r c ircu it to the
output socke t.

In the receive mode, the
vco is set at a frequency ex
actly l0.7 MHz be low the in
co m ing frequency. Th is is
necessary to give the 10.7-
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which gives good bias stebil
ltv, limits the power output
to so m e extent, and gives
momentary short-ci rcuit pro
tection.

nected for any reason, the
wh ol e am plifie r w ill latch
up, which is how it manages
to withstand o pen c ircu its
continuously (see specs).

Q11 and Q12 form a fully
complementary output pair
with quiescent current set by
R46 and 08. R47 and R48 are
rather high in va lue at 2.2 n.

Resistors R44 and R43 se t
the audio amplifier gain to
around 25 (i.e., 5600/220 ""
25) while C45 rolls off the re
sponse above 3 kHz.
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Transmitter Opera lio n

The tra ns m itte r is con
tro lled by the p ress-to-ta lk
sw itc h on the mic rop hone
and this contro ls the various
supp ly rail s, a s mentioned
before. We' ll co me back to
tha t. The signa l from the mi
c ro p ho n e is f ed t o t he
preamplif ier (Q13 and Q14)
whi ch provides substa nt ia l
gain , The amplified signa l is
fed via C52 to a diode limit
ing c irc u it (D9 and Dl0)
which prevents the following
st ages from b eing ove r
loaded.

10.24 MHz, which when di
vided by 1024 produces a
re fe re nc e frequ ency of 10
kHz at pin 7.

IC5, the phase compa ra
tor, co mpa res the lo-kHz ref
erence frequency from IC6
against the lQ-kHz o ut pu t
from the programmable fre
quency divide r, IC4. The out
put at p in 3 of [C5 is the Pl l
e rro r vo ltage, whi ch is a se
rie s of pu lses. These are fi l
tered to produ ce smoo th dc
by R91 . C1 56. R87. R86. and
C153. This dc e rror voltage is
then applied to 012 in the
vco (Q16) to ma intain con
trol ove r the vco output.

As shown o n the c ircuit,
when the PLL is in the lock
cond it io n a nd the vco out
put is 144 MH z, then the er
ror vo ltage a t TP3 is 2.7 volts
dc (a fte r setting up.)

Where the frequency-syn
t hes ize r c irc u it di ve rges
from normal Pll practice is
that the programmable di
vide r does not mere ly "d i
vide down" the o utput of the
vco. Inste ad, IC4 di vides the
d ifference between the vco
o ut p u t a nd t he t hi rd har
monic of the offset osci ll a
tor.

The reason for th is ind i
re ct procedure is that it is not
possible to e asi ly provide fo r
progra mmable d ivis ion d i
rectly from 144 MHz.

What happens is thi s. The
offset osc illator, Q26, oper
ates at 44 .234966 MHz in
re c ei ve m od e and a t
47.801666 MHz in transmit
mode. The re le vant crystal s,
X4 and X3, a re switc hed into
circuit by diode 023 o r 022.

The collector o utput c ir
cuit of Q 26 is tuned to the
thi rd harmonic of these fre
que ncies, i.e .. 1 32.704898
MHz a nd 143.404998 MHz.

Depending o n whethe r
the transceiver is in receive
o r transmit mode , o ne or the
o t he r o f t he se o ffs e t fr e 
quencie s will be subtracted
fro m the vee out put fre 
quency by the offset mixer,
Q 27. The d iff erence fre
quency will range from 595
kHz (e .g ., 144-143.405) to
4595 MHz (148-143405),

It is thi s ra nge of differ-

class-C power-amplif ier
stages which operate with
out forward bias at th e ir
bases.

By way of explanation, in
a class-C amplifier such as
Q22, the c o llecto r c urre nt
flows for substa nt ia lly less
tha n every alternate half
cycle with the tuned circuit
preventin g the generation of
harmonics, In effect, a class
C amplifier tank circuit can
be considered as the a na log
of a flywhee l which has a
sho rt bu rst of energy appl ied
to it during eve ry cycle . It is
a h ighly e fficient amplif ier.

The o ut pu t power from
Q22 is co upled to the a n
tenna filter ci rc u it m e n
t ioned previously. The path
is via L26, 127, l29, and l30
to the output socket. A mea
sure of the tran smitter out
put is p rov ided as foll ows:
Gi m m ick c a pa ci to r C169
(two wires twisted together)
feeds a small portion of the
t ransmitter o utput to 014,
which re ctifies the signal a nd
applies the resultant dc to
the sig na l meter v ia R1 09
and filter c apacito r Cl 34.

Frequency Synthesis

The method of frequency
synthes is is essentia ll y a var i
ation o n the co nve n t io na l
phase-loc ked-loo p (Pl l) cir
cuit. A PLL norma lly is com
posed of a vo lt a ge-co n
t rolled osc illa to r (vco), a
reference osc illa to r, a pro
grammable frequen cy d i
vider (fed by the vcol, a nd a
phase com pa ra to r wh ich
compares the frequency-di
vided output of the vco with
the refe re nce oscillator.

For a VHF transceiver it is
usua l to have three osci ll a
tor s: a vco. a re ference osc ll
later. a nd an offset osci lla
tor. ln th is ca se, the vco is
Q16, the re ference oscillator
is associated w ith IC6, and
the offset oscillator is Q 26.
IC5 is the phase co mpara tor
and lC4 is the programmable
divider.

let's sta rt by looking at
IC6. This IC is a combined os
cillator and d ivider with a di
vision ratio of 1024. It drives
crystal X2 at a frequency of

10Walts nominal, 15 Watts maximum
limited to 5 kHz under normal opera
tion; up to 10 kHz with overdrive
less than 10% at 30kHz deviation
less than 60 dB with respect to carrier
less than60 dB
5mVrms

0.5p.V into SOO lor 12-dB Sinad;
typ ically 0.4 p.V
better than 60 dB at :t: 25 kHz
1Watl%THDlnt08f1
6 dB/octave rcnctt above 1 kHz

Specifica tions

144 to 148 MHz (see text)
10 kHz. with 50kHz offset
400 @ 10kHz. BOO @5kHz(se& lext)
with in :t:l0ppmlromOt06O° C
frequency modulat ion
from 5 to sooC
two minutes transmit, two minutes re
ce ive
12 to 15 V dc, test voltage 13.8 V dc
negative chassis
receive: muted, 110 mA; unmuted, 300
rnA
transmit: 1.9 A at lOW; 2.5 A at 15 W
(a) 30A in-line fuse
(bl diode reverse polarity protecllon

(0 1)
(cl rt pow er ampli fier can withstand up

to 5:1 vawr and open- or snort-err
cu lt conditions for at least two
minutes

(d) audio power amplifier can with·
stand open circuits continuously
and momentary short c ircuits

Selectiv ity
Audio pow er
Frequency response

Distortion
Spurious emissions
Harmonics
Mic rophone sens t
t ivity

Receiver

Sensitivity

'rrensmnter

Power output
Maximum deviation

Protection

Supply voltage
Polarity
Current drain

General
Frequency coverage
Channel spacing
Number of channels
Frequency stability
Modulation
Temperature range
Duty cyc le

R62, C57, and R64. 011 is in
the tank c ircuit of the vco
(Q16) and th us is able to fre
quenc y modula te the vco
acco rdi ng t o t he micro
phone-signal voltage.

The vco is a conventiona l
grounded-gate oscillator us
ing an N-ehannel FET. It os
c illa tes at a nom ina l 146
MHz (cente r of band) as set
by L8 and C64. Varicap 012
sets the vco to the exact fre
qu en cy req ui red , a s c o n
trolled by the frequ enc y
synthesizer.

The main vco o utput sig
nal is taken from its source

The signa l from 0 10 is fed and fed to Q17 and Q18,
to Q15, a two-pole active-til- which a re transformer cou
ter sta ge w ith unity gai n. The pled. and thence to Q19 a nd
o utput o f thi s stage is the Q 20, which are more o r less
mod ulating signa l whic h is conve ntio na l common-emit
applied from trirnpot VR61 ter amplifier sta ges. Q 21 a nd
to va nc a p di ode 011 vi a Q22, o n the other hand, a re
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Power Supply

A + lD-V regulated supply
derived from Ql , Q2. and 0 2
supplies power to the vco,
offset oscillator. frequency
sy nt he size r circuitry, and
mix-down amplifier (Q 28
and Q29). The + lQ-V regu
lated ra il is al so switched to
various o ther sections of the
circuit by Q4 and Q5. de
pend ing o n w het her the
transceiver is in the receive
or tra nsmi t mode.

When in t he re c ei ve
mode , t he pre ss- t o -t alk
switch is open and 03, 0 4,
and 05 cannot cond uct .
Therefore. Q4 supplies the
+ lD-V rece ive rail. When
the PTT switch is dosed for
transmit mode, 03 and 04
conduct. turning off Q4 and
turning on Q5 to supply the
+ lQ-V transmit rail . 05 also
conducts. turning on Q3 to
supply the + 12-V transmit
rail.

The final two stages of the
rf power amplifier, Q21 and
Q22. are powered d irect ly
from the 13.8-V(batte ry) sup
ply as is the audio amplifier.
This is OK since Q21 and
Q22 are normally biased oft
a nd ca n only operate when
Q19 and Q20 a re tu rned on
by the + 12-V transm it rail .

In Part II of this arti cle, the
construction and alignment
of the nSE Commander will
be detailed .•

a code of 120 to IC4.
A neat advantage of this

sche me is that it allows the
" a nti-re pe a te r" operation
whereby the receiver only
ca n be shifted by ± 600 kHz.
Thi s is achieved by the push
button in con junction with
Q23, Q24. and a ssociated
diodes. The advantage of the
anti-repeater function is that
it allows the operator to lis
ten di rectly to his contact in
stead of via the repeater.

Note that when the 6OO
kHz offset fa cility is in use .
the o ut-of-band protection
ci rcu it ry does not prevent
tran smi ssion outside t he
ba nd limits. In this case it is
up to the operator to make
sure he or she does not tra ns
gress .

± 600-kHz Offset

Yet another facto r has to
be take n ca re of by the fre
quency-synthesizer c ircuitry.
For repeater operation, the
trans m itte r freq uency usu
ally has to be offset by minus
600 kHz from the rece ive fre
quency. less often, it may
have to be cha nged by plus
600 k Hz . Th is condition
cou ld be met by adding
more c rysta ls to the offset
o sci lla to r circuitry. but in
thi s c i rc u it it ha s been
achieved digitally.

As well as avoiding the ex
pense of extra crystal s. the
digital method of offset does
not require any alignment.
1(2 and IC3 are digital add
ers. They add a code of 60 or
120 to the code applied by
IC4. In the normal simplex
mode, the add ition of the 60
code is th e sta nda rd , Fo r
- 600-kHz re peater o pe ra
tion. th is code is removed
(contro lled by 0 18 and IC2).

For +600-kHz operation.
IC2 a nd IC3 a re brought into
play by 029 a nd 027 to add

kHz outputs of 1( 6 and 1( 4
(the programmable divider)
are lo cked together, IC5
turns on Q30. This tu rns on
Q18 and Q19 and thus al
lows the transmitter to oper
ate. Thus the transmitter is
prevented from producing
signa ls which are outside the
144-to-l48-MHz band.

But what about that + 5
kHz offset we have just di s
c usse d? When that is ap
plied, it wou ld be possible
for the vco to operate a t
148.005 MHz and st ill pro
duce a lock condition . The
c ircuit design ta kes ca re of
th is possibili ty, too, since the
thumbwhee ls a re wi red to
only permit a maximum vco
freq uency of 147.99 MHz .
When the 5 kHz is added,
this gives a maximum vco
frequency of 147.995 MHz,
which is still inside the band
limits.

Strictly speaking then, this
means that only 399 cha n
nels are available with 10
kHz spaci ng and 798 cha n
nels w ith 5-kHz sp a cing
(144.005 to 147.995 MHz ).

SWITCHING
POWER
SUPPLY

" .PUT1. __2SS_
~~

• l2Ydo:.3SO ...
• SYdo: . 12_
- S_@2OO ...

SIlE ."' . . .. . . L..- ....
$5.(10 _

EDGE
CONNECTORS

~!::::~!!'i>
22/44 21144 GOlD PLATED

CO" T~ CTS

1se CO" I~CT S P~C ' NG

$.2.DQ EACH 10 fOR , ,8 00

a re in fac t 1666 Hz too high.
When the third harmonic of
each c rysta l is considered. it
will be 5 kHz high. So in nor
mal operation, the crystals
a re pulled low by l 14 a nd
l15 for X4, and l 16 and l 17
for X3. So the norma l offset
transmit frequency is 47 .8
MH z (143.4-M Hz 3rd har
monic ) and the off set re 
ceive frequency is 44.2333
MHz (3rd harmon ic is 132.7
MHz).

When these offse t fr e 
qu en cies a re s u b t rac ted
from the vco. the range of
diffe rence freq uencies will
be 600 kHz to 4.6 MHz. And
note that 600 kHz is an exact
mult iple of 10 kHz .

When the + 5-kHz facility
is switched o n. l15 and l17
are switc hed out of circuit by
diodes 024 and 025 so that
now the crystal s do run 1666
Hz high and so the vco fre
quen cy is shifted up by 5
kHz .
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ence frequen cies which is
applied to the programma
ble frequency divider, IC4,
via Q28 and Q29.

SO 1( 4 is programmed by
the thumbwheel switches to
div ide t he relevant diffe r
ence frequency from Q27 to
provide a 10-kHz output
whi ch is applied to the phase
comparator. IC5.

Note, by the way, that the
diff eren c e between the
transmit and receive offset
frequ encie s is 10.7 MHz,
wh ich is the required inter
med iat e frequency.

So far, so good . But now
we have to backtrack a little .
There is a problem in that
1(4 ca nnot precisely divide
frequencies that are not an
exa ct multip le of 10 kHz .
The re fore, that example of
595 kHz (the lowest differ
ence frequency) is not valid .
And in fact. those offset os
cillator frequenc ies given
above are not quite correct.

Because of the provision
for 5-kHz channe l spacing, Band Protection
the offset oscillator c rysta ls Note that when the 10-
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