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Matjaz Vidmar, 5,5J,HV

13cm PSK Transceiver for
1.2Mbit/s Packet Radio
Part-l

Th e choice of a t run sceiver design fur
h i~h-s JlCcd packet radio is lIul ..nupt c.
h it bet ter to usc an appa rently
simpler F I\1 trun scefvcr or to ;':0 fur a
IIIOI'C sop hlst lcntcd PS I{ transcctvcr?
Hath choices ha ve th eir :l d '''a n hl1i!:l'~

a lld disad\ a nl"~cs a nd a t this time it
is diffi cult to I,r ('dkt wh ich nne will
bl'CIIIllC more practica l. However, in­
creastng t il l' trausmtsston speed both
th e sig na l band wid th and th e radio
range need to Ill.' cunside rcd.

I.
INTROlJ lJCTlON

Increasing the data speed beyond about
luukbir/s. the resulting signal bandwidth
is on ly acceptable at microwave fre­
quenc ies. The transmitt er power avail­
able at microwave freq uencies is small
and expensive . T herefo re the radio
range becomes a limitation even for
l ine-o f-sight terrestrial pack et -rad io
links. A PSK transceiver with a coherent

detecto r offers a radio range thai is
between SdS and ISdB larger and a
signa! bandwidth that is tess than half
when com pared with a FM t ransceiver.

In packet radio the main problem of a
PSK rranscci..-er is the inuial RX signal
acquisition. The latter is a funct ion o f
the carr ier freq uency uncertainty . In a
simple hiphasc PSK (HI'SK) system
with 0/1800 mod ulation , the initial sig­
na! acquisition req uire s a complicated
searching loo p, if the frequency error
exceeds 10% of the bit rate. Quad­
ripbasc PSK (QI' SK) allo ws a further
halving of the signal bandwidth at the
expense of a much more soph isticated
demodulator design and an even more
critical initia l signa l acquisition.

There fore PSK becom es simple at high
data rates. On the other hand, the signal
acquisition or low-Earth or bit amateur
packet-radio satellites transmitting ,It
only 1200bit/s PSI-;. is very d ifficult.
TI1 is unfortunate PSK design made radio
amateurs believe that PSI' is not su it­
able for packet rad io, being j ust an
unnecessary complicat ion at low data
rates like 1200bit!s.
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In this article 3 successful I3cm BPSK
transceiver design will be described. In
the 131;111 amateur band, the sum o f the
frequency uncertaint ies of both receiver
and transmitter is at least 10 kll z using
top quali ty tem perat ure-com pensated
crysta l oscilla tors . ,\ real-world figure is
100 k117. frequency uncert ainty that
requires a MINIMlHvl bit rate o f about
lMhit/s!

With the above restriction, a con venient
choice is to usc 1.2288Mbil!s for packet
radio. This figure can eas ily be: obtained
with standard baud-rate crystal s. bei ng
the 3::!ml multiple or 38.41-.bitl s or the
10241h multipl e of 1200hil/s. Of course
the described transce iver can also be
used for other digital data transmissions
that require megabit rate s. like CUl1l ­

pressed dighaltetevision transmission

2.
13cm PSI' TRANSCE IVER
DESIGN

Since the above mentioned I'SK modu­
lation i ~ relatively unknown to most
radio amateurs. the I3cm PSK trans­
ceiver block diagram will he d iscussed
first. The same form of PSK modu la­
tion. nam ely 01]SO° BPSK, allow s many
different transceiver concep ts .

For example, a PSK signal may be
generat ed at an IF frequency and then
upcon verted 10 the fina l transmitter
frequency . A PSK signal can also be
generated d irectly at the final freq uency
and even after the transmitte r power
amplifier. Finally, a PSK signal can also

be fed through frequency multiplier
stages, but here one should not forge t
that the PSK modulation phase angles
arc mu ltiplied by exactly the same
factors as the carrier frequency.

A PSK demodulator may he coherent or
non-coherent. A coherent PSK demodu­
lator oile rs a larger rad io range. but
requires a local carrier regenerat ion. A

PSK signal is demodulated coherently
by mult iplication with the regenerated
carrier in a balanced mixer. Carrier
regeneration requires a non-linear
proces sing of the PSK signal (in the
case of BI'SK th is may be a frequency

doubler) and a narrow bandpass filter
(usually in the form of a phase-locked
loop).

A PSK signa l Illa) he demodulated at a
convenie nt IF frequency or directly at
the receiver input fr equency, A PSI-::
receive r can be designed as a direct­
convers ion receiver just like a SSB
receiver. Carrier regeneration may be
per formed by a squaring loop (Ire­
queney doubler] or by a Costas loop.
Just like SSB, all PSK demodula tors arc
vcry sensitiv e to small ca rrier frequency
inaccuracies

The block diagram of the described
13cl11 PS t-:: transceiver is shown in Fig. l .
The transmitte r includ es a crys tal osci l­
lator followed by a mult iplier chain . The
PSK mod ulator - - balanced mixer
operates at the final transmitter fre­
quency and generates thc desired signal
directly. Modern semicond uctor devices
provide high gains per stage .

The mixer is follo wed by just two
amplifier srages at 2.36 G Hz to obtain
about O.5W ofmicrowave power.
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Fig.J: TX Exciter PCB tstnale -sided O.8111m glass-fibre-epoxy).

T he receive r includes a double down­
con ve rsion with the corresponding inter­
med iate freq uencies of 75 M Hz and
10 MIl/. lh e 10 Miff. coherent PSK
demodulator is a sq uar ing loop I'LL.

Although the receiver and the transmit­
te l" circ uits arc almost co mplete ly inde ­
pend ent, the 13cl11 I'SK transcei ve r is
inte nded till" standard CSMA (carrier­
sense multiple ac cess) simplex opera tion
as usua l for packer radio. There fore the
transceiver includes a PI t\ antenna
switch and all of the remaining KXil X
switch ing is comp letely electronic as
well.

Th e RX/lX sw itching delay is in the
ra nge of 2ms and is mainly cau sed by
the turn- on delay of the transmitter
crystal oscillator.

3.
TX EXCITER
590 'HIl: I +10dBm

The circuit diagram of the transmitter
exci ter is shown in Fig.2- The excite r
includ es a cry stal oscill ator operating
around l1t ,-! M Hz. followed by a multi­
plier cha in. The exciter inc lude s multi­
plier stages up to 540 Ml-lz. lhese are
followed by additional multipliers lo­
cated in the lilllO\\ing module, the PS I:\:
mod ulator. main ly because of the di ner ­
cut construction techno logy. 1\ I'LL
synrhesiser is not recomm ended in the
exci ter, since it was found difficul t to
isolate the PSI' mod ulator from pull ing
the veo freq uenc y.

Fig.4: TX Exciter Component Overlay
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The oscillator uses a fundam ental reso­
nance crysta l, since fundamental reso ­
nances have a lower Q than overto ne
resonan ces. The turn-on delay of tbc
transm itter crystal oscillator can be
reduced in this way. The transmitter
crystal osci llator is turned off when
recei ving. since its four th harmonic
could disturb the first IF at 75 MHz. For
operation at 2360 Mliz. a "computer"
crystal lor 18.432 Ml1z can be tuned to
the desired frequency with a series
capac itive trimmer. Using different crys­
tals for other freq uenc ies. a ser ies
inductor 1.I may be requ ired in place of
the cap ac itive trim mer.

The oscilla tor transistor is also used as
the first multiplier. since the output
circu it (L2 and 13) is tuned 10 1he fourth
harmonic o f the osc illato r freq uency.
Three addi tiona l freque ncy-do ub ler
stages arc requi red to ob tain about
10mW at 590 MHz. ThL: first doubler
stage uses air-wound. self-supporting
co ils 1.4 and 1.5. while 11 1e remaining
two doubler stages usc "printed" induc­
tors 1,6. 1,7 , LX and 1.9. The suppl y
voltage for the oscillato r and tbc first
doubler stage is sta bilised by a 8V2
Zener diode.

The transmitter exciter is built on a
sing le-sided PCB with UlC dtmeu sion s of
40mm x 120111 111 , as show n in Fig.3. The
PCR is made of {l.Rmrn th ick glass­
fibre -epo xy laminate to short en the wire
leads of the components and in this way
reduce the parasitic inductances. The
component loca tion of the transmitter
exciter is shown in r igA .

L2 and L3 have about 150nH each or
4 turns each of 0.25mm thick copper­
enamelled wire . They are wound on

36 MHz (TV IF) co il formers with a
central adjustable ferrite screw, plastic
cap and IOmm x 10mm square shie ld.
L4 and L5 are self-supporting co ils with
4 turns each of 1mm thick copper­
ename lled wire, wound on an internal
diamet er of amm. Final ly, Ui, L7, L8
and 1.9 are etched on the PCB.

The transmitter exciter is simply tuned
for the maximu m output power. The
individua l stages arc tuned to obtain the
maximum drop of the DC voltage on Hie
base o f the next-stag e transistor.
Of course , the hasc voltage has to he
measured through a RF choke . The base
vol tage may become negative, hut
should not exceed -1V . Finally, the
crystal osci llator is tuned to the desired
freq uency with the co rres pondin g
capacitive trimmer (or 1.1 ).

4.
2360 Mllz I'SK MOIlULATOR

The circuit diagram of the 2360 MHz
I'SK modulator is shown in FigS
Except for the modulator (balanced
mixer) itself. the modu le includes the
last frequency-double r stage, bandpa ss
filters for 590 Mllz., 1180 !'v[-j /. and
2360 ['11Hz and an outpu t amp lifier stage
to boost the signallevel to about 15mW.
All of the filters and othe r frequency­
selec ti ve components arc nude as
micro-strip resonators on a t.emm thick
glas s-fibre-epoxy laminate FR4.

The input resonator (Ll ) functio ns as an
open circuit for the input frequency
(590 MHz) and as a short circuit for the
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o

Fig.6: PSK .\lodlliator rCB (double-sided 1.6mm glass-fihre-epox)', micro­
st r ip circuit with a continuous ground plane).

output frequency (I JSO :''1'111/.) or IhL'
frequency doubler. In this way the
operation of the doubler is less sensit ive
to the exact cable length and output
impedance of the exciter. Tilt: output
bandpa ss (LJ , IA. L5 and L6) should
not only sur pn:ss the inpu t frequency
{'lifO MH/ ) hut also its fourth harmon ic

(2360 MH z) that could disturb the
symmetry of balanced mixe r resulting in
an unsymmetrica l. distorted PSK.

A harmonic mixe r with antipara l1eJ
diodes is used as the I'SK modulator,
since this circui t provides a reasona ble
unwant ed car rier suppress ion (2Sd ll)
withuut any special tun ing and with oul

.
L, ~T~ - " • "'r

co: l{f I L1J ~ L(~:l

'"
'<) co: il\j ',' "", If'"

L~ mpc~I , :,.~. L, i '
,,, I,. tUlp L, t,

""
l , t;;':f),

~ "~TO, .. L, r,
'-'-'

L, I ...

""', I-,
..{o<!.i.....

: .,

Fig. i: PSK Modulator Component Overlay
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access to expensive test equ ipment
(spectrum analyser ). The harmonic
mixer uses a quad Schottky diode
BATl 4·09lJR. since four diodes provide
a higher out put s ignal level than j ust two
entlparallc l diod es.

lhc mixer is foll owed by a ban dpass
filter for 2360 Mllz (L1 J. Ll2, L IJ and
L14) to remove the 1180 M I l? driving
signal and other unwanted mixing prod­
ucts far awa y from the l I cm frequency
band. The ge nerated PSK signal at

2360 MHz does not req uire any filte ring
ih d f. Since the 2360 .\11 1/ signal level
is low, about a .3m\\'. 11 GaAsFET
amplifier Slil~C (CFY:;O ) is used to raise
the signallevel to about 15m\\!.

Tilt' PSI\. modulator is built on a
double -sided PCB with the dimensions
of aunuu x l zu nnn . Only the upper side
is shown in J'ig ,6, s ince the lower side
function s as the micro-strip groundpla uc

and is not etched . The l'Cft is made of
1,611l111 thick glass-fibre-epoxy lam inate
FR4. although this material has substa n­
ria l Rf losses at 2.36 Gllz. The coropo­
ncut location of the PSK modulator is
show n in Fig,7 for bot h sides o f the
PCB.

1\lthough IIlllSI o f the transmission lines
arc etched 0 11 the PCB. L~ . I}} and 1, 15
arc air-wound q uart er -w ave le ngth
choke s, 1.2 is a quarter-wavel ength

choke for 11lW ~\il H 7 . Ll S is a q uarter­
wav elength choke for 2360 ~11 1J: while
L9 should he a quarter-wavele ngth
som ewhe re in the m idd le (aro und
1700 ~l HZ). since it has to be effect ive
for both freque ncies .

The described PS I-:. mod ula tor can sim­
ply he tuned for the maximum o utput
signal level. Resides the 590 \l Hz

138

exciter s igna l. a d igital modulating sig­
nal is requ ired as well. The latter may
be a square wan.' of the appropr iate
fre quency or better the real digi tal
packet-radio signal. Without <lily al ign­
ment. the PSI-: modulator will already
provi de an ou tput of a few mi lliwatTs.
Af ter nny alig nment of the micro-strip

reso nator." one has to chec k the modula­
t ion signal level to find the best operat­
ing condition of the harmonic mixer.

5.
2)(,(1~III, I{F FRO:"T-F:NIl

The circuit d iagram of the 2360 \ lHz
RF front-end is shown in Fig,R. lhc RF
from-end includes lI le transmitter power
am plifi er. the receiver low-nois e pream­
pllfi er and the PI" antenna switch , l he
RF front-end is the onl y modu le includ­
ing micro-strip circuits. that is built on a
low-loss. n.Snun thick gla-s- fibrc- ! cf'lon
laminate with a dielectr ic constant of

2.5.

The circuit of the RF front-end is
simplified hy using modem s~m semi­

conductor de vices. or iginally develo ped
for cellular tele phones. T he tran smitter
pO\ver ampl ifier uses a single GaAs
tran sistor CLY2 that pro vides hoth
l~ d H gnin aud I11 m c than 500rn\\-' of
output power at the same time . Just a
few years ago. an equivalent circu it
would require three or four silicon

bipola r transistors. The CLY2 is a
low-voltage power GaAsFET that oper­
ate s <I t a drai n volt age of j ust 4 .5V.
whil e ge nerat ing its own negative gate
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IIF' front-end PCH (do uble-sided O.8mm
gta ss-Iibre-Tcrlon, micro-strip circ u it with a
con tmuous grnundplalle ).

The BA R63-03\V is built
in a standard microwave
S;'\1J) diod e package with

a low parasiti c capaci­
tance and is used as a
series switch. On the
other hand, the BAR 80
diode is built in a low
para s it ic ind uctance
pack age and is used as a
shunt switch. Both diodes
are turned on while trans­
mitting. The quarte r-
wa ve length line L7 trans ­

forms the BARSO sha n circuit into an
op en circuit for the tran smitter.

The RF front-end also includes a low­

noise receiving preamplifier to improve
the sensitivity and image rejection of the

receiver The low-nnisc preamp uses a
CF Y35 transistor, followed by' a band-

RF

o

o
:

Fi~.9 :

bias voltage by rectify ing the input
signal.

The ant enna switch includes tw o differ­
en t PIN d iodes : HAR63-03\V and
BAR80. The sem icond uctor chips of
these two d iodes are simi lar, hut the re is
an important diffe rence the pac kages.

l%(lM~h

b L"

l%ONJ.h
L,

+~tu...., "
'r'

'10,

''''' 'to
~ .y.w

l1 ~r

41 "N

'''' ."

'.T...
t ;c.0f'tHt.

UOp

-tAZVTX

"Or -tAh 'Rl(

Fig.I O: RF Front- End Component Overlay
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pass filter . The preamplifier prov ides a
ga in of abo ut 1[dB including the an­
tenna switch and output filter losses.
The bandpass lill er is required 10 ancnu­

al e the image re "'pon se a ro un d
22]() \ l H/..

The RF front-end i... built on a double­
sided Teflon PCB with the d imens ions
of -tomrn \ xnmm. Only the upper side
is shown in Fig..9, since the lower side
functions as the micro-stri p groundplane
and is not etc hed. The PCB is made of
n.Smm thic k gla ss-tlbrc-Tcflon laminate
with a d ielectric constant of 2.5. The
component location of the Rio' front -end
is shown in Fig. lf) tor both sides of the
PCH. E\cepi the printed micro-strip
lines, there are three air-wound quarter­
wavelength cho kcs for 2Joll MHz: 13 .
1.5 and I.R.

Assembling the RF front......nd, the rnos t
cr itical item is the correct groun di ng of
the microwa ve semiconductors Cl .Y2.
BA R80 and C r Y35. The C I.Y2 and the
OARRO arc grounded through drops of
solder. deposited in 2ml11 diameter holes
al the marked positions in the Teflon
laminate . Oil the grouudplanc side these
holes arc covered with small pieces or
copper sheet that also act as heat sinks
for these semiconductors. The CrY}5 is
grounded throu gh tWO leadless ceramic
disk capacitors installed in 5.50101 d iam­
eter holes at the mar ked posit ions. The
capaci tors are connec ted 10 the ground­
plane with small pieces of copper sheet
on the other side . Final ly. L6 is
ground ed with a 2.5mm wide strip of
copper foil inserted in a SIOl in the
Tenon laminate.

The tran smitter power amplifier is sim­
ply tuned for the maximum outpu t

power by adding capacity (small pieces
of copper fo il) to 1.1. Small sheets o f
copper foil can also be added in other
part s of the circuit. but their influence is
usually small when compared to L I. If
the speci fied output pm\er can not be
obtained. the cable length between the
PSI\: modulator and RF front-end needs
10 be cha nged.

The rece iving preamplifier is also tuned
for the maximum gain. but bere it is
more important to bring the bandpass
fi lter to the correct freq uency. The latter
is adjusted with Ll l, while Ll 0 only
affects the CFYJ 5 output impedance
matching. Before making any RF adjust­
ments . the DC operating p oint of the
CFY}5 has 10 he set by selecting
appropr iate sonrcc bias res istors for a
v ds of 3·4V.

(, .

RX CO ;>l VE RT Ell W ITII
I'L L 1.0

To avo id several multiplier stages the
receiving converter includes l micro ­
wave I'LL frequency synthcskcr, The
converter is built as two separate mod­
ules ttl prevent the digital part from
d isturbing the low -level analog ue cir ­
cui ts. Of course each module is shielded
on its own. The described RX converter
is der ived from a 2400 MHz SSB
converter published in [ 11.

The circ uit diagram Ill' the analogue
sec tion or the RX convener is shown in
rig. I I . The analogue section includes
the second RF amplifier stage. the
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•
•
•ea=:::J
•

•
.1
ri~.12 : I{X 1;011\er ter, a nalogue .'>('l;l ion ,'en (duuhle-skled l .emm gl ~lss­

nbrc-cpoxy, micro-strip circuit with it contmueus ~rollndl)lam')'

sub-harmonic mixer. 11K veo including
a buffer stage and the fi rsr 75 MHz [F
amplifier. The analogue circuits arc built
as micro-strip circuits Oil a 1.6m111 thick
glass-fibre-epoxy lamina te.

The main function of the second Rf
amplifier is 10 cover the notsc figure of
the harmonic mixer. The second RF

amplifier is followed b)' another band­
pass filter (U. lA, 1.5 and L6). but
unfortunately due to the high substrate
losses this filter is unable to provide any
significant rejection or the image fre­
qucncv 'II 22 10 1\11 1/.. lis main purpo~e

is to reject far-away interferences like
sub-harmonics Of eve n signals at the II­
frequency,

t)\,O I\.~ t

~A
,

•

"".Jlli, ...,.
<rT'"~tI\llL ••

,,~

. ' - . - - -.-. _. . -

,.,

Fig,13: RX Converter - Allal0l,:ue Sec tion Component Overlay

143



VHF COMMUNICATIONS 3/96
(~ - --- - --- - -----"''--===''-''''==
The harmonic mixer uses two amiparal­
lel Schottky diodes and is very similar
to the I'SK modulator. Such a mixer
requires a local oscillator at half o f the
required con version frequ ency thus sim­
pl ifyin g the design o f the PLL synthe­
sise r. The result ing IF signal is amp li­
fied immed iately to avoid all )' further
degradation of the already POOf noise
figure.

T he veo uses a micro-strip bandpass
filter (1.13. Ll4 and U 5) in the feed­
back network III ontain low phase noise.
The l un i n~ ran~e of this veo is thus
restricted to a few percent of the cent ra l
frequency. The veo is follo wed hy it

bulle r stage and part o f the buffere d
veo signal is coupled by Ltu, LI l lo
fe ed the d igita l sect ion of the I'LL.

The analogue sect ion o f the receiving
convener is buil l on a double sided PCB
with the dimen sions of 40mm x 1201ll1ll .

On ly the upper side is shown in Fig. 12.
since the lower sidc functions ,IS the
micro-strip gro uml planc and is not
etched. The PCD is made of t .e mm
thick g lass-fibre-cpoxy laminate FR4.
although [his material has substantial
losses at 2.36 ( iH,... T ile componc'l1I
location of the analogue sect ion of the
RX converter is shown In rig. 13 for
both sides of the PCB.

Although most of the tran smission lines
are etched 011 the PCB. there arc two
d iscrete inductors in th is modu le. L2 is a
wire loop with a 2mrn internal d iameter
made of O.6m m thick silver-plated cop­
per wire. 12 may need adj ustments
during the alig nment o f the complete
transce iver. U: is a quarter-wavelen gth
choke aro und 170 0 MHz to be effect ive
for both the RF and LO freq uencies.

Most of the RF active device s (BFR90.
BI-' R9 1 and HAlOS) are installed in
emm diameter holes in the PCB, These
holes are afterwar ds covered on the
gro undplanc side by soldering small
pieces of copper foi l. The same Insral!a­
tion procedure also appl ies to the 1\\0

-1 70pF source bypass capacitors for the
CFY30 transistor. The correspo nding
source bias resistors are adju sted for a
vds of 3··W ,

The alignme nt of the analogue sect ion
sho uld start with bringing the VCO 10
the des ired frequency range hy ;tdju sling
1.14. Th is is don e easily if the PLI. is
already operating. L1-1 usua lly n...·cds 10
be made slight ly longer to ob tain a 2.5V
1'1.1. cont rol voltage ill the locked
condition. Then L7 is adjusted IIII' the
maximum mixer conversion gain and
finally 1.-1 and L5 may need some small
adjustments . Ll and L2 should be
adju sted to match the KF front-end . If
the second RF stage (,",\' 30) is setf­
osci llating. the 1.2 wire loop has 10 be
made short er

An alternative solution is 10 replace the
CFV30 fi aAsl-ET with the silicon
M\ lIC INA-03 18-1 . The laucr has a
higher no ise figure but offers more gain
and docs not self osci llate. when using
tile 1'\:1\-03184, L2 has 10 he replaced
with a 6.RpF capac itor. the output bias
resistor has to be increased from 470n
lip to 6ROn and the so urce bypass
capacitors and bias resistors arc no
longer required. since the two INA-0318
-I com mon pins can he grou nded in a
straightforw ard way.

The circuit diag ram of PLL section of
the RX converter is shown in Fig.14.
The PLL includes the ,/64 prcscalcr
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"·ij!;.IS: HX conve rter, I' LL rcu (stngtc-srdcc
0.8111111 glllss-l1hrc-cp o\)')

VHF COMMUNICATIONS 3196

fu nd ame nta l re son an ce .
Due to the wide tole rances
of CO crysta ls eith er a
capac itive trimmer or a
series inductor LJ may be
req uired 10 bring the crys­
ta l to the desired fre­
quency. For operation at
2360 ~ I Hz. the best choice
I S a cryst a l f o r
26. 770 \ l Hz (en channel
22 RX ),

(U664), the reference crystal osc illator
at about S .l ) MHz , two additiona l divid ­
crs (II C N ] ) and the freq uenc y/pha se
comparator (He l l and I ICOO). The PI. L
module has its own 5V supply voltage
regu lator 7xn5.

T he above ment ioned I' LL is intended
to replace a cha in of frequency muhipfi­
e r~. r 'ht: re forc it docs not con ta in vari­
able modu lo dividers . The multiplication
ratio is fixed 10 12S (256 when cons id­
ering the harmonic mixer] and the
crys tal frequency has 10 be selected
accord ing 10 the desired RF chann el. In
the freq uenc y range around K.9 \ lI IL. il

" e ll" cry stal ca n usually be used on its

Fhc frequenc y/phase comparato r drives
a charge-pump output network. The
correct ope ration (If such comparators is
limited III IlIw frequenc ies. Therefore
bot h the veo and reference signul-,
have to be divided do wn to about
2 .2 \ 11 17 when using 7411C logic in the
Frequency/phase com parato r. Fast
(Scho ttky} diode s BAl47 arc required
in the cha rge-pump networ k to avoid
backl ash prob lems that saiously dcterio­
rate the phase noi se of the freq uency
syn thesi-cr.

The I' LL is huilt on a single-side d PCB
with the dimensions o r -rumrn x SOmm.
as shown in Fig. 15. The PCR is made o f

+ t1V

1. 0

Fig.16 : RX Converter. PI-I. Component Over ley
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O.8mm thick glass-fibre-epoxy laminate.
The corresponding component location
is shown in Fig.16. The on ly compo nent
installed below the PCB is the I uH
choke on the output.

The only adjus tment o f the PLL is 10

brtng the crystal oscillator to the re-

quired frequency. The PLL lock test
point is not brought out o f the shielding
enclosure since it is only required during
the adjustment of the I'LL.

To be continued
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Denys Roussel, '-'6{WF

An Ultra Low-Cost HF SSB/CW
Transceiver with 20W Output,
an AGC Meter, S-Meter and
Audio Filters

Part-2

6.7 C W lJnilllud RXrrX Swilching 6.1.2 HXnX .'iwitchin=.:

6.7.1 C W unit :

On modern sets. the transceiver auto­
matically switches to transmit when the
key is down. On this small transceiver,
this function and wave generation must
be realised <It lowest cusr.

A solution is 10 usc trigger gates. A
CMOS 409) will provide I(JUT oscula ­
tors OT monosrables. One of two gated
monosrablcs is used for the CW delay,
set by PI OO I. lh c other monostable (Ie
100 1B) acts at power ON to prevent
unwanted TX switching.

Ie IODIC gives the CW AF wave. The
frequency must be adjus ted exact ly to
the centre of the receive filter by P I002
(better deviation on the S-Meter/Power
indicator level). PI 003 sets the CW
power level.

The most simple method would have
been 10 usc the PU inverter switch with
a 4-wire microphone cord. as is used on
low cost ell equipment. It is possible.
but gives no sound when the mike is
disconnected.

I preferred to add two transistors T110 1
and T I \02 10 generate +l X and IRX
supplies. 1.1 101 is an interferences can­
celling inductor. Its role is to block the
local oscillator from leaking onto the
AC lines, causing common 1Il0<Ie Rf
hum.

. 6.8 Flit" and Pow" Amplifier

6.8.1 nand Pa ss Filter:

The band pass filter protects the mixer
from unwanted signals. On 40 meters it
is very difficult to protect the mixer
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because of the proximity of broadcast
stations. The best approach should be (If

course a filter which starts at 7.00 MHI
and stops at 7. JO!

Th is component almost exists. Fo r d irect
subcarri er demodulation in satell ite rc­
ceivers. ML'RATA designed a ceramic
fille r at 7.0:! Mllz. Thi s filter is not
convenien t alone. but when it is framed
by two IOOpf capacito rs. the bandwidth
achieves 7. 1 ~1II :l.

Losses arc a little bit higher but the

efficiency on broadcast signal reject ion
i... without equivalent.

.\ lest on five sample ti tters showed a
slo p frequency between 7.0QO t\IHz to

7.1 15 '1Hz (-:::!dB .~' 7. 1 \ IHz) and
insertion losses between -1.5 to 7 d u .
These losses an: still compatible \\ ith
usc on the lower !I F bands. In compari­
son with a two-cell cu i! BPF thi·; filter
exhibits a rejection of more ~~dH at 7.2
\1117 aga inst onlv IdB for the standard
one. moreover there is no luning.

Freq uency Response of
t he 7.02 ' ti lL Ce ra mic
Filter fr am ed h~ 100pF
Capacitors.

Marker = 7.2 .\ I HI

Frequency Respon se of a
sta ndard T\\ll Cd " Coil
Filter

\ Ia r l.t'r :: 7.2 'Uh:
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6.8.2 The Powe r Amplifier

A pow er of 20W is already qu ite
expensive. To achieve it two l OW
trans istors are requ ired wh ich cost or the
order of app. £7.00 each. This price is
not compatible with the large! price of
the transceiver.

Atter severa l weekends of experimenting
with power FET switches. J reverted to
bipol ar tran sistors. Power switching:
MOS dev ices are not very stable in
push-pu ll configurations and requi re 24
volt s to prov ide a good power output.

I used a principle describe d hy Mr
h .JAMET (FIllA E) 10 years ago. The
design uses several low cost transistors
wired in parallel. lhe cost decreases
be low £3.00!

devices in push-pull. The RF power
level was measured at 32W on 80l\t
26W on 40 and 21\V on 20M with a
13V supp ly. The effic iency is abou t
50'};:' and the linear ity is good.

6.8 .3 Low -Pass Finer and A LC

To keep harmonics to an acceptable
leve l a two-ce ll low pass filter is
necessary . To save money. cores arc
rep laced by a sect ion of PVC plumb ing
I'v e p ipe.

The ALe detection is very simple but
seems sufficie nt. P701 is set to limit
output power to 20 \\-' .

lhe input power is about n.s to lm\V.
For a 20 W output. the nec essary gain is
nearly 46d B. 13 D 135 devices are capa ­
hie of 10 to 12dO and the pre-driver
shoul d amplif y by 23 to 26d B. To
achieve this gain a 2N5109 is used in
the PA inpu t as the pre-driver. Thi s
tra nsistor is expen sive . b ut has a impor­
tant gain at I IF and is very linear. L601 ,
e60l , R60 I and C603 compensate for
the slope oftho drive r and PA stages.

All stages arc polarised by a 5V
regulator to prevent bias change with
supply voltage. Ther e is a sep ara te
rem ote c ircu it to apply bias in IX
operation.

The driver stage is a BD l3 5 push pull
to reduce harmonics. The power at
TR602 output is about 3 to 4 W. The
ante nna relay is a standard one rated for
2A switchi ng.

The PA is made up from ten 80135

7.
PROTOTYP E I'ERFORM­
A:-ICE

7. 1 Receiver Performance

- Unwanted side band rejection: The
side band rej ection at I kHz on i 050
kl lz was meas ured at S2dB after
opt imisation orthe AF frequen cy . On
the ent ire 7 MHz band and from 300
to 3000 Hz. the unwa nted side band
rejection was better than 45dB.

- AM sensitiviry.: The AM sensitivity
is about IOmV with preamp orr.

- lutermodulation performance: Xor
measured. According to mixer test­
ing, the th ird order input intercept
point should be near 30dBm of input
(22dBm with 3dB loss in splitt er and
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Phnllll!: r llph of t he ..t il/Slim Prototy pe

6llB l{l ~s in the band pass filte r]. I
know that it is very high. but il see m'>
to be the case.

- Noise figure: The noise figure was
measured at ~7d8 without the I{ F
pr..:amp and 16d13 with preamp (J
kl -lz H\V ). It is not good hUI suffi­
cient on the lower I IF hands. On 14
Mllz a low loss band pass filter

- ( 1.5d I1) should be used to reduce the
xolse Figure 10 a usable level.

- A( iC efficiency: The AGe act ion
starts 10 work 011 a sig na l of S7 and
kee p the aud io level at - 6dB to near
S9 1-50 dB .

- Selectivity: SSB Wid e : 350 to 2800
liz at -6d 8 ; SSG \ aITOW : 350 to

1700 Ib: at -6d H; C ,""' 540 to 770

Hz at · 6dB .

- l\ F output: 2\V into g Oh ms at 13 V
power supply.

- Cons umpt ion: <200mA at \J V
power supply.

7.2 Tran smitter performa nces:

- Carrier supprc '>silln: about 35d B at

20W 0 111pUI

- Unwant ed side band reject ion: 30 tn
32d B at 20W output (the optimum
phase setting is diffe rent from in
receive moue)

1M3: Belter than 30dB at 20W out­

P"'
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- lI armonic suppression: Better than
40dB at 20W out put

- Output power: >20W at l3V power
supply.

~ Consumption: <5A at 13V powe r
suppl y.

7.3 Impression s ill usc-

In usc this transceiver behaves like a
filter one. Practic ally. opposite side­
hand stations arc completely eliminated
by the phasing process. In fact, with
4 5dB of rejection, opposite side bands
arc present on very strong stations but
cov ered by ()R.M or band noise.

The most impress ive feature of this
rece iver is that it is com pletely free of
noise when the antenna is disconnected.
T here is no transtnod ulatiuu. even with a
norma l antenna (d ipole) on 40 me ter s in
the evening.

quit e low enough , but at 20W output.
the level is only IOm\V, which is not
detectable under normal condi tions.
There is no S\VR detection to protect
the Pi\, but I did not meet any problem
on th is side yet.

I have been using a dua l band (80,AO)
version of this transceiver for the past 5
month now, and I have made about 500
QSOs (43 DXCC) mostly on 40m, using
a 3 met er whip on a balcony.

s.
PRI CE CA LC lJLATl OI\ S

I)lIal Mtxer

12 x Ferrite Bead, 2 \ 1KT Ca pacitor. 2
x I,CC Capacitor. 16 x 1:\ ,1 1,18. 2 x
25V Capaci tor, 3 x 0.25W Resiste r:
Total 11 .65 F.

The A(JC on AF reminds me of the
AT LAS 2 10. It is impossible when
listening to detect that the gai n control
<lets on the AI' leve l. In case of QRM
the narrow position is effici ent.

In C\\". the phasing pr inciple starts to
cancel the unv....anted side ban d at "Ollz".
With a transceiver only equipp ed with a
SSB filter, the opposite C W side hand is
not eliminated . Thanks to the C \V filter.
stations are selected very easily. The
transmi t frequency is exac tly the same
as the received one. , it is j ust necessary
to push the key down to establ ish
contacts .

In transmitting, the modulation is j udged
good on the air as well as the CW note.
The side band rejection is not really

I~ F Btdlrccttona t Prea mp

9 x Ferr ite Head, 12 x Ceram ic Disc
Capacitor, 1 x I3 FR9 1, 5 x E3 A~44. 7 x
0.25W Resistor : Total 17.75 F.

AF' Preamp:

2 x n C549c, 6 x I3CnS I3. 1 x Pot. :2 x
l N4 148. 8 x 25V Cap acitor. 17 x
O.25 W Resistor: 12.75 F.

VFa & }u: Phase Shifter

3 x Ferrite Bead . 4 x ":\ PO Capac itor.
x J3 ]0, 1 x I3C238 13. 1 x 25\1 Capac i­
tor , 9 x 0,25 \V Resistor. 1 x Tan talum
Capa citor, 1 x Var iable Capacitor, 3 x
Lec Capaci tor, 1 x Cera mic Capacitor.
1 x v ro Coil. I x 74FOO. 1 x 74F74:
Total 38.15 F.
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AF Pha st' Shifte r

2 x (D405J , 2 x TLU74, [ x Pol. 4 25V
Capacitor, S x 0 .25W Resistor, fl x l.e e
Capacitor, 6 MKII Capacitor, 18 1%
Metal Film Resistor: Total 32.80 F.

AF Section

I \ ( 1)4066. I x TL0 74. 2 x Trimmer
1'(11. 12 x 25V Capacitor. 12 x Lee
Capacitor, I x MKT Capacitor, 5 x
Ceramic Capacitor, 43 x 0.251,1,1 Resis­
tor, I x PoT, I x S-Metcr, 6 x 1N4 14X, 2

x Switch. 7 x BC23RB , I x IlC549C, I
x RC558B, I x Tll AR20M, I x IW
Loud Speaker, I x Zener Diode: Total
94.45 F.

C W Ovclllator

2 x U: C Capacitor, 2 x BC23SB, 3 x
Trim mer Pot. t x IN·1l 4R. 4 x 25V
Capac itor. 6 x O.25 W Resistor, I x
Ceramic Capacitor , I x C 1>4093. I x
('DolO I I : Total lJ .QO r.
Rx rrx Sw i j rhin~

I x Lc e Capacitor. I x 13C55RB, I x
BD 136, I x IN414 8, I x ferri te Core , 3
x O.l SW Resistor. 1 x Ceramic Disc
Capacitor, [ x ON/OFF Switch: Total
12 .45 F.

RF !land-Pass r iller

3 x Ferrite Bead. 4 x Ceramic Disc
Capacitor. 2 x 131\244 , 5 x 0 .25\\1
Resistor, I x Switch, I x 7.02 MHz
Ceramic Filter: Tolal 12.45 F.

Low- Pass Fille r and ALe

2 x PVC Pipe Sections, 3 x Ceramic
Capacitor. 2 x Ceramic Disc Capacitor,
2 x I N4 148. 2 x O.25W Resistor. 1 x
25V Capacitor. I Trimmer 1'01: Tnta l
7.10 F.

20W Power Amplifier

10 x Ferrite Bead, S x Ceramic Disc
Capacito r, S x LCe Capacitor. 2 x 25V

Capacuor , I x 16V Capacitor. I x 40V

Capacitor. I x IN-11 47. 2 x I'H 007, 2.7
x U.25W Resistor . 2 \ 2W re.is ror, I x
llC238B. I \ BC558H. I x 2N5 109, 12

x ll 0 135. I x Trimmer POI, 1 \ 7805. I
x 4C65 X\1 4\X Twin Bead . 2 x
25\8\ 14 Ferrite Tube, I 12V/:!A Relay:
Total Xl ..l) F.

9.
COI'\CLIJSION ANII
AC KNOW I.EIlGE:lIEI\TS

A prototy pe is now working and the
price of 1>\1 100 was not so crazy. The
rota! ccmpo nenr price reached 335.80
FRF or about OM tJ6 (app. £45). The
rema ining. 4 DM tor the PCB and
aluminium plate for the box. It is just a
first proto type wired up in 3 tin plate
box and important work is still ncccs­
sary to describe the construction of this
set.

Development must he managed now
with reproducibility the aim. a multi­
band feature and improvement of trans­
mit performance and noise figure.

This design was registered and pro­
tected. commercial lise of parts or
totality is subjec t to international rights.

I would like 10 thanks Messers Rohde.
ramer, Oppelt. Campbell, Jtnnm n, Ham­
ilton, DeMaw, and many others lor their
fine article s. Mr Poirrier from SAGEM
for 7.02 Mll z filte r samples. Rene,
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F1XR for fcrri tcs, and my friends F9 PT,
F6AWN and FoCTQ for their help,
on-air trans ceiver testing and patience.
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Delle! Burchard. Diol-Ing., Bar f.U 26. Nairobi. Keny a

Active Reception Antennas
Observations, Calculations and
Experiments

Part-2 (Conclusion)

9.
~IEASIJI{EME:"TS U:" IlEI{
OP ERATING CONDITIONS

On the workbench. it could already be
established tha t numerous stations could
be heard on all short-wa ve hands. For
comparison with the groundplanc an­
tenna recommended in (2). however. the
capacitive broad-band active antenna
had to be on the roof. T here was already

a mast ar an appropriate place on the
roo f of tile house (Fig.I S). at which a
disconc antenna had been mounted up
till then. The height of rhc two antenna
heads was then the same - 7m above the
grou nd. The expected Improvement in
reception did not materialise. The short­
wave range was cram med with inter­
modulation products.

When an oSl,; i1Io~CIlJX' was connected
using a 50n through coupler. this soon
made it clear that medium -wave rrans-

"", '
•
~

I

Burc ha rd

Fig.I S:
Configura tion o f Active An tenna
AA on Ihe House It nof a t the sa me
Heighl a s Ground Plan e Antenna
GP, which is otherwise used fur
Short-wave Reception
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Fig. 19:
Reception of two nearby
Medium-Wave Transmitters led
initially to Saturation. The
Image was obtained fo!lowin g
Remedia l M easur es which are
described in the text:

left) Original Photo from
Oscil lograph Screen

below) Ha rdcopy drawn from
Negative

Y: 0.2 v-nv, X:I ps/tlh'

- :--­

I
mittc rs wen: causi ng saturat ion. This
could only he the two !OO l..:\\" stations in
Nairobi, which arc II and 17km respec­
t ively from the reception point and
working at 6 [2 and 747 kHz. The tota l
voltage generated by them was much
higher than the maximum swing of the
act ive antenna outp ut. It was estimated
that they de livered a field strength or
approximately 500rnV!m.

What I have done now 10 remedy the
situation is to reduce the input resistance
of the amp lifier. IOkO fixed resistance,
together with an antenna capaci tance of
5pF, g ives high-pass behaviour, with a
limiting frequency' of 3.2 MHz. The
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interfering medium-wave transmitters
are damped by more than l 2dB, "....hilst
there is scarcely any impairment in the
short-wave HInge. The oscillogram in
h g.19 shows that this was the right
thing to do. The curved trace, now
unlimited, looks like a heat effect,
because the two transmitters are re­
ceived at about the same field strength.
Short-wave transmitters produce the
small ripples on the curve. The reason
they are so small, although two 250kW
stations are operating 39km away, is
because their ground waves sutfe r con­
siderahly more attenuat ion than those of
the medium-wave transm itters.



"

The qua lity o r the sc reen photo leaves
something 10 be des ired. This is due [0

the fact thai once again I was up against
the limits Ill' my capabilities. A writing
speed of ~O - 30km:s is the bestthat (an
be obtained with the oscilloscope
(f = SO Ml tz, UB = IOkV). the film
used H OOAS;\), and the maximum local
aperture ( \ 1' the cam era (2.8), 50 km/s is
what was needed here . TIK' hard copy
drawn in the dark room. based on the
enlarged negative. may be caster to read
but docs not rep roduce all the deta ils
fait hfully.

Experiments co uld now he carried out 10
determine the degree o f influence ex­
erred by the lOP capacity and the ground
plate. The result can he seen in Fig.10.
A calibration sta ircase tor the rectified
vol tage in equivalent input power can be
seen on the right. to give some idea of
the strt:ngth of rece ption . Exce pt for the
start and saturation periods. the gradient
is 1.8 dB 'dl\ . Remember that the dfhn
read ing refer s to the power receive d by
the 5l Q resistance in Fig. IS. It would
be more correct. in physical terms, to

have a ~l V sca le or, eVL'I\ bette r, a ILV.'m
scale . Both can be obtained through
simple co nversion. but this is not some­
th ing we are concerned with here.

On the basis of mmsmissions being
received from three transrnlne rs in di f­
ferent frequ ency bands. at different
distances and in different d irections, it is
unambiguously clear that neither the top
capacity nor the ground plate have any
mea surable influence on the reception
voltage , 't he Voice of Ger many trans­
mitter from whic h trans missions were
received in the 19m band is in Sri
Lanka. 5700km East of here. Radio

Moscow. broadcas ting in the 13m band .
is 7:!OOkm 10 the North. Finally. the
Kenya Broadcasting Corporation' s trans­
miller. from which tranxmisvions were
received in the 4111 band. is one o f UlO->C
250k W transrmncrs already mentioned
which arc 3Qkm away. This sta tion
certaint y has the best reception quality.
because the ground wave arrive, withou t
any selective fading. but it has the
greates t fading depth o f 45dB. The
stress on the AGe is considerable, and
the use of logarithmic demod ulation in
the following recei ver . which is here
wired lip downstream, gives an audible
advantage (s imply because nothing 1.' <1 11

be heard of the ·ISdn signal fluctua­

t ionl].

At the tunc or the day in question. the
other two transmitters can be rece ived
rather well (TIle Voice of Germany) and
rathe r badly (Ra dio Moscow). The fad­
ing depth for each of them \',as only
about :tOdB.

A few hours later . a cmupar son wa-,

made be tween the gWll11U plane and the
active anten na. The result can he seen in
Fig.21 . The Voice of Germany is now
bein g received rather more strongly. but
inter -modulations can be head in the
field strength troughs. The grornd plane
certainly supplies 16.5 d B volts less 011

average. so that noise can he hear d in
the field strength tro ughs. hut no inter­

modul at ion products o f any kind can be
heard. The y may he covered by no ise .

T ile reception of Radio Mosco',\,- at this
time is poo r with both antennae. Fre ­
quent disappearance in noise when the
grou nd plane is used can he compared
with frequent disappearance in chirp ing
and external modulations with the active
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1. Z.

.. "..•-. '~ - I I
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'i' 1~n(H1"
'Ra.dio U jlU1 d Q
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1. Z

t - -D.-Bu rcha rd . -
,
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" '.," . 'L.

Fig.21: Record ing (If Rectified Voltage for Reception of Various Transmitt ers
with Ground Plane (1) an d Active Ante nna (2) ustng a Conrlg urauon as
per Fig.18
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antenna. The mean level difference is
on ly IO.5d B. and it can be assumed that
at the top end of the short-wave range,
where the ground p lane comes into
resonance, the le..'cl diffe rence ""ill be
ra ther smal l.

S ince in the meanwhile the Kenya
Broadca...mng Corporation had switched
ove r 10 the midday siesta. Radio Uganda
(550km west-North-West of here) " a,>
00\\ received in the same band. k ecep­

lion with the active antenna was reason­
ably good and with the ground plane it
was rather poo r. The level difference
had increased 10 18.5dB . In none or the
three cases was the gain i ll reception
q ua lity as great as the level difference
between the gro und plane and the act i...c
an tenna would lead us to expect. The re
is little exte rnal noise. at this lillie of
day at least. It "as thus clear that it is
"(It the internal noise which determines
the lowest level of recep tion. hut the
dre gs from all ptMible inter-modu la­
no ns. At night. " hen the ex ternal inter­
terence is consid...'rahly grea ter. there are
even situations in which the gro und
plane is superior.

10.
SUM MARY

Experience with the medium-wave trans­
mitter s sho ws that the requ irement for a
compatib ility of IVlm field strength is
in no way exaggerated. In Ce ntral
Europe, it will possibly be necessary 10

lay down even highe r values. But even
the IVlm means that the amplifier

ou tput must be capable of dc lb eting up
to H1Vpp into 500. which corres ponds
to 25mW ( ' :!.JJHm). The current con­
sumption wou ld go up conviderably . to
an es t imated 150mA.

The ' \ 1 suppression would have to he
increased to I:!OdH. If \Hll1. ls being
ca rried our with a band width sma ller
than 7 - 10 kllz. 11l1.·n the demands are
even greater' Th...• active ant c-nna de­
scribed here is ..till 33d B sho rt of
1201.1B . Naturally. the cbaract ensucs of
the subsequent rc-ccivcr would also have
10 be better. which might scarce ly be
possible using broad -band conce pts . We
know from spectrum nnalywrs that there
see m" to be i t sound barr ier <I I " 100JB
on the scrccn", even if it is only ;I maile r
of cost. So onc e again we must thin k

abou t pre-selection . or at lea"t sub­
octave band-pass filters . The further
forward they arc mounted in the ,ignJI
path, the better they will \\ IIn.. . And for
th is reason J red uced input resistance of
the act ive an tenna is better thdn a really
great filter attcr it.

Th"SC' problems can be dimilli,hcd b~

using a shorter anten na rod . Ihe signal
voltage i, then reduced and the interna l
noise is increased. because the Zq. lr
ntlisc increases.

The rod can also be given a capacitiv e
load . Tbis also reduces the signal volt­
age and the internal noise too. because
the Zq decreases, even if 110 1 10 the same
extent as the signal. Capacitive loading
is equivalent 10 the omis sion of the Ce
compensation . We can nn longer talk of
the "harmful" input capacitance . /\ de­
sign without compensation. such a s L5].
must not be disa dva ntageo us in opera­
tion.
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Fina lly, it appears from the external
noise beha viour shown in Fig.5 that for
shorter rod ante nnas are sufficient at low
fr equencies . Instead of shortening, we
can impose an Ohmic load on a suffi­
c iently long rod for the short-w ave
range (0.5m). If the exte rnal no ise is
greater than 500~LV at 20 kllz, but the
internal no ise is less than 2~lV . then a
load may be imposed such that the input
volt age falls to 1/250. The rod could be
given a 6kD load, ,....h ieh is very ncar to

the IOkn which [ used to reduc e the
voltage of the medium-wave transmitter.

What comes out of this in the end is that
the amplifier input need not be capaci­
tance-free or particularly high-Ohmic for
the purposes of reception . Hut both
conditions must be fulfilled if the aim is
to measure field strengths, for which a
constant conv ersion [actor is requi red,
irrespect ive of the frequen cy. The c ircuit
given in [JJ fulfils its purpose. s ince the
input capac itance there is very low and
the frequ ency range of the amplifier is
very wide.

The top ca pacit y and the ground plate
have no influen ce nn the reception
volta ge, and only a slight influence 0 11

the internal noise. due to the fact that
they incr ease the capacity. It is better to
leave them aside completely.

Apart from <I small glow lamp with an
ignition voltage of 70V, no meas ures
were take n he re in th e amplifier to drain
<lny over-voltage on the antenna co nduc ­
tor. True, when operations commenced
it was not <It <I ll clear whether a
serviceable act ive antenna wou ld even
be ob tained. And even now 1 am not at
all sure that I want to have one. To my
knowledge only such antenna of this

ty pe are secure against a direct light ning
strike that have dire ctly earth ed antenna
con ductors. Such constructions arc used
in pass ive antennae. And then. I live in
an area which has consi derably fewer
thunderstorms than my prev ious home in
Germany. I would have to wai t a very
long time fo r some lightning, or set up a
high-voltage laborato ry. There is a light­
ning research institute on San Salvatore
ncar Lake Lugano in Switz erland. Per­
haps a radio ham [rom Switzerland can
get some informat ion f rom them on how
to "harden" ampl ifiers with a I'EI'
input?

Perhaps to end with I should again refer
to something which has been known for
a very long time. i.e. that an tennae with
restricted band widths also have their
adv antages . Th ey kee p out signals from
outsid e the band , and thus reduce the
possib ilit ies of inter -modulation quite
considerably.
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Wo(fgang Schneider, DJ 8 ES

VHF, UHF and SHF Measuring
Methods Using a PC

Part 1: Essentials of Control
Using the PC's Centronics Port

Developing VHF, UHF and SHF
ml'3suring methods is an ambitious
goal. Rad io amateurs can s i lll p l ~" not
do without mea suring methods non,
in connection with build ing th eir own
equipment o r CHn opera ting their
own radio systems. Ohtainin g the
a ppa rat us requ ired for this is not
a lways simple, and is certainly not
a lways inexpensive.

1.
ll'iTRODliCTlON

There are particularly interesting possi­
bilities for DIY work in the area of
measuring methods. Numerous different
publications in the relevant amateur
radio literature support this opinion.
Wh ether it' s a test transmitter, a milli­
watt metre or even a spectrum analyser ­
as Robert Lentz, DL3WR, once wrote in
VIIF Communications - "state of the art

technology comes to DIY assembly" ,

All these devices have one thing in
common, they should he usable over as
wide a range as possible. But it is not
sufficient for the milliwatt metre to
function well at 23cm alone, It must
give readings which an: j ust as precise
in the short-wave range, at 2m or "Ocm.

And it's precisely here, when »c come
to deal with wide-hand linear operat ion,
that the problems really begin. The
computer can help us here to a really
miraculous extent. Linear isation of tun­
ing characteristics in the test transmitter,
automatic calibration of the \....aumcrer,
zero offset compensation, etc" The list
of possibilities is virtually endless.

Specifically, this series or articles will
deal with the themes of input and output
units lor Centronics interfaces, mW
meters, frequency synthcsisers, and a
computer-controlled measuring position,
with additional options for a wobbler
and a spectrum analyser.
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If the computer is to take over co ntro l
functions, it must be able to communi­
ca te with the outside world. fhar s what
interfaces are for.

Now y Oll can find virtually everything in
the PC line which is nvailahlc Oil the
market.

However . before this universa l measur ­
ing pos itio n comes intu being, the
principles must be s.cl nut fi rst. Th is
app li..-s. in part icular. to the d igita l
wor ld of the personal coenpcter . Corn­
putcrs can now he: found in the shacks
o f the major ity of rad io amateurs . To
start with. we used the C6·1 or I.X RI for
applic ations which were still " relatively

limited".

OTAOlIE

00

••
D2

os....
DO.,
AC ......

..,OY

PE
BLeT
FF

, .

•
••
~•

RESET

ERROR

GROUND

erer IN

DJ 8 ES

2. 1. Pli rdUd Interfaces

Any commercia lly availabl ... !"C has at
least ooe pamllcl imcrfacc as per the
Centronics norm as It standard feature,
10 which rhc primer is connectcd . bUI
this interface can do much more!

The data traffic between the PC and the
printe r is carried O1l through a minimum
of 8 data circuit s and 4 cont rol circ uits .

When data arc transmitted, the transmit­
ter sends the data ucm on circuits nil tu
D7 and chec k.. whether the subscriber is
ready tn recei ve data (HUSY) ,

As soo n 3., I~ BUSY circuit accepts a
logic O. the transmitter generates a
STROBE signal (br iefly, a logic I) and
enters the informat ion into ihe pcriph­
eraL

The printe r ackrllm kdy;e, u..ill~ the
ACKNLG signal (ACK NOWI.I .lXiE).

The PE circu it WAI' U( Er.. W I'Y) s ig~

nels thai the printer has run 0111 of

paper.

These four con trol circ uits are all that is
needed for data transmission.

Many printe rs have addilional ' contro l
options. I shall not be gning illhl these
additional options in grea ter dctai l here
and now, But they arc included in Fig. l,
for the sake of completeness.

FiU,I : P in· Assiunmt'n t for a
36- llin-Cl'nlrollie Co nnec to r
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Fig.2: Driver Circuit for Driving
Switc hing Stages

2.2. Co ntro l using the Centronics
Interrace

The circuits referred to above can be
used as follows in control tech nology:

DO to 0 7 as exi t

ST ROB E as haudovcr signal

ACKNLG, BUSY, 1'1-: as entry

All circuits on the Centronic s interface
ope rate at trans istor transis tor logic
level. Switching stages, transducers. etc.
can he connected up directly here. Due
to the fact that the switchabte power is

on ly "low", drivers (c.g. 74 LS244 Of

LS245) sho uld he looped in. They
pro vide multiple amplification for the
switching current .

To wire up lamps. motors, etc.. relay's
must sometimes be inserted into the
circuits . O ptoelectronic couplers are
used here too, for de-coupling, and so
arc elect ronic load relays.

De-coupling an he reco mmended, espe­

cially for appli cations using supp ly
vol tage (or at higher volta ges). Fig.::?:
shows simple driver cir cuits tor driving

switching stages .

2.3. Adapter Ca rds for Experiments

A simple and eas ily monitorahle adapter
ca rd is useful tor the first pract ical te sts.

lh c circu it is shown in Fig.3 . It includ es
the bus driver for the output circuits DO
to 1)7 and, as an updated sta tus d isp lay
for a ll circuits , LED's o r various co l­
ours .

With th is adapter card, we can "sec"
whaf s going on in fro nt of us (FigA).
Fig.5 shows th e com ponent s plan to r the
double-sided printed circuit board .

Fig.3:
The Ce nt ron ics
Adapter Card
Fully Asse mbled
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Fi~A : Centronics Ada ptt'r Card Circuit: sctminstette -: In terface
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Fi~.5 :

Components Plan of
Adapter Card

Gelb == Yellow;
(,',,111 = Green;
Rill = Red:
.,tllschlujJ = Connectio n
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Fig.6: Allocation of Cont rol Signals
to cor responding Register

3.
ACT lIATI:'IG THE Il"TER·
FACE

The PC must be appropr iately pro­
grammed so that it can comm unicate
with the outside world.

The logic addressees) of the built-in
Centronics interface in the computer
is/are important in this context. This
is/these arc dependent on the hardware
configuration :

278h - 27ah

378h - 37Ah or

3BCh - 3BEh

In each case, the first address - 27Sh.
378h or 3BCh (vh' signifies "option" in
hexadecimal) - actuates the data register
of the parallel interface. Data can be
entered into this B-bir register by the
computer , to be output to the external
equi pment.

DO - Pin-2

D! - Pin-3

up to

D7 • Pin-e

The second address in each case - 279h,
379h or 3BDh - actuates the so-called
status register of the interface. Special
replies from the printer arc depos ited in
this register, \,...hen ACKNOWLEDGE is

•

0 ,
0 ,
0 ,
0 ,
0 ,
0,
0 ,
0 ,
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AIm> FErn
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Fig.7: Register as O utput for 4 Data Items, each 8 Bits long
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D.
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D.

DJ 8 ES

...·il!.R: Output Unit o rga niwd as 16 \. 4 ni b

there on hit 6 (pin- Hl]. BUSY 011 bit 7
(pin-Il ) and PA PLR END Oil bit 5
(pin-l 2). The thi rd address in each case
- 27Ah. 37Ah or 3HEh - actuates the
control register of the interface . Here we
find the ST R.O HE signal on bit ()
(pin- ! ).

N. B.: The STROBE signal is output III

invert ed form For example, if it is
desired to output a " I" 011 the STROBE
circu it, a "0" must be entered ill hit O!
Various other circuits arc a lso inverted!
The s ignals are correspondingly idcnti­
fled.

Fig.6 shows the allocat ion of all control
signals to the various registers. For
example. here we have the con tents for
the addre sses 378h. 37% and 37Ah. lhe
boxes show the rele vant pins of the
J(j.p i n ~Cen trollics connector

3. 1. Tesl I'rugram in IJ,t,SIC

A simple Hnsic program checks the
funct ioning of the adapter card . As a
First step, a running light is programmed
for the output circuits. so that the
STROBl : Fl ashes. The three input cir-

1 2 3 ••• .. 17 1e" ...

11U~

~74150 , 74150
1

~rr1
I ~J I

• I
~

• I I•

enw
co

d

o,

••••••••
Fig.9: Circuit Proposal for 32-bit Input into Time 'I ult iplex
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Fi~.IO : 32·hil Input l;nil
3.2. Output functions

Merely observing: flashing LEn·s is ab o
nor satisfac tory in the long run.

_._.~-~--

I

Fi~.ll:

Exper imenta l
Setup for 32·bit
Input Unit
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It cert ainly looks nice. but my PC is
supposed to be controlling something:
For the PC to be able 10 tak e over this
contro l function, it has to "talk" to the
world beyond itself. This leads us
directly to one of the most important
aspects of the interface, namely the
inputt ing and outputt ing o f data.

The simplest case (x-bit output) call be
co vered by the Centronics inter face
immed iately and without any expansion
of any kind. If applicable. ST ROBE can
be used, in addition to the 8 bits ])0 to
0 7, as an intercha nge signa l tor periph­
era ls.

100 REM output
[ 10 REM data
120 OUT 888. I)ATA
130 REM STROBE signa l
140 OUT 890,0
150 OUT 890. 1

A further interesting output option can
be implemented in an easily monitorab le
way using. 4 x 8 bits. In addition to
STROBE. the circ uit shown in Fig.7
a lso uses the other outpu t signals RE­
S ET, SELECT-INPUT and AU1'O­
FEED (H) as interchanges. with the
data bei ng entered in output latches in
R-bit blocks.

3.3. Data output in ti me mutnprcx

It is also possib le to output data by
means of the time multiplex process.
This method considerably increases the
number o f ports which can be d ifferenti­
ated. Il ere Fig.8 shows a path for a
maximum of 16 x 4 bits. The individual
data items for eac h " b its are transmitted
sequentially in this system.

100 REM out put time multiplex
110 RE\ 1 data + address
120 FOR ADDR ESS = 0 TO 15
130 OUT SIlS. DATA - ADDRESS*16
140 REM STROBE signal
150 OU T lNO,O
160 OUT S90. 1
170 NEXT ADDRESS

3..1. In put fu nct ion

At tirst glance . it looks as if even more
effort is required for input, And yet
there are only 5 input bits there in all.
As a rule. th is is too le w. Only a time

multiplex process can be cons idered for
inputting entire datil items (1 byte or
more).

rig.9 proposes a circuit for inputt ing 32
hits. The ind ividual bits are sequentia lly
scanned and read in through the PA PER
E\1 PlY (PE ) circuit. For this purpose .
the data circuits DO to 0 4 se lect the
ind ividual input channels . The desired
data formats (c.g. 4 x S bits) are then set
up internally through software.

100 RE,\;l input time multiplex
11 0 FOR ADDRESS :::: 0 TO 3 1
120 OUT SSS. ADDRESS
130 INPUT - I!'JP ( S8~) A\D n
1·10 I!'JPUT "'" I ~ PUT!32

150 PRINT A DDRESS, INPUT
160 r\ EXT A ODRESS

Fig.1O shows one side of the printed
circuit board for the 32·hit input unit,
wh ich is coated on both side s. The
prototype for this expe rimenta l printed
circuit board can be seen in Fig. I I.

And now all the best for your first
experiment s.

To he continued
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Bernd Kaa. D(j4RBF

Expansion of the Software for
the DBINV Spectrum Analyser
Digital Image Store

The dil.:ita l image stura~t' unit for
spectr um ana lysis as pt.' r I>U1 NV is a
very uscrul assembly, which can, haw ­
ever, be designed to be more conv en ­
ient. I descr -i be some improvements
a nd lldd itions below which res ult in
Ille 2.06 .'il lnWil r~ vers ion.

I.
INNOVATIO NS

The aim was to he able to call up the
add itional options in the new software
simply by using the number of operating
keys already available.

1.1. T he Innovations of Version 2.06

- The reference curve can now be
printed out as well. shown as a
dotted li ne.

- The reference curve can btl switched
on and off.

- A title block. has been inserted, so
that the object measured can be
named.

- A lm scale is also printed ou: both
grids. 8 x 10 and 10 x HI. an' taken
into acco unt here.

- Switching from 10 dRldiv. 10 5 dO!
div . is possib le using a d iode; the
pre-sett ing is 10 dlt/div. with d iode
from P1.3 to P3.2. Change to 5
dlj/div . = P1.3 - 1«- P3.2

- Print-ou t of text clements (-) meas­
urement curve and (-) reference ( if
available t).

- Incorporation of two additional mean
values: the digital mean value is
provided by the imagc storage unit.
in which digita l technology can dis­
play its advantages properly for the
fi rst time.

Thus we can recognise very clearly
in Figs. 1 to 4 that mean value 2 and
mean value 3 aga in involve a marked
reduct ion in noise. Especi ally in
somewhat unstable conditions - con­
tr ibuted to, for example, by an
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Joll;l!l !S ob j e l<t : PL L - PMe 2 306

'r---~-'------,-----'-----,

- 10 '

•"

- ~....""'.
t'i~. I : n ia~ram of Mell"u rCIIl t'nt Cu rve with out vt ean v alue

.u~w1bjekt = Suhjee! uf measurement: ,He:o !;ur\ '(' = :\o l easur emc nl
curve; M enl",!: = vrcasurcment : /Jllnilellbrt'itt> = lmagc width ;
M ittell!rcf/llel/Z = Mea n Ircqueney: Allflii'ilmg = Resolutio n: Ret ercn
zpeget = Referen ce Il'n l: Speicll ermodu,\ = StonlJ,:t' mode; .111,\' "" Ou t ;
nasum = Dale)

loI e ' SOb j ek t : PL L - P"IB 2306

•...
-~ " ..

.~

• -.."
-~

- ~." ' " "' .

n g;.2: Diagram of Mea su rement Curve wit h Mea n Valu e

imperfect power supply • the stronger
mean values 2 and J make a very
positive impression.

Storage mode print-out off mean
value I, mean value 2. mean value 3.
standardisation .
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FigA : Diag ram or Measurement Curve with 'lean Value 3

The tab le (Fig.5) gives a summary of
the possible settings. broken down by
diode.

1.2, O per at ion of New Fu nct ions :

Switch ing refere nce curve 0 11 and off:

or REFERE~CE key (sto re O:\'/OFf)

,.,. Long pressure (app. I scc.) ­
store

qr Short pressure :=. ON/OFF lo r
stored curve

Switc hing on and switching between
digita lmcan valu es iv done as follows:

-8""' ST AND A RD l SA n O N/ MEA N
VALUE key:

e- Long pressure = standardisation
on

'IT" Short press ure - switch over be­
twcen mean values I and 2
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\
Basic setting Basie sett ing fro m Por t to Port
without Diode with Diode

Grid 8x l O Grid lOxi a P I.O P3.2
(Pin- I) (p in-12)

Matrix Printer HPGL· Plot 1'1.1 1'3.2
(Pin-2) (Pin-12)

Epsom Mode HP-Thinkjet-Mode I' J ,2 1'3.2
(P in-3) (Pin-12)

JOdB/div 5dH/div 1>1.3 1'3.2
(r in-4> (Pin- l2)

HP( il ,· Plot CO M-ron P IA 1'3.2
(Pin-S) (Pin- 12)

Transmission Rate Transmission rate 1'1.5 1'3.2
19200 Tlaud 9600 Baud (Pin-o) (pin- 12)

dR-Scale dR-SCll lc No P l.6 1'3.2
(Pin-? ) (Pin- 12)

Fig.S: Table of Basic Selli ng.. for Versio n 2.06

t:#" Display: I x flash, mean value I
,.,.. :2 x flash, mean value 2

·11' RESET + NO RM . mean value J
rr Mean value 3 is the strong mean

value from the old version, but
without residual bars at the he­
ginning and without a reference
curve.

All addi tional print-out options have
been introduced for HI'GL plot only,
since only here does the graph show to
such good advantage . In any case, I am
of the opinion thai the future belongs to
the laser printers, since these have
recently become available for aro und
OM 1,000. The quali ty of the print-out
and the options on offe r are wor lds
better here.

2.
SERIAL INTEIU'ACES FOR
IMAGE STORAfa;

One interesting new option makes it
possible to transfer data from the image
storage unit into the PC and submit
them to further processing there. Th is
can be done by means of the serial
interfaces described below, using the
PC-PLOT progr<lms specially written for
the purpose.

It thus becomes possible for those rad io
hams who themselves do not possess a
printer with IIPGL capacity but who can
obtain printing facilities in the club
headquarters or from someone they
know to obtain an appropriate HPGL
print-out using a laser printer or a
plotter.
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The PC-PLOT program can actu ally be
used to store up to nine plots , which can
then be primed out , independently of the
spectrum ana lyser, using a PC co nnected
to a suitab le primer.

Beautiful print-outs can also be obtained
from PCl primers and matri x prim ers if
the GRAPHICS pro gram has been
loaded in advance. GRAPHICS is a
constituent pan of MS-DOS and sup­
port s a large number of printer s, so that
the re sho uld be somet hing suitabl e in it
for any pr inter.

Mo reov er, the print-out can also be
protess ionalty fo rmatted :

- Set lip to three markers (often of
assistance for documentation)

- lnsert your own call s ign (e.g. Meas­
urement : DL IXYZ)

- Print out all subject data . The data is
sen t from the serial interface to the
I'C over a simp le tWO-( OfC cab le ­
e.g. telephone or coaxial (able. Even
an unsc rccncd two-core cord caused
me no problems in the test phase.

The transmission rate here is 19,200
Baud or 9.600 Baud. Even with
vanous 0815 input-output cards .
there were no pro blems at the COM
port at 19,20 0 Bau d.

Switching over to the serial output is
done as follows:

- Switch IIP GL plot over to COM port
by means of diode. us ing a switch,
from PI A to PJ .2

P I.4 -+~ 1'3.2 = da ta to COM port
(on ly 2 x flashes on RESET )

With a diode between P I.S and 1'3.2.
the transmiss ion rate is set to 9.600
Baud - no d iode = 19,200 Baud

3.
SHORT IJESCR II'T ION OF
PC-PLOT

PC-PLOT is a support program which
lakes data trom the image storage unit
thro ugh a serial inter face, and can

+15V

(25Po1. -PIn 3) RxD
...,

( "Pol. -PIn 2)
<- reo

~1<5232 eo
am PC

(2SPo l. -PIn n GND <- P3.1( QPo l. ·Pln 5) GND

~

OG4RBF

Fig.6: Serial Interface for Image Storage; Am = O n
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Me ss ab j ekt: Tr~las im cen ecee des SA

-"" IL-------'---~~-'------=;;;;,_""mlI

Mc s s ob j ek t k e l ne i r a l o s im GChau se des SA

'r----c---~--,,-------,

O.c Olel HWO lle, 10 KHZ/ O"

M; tt en fceQu ,n, - o MH'

Auf lo o."n~, , "., (lFI

Y,O.ofll<ec I KII,

"" f . r " " ' I," ge l :

Sp.\O~< e lOlld"5 {Au. )

o..u~ OO. l l '990

Figs. 7a & b: Two Sample Print-Outs using I)e -PLOT

submit them to further processing in the
PC.

Running the program is particularly
easy, as the individual initial letters of a
command or a process are used.

PC-Plot can store up to nine plots and
print them oul later, independently of
the spectrum analyser.

It is also possible to re-format the
print-out:

178

Set up tn 3 markers (often or ass ist­
ance for documentation)

Print out your own name or call sign

Input and output subject data (subject
of measurement, display width, aver­
age frequency, resolution, etc.)

Print out graph as PGHL file

This opens up new possibilities for
printing out the measurement curves in
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Fig.R: Sample Print-Out from Matrix Printer using PC-Pint

various sizes or insert ing them into
descript ions or documentation. HPCiL
tiles can he read in and submitted to
furt her processing by graphics programs
or hy good text programs such as, for
example, Coral Draw or Microsoft
WORD.

J, I, Running, PC~PLOT version
1,01

The data is automatically read in if the
Plot key is pressed on the spectrum
analyser

- Press the S for SAVii key to store
the read-in curve in PC-PLOT.DAT .

- Press the R for RESTORE key to
call up and display the stored curve ,

- Press the K for KURVE (CURVE)
key to call up the next stored curve.

- Press the ALT-K key comb ination to
call up the previous curve from the
memory.

- Press the N fi ll' NEW key to draw
the curves new or over the old curve.
This is dependent on the position of
the Curve NEW switch. N.H. : mark­
ers can be set only using Curve
NEW.

- Press the 0 for OI3JEKT (SUB­
JECT) key to open an input window
into which the data regarding the
subject can be entered.

- Press the I I for I IPGL key 10 print
a lit the curve displayed Oil a ll HI'GL
printer.

- Press the I' for PLOT key to print
out the curve displayed on other
printers. GRAPHICS must have been
loaded first: for example. for matrix
printer [GRAPHIC S] or for PCL
printer [GR APHI CS IJESKJETi ,
ctc .]; sec also GRAPHICS.PRO,

- Press F for FILE to switch the HPGL
output to the ti le (data in file).
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Necessary mod ifications

To he ab le to work with PC-Pl.O T'. the
following modifications to the image
stora ge unit must he carr ied out.

3.2.

Dl.I XYZ
I.IlT I
COM )
19200
PLOTTER
WO R.\1 = 10001

considerab ly slower dra wing speeds
(with d ifferent data transmissio n) can
operate without problems.

left-hand mouse key 10 set

- Pres s Fl to display the settings. The
file name can be chan ged when the
curve is stored. so that there can be
several memory Illes.

- Press the
a marker.

Call sign
LPT port/ file (I.PT 1-2) Of FILE
COM port (CO\ 1 1....1)
Transmission rate 19600:']l)200 1
Output unit (fo r I IPG!.) (PLOTTER) or (LASER)
[Switch o lTpause progra m or set time!

- Press L for LPT III s.... itch the IIPGL
output to the LPT port.

- Press the right-hand mouse key to
delete the mar ker ind icated by the
mouse arrow .

- Press the ESC key to leave the pro­
gmffi.

- The PC-I' I.oT.CFG file holds data
which PC- PI.OT ca lls up when it
starts to run (see top of'pagc)

The time before the pause program is
switched on can be sci in the sixth line.
(WORM - 1500) is the basic setting,
corr espond ing 10 app. I . ~ minutes . Any­
one who doesn' t like the pause program
can switch it off by writing WORM
Off in the sixth line.

If you wr ite FILE in line 2 instead o f
the LPT port , HPGL- PLOT will send
the data into a file ins tead of to the
printer.

T he entries ca n be changed using a tex t
editor. To do this, all entries must be
referred 10 in cap itals!

The option of sel ect ing PLOTTER or
LASER for the HPG L outpu t was
incorporated so that even plotters with
180

a Replace crysta l prev iously used with
standard 18...1 32 MI-Il crysta l; th is
makes it possible to obtain a Baud
rate of precise ly 9.bOO I 19.200
Baud.

b Incorporate a simple serial interface
for data transmission. with a two­
wire circuit 10 the Pc. Fig.6 shows
how eas ily and cheaply this ca n be
done.

c Incorporate a defau lt diode with a
switch to select whethe r the data
should go to tile I [PG L printer or to
the seria l interface.

d Insert new EPROM with version
2.06 of image storage software from
DG4 RBF.

e Switch on image storagc un it and
test.

3.3. System pre-requtsues

PC-PLOT requ ires a simple VGA
graphics card with 640 x 480 reso lution
and at leas t one AT-286 Pc.
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Richard A, Formato, PhD. , KiPOO

More on the Off-Centre-Fed
Dipole

In a th e last issue of VHF Communi­
cations [I J, I suggested that the co n­
ventiona l 1/3-feed used fur the nff­

cent re-fed dipole (OeFI» is not the
best choice.

This a r ticle prov ides additional Per­
for ma nee data for t he antenna, and
discusses co mments made at th e end
of the previous a rticle.

/{ is useful to examine first 111 more
detai l the S\VR data which are the basis
of my earlier art icle. Fig.1 plots comput-

or-modelled free space SWR for the
prototype 21.0}-meter long, 0.0253-cm­
diameter OCFD. SWR for a 200 feed
system impedance was calculated at the
antenna input terminals every 50 klIz
for RF source frequencies from 5 to 10
Mf-I/.. Three feed point locations were
modelled, 3.05, 6.98 (J /3 feed). and
8.65 meters from the end of the antenna,
and the curves are labelled accordingly.

lhc most important features of the SWR
curves are the locations of minima and
maxima. and the corresponding SW R.

3.65 In 6.98 m (1/3-feed) 8.65 III

Freq SW R Frey SWH. Freq SWR Ba nd Fe

6.95 1.27 7.05 2.03 7.05 2,49 40 m 7. 15
14. 15 1.70 14.05 1.62 14.00 1.61 20 III 14.20
2 1.20 1.91 --,-- " - ,+- 2 1.15 1.14 15 In 21.20
28,25 1.1X 28.30 1.30 28.25 1.41 10m 28.85

Ta ble J: S\\,'H. ;\l INIMA

3,65 m
Freq ,)'rf'R

6.98 m (J13 ~/eed)

Freq SIVR
8.65 m

Freq SWR

10.40
18.00
25.45

45.76
15.7 \
11.12

11.05
-~, ~ -

22,75

19.65

22.12

11 .60
17.80
24.80

18.50
18.03
14 .06

Table 2: SWR \ f AXn l A
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Frequency
28
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25

Fig.l: SWR 5 to 30 :\1Hz

Ta ble 1 lists minimum SW Rs and the
frequencies (MHz) of the minima for the
three feed points. For reference, the
right hand columns list the cor respond­
ing amateur band and its appro ximate
centre frequency. Table 2 provides simi­
lar data for the SW R maxima.

The major point of the original article
was that the 3.65 and 8.65 meter feeds
might permit four-band operation with­
out a matching network, because these
feed points each result in four S\VR
minima between 5 and 30 MHz (sec
Fig.! ). By contrast. the 6.98 meter SWR
curve has only three minima in that
range. Thus, the 1/3-feed antenna cannot
possibly operate on more than three
bands without some son of matching,
which is why the GOFAH design l2J

182

requires two baluns and a specific
transmission line length for 15 meters.

Ilow feasible four-band operation IS

depends only on where the minimum
S\\'Rs occur relative 10 the amateur
radio bands. and how low the SWR is
across the bands. Tab le 1 shows that the
prototype OCFD has S\\/ I{ minima very
close to the 40. 20, 15 and 10 meter
bands. With appropriate on-site adjust­
ment, it is reasonable to expect that this
antenna, fed either 3.65 or 8.65 meters
from the end, could provide good SWI{
across all four amateur bands without a
matching network.

It should also be noted that the proto­
type OCFD dimensions were chosen
because they correspond to the GOFAH
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Fig.2 : SWR -10 Me ter

design . thus permitt ing direct compari­
son with that antenna. not because they
arc optimised in any way. In fact. the
proto type d imensions arc not optimum
for a four-hand OCFO. In free space,
the frequencies at which SWR minima
occur. and the depth of the minima, arc
determined by three parameters: ( I)
radiating element length and (2 ) dia m­
eter. and (3) feed point location, Chang.
ing any one of these changes both the
frequencies of the S\Vf{ minima and the
minimu m S\VR value s. Optim ising a
four-band, free space OCFf) comes
down to determining a set of antenna
parameters that produces an acce ptably
10....' S\\' R (typically less Ihan 2) across
eac h of the 40. 20. 15, and 10 meter
bands. While I have not determ ined

optimum paramet er va lues, the predicted
performance o f the prototype antenna.
which I!'. quite good. suggests 6 at still
better performance is almost certainl y
achievable

Turning next 10 the comments appearin g
at the end of the or iginal tech note
(reade rs may wish to consult the refer­
encc for detai ls), they are addressed as
follows:

Variation of SWR across II band: In
terms of SWR behaviour, the Oe FD is
much differen t from an ordinary centre­
fed d ipole (CFD), The CFD is ir rention­
ally CUI (tuned) to place minimum SWR
within the band, which is why SWR
increa ses toward the ends of the band
(mov ing away from the minimum). An
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The data prese nted here provide addi­
tiona ! insight into the advantages of
feeding the oc ro at point" other than
1/3 of its length from the end . With
computer-models for wire antenna s
widely available, it should be pos sib le to
opti mise the OCfO in free space and
over typical ground so that fo ur or
possibly evert live hand opera tion is
ach ievab le without a matching netw ork.

Operating the OCFD out-of-band: Re­
gardless of where the feed is placed , or
how it is implemented, certain ly no
attempt should he made to operate a
40-20-15- 10 meter OC FO on any e ther
hand . High SWR condit ions may very
well resul t in balun damage. Of course ,
this is good advice for any antenna. For
exa mple . the free space S\VR relat ive to
50 o f a typical 40-mctcr hand CFO
(l OA-meters long. O.2-crn diame ter} is
1044 at 7. 15 \-1H z.. Hut on 20-met ers. at
14.2 \-1Hz, the a u-meter antenna has a
S\VR of 10 1. which is sure to stress the
balun'

(t- --------------'-'-"--"'=="""=~

OCFD mayor may not exh ibit th is
beha viour, depending on where its SWR
minima occur. To illustrate, Fig.2 plots
the prototype Ocl -Ds SWR from 100
kllz below to 100 kHz above the 40
meter band in 5 kHz steps. The SW R
docs not increase toward each end of the
hand. If the SWR minimum is either
outs ide or at one end of the band, as it
is in Elg.Z , the SWR will increase in one
direction (UP or dov...n band). but de­
crease in the other, quire un like an
ordinary CFD . The OeFDs SW R will
increase at both hand edges ctnlv when
its SWR minim um is inside the band ,
which generally is not the case.

Azimuth pal/ern: The oer l) does in­
deed have all asymmetrical azimuth
pattern , beca use the radiating clement is
not symmetrical abou t the feed point.
Hut feeding the OC FD S.65 meters from
the end provides a higher deg ree of
symmetry than the con vent ional li3~

feed . Locating the feed 8.65-m from one
end should resu lt in a more symm etrica l
azimuth pattern than the conventional
feed, not less . Of course, reed ing the
OCI' D 3.65-m from the end increases its
asymmetry compared to the 1/3 ~fco.:d, so
that the pattern for this implementation
would be expected to be less symmetri-
ca l. Even so, pattern asymmet ry is not
necessarily undesirable . Many operators
may wish to take advantage of the
a CFDs pattern by orienting the antenna
to rad iate in a preferred d irection. This
consideration appli es to any antenna,
eve n to the sing le-band CF D, which is
an extremely poor radiator in the direc­
tion of the antenna axis at low to
mod erate take-off ang les.
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Dr. Ing. Jochen .lirmann, DBll"'/v

A High-Precision Logarithmic
Intermediate-Frequency
Amplifier

,\ loga r it hmic Intermedlatc-frcqucncy
amplifier was proposed yea rs ago for
the spect rum anal yser for 10.7 MHz,
with a dynamic range of approxi­
mately 70 dB. The circuit' s cost was
considera ble. A better resu lt can now
be achieved, for a lower cost, using an
integrated module from Analog De­
vices.

1.
INTROl l ll CTION

About 7 years ago, when the author 's
spectrum analyser project was entering
its final construction phase, it was worth
find ing the simplest possible logarithmic
intermediate-frequency amplifier. The
limiting cond itions were: 70d S dynam ic
range, hand width at least 200 kl lz. The
existing solutions at that time were the
expens ive logarithmic intermediate-Ire­
quency amplifier from DL8XZ and a log
amplifier using a Plessey integrated
circuit, SL521 or SL523. The latter
variant can be found in relatively simple

radar equipment for marine navigation,
and requires four SL523 ' s. TIle interme­
diate-frequency amplifier from DL8XZ
was eliminated, in spite of the high
precision o f measurement and the dy­
namics, due to the space required and
the cost of smoothing.

The author next worked out a variant of
the DLRX/' amplifier with differential
stages and high-frequency side summa­
tion, which was presented in issue
2/ 1lJ8 7. It was cert ain ly almost free of
smoothing, hut the cost of 18 transistors
for 70dB dynamics was considerable.

In the second version. therefore. the
author used an FM intermediate-fre­
quency circuit with a logarithmic field
strength measureme nt output. The
choice fell on the TDA1576 from
Philips.

Very little expense is involved and the
logarithmic precision is fully sufficient
for radio equipment (owners of Japanese
radio equipment can only dream of such
S-meter precision), but the short waves
still stand out in an unpleasant way on a
gauge.
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AD 606 Hluck Diagr-am
and Br ief Data
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Logar ithmic AmplificrPcrfrnmancc

"75dl-l rn to +~ dl lm Dynamic Runge
'-';1 .5n V/','1il Input ~ui~e

lI~"hk to >-'; 0 MHz

:n .SmVldB Vohuge Outp ut
On-Chip Lllw-Pn, ;; Oll tpLll Filler

l. im iter Performance

:i ldB 0 11' Harn ess over SOdB RilllgC
±3" Phase SUlhility at -10.7 MHz over XOdl-l

Range
Adjusblhk Out put Amplitu de

Low Pov...er

t ~V Single SupplyOperation
(iSmW Typical Power Consumption

CMOS Comp atible Power-Down to 32511""'lyp.
5 ~, Enahlc/Disablc Tim e

AI'I'I .ICATlONS

Ultrasound and Sonar Processing Phase-Stable
Limiting Amplifier to 100 MlIz Received Signal
Strength Indicator lRSSl) Wide Range Signal and
Power Measurement

2.
NEW MODULE

Anyone who would now like to improve
the precision of level measurement of

his or her spectrum analyser, or who is
planning to build a measurement re­
ceiver, can now switch to an integrated
logarithmic amplifie r from Analog De­
vices, the AD606. The module is avail­
able in a D1L-16 housing or in an SO l6
surface-mounted housing. According to
information from Sasco. the individual
unit costs approximately DM 115 plus
VAT.

Fig. J shows some brief data and a block
diagram

Apart from the SOdS dynamics logarith­
mic amplifier, the AD(i06 also contains
a power-down control using a logic
signal (not of any interest here), an
integrated low-pass filter. the limit ing
frequency of which can he adjusted
using external capacitors, and an output
for the restricted intermediate-frequency
signal. The data sheet gives the logar ith­
mic precision at ±1.5dB max, over the
entire level range from -75dBn to
+5dBm, with a typical error of ±O.4dB.

As it happens, the output voltage range
from 0.5 to 3.5V is perfectly suited to
the output level of the TDA1576.
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. 12 1'iV
(0.lOrnA

lOOp
to WA1576 ---J
Pill15 AD 606 IN \

lOOp I 2 7 1015 •
.. ' 50k

'OOk Sleiqunq

CO lll pone ll l ~ 1113 ~ he dls­
pmscd with Ior minimal
solution. Pill 5 then re ­
maills O l"' " ~ 660

Fig.2: Logar ithmic Intermedia te-Frequ ency Amplifier with AD 606

3.
SI'ECIME'i CIRCli lT

1\0606. The maximum supply' voltage
for IJ is 9V. The input signal for the
1\D606 is measured oil at pin- IS of the
TOA1576.

As shown in Fig.2, the cost of the
external wiring is extremely low. Apart
from a few blocking capacitors. only a
5V voltage regulator is used. Anyone
who invests in two resistances and two
trimming potentiometers can make both
the offset and the log characteristic line
gradient adjustable.

The small number of components can he
assembled on one experimental printed
circuit board measuring approximately
30 mill x 40 mm. The assembly can then
be fitted, through the TOA1576, into the
high-frequency ,' intermediate-frequency
section of the spectrum analyser.

Alternatively, the TDA1576 can also he
unsoldered, and the AD606 can be
directly hand-wired in, when the old
tracks have been removed. In no case
may 12 to ISV be fed directly to the

4.
MEASliREME!'iT
ASSEMBLY

To compare the two logarithmic amplili­
crs, the spectrum analyser was set 10

100 MHz and 200 kHz band width, the
high-frequency signal being generated
by an HPS640A with a downstream
precision reference circuit (DPU from R
& S). Fig.3 shows the assembly.

A switch installed as an aid makes it
possible to connect both video outputs
to the display section of the analyser. To
plot the characteristics, the analyser
worked in measurement receiver mode
(zero span), the output voltage from
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"
Fluke

.40606 1111 00 DVM

H P 8 6 1,.O H 1-
B ,,200kH z

l QOM Hz DPU S A
IZero Spc n DB1NV

/ TOAtS76

Fig.3: Measurement As,cmbl)' for Compa rtson of two Loga r it hmic Amplifiers

both log amplifiers being measured bv a
d igital voltmeter (Fluke 8800A). •

The improvement in the precis ion of
measurement could he recognised sim­
p ly by looking at the flanks of the
spectr um line: for the AD606, the flanks
are smooth, and the slight waves well­
known from the TDA I576 are com­
pletely absent. A total dynamic range of
at least 70 dlJ can he used with a filter
band width of200 kl lz.

Plott ing the logarithmic characteristics
in Fig.4 con/inned the visual impres­
sion. The characteristic of the AD606 is
almost a straight line. and does not have
the inherent waviness and the non­
lineari ty at high levels of the TDA1576.

,

5.
Sml ~ I ;\ RY

Anyone wi~hing to improve the preci­
sion with which leve ls arc measured by
the spectrum auaf..scr from DB 1~V can
obtain nhnosr profess ional accuracy of
measurement by using the A0606 . The
maximum expenditure involved here is
DM 150 - plus a few hOUl"5 ' work.

The !\Dfl06 is also interesting with
regard to the modern isation of elderly
spectrum nnalyscr-, 01' measurement rc­
ceivers. since it is suitab le for in termed i­
ate frequencies from a few kilohertz up
TO 50 \1 H/ . It could itself he used as a
substitute for the problematic hybrid log
ampli fier in the 8755 HI' scalar ana­
lyser, because it can process the 17 kl17
intermediat e frequency directly .

,

,

TOA 1"i"1f>

"'" 20 (18 YIO, u lr1

Fi~ .-l-:

Measu rement C urves
of Logarithmic Unit:

0 8 1NV

,.. _110 -100 · 90 ·80 _10 · />0 -so - 40 - 30 - 10 - 'I)
-'30 -t2O -110 -100 _90 ...90 -70 - 60 -so - 4 0 -30

Um 20dB vervetu ""
Offset b} 211dB
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THE EUROP EA N COMMUNICATION
MAGAZINE

Shock wave is dedicated to com munication in Europe. It deals mostly
with Telephone comm unication. Computer communication and Radio
Communication. Our aim is to keep you informed of the newest
technologies dedicated to the various forms of communication.

Shockwave is to be published in 3 languages every :2 months.
Presently, our magazine is available under subscription only. hut will
soon he made available from bookstands. etc.

The subscriptiun rate is:

I Year : US $35.00 (a pp, £23)

2 Yea rs : US S60.00 (app, £40 )
Our first issue will be available in September and a free copy of it will
he avai lable for download from our WWW site.

Telephone Cumrns • Co mpu ter Comms * Radio Co mms

Artic les and complete investigations on the latest systems. Clearly
written in a non-expert language. A magazine widely open to outside
writers and other magazines.

SHOCK WAV E
"Til E" EURO PEA N COMMUN ICATION MAGAZINE

Philippe Ca dic - Publication Manager
PO Hox 2867

41028 BLOIS CImEX, FRANCE
TEL: (+33) 54 56 08 76 FAX: (+33) 47 67 03 54

http ://www.spi raweb.com/shock wave
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COMPLETE KIT S

for projects featured in VHF Communications

KIT DESC R IPTIO)'.; ISSUE AH.T;\"II I'R IC E

DOlN V·OO6 Spectrum Analyser IF Amplifier 2/89 06370 £142,tJ{)
DB I NV-007 Spectrum Analyse r Lo- I'LL 2/89 06 37 1 f 62.00
DB INV· OO8 Spectrum Ana lyser Crystal Filter l- 89 06372 £ IOS.OO
DB INV-009 Spectrum Analyser SWl,.'CP Uen )/89 06373 r 48 .00
DDl NV-OIO Spectrum Analyser Digital Store 3&4 /91 00378 £ 132.0U
DB INV-Oll Spectru m Analyser Tracking Gen 2/92 06474 .[1-1 3.00
DBI NV..() 12 Spectrum Analyser veo 14 50 MIl.' 4 '92 06483 £ 39.00
DB INV-013 Spectrum Ana lyser v r:o J900 \1 11 ,;: 4/92 06484 £ 4 J.(IU

DB6 Nl·OOl Measuring Amp up to 2.5 G il l. 4"93 06382 i 60,00
DB6N'r-002 Frequency Divider to 5.5 G i ll. 4''93 06383 £ 100 .00

I)J8ES-1I01 23cm FM AT V Converter 1/9 1 063.t7 £ 9 3.00
D18ES-002 Digita l Frequency Indicator I /CJ I 06352 £ 53.00
D18(-:S·(){)3 IF Amplifier 1/9 1 06355 f 55.00
D1KES· 004 Demodulato r 1.9 1 06 362 £ 72. 00

D18ES-OI9 Transvertcr I·U '2 8 Mil t: ·t ·93 06385 n.n.oo
[)J8ES-0 lcmod Transvcrter 5012 8 MHz 2/95 06342 £143.00

[)J8ES-020 Hybr id Arupliflcr for 144 Mllz 1.94 0(1387 £ 179.0{)

DJ8ES-02 1 13cm f M Al V Exciter 2/94 06388 r 67.00

DJ8ES-022 28 /432 MH z Trunsvertcr Oscill ator 2.'95 06395 £ 59.00
I>J8E5-0 23 28/432 MHz Transven cr Convener 2/95 06396 £ 114 .00

1>C8UG-0 07 5W PA for l3 em 3/94 06938 £286 .00

Minimum postage and pac king charge is £6.75. Cred it Car d order s +- 5~-o .

KM Publications, 5 Wa re Orchard. Barb) ', Xr.Rugby, CV23 8UF, Li.K.
Tel: (0) 1788 890 365 Fax: (0)1788 89 1883
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PRINT ED CIRCUIT BOARDS

for projects featured in VHF Communications

D1UNV Spectrum Ana lyser Art No.

r CB DR INV-006 IF Amplifier Ed.21R9 06997 £ 17.25
PCD DAINV-007 Lo-PLL Ed.2iS9 06995 £ 17.25
PCB DR INV-OOS Crystal Filter Ed.JiS9 0Ci998 £ 17.25
rcn DBI NV·009 Sweep Generator Ed.Ji !}9 0Ci99(i £ 17.25
PCB DB INV·OIO Digital Store Ed.3&4·'9 1 06477 £ 2 1.15
PCB DBI NV-o I I Tracking Generator Ed.2192 06479 £ 15.50
l'eB DIH NV-Q 12 veo 1450 Mil l. EdAi92 064'0 £ 16.35
peA DBI NV-oIJ VCO 1900 MHz EdA/92 06481 [ 16.35

Il B6NT Ml'llSlI ri ng Ailh fur UHF Amateurs Art No. [ I>. 4/l)]

PC B D06N-I'·OO I Measur ing Amp up II.) 2.5 Gl lz U6379 £ 17.75
PCB DB6NT-002 Frequency Divider to 5.5 Gill. 063RI [ 17.75

IUHES B cm FM-ATV Receiver Al'l No. ED. 1/91

PCB DJ8ES·OO I Convener 06347 £ 10.75
PCB DJR ES-002 Digita l Frequency Indicator 06350 £ 9.65
PCB DJllES-003 IF Amplifier 06353 £ 7.95
PCB DJllES-l104 Demodulator 06356 £ H1 .30

IJ.I!U:S 28/144 MH7 Tran svcrtcr Art No. En. 4/93

PCB D.lIH·:S,O19 't'rans vcrtcr 144/28 Mil". 063S4 £ 17.75
pcn 1).I SES·020 Hybrid Amplifier 144 MHz 06386 £ 17.25

HF9rL High Sta bili ty Low Noise PS LJ Art No. ED. Itt)3

I' ('n DPH'I .·OO [ 30 Vo lt PSU 06378 £ 9.S0
PCB DFQP I.·002 l'rc-Stabiliscr 06370 £ 10.20
PCB [)FlJPL-003 Precision Stabifiser 06377 £ 11.20

F6lWF 10 (; Hz FM ATV Transmitt er Ar t No. F.O. 2/92

PCB Ffi!WF-()OI DRO Oscillator - P ("FE 06485 £ 16.20
PCB F6IWF· 002 Modulator and Stabifiser 06486 [ 12,O\)

UCHUG l Jcm Ga AsFET PA Art No. FIl . 3194

PCB DClltJG-PA 5W PA for l Scm 06936 £ 11).25
PCB DC81JG·NT Power Supply for the PA 06937 [ 7.75

Minimum postage and packing charge is £6.75. Cred it Card orders +5%.
KM Publications, 5 Ware Orchard, Barby. Nr.Rugby, CV23 8UF, U.K.

Tel: (0)1788 890365 Fax: (0) 1788 89 1883
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Electronic Applications of the Smith Chart is
an updated edit ion of Phillip H. Smith's

original book. This detailed reference is the
authoritative wor k on the SmithCha rt.

<'-"0' '''''''''
~~,""".o.T,.. .~.~,,~$59

MITH CHART

TOOLSET

$79---'~~ m'_'" _ _ . e

" " ,
"HL' '''~'' ' '" '''''

The winSMITH program which runs on IBM/compatible
pes modern izes the Smith Chart by easily tuning
elements and readout of precise values.

$99
This video is all the instr uction you need to

start using the Smith Chart 10solve all types
of matching and transm ission line problems.I

ORDER BY PHONE, FAX OR MAIL All 3 ONLY $199
SAV! $38

Company _

Name _

Addres s -- - - - -

Please send the following products
c Toolset Oncludes all/h eel $199
c Smith Chart book55\l
LJ winSMITH software $79
lJ Smith Chart video $9;l

_ _ _ _ __,_ Country _

City _

, Ie

Skl te Shipping & Handling
US$8, Canada $20, Inti.Air 540

Phone

Cord 11 _

Signature _

FM _

---~,---

Payment Method
D VISA or MasterCard
lJ EuroCheck
D BankCheck IMust hcve the
name et c USbankon the check!

NGlBLE
TEll 770)908-2320 FAX[7701939-0157PUBLISHING 2245 DlbordSt.il ucker, GA 30084, USA
emcrencuepcb.corn www.noblep j b.corn
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