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Dr-Ing. Jochen Jirmann, DBl N V

A VECTORIAL AERIAL
IMPEDANCE METER FOR
THE SHORT-WAVE RANGE

Aerial impedance measuring brid ges
have been descr ibed for years in
relevan t aerial litera tu re such as the
Rothammcl 121, aud yet most radio
amateu rs know nothing abou t them.
In contrast to the standin g wav e
meter, with a h ridge info rmati on can
he obtained ....oncermng the t rue value
of t he ae rlafs resistive and reacti ve
components.

Anyon e wh o has ever wo r ked with an
aerial measuring brid ge will come to
thin k of the standing wan meier
method as somet hing out of the Stone
Age. So why is it tha t the bridge
method is so unpopula r, in spite of its
advantages'! Probably beca use a two­

stage low-power balancing procedure
has to he carried out for each mcas­
urcmcnt procedure and the bridge
can not rem ain permanently ill the
feede r.

Both these disadvantages can be
eliminated with modern elect ronics:

The aerial impedance meter described
below represents a (rel ativel y) simple
way of crea ting a vectorial network

analyser. and is intended as an aid for
rad io ama teurs who do a lot of
exper iment ing with shor t-wan aeri als
or who are active on field day s, It
makes it possible 10 measu re the
impedanc e of an aerial in terms of
magnitu de and phase, and to do thi s
it is looped into the feeder like a
standing wan' meter . l]sing thi s infor­
matinn, halancing ae rials is made
considera bly simpler.

I.
PRIl"CIPLES OF ALTER­
I'iATl I'iG CURREl"T
M ICASUREMEl"T :\IETIIOIlS

This sect ion is intended for those read­
ers who have no electrical engineering
training. Basic terms such as impedance.
real resistance and reactive impedance,
level and phase arc explained here. A
more comprehensive picture can be
obtained, for example, from Chapter 32
of [2].

Direct current technology involves only
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Fi~ " I : Rep resentation of Comptev Restsr unces in Resistance Diagram

(Bliudw iderstand = Reactive Impedan ce, w trka ntcil = Activ e compo nen t. Bctrag
= Amplitude. H1indallteil = Reactive component, \\'irl.."idcrlltantl '" I<:fft·cti w
rcseranec. Kumplel:es Wid crstandsdiacralll - Complex resist an ce diagr.. m,
Koordfn atentrunsformation = Co-o rd inat ion tran sformation. Kreisbngt'n
kcnstantcn uttndwtdersrand cs = Con stant react ive Impedance a n's. Kn'i<.
kon stantcn wlrkwtdcrsrandcs = Constan t effect ive resistance circl e. Ih·n cxiuns­
fa kro r - Diagr a III III (Sillith-Diagra m))

effecti ve resistances which use the
powcr supplied and convert it into other
forms of energy. Alternating current
techno 109) also invo lves components
which store energy in the form of
electrica l fields (cap acitors ) or magnetic
fields (coils). A capacitor also picks up
current from an a lternating current
source almost without heating itself up.
If the voltage and cur rent at the capaci­
tor are measured, c.g. with a mulnm ctcr.
it will nevertheless have a resistance in
accordance with R = VII. w bat Vo C
actually did here was to carr) out a
sca lar (relating to level) impedance
measurement, which does not allow for

ally d ifferentiation between a resistive
load and a reactive impedance (capaci­
tor. coil). Transferred to aeria l rcchnol­
(lID". this means that we do not know
whether energy is being radiated in the
fonn of an electro-magnetic wave or
merely generat ing reactive power. This
fine distinction is not noticed until the
phase position between the voltage and
the current is evaluated, Lc. a vectorial
impedance measurement is carried out.
With a pure effective resistance, the
voltage and current are in phase. For a
pure reactive impedance. they arc phase­
d isplaced through 90°. With a co il. the
voltage leads 90° in front of the current.
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and with a capacitor it is 90~ behind it.
In practice, aerials have a complex
impedance, which has an effect ive frac­
tion and also a certain reac tive imped­
ance.

level and phase) is the indicator from
the diagram centre 10 the location of the
impedance, Z. The voltage standing
wave rat io, again, is der ived from the
reflection factor through the equat ion

To represent complex resistances, we
usc the resistance diagram (Buschbeck
diagram), in which the effective fract ion
is plotted towards the right, positive
reactive Impedances (inductances) arc
plotted upwards. and negative react ive
impedances (capacitances) arc plotted
dow nwards, as show n in Fig. I . Resist­
ances can be represented in the upper
half- p lane as a series circuit of a
resistan ce with an inductance. and in the
lower half-plane as a series circuit made
up of a resistance and a capaci tor. A
comple x res istance (impedance] can be
described either in terms of an active
component and a rea ctive impedance or
in ter ms of the level (the vector length
from the orig in to the impedance point)
and the phase ang le between the level
indicator and the X axis.

The representation as a Smith diagram
(reflection factor diagram ] which is
obtained through a transformation (con­
forma l representation) in accordance
with the equa tion

r = (Z ZL)(Z t ZL)

S\\i R = s = (1 + [r1)/(l ltll

If we <Ire investigating an aerial with
various measur ing instruments, an S\VR
meter sees only the impedance variati on
from the 50-Ohms point. Thus we know
only that the impedance lies on a circl e:
aro und the phasing point.

A tuning measuring bridge with a
variab le multiplier (c.g. the Matchmake r
in [2J) continuously delivers the act ive
component of the aeri al impedance
correct ly. A reactive- impedance is rec­
ogniscd indirectly from the tact that the
balanc ing of the measuring bridge sup­
plies no sharp zero but only a fULL y
mnumum. On ly a correct alternating
current measuring bridge and measu re­
mcnr of the reactive impedance supplies
a complete impedance measurement and
thus makes it possi ble- to carry out
purposefu l tuning meas ures.

2.
PROCESSES FOR \IEASliR­
I" G AERIAL I\IPEDA1\CE

sho uld be more familia r to VHF-UH F
amateurs. By this means, the impedance
diagram is immediately standa rdised [0

the system impedance level (c.g. 50
Ohms or 75 Ohms). The vertical lines of
the constant effective resistance are
formed into closed circles. while the
horizontal lines of the constant reactive
impe dance form arcs . The Luning point
lies in the centre of the diagram and the
reflection factor (in accordance with the
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For most radio amateurs. the concep t of
aeria l impedance measurement brings to
mind only the phrase stand ing wave
meter. Balancing an aer ial is thus some­
what like an attempt to repair a modern
transceiver using a Duspo l or an LEI)
voltage tester.
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Even an ideal standin g wave meter
mere ly supplies information concern ing
how fa r away from the luning po int we
arc. It docs not say whether the Aer ial
Impeda nce is too low or too high, or
whethe r an inductive or capa citive reac ­
tive im pedance is causing tuning 10

deteriorate.

In reality , things look even grimmer. for
anyone who has not been able 10 obtain
a Bird Wattmeter at a good price. or

who still has a Drake W4 or a WV4. has
to rely on the questionable accuracy of
so-called amateur SWR meters. The sad
truth i.~ that accuracy of rncasurcment is
nor merely a matter o f price. lnvestiga ­
tio ns by 0111 NAW have shown that
many cheap SWR meters measure more
accurately than expensive equipment.
Moreover, nobody knows how long a
model will actually continue to be
produced without any changes. Often a
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different core material for the curr ent
transformer or a new typ e of diode IS

enough to bring about alterat ions .

For yea~, the best solution has lain in
looking. in the Rothanunel [21. where
various aeriu1 measuring bridges arc
described. the mu ch-hyped noise
bridges. in the authors. op inion, arc at

present pointless if one has a transceiver
capable of contin uous transmission.
which CJn be reset to a low power leve l
o f Jess than 10 W. With a fixed tu-dl!
auenuutor. one has an ideal test trans­
mitter for aer ial trials. Receiver .I test
trrmsmiucrs have 100 Iow an output fur
th is purpo se. Since wireless transmitters
alread y gener ate total power levels ex­
ccediug I mw O f] a large short-wave
aer ial. a rest transmitter power of 100
mW is the minimum. The obtainable,
and much-used. 3200 13 pO\~er osci llator
from Hewlett-Packard from the v alve
Agl.' is extremely suitable.

More remarkably, the advantages o f
aerial measuring br idges arc scarce ly
known about. or they are reputed to he
vet)' laborious to operate . It is the refore
time to consider n modern procedure
which automatically generates the infer­
marion content uf a manual impedance
bridge.

The spec ificatio n was defined as fol ­
lows:

Measurement In a coaxial 50-0hm~

system

-r- Frequency range 1.8 to 30 \ IHz Of.

, better, to 60 M fiL (6-01. band)

- Displaying 0 1" aer ial impedance leve l
and phase
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- Operation with standard transce iver
rower levels of max. 100 W

- More reliable displaying from 0 .5 to
I \V for QRP transmitters

- Battery operation

- Format (omparable with normal
Sv..!R meter

- Opera tion as automat ic as possible

1\ difficult problem lay in finding the
optimal form s of display. I'M here the
desirab le representations d iller a great
deal. The ideas range from simpl e
indicator instruments through luminous
spot display s and digital displays. all the
way to small Len screens with a Smith
diagram representat ion. For this rca-on.
the readin g generation and the di:..-play
have been separated. so that we (an all
lind our own solution. up to the inter­
face or the noteboo k.

The prototype was equipped with 20­
stage luminous spot displays. The acc u­
racy of read ing. is adequate, and the
sol ution is cheaper. more compact and
more robust than Llsing two analogue
instrumen ts! To make it simple r to set
the 50-011111 point, the level SUlk in t h i ~

runge is elect ronically expanded .

Incidental ly. impedance measur ing is
very simple with the current vo ltage
method . A current transformer measures
the aer ial current. a volta ge transformer
measures the aer ial volta ge. The qUI)­

tlcm of the levels is the aer ial impcd­
ance le vel and the phase position be­
tween the voltage and the current sup­
plies the imped ance phase ang le.

All the user has to do dur ing the aerial
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ba lanci ng is 10 brin g the two luminous
...pots for the level and the phase to the
centre of the scale' With a link prac­
tice, one can recogni se the di fference
belween the resonance point of an aerial
(the real input res istance . but not ncccs­
sarily at 50 Ohms) and the result o f
conventional balancing, in which the
input resistance is complex, but by
chance lies closer to the 50-Ohm point.
Moreo ver. it ca ll be seen at once
whe ther a dipole is too short (capacitive
reacti ve impedance) ur too long (induc­
tive reac tive impedanc e ).

3.
TilE EQIJlI'MFX r CONO :PT
OF A VECTOlU AL AERIAL
IMI' EDANCE METER

In the earlier sect ions. it was assumed
thai W L' were talking about an independ­
ent so lution with a built-in high-fre­
quency source. Th is will not be taken
an) furt her. for two reasons.

Firstly . a high degree o f accuracy 10

targeting frequencies is nece ssary to set
resonances reliably for narrow-hand
aerials . one which requi res at least a
built-in counter. or heifer a synthesiscr
source.

Secondl y. for a reliable measur ement.
uninflue nced by strong wireless trans­
mitters. a high-frequency output of 100
mW or more is required, which unnccc s­
sarily increases the current consu mption.

Since many transceive rs with continuous
transm ission ranges have recently be­
come available, with power levels which

can be regulated down to under I W,
there is no longer any reason to have a
built-in high-frequency source.

So the measurement circuit was con­
ceived for high-freque ncy outputs of
between I and 100 w arts. A level
monito ring system included which sig­
nals if this power is outs ide the accept­
able range. Moreover, it is even possible
to leave the impedance mete r in the
aerial line. since the maximum power
take-offis 5% of Ihe througbline power.

A further point worth considering is the
power supp ly. As is we ll known. accu­
mulators arc a lways empty when YliU

need them, and external power supp lies
.HI,' difficult on a field day. For this
reason. a normal I)-V batte ry (a lkali/
manganese) is used as the power so urce
which. ill sp ite o f the c ircuits very higll
current consumption. a llows for a good
hours opera ting time.

A cont ro l circu it activates the power
supply on ly if high-frequency energy is
being applied or if a key is pressed . So
operation is hound to he intermittent,
which means the battery could last out
for an enure portab le season. The
inter nal curren t supply circuit is de­
signed in such a way thai it will operate
\\ ith any DC voltage from 35 to 20
Volts. so that nothing stands in the way
of ope rati ng with an externa l supply.

As already ment ioned, two zo-sragc
luminous spot d isplays are used in the
prototype. If so desired. they can he
replaced by two indicator instruments
with the zero point in the middle . 1\
soluti on using a' PIC or 80C51 micro­
con trolle r was also taken into co nsidera­
tion for the all-digital people .
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The aerial impedance meter (ons!"ts of
the following fucntiona l blocks:

Reading measurement with voltage and
currenttransformer

Level measurement with quot ient output
and display scaling

Phase measurement

l.nminous spot d isplays with driver
circuit

Power supply

4. 1. I{cudi ll~ meas ure men t

The readin gs for the voltage and the
cur rent in the feeder arc taken by two
conversion rren-torm crs. It is simplest if
the current transformer takes the Iorm of
a superst ructure . "Ihe interna l conductor
o f the coax cab le karl.. through a ferrite
ring CIIrr: (Ff 50-43 in the prototype)
and forms a primary wind ing fo r the
transformer. The secondary coi l has 7
turns made from O.S mm. ename lled
copper wire (uncritical] and feeds a
50-Ohm resistance which. for reasons of
high-frequenc y capab ility and current­
carrying capacity, consists of four para l­
lel-wired 0.6 w-metal layer resistors.
type 0207.

In Fig 7 - a photograph of the spec imen
apparatus, the transfor mer can be seen
made from '!4 semi-rig id ca ble with a
ring core transform er sunk in a slot in

the printed circu it board, it has a
compensatio n capacitor of I pF at the
aerial output. A band width of exactly J

MHz to I Gllz was obtained. The
inherent re flection remains below 20 dlj .
which should suffice.

The voltage transformer was initiall y
wound as a simple 7: I transformer but,
in spite or the lower frequency, tha t was
a failu re. Depend ing on the type of
windin g, either the stray capacitance or
the stray inductance was too high . One
way out was .1 J :I trifilia r transformer (3
x 13 turns or Te flon-ins ulated wire-wrap
" ire 011 FT 50...,n ) follo wed by a
volta ge d ivider made from meta l layer
resistors (due to the current-carry ing
cupacny). With two ferr ite beads and a
smal l longitudina l co il (they aucuunte
contro l resonances in the VHF range) at
the internal conductor tap. a frequenc y
respo nse error was attained of better
than ± !l.15 u ll from I to 100 M1I7. T he
ampl itude error for the two measur ing
channels rema ins less than 1~" o ill the
range from I to 60 .\1 H;:1

How d id the wind ing rat io of 7:1 lor the
measu ring transformer come about?
With 100 Watts and tun ing. a high­
frequency voltugc of 70.7 V is obtained
0 11 the line . Afte r transforrnauon. that is
10 V in the voltage path. With standard
high-f requency diodes with a bloc king
volta ge of 40 V, this voltage can be
rel iab ly recti fied. If the high-frequency
power is reduced tn I W, high-fre­
quency vo ltages of 1 V are obtained.
and we are still in the linear range of the
rectifi er characteristic.

hen if most O\l s th ink only of
germanium diodes for the rectificat ion
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of the higher H-F voltages, there are
more modem solutions. Siemens (now
Infineon) have developed the BAT 6~

Schottky diode as a replacement for
germanium detectors. It has data corre­
sponding somewhat to the AA 119 or
AA 143 demodulator diodes known of
old, the blocking voltage being some­
what higher (40 V) and the capacitance
considerabl y lower. Among other things,
Fig. 3 shows the reading measurement
circuit section.

At the output of the rect ifier, two direct
voltages arc availab le which represent
the readings for the voltage level and
the current level at the aerial connection.

4.2. Level measurement

To measure the impedance level. Ihl:
output voltages of the voltage trans­
former and current transformer are recti­
fied at high resistance. The two DC
voltages actually had to be divided by
one another which. in analogue circuit
technology, requires a bit of effort . A
digital divider circuit. in the form of a
micro-controlle r, is certainty simpler,
hut you then also need two analogue/
dig ital converters with 10 to 12 bit
resolut ion and corresponding display
technology. So that idea was ruled out
from the start.

If it is desired to represent readings over
a wide range of values, then a logar ith­
mic scale suggests itself. The better
analogue logarithmic circuits form the
logarithm from the ratio of two voltages.
Such circuits have been put forward
many times in VHF Report s. A look at
Tietze-Schenk [1] will provide further

74

VHF COMMUNICATION S 2/2000

assista nce.

As Fig. 3 shows, the logarithmic circuit
consists of two precision DPs (OP 07 or
MAX 400) and a p-n-p double transis ­
tor. or IwO selected Be 559 individual
transistors. It forms the logarithm of the
quotient of the two voltage values. See
[ I] for more details on this method.

At the output of J I the logar ithmic level
signal appears, and a voltmeter with a
central zero setting could be directly
connected here. Since such display in­
struments arc rare, there follows ,10

amplifie r stage with a TL OX2 (15),
which pro vides adjustable amplification
and voltage onset. The output voltage is
scaled for the LM 39 J.1 luminous spot
modules used in the specimen, which
require a voltage of 1.25 V for lull
display.

A non-linear voltage divider (R 36, R
40. J) 8, J) 9) is incorporated between
the logar ithmic circuit and the display
amplifier. This addition was 1) .1 3 VYs
idea and ensures that the scale is
extended by the factor 3 around the
50-Ohm point thus making it easier to
adjust fur precise tuning.

The window comparator J 2 is a
const ituent pan of the level measure­
ment equi pment and. depending on the
voltage measured, it switches on one of
the three LEOs Level Too Low « I \VJ,
Level O K (1 to 100 W). or Level Too
High (> 100 \V). Reliable measurements
can be obtaine d even with power levels
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Ba tte r- Ietest = Ba ucry test. :\l elJhcre ich "" :\-h·a~u r l.'mc ll t range, 'raster
Hatte r-Ietest .. Bat tery test key, Von Hut terie v From battery, Anschlu ll anstcllc
des AnaluJ.:-lnst r um ents = Co nnect ion Inst ead of a na logue inst rument, Mcnwcrt
P ha se = Phase reading

o f und er 500 r aw!

For phase measurement, the output volt ­
ages o f the measurement tra nsforme r arc
first co nverted into square-wave volt­
ages. T wo gates running as monostables
generate spike pulses. which set and
reset all RS flip-flop. The mean value o f
the fli p-flop output voltage is then the
phase measuremen t value.

To start with, the high frequency is fed

d irectly to t ill' correspond ing series­
connected 7-1 I\C gate . I\s long as RF is
present. everything is tine. But when no
RF is fed in, the gates go into linear
drive, and their current consumption
rises giv ing the risk of overheating. For
this reason. pulse formers are series­
wired with differential amplifiers.

As Fig. 2 shows, a limiter with two
Schottky d iodes wh ich arc connected
prior to the inputs. The operating po int
of the amplifiers is set in such a way
that the open-circuit output vo ltage lies
at around 2 V. i.c. below the critical
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linear range. The 1\\ 0 trimmer capaci to rs
at the outputs are used for luning at high
freq uencies.

The diff erentia! amplifiers were initia lly
assembled using the correct high-Ire­
quency transistors. hUI {he circu it
see med 10 have ideas of its own. It was
not clear what was hap pening until a
sampl ing oscilloscop e was used with a
1() GHz hand width. On the pulse top s
of the Sql1 UI'C-W(I\'C voltage then.' were

self-oscilla tions bouncing up to 2 to 5
G i lL! 1\ telephone conversation with DF

R CA brought the sonn lon. The transis­
tors were too good. What was needed
were lame high-freq uency tr ansistors.
AFS 17 is a derivative or the ancient
RFY 90 type, with a (ran sit frequ ency of
app. I GI lL.

Following the diff erentia l amplifiers. the
two signa ls arc square-wave to some
extent . Two 74 AC 00 ga tes provide for

the final square-wave formation, and
two monosrables. which utilise the gate
running times and the I{C time constants
of the inputs, generate nega tive spike
pulses with i l width of 3 to 5 nscc.
which set and reset a Hip-flop which is
also formed using 74 AC 00 gates .

The current signal is phase-displaced by
ISO" with regard to the voltage signal,
which is set to have the pol arity of the
current transformer. With a resistive
load (0° phase between voltage and
current). ;t rec tang ular vo ltage with 50%.
mark-space rat io ar rears at the output
of the flip-flop. Depending on the phase
angle of the aerial impedance, the
mark-space ratio varies from 25% to
75%, or the mean vo ltage following the
low-pass filtrat ion varies from 1.25 to
3.7 5 Volts. As in the level channel. a

I I. OS1 (second part of J 5) prov ides tor
the tuning of the level and the open­
circuit voltage. Here 100. a voltmeter
can be connected up d irectly.

-tA , T he d isp lay module

Anyone with lots of ~pace will be wel l
served wi th two voltmeters or milliam­
meters as di splays. cspeciJlly as the
operationa l amplifier supplies enough
voltage ( i 3 Vj and current t ~ 10 tIlA)
to dr ive alm ost any instrument.

A 111-place luminous SPOI displ ay with
LEI> bar module s saves space and is
precise enough for the applicat ion. Trig­
g,er ing can easi ly be provided using two
LM ]IJI..f cascaded LED luminous spot
drivers from ~at ion il l Scrniconducror
13J. fhcy arc wired up for a disp lay
range from () to 1.25 V. because that is
the simplest external circu it. The circui t
used is practically the application cir­
cu it.

There ar c no const rain ts for the display
assembly. I f we start with a micro­
co ntroller with an l.C f) modu le as a
display assem bly. then the following
options can he obtained:

Combined display as numer ical value
and har dia!!ram

Graphic-op tion Icn display with repr e­
scntation as Smith diag ram

The signa l frequency which is anyway
present in the C\IOS level is divided
dowtl using a fixed divider and counted
by the mic ro-contr oller.

The reactive impedances can then he
converted into inductances or ca paci-
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ranees.

The micro-controlle r supplies control
signals for an automatic aerial tuner

The last concept. in particular. is fusci­
nating, since the aerial tuners present in
amate u r transceivers. or ex ternall y. can
functio n well only if hardly any tuning
is actually nCCCSSill) . They are still a
long way from what can be bought

second-han d from Marconi or Rockwell­
Collin s .

-15 . Power suppiy

The me asureme nt electronics require
two stable J istr ihution voltages o f I 5
V. the power consumption on the posi ­
tive side heing. much higher. Initia lly,
we thou ght of two accumulators and two
fixed voltage controllers, hut then it
would have been necessary to monitor
the cha rging condition of N o accumula­
tors. I'hc alknliuumgancsc hi.l ttl'ries a l­
ready o ccasionally used arc more advan­
tagcous. for they have a long-rem­
storage capability and an energy content
which is about three t imes as big as that
of an \ i\ l l-l accum ulator co lumn.
Agains! that, the voltag e drops UpOIl
discharge to around half tbe rated
vol tage . Thus to uti li s~ the baile r)
capacity only a switching cont roller
power sur ply with a wide input voltage
range is advantagecu s.

tn the present ca-,e. a l}-V power unit is
sufficie nt in terms of capacitan ce, even
if this type of battery. in contrast to , for
examp le. DIN -10863 round cells . is not
opt imised tor high loads . Now th ings get
diffi cu lt. The initial voltage of the

batteries is. far above the outpu t vo ltage.
while the end voltage of the batteries is.
a little below in

T his is not a pr obtcrn with a converter
transformer, but the expense still scares
peop le on. Enl ightenment came from
some pages in the 1996 Data Book 1)1"

Linear Technology [41. Thcrc we lind a
smart transforme r circui t ca lled it Sepic
transformer. which can transform up­
wards and dow nwards and, in add ition.
needs only a bi-filiar wound storage
choke and an AC vo ltage fixed electro­
lytic capacito r. So. in brief a lesl circuit
was soldered togethe r with a standard Ie
for upwards transform ers [l.T 1172 from
Linear Technology) and th ing<; wcut
wen over an input volta ge range from 3
to 20 V. Above that. things became
critical for the integrat ed power trans is­
tor and the output-s ide Schottky diod ...
from the point (If view (If voltage. With
the help o f an auxiliary tum and a linear
secondary contro ller. CVCll the negative
supply can be obtained. Fig. 5 shows the
result . This is virtually the cheapes t way
to do it.

Hut ther e still remai ned one standard
prob lem for <I ll battery- driven eq uip­
mcnt. It is put a....ay switched 011 and
forgotten. Theil one call only hop ed that
the battery rea lly is leak proo f and wi ll
not pour its electrolyte (;l1l11 CI1lS into the
equipment. But something could b...
done here using the stand-by mode o f
the LT l i n . If pin 2 is earthed at low
imp...dance. the switching controller goes
iuto stand-by and needs 50 ItA max.! A
timer . trigge red by pressing a key.
switches the equipment off lifter a sho rt
rime. bUI an L~'lC 555 (CMOS version
of the NE 555) needs abo ut 200 pi\, far
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Fig. 5: C ur re nt Sup ply wit h Sw itc h-On Contr ol

Ruhestrom 0= Open-c ircu it cur rent. Hctr tcbsstrom = Operating current, Bctrllg
Spannung = Voltage level, Etnscnalrtogg!c = Sw itc h-on toggtc. f in-Taste = On
key, Speichcrdrossct = Storage chok e, Ker n = Core, Licgcnd = Ho rizonta l.
Luf'tspalt ".. Air ~a l'. Du rchgehen d ..". Con tinuou s

too much.

Aller one day, the timer circuit shown in
Fig . 4 came about, with two BF 254 As.
The key (the break contacrl) starts the
transformer IC. the negative voltage
blocks the upper FET through the R 66
time function element, C 24, for ap­
proximately 10 seconds. Then the trans­
fanner switches off again . Ihe lower
FET tr iggers switching on if high fre­
quency is applied. If the vo ltage of the
vo ltage rect ifier is sufficient to block the
FET (app . 1 V on the Bf 245 A), then
the equipment switche s on and rema ins

78

on as long as the high freq uency ] s

prese nt. hUI for a minimum of 10

seconds. NO\\ on ly cont inuou s higJl
frequency' or a mec hanically blocked
key can suck the batte ry dry. In intermit­
tent dr ive (1 0 minutes cont inuous trans­
miss ion, 10 minutes pause). a measure­
mcnt time of 70 minutes was obt ained
anyway, which should he sufficient for a
field day season.

Naturally, there rs no obs tacle to an

external power source at 4 to 16 V
either. However, since the trans form er
power supply has no voltage iso lation,
caution is adv ised so as to avoid
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sho rt-c ircuits throu gh the coax cable
exte rnal conductor. With external power
supplies. in particular, the bartery must
be pow ered in a practical way.

5.
II'(ST EAD OF ASSEMBLY
!I'(STIU'CTI O"S

From d iscussing the mailer with a few
radio amateurs. we found that literally
each o ne of them would have preferred
a slight ly different solu tion . For this
reaso n , the author doe s not want to try
to lay down full assembly instructions.
but rather to stimulate people to pro duce
their own custom-built solut ions using
the components described above , in
several assembly stages. Since the cir­
cuit contains some S:VID components. it
call anyway be recommended only for
expe rienced solderers!

Assembly sta~e I: Rea ding mea su re­
men t an d cross-pointe r ins tr ument

Anyone who has had the opportunity to
inspect old medium-wave transm itters
will have been struck by the large
Buschbcck-typc cross-pointer wattmeters
in the control panel s. Anyone who has a
sens itive cross-pointer instrument avai l­
able can ju st assemb le the read ing
measurement system as per Fig. 2, with
voltage and current transformers and the
two rectifiers, tor some first tr ial steps .
You wil l then have a combination of
rela tive output display' and impedanc e
level d isplay. As long as the voltage and

current readings are the same , the two
pointers will fo rm an equilateral trian­
g le, which inclin es to the left or right
when impedance discrepancies occur.

Assembly stage 2: Level measu rement

In Phase 2, the logar ithmic apparatus
and, if necessary , the leve l display, must
be add ed. A sensiti ve measurement
apparatus with the LCW in the centr e call
be directly con nected, with a matching
voltage mu ltipl ier. to the output of the
ope rational amplifier, J1.

Asse mbly stage 3: Level a mi phase
measurement

For universal usc, the c ircuit as per h g.
3 is fully assembled. Then any display
instruments desired C,1n be universally
connected . If necessary, the wiring of
the output operati onal amplifier (J5) can
be modified

Supplement I : Luminous spot d isplay

For a compact apparatus, the luminous
spot display module as per Fig. 4 is the
optima l so lution. A format of 150 x 75
x 30 mm. can easily be realised using a
two-l evel constructi on (d isplay printed
circu it board piggyback 011 the measure­
ment printed circuit board).

Supplement 2: Power sup ply

79



VHF COMMUNICATIONS 212000

I' i~. 6: Spcclmcu Apparat us wu h L[D Mar Displ a~

Supplcnent z invo lves a power supply
using the Scpic transformer which is
used for the battery operation of the
apparatus. Anyone warning only to carry
out measurements at home can use any
pro perly stahiliscd power supply which
can supply :: 5 V at max. 300 mA.

Something else which could collie into
question is <1 micro-cont rolled evaluation
circuit which. in addition to the leve l
and phase d isplay, call. for example.
measure the power or count the trans­
mission frequency. in order 10 convert
reactive impedances into component val­
ues
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6.
llALA:\C1:"G INST lllIC­
n ONS

For balancing and operution ul check s, in
addition to a transce iver or a high-power
signa l generator. \\ C need a (gooJ)
<a-Ohm s load ing resistor and an oscillo­
SCOpl'. A power auenuator is also useful.
You can construct a few test standards
yourse lf at litt le expense:

- B~C conn ectors with shon cable
ends (max. 2 to 3 cr n. j have the
fo llowing adapted test loads :
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Fig. 7: Vic\\ inside Specimen of Vt"ctn r ia t Aerlal tmpedan cc vtctcr fo r Shor t
\V;l \ {'

- 2 X In-Ohms 0.6 W metal layer
parallel. yields 5 Ohms for lower
range limit

- 2 x I kOhm 0.6 \\' metal layer
parallel. yields 500 Ohms for upper
range limit

- Capacitor with 320 pF (or standard
value 330 pI") yields capac itive reac­
tive impedance or 50 Ohms at 10
1\11 lz

- Coil with 300 nH yields inductive
reac tive impedance of 50 Ohms at 10
\1 l-lz

The measurements arc carried out with a

power level of a few Walts. Those who
have no fa ith in the behaviour of the ir
transceivers ill the event 01" mismatch
should connect up a power attcnuutor 10

thc output 0 1" the transceive r. sn that I to
2 Walts of powe r will come out.

Ftrst. feed in approximately I W and
connect the load at the output. There
will then he two voltages of about the
same size to measure at the Curre nt
Level and Voltage Level measurement
points (discrepanc y < 10% ), they being
a little more than I V. This step
indica tes the functioning of the measure­
mcm transformer vo ltage and current.
and any coil faults existing are discov­
ered.
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With an ope n output the current reading
must dro p to almo st ze ro.......hile wlth a
short-circuited output it will be the
voltage read ing! The first series of tests
is com pleted by a lest at the lower band
limit ( 1.8 MHz) and the upper band
limit (30 MHz).

A tip : many r nultimeters, especia lly in
the cheap range, indicate house numbers
for measurements in h igh-frequency cir­
cuits. If the resu lts arc not clear , first
check the high-frequency ope ration of
the multimeter.

For the next steps. the Sepic transformer
must be running. or else two laboratory
mains supply circ uits are used to goner­
ate the ± 5 V. There is nothing In

balan ce in the transfor mer power supp ly,
for if ]{ 67 and R 68 in Fig. 4 arc
cor rec tly chosen as I ~/o meta l film
resistors the 5-V supply is correct!

On ly the input voltage range can be
tested. With a load amounting to 200
rnA at 5 V and 50 mA at 5V. the
vo ltages must be ( IlITCct over all input
vo ltage range o f 3 to 20 V. If the
transformer is not working properly.
check whether the switch-on key is lllX'n
and whether the wind ings in the slorilge
choke are wrongly connected!

In a th ird step, the operating point s 01"
the differential ampli fier are adju sted
with no In ' present - using R 15 and I{

16 set the outputs between 1.8 and 2 V
at the Voltage Phase and Current Phase
measurement points. If high frequency is
present. two square wave voltages with
the input frequency, which are in phase
opposition, arc to be measured at the
measurement points. If they are not in
phase opposition. reve rse the po larity o f
the secondary coil of the current trans-
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former, If the voltages are nor square
wave, there is probably a problem with
the oscilloscope. It should have a band
width amounting to 100 Mllz, and the
probes must have v'ery short connectio ns
to the assembly (l < 2 cm.). especially
the earth lind The two phase trimmers
remain turne d right down (min imum
capacity!).

The fourth step sets thc measurement
range of the level and phase displays. 10
MH7 and I to 3 Watts arc again used
lilr the rest signal.

wuh R·B in Fig. 2. we bring the
luminous spot indicating the leve l with a
50-Ohm dumm y load to the centre of
the sca le. With K 48, we sci the
maximum amplitude in such a way that
for a test resistance of 5 Ohms the
left-hand scale end is reached. while the
right-hand scale end is reached with 5UO
Ohms. The two balancing points are
interdependent . so severa l passes are
needed.

The same steps are taken lo r the phase
channel with R 50 (scale (entre) and I{

55 (til l! scale deflection). but the coil
and the capacitor act as the test stand­
ard.

Finally. the phase compensation is SCI:

d ummy load at output. test signal 30
MIlt. or (i f posvihlc] 54 Mllz. The
phase d isplay will no longer be in the
centre here. By experimentally turning
in the trimm er capac itors in the differcn­
tial am plifiers, the phase display is
centred. If a trimmer is opcranu g in the
wrong d irection. it comes bad. to the
minimum pos ition and we go to the
other trimmer.

Th is completes the balancing . It is
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recommended tha t you test the function­
ing again at regular intervals.

If we n ow connect up the switch-on key,
the equipment must switch on when
there is high frequency pres ent and
switch off when the high freque ncy
switches off, or afte r 10 seconds. If the
sw itch -on contro l is not work ing, it can
be guaranteed tha t this will be due to an
unsuita ble BF 245. You must use a SF
245i\ !

7.
T RU T HS AN)) RUMOURS
ABO UT AERIALS

T here is scarcely any area in electr ica l
en gin e ering (with the poss ible exception
o f the Hi Fi high-end people) which is
so alive with assumptions and rumours
as aerial engineering. T hus, for example,
a poor VSWR is made responsible for
stand in g waves and TVI, and new

miracle aerials regularly draw attention
to themselves.

In or d er to interpret the measurement

values of the aerial impedance meter
correct ly, a little theoret ical bac kground
is nec essaJ)'. For this reason. we shou ld
co ncern ourselves for a moment with the
objecti ves of aerial opt imisa tion. Instead
of making a stab in the dark, it is
recommended that, intellectuall y at least,
you m ove forward in several steps,
wh ich have noth ing to do with one
another, but which are regula rly mixed
up :

a) Adjust current distribution on the
aerial c onductor which is suitable for the

radiation

h) Compensate for the reac tive imped­
ance of the input resistan ce at the feed
point

c) Transformat ion of the now real input
res istance to the character istic imped­
anc e

d) Balancing trans formation for sym­
metrical coax ially powered aer ials

7.1. The radia tor dement, less
critical than people think

Despite some peoples views to the
contrary, the length of the rad iator
clement makes litt le difference, prov ided
it is under SiS of the wavelength lor a
monopo le or under one wav elength for a

dipole . Thu s a shortened d ipole (I lcrtz­
ia,n d ipole ) sup plies only about 0.4 d H
less gain. as against the half-wave
dipole , and the full -wave dipole just
supp lies a gain of exactly 1.7 d B.

For aer ial lengths in th is range, nne

current distr ibution automat ica lly sug­
gests itself which ge nerates a beautiful.
dipole -like directional diagram in the
well-known e ight form. For a SiR
lambda aerial, we also see the first side
lobes in the diagram. Longer radiator
clements display very fa nned-out dia­
grams which arc of litt le use in pract ice.
This is due to the fact that the current
frac tions in phase oppos ition o n the
aerial co nductor generate fields in sev­
eral direct ions ill space , which com pen-
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sate for each other. One remedy is to

build in phasing Jines for phase balanc­
ing, which is known abo ut from stacked
radiator elements. Another method re­
duces the destructive interference of the
part ial currents by avoiding. the reflec­
tion of the waves running along the
aerial conductor at the end of the wire.
We find this on aerials with moving
loads such as Beverage aerials, rhombic
aeriales or attenuated broad-hand di­
poles.

The reason why half-wave dipoles or

84

quarter-wave monopoles arc so popular
lies elsewhere. They have a real input
resistance of approximately 70 Ohms for
a half-wave dipole and 500 to 1,000
Ohms for a full-wave dipole. Short
dipoles have a capacitive reactive com­
ponent and a low effec tive resistance,
while a dipole length between a half and
a complete wavelength has an inductive
reactive impedance. For lengths exceed­
ing lambda, the reactive impedance
again becomes capacitive.

Fig. 8 gives a simplified version of the
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typica l loop curve of the dipole input
impeda nce. The ac tive component is
plotte d towards the right and the reac­
tive im pedance towards the top . In order
to ar r ive at the real axis, for short
d ipole s an inductance (extension co il)
with a p ositive reactive impedance must
be wired up in series. For a d ipole
length uf more than lambda-S, a capa ci­
tor (shortening capacitor ) with a nega­
live re active impedance should be wired
lip in series. I f the aer ial is longer than
lambda. then a coi l is required at the
power supply point again, as we know
from th e base co il o f the 5/~ lambda
aeria l.

Th e sa me conside rations also apply to

mon opole aerials (rod aerials) over an
eart h which conducts well.

7,2, Impe dance t ra nsfor mat ion

If a real aerial input resistance has been
atta incd, then it should be transformed
into a common cabtc charac teristic im­
pcdenc e (50 or 75 Ohms). True, every­
thing can be tuned using a reac tance
transfo r mation (variable d isc capacitor
and ro lling coil or Pi filter), but the
higher the transformation ratio the nar­
rower the band is. and the more reactive
com po nents are involved . lhis is also
the re ason why broad-hand high-level
stages can scarcely he constructed with
va lves. The only solution, the cascade
amplifier, bas to be ruled out for
amat eur applications, but power levels
of a lew kilowatts above a frequency
range or 100 li z to 200 MHz can be
ach ieve d with it!

Broad-band transformers can be created

for frequency ratios of I : 10 or more,
prov ided we are working in the res ist­
ance range of 5 to 500 Ohms. At very
low res istances, the stray inductance
interferes, and at very high resistances
the stray capacity does.

Even greater band widths can be
achieved using line transformers, but
this commits us to whole-number turn
ratios and thus to resistance tmn sfo rmu­

nons of I , 4, q , 16, etc..

7.3. The bal u n, th e unk nown
component

lhc final part of the task is halancing
the circuits, i.c. the transition from the
coax cable onto a symmetrical d ipo le.
Th is procedure. simple in itsdC is an
ideal breed ing ground for seductive
half-truths and belie fs arr ived at from
reading tea leaves.

Some people essentially consider bal­
ancing network as superfluous and sim­
ply clamp coax cores and casings to the
d ipole, This even frequently works with­
out any relative ly large amount of high
frequent')' be ing carried into the house.
The deformed directiona l d iagrams arc
in any case not checked .

OtlleN curse baluns and Guanetla trans­
formers be cause they so etten go wrong .
However, they arc usually overloaded.

A third group believes only in specified.
well marketed miracle brands of balanc­
ing circu its.

So lets shed some light on the dark ness.
The balancing network has two func­
tions, namely to preve nt high-frequency

B5



VHF COMMUNICATIONS 2/2000(~ -----"L!!:.-'~~~~~

- " ,", .-,"' ,,",,0'"
""" '""'"~' "... .....,--~

An idea l dipole is a balanced formation.
Here any balancing circuit brings the
desired success. We are most likely to
find th is condition in multi-clement
Yagis in the VHF/UHF range or in
larger shortwave beams, if they are
mounted at a distance of severa l wave­
lengths from interfering ambient compo­
nents. In addit ion, a defin ite earth
reference point ex ists here. in the for m
of the boom in the plane of symmetry of
the aerial.

:••."' ''~' '"C' '...,.... !",.~.","""

F i ~. 9a:Cahle Choke and Guancu a
Transformer

Fig. lJb:Trifilar Balun

Symm ctrisch "" Symmetrical,
Ruthroff-Trafo = Ruthroff trans­
former , T'rjfilia r-Balun = Trifilar
balun, Ersatzschaltung = Alte r nate
circuit, Cegen Koax -Kahclclcmcnlc
erdsymmeu-lsche Stiirungsqncllc =

Voltage sources balanced to coa x
cable, Gua nd la-T ra fu (Kabcldrosscl)
"., Guanella t ra nsformer (cable choke),
Erdfreie Sp annungsqucllc =

Earth-free voltage source

flux on the externa l conductor of the
coax cable and simultaneously to drive
the aer ial with balanced voltage or with
balanced current. It is the last point
where the tine difference resides. People
tend to overlook this, for the normal
batuns or cable chokes fulfil only one of
the two functions.

With dipoles for lower frequencies, one
is frequen tly not in a position to
maintain sufficient distance from struc­
tures, trees, power lines or other aer ials.
The two dipole branches then have
different stray capacitances to earth.

The cable choke or Guanclla trans­
former as per Fig. 9a suppresse s high­
frequency current conduction on the
cable casing through its d irect cycle
inductance. while the useful load flow­
ing in the cable is unaffected by it, for
the fields of the interna1 and externa l
conductor currents cance l each other out
in the externa l direct ion. To put it
another way, the casing of the coax
cable is impenetrable for the useful load.
Thus the power cable remains free of
high frequency externally, prov ided it is
fed away at right angles from the power
feed point in the plane of symmetry of
the dipo le.

The Guanclla transformer ensures that
the current being fed into the d ipole is
symmetrical. The Guanella transformer
acts like an isolation transformer and
simulates an earth-free voltage source at

the power feed point. Due to ambient
influences, asymmetrical voltages to
earth build up easily on the aerial
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halves, but this has little effect.

There is one etfect which even an ideal
balun can not prevent the radiat ion
effect of the feeder cable. If the field of
the aer ial is undisturbed, then a plane of
symmet ry of the fields, standing vertical
to the dipole, exists at the power feed
point.

Provided the feeder cable is fed away
vertical to the dipole in the plane of
symmet ry, it consumes no power from
the high-frequency field 01" the aerial.
Otherwise. there are electrical field
components parallel to the cable, and
magnet ic field lines which intersect the
cable. The cable acts as an aerial.

In spite of correct balancing at the
power feed point, high tHe' voltages
arise on the external conductor of the
stat ion-side cable end, especially if the
power line has a length which is
resonant for the operating frequency. A
second cable choke. direc tly on the
point where the cable enters the house.
is of assistance here!

Things are different for a standard
trifilar balun as per Fig. % . It generates
two voltages to its earth connect ion, in
phase opposition. of exact ly the same
size. lf the earth connection is linked via
a Vag i at the power feed point to the
boom, then the problem is solved here.

But what about the earth connection for
a freely suspended dipole? The only
connect ion to earth is the external
conductor of the coax cable. If the
dipole is now unbalanced, as a result of
the ambience, then the react ive currents
flow to the earth connection of the balun
and from there onto the external conduc­
tor of the cable.

In spite of the balun, we have standing
waves on the cable and high-frequency
irradiat ion onto other equipment in the
house. Anyone who docs not understand
this merely comes to the conclusion that
the balun has not achieved anything with
regard to the TVI and the irradiation
interfe rence, so the balun is superfluous!

A second cable choke, directly on the
point where the cable enters the house,
is of assistance here as well!

There are even more subtle differences
between the Guanclla transformer /
cable choke and the trifilar balun. With
the Guanclla transformer or the cable
choke. the useful power runs inside the
coax cable and thus docs not load the
transformer. The tr ifilar balun works
more like a normal transformer. in
which the entire power is carried over
the windings and the core. Details
rcgarding the dimensioning of broad­
band transformers for tuning and balanc­
ing can be found in 15].

With this knowledge, it is a simple
matter to interpret the displays of the
aerial impedance meter correctly .

If we measure directly at the power ICed
point of an aerial, the reactive compo­
nent is the indicator for the adjustment
ofthe resonance length.

If the half-wave dipole is too short. we
measure a capac itive reactive compo­
nent. If it is too long, we measure an
inductive reactive component.

If the reactive component, 0, of the
active component is a long way from 50
Ohms, then with Yagis this can be
traced back to the influence of the
parasitic e lements. In general. the para­
sitic elements reduce the input resist-
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ance , so that now and again a loop
dipo le has just 50 to 60 Ohm s. As can
be seen from L2j, it is scarcely possib le
to optimise the development objectives
gain. good front-to -hack ratio, band
width and base impedance simulta ne­
ously . If the base impedance can not be
brou ght to a point dose to 50 Ohms.
then transformation circuits must be
pro vided for at the pow er feed poin t.

If we measure at the end of the reeder
cable. then the aer ial input resistance
over the line is transfo rmed. The reflec­
tion facto r level and thus the standing
wave ratio are still maintained. On ly the
phase is rota ted. With electrical line
lengths of half a wavelength (the me­
chanical length is reduc ed hy the short­
eni ng factor ) the precise Aeria l base
impedance is presen t at the start of the
cable. For experiments, a half-wave feed
is the solution. For a test on stand ing
waves, r.c . inadeq uate balancing , the
reeder cable should he coile d four or

fi ve times through a large ferrite ring
core and the result should be compared
with the measurement without the ring
core. If there has bee n no change in the
impedanc e. the cable is largely tree o r
standing waves.
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Harald Fleckner, DC 8 UG

TEFLON OR EPOXY BASE
MATERIAL?

Two ide nticlIU)' cons tr ucted low-noise
pre.amplifiers " il h source counter­
co upling fur 1,21Hl l0 1,400 Mllz in a
compartsou test.

I.
INTRODUCTI ON

Ultra- low noise I ILMTs have recently
attained such Inw noise figures thai the
noise figure which is practically attain­
able for frequencies of I to 2 GHz is
clearly specified through the c ircuit loss
of the input voltage .

A type ATF 360 77 transistor (HI') or
even a type MUF 49)9 (Mits uhishi) has
a theoretical internal noise of 0.1 d B (
10 K) in this range. Thus at room
temperature and with low circuit losses
(typically 10 • ~O K) at 23 em.. noise
tempe ratures 01'20 - 30 K (0.3 - 0.5 dB)
arc obtained with transistors of this type.
The minimum no ise figure here is
determined by optimal marching of the
transistor input (noise matching). in
combination with the lowest input cir­
cuit losses. Th e optimal generator im-

pcdancc is very high-ohmic in the
frequency range se lected (typ ically.
Ropt "" <)1 Ohms. Xopt '" j 350 Ohms).
which means good broad-band input
matching can be attained only with gre at
di fficulty. Moreover. these extremely
low-noi se transistors arc not absolute ly
stable except from appro ximately 5 Gil?
upward s (K > I), so that their use at low
frequencies is always linked to a tell­
dcncy to sell-e xcitation. Stabi lity and
noise matching ove r a wide frequency
range wit h almost matched input ratios
(good return 101>s) without the use o f
insulators sounds like a contradiction .

The amplifiers presented here work by
the method of inductive source cou nte r­
coupling. which was described by A.A­
nastassius and M.Slrutt in 1974 {1] and
pUI into practise by Nevin and Wong [2J
and by D.R.Willi<lms. W.Lum and S.W­
ienrcb [31 in 1480.

Th is type of c ircuit had already been
investiga ted by the author at the beg in­
ning of the eighties, using Ga As-FETs
of type s \-tGF 1400 and CFY 13.
successfully tested and described in a
pub licat ion by G.Sch warzbeck [4]. A
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that the influence of the circuit quality
on the noise figure and the am plification
could be practically investiga ted slmul­
tancously.

2.
EFFF:CT OF INDUCTlV F:
SOURCE COUNTF:R·
COIJ\' LING

F i~ . 1: Influence uf sou rce inductance
UII input impeda nce

further circuit description of this kind.
using the ATF 10135 ! 10136. can be
found in [5).

An nu cmpt is made below 10 clari fy the
effec t of induct ive source counte r-cou­
pling on two identically-constructed am­
plifiers with modern semi-conductors.
The se were assembled using di fferent
base materials (Tenon and epoxy). so

)[~
if-

.~.. -

T his effect was already being investi­
gated in low-no ise triodes at the end of
the forties [61, and this inte res t was
transfcrr..-d 10 GaAs-FETs in the seven­
ties which, like the hig b-rranscond uct­
ance triodes, required high-Ohmic gen­
era tor resistances for noise matching [71.
pq, [91. A precisely measured induct­
ance is incorporated in the source-base
circu it here, in se ries with the source
connect ion. This increases the real frac ­
tion of the input resistance almost

.~
"

Fi~. 2: Amplifier circ uit without voltage sup ply
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F'i::t. 3: Input impeda nce of FET

independently o f the frequency. because
the input quality of the FET falls by an
amoun t which depends on the gain o f
the transistor. the input capacitance and
the level of additional source inductance
(Fig. I).

The physica l relationship o f the noise
parameters, in relation 10 the material.
component size, voltage and current
values, is rich in complexity and is
comprehensively presented in It l.

In formal terms, the increase in the input
resistance can be reduced to the follow­
ing expression:

IV u "" gm x Lie

where

R7\J = additional real fraction of input
resistance through counter-coupling

gm = tra nsco nductance in VImA

L = inductance in source feed in nt I

C ~ gate-source capacitance, pF

Typical values for modem HEMTs:

gm = 50-75 mA,V

C = 0 .2-0 .5 pF
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For the noise matching of a type AT F
36077 transistor at 1.3 G Hz, we need an
opt ima l generator resist..mce of lupl ­
91 + j 350 Ohms, which must be formed
by loss -free transformation [14].

Cou nter-coupling in the source brings
about real fract ion trans fo rmation
th roug h the increasing o f the input
resistance by Rzu. in this case by 41
O hms. The imaginary fraction can then
be matched by mean s of a simple series
inducta nce in the ga te connection, so
that th e entire transformation circuit
cons ists of two inductances.

An ad d itional effec t arising, is that the
input matching (return loss S l l) is
broad-band ill this kind of trausfonna­
non. and also st ill d isplays decided ly
good values. Th e increase in the real
fraction in the input is almost independ­
ent o r the frequency, because the input
capaci tance changes only insignifican tly,
or C remains < gru.

3.
C IRC t:lT ASSEMIILY

Fig. 2 shows the amplifier circu it. The
input has a high-pass filt er with a
limiti ng frequency of 550 Ml lz. The
series inductance. Ll , neutralises the
interna l capacitances and thus deter­
mines the frequency at which the lowest
no ise figure is prese nt. Through the
input capacitance and the transistor
grad ien t. the source inductance. L2,
de termines the size o f the add itional
O hmic resistance before the gale COIl­

ncctio n and thus makes broad-band
noi se matching poss ible.

The output has a 1:4 attenuator, this is
broad band which matcn-s (he FET. The
size of ::' 'l ~ rnpacitanc, makes it possi­
ble 10 fine tunc the ou tput impedance to
50 Ohms at the des ired frequency. The
amplifier circu it pictured corresponds to

the circuit principl e as per [3J. and has
been investigated using the wel l-known
l' uff soft ware, using not the S-pa ram­
eter s but the ou tpu t match ing parameters
for noi se matching.

This is because the cffc..ct of source
inductance cannot he simulated with the
above-ment ioned software. it on ly a l­
lows transfor mat ion using scalie r param­
ctcrs .

l hc noise trw/chinK is essentially deter­
mined through rhe real fracuon. so that
the circuit can be laid out to optimise
output matching and acquires the noise
matching through the correc tly measu red
source inductance. The optima l gene ra­
tor resistance tor the OUfput matching is
1.3 Gi ll. at l opt '" 17 - j280 Ohm s. ie
with a low-Ohm ic real fraction. as
shown in Fig. 3, based on the calculated
input impedance of the transistor.

For noise mcuching, the generator resist­
ance must he 01\ Zop t. '" 91 -I- j3 50
Ohms. LI:. with a high-O hmic real
fraction.

fi g. 4 shows the graph for the reflection
factor, opt.. for Uds - 1.5 Volt s and Id
= 10 mA, in accordance with the
technica l data o f IIEMT AT F 36077
from ll ewlc tt-Packurd [ 14 1.

Therefore, for output matching the real
fraction in relation to 50 Ohms must be
transform ed down wards, whilst it must
be increased for no ise matching. l'he
imaginary fractions for both type s of
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Fig . 4: Optimal gener ator resista nce for noise mlltc hin~

matching arc not far apar t. II is thus
obvious to layout the circuit in the
simulation initially in the input matching
direction. The actual sizes of the source
inductan ce and the series inductance are

empirically determined in order to arrive
at the necessary broad-band noise

match ing.
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Fig. 5: High-pass filter
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Fig. Sa: Simulat ion fit" a mplifier circ uit on Teflon mater ia l

4.
SIMULATION RESUL TS
WITH I'UFF

4.1. In put circuit with h igh-pass
filte r

The high-pass fi lter is initially devel­
oped in the input circuit. Its reciproca l
frequency lies at 550 Mllz and the
impedance level is at 50 Ohms. Fig. 5
shows the simulated filter on epoxy
material (Fl{4). It is relatively loss-free
and is intended to reduce the strong
signals below 500 MHz. The induct­
ances, L2 and IJ, of approximately 16
nH, are formed by two strip lines with Z
= 100 Ohms. In combination with the
series inductance, I, I, in the input, this
gives a quasi-matched procedure for a
value of 20 to 25 nH.

Quasi-matched because the influence of
the source inductance and the connec-
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tfon inductances on the FET is not yet
being taken into considerat ion here. This
means that the circuits real and imagi­
nary fractions are still too small.

4.2. Source counter-coupling

The designing of the source inductance
is of decisive importance for the func­
tioning of this type of circuit. Hv using
Puff a size estimate (an be obtai~cd f,;
the realisation of an inductance of
appro ximately 0.7 nH. The source con­
nections are formed using stepped, short
microstrip lines, and one side is earthed
through a O-Ohm or l-Ohm chip resist­
ance,

Fig. 6 shows the result, in which the
required circuit lengths and wave resist­
ances are specified. The calculated
lengths must be increased by approxi ­
mately 10% in the actual layout, so that
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Fig. 10: Layo uts for th e two mate rials,
I,rl'~dtl ro;d antll·p(lX~".F){4

proximately 1.5 pF to 0.6 pr , with a
reduction in the effective res istance from
150 to 100 Ohms. Th is change is
strong ly dependent on the size (If the
source inductance. Fig. 7 shows th is
change in the results window ,

4.4 . Tot al ci rcuit

Figs. 8a and Sb'show tile simulat ions of
the developed circu its lor Tenon and
epoxy base mater ials. The amp lification
expec ted is 18 dB and the return loss in
the output approximately 17 dB. A
comparisun Ill' the two simulation rcsuus
leads one to believe that the epoxy
layout is rather more broad-band. due 10
the greater dielectric losses (tan is
greate r by a factor of [0) i.e. the
attenuation is somewhat reduced. but
then the return loss is better.

the d ispersion at the transuion from Z '""
1211 Ohms to Z = II Ohms (KS) is
balanced out. This is then brought about
by the unshorrened source connections .

4.3. Output circuit

The source inducta nce leads to a change
in the generator resistance of the r ET in
the drain ci rcuit. In accordance with the
scatter parameter, 522, the output res ist­
ance is approximately Zout = 150 jllO
Ohms for 1,300 MHz. The add itional
source inductance alters the value to

approximately Zout = 100 j l t>ll Ohms,
because it brings about a reduct ion in
the series output capacitance from ap-

The input matching, ....hich is simulated
here, can nut cor respond til the actual
situation. because the influence (If the
counter-cou pling inductance can not be
represented using Puff So here we must
fa ll back on other software products,
c.g. Pspice 9.0..

Fig. ') now shows an enlarged layout
assembly for the Teflon version. rig. 10
shows the layouts for RT duro id and
FR 4.

The amplifier needs a current supply to
opera te which generates max. + 3 Volts
drain-source voltage and 3 Volts gate­
source voltage. A correspond ing current
supply is described. for example. in
[12].
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5.
IU:AIIiNGS

In electronics development, the c ircuit
simulation is Ihe basis for short develop­
ment times and also, with high-end
software, a guarantee of a believable
verificatio n of the switching function

Even if nowadays it is scarcely neccs­
sary to manufacture expensive proto­
types. metro logical investigat ion of what
is initially only a simulated c ircuit slill
remains the touchstone for the success
of the design .

Here it is now definitively clear whether
what we have simulated also coincides
with reali ty, for [he well-known Mur-

phys law tells us that the slightest
alte ration can he the tr igger for big
changes.

Fig. II pillts the no ise Iigure and the
amplification aga inst the frequency for
the amplifier o n the Teflon base material
(Rogers 0.79 mm.) and Fig. 12 shows
the measured results for the same ampli­
fier on epo xy material (FR4 1.5 mm.j.

The measurement" wen: carr ied out
using an automatic noise test rig (li P
11970) and a noise source with a high
retu rn loss (HI' 346A. 5 eo EN R), T he
accuracy o f measurement of this layout
is ± 0.15 dB for the values mea...urcd .

The noise values for the circuit asscm­
bled on Teflon are 0 .3 dB lower than
those for the epoxy assembly. The
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amp lific ation obtained is slightly greater
but, as expected, 3 dB lower than that in
the Puff simulation, which was la id 0 111

for line adaptation.

ri g. 13 plots the return loss values
actually obta ined with the measuring
bridge in accordance with DJ7V Y in the
amplifier input, and Fig. 14 shows the
retu rn loss in the output. T he return loss
ill the input corresponds entirely to the
values to be expected between 6 and 8
dB. Th e return loss obtained in the
output is rather lower than previously,
simulated. But it still lies in the acce pt­
able range o f from 10 to 14 dB for the
asse mbly based on Teflon mater ial, or 8
to 10 dB for the layout on the r R4
substrate. The capacitor. C5. in the
output for fine tuning is omitted here. in
order to test the broad-handedn ess o f the
1:4 transformation.

6.
SLIMMARY

'1\"0 amplifiers with source counter­
coupling were asse mbled tin different
base materials. These were mctrolog i­
cally investigated, with regard to the
attainable no ise figure, the amplification
and the return loss in the input and
output.

If we compare the measurement resu lts
in this frequency range with othe r
commercially available amplifiers, the
Tenon-based assembly with its 0.11 d B
no ise figure is in the upper range. The
asse mbly on epoxy material is more
likely to be found in the lower range of
the GaAs-FET amplifier. The refe rence

values used here were those dete rmine d
in the so-called noise figure contests
[15].

In 101al, the author assembled and
practically investigated six counter-cou­
pled amplifiers with two different FETs.
AT F 36077 and MGF 49 19. The no­
tune amplifier for 1.3 GHz developed by
Dfl 6NT [ I3] was used as the re ference
amplifier for eval uating the readings.
and was specified as having a noise
figure o f typically = 0.7 dn. The values
fur the noise figure and the amp lifica­
tion of this assembly measured using the
abovc-memiou ed test rig can be seen in
Fig. 15.

The question still has to be clarified why
the theoret ical noise figure of 0.3 d lJ
was missed by three-tenths or 100%.

For one th ing, the quali ty o f the input
matching circu it is an essentia l factor for
the attainable no ise figure. with the
re lationship between the bas ic Q and the
loaded q uality giving the deflection.

The so urce counter-coupling determines
the loaded quality by mean s of an
increase in ihc effective series resistance
in the input. The mkrostnp lines. with a
discrete inductance , LJ, including the
source connection, are respo nsible for
the basic Q.

Wit h the epoxy assemb ly, as one mig ht
accept, the bas ic Q of the input circuit is
a lready rather lower than that for the
Teflon assembly, which leads in this
case to a noise f igure which is 0.3 d B
h igher. As regards the Teflon assembly,
it remains 10 be stated that here too the
ci rcu its basic Q o.g. through inherent
losses and radiation losses is still rather
too low.
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A further point is the to lerance of the
measurement set-up. The measurement
tolerance of ± O.IS dB gives a range of
0.4 5 dB to 0.75 dB for a read ing of 0.6
dB.

Effects of Source Lead Inductance on
the No ise Figure of a GaAs-FCT

Proc . IEEE. vol. 62, pp. 406-408,
March, 1974

If we deduct an attenua tion of approxl­
merely 0.1 dB as the tran smission loss
of the high-pass. then the actual norse
figure of the test object is in the range
bet ween 0.3 5 and 0.65 d B,

If pre-amp lifiers arc used, in radio
astronomy or in EME installations, only
an assembly which ope rates with the
lowest losses in the input is tole rable
c.g . with cavity resonators. For other
applications. though. good return loss in
the input and good stability should
always be preferred for a noise figure
one or two tenths of a decibel better.
There is a very good descr iption in [ll]
of how the unavo idable mismatching
loss on the aer ial impedan ce leads to an
Increase in the system noise figure.

To sum up. we can say that an assembly
on cpo.\ }" material. in spite of the
noticeably lower basic 0 due to the usc
of almost no isele ss semi-conductors. can
lead to amplifier noise figures o f up 10
0 .8 dB. A few year. ago. th is was
restr icted to only special assemblies.

The low-loss ama teur assemblies (c.g.
with cavity input) in the Lband nowa­
days demonstrably attain noise figures
0 1' 0.3 0.4 dB li S].
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PUFF version 2.1
Microwave CAD Software

• Complete with full handbook in English

• Software supplied on 3.5 inch floppy disc

Price £23.50 + shipping

Shipping - UK £1.50, Surface mail £3.00, Air Mail

As used in the article on Teflon or
Epoxy base material

The UK Six Metre Group

The UK Six Metre Group has members world-wide who pay a
subscription each year. This includes the quarterly newsletter
'Six News', To learn more about the group visit our web site.

http://www.lIksmg.org
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Dipl.-Ing. Jv.Parpart

THE I/Q MODULATOR
DESCRIBED

Oigitalised image and sound signals
have become an everyday eccu rence
in the last decade. Polished algnrithms
for data reduction make it possible to
transfer more and more information
in a rest ricted frequency band, with
or without a wir e. Many digital
modulatinn processes require a so~

called I/Q modulator as kl'y clement.
What this clement docs is to control a
carrier frequenc y as regards phase
ami, if necessary, amplitude, with
ea ch carrier condlucn or each condi­
tion change rep resented by a bit
sequence.

1.
I'RELIMINARY REMARKS

In principle. tile I/Q modu lator is fully
digitalisab lc. Its output signal can be
predicted, depending on the data to be
transferred, and can be gene rated
through IliA conversion, lt s all a ques­
tion oftechno logy.

However. the I/Q modulator presented

106

here stems from a time in which
components were still wired. It operates
as an analogue or a linear unit. Th e
circuit, laid out using purely passive
techniques, allows for an insight into
what is go ing on. Var ious application s
are d iscussed, start ing from a basic
circu it (F ig. I), which can be eas ily built
on the board shown in Figs. :2 and 3.

2.
FROM IlSIl MODULATOR
TO I/Q MOIlULATOR

By multiplying an oscillator signal (frc ­
qucncy: fa ) ",... ith a modulation signal
(frequ ency: .lin), we obtain two new
signals with the Frequencies f o - fin and
fo + fin . If a comp lete base band signal
is multiplied by an oscillator signal - the
modu lation process two side bands are
obtained (hence DSB, for dou ble side
band). If a DC vo ltage is applied to the
multiplier, th is means that the carrier
(othe rwise suppressed) appcars in the
spectrum .
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In practise. multiplication is often car­
tied out with the help of an e lectron ic
commutator switch (e.g. a d iode ring
mixer). The po lar ity of the modulation
signal thus changes within the osc illator
freq uency cycle . Add itio nal products arc
generated by means of this pn)Cl...ss. as
well as the modulation produ cts referred
10 above. Th ey are grouped around the
odd-numbered harm onics of the oscilla ­
lor frequency and must be el iminated
through filt ration

In compariso n to rbe base hmll!. tile
USH signal takes up double the band
width. But since frequencies an: always
scarce, 11 would be nice if we could
double the usc of the doubled hand
width. lt is actually possihle to separate
two DSU signals again on the reception
side, insofar as they have been gener­
ated with the same oscillato r frequency
and with a dc fin...d oscillator phase. In
the idcal case. this gives us two trans­
mission channels independent o f each
other.

f rom the mathema tical point Ill' view.
the l/O modulator consists of two
multipliers which conta in the modulation
signals (/(1) and (J( t)). There is 90"
difference between the oscillator signals.
By convention the lead ing oscillator
signal is applied 10 the multiplier in the
Q path. If we look at the I oscillator
signal as a reference. then the Q
osci llator signal is displaced by a quar­
tor-period to the left on the time axis. In
the vector representation. is rotat ed 90"
anti-clockwise

The output signals from the multipliers
arc added and then transmitted. r ig. 4
shows the interaction of modu lator and
demodulator. on the assumption that the

multiplie rs have orthogo na l phases in
the I and Q channels. and that the
transmiss ion signa l causes no signa l
delay (d irect connection). It can be seen
from the draw ing that if the receiver
o scillator is running synchronously with
the transmitter esciflator ( ~ = 0). we get
back Itt) and (Xt) through synchronous
rt..-ctificarion and subsequen t low· pa<;s
filtration (provided w ith a system-de­
pend ent proportionality factor).

there arc four condit ions altogether fro:
from cross-talk. namely ~ = OC, 9OC.
1110" and 270" . So at the demodulator
outputs there is either the original, a
transposition with I inversion. a two­
sided inversion. or a tmnspo-citinn with
Q inve rsion. Mind you. the phase posi­
t ion must be kept 10 vel')' precisely with
respect to channel se p aration (c.g. - I "
already causes a 35 dD cross-talk ).
Moreover. any deviation from the re­
quired orthogonalit y brings problem s
with it. Modulator errors and dcmod ula­
tor errors can com pensate for each other
or be cumulat iv'c. which makes th is area
\'Cry undefined . If we assume that we
have an orthogonal demod ulator, a I :>
modulator error causes a channel cross­
talk of 35 to 41 d H.

3.
COMI'LEX MOll llLAnON

We arc now making the assumpt ion that
the two modulation signals, l(t) and
Q(t), receive d iscrete amplitudes ( n

d iffe rent values. multi- valent data trans­
fer). and that the change from one value
to the other takes p lace at fixed times. It
is best if we represent this in vector
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Fig. 2: 1.11)out
of I/Q
modulator
evpc r tmenta t
printed ci rc ui t
board

Summe nausgang

~

Fig. J:
Component
plan of
expe ri mental
p rinted circuit
board

Summenaus­

ga ng"" Tota l
output,
l-finlo::a nJt = I
in put.
Q-[inl:a n~ '"
Q in p ut ,
Ozillalor =

Oscilla tor
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cos ( wtl COS(w t ...1)

k I( t ) cos (t) ...

kO(l) sin ('f')

k 0rt i cos (tl .

k (0) sin(")

! IIQ-ModLlalor

-sin ( w I) -sin ( wI ... tj

IIQ·[lemroJator

Fig. 4: tntcractton of I /Q modulato r and IIQ demodula tor

terms. The f signal is plotted on the x:
axis and the Q signal on the y axis. Each
I-Q combination corresponds to a read­
ing with a defined amplitude and phase
(an oscilloscope can make thai very
clear in x-y representation) .

One knov...n repres entat ive of the com­
plex modulat ion procedures is, for ex­
ample, QAM (quadrature amplitude
modulation). QAM is distinguished by
equidistant amplitude values in the f and
Q channe ls. All possible pairings arc
a lso allowed. With four different values
per channel (e.g. I Y, - 0.33 Y, + 0.33
V, r 1 V). we have 16-QAM. for there
arc 16 diffe rent combinations.

Also frequen tly encountered is PSK
(phase shift key ing). PSK sets the
amplitude values in the I and Q channels
in such a way that the total vectors
always lie on a circle . With five
different values per channel (e.g . IV, -

0 .7 1 V, 0 V. -f 0.71 V, -+- I V). we arc
dealing with S-PSK, for we can then
represe nt eight phase-diffe rent iated read­
ings with the same length (only spec i­
fied l-Q combinat ions are perm itted
he re).

If any reading (Zs = l(t) + KXt)) is sent
over the transm ission system, in accord­
ance with Fig. 4, the corresponding
combinat ion o f the demod ulator outputs
gIves

In plain English, the read ing rece ived
corresponds to the reading transmitted,
but its phase ang le is rotated through ~

in a clock wise direc tion. If ~ is suffi­
ciently stable, the informa tion transmis­
sion could take place in such a form that
readings following each other in a
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temporal sequence were compared with
one another. It is advantageous if the
carrier recovery c ircuit provides lor 4' '"'­
0". 90", 180" or 270" (a Costas loop can
do this), for then the amplitudes at the
demodulato r outputs take on only the
pre-speci fied discrete va lues (no channel
cross-talk). and can cons eque nt ly be
recognised using window comparator
c ircuits without interference . It would he
even better if there were only one
scanning point. bUI the Costas loop does
not cater for th is. The uncertainty
remains as to which quadra nt we are in.
Ccdewords can be agreed. or the d iffer­
ence can be evaluated for phase angles
following one another.

Understandably. peop le II) to transmit
as much information as poss ible per unit
o f time. The liner the I-Q amplitude
sub-division is. the more data can be
transmitted fo r a given bandwidt h. But
then a good signal/noise ratio is re­
qu ired. with linear behav iour frum the
components taking. part in the transmis­
sion. \Ve can allow ourselves 6-I-QAM
in the cable television systems. In
satellite technology, we do not wish to
differentiate amplitudes from one an­
other. We rely on robust 4-QAM =

4-I'SK. through which we can obtain a
high degree o f efficiency for the trans­
mitte r high- level stage (constant level
control).

4.
A:"O IIQ ~lOlllILATOR 1"1 A
PRACfI CAL FOIUIAT

Fo llowing this theo retica l introduction.
let us now conside r an I/Q modu lator in

practise . The circu it can easily be fitted
onto half a European standard size pc
boa rd. This is cert ainly very large by
todays industrial standards. but aga inst
this we can get by with standard
commerc ia l components. Fig. 2 shows
the layout (solder side) and f ig. J the
components plan for the I/Q modulator
exper imental printed circuit hoard. The
top face of the I.S-mm. epoxy printed
circuit hoard is not etched so tha t all
eart h connectio ns can be through-ho le
plated . The rema ining bores arc counter­
sunk. ANC angle sockets form the
inter face s to the outs ide world.

The heart o f the circu it co nsists o f two
7·dBm Schottky d iode ring mixers
( /(U I , R.\I2 ). It is impo rtant that all
mixe r co nnections are accessible and not
connected to ea rth at the man ufactur ing
stage . Each mixer port is separated from
the external inputs and outputs by means
o f add itional attenuat ion. The syste m
characteristic impedance is 75 Ohms.

T he osc illator frequency shou ld lie in
the range between 35 and 40 Mil l . An
ex ternal generator supp lies the osc illator
signal ( IJ dBm). A 3-d B attcnuaror (R7.
R8, R9) is fo llowed by a 3-dB 90"
d istributor. de-coupled at the outputs. in
a bridge circuit (RIO, z.t, C l ). One of
the distr ibutor outputs must be lapped
off potential- free, which is provided fur
by the transformer integrated in RM2.
The ring mixers thus each have all
osci llato r leve l of 7 dBm (R.lf1 receives
a signa l running 90 0 ahead o f RM I) , so
that they sec a broad-band matchin g,
and are de-coupled from one another.

The reactive impedances o f L I and C I.
together with the resistance RIO. must
correspond to the system chara cter istic
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Fig. 5: Reflection att en ua tion at in pu t
of 3-dB 90° d istributor
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appears at the rota! output at approx i­
mately 60 d fjm, condit ioned by the
coup lings and asymmetries of the mixer
and the per ipheral circuit. ln accordance
with the laws or vector addit ion. we can
make the vector 10 disappear com­
pletely. by a suitable adjustment of PI
and IYJ. (more and more fascinating").

The mod ulation signals. I( t) and Q(I).

(up to approximately 10 MHz ) find their
way to the rntxcr inputs through 18-dB
eue nuarors (R·t R5. R6 or R1 4. R15.
16). They arc AC coupled through C3,
C4 or C6. C7. the lower limiting
freq uency is approximately ~O kHz. If
we now apply 2 Vss (sinuso idal) either
to the J input or the Q input. we obtain
two sidebands at the tota l output . eac h
with approx imately 20 d Rm.

If we feed the modulat ion signal 10 both
inputs simultaneously. and if we use

A Stabilised DC circ uit of approximately
6 V is obta ined from the voltage led in
from outside, using mo, fJI and CR. A
IX' voltage adjustable within a range o f
o mV to , 20 mV is applied at the
mixer inputs through the netwo rk con­
sisting of RI, R2, R3 and 1'1 (or HI I,
H12, HIJ and 1'2) . 1'1 and 1'2 take the
form or l fl -Ium helical potentiometers.
We can thus generate components of the
car rier frequency orthogonal 10 one
another at the total output each with up
10 approximately 30 dll m. Without IX:
voltage compensation (0 mV at the
mixer inputs), the carrier frequency

impedance. Moreo ver, the source toscil­
lator] must be broa d-band matched. L1
lakes the form of a balancahlc induct­
ance ( 11 turns of enamelled copper wire
on a 4-1111ll. rod , ferrite core). n should
likewise he balancable, if applicable
(tr irnntcr). T he cr iterion for the correct
values or 1,1 and Cl is a sharp form of
reflection attenuation at the distributor
input at the desired oscillator frequency
(Fig. 5) . with the minimum being o f no
interes t as an ac tual reading (because o f
the final d irectivity of the measurement
system) but being of interest only for
reasons of rcproducibility.

lhc mixers output signals an: combined
by a bridge circuit (R I 7, NJR. /( 19). In
this connection, an attenuation of 6 1m
arises ill each cas e. One of the coupler
inputs must be switched potent ial- free,

which is provided for by the transformer
integrated into RMI. The cond ition for
the de-coupling is that R17. R18 and
RI9 correspond to the system character­
istic impedance, and in addition the sink
(total output) must be broad-hand
marched .
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orthogonal signals tor this. then one
sideband can be strongly attenuated
(theoretica lly obliterated ), The remain­
in!! sideban d is increased by 6 dl3. Since
t h~ circuit is passive. the process can
a lso be reversed, A signa l (j~) led into
the total output generates two orth ogo ­
nal signals with fo - Is at the I and Q
inputs tatter subsequent low-pas-, filtra ­
tion). If fil > ft. then the Q signal will
tak e precedence. 'ffs »fo, it is the other
wav round. Single-sideband technology
ha; been llI<lki;;g, use of the options
arising from this (including the com bi-

nation poss ibilitie s) for decades .

As rcaards da ta transmiss ion, since the
modulator ope rates in a very linear
manner . the I and Q modulation signals
can he re fiabiv divided into ten or more
equal stages in the range between I V
and + I V (whether \H' can also actua lly
make use o f this rela tively fine quantisa ­
tion depends on other conditions sec
above). Tilt' filtrat ion of the modulat ion
si!!na ls required for hand limitation can
take place in the basis band. on the basis
of the given linearity. Initially, no stat ic
vo ltages are transmitted (no DC cou -
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C3 and C4 remain short-circu ited, HI IS

removed.

(:f> -----------'-"'-""' =="""'~~

piing). We shall come back to this.

Parts list:

1 x 27 Ohms, 1%. R8

4 x 75 Ohms, 1%, R IO. R17, R18, R l9

4 x 100 Ohms. 1'%, R4, e« R14, RI6

2 x 27() Ohms. Jl%, R5. RI5

I x 330 Ohms. 5%, 1/3 W, R20

2 x 390 Ohms, 1%,,1<7, R9

4 x 1.8 kOhms, 5~"u , RI, R'2 . Rl l. R l2

2 x 7.5 Whms, 5%" 1<3, HIJ

'2 x 2 kOhms, sp indle tr immer, f' l , 1'2

2 x HPF 505 (min i-circuits), RA11 , RAt:..

Or similar. VIl F mixe r

1 x 56 pF (if applicable, trim mer). C l

fi x 100 nft, ce ramic , C2 [0 C7

I x 47 IlF, electrolytic capacitor, C8

I x 0.3 1l1I, I I winding on a-mm. core.
Ll

v cgr kit with balancing core

1 x Z PD 6V2, Zener diode. 0 1

The 90° coupler (L1, Cl) is tun ed to
38.9 1\1Hz. The video signal must be
aquired at the black level (0 V). and
comes to the ! input. With PI. the
res idual carrier can be set as desired.
With a 10% residual carrier. the syn­
chronuus level at the total output is
appro ximately 14 d Rm.

What are the Q channel and 1'2 for'?
Well. because of inter-carr ier sou nd
demodulation , the modu lator may give
off only a Fl awless I signal. Any Q
remains (and there arc always some)
cause a pha se modu lation of the image
carrier The 1.,Q modulator com pensates
for this, by generating an invers e Q
carr ier (DC voltage at Rl(2 ).

Profession al television test demodulators
can measure the image carrier phase
modification (IeI'M). Fig. 6 shows the
precision or measureme nt to be de­
scribed as perfect II shou ld be pointed
out that the tuning of the QO~ cou pler is
not crit ica l in this application case , The
compensation is out standingly tem pera­
ture-stable . We j ust have to pay ca re ful
attention to the DC voltages.

5.
AN EXCURSION 1:"1'0
VIJ)F:O TF:CII:"OLOGY

I.,
SIMU LATIO,\ OF A
IVIULTl-VALE'lT DATA
TllAI\S~IISSIO'\

Video signals can be converted into the
intermediate-frequency plane with the
I/Q modu lator shown here. The follow­
ing circui t change is requ ired for nega­
tive modulation (e .g. standard BiG). R3
changes [Tom 7.5 kOhms to 15 kOhms,
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In this experiment. the rand Q channe ls
are to be loaded with data. for simula­
tion purposes . non-synchronous. ste pped
video signa ls arc fed into the mo dulator



VHF COMMUNICATIONS 212000""'--""'''''''''=''''''-'''-''"''''''--------------(~

. 1 : r ... ..n s ml ss!on

1>;2' T r- ~ n " m 1" '" ton
1 M L e S M"S
1 M n ", l""y

1 . l2l d B/ R ", f

5 1'1 n s / R ",f

1111. 1 7 d E
1 3l:.S fJs

. t1k r -CtllLd
1: t s. I f, ~ ~

L ) ]'1. ::' L'l ~ "I

e . 2(, ;',
7.76 9

:33. IM'lil
1 ':1. S ,HH'

I ,
2>

M a s 1 : i"I r2 19 .,. MH,
7 . 7b d B

H a s2 : i"I r2 19 . sa HH,
I . rs s •

/ /\ " ,-
0

Jr ~ ~

I ~

e-- -

,

f\ 1\- "
e \ \., V \ :\N\ \ I/\h.

\1' "
1

7:

Fig. i: Tra nsmission curve and group dctay of filter

inputs (DC coupling). The stages corre­
spond to the voltage values 0.3 V, 0 V,
+ 0.14 V. -'- 0 .28 V. +- 0.42 V. +- 0.56 V
and + 0.7 V. Considered vectorially. this
gives at least 49 poss ible combinations,
of which only the first quadrant is
completely occupied.

The I'Q mod ulator is driven by DC
coupling i.c. C3, C4, C6 and (7 are
short-circuited . An external vol tage
source is dispense d with (if the position
of the zero point in the receiver were
critical, a bipolar adjustable DC voltage
would have to be fed to the mixers
through R3 and RI3),

An advantageous ly priced residual side­
band filter, with pre-amplification and
post-amplificatio n. forms the transm is­
sion channel. lts transmiss ion curve
(approximately 0.7 dBpp) and group
delay (approximately 50 nspp) are
logged in Fig. 7. So that the modulator
signal match es into the ti ller, the oscilla­
tor frequency is pushed into the centre
of the band (here: 36.3 Ml-lz]. t,1 and
CI are carefully balanced.

Now we still need a suitable demodula­
tor. The author used a circuit with the
same structure as that in the modulator
(Fig. 4 suggests this) . The osci llator
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signals (or the modulator and dcmodula­
lor came from the same source. One of
the branches was phase-adj ustable. using
a variable-length line (a so-called trom­
hone).

The ampl itude cycle of the total system
consisting of the modulator, the filter
and the demodulator was tested first
(F ig. 8). The transmission curves IS .....
IE and QS --). QE are quasi-identical the
transmission range goes up to approxi­
mately 3.5 MHz. The cross-talk attenua­
tion levels. IS - ) QE and QS --). IE arc
ext remely similar [more than 25 dB to
approximately 3 M!h ).
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The demodulated signals can be looked
at with the oscilloscope a fter low-pass
filtration with )g ,. 20 ~ I HL Fig. 9
shews both channels (the pho to quality
is unfortunately not optimal). The DC
voltage values are correct ly transmitted.
i.e. the black value remai ns <I t 0 V.
However, the channel cross-talk expands
the original d ear contours. An :\-y
representat ion is very informative . Since
the mod ulation signals. in terms o f lime.
move over each other. new I-Q cornbi­
nat ions are arising all the time. Some of
these random constellations are shown
in Fig. 10. From the purely qualitative
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Fi~, 'J; Oscilloscope trac e of
d emodulated sig na l<.

poin t of view, it can be staled that there
should be 111.1 great difficult y in findin g a
reliable answer to the question of ex­
actly what complex numerica1 value IS

being transmitted at any mom ent.

7.
COI\CLlJSIO:-;

T he trans mission o f digita l data in the
high-frequency plane is a new challenge
for high-freque ncy technology. The I'Q
mod ulator often for ms the interfa ce
be tween d igital and analog ue technol­
ogy. This article is intended to awake an
understanding of the problems involved
and to provide stimul atio n for further
observations and experim en ts.

8.
LIT ERAH iRE IlH EREI\CES

f l] Glasmac hers. G .

Fig, Ill: \ -y representation of
d emodu lat ed sh: na ls

Digital phase modu lation

Vl lf Report s, no. 2, 1999

[21 :YUillSl. R.

Digital modulat ion procedu res

IWillig. 1989

[JJ Dambachcr. 1'.

Digital technology for tele vis ion broad
casting

Springer. 1997

[4] Parpart. J.V.

Broadband high-frequen cy tra nsformers
circuits and system s

l liithig. 1997

[5J Mini-Ci rcuits: KF/I I-" Designers
Guid e 1999

[61 Hewlett Packard

Digital rad io link system theo ry and
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advertising rates.

Co ntact Andy Harter, K M Publication s, 63 Ringwuot! Road , Luton, Beds.
LU2 78 G. U.K.

Tcl f F31 +..... (0)1582 ~81 115 1 - email andy@\'hfc(llIIllI.co.uk
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1l 'o/fxanK Schneider, DJ 8 ES

LOGARITHMIC AMPLIFIER
UP TO 500 MHZ WITH
AD8307

As :I supplem en t to a good stoc k of
measuring eq uip men t, II loga r ith mic
a mplilier is described below with a
useful dynamic ra nge of 90 dB . Suit­
ah le out puts a rc provided so that the
readi ng ca n be disp layed, for exam­
pie. on a n oscilloscope. The signa l 10
he measu red ca n liI ..ewtse he fed QUI
ove r the "er ia l 3-cond uctor b us by
mean s of an optiona l Ail> conve r te r
for fur th er p roc essing using a micr o­
controller or 1I Pc.

I­
GEI\ERAL

Wobble mea..urcmems, for example.
using the short- wave synrhcs iscr for the
frequency range I to 65 MHz II ] need a
logarithmic disp lay of the readi ng with
as extensive a dynam ic range as poss!­
ble . Here the AD 8307 logarithmic
amplifier front Analog Devices rep re­
sents an almost ideal com ponent. as a
detector with d B linear output. A glance
at the spec imen circuit shows how few
co mponents are required (Fig. I).

2.
CIRCU IT DESCRII'TION

The core o f the c ircuit (Fig. 2 ) is the
AD R307 logar ithmic amplifier from
Analog Devices. In the data shee t, the
Ie is specified as up to 500 M il l . with a
dynamic rang e of app roximately 9() dH.
This is valid for input levels (If + 17
d Bm 10 75 dHm. The AD8307 can even
be used (with restr icted accuracy) up to

900 Mllz and beyo nd.

As the frequency increases, the d isplay
voltage decreases slightly . The associ ­
ated characterist ics arc shown as the
frequency response of the ADR307 in
Fig. J. In the interesting frequency range
between I and 65 MH1, the deviation is
negligen tly slight. Compensati on might
be necessary, if applic able . with corte­
spondin giy broad-hand measurement ap­
plications.

The dB linear output (p in 4 ) has a
grad ient of 20 mY/dB in the given
circuit and is high impedance. A type
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Ausgangsspannung des
logartithmischen Detektors

LM358 double O P is downstream as a
hurter stelge. Than ks to the two different
feedback resistances, th is makes load­
able outputs available with gradi ents o f

E,
n

9
a
n
9

dbm 20mVfdB 50mV/dB 100mVfdB

10 2,00 5,01 10,01
0 1,80 4,50 9,00

-10 1,59 3,99 7,97
-20 1,39 3,48 6,96
-30 1,19 2,99 5,97
-40 0,99 2,48 4,96
-50 0,79 1,98 3,95
-60 0,59 1,49 2,97
-70 0,40 1,00 2,00
-80 0,24 0,60 1,20

VHF COMMUNICATIONS 2/2000

Fig. I :
P rototype of
loga rithmic
am plifier up to
SOO M Hz

•

50 m\, idB or IOU rnVidB ,

T he linearity and the off set (in rela tion
to the input power) are set with two
50-O hm sp indle trimmers (sec also
Section 4: PUlling into pract ise). lahlc I
shows the output voltage, plotted against
the input power following the ba lancing.

As an extension. space was prov ided on
the printed circ uit board for a 12-bi t
type LTC 12X6 AD conv ene r manufac ­

turcd by Linear Techno log ies. This
makes the signal to be measured avai l­
able (through a seria l J-conduc tor bus)
for furt her processing using a micro­
controller or Pc.

3.
ASSEMBLY INSTRUCTI ONS

T a ble I : Outpu t volt age plotted
against input pow er

Ausgangsspannung des logarith­
mtsch en Detektors '" Output vottagc of
logarithmic detector, E inga ng = Input

120

The circui t for the logarithm ic amplifier
for up to 500 ~Hlz (DJ8ES047) is
asse mbled on a double-sided copper­
coa ted epox y printed circu it board (Fig .
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Fig. 2: C irc u it for loga rithm ic a mplifler with AU8307

4 ) with d imensions of 54 mill. x 72
nun.. It should be housed in a suitable
tinplate housing.

A B\'C socket is provided for the
measurement inpu t. The voltage of + 12
V is fed thro ugh a l -nF fccdthrough
capacitor. Teflon bushings are used for
all OUTpUTS.

First. all the resistors and capac itors and
the voltage reg ulator are inserted. in

accordan ce with the component plan
(Fig. 5) . Before the lCs AD 8307 and, if
app licab le. LTC 1286 arc so ldered ill,
their supply voltage of + 5 V should be
tested at the out put of the 71l l-05 fixed
voltag e regulator.

Because o f the high maximum ope rating
frequency. which exceeds 500 MHz. the
AD8307 had to be soldered d irect ly
onto the primed circuit boa rd i.e. with­
out a socket.
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I x5 1 Ohms

I x 10 kOhms

'!4 \V resista nces. R \ I 10 11Im.:

2 x 20 l-Ohms

I x 30 kohms

I x XO.6 kOh ms

I x l-nf Of capacuor. solde rable

I x .. mm. soldering lug. turned down

5 x Tetlon bush ings

5 x 100 nf , RM 2.5 r um.. ceram ic

I x I nF. R.:'vt 2.5 mm.. ceramic

2 x 50-l-0 hm vertica l spind le trimmer

I x DJ8ES 047 printed circuit board

I x tinplate housing 55.5 mm. x 74 mm.
x 30 mm.

I x ADlG07 logarithmic amplifier . DIL
x-pole

1 x LM 358 operatio nal ampl ifier. DlL
x-pole

I x LTC 1286 AiD conve rter, OIL
(o ptional)

I x n L05 fixed voltage regula tor

1 x 10 ~F/35 V. tantalum electrolytic
capacitor

(~ - - - --- - - - - ---'-"'--"==""-".=::.==
3.1. Component list

Arn307 - logaritl •• ischer Detektor

I
I
I

.roo

__1 0 0 MHz

n
I

000 !-!---+-- -----l-_ _ --"L __n--1------l­

' 0

"D,--,- - - --~

Eir gagsleistu1g [c8TI

Fi~. 3: Frequency response for AU830i

Anzc igcspa nn ung = Display volt age, Einga nl:sleis tung = Input power
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Data
CS
Clk

+12\ '

a
aa

aa

log.-Detektor6--..----aa 50mV/d R

500MHz \~:&

Fig. -I: IU SES 1I~7 pr lutcd circuit boa rd la yout

4.
I'UITI :"I G I:\T O OI'ERAT IO:"l

Feed in the -<- 12 V DC power supply
and an input signal of e.g. (I dBm j I
mwj. You should already be nblc 10
obtain a readin g fro m a measuring
instrument connected to the t\\ U outputs.

Use the 50-Ohm trimmer (thruugh 10
"'Ohm" to pin .f of A DSJ07) to sci the
lin....arity of the entire system. Ihe
\' tllt ag.... diffe re ntial between any test
s ignal and a signal wea kened by 10 dB
m ust be exac tly 1 V.

T he simplest way of bala ncing this is
with a switchablc aucnuarcr. During the
ba lancing proc edure, the absolute valuc

(If the measurement voltagc d isplayed is
o f no impo rtance , The onl y thin g ret­
evant is the d iff erential of I V to he
established between the two measure­
ment levels .

Final ly. adjust the input signal offset . To
do this. feed the test s ignal into the inp ut
at a leve l of () dRm and use the
50-kOhm trim mer at pin 5 of ;\010 07
to set 100 mY/dO outp ut to precisely
9.0 V.

That completes the balancing. lhc loga­
rithmic detector now mea sures outputs
between + 10 d Bm and gO du m in
accordance with Table I at the begin.
ning of the article, A read ing of - 10
dDm ( IO rn\\ ') thus corresponds In a
volta ge or 10 V at the 100 IIlV/d H
outp ut or. to put it anot her way: I V per
10 eu
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(I< r=============="=
lOOn... -

to
78L05

i 10~F

180,6~

1n •
II' I
lOOn
oil

lOOn
0I11p [~0l' 0 I LTC

100" • ' 0I0~p 1286
II 10~f - . -.

All
8307

~~--T
100"

L~
30k

C:::=:.
20k

"·ig. 5: Component plan for U.IlU:S 047 asscmhly

In wobble measurements w ith the short­

wave symhcslw r. the Y input of an
oscilloscope is connected up at the same
po int. Set the oscilloscope to I V/cm.
for the purp ose. The synthesiscr supplies
the X deflecting voltage. The settings
and measurement wructure required

have already been discussed in I I ).

l2J Data sheet 1\0 8307

Analog Dev ices, Inc.. 1997

[31 Data sheet L rc 1286

Linear Technology Corporation, 1994

5.
LITERATURE RF:FEREI\O:S

I II Kaa . Herod. DG -t RB F

1-65 MHz snort-wave synrhcsiscr with
DDS

VHf<" Reports. no. 4/99
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Blue Binders for
VHF Communications

Each hinder holds 3 volumes - 12 issues

£6 .50 each + sh ipping

Shipping - UK £0.75, Surface mail £1.25, Air Mail £3.00

You can ord er via the web site - httpr/zwww.vhfcumm.ce.uk

Plans for VH F
Communica tion in 2000
I want to maintain. and hopefully in­
crease the circulation of VHF Communi ­
cations. I am contac ting other amateur
radi o publications and outlets aroun d the
worl d to try and set up co-operat ive
advertising.

I will be attending rhc RSGI3 Rally at
Donnigton Park in September and will
have some exa mples o f the kits de­
scribed in this years magazine.

I am working on the Web site to
improve its content, a searc h facility was
added in April. By the time you read
this magazine the ful l index of maga­
zines will be included in the search so
that you can easily lind old articles.

Looki ng forward to next year J am
hopeful that the price of the magazine
will stay the same. This depen ds quite a
lot on the circulat ion. W encourag e your
fr iends til subscribe. Two things that
will happen is arc a review of the price
charged for postage, particularly ro
reduce the air ma il rille, and a change to
a single price for cred it card and cash .

735

Andy - G8 ATD

125



VHF COMMUNICATIONS 2f2000(~ - - - - - - - - ---""'"--""""'''''''''''-"'''''''-'''''''''''

VHF Communications

The Back I S S ll~ sale has ended, the good news is that the prices for the back issue
maga z ines will not change. The prices remain as :-

Single issues from 1972 to 1998 - £ 1.00 each - P&P

Single issues from 1999 volume - £4 .70 each - 1'&1'

Complete 1999 volume - £18.50 + P&P

Back issue set 1972 - 1997 - £45.00 + P&P

(see table for contents of back issue set)

The only thing that has changed is that the price for postage has to be added 10 the
magazine price. This is because the postage var ies depend ing on where the delivery
has to be made. When postage was included in the very low price for har k issues it
meant that some orde rs were being supplied for just a few pence profit. The current
pos tage price for the most popular orders is :-

UK Europe Europe Rest o r Wor ld Rest of World

Surface Air Mail Surface Air Mai l

Single issue £0.33 £0 .57 £ 1.15 £0.57 £ 1.15

Volume or 4 issues £ 1.00 £1.71 £1. &7 £1.17 £3.90

UK Europe Europe Rest of World Rest orWorld

7~ 10 day 30 day 7-10 day up to 60 days

Back Issue set £7 .50 £34.50 .£26.50 £61. 00 £33.00

(5.5 Kg parcel)

P lease enq uire for a price for a n}' other combinations
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Back Issues

Back Issut's Available, P""Photo copy, L=Low quantity

Year QI Q2 (j3 Q4 Back issue set

19'" y Y Y Y "
1998 Y Y Y Y "1<;97 Y Y Y y 1

1996 y Y y y 4

1995 Y Y Y y 1

1994 Y y y y 4

199., Y Y Y P ]

1992 y y y y 4

tw t , , N , 0

199() , , y I'

tees , L N I 0

1988 N I r L 0

[ 'lIn N , P I' 0

1986 Y Y y y 4

1985 Y y y y 1

1'l 84 Y Y Y Y 4

1'l8 J Y y y y 4

1982 N N N , ,
1'l 81 Y Y r , 2

1980 N N N r n
1'l 79 y N Y , 2

1978 y y N , 2

1977 Y N N Y 2

1976 N N I , c
1975 Y Y L , 2

1974 Y N x N

197.1 N Y N N

1972 Y y N y J

55 Total

127
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RF/Microwave Design Tools
Find us on the Web at: www.noblepub.com

ELEKTA Professional
This CD-ROM has ahuge co llection at intormation and practical
des ign aids. It's an encyclopedia, a guided tutorial and handy
design aids. Its puts all your most-needed reterences and cal­
culations just a mouse-click away ' #NP-3 $99.00

winSMITH 2.0 . "
Atast, accurateandtlexiblecomputerized Smith chart
Analyze a matching network at up to 9 elements and
see the resu lts on the chart or in a table at ca lculated
results. #NP-5 $79.00

winliNE
Analyze transmission line characteristics, including impedance,
ve locitytactor, capacitance and more. An excellent match to our
book, MicrowaveTransmission Line Impedance Data, by MA R.
Gunston . #NP-ll $99.00

REMEMBER! WE HAVE ASELECTION OF VIDEO TAPE RF/
MICROWAVE COURSES TO ADVANCE YOURENGINEERINGSKILLS!

Prices do notinctude shipping - See our Web site or contact us for a quote.

Noble Publishing Corp.• 4772 Stone Dr.• Tucker, GA 30084 • USA
Tel: +1-770-908-2320 · Fax: +1-770-939-0157 · E-mail: orders@nob lepubcom



COMPLETE KITS & PCB's ARE AVAILABLE FOR
MOST PROJECTS

If the kit or PCB is not in this list please contact K. M. Publications

x rr Dt;',>( ~RWnO"i IS.". l l: :'lin. "tun:
DJKJ-:S~ 1 9 Transvener 144128 ~lIlz ,m 063115 £ 10.00
DJ1H:S-o19mod Trenwcner 50128 \ tIlz 2J'I5 Of>392 £ IH OO

YT3MV 1.0,", "'oiSl: I.-Band Aerial Amplifier 2J'I2 tN\.l 58 £ 29.30
DG4RBF-Ol17 4 GHl rrt:qllcncy dlvida 1/00 1)1) 117 £ 4 2.00

OC>4RRF·OUll 100 Mill Freqocacy Di\'ider too 06 139 £ 18.50

DG4 RBF-009 Freqecncy COOlll~'T" indllding TXCO ,roo (1(, 14 1 , (W.OO

IXi4R BF-OIO I'C400l) Micro O ,mln"l cT(Umboerd C501) ,roo (6).$3 , \10 ,(10

IX i·HUn ' 1'(..'4000 Cl'l1'lp lctc Kit reo 0614 5 I 2411 .00

[)JlI ES.{\4Z 2 Mlr Trensccrve- h mclioo II:cy A'i.<..emhl) ,roo (16413 11 £ 'O M

1 MIt Tnl/l:;<XivI.T nos i.oo 06561 £ 7400
2 MIt I rensceiver Lxcue- ,roo 0(56) £ ' 04 00
2 MIl Trart'<O.:iver Tran~m il l Receive 1.hxcr 1100 06565 , ' 02 00
Micro Controller [Lmboard C50 1) + 1 Mtr EPROM 1100 06566 £ 100 00

I'CH D[ S( IUI' IIO' ISSU: :'IOu. I'IU(T

DJ8l..<,; -o19 Ttansvertet 1-l41211 Mll z ·l!93 06381 £ 17.75

LX14RBF-007 ~ <iHl ~ rcqllcnC} dlVidcr uon 06 116 £ 7 00

IXJ4RBF..{lOX 100 Mill Frequency OividL'T 1100 (ln lJ ll , II 50
IXJ4RRF-Oll9 FrclJucnc)" C"'UI1I~'" - illcludmg TXCO 1100 (ln l ~f) £ 10.50
rXj.1RBI'...() I0 1'C4()(M) Micro C..,nlrulkr (Umboard CSOI) 1/00 06142 , 2J, OO

DG4 RHI' n :40IM) Compktc Kit of 1'C13~ '100 061101 £ 41U Ml

[)J8ES.on 2 Mlf 'transceiver Function Key Assembly 1100 06037 £ 5.50

OJ lIl~S .(}4 J 2 Mtr Transceiver DDS 1100 06560 £ voo
OJlIES·(f44 2 Mtr Transceiver Exciter 1100 06562 £ l U I)

DJlIES·015 2 M tr Transceiver Transmur Receive Mixer 111I0 06564 £ 10.50

DJllES Micro Controller (Uniboard C50 I) ...2 Mtr EPROM 1100 06 13 1 , 5<.l,SQ

Minimum Shipping charge £6.75 * Credit Card orders +5%

K. M. Publications, 63 Ringwood Road , Luton , Beds, LU2 7He;. U.K.

Tel l Fax +44 1582 581051 email vhfldts@vhfcomm.co.uk
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