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fVoljgang Schneider, DJ 8 ES

High-Precision Frequency
standard for 10 MHz

Since amateur rad io began . freq uency
precision has been one of the most
interesting (and simultaneously one of
the most important!) subjects for
radio enthusiasts. One point has been
hrought nut time and aga in in va rious
d iscussions with ra d io amateurs •
f requencies must he mea su red wit h
ext raordina ry precision , Le. mu ch
mort' p recisely than curren ts o r
component values. In spite of the
technica l options a vai la ble 10(13)',
mos t o f the frC(IIICnC)' counters
availa ble to us radio amateurs ill the
shack nffcr us dtspl ay "accuracies"
which, strictly speaking elm not really
he dcscr ihcd as such . T he sa me is true
for t he digita l freque ncy dis pla)S in
rad io equipment. Rut what deg ree of
accu racy will be useful while still
being financially afford able'!

I.

Gene ral

The accuracy of a freq uency co unter is
determined simply and sole ly thro ugh
the precision of the time base. if the
error of ± I digit in the last disp lay
place is left out o f con side rat ion . The
reciprocal value of the time base

frequency dev iation is eq ual to the error
of measurement. It: as is usuallv the
case, the co unter has on ly a simple
quartz oscillator , then its temperatu re
dependence causes a cons iderab le error.
The same probl em naturally ab o occurs
with quartz osc illators in transvcncrs.
test transmi tters, beacons, e tc .. Nor is a
PLL con tro l circuit, which merely uses a
simple quartz oscillator as a reference
freque ncy, ofany assistan ce here.

Normal qua rtzes are specified to have a
temperature dependence o r :::: 30 ppm
(paJ1S per million) in the range from
10"(: to 60 0 e. Better. and thus more
expensive , quan zcs ca n offer a level of
accu racy of oj 10 ppm. 'cormally such
temperature diff erence s seldom occur
within moms. but arc dec idedly more
frequent in por table radio equ ipment
wi th a transvcncr, perhaps eve n up to 10
Gi lL.

To obt ain a clear idea of the possib le
fr equency deviation due to temperature.
we should have a clear picture o f the
following ratios:

± 30 ppm corresponds to: ± 30 Hz at
1 MlIz or else to a frequenc y error
of:

1 300 Hz in a standa rd frequency
c o u n t er with a me as u re ment
frequency of 10 l'\1Hz;
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± '4,32 kHz at 144 MHz (2-m-Sand)

J. 3 8,9 kHz at 1296 MH z (23-em
Ban d)

i: 300 kHz at 10 GHz (3- cm- Band)

Again st this background. making an
sked wit h a frequency in a higher ban d
(e.g. \0 GHz) is something which is
really scarcely poss ible . Mod ern and
narrow-band d igita l modes are just out
of the q uestion here.

To get a grip on th is problem, there arc
generally two option s:

Stabi lising the quartz oscillator
temperature

Re-scuin g the osci llator with the help
of a frequency standard.

Co mb ining both opt ions is naturally
better.

2.

The temperatu re-stable
uscillatur

Speci a l measures arc taken in high
q ua li ty indust r ia l ly manu fa c ture d
frequency counters, and often in DIY
equ ipm en t as well , to counteract
temperature depen dence.

For example, we can read in data sheets
tha t the time base is generated with a
TCX O . The abbreviat ion TC XO refers
to a temperature-compensated or el se
temperature-controlled quartz osci llator.
Whichever it is, the measures taken have
the effect of restricting the qua rtz
frequency to a maximum frequency
error o f .1: I to ::1: 5 ppm in an acceptable
temperature range. Bette r products, such
as TCX04 at 10 MHz from NARD A or
a DIY oscillator for G H7. app lica tions.
e.g. as per DF9LN, attain prec ision
level s of ± 0.1 ppm .

The model HP 10544A quartz osci llator

Fi~ I: li P I0544A Quatz Oscillator

from Hew lett Packard is almost two
powers of ten better, and this at a price
wh ich is st ill acceptable. In the
temper ature range between _55°C and 1

70"(, the osc illato r att ains a stab ility of
i; 0.0 15 ppm (1.5 x 1O·~ ). In the range
between 0"( and -;- 70ve , the value
impro ves to 7 x 10-').

The HI' I054 4A qua rtz oscillator is an

Fig 2 Inside v iew of li P 10544A
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The essential technical data of
the 1/1' 11I5~~A:

Outpu t frequency: 10.000 MILl

Output leve l: IVR~IS at 1 kn

Power supply (DC) : -j 11.0 V 10
+ 13.5 V i 15 lilA (oscillator , buffer
stage I
-;- 11.0 V to +13.5 V I 5 rnA (heat ing
control)
l 20 V to '130 V I 400 rnA or 200
mA after 15 min./25°C (healing)
-5 V to ... 5 V (frequency luning)

Temperature stabilit y: l.S x. ID 8 (-55
"C - +70"C). or . 7 x 10 '1 (O~C 
-+ 70"C )

VHF COMMUNICATIONS 4/2000

2.1

\~ - - - - - - - - - - --"'-''-===''-'-'''''''-='=
extremely stable re ference sou rce for 10
MI ll with compact size. The excellent
technica l specification is made possible
by a special production process for the
qua rtz, in combination with a welt
thought out mecha nica l co nstruct ion. A
quartz oscillator. a buffer stage and a
regulated heater arc moun ted in a well
insulated housing with dimensions of
on ly approximate ly 7 em x 5 em x 6 em.

Possible field s of application are, a time
base for a freque ncy counter or as II

re ference frequency in test transmitters
and test receivers or spectrum analyse rs.
The osc illator can likewise be made
availa ble as a reference frequency for
the produc tion of a Gill. frequency.
Many other interesting applications are
conceivable. All inputs and out puts are
fed through a lS-pin connector block on
the underside o f the housing..

Output Frequency vs
Time

~,."-,.,>:,, --~---_.~----~-

T hne : l "l t> ~e(ond ~

Fig. 2: Switc hing-o n behav iour o f HI' J05..f..fA
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Short-time stability: I x 10-111 Is, or
2 x 1O· lt /100 5

Long-time stability: < 5 x 10-10 I day,
or < 1.5 x 10-7 ,/ year

Side -band noise: -130 dB at to kHi'

Coarse tuning: ± 10 Hz (mechanical)

Fine tuning: ± 0.5 li z (electrical. -5
Vto 15 V)

2.2. III' 11I544A pin
config ura t ion (15-pin connector
b loc k)

Pill Cunnect lon

1 Output IO MHz( IV I I 11.0)
2 <lNI>
3 Oscillator (+ 12 V 1 15 lilt\.)

4 <.iN [)

5 <iND
6 Tuning (-5 V.. I S V)

7 NC
S Heming monitor ing {+ 12 V

SmA)

9 UND
10 Nt'
11 I Ieatlng monitor ing {Low - cold.

lI igh '" warm )

12 NC

13 NC

14 Heating (124 V / 100 ..400 rnAI
15 <lNU

Reconuu endations :

The oscillator (pin 3 ) can be
powered from the 12 V source at Pin
8 through a 10 mH choke. Connect a
IOOIlF 1 25 V electrolytic capacitor
to p in 3 lo r smoothing to earth.

Th e operat ing vo ltages for the
osc illator. the amplifie r and, abo ve
all. the frequency tun ing sho uld be
lev....-notse. V. Esper, DF 9 PL, has
publishe d an inte res t ing ci rcui t
proposal for this in [31

3.

Huffer stage with analo~lIc and
digita l outputs

The HI' osc illator output is comparab ly
high impedance at I Id l. A buller stage
would prov ide a solution here. In the
vers ion proposed, 3 separated analog ue
IO-Mll z outputs, each havi ng 10 mW
( -1 0 dB rn) and add itiona l dig ital
outpu ts with TTL lewis of I ~l H / , 5
Mllz and, of course. 10 Mltz arc
avai lable.

In this co nne ctio n it sho uld be
ment ioned that any ana logue outputs
which arc nor in use sho uld be
terminated with 50 0 , otherwise the
mismatching will he refl ected at the
out put back into the circu it.

The individu a l transistor stages arc
designed in such a way that the input
impedance o f I kn is obtained through
a parallel ci rcu it and is thus suitable for
the I ll' oscillator. Fifth-order low-pass
filters arc also provided for the 3
analogue outputs. The harmon ic cont ent
o f the I(I-MHz oscillato r is thus
considerably improved.

The buller stage assem bly (DJ 8 ES
046 ) is constructed using the SM D
components to reduce space the double 
sided epox y pri nted circuit board
measuring flO x 100 mm.. The fully
cop per-coated rear side o f the printed
circ uit board acts as an earthing surface .
Short pieces o f wire arc used for
feedthrough .
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- ,.--,------.- +12V
I I g l uF

",rl ' I... HM
'""1"I<j"'"r--If-- , -/.- J'-' BC849C

I " ",- __ 100 lull ien

I, ~". - • -r--
10k~ 180] ':'1811 I470 ::::180

IIlMIIz
(+10 dBm)

'" MOb(+ IOdBn.)

. ---- . '_ + 12V1 I O l uF

i "' [I Jf. I

r "" ( ,0 100"
- -11 - . - __ IBU 49C

I -, X IOn run l uff
, IOn • - .---1-
I J J' :;180 ::470 1811

j
' lfl k , 180 ~1"';'" ...;... .I.

lOI'tlHz - ---
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i 1 ! ' ' 1u l'

I m [ i I, .I.
, "" l ' / ~ ,~U. -11 - . 1- RC849C.

I ~
' -, -J 'lhl-.__1UH......---= 10MH~

J. ..-;;- , - - - (HO dDm)
10k 180 9 180 ,I,4?O :::180

~ .:.:.. -

Fig 4: Circuit Diagram of Ruffer Stage with Ana logue and Digita l O utputs
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3.1.

Buffer stage nr 8 ES 046 parts
list

4 x BC 849 C. Transistor
I x 74 LS 04. TTL-Ie

I x 74 LS 90. TTL-IC
6 x lp j L chokc
4 x ! ~ F / 15 V. tant alum

e lectrolytic capacitor

14 x te rminal pin 1,3 min

I x r» 8 ES 046. pr inted ci rcuit
board

Res istances:

1 " IOOO . S\fD
3 x 1800. S\lO
I ,,330n . 5\10
3 ,, 4.7 kn , s\m
I x 6.8 kO, S;\fD
4 ,, 10 kfl, S\1J)
1 x 17 k, SI\1I)

Ceramic capacitors:
6 x 180 p l-, SM D

3 x 470 pF. SMD
8 x 10 nl-, S:v1J)
5 x 100 nl-, SMD

4.

Outlook

High-precision osc illators of this type
provide the user with a Frequency
standard whi ch corresponds to, and
perhaps even exceeds , the objecti ve o f
attaining addi tional frequenc y precision
set out at the beginning. Thi s is
irrespective of whether the oscillator is
used as a reference source or as a time
base in the frequency counter.

However. there is one filet which should
in no way be over looked : irrespective o f
the method selected or the quality or tile
temperature compensation, quartz ages -
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I wd[il :~
1 ~~~
1 f!= I 0 ::;

~-~ rJ1 0
1:.1 ,- ~__ III II ~ JI' II QIO ~.., 0

Q 0

Fig 6: Layout of penn OJSES O-lQ fur Ru f fer Stage

nor is this quartz ageing automatically Bill this needs a separate article.
com pensated for!

For man y high -q uali ty qu art zes.
ac co rding to th e ma n ufac tu re rs 5 .
specifications ageing can be up to 5
ppm per year. which corresponds 10 a Literature references
value of at least 50 III' at 10 r-.1II/.. The
HI' 1054.J.A. has a value of" < 5 x I O-HI !
day (0,0005 r pm, o.ooos Ilz at 10 [I J Frank Sichla. D[' 7 VFS:
MHz). for opera ting round the clock. 7
d k < I 'Ii 10 1 1 to 15 Preci se frequency measuremen t bUIays a wee .... .. x - year . . how?
rpm . 15 Hz at 10 \t1l Iz).

Anyone not able to ca rry our regular
(annual?) calib ration still has the option
of having this done at one of the
amateur radio congresses (e.g. v lf f
Congress in Wcin hcim) . For it is not
simple 10 carl)' out such a calib ration by
ca r. An alternati ve III this is electronic
re-adj ustment us ing :

the tine frequen cy o f a television
transmitter

lo ng wa ve tr a nsmi tters suc h as
DC F77 or I.O RAN C. or

with the help o f tile satellites of the
Global Positioning System (GI'S) .
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Dipl.-lng. D. Burchard, Box 14426. Nairobi , Keny a

A Quadrifilar Helix Antenna for
Orbiting Weather Satellites?

More t han tell years ago, I wa s often
able to receive images from NOAA
satellites from a distance of alm ost
3,000 Km., e.g. from locations in the
vicini ty of LuamlalAIl,:!,ola (2,740
1\:01. ) or even Ndjamena/Chad (2,840
K m.). Th e turnstile reflector antenna
used receives nothing at crcvatton
zero, and t hus a t H7U Km. flying
height. where the rad io hor-izon has a
radius (If 3,330 Km., could nut he
expected to COHr the full theoretical
range. For reception above 15° eleva
t ion, it is still 2.200 Km., and down to
only 1,500 Km. at 31JO. T he tr ees grew
taller with time (tropica l rain tcrcsn)
and reception becam e worse. So when
a fri end told me that a quadrt flla r
heli x antenna was better than any
other (non-tracking) antenna system,
this wa s just the advice I needed. The
following article is based on my
experience.

I.
T he \V3KH quadr 'ifila r helix
antenna

Ruperto l4] has given a detailed descrip
tion of the structure of this ante nna.
Th ankfully Fig. 1. was already in

existenc e, I only had to translate the
Imperial meas urements into Metric. In
my version, the PVC carr ier tube has a
diam eter of 110 mm. and the str uts are
made of con duit with a d iamete r of 20
rnm.. The anten na ele ments are all made
from hydraulic tubing (external $ 5.5
mrn., internal $ 3.0 mm.}; a length of
RCl -188 PTFE coax cable has bee n
inserted into one of them for the feeder,

This tubing is vcry easy 10 so lder and
can he bent into the correct shape by
hand. All clement lengths spec ified in
[41 tu rncd out to be somewhat too long.
That was why the "tw ists" visib le in Fig .
2 were ta nned, to reduc e the length and
increase the reson ant freq uency. Once
the set up was correct. the return loss and
the han d width were measured (Fig. 3)
and found to be not too bad. Then the
antenn a was instal led on the roof (F ig.
4) and could be compared with the
turnst ile reflector antenna.

2.
"The song contest"

T he turnstile reflec tor antenna has a
reflector with a spaci ng of 3/81... The
two dipoles are connec ted by a 1/4).
phasing line. A further line wit h
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li ig. I Diaara m or W3 KII quad rfflla r
helix antenna accord tng to Huper lo

141

Z-=c37.sn matches the downstream am
plifier with (1"" 18 dB . An identical
amplifier was alsn built into the quadri
filar helix antenna and naturallv rested
to see whether it also had the same
amplification and noise performance.
There was already a suitable change
over switch with a reed contact avail
able, as it was use-d for changing over
between the VIIF and UIIF weather
images. The reed relay was now
switched backwards lind forwards. using
the feeder, filter and tbe voltage of a
function generator. so that each antenna
in tum led the receiver for 10 seconds.
A logarithmic signal was taken from its

202
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'--,

Fig. 2 View or duplica ted Q II A

Fig. 3 Return loss of du plicat ed QU A

X = 5 \1Hzld i\". sma ll marks a ll 10
MH z, large ma rk 137.2 MHl

Y = 5 d ll/div, reference line 0 dB
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,
\

Fig . 4 Both antennae rea dy for reception nn roof

intermedia te-frequency integrated circuit
III record the signal strength. I have
already described this earl ier in [21. Fig.
5 show s a schematic d iagram or the
equ ipment layout. Finally, several days
transmissions were rec orded . The sur
prising result was that the quadri filar
helix antenna was by no means superior.
With on ly one exce ption, the signals it

sup plied were about 10 dB lower ( Figs.
6 b and c) and it was only very slight ly
supe rior in a single d irection, to the
North-East. As can he seen at the end of
recording in Fig. ea, the quadr ifilar
hel ix antennas signal strength in the last
few minutes was a few dB above that of
the turnst ile reflector antenna. In the
reception d irect ion referred to were

DRA

a HA

StreifenSChreiber

Wetterbild_
Empfanger

Speise
weiche
r - - ~l

, ,

.Jl---·~~ r - , --~ --l +12V

I I II : '
:~T:--
I II I I
1 ~01
L ~ _I

Antennen
umschalte,

18 dB

Fig. 5 Equipment layout for record ing

2D3
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Fig. ba : NOAA Weather Satellite Signa l Strc!lg lh Reco rding nn 2..L\.98. Start
14:35,49°1<:, 15°S, Tsa ratanana , Madagascar, End 14: 41, 47"E, 7:"1\, Damot.

Fig 6b : Reco rd ing on 15.4.98.
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Fi2 6e : n l"t:nrd ing on 16...1.98.

-t:r
- _.... .

,
,~

severn I jacaranda and croton trees which
were 25 m high. a " ru high gate made
(If bfuck shee t and. a little distance
beh ind that. a three-sto rey build ing. It is
certainly a problem d irection . b -en
shitl ing jhc recept ion location by a few
meters can prod uce the effect outlined.
BUf na turally the question nnw is whv
the quadnfllar hel ix antenna performs ~;l
badly. If we look at Fig. 4 ae aln. we
notice imrnediatc lv that the uuadrilit<ll
hel ix aurenna lakc~~ up much less room .
It therefore prob ably also has a smaller
absorption area. In order to explain what
this obvious fact means in actual ligures.
some more precise mvesnganons will be
required . I Sh.l11 try to make a con tribu
tio n.

3.
The H. loup a nten na

Fig. 7 shows several wire loops. T hey
should all have the mechanical length or
a wavelenath of the c l~tro-ma;nl'l ic
wave in air. O thcr limns of IOO P"5 arc
conce ivable and have been described in
the literature - round, tr iangular, octago
nal. etc.. The quadri fllar helix antenna
consists of two loops. which arc also
inter-wound which call vcrv easifv be
seen in Vidmar r:'i l. The loops may also
toe round and Ilar. which gives an
antenna as in Berberich I IJ. I have to
co~fcss that I dont have enough unagt
nanon \0 be able to understand the
funct ioning o f a qnadrifllar helix an
te-nna right away. Others may be in a
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A

"
~
~ B
d

"s:

D ~ _ 3

E , ••,.
Fig . 7 Rectli llgular loop ante nnae

A:h/h=O, B:b/h=I /3. C:h/h= I,
1) :h /h=3, Ecb/h eco

similar position. The rectangular loops
hel p you to under stand. T hen you can
twist them and finally inter-wind them.

The first and last of the loops from rig.
7 are well kno wn to us: A is a 1/2A
parallel-wire line, E a 1m, fold ed
dipo le. The first emits practica lly no
radiation, the last emits radiation in the
form or a balloon tyrc. vertic ally to its
ax is. Why this is so is explaincd by the
path or the current in the loop in rig.
7e. Essentia lly, thi.. form or current path
is present, in a very similar manner, in
all these loops . Starting from the feed
point, the ('UITem in both conductors
diminishes approximately sinusoidally,
becomes zero after a path of Yo). and
then increases again in the inverse
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d irection (ph ase). Opposite the feed
poi nt, it has regained the sa me
magnitude and din:ction. If energy is
radiated off, then the forward-moving
wave beco me:'> smaller more quickly
than withou t radiat ion: the return wa ve.
reflected at the opposite short-ci rcuit,
undergoes the same reduction. It is
fi nally absorbed at the power inpu t,
beca use match ing takes place there. So
it comes about that the currents in the
IWO hor izontal conductors are equal and
are in phase. In the vert ical conductors.
the currents, also largely equal, now
towards or away from one another.

The effect of the antenna is given by the
vectoria l sum of the e ffects o f all the
part ia l e lements a nd the ir par tia l
currents. The inter-connection can he
elegan tly rep resented by linear rad iators.
bu t not very c lea rly for throe
dimen siona l antennae. Thats why I am
bcgin n~ng with the rectangu lar loop and
not with the mathematically simpler
round loop.

You must now understand that eac h of
the four sides or the recta ngle has a
magnet ic field aris ing from the current
flow, which, in tum , creates an electrica l
field vert ica l to itself and in the
d irection o f the conductor, and that the
two o f them combine to form an
elec tro- magn et ic wave, which moves
away from the antenna. vertical to the
two field directions . For eac h of these
linear radiators. there is thus all Ecplanc
and an j-l-p lanc. II" these tenus arc
applied to the entire antenna. they cause
confusion. In orde r to understand the
system without the mathematics and
without confusion. we should first
clar ify which conduct or can not generate
field strengths in which direction . For
the two hori zontal one s, its the
directions to the right and left, whe rea s
for the two vertical conductors the same
applies go ing upwards and downwards.
This is always true if the conductor
observ ed has no projection in a direction
or, to put it more simply, is inv isib le
from this direction. But for the two
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Ld l

Front

Down

a b c

Fig. 8 Radiation diagram s for r ectan gu la r loops, hortzontal pnlarisa tinn: a in
plane of lnnp, h vertical to loop and horizuntnls. c vertica l to loo p and ve rtica ls.
There is no radiation in the vertical plane.

vertica l cond uctors it is also tr ue tha t the
vector slim of Their partial currents is
zero. The v therefore also hav e no
radiation il; any other dire ction (e xcept
in the immediate nca r field ). The
rectangular loop s thus behave like two
stacked dipoles, which arc connected at
the ends bv means of a non-rad iative
two-w ire circuit, and the lower dipole o r
which is powered ill the middle . Due to
the constant length of the loop , the
result is either short d ipoles with a big
distance between them or long dipoles
with a small dist ance bet ween them.

T he charact er is tic s can th us be
described as - tota l rad iation with
horizontal pola risat ion in the forward
an d backward dir ections . This is
because here the radiation effects of The
hor izontal conductors arc in phase and
arc added to each eth er. In The literature.
we read that there is a ga in of almost 2
dB if format 7e is used instead of 7E.

In the upward and downward directions,
in contra st. the rad iation is less, because
there is no scalar addition. thanks to the
diff erence in pror ogation time between
the waves of the upper and lower
conductors (45 ... 135° From 0 .. .13). So.
even if the short horizon tal conductors

of format A sti ll give o il some radiation.
this is cance lled out in the upward and
downwa rd dir ections. We no w know
t hat the radi ation IS ho riz ontall y
polar ised and in the hor izonta l plane it
takes the limn o f a figure eight. similar
to a di pole. In the vertic al plane it call
vary between being pe rfec tly circular
(E), dented above and below tilt: centre
line. and in the form of a Figure eight
(1\). and it is vcro in the pape r plane .
This re lationship is shown ill r ig. 8.
The re is no vertical polarised radiation
in any of the planes.

4.

The twisted 1A loop

If the Hat loo p is wound rou nd a
cylinder. then the linear clem en ts abo ve
and below are no longer in phase and
the linking elements between their end s
arc no longer linear . even if they almost
appear to be so in the overall view in
Fig. 9. In sp ite of the twisting. case i\
remains a 1/2). line. which gives off no
mor e radiation than the equ ivalent
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"' I~ 23, 0

O.19h

:--.:~.:;-::: ~ r ~ -J

0 ,1%1. 0_. -~ G- <.! --~ ,'-:;:"IT -- ~ h

Fi~. 9 Helix loop antennae

A:d /h=O, 8:d/h=I /3, C:d /l1'"'ll2,
O:d /ll=l , E:d/ h=2, F:d/h=J, C;:d/h=cx:'

version A from Fig. 7. But should the
elements still give off radiat ion, due to
the ir not inconsiderable length, then
their radiation emissions are added
together in the upward and downward
directions. whereas they cancel each
other out forwards and backwards. We
can make a sim ilar ob servat io n
regarding the other limi ting case
(version G), in which all the clements lie
in the same horizontal plane. In plan
vie w. the antenna then consi sts of a
wheel with intersecting spokes (Fig. 10).
Here 100, models can he imagined which
approximate to the cha racter isti cs
arising with linear clements and can thus
he more easily comprehended (b or c).
It can be recognised imm ediately fron t
e ither that the radiation effects of the
two spokes cancel each other out as
also do those of" the tronr and rear
clements running parallel to them. The
lateral elements. however, have currents
with the same phase and direction, the
fields of which arc added together in the
upward and downward directions and do
not quite cancel each other out to right
and lelt. The horizontal ring thus has
s t ro ng rad iat ion up ward s and
downwards and weaker radiation to the
right and the left. all with horizontal
polarisation.

No radiation with vertical polarisation is
present at a ll.

In principle. the twisted loop looks like
Fig. 11a. The plan view, b, does not

Fi~. to Limiting
cast' G and
linear
app rnxtmatious
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a

look di fferent from Fig. lOa, i.c. all
forms ha ve radiation as in case G Irom
ri g. 9 and in addition to this also have
that Irom the twisted lateral c lements.
With rc..gard 10 the strength, it can be
said tha t the lateral rad iation decreases
with the height of the antenna. whereas
the rad iation upwards and downwards
initially increases with the height. but
then goes down again to almost zero .

Fig. 11 Ge nera l
representation
of twisted loops

Radiation with vertical polarisation can
be emitted o nly from the lateral
elements . In this connection, we call
observe Fig. 11c and estimate the levels .
In add ition. we must now also bear it in
mind that the IWO elements are at a
d istance from each other. The onc
drawn solid lies toward the observer and
the one drawn in dot ted lines is behind
it. Cu rrents in oppo site direct ions at the

FiA. 12 Radiation
diagra ms of twisted

./" " loops--- , -
/ / / \ II - C horb:ontal

/ -:
, pota r lsa tlon, d - f

b
vertica l polarisa tiun .

G Plan es correspo nd tn
those fr om Fig. K

There is no ra diatio n
in plane vcruc at t ..

Inop_

---
// -J< ---

/ - / "

.;
./

I ed f
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rig. tJ Hand-held
field strength probe
a nd etrcutt.

""...,..,..., Transform er un
B62152·AH· tJ l i core
(Siclllt'n~)

Has (J U);6 roils 0.1
C uL »lre.

I
same distanc e from the observer ca ncel
each other out. This is the case here :
there is no radiation forwa rds or
backwards with vertical polarisation.
The side view looks different (Fig. lld).
Jlcrc there arc slanting arrows going in
the same direction from the observer.
The horizonta l component s of these
currents have alrcadv been dealt with ill
Fig. 10. The vcrtil'a l co mponen ts
provide for powerful radiati on to the
right and left. which initially increases
with the height of the antenna. bUI then
decreases down 10 zero, because the
conductors continuouslv move closer
roeether. and the rad iatiZm is obliterated
The radiatio n dia grtnn IOf a twisted loop

thus ob tained rhro ueh observation is
shown ill Fig. 12. 11'IS largely ide ntica l
to that which can be created usine a
hand-held fie ld strength probe (extended
0) a broomstick if necessary l <It a litt le
d istance Fi!J.. 13. It nlso cmcrecd here
that there isno preferred half-plane: this
Inop radiates at the ~i1 Il1 C strength
upwards and downwards. right and le ft
and f'or war d s a ud h ackwa rd s .
Directiona lity requires clements with
1/ ·.11. phas e di s pIuc cmcru a nd
~'orrcsp,)nding distance s. Xcithc r IS

present h....rc. If k'cd ing power from the
hll) hav 'l ily effect. this is I...." import an t
than the cancellation obruincd with the
fluld probe!

A

..../2d

a/
6 '-:- - -7"" _.,- - 6

f ,A ~.:-- -""¥---

:- .---
6

I' i~. 14 For calcu lat ion of hdi\: loops
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The ca lculat ion becomes simple if we
consider the developed view in Fig. 14.
It can be read uff immedia tely:

2h
tan a = - ( 2 )

ml

5.

T he quadrifil ar helix

Two flat loops under I}()O do not have a
mutual influence on each other: no
special evidence is needed 10 prove this.
I ""'0 inter-wound loops. forming angk s
or QOO in the same way in evel)"'
horizontal plane, can not he assessed so
eas ily. However. wha t is ea sy 10
measure is the change in the impedance
or O Il I loop when the other is idling,
terminat ed with 50 ohms or is short 
circuited. And some scarcely detectab le
changes take place here. It is thus not
com pletely wrong to say that the mutual
influence i<, slight. This may be due to
the fact that a hel ix with a hal f twist still
produces no rotary field. This requires
the other loop. with the power feed in
quadrature.

It can be seen from Fig. 12 that there is
no radiation vertical to the loop . Hut this
d irectio n is optimally filled by the other
loop . laid out and powered at 9()o. Then
there is also circula r po lar isation
upwards and dow nwards. By varying the
height and diameter. a balance can
finallv be achieved for the radiation in
all directions in the horizontal and
vertical planes . We simply believe that
Rupcno [4} suceeded in makin g the

6 Ap pend icies

6.1: Loop impedance readin gs

In the course of the investigations.
impedance measurements were carried
out on all the loops from Figs. 7 and "J .
Since these data could he of ecncra l
interest. they are reproduced here,"

Impedance measurement is relative ly
simple to carry out; symmetr ica l and
ungro unded sampling beads arc not
required, because the connection can be
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Fig. 15 Z measuremen t
on loop antenna

brought about through the interior of the
e lement tubing (Fig. 15). One coax
cable feeds in a signal from a generator,
the other leads to any rectifie r. If
standing wave ripple is present, 10 dB
attenuators in the coax cables help, and
broa d-band am plifi ers increase the
signal if it has become too weak. I have
al so du s cribu d th is imp ed ance
measurement before in 13 1. 11 works
most precisely iftho mean value remains
below 21.0. It can therefo re be necessary
to alter /. 0 using I.-networks irrespective
of the frequency. as shown in Fig. 16 .
The resistances should he calc ulated as
show n.

If coax cab les are a lso used for the
actual loops from Fig. 15. they ca ll be
made into all possible shapes on a
suitable wood en frame, namely the
shapes requ ired here and many others.
Since the loop length remains the same,
it will be simu ltaneously recognised how
the resonance frequency also changes
along with the shape. For example, a
curve like Fig . 17 can be found , This
can y ield the resonance frequency, the
resonance (= rad iat ion) resistance and
the resonance band width. They arc
listed in Tables 1 and 2, together with
the values obtained for the angle of

inclin ation an d the sharpness o f
resonance, Q.

6.2:

Quadrature and matching

T wo series resonant circuits wired in
parallel. the resonant frequencies of
which differ bv ±Afi'2, have rcfftum loss
curves as in I'i g. 1Sa. The curves were

R,

Z~~R' Z,

z,~ Z2

Fig. 16 Networks for changing Zo
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Fi2. 17a Example of impedance
meas urements on nat loop wit h
d/h =t1.33

X=3 11 M IIL!di~' , marks a ll 511 Mi lL

V=i mlu:'da ntt 2Sn . urn hnc
superimposed

Fig. 17h Example of Impedance
measurements un twisted loop with
d/h =O,03

X~2 M lbAIi~ .largc ma rk 122.9 Mill.,
..mall mark.. a ll 10 I\1 HI.

Y""'hn peda llce corrcspondillg 10 bbck
scale ,O aml 'x> superimposed

~-r);h Resonant Frequency 3 dh Bandwidth Series Resistance

' 1I1l MH, Onms
, A , 0.04 12.i,S Ion 11- - _ .

" 0.33 1.17..l 3.4 , . 5
- i;- 1.00 1.19.0- 9.X 1_ 170 -.-

D 3.00 132.1 1H5 280
E 25.m 123.5 11..l . 310

Ta bll' t : Flat loops (d. ri~ . 7)

- Q mllity I
70 I

'"I.
7

III

I Type U:h ! .'\ nglc Rcsumllll Frequency 1- j db Scr tes QUlllih
, Ix og .\ 11 It: Ib lKlwidth Resistllf' l'C,

1'lIb , Ohms
A 0.04 "" 125.H 1.8 11 70

in·l J.6 -

" 0.33 62 ·10 37
. -

135.'5 IJ J8 "C 0.50 52 -
J) 1.00 J2 137.5 :l.2 15 4]
E l .OO 18 13').6 , 3.0 30 4~_

3.00 i 12
.. - - I -

i' 141.9 2.' zs
' ~-..

" 25.00 1.5 16H 6.0 20 27

Table 2: Twisted loops (d. fi~. 9)
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Fig. 18 Matching simulation, S11 =

return loss

a. two series circuits (I, 2) with Q =

10, Resonance resistan ce ~O n and
tuning difference of i s % , lind
pa rallel-wired (3 )

generated using PUFF simulation. If the
resonance resistances do not coincide
with Zo, then the curves from Fig. 18b.
If the recipro cal de- tuning is too high or
too low for the correct resonanc e
res istance, then the curves look like Fig .
18e. The dimensioning is thus not
c ritical in re lat ion t o reflecti on
atten uation, i.c. ripple (a, = 9.54 dB
corresponds to VSWR = 2). Howe ver,
the cor rect quadrat ure displacement is
present only in the first ease; all other
cases cause elli ptica l deformation of the
polar isation. Hut the same effect is also
caused by the ampl itude change which
acco mpanies every de-tuning from the
reson ance curve max imum. Since the
freque ncy ran ge fo r the orbi ti ng
sate llites cove rs only I MHz (0.73%),
the erro r th is leads 10 is negligible.

•
'1 '. ; ,.,"_' , 7.

Literature

'"..
\'

~"."'="'-'~-"'ii".---Lc,,~
h. as above but with quality fac tor
Q=5 (1) anti Q=20 (2) with Rs=50 o,
parallel circ uit

"..

r11 F . He rbe ric h ( 19 9 7): Tile
"Eggbcatcrar ucnna''. VHF Reports 4/9 7,
pp . 195-200, Bittan-verlag, Baie rsdorf

L2J D. Burchard (199 1): A Cy linder
Parabo lic An tenna with Com pact
Me t e o sa t C onvert er . VIl F
Communicat ions 4/9 1 pp. 21 1 - 2 19.

L3J D. Burchard ( 1993): Crysta l splitter.
VHF Communi cations 3/93 pr. 162 
177.

[4J E. F. Ruperta (1996): The W3KH
Quadrifilar Helix Ant enna . QST 8/96,
pp . 30-34. American Radio Re lay
League, Newington.

L5J M. Vidmar (1994): A DIY Receiver
for GP S and GLONASS Satellites; Part
3 b: A Q uad rifil ar Back fire He lix
Antenna VIIF Communications 4/94
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c. as above bu t with Rs=2Sn (1) or

Rs= LOOn (2), which gives Q 20 or 5
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Carsten Vieland. O) ./GC

Tracking Generator for
Microwave Ranges (1.7 to 13
GHz)

This article is part of a s('r it-s. th e
ot her paris or th e sc r fcs "ill be
publis hed ill issue 1121101 uf VHF
Couunu nications. Thi s par t (If the
eq uipment dcecrlptton includes th e
microw ave n lll1.: l's "hieh a rc ot he r
wise accessible IJllh w ith comme rcia l
"it. Unrcrtunatcfv," th e p ro(,t' s s ill~ of
suc h a broad ..ign:ll hand ca n no
IlJn~rr he do ne cntirclv with In" cos t
co mpo nents. But the result p rovid es a
high-quality measurement assembly,
gi "" i n~ labor atory quality opera tion
fro m low frequencies III beyond th e X
hand.

I.

Concept of LJ IU '-VH F oscillator

The enhanced Il l' K569 (A) spectrum
analyser forms the receiver section of a
set of apparatus for network analysis . It
can be used to contro l the frequency
sequence", the range selection and the
image d isplay. Although the equ ipment
dates back to as lonu aec as the first
half o f the eighties. ail it; good featu res
can not really be- develo ped in i l DIY
apparatus. However. other analyscrs (in
clud ing those Irom ....arious manu fact ur
ers ) fo llo w similar ' frequency concepts,

so that the tracking osci llator presented
here should also be adap table lor them.
' f his network analysis process offers
very great advantages over the classic
wohhlc measurement.

The spectrum analyser has available an
interna l. frequency-specific local osci lla
tor, this signal is available for externa l
U"C on all SMA socke t a l the rear o f the
equipment. The frequency range of this
YIG oscillator lies between 2 and 4,46
GI L:::; the leve l is maintained constant at
8 dAm. To create a generator signal on
the analyser recept ion frequency. a fi xed
frequency at the level of the first
intermediate frequency ' (32 1A Mill ) is
mixed in (F ig I). Above approx imately
4 Gil l.. it is rea lly the various harmonics
of this osci llator, arising duri ng the
mixing process. which lake over the LO
function during the mixing. An ctcc
Ironically tuned tracking filler. using
VIG tech nolo gy, d eans the other "signal
waste" from the mixed product. A
multi-stage broad-band amplifie r raises
the level of the fi ltered signa l to a
maximal 10 mW, The generator signal
passes through a broad-band directional
coup ler wh ic h has a broad -band
Schottkv detector at its measurement
output. 'this enab les a constant output is
maintained. A PIN atten uator adj usts the
le....el o f the interm ediate frequency in
jection at 32 1.4 MH7. The aut omatic
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Control +12 V nc-vereueru
•

390 1k
,-----,

8"1" 'J , BG",
teo

OJ 4 GC

, , F

BAT 14' 00

8.2 pF

+9Y 100

" 0

100 pF

MSA
0170

UT'
025

ERA 1 ERA 1

8 ,2 pF

2 ·4 0 Hz

r-L
321,4 MHz

Fig. 2: Har monic mixer with LO ampl ifier a nd level controller

level control, the buffer amp lifier [ l].
and also the step at tcnuato r at the output
arc used in commo n with the frequency
synthesising ofthe basic band ( [0 MH z
1.8 GH/).

to 100 Hz. band width can he measured
over the ent ire range

Output SWR of generator approximate ly
1.2 (return loss 20 dB) with 10 dB
attenuation

2. 3.
Technical data of microwave
gen erato r

The assemblies

3.1. Harmonic mixer
Frequency range of UHF-VHF section:
1.7 to 13 (15) GHz

Output level of gener ator : + [0 dBm to 5
du m. d irectly var iab le, plus to d R steps
to 90 dB c

Amplitude ripple of generator : max ± I
dB in ra nge from 1.7 to 13 Gill.

Dynamic range of measuring system:
min. 70 dB with I MHz reception hand
width, with reduced band width consid
erably more

Frequency noise: mainly dependent on
LO of analyser; here so low that down

The llP 8569 spectrum analyser goes up
to 22 Gllz in 5 frequency ranges which
overlap each other to a large extent. In
addit ion to the basic band processing
from 10 MHz to 1.8 GH z, described in
another part of this series . this home
made tracking generator covers the
microwave range from 1.7 to 13 Gll z
without chang ing any high-frequency
components. The microwave signal is
processed separately from the basic
band. From 1.7 to 4.1 GHz it is mixed
with the fundamental frequ ency of the
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biasing cur rent which is adju sted, de
pending on selected range, to select the
correct operating point of the diode. For
each frequency range, the HP 8569
supplies a switch signal to a socket strip
at the rear. From this signalthe optimal
d iode biasi ng current can be obtaine d
fo r the degree of multiplication in
question (Fig 6). The adju stment is
rea lly critical. but can be carried out and
o ptimised d irectly on the ana lyser
scree n.

The output spectrum after the mixing
diode resembles a ho iling infern o of
harmo nics and mixed products which
makes it difficult to maintain a constant
output level at the desired frequency.
The spectrum analyser. with its internal
YI(i filter, has excellent selection char
actcrls tlcs. this technique could be used
to help us get over the marked varia
tions in level. but this requires consider
able expenditure. A highly-select ive
YKi filter, locked into the mixing

Attempts at signal processing with
broad-band ring mixers have failed.
since the even-numbered harmonics of
the \.0 are severely suppressed. due to
their sym metrical structure. The best
mixed resnhs were obtained using a half
wave diode mixer with an indiv idual
microwave d iode, a HAT 14 from
Siemens (Fig 2). The required micro
wave harmonic in the diod e current is
optimised in each case using a DC

(~ - - --- --- ---=-"""= ="""= ==
1.0 signal which the ana lyser supplies.
The second range (3.8 to 8.5 Gll z) is
produced by the mixing the first har
mon ic of the LO with the injected first
intermed iate frequency of 321.4 MHz.
The third range (5.8 to 13 Gll z) uses
the third harmonic of the 1.0 freque ncy
as well as the intermediate-frequency
generator at 32 1.4 MH1_ At reduced
amplitude, the mixed products reach as
far as approximately 15 G il? before the
Ylfi filter fails due to absence of
current.

•

Fig. 3a : Ha r monic mixer
PCB layo ut. Tru e size 7 1
mill x 3S mill

••

•
I•

--_.
•-t

"--l
321,4

"«

IN i 2 .4Gflr

0"'
-->
1.7 -13
G«

Fig. 3b: Harmonic mixer
co mponent layout. The
J )J~ d iode controller is o n
the ea rt h side
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frequency in question deans up the
signa ls before broad-band amplification
and amplitude levell ing take place.

Like a ring mixer, ,I half wave diode
mixer also requires a broad-band termi
nation, as real as possible. A matching
amp lifier would certainly improve the
signal-to -noise ratio in the output spec
trum, but is ru led out here because the
1.0 bandwidth (2-4 (1Hz) is too high.
Although further reducing the alrc adv
l im ited~ mixed produc ts a/icr the dio&
(right do wn as far as -30 dBIl1) gener
ates almost physical pain, a compulsory
add ition. in the form of an attcnuatnr o f
at least 3 dB. must he inserted between
the harmonic mixer and the YfG filter.
Otherwise. due lo reflections at the filter

Fig. 4: Practical
asscmbly of mixcr.
Thc output
impedance of the
2~4 GHz LO
amplifiers are
supplcmentcd by
small additional
inductan ces. These
increase the
amplification

=iiiiii~= somewhat at the top
• • ... end of t he hand.

input . selective leve l changes, which can
no longer be fully com pensated, occur
outside the transm ission frequency.

3,2,YIG filter with driver

Both the main oscillator of the analyser
and its pre-selecto r, as well as the
lock ed-in tiller in the tracking generator,
are assembled using so-called VIC; tech
nology . The actual resonator is funned
by tiny lillie balls « I 01111 , sec Fig. 9)
made from a mixture of the clements
yttr ium and iron, plus the sem i-precious
stone garner. Th is mixture, which seems
to have emerged from an alchemists

Fig, 5: Section of complete
assembly with double XLO,
harmonic mixer, 3 dB
attcnuatcr and YIG filter. Thc
buffer amplifier for the 2-4
Gllz LO is at the right-hand
top edge of the illustration.
More details of the layout of
the two broad-band amplifiers
will be in subsequent articles,
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Fig. 6: Autnmafic hias i n~ current gcncrattcn for the mixer diode with the help
of the t ur n-on voltages front the spectru m a na lyser. For ran ge I (basic band lip
to 1.8 (ab), II ena , relay switches the gcncrta cr suu rce.

kitchen, d isplays an inherent resonance
in the microwave range when it is
immersed in a magnetic field, this can
be utilised by using a coupling loop.
Th e level of the tuning current deter
mines the resonan ce frequency by
changing of the streng th of the magnetic
field . The filters, mainly two-circu it or
four-circuit. combine high resonance
quality ( > 10( 0) with very good isola
tion (up to 100 dB), a constant insert ion
loss (here approximately 4 dB) anti
massive tuning range. Measurements can
be made from 1.7 [ 0 15 Gll z without
any switchovcr. i.e. merely by a ltering
the tuning current, thus for a first
intermediate frequency at on ly 32 1.4
MIV., the mirror frequency attenuation
will a lways exceed XO dlj.

The tracking pre-selector in the spec·
trum analyser generates the required
tuning voltage From 1.7 to 22 GHz(!).
The tuning voltage for driving the
magn ctis lng current is accessible at a
socket strip on the rear of the analyser.
The control vo ltage varies between 1.7
and approximate ly 15 V. Since a mark-

220

cdly linear relationship exists between
the tuning voltage and the resonance
frequency ( I V/( iHz). we need only an
amplifier circui t which is able 10 convert
the tuning voltage into a proportional
current of up to 600 mA (Fig X). The
V-I converter developed fur this meas
ures the co il current indirectly as a
voltage drop in a low-Ohmic wire

' -~ ' "i . :~~-'l 't

~- 1 ,.:.; (;;"",

Fi~. 7: The YIG filter- for 2 to 16 Gllz
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resistor. and feeds this vcnaec to the
inverting input of a d itlcn:nt lal ampli
fier. Thanks to this little Irick. the runinu
current is not affected by caber lh~
higher temperature correction value. the
marked healing-up of the cop per coil. or
the ir inductive effects. The V-I con
vener thus force s a linear luning current
through the YIG coi l.

To de-couple the remainin g assembly
stages. the relatively high tuning curre nt
is drawn from the negative supply
vo ltage . A PNP Darlington transistor

(here BDX 34 ) func tions as a load
controller. Due to its high current
ampl ification , it can be cont rolled di
rcctly by an ope rational amplifier. Be
cause the vIa filter used here has an
extre mely nar row band. it is help ful to
retain a small. externally adjustable
onset var iation . Desp ite the fact that the
effect is only marginal , the usc of a ten
turn potentio meter is ad vantageous. VIG
components should he mounted on a
heat sink. or at least on a so lid chassis
plate. due to their high level of inte rna l
heat ing.

••

•

Fi2. 9: Smal t
component collec tlen ,
from lef t to ri ght: !JAR
(i l triple I)I N dlude,
dism an tled YIC;
reson a tor clement ,
!JAT 14 micr owa ve
diode, M M l e SNA 176
broad- ba nd a mplifier,
together with UTf 025
PI N d iode con t rolle r
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3 x SNA 176

Fig.IO: Ci rc u it of
seco nd bro lld-blind
a mplifie r wit h 3 SNA
176s, In order not rn
on'r1oad Ille voltage
reula ror (1- .50 rnA!),
th e SUpr l) \ 'u lta21."

" as redeced 10 65 \'.

3.3. Broad-hand am plificat ion
with ICHI controller

The first of two amplifiers available was
an Avantek broad-band amplifi er (2-18
G Hz) ""illl G- 25 d H. Mixing products
can already be raised to abov e 10 d Am
over the ...ntire rangc using this commer
cial high-tech pmJUCI. Th is level actu
a lly suffices for most mea..urcmcms .
The ~a\iollrab ly.priced SNA 176 MMIC
ampillicr from STAN FORD·MICRO
DEViCeS. specified for use at up t tl 10
Gll z, turned out to be an o utstanding

~dilion 10 impr ove the performance
l~nhcr. Three of thes e transistor-type
SMD modules can be cascaded usillll;
ycry sma ll coupling capac itors (0..1 pi ')
III such a way that an inverse frequency
response takes place, giving a maximum
ga in of ove r 20 d B between 10 and 12
GH:f and only the n slowly decreases
Urll:C more. If optimal matching is used ,
thc amplificat ion is app roximately IOdb
a t 2 G1l7. Th is unconventional coup ling
can he used 10 offse t at k a.\t part of the
variation s ill the mixed attenuation be
1\\ CCll the basic and the harmonic mix
ing. With sl ight level compression, thc

Fig. II : un' 1Ilree-st8l:c
broad-band a mplifier
up to IJ G lb~ 'r he
bellow eal- ity of th e
a mplifier hOIlSill~ is
vacuu m coltlt'd with
cond ucting foa m. T hc
\ '0 113211' conuuuer is
Iastened to an C'\ te r na l
wal l,
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dcvir...d 10 mw output can stil l be
attained at up to 13 ([ Hz, Naturally.
the se exc ellent low-cost module s co uld
a lso be used to provide all {he amplifi 
cation require d.

The ma in leve l reg ulat ion is carried out
befo re the harmonic mixer . by mean"
va ry ing the quartz-stabilised intermedi
ale-freq uency injection signal at 3:?: 1,4
i\. IHJ:. A comme rcially ava ilab le mono
lithic lFIT 205 Plr\ diode controller
from A Vf\ "~ I ' EK adjusts the leve l prior
to the high-frequency mixer in such a

way that the pre-sel ected generator out
put is maintained at the output socket.
The PIN diode contro ller described in
[11. with the BAR 61 triple d iode ( in
emergency. 3 x RA 379) could likewise
do the joh in a suuably modifi ed printed
circuit hoard dcsizn. T his so lution
would be considerab ly more advanta
geous in ter ms of price. hut would also
lake up a larg er area than the commer
cial thick-film circuit in the TO 5
transistor housine. The OP circuit de
scr ih...d in the fir'St section is a lso used,
as a control amplifier.

Fig. 13: xcctfnn
with coa x relays,
broad-ba nd
di recti onal
coup ler. plus
uercctor for Inc!
Cfllltrol (A Le),
togeth er with
swtrchabtc
at tcnuat or in
roun d metalIhoustn • .
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The actual value of the output level is
established by a NARDA dir ectional
cou pler (2· 1X ( il-l z, d--IO db. S\1A
co nnections ), tnucthcr with an l IP
33330 B 50·0hni detector. lh~ level
measured at the output sock et ( i.e.
beh ind the step aucnuator) using a
thermal wattmeter arc thus less than ± 1
dH h om the set va lue over the ent ire
range (1.7 -13 GilL ). Such good resul ts
can be obtained only if individual
high-quality commercial components are
used (such as directional couplers, de
tec tors , Yig flhers , etc.).

For mcas urina mixers, there is also a
second inter mediate-frequency osc illator
available fo r the microwave ran ge
(32 1.4 tvlHz to 332.1 r-.1 Hz). Depending
on the appa ratus, the offset variation of
the Yl(j pre-selector in the spectrum
analyser could he too small. so that it
has to be expanded when it is intc
greeted with the basic equipment. How
ever, an oscillator o ffset reduced to , for
exam ple, approx imately 3 MlIz, could
also solve the prob lem.

3.4. Commercial components

Numerous mishaps lie in wa it fo r a
generator project with a bandwidth of
th is order of magn itude. The noise level
and, above all, the output control can
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Fig.14: Matching
measurement on
an x-uand
Resonator
brilliantly
manufactured by
n,JOPQ.

not be any better than the components
de termining the level. My own experi
ence suggests that you should not really
try and conju re some thing up out o f
no th ing and build as many components
as possible yourself. Many inconspicu
o us looking litt le compone nts co nta in so
muc h unobtainable know-how that the
entire project could rapidly tum into a
permanent co nstruction site .

The commercia l high-frequ ency co mpo
nents used in the eq uipment described
are listed below are mainly taken from
surp lus stock . Without them, it wou ld
have hccn co nsiderably more difficu lt or
even impossib le to assem ble the equip
r ncnr. At all events. thev co ntribute to
the hig h qua lity of the finished appa ra
rus..

Broad-band amplifier 2-18 Gllz with
G - 25 dl! in housins with SMA
connection s AVA~T[K A\VT 18235

)1:\HC ampl ifier - monol ithic S\ H)
amplifier modu le with \-fAR and ERA
range MINI-CIRCU ITS wire tcrm inat
ing tabs or S:\A range from STA~
FOR D Microdevices, in part icu lar SNA
176 (can be used up to 13 GH z,
good-va lue broad-band ampl ifier)
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ri~. 15 : Measurement rcvuttv fllr reso na tor from Fig. I ~. In the cent re o f t his 5
G i l, " ide (!) frequency section lies the X-Hand freq uency of 10368 Mllz. All
mea suremen t curves h:IH' been sta ndardised 10 t he scree n mean (0 d Jk).

I) Matchi ng measur ement usillg witt ron coup ler rrom Fig.17. In t he nnn
opt imised condit ion, the re turn loss a mounts to 15 dH.

2) a dvan ce measu remen t wit h a pproximately I d B lra ns mi.'ision loss, IO~l'Ih eT

with remo te select ion tn ±2.5 Gill:.

3 ) Sha r pness of d ircc ti \' il ~ of measu re ment system with precision dummy o n
W ill ro n hr idge

Directiona l coup ler 2· 18 Gil l, with 10
dB uncoupling attenuation. NARDA
4203-10 SMA connections (lor ampli
tude leveling)

Broa d-band detector with Low-Barrier
Schcttkv d iode. O.O I- IS (J HT., HP 33330
B APe 3.5 connect ion (S\1A-compa t
lble) (amplitude leveling)

VIC fil ler (microwave filter with elec
tronically variable frequency) 2-1 6 Gll z,
made from old pre-selectors. generator
systems, radar apparatus. ctc. . various
manufacturers. for example AVANT EK.

WJ , li P, O MN I-YIG, SIVERS. SYS
TRON , VARIAN, YI(J-T EK etc .

ST EP aucnuator, switchab!e artenuator
in 10 d R steps. DC-IS GH z , various
manufacturers (here WU NSCH El. AF
9010)

PI N co ntroller, electronically controna
blc variable attenuator, thick film tech
nology within the dimensions or a 1'05
transisto r housing (had one available .
but good-value substitutes also concciv 
able) AVANTEK UT F 02 5
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"'i ~ . Hi: A small select ion from the opt ions uf directiona l cou plers nr 1ll10l pll'r

nlt'llsurin~ bridges ava ila ble

Addit ional small component s such as
S MA aucnuarors and a CtXI.\ relay are
the la:-I things \0 go into the shopping.
basket. The list is the result of a pretty
random search through electronics mar
kets and second-hand dea lers. There art:
undoubtedly many components from
other manufacturers orcomparable qual.
ity. While most indiv idual componcms
could be obtained relatively quickly and
at reasonable prices, purchasing. a bruud
band amplifier ....'as a wearisome affair
and it cost rather a lot of monev.
Actually, a high-quality DIY solutlon
has appeared on the scene since then,
the advantageously-priced SN,\ 176
MMICs from STA\ r ORD Microde
vices.

3.5. Directional couplers for the
microwave ranges

For an efficien t network analysis. direc 
tional couplers or adapter ' measuring
bridges arc required to determine the
return toss within a 50--0 hm system. Fig.

16 shows a small sctccrlon from the
options. Usually. the lower the band
\\ idrh. the greater {he sharp ness o f
directivity b. The extrem ely efficient
DIY concept using semi-rigid circuits
wa:-. described in greater detail ill 12J.
I'he S\l A br oad- band co uple r s
( N A RD A . KR Y TTAR , O MN I· S·
PLKTRA crc.] not exactly cheap even in
a surplus mar kct . with band width s o f
2· IS GH7 or even more. arc osuallv
optimised towa rds constant advance de
coupling for Icvel controlle rs. which
means the sharpness of directivity is o f
rather less importance. The coupler used
ill this tracking generator tor p<m t'r
control (NARDA 2- 1!! (jilL ) continu
ously d isplays a sharpness of direcrivhy
exceeding 20 dB ill up 10 13 GHz.

Matching can lake place over a particu
larly broad band with the help of
measuring bridges . In principle. this
refers to Wheatstone bridges suitable for
high-frequency use, with a symmetry
repeater for de-cou pling in the bridge
branch. Th e "queen" of measuring
bridges. from WILTRON, is also struc
tured according to this principle. The
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measur ing port is prov ided with a
high-quality APe 7 connec tor , and must
be correspondingly adapted in each
case. Curve 3 in Fig. 15 gives a picture
of irs sharpness of d irectivity, wh ich se ts
a new standard. Tile basic dis adv antaec
of IIIis (unfort unately scarce) compOIlCl l!
is its very high price .

3.6. LF trausverter

Fig.l 7: Wilt ron
measuring
bridge wilh
JUC1:ision
dummy 3 '!

matching
refere nce

The bas ic range or the spectrum ana
lyser begins at 10 Mllz. Below this
frequency. loss of sensitivity and un
wanted signa ls prevent any meani ngfu l
measurement. It is or little assistance
here that the trackin g generator de
scribed in another part of this art icle
retains its level down to approximately I
M f Iz. Unfo rtunately, this ' means that
important frequency ranges such as low
frequency, electronics applications. 11K"'

,

IN

100 Hz 
60 MH.z

ZUI'I Spcl<lr"", t'i~"18: Simplified
An;' 'Ysator basic circuit of l.F
100 , 16D MIlz

transverte r
I-~------(O OUT

100 MHz

IN C>

Geoeralor
Au"!l""ll
100 Hz bls

"'""',,-
OUT
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I) Frequenc y res ponse reco rd for enti re mea su rement sys tem. T he tr acking
gene ra tor is coupled lIin'dl~' into th e receiver Input. From a pp. 75 MHz , stronl.:
level attcn ua tton is ncticca hlc as a result (If the twu low-pass filters. Th e ripple
over th e entire useful range fr om WO Hz tn 7fl M H/. is nn l ~' ap prox imately 1 dR.

2) Freque ncy response ove r high-ohmic impeda nce converter a t a pp. half
scnstnvuy. A l maximum level setting, th e ClI rH' is ide ntical wuh cur ve t.

J) Noi..c level (If tran svertcr sys tem. usin g eva mple of II 21A M Hz q ua r tz tluer.

d ium wave or the ]llWCT short-wave
range lie outside the width of the
measuremen t system.

In order to close these unpleasant
frequency gap~ , u transvcrtcr has been
develo ped which can go down as far as
100 Hz. III principle, both the ana lysis
frequency and the generator frequency
are displ aced by exactly 100 M Hz. As a
result of thi s o ffset. the reception range
on the analyser begins at 100 :\I Hz. The
tracking generator frequency is simulta
neously mixed downwards bv (his
amount , The I OO ·~"z quartz osc illator
used join tly for both mixing processes
allows the two frequ encies to be equal.

The indiv idual path within the ap paratus
from this osci llator 10 the mixer contains
bot h high am plifi cations and good isola
lion. There should be at least SO dA
isolation be tween tile two mixers, so that
the tracking do cs not sneak aroun d the
test obj ect 011 th is path. The two 3-stage
low-pass tiltcrs with a 3-d B limiting
frequ ency, ea ch of approx imate ly 60
MH z, pre vent the emergence of the 100
t\1I1z oscillator signal. together with
signal am biguities result ing from image
frequency problems and harmonics.

For simple level de ter mination, the rc
cievc converter is adjusted to OdR
tra nsmission am plification. Since ill the
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IO\....-frequency and electronics ranges
many signal sources arc high impedance,
i.e. may not be loaded with 50 Ohms, a
high impedance converter with a sensi
tivity potentiometer is incorporated. Tile
circuit, all in all is real ly extensive but
otherwise conventional. is shown here
only in outline, i.c. not go ing down to
details of the solution . There are numer
ous alternative layouts, only suggest ions
for the creat ion of which are given here.

Even if the narrow-hand analysis band
width or only 100 IlL is not optimal for
the investigatio n or very low-frequency

signals, the results are perfectly observ
able , even in the low-frequency range.
Fig. 20 shows the spectrum representa
tion of the low-freque ncy two-frequency
generator. with which the author usually
determ ines the inter-modulation prod
ucts of transmitt ers and final stages.
Each of the two tones on the left-ha nd
edee of the imarro stems from a Wieno 0

bridge generator and gives a perfect
sinusoida l optical display on the osci llo
scopc. Spectrum analysis S]lOWS that the
interv al between the lower of the two
tones (1.3 kllz) and the first harmonic
(d2) is a mere 30 dB. The harmonic

~

J;j
c.~~Art>"

,"" """" 0 " 0<

F'i~.21 : Complete
low-frequency
transvcrtcr.

0.J40.".'.,
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Il J Carsten vieland, DJ4GC. Tracking
een erator from J MHz 10 JJ (1Hz for
spectrum anatysers (Pa rt I of this as
sembly description), VHF REPORTS,
issue 1/2000 to be published in VHF
Communications 1/200 I

[21 Carsten Vicland, DJ4GC Microwave
direc tional coupler with high front
to-hack ratio made from semi -rigid
circuits : VHF REPORTS, issue 411991,
VHF Communications Issue 3/1993
pages 130 - 139

lal Joachim Danz, DL5UL, Assembly
instructions and exper iences with the
spectrum analyser according to DBI;S;V;
VHF REPORTS. issue 1/1993, VHF
Communications 'issue 4/93 pages 241 
250

5.

Liter ature refere nces

sound card of a comp uter all the way to
the wave guide bands. lncludinz some
quite long b reaks. the proj ect (exc lud ing
the LF transv crter) lay on the hobby
table for just on a year before it was
fully completed . The test rig has now
been operating sat isfactorily for 1\\'0
vear s. The not inconsiderable effort (in
ierms of thought, manual labour and
also money) has been rewarded, at the
very least, with the availability of a
laboratory-grade high-quality measuring
system. Its really great when you don't
ju st have to assume that something
youvc developed yoursel f works. but
you can get the results displayed on the
screen through a test rig with, as it were,
infinite bandwidth and dynamism. while
the plotte r is already producing a hard
co py.

4.

Summing-up

By means of the accessories presented
here (tracking generator, matching meas
uring bridge and LF transvcrtcr), the
spectrum analyser , actua lly developed
for the microwave range, is expanded
into an effic ient network ana lyser. The
frequency range extends fro m the rel
evant range of FTT analysis with the
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with the sevenfold frequency can a lso be
reco gnised on the right-hand edge or the
image, and the interval between it and
the fundamental oscillat ion is approxi
mately 55 dR. The rather unexpectedly
poor harmonic interval of this gener ator,
however. has on ly a slight significance
in practical measurement. since from 3
kHz at the latest the transmiss ion side
filter forces the band to he res tricted.
The dreaded intcr modulation products
are mainly outside these filter band
widths.

Fig .22: In ternal st r uct ure wi th opened
tin pla te housings.

(~----- - - - - - -----'-"'--'= = =-'-'-'="'--"-=
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Microwave CAD Software

• C omplete with fu ll English hand book
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Gerhard Sahmiu, DJ5AP

Low Pass Filter for 2 m and

70 em - Part 2

The fir st part of thi s article con
cluded , at t he end uf C hapter 6, with
the con st ruction of a successful 145
MHz filter. T he a rticle continues with
a 435 MHz filter an ti filter s designed
to handle lower power levels.

7.
Low-pass filter for 435 ~ll1 z

A highly efficie nt low-pass filter was
also developed for the 70-cm band: the
wiring diagram aga in corresponds to
Fig. 3h. Since the capacitors have lower
values, RT-Duroid 0.79 mm thick was
selected as the printed circuit board
material. This also produces a somewhat
higher level of mechanica l stability,
since the printed circuit hoard material
with Teflon d ielectr ic in contrast to the
epoxy material, is very soft.

For CI and C4. the values are 12.5 pF
each, for C2 and C3 17 pF each. Using
RT-Duroid 0.,79 mm. thick, the required
dimensions for C I and C4 are 32 mm. x
12 mm. each, for C2 and C3 38.5 r um. x
15 mm.. The assembly also takes place
in a tinplate housing with dimensions of
111 mm. x 55.5 mm. x 30 mm..

The inductances were produced not by

co ils or wire but by semi-circu lar pieces
of copper or brass plate 0.1 to 0.2 mm
thick. This makes assembly easier, and
later adj ustment.

The printed circu it hoard layout for the
70-cm. version on Rr-Duroid 0.79 mm.
thic k can he seen in Fig.Hl, and the
co mponent drawing in Fig. I I. Fig. 12
shows a complete, fully-equipp ed low
pass fllter for 435 MHz. In other
resp ects, what was said in Chapter 6
regarding the assembly of the filter for
145 MHz applies, as docs what was said
regarding the output compatibility.

The frequency response of the low-pass
tille r for 435 MHz is seen in Fig. 13. At
870 MH7, the second harmonic. more
than 40 dB atten uation is already being
achieved. At the third harmon ic. in the
23-cm. band, at approximately 1,270
MHz, it is 60 dB, a value which remains
constant until approximately 1,800 MHz
and then, at a level of 2, lOa Mllz. fa lls
a ll' to 50 dH. From approximately 3,400
MHz all the wav to the limit of
measurement at 6 GHz, the attenuation
goes back to mean values of 20 dB. The
low attenuation values from 3,400 MHz
can be traced back to wave-guide effects
in the tinplate housing. This effect,
moreover, is also present, in a weakened
Conn, in the low-pass filter for 145
MHz. If, as is usual for microwave
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( 110 mm

E
E

U\

70 cm
L-... -J l

Fig 10: ,'cn La you t for the ..135 \'1Hz Fill er using RT Duroid 0.71' mm thick

circuits al 10 GII/.,. conducting foam is
g lued into the lid. the undesirable
wave-guide effect can be somewhat
reduced. The attenuation values in the
transmissio n range at 145 or 435 Mill.
are not altered by bringing absorber
material in'

Attenuation in the 435 MHz transmis
sion range is at a low O.:! dB.

8.
Low-pass filter for lower
outputs

Hig.h transmission power levels of sev
eral hundred Watts, right up to the limit
o f 750 Watts la id down by the approval
authorities. will come lip rather seldom
for most radio amateurs. For lower

1
E
E
~

r

,- - - 111 mm r?
~' \.. .

\ j
4~

~ 35mm ~

LI • L3 made from copper
foil and mounted 2 mm
above pen

Fig 11 : Component dlllw in2 for the 435 ~l lIz Filter
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Fig 12: Th e completed
453 MHz Filter

power levels down ttl app. 50 Waus.
low-pass filters can be made consider
ably smaller, using small ceram ic ca
pacftors. and with similarly good per
formance with respect 10 harmonic at
tenuation. The circuit can again be taken
fi um ri g.. j b. 'I he basic specilkatiofls
for calculation can be found in 151.

Small ceramic disc capacitors with a
diameter of about 5 nun. arc used both
1(Ir 2 m. and for 70 ern. The capacitors
usually have an electric strength of 500
Volts. In no case should ceramic tubular

capacitors be used, he .... ever small or
voltage -stable they arc!

The connection wires arc shortened 10 a
length of approximately 1.5 to 2 mm..
Every additional mm. reduces the <I I
tcnuatlon value of the low-pass filter at
higher frequencies.

Coil data of small low-pass filter for
['l 5 M H/.:

L1 , 1,3 silver-plated copper wire 0 I
nun . , wound Oil a 6 rum. drill shank.
\.} mill. long

Fig 13: Fre quency
response of the 435
MHL Filter
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( 55,5 mm

l' L3

E
E....
'"
~ L2

• 1.2 no; LI, but I I rnm.long

Small ceramic disc capacitors:

C I. C4 '" 27 pf

C2. C3 ",. Two x 27 pI-" each para lle l
wired

The parallel wiring, which means thai
C2 and C3 each have 2 x 27 pl-, fur an
effective capacity of 54 pF, leads to
slight undesirable inductances. together
with a rclan ...el y hig.h current carrying
capacity at high frequencies.

For an assembly sketch of the lo.... -pass
filter for 145 MIl:t... see Fig. 14, and for

Fig 14: Co mponent
l a ~'ou t for the 1-15
MHz low power
filler

a completely assembled filter, see Fig.
15.

Coi l data of filter for 435 MHz:

Ll to U silver-plated copper wire 0
I mm.• 32 111m. long. semi-c ircular,
bent as Fig. 17 Balance distance 10
earth surface to approximately 2
mm.!

Capacitors as described for 2-01. fitter:

C I,C4 = IO pF

C2, C3 = Two x 10 pF each para lle l
wired

For an assembly sketch of the low-pass

Fi~ 15: The
com pleted 145 MH z
low po\\-er filter
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,
i
E
E
::;

< 55,5 mm

L 1 bis L3 sind BOgen
aus versilbertem Kupterdratu.
Dc 1 mm, 32 mm lang,
ha lbn.md gebogen;

Abstand neon Masse
ca 2 mm (abgleiche n!)

Fig 16: Com pone ntlayout for the 435 MH z low power fille r

filter for 435 MHz, sec Fig. 16. and for
a completely assembled filter, see Fig.
17.

S ince there were actually no suitable
tinplate housings availab le when the
filter was assembled, the housings were
buill nul of printed circuit board male
rial or tinplate itself. The internal di
mensions correspond 10 those of tinpla te
housings with the dimensions 55 film . x
37 mm. and a height o f 30 nun.

The completely assembled and "hal
anced" low-pass filters for 145 Ml lz
and 435 MHz were each tested at 50
Watts HI!. Alte r fairly pro longed opera-

tion. the coil s were warm to the touch,
but the capacitors hard ly heated up at
a ll. T he uppe r power limit was not
checked out

As an exper iment, an add itiona l low
pass filter was assembled for 145 Ml lz,
ustng sma ll ce ramic high -volt age capaci
tors for 2-kV DC vo ltage and with a
diameter of 12 min .. though only 22 pI'"
was available . C l and C4 were thus 22
pf, C1 and C3, " ncr parallel wiring, 44
pF. The increa sed attenu at ion in the
ritter attenuation band was II1ll'; nOI a..
steep as with the filter described earlier.
and (he de terioration ill attenuat ion from
approximately 1.500 MHz was apparent.

Fig 17: Th e
completed 435
M Hz tow power
filter
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Fig 18 : Frequency
response of the 145
MHz low power
filter
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On the other hand, a transmitt er or a
high-lev el stage for 145 Mllz which is
still produ cing significant harmon ics at
1,500 MHz shou ld just not be put into
operation at all! l hc low-pas s filter
asse mbled with these larger capacitor';
with stood power outpu ts of 200 Watts
without any problems . Here too, the
limits were no t tes ted.

The frequency response of the low-pas s
filte r for 145 MHz, as described above,
can be seen in Fig . 18, and for 435
Mllz in Fig. 19.

In the low-pass filler for 145 MH.l, the
second and third harmonics. at 290 and

4 35 MHz respectively, are each attenu 
ated by more than 50 d H, and a ll other
harm onics up to app roximat ely 1.500
MH.l hy 40 to 45 dB. Not un ti l over
2,400 MHz does the attenuat ion fal l
below J O dB.

In the low-pass filter fin 435 MIl L
assemb led using sma ll ceramic capaci
tors , the second harmonic, wh ich lies at
870 MHz, is attenuated by ap pro xi
mately 65 dB, and the third harmonic in
the 23-cm. band by over 50 dB. The
add itional attenuation decreases approxi
matel y in a straight line. At 2,400 Mllz,
it st ill amo unts to 30 dB. Then from
about 4 Gl lz, as also happens in sma ll

,"" _-=._ --:.:-- ,- f-- - - - - f---- D"
,
.- f--f--I--+-'I+- -"- +- +- -..,- -f---- " 'l,

Fig 19: Frequency
response of the 4JS
M Hz low flown
filter

f--I- + - t----\-f--t- - I--t- -t- t--1 'O<>

1-- k-r- ' "
--- t- ,

-- -- " " - - - -_...- _. \ ~
,'"

\ ..1'.: ,'",
-, I 1-- ,, "

23,



VHF CO MMUNICATIONS 412000(~----- - - ---- ""-=== "-""==

Sender
fUr 145 J
435 MHz

SWR 
Meter

Pruning"
Tiej"pa!1·
Filter

Leistunqs- ~
mel!gerat

"'i~ 20 : Mt'll"'urmcn t set up fo r ba lan ci ng fill l.'r",

filters for l45 Mllz, the attenuation goes
back to dose to 0 dB. The reasons for
th is l1lily lie in resonance phenomena in
the capacitors and co ils even the small
es t ce ramic capacitor has an inductance !
As a result o f the cramped assem bly.
even crosstalk phenomena from the filter
entrance to the exit. among other things.
may play a part. - -

The attenuation in the transmission
range or the small ti lter for -1 35 Mll z is
0.4 d R.

The reasons for the steeper atte nuation
increase at the second harmonic lie in
the greater c,~ac i ly values of ceramic
capacitors . The transmission loss in the
transmission range is certainly aga in
somewhat higher , thanks to the use of
greater capacitances.

Since the larger lo.... -p<l~~ tillers should
be usable lor up 10 <II least 750 Walts.
compromises had to be made in design
ing the low-pass fillers with cap acitors
made from RT-Oumid ; the filters were
opti mised at thc lowest transmission loss
leve l in the transmission range.

It should also be nored that the filters
were measured lip to 6 GHz and the
author does i ll fact have the readings,
hut they were of no further usc here.

9.
Bulanclng or low-pass filter

The low-pass fine r described can be
wel l ba lanced u...ing amateur resourc es.

You will need:

A transmitter or transceiver to r :2 m. I
70 cm.. which emits a low-harmonic
sign;11 (at least ...0 dB attenuation)
with a su itable output. For exam ple.
modern f;""1 transceivers with outpu ts
of 30 to 50 Wens arc very su itable .

1\ good SWR mete r. e.g. the EME
Wattmeter or the older Wattm eter
from Goning & Griem.

An output and standing wave meter,
a second EMF Wattmeter, is also
vcI) suitable for usc.

/\. dumrnv load of suitab le current
carrying "capacuy. with a 50-Ohm
impedance . Fa iling this. for example.
a long coax cable (c.g. 50- Meter RG
58.U) can be inserted into a smaller
and tor poorer dummy load. Thanks
to the high cable attenuat ion. the
SWR o f even a poor dummy load is
very goo d!

111 pr inciple. the measurement rig is
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shown in Fig. :20.

When the balanc ing process begins. the
transmission power should be reduced to
a few Warts. so as nor to put the PA at
risk. If the low-pass filter is pre-tuned .
the transmission power can be increased.
to ob tain SWR values as precise as
possible.

T he tuning is carried out to minimise the
standing wave ratio of the low-pass filler
inserted between the S\\ 'R met er and the
dununv load . The minimal SW R coin
cides with the lowest transmission los..
in the transm ission range of the low- pass
filter.

The balancing procedure is as fo llows.
using the example of the 2 m. filter with
capacitors made Irom R'J- Duroid :

First the standine wave ratio is meas
ured at low lrnn; mi"sinn power. If the
SWR is at I : 1. 1 ur better. no balancing
is needed '

If the S\},'R excee ds I 1.1 , the
low, pass filter should be optimised. First
r tarifv whether the coi ls must be made
biggc'r or smaller • the values for the
capacitors made from printed circuit
board material arc alrcadv fixed. Draw
ing apart or comp ress ing -the coils made
from 2 mm. thick copper wire is not
recommended in the soldered ccnduion
there is a risk that the printed circuit
board or the coppe r coating will be
damaged.

A brass COTC i ~ plunged into the coi ls
te.g. a brass screw with (2: ..\ mm., 20
mill. long) or an HF iron core with 0 4
mm.

When the bT35~ core is plu nged into the
coi ls it reduces the inductance; plunging
the I IF iron core in increases the
inductance. It: for example, it is estab
lished that the SW R improves when the
brass core is plunged into om: of the
co ils. the coils inductance is too high. It
should be unso ldered. drawn apart a
little and soldered back in. If necessary,
th... same thine is do ne to the other coi ls.
If the S\VR imrrovt's when the HF iron

10.
Summary

T he adv antages and d isadvantages or
hand- pass and low-pass filters fo r 145
and 435 MH I are clarified. the develop
rucnt of highly effect ive low·-pass fihcrs
for 1..\5 and 435 Ml lz described. and the
assem bly is explained in deta il.

The values obrumcd for harmo nic sup
pression. the low attenu ation in the
tra nsmissio n range , and the high max.
output of 750 Watts of filte rs with
capacitors made from R'F-Duroid mean
the filters can be used in any app lica
tion.

Retro fitting is recommended OTI o lder
e xisting 2 m.l70 em. transmitters with
out a built-in harmonic filter . It is
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(~ .-====:-::;:----:----::--:-=========achieved by looping, the filters described
here in between the transmitter output
and the antenna relay. When this is not
possible, for reasons of space, the filter
can be looped in between the antenna
jack and cable.

Even with modem high-level stages,
which are already equipped with a
low-pass filler and obtain good values
lor harmonic suppression. one or the
low-pass filters can he used as well.
When transmitting at high power, above
all, you (an thus always he on the safe
side.

To make assembly eas ier for less experi
enced radio amateurs, the construction
and balancing of the low-pass filter arc
comprehensive ly described. Old hands
are asked to be patient!

In Section 4, the development of the
low-pass fitter using printed circuit
board material is described. Just so that
no-one imagines the author discovered
this Holy Grail : Rene. 1109MPlJ.
remarked. at Ham-Radio 1999 during a
visual QSO, thai low-pass filters using
capacitors made from Tellon printed
circuit boards were also manufactured in
the commercial sector, with outstanding
results.

The author would like to thank various
radin amateurs for their theoretical and
practica l assistance: Helmut, DJ8BF for
the first measurements. Horst. OL3QJ
for preparing primed circuit boards.
Bernd. DJ6DC for the final measure-
ments of the transmission curves, Rene.
HIl9M Pll for the stimulating discus-
sions, and the OM of the RegTP
(ca llsign unfortunately unknown) at
Ham-Radio 1999 lor the measurements.
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IJip/. -lng 1. v. Parpart

Active Directional Coupler

The su bject of th is article is a direc
tional coupler, whic h works dow n to
OC. The main si~nal path is pas sive.
A n dtl' lronic ctrcutt is used to de
<"(mpk the forward or return .signa l.

1.

Introduction

In high-frequency technology, passive
reciprocal directiona l couple rs play a
significant role. They are used to split or
combine signilb : in metering ciruits.
they arc used to measure matching and
output .

In general. a direct iona l coupler has four
gates: the signal fed into gate J arrives
at gate 2 a lmost unhindered. Gate 2 is
the output which can be affected by
reflection. AI gate 3 a part of the
forward signal can be available . at gate
4 part of the return signal is available.

Directional couplers usually cons ist of
coupled circuits which arc simultane
ously capacitive and inductive, and also
of circuits with discrete passive wmpo
nents (coils , capacitors, resistors, trans
formers, circuits). Broad-band trans
former couplers arc known from cable
television technology. What all these

formats have in common is that they
have a lower operating frequency limit.

The subject of this article is a dircc 
t iona! coupler, which works down to DC
with a passive main signal path. ;\
non-rec iprocal electronic circuit is used
to de-couple the forward or return
signal.

This mav be an alternative tor many
applications. as an example a video
coupler, which was developed by the
author, is described in this article.

2.

Principle of active directional
coupler

We shall first exam ine the universa lly
matched active directional couple r with
three gates. In accordanc e with their
function. gates J, 2 and 3 arc called in,
out and coupled. Depending on the
direction of the power flow, either the
forward or the return signal is at gate 3.

The path between gate 1 and gate 2 is
passive and low-atte nuation. A path
(even more attenu ation-free if applica
ble) should exist from gate J to gate 3
to produce a directional effect, whilst at
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Fig, 1: ~ p l'l' i fk exa mple with precise

marcbtna

3.1 Example with precise
matching
Th is example shows a res istance net
work in IT st ruct ure (tra nsfer impe danc e
R I, transv erse res istance on input side
R?. transverse resis tan ce on ou tput side
R3 + R4) univers ally ma tch ed.

In order to fulfi l the comput ing rules .
the voltage difference between the cir
cui t inplil and the tap of the transve rse
resistance on the output side merely has
to be amplified. An inst rument amplifi er
serves to do th is (high input resi stanc e.
low output resista nce, defi ned amp fifica
tionj .

lhc instrument amplifier supp lies the
standard level at gate 3; the resis tance
US serves to carry out tilt' ma tchin g at

Specific examples

3.the same time the atte nuation from uate
2 to gate 3 with a matched load at aatc
I shou ld be infinite. -

1I0w can this be achieved? It is con ce iv
able in principle to connect gate I and
gate 2 to each other directly, measure
the voltage (V) and the current (I) at this
po int and ba lance them with the imped
anc e level (Zv')' We thus obtain the
source vo ltag e of gale 3 (V 3), wh ich is
V3 = V -'- IZ , . It can easily be shown
that if a rnatclJed sou rce (original volt
axe V<I ' internal resist ance I ,..,) i~ fed
mto gate I, V3 always ~~ Vl _ 1/ any
source is fed into gate 2, and ir gatc l is
match -term inat ed, then V3 - 0 .

In practise, the current measurement IS

take n back to a voltage measurement a t
an ohm ic resistance. Ther e is thu s a
(small) resistance betwe en gat e I and
gate 2. In order to gua rantee universa l
ma tching, this resis tance is enlarged into
a network (c.g. 1t st ructu re or double-T
structure ). Thus, dep ending on the sys
tern. an attenuation ar ises lip , which is
«p "" 20 log .x . It wi ll be unde rstood that
the attenuation betwe en gate 1 and gate
2 should be inde pendent of fr equency
an d slight, i.c. the parameter .r is rea l
and lies very ncar to ;, 1" .

The electronic com puting circuit, which
pro vides the signa l at gat e 3, provides
thorouahlv welcome isolation in the
reve rse direc tion , i.c., there is no trans
miss ion from gate 3 10 gale I or gate 2.

The reflection set out above can be
mathematically form ulat ed with the help
of the scatteri ng matr ix (S) This gives
us:

o X

S = X 0

o
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Fig. 2 represent s a simplilicd c ircuit
with Zw = 75 n.

gate 3. By adding resistance R6 it can
be arranged that both inputs of the
amplifier see the same impedance ; thus
the OC opera ting point will be inde
pendent of any (equal) offset current s.
Fig. I shows the basic circuit, based on
the assumption tha t Zw - 750 and x '"
0.98 7.

If parameter .r is selected free ly, the 4 .
Calcu lat ions are :

t e z
~

4.1 Usc in video splitt ing
tcchn~lolt"

Video cornponentv (so urce '>. sinh. ctr
cuits} disp lay a uniform syste m impcd
ancc level (7S !2 ).

Should one source supply several con
sumers. the so-called looping-through
technology has been used for decad es

I _ x l
Rl = Z,,·- - - ( I )

l x
I + X

R2= Z..,- - (2)
I - x

R, = Z,,(I + x) (3)

,

R4= Z ,·
x +x-

(4)
I - x

R, = Z" (5)

Ro= Z"
3xJ + 2x - l

2
(6)

2
Vu = - - -, (7)

I - x "

Active directional coupler in
video tcchuulegy

3.2 Example with 'ligh t inpu t mis
match

If a slight mism atch at the input of the
coupler can he tolerated. the circuit can
be simplified, in that the resistance R2
(cf Fig. I) is omitted. and the network
is rc calc ulated. De-coupling requires :

"00
»,

"'"
'"'--

R, R,_ . =--
Rf z, (8) ...

•
To be able to cascade severa l couplers,
if applicable, the net work output must
be well matched. Exact matching can be
obtained at gate 2. ir we sele ct:

rig. 2: Simplified cir('u it
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VHF COMMUNICATIONS 4/2000

~" R"

""", u , fl

Fig. 43: Video
coupler pen layout

I
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oc,

o

-rra
R,

Fig. Sa: Video
~J coup ler compo-
I ncnts layout -

l
wired component
side

out
,

o '_J

l

Fig. Sa: Video
coup ler comp o-

_ _ _____ ._. .. _. __ _ nents layou t - SMl>l com ponent side

J

The source powo.:rs a circuit which is
march-terminated. Where a consumer is
located. the circuit is tapped . i.c. the
viunal on the internal conductor is
extracted at high resistance as in voltage
measurement

It mates for better oper ational reliability
if the main signal path of the spl itting
system is passive. If the electronics of a
consumer die, this has no consequences
fo r the other partic ipants . This is an
advantage which should not be lost
unless it has 10 be.

However. the assumption that every
consumer receives the signal allocated

to it is justified only if the splitting
svstcm is refl ect ion free. An extreme
case occurs if the main signal path is
interrupted or short-circuited : all con
sumers now rece ive the wrong level
either double voltage or nothing at all.

It is better if the looping-through tech
nology is replaced by cascaded active
directional couple rs. An open circuit or
a short-circuit on the main signal path
will then (in the ideal case) have no
influence on the signa ls de-coup led
before the fau lt locat ion. The video
splitting system now funct ions like the
well-known, tried and true passive
CAT V splitti ng system.
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behaves in an outstandingly good-na
tured way and does not tend to oscillate.
The OPJ\ 4650 is powered at +/- 5
Volts; it requires approx imately 35 mA.
A floa ting DC vo ltage was ava ilable (24
Vo lts, power supply); with the help of
the Zener diodes (D l , D"2), the b ipol ar
supply voltage can be generated from
this in a simple manner.

To make the common mode rejection
optimal, the resistances R7, RS, R9 and
R IO mus t he as identical as pos sible. 1\
selection must be made; the pairing
shou ld be better than 0 _1 %. the absolute
va lue is not decisive (no te: to improve
the high-frequency common mode rcjec
tion , it can he adv antageous to add a
small capacity from pin 9 or the
operationa l ampl ifier to earth ).

T he capac itor Ctscrvcs to lincarisc the
Frequency response . The normal video
],,;\'('1 is available at gate 3 ( I vss <It 75
Ohms) ; no external dr iver is neede d.

The circui t (F ig. 3) consists of the
resistance network formed by R I, R3
and R4 (s. Sect ion 3.2) together with a
discretely structured instr ument ampli
fier (vu 8.7) with a subsequent amplifi
cation stage (once again vu 8.7). Fig. 4
shows the layout. Fig. 5 the com ponents
plan.

The signal path s run on the unders ide of
a dou ble-sided, l .Scmm. epoxy resin
hoard; the top side forms the earth
su rface. The Sr-.-1D components arc fitted
on the bottom side, the wired cornpo
ncnts come on the top side. Six through
platings arc necessary (represented by
circle s in Fig. 5). The printed circuit
hoa rd is housed in a com mercially
available in-line module housing.

The quadruple operat iona l amp lifier se
lected (Burr-Brown 0 1';\ 4650) is p in
compatible with other known types and

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

4.2 Circuit

~ T CP 2C 2D ~rl z

~- ,
, ._. - r--I-T-r l' I

, ,

i~t-~ ~> ,
, ,,

'n
,~

~·+-I, -- ,,
~ " +-- i I_. ,., -r-r- , 'I.., ! ,.< , ,,- :

T ,_ . O ' __~-1
: -

3 ---;;; - - - - ~ ,
~-- -,- ! i,

,/ :

~-17:
,

I : 1- jr'f__...•_- _1_ _ 1_~__ .__ L.-l

fi Eioi
10 '< ~ z

\j8 '~

n= ~ I
S'I'I I'
LJ ~,

Fi~, 6: Video

l :)1,Wi< couple r di rectivity

REF O;:- S
13 C (~

246



-""--=== = "-"""""'-- - ---- - --- C~
VHF COMMUNICATIO NS 4/2000

4.3_ Parts list C2,C3,C4 100 nF ( 1206)

Wired components

Dl,D1 Zener dio de 5. 1 V 4.4 Alignment

Rl In , 0.1 ~ 'o , 0.1 Watt

R17,R18 ISOn , 1 %" 0.3 w au

CS,C6 10 uFo 10 V

The trans mission from gate 1 to gate 3
is set thro ugh the potentiometer R 13 at 0
d B.

SMD componen ts

ICI

R3,RI J

R5,R6

RI 6

RI4

OPA 4650 lJ, SO I4,

BURR-Il RO\V't\

Pot ent iometer 1000: (3J I4)

75n (1206)

!20n ( 12( 6)

150n ( 1206)

The potenti ometer R3 makes align ment
posstb!c at opt imal directivity (g ate 2 to
gate J at 75-0 hms adapted load at gate
I) .

If a precise offset alignment is desired
(0 V at gate 3 with a v at gate I), then
the non-inverting input (p in I I I mus t he
co nnected with either the positive or the
negative ope rational voltage thro ugh a
resistan ce (3 k ) {fitting opt ion
availabl e on pr inted circuit boa rd) .

RI I ,RI2 Ixon (1206 )

R7,RX,R9.f< IO 1.0 kn (1206), pa ired
4.4 Measuring resul ts

RI S

R4

CI

1.3 kQ (12 06)

5.6 J.. D ( [206). 0.1 %

120 pF ( 1106)

The tran smission loss of the coupler
(gate I [0 gate 2) is approximately 0. 1
dB in the 75D measu rement system .

At 6 Mllz. the difference in the signals

Fig . 7: No re cognisa ble difference
be tween S21 and S31

Fig. S: .\'32 wit h o pen eirc ult at gale)
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Fig. 9: SJ2 with 75n load at aare t Fi~ . Ill: ,\'32 with short-circuit at ::ah' 1

in different directions at the coupled
output when the passive path is
energised still markedly exceeds ~o dll .
Because the auc nuauon of the passive
IXIIIi is slight. this value corresponds to
the directivity' of the coupler. The
measurement is carr ied oul through a
network analyser ( SI..'C Fig. (l ) .

If a "ideo generator (CCIR 17 ) is
connected 10 gatc l the outputs for gate
2 and ga te .1 call scarcc lv be
dislinguivhcd (Fig. 7). More detailed
measurements reveal that the siunal
to-noise ratio evaluated at gale ~' is
beller than (,0 df]. As a consequence of
the high dirccuvity and the good
matching of the generator. the signal at
gate 1 is almost Independent of the load
at gale 2.

5.

Reflect ion meas urement

If the coupler is operated in the "reverse
direction", I.c. the video generator
powers gate 2. The signal at ga te 3
gt vcs di rec t in format ion on t he
reflection factor (r I ) at gate I. The

24 8

signal at gate ~ when there is an U)'X1l

circuit ut gatc l (r l '- I I. Fig, !'i t 750
adapted load at gate I /r l ..,. 0. ri g. 'I )
and ;J short-circuit at gate I (r1 .". -I.
Fig, 10).

(,.

Further applications

If we consider Fig. I and formulae 2. :i
and .t. it becomes clear that the
resistance R2 can be cut into two
suitabk p artia l resistances. lIamcl ~ R1 .
H.I + H4.

Th is makes the n"I\IOr" mirror 
symmetrical. Using a further instrument
amplifier. it is now possible 10 obtain a
signal which is proport ional to the
signal transrniuing power to g.uc 2:
here it is independent of the impedance
.u gale 1. In this \\a~· . we obtain a
directional coupler \1 hich supplies both
the forward and the return signal. This
has applications in network anab sis
(c.g. determination of reflection factor.
fault location in cables. cable length
measurement. pemer measuremen t).
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With two video couple rs. a video dup lex
installation can be set up : signets can be
transmuted a nd received at the same
time. so only one circuit is required ,

Last but not least : the tra nsmission
range of the video coupler starts at DC;
the upper frequen cy limit is a que stion
of technologica l progress. Thus the
coupler is also suitable for dat a
trans mission systems.

7.

Concluslou

The uctivc directional coupler has no
lower limiting Frequency The signal
path between input andolltput is
passive; only a sligh t attenuation .
inocpcnccnt of Frequency. should be
expected,

High- frequ en cy old hand s will
recogn ise t he prin ci p le of t he
transformer-type measur ing br idge. The
transformer has bee n replaced by an
instrument amplifier and the bridge
circuit has been reconstru cted ill such a
way that no power is lost unne cessarily.

Circuits are known which ea rn ' out <I

rectification proport iona l to the forw a rd
or return signals on :1 resistance
network (sinular to Fig , 2) in order, for
exampl e. to operate suita ble display
instruments. However. if we obtain the
forwa rd or return signa l with a n active

8.

Literature references

I T ictJ:c/Schen k : Se mi -cou duc ro r
circui try. Springer 19%

2 Mein ke/Gundlac h- High-frequency
techn ology pocketbook. Springer 1986

J Stadler. E.: The dire ctional couplcr >

Function a nd applications. VHF Repo rts
IIK\ VHF Communications 3/85 p ages
17K " 184.

-1- Martin M .: Broad-band directional
coupler for SWR measurement. VHf
Reports 1/8 3. VHF Conunu nicatious
3/83 pages 153 162.

;; Parpa rt. 1. v.: Broad-band high
frequency transformers Circuits and
system s. Hiithig. 1997

6 N. Gyula: DIY antenna measuring
brid ges. CQDL 6/%
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Wolfgang Borschat, DK2DO

Circulators and Ring hybrids
For protecting VHF final stages and de-coupling VHF
driver transmitters

Readers Ideas on Article in issue 3/2000

The article [ II in issue 3/2000 look a
comprehens ive loo k at this top ic.
Among the enquiries and comments
from readers was a part icularly interest 
ing letter from Hans Roh rbacher ,
DJ2NN.

OM Rohrbacher reports on a research
ass ignment which he was wo rking on in
the earl y eighties, in which he had to
interl ink temp era ture-resis tant ultra
son ic sensors. This requ ired a spec ial
w ax cable with speci fic character istics,
which a well-know n Swiss firm pro
vided for him. When he read the
abov e-mentioned article , l lans rcmcm
herod that this vcry cable, SO!1l<: drums
of which he still possesses, was very
well su ited for applicat ions and assem
bl ies involving the ring coupl er de
scribed, with asymme tric pitch ratios .

The cable data arc as follows:

Capacity: 40 prim

Impedance level (Z) : 232U

Shortening factor : ap p. 0 .707

Attenuat ion l.4 dB 'm (4 35 MHz)
3 dB/m ( 1346 MHz)

I tans has adequate stoc ks of this cable .
I le is prepared to give the required ),/4
sect ions away to interested part ies want
ing 10 copy the circuit for as long as
stocks last Hans will send the cable
lengt hs required in return for reimburse
mcnt for postage ( 4 OM In Germany 
please enqui re lor price of overse as
deliv eries ) payab le in stamp s. lI is
address is:

Hans Rohrbach er, DJ2 N:-':

Talstr 24

0 -76689 Kar fsdorf

Internal con ductor: Silver-plated
stee l-cored 0.1R rnrn copper
conductor

Screening: Silver-plated 3.70 mm
co pper bra id

Dieelectric ETFE

Extern al diameter: 4.30 mm

Min bending rad ius: 26 mill

Germany

The out put pitch charac teristic curve
(Fig. l l to r ring co uplers was expanded
using softwar e, so that th~ pitch ratio
(Table 1) and the associated second
impedance level (48 , in pract ise 50 ) of
the ring can be read off for the 012:\1'\
cable, The transmission loss determined
at the useful o utput \....as 0.2 dB. i.e.: a
ring which was assembled us ing this
cab le and powered with ap proximately

25 0
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Flg.I: The output
pitch characteristic
curve of the r ing
coupler expanded
for the DJ2NN
cable.

20

'"l U Wellenwiderstancll Ringlly

o 1--~-~--i---_-r--.~-c:'
o

12 W would produce appro ximately 11.
4 W at the usefu l output and app roxi
mately 570 m W at the auxiliary outpu.t.
Another importan t fact 10 be observed IS

that as the pitch ratio increases the
de-coupled effect of the ring coup ler
decreases.

Literature references

I I J Wolfgang Borschcl, DK2DO: Circu
lalors and ring hybrids , V HF Reports,
Issue 112000, VHF Communications 3/1
000 pages 179 135.

Zl l Zl z I I "
1 38O 350 380 '"'

1,45 600 380 jO 0 2.J dll

"' "0 "0 38O 1,6dBW- 2,21

1 lUll 0 1<0 ,"0 U,9dB

a H 1 0 " 0 ," 0 0,10<16

" 23Z0 48O 38O ..,..

Table I : Resistance
values for specific
pitch rat ios,
expanded for the
DJ2NN cable.

251



VHF COMMUNICATIONS 4/2000(~--- - --------"'-"--""''''''''''''''-'''''''-'=

Gunthard Kraus. DGRGB

Internet Treasure Trove

AGILENT

Anyone who has rece ntly been searching
the Hewlett-Packard homcpage for data
shed s. application notes, S-Paramctcr
files or PSPIC E models will have been
bew ildered . T hese things have suddenly
disappeared without (wee and no clues
to be found as 10 where thcyvc gone!

There is a very simple reason fo r this. it
is curren tly fashionable to spl it relativel y
large compan ies up into smaller part s
and make them into independent cnti
tics, nat urally with new names] So we
also have to make th e corresponding
move in this case.

New address: hnp:/IW\\w.agilcnt.com

ANRITSU

eq uipment is used here, but the basics
concerning each individual subjec t are
very wel l done and can be used both for
familiarisatio n and for personal informa
tion 011 the current state of art.

Address. http ://w~.W.anri tsu . com

List of (;erman elect ronic shops
on the INTERNRT

Have you eve r had that problem when
you ce rtainly know who mig ht have
something. bUI you just cant remem ber
the add ress any more? Wel l. now so me
friendly person has rectified this by
list ing the most important shops and
thei r links theyre now just a click
away. Moreover, you are cordially
invited to help by adding to the list, if
yo u think an important or interesting
name is missing.

A well-known name in the world of
gauging equipment manufacturers, espe
cially in the fi eld of microwave, noise
and distortion measurement technology.
If you search the homepage site care
fully. you can find a page with applica
tion notes on this subject to be down
loaded. Naturally. the companvs OW I1
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ZRS

Now, do you have any idea what thats
about? This is actually a site for
Slovenian radio amateurs, and anyone
who already knows the name Matjaz
Vidm ar, S53MV from earl ier publ ica
tions will alrcadv have some idea of
whats going on. He has now beco me a
professor at the Slo vcnlen Techn ical
Univers ity, but his passion for develop
ment and DIY projects and his enthusi
asm for amateur rad io remain undimin
ished. Thus. if we visit the homepngc
and go to ..Hardware Informa tion Desk.
we find a who le lot of projects o ld ami
new on every possible subj ect. For
exa mple. he found the No - Tunc
Transceiver between 1296 MH7 and 10
GHz particularly appeal ing. there arc
som e very co mprehensive circuit de
scriptious . with Jots of d iagrams and
details to be down loaded..

Address: http://www.hamradio. si/hid.htm

Act in Filter

Suc h good operationa l amplifiers arc
avai lable today that you can already use
them to build act ive filters for Ircquen
cics going up to between 50 and 100
\1Hz, All a reasonable person needs for
a design is the programs a lready pre
pared on the IXrER~ET. and you can
eve n work o n line. So heres a small
selection.

If you want 10 do some on-line design
work, go to the Onscreen - Design 
Program for active filters hom cpage
(Address: hup.z/www.circuhsirn.com).

On the Homepage o f the Burr-Br own
company. you should not only search for

AB-OJ7.pdf

AB-034.pdf

AB·035.pd f

They conta in the theoret ica l principles
of act ive filters and a ll the instructions
needed to work success fully with the
so ftw are .

The manufacturer of the PIC micro
con troller (= mic rochip) has something
com pletely new and free o f charge, the
Windows de sign program Hlterlab for
acti ve low-pass equipment. Very well
made and practical specially the option
for variat io ns in the component va lues
to lay out the ci rcuit with practical
values. You just need to load the file
tlb l039.zip into your own computer ••
bul there are obvious ly still problems on
the first vers ion w ith reeard to converse
lions involving very fas t pes and CD·
ROM drives which arc just as fast. This
will no doub t be put right at some time,
but I had to write the ti le onto my
external ZIP drive and install it from
there. And then it worked . I found a few
more little bugs. But once you start to
get used to till er design. you soon
recognise things that cant be right...

Add ress: hrtpswww.rn icrochlp.com

Yo u can usc the Alta Vista search
engine, or 100"- under hllp:llwww.rfglo 
balnet.com to lind the follow ing pro
gramms and put them onto your own
computer :

afiltc r.zip
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Acfilter.zip

filter.zip

filtrylO.zip

filter I I.zip

ware nowad ays. It is well worth while
installin g the demo version of such a
design progr am and seeing how it
operates, and getting some ideas for
your own work. So just take a look at
the Tesla System Calculator program !

Electronic Repair Service
Address: hup.z/www.tcsoft.com

Rcmcom
Anyone looking for a semi-conductor
data bank, or for generous help ings of
computer repair tips, or fo r a program
which simulates a pattern generator for
monitors. or for documentation on TV
technology....just take a closer look at
this link and download what you need.

Address: hUp://www.electron ic-repair
.corn

Tesoft

The number of EM simulation program
manu facturers seems to go up by the
hour, and yo u have to investigate in
great detail to sec what advantages each
new player is offering. So you just take
a closer look and insta ll the thing on a
trial bas is. Not on ly can you down load
the demo version of XFDTD 5.0 from
the Rcmcom homcpagc for this purpo se,
but you can also obtain the Quickstart
tutoria l, the complete manua l and two
very fine simulation examples (= a short
vertical antenna and a patch antenna ) for
familiarisation.

Anyone who wants to design complete
communications or receivin g systems
and analyse or predict their precise
characteristics also needs suitable soft-

Address: http ://www.rcmco m.com

Visit the VHF Communications Web Site

http://www.vhfcomm.co.uk

Subscribe for 2001 using the sec ure order form.

Updated version of the firmware for Megabit Packet Radio TNC by
Matja z Vidmar, S53MV, as described in VHF Com munications 3/2000.
Th is solves intermit tent problems when Zilog Z85C3 0 processor chips are
used .

A Freeware Vagi antenna optmuser - VG03 - from Richard Formato,
WW IRF. Successor to VG02 descr ibed in VHF Communications 1/1999.
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VISA
MtC

AMEX

OSCAR Satellite
Report

A great NEWSLETTER pub
lished twice a month tok~p
you up to date on what.ls hap- ,
penlnq. Sent FIRST CLASS '
MAILI

Amateur Television
Quarterty

Great articles on :
ATV
BAllOONING
PROJECTS
SSTV
ATVACTIVITIES

Write or check webpage TODAY for more informati onl
Pub lished by Harlan Tech nologies

5931 Alma Dr.• Rockford. Hlmols 61108 USA
http://www.hampubs.com

The UK Six Metre Group

http: //www.uksmg.org

With over 1000 members world-wide. Ihe UK Six :\Ietre (;rnup is t he
worl(l", la rgest orga nisation devut ed 10 50 \ U ll. Th e ambition of the group.
thrnui:.h the mediu m of its lIO-pag e qua rterly newsletter 'Six News" and
Ih r"lI ;.:h it's web ~ i t l' www.uksmg.org, is to pro vide the hest information
a v.ula b!e on al l as pt'ds of Ihe hand : includin g OX new s an d reports, beacon
Il l' II ~, propa;'::lti(J Il & technica l articles, six-me tre equipment revtcws,
nxpcdtnon 1Il'11S a nd techni ca l art icles.

wh... not jo in the I. KS1IG a nd give us a Iry? Fo r mure informati on , contact
the "l'('n' t a r ~' lain Philipps CORDI, 2-1 Acres End, Amersham, Uuckingh am 
shin' HI'7 'Jill.. ll\ or vixit the web site.
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Our Latest Technical Books for Every
Skill Level from Novice to Professional!

www.noblepub.com

Radio-Electronic Transmission Fundamentals
by B, Whitfield Griffith , Jr.

The clearest, most understandable explanations of electronic and electro
magnetic principles ever written! This boo k has been reprinted for the first
t ime since Its original publication in 1962. It is highly recommen ded for
both new and experienced enginee rs, and is also accessible to non-engi
neers who must know about four key areas of radio: electrical netwo rks,
transmission lines, radio antennas and radio transmitters.
NP-34 $75 .00

.'

•

Transceiver and System
Design for Digital
Communications
2nd edition

by Scot! R. Bullock

This book covers digital
com munications, building
on principles required for
military ap plicat ions, translat ing them into
widely used com mercial appl icat ions; Radio
design from the system to circuit tevef- Path
parameters between receivers and transmit
ters • GPS naviq atton v Jamm ing and inter
terence reduc tion • Direction- findinq and
posit ioning • Wireless systems such as
home networking

NN A4

Tel : +1-770-449-6774
Fax: + 1-770-448-2839
e-mall: orders@noblepub.com
www.noblepub.com

~
NOBLE
PU B LI S H IN G

Noble Publishing Corporation
630 Pinnacle Court
Norcross GA 30071 USA

Small Signal Microwave
Amplifier Design
by Theodore Grosch

Techniques fo r des igning
small signal HF amplifiers,
including linear network
theory and trans mission
line principles, broadband
amplifier design and low-noise techniques.
An excellent reference for RF and microwave
designers, as well as a textbook fo r
senior(graduate engi neering students.

Np·3 1 . '.' .. , ' $69
Solutions to problems in the above book

Np·32 , . " , . .$19

ORDER THE SET AND SAVE!

(NP-31 & NP-32) NP-33 $80

Also Availablel

Prices are in US$ and do not include shipping .
Visit our Web site or contact us for a quote.



COMPLETE KITS & PCB's ARE AVAILABLE FOR
MOST PROJECTS

If t he kit or PCB is not in this list please contact K. 1\1 . Publications

KIT m :SCR U'TION rssnz N,. P IUCI::

roos.crv Tranwcrter 144128 Mfb "" 06385 £ 143.00

LlJlIF.S·OI'hnod Transvertcr 50(28 Mil , 219j 06392 £ 14 3.00

YT3MV 1.ow "'loisc L-Uand Acri;11 Amplifier 2192 06358 £ 29,80

004RBI'.(107 4 GHI I'rcqllCn~)' d ivi d~" I/QO 06 117 e 42 00

OO" RHF-lIOll 100 MHl l' rcquency IJl\ itk r 1100 06139 £ 18.50

l>0 4RBI -l)(Il) Frequency Counter .. including TXCO ' !llO 0tl 141 £ JO'J,OO

D(i4R FlF-O ]O I'C4000 />I icco Controller (Uniboard C5( 1) 1100 116 143 r 9O .(l ()

IX;4l{Il F 1,(,4000 Complete Kit I/ilO 06 145 £ 248,00

DJllIi S-011 2 Mtr Tran sceiver Function Key Assemb ly \100 06038 £ 16,Ol)

DJlIES-1J43 2 Mtr Transceiver DUS I/OIl 0656 1 £ 74.00

DJl:lI-'S-(l44 2 Mtr Transccivcr Lxcner lIOO 06563 £ 104 00

DJ8r~'i~5 1 Mtr Transccrvcr Transmit I Receive MiltCi 1100 06565 [ 101.00

DJ3r-.S Micro C Oll.I\l IlCf (IlnilloaJd C5011..- 2 Mtr EPROM 1/00 06566 £ 1000.OO

P( '11 rmS< :RIPTION Is"'i l ll:; xc, PR ICE

DJIIES·OI9 Tn~ ls,'crtcr 1441211 "Hi t 4/93 06384 £ 17.75

IX j4RliF·007 ~ GH, Frequency divider 1100 06 116 [ 7.00

rX j41 ~ HF-OI)Il 100 Mil , Frequency Divider 1100 06138 £ 11 .50

IXj4RRF..()()'l Frequency Coomer - including TXCO 1/00 (1(, 140 £ IO,SO

rX/4ROF-oIO FC4000 Micru Controller(1InihoiU\1('50I ) 1/00 06 142 [ zun
!JG4RBr FC4000 Compkle Kit or I'CHs I /QO 06 J44 [ 48.00

UJlILS-042 2 Mlr Transceiver I'I,l l1ctWn Kcr As'>Cmbl'i I /QO 060.17 r 5.50

DJ&ES-043 2 Mtr Transceiver DDS 1100 0.,,,, £ 9,00

J)JIlEs-044 2 MtI Transceiver Exd ler I/QO ()('562 £ l U ll

DJIlES-()45 2 Mtr Transceiver Transmit I Receive Mixer 1/00 06j 64 , 10.50

()JilES Micro Controller (l lnihoilfd CS0 1) + 2 Mtr EPRO\1 1100 06 131 £ 59.50

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

K. M . Publications. 63 Ringwood Road, Luton, BCils, LU2 7BG, U.K.

Tel l Fax +44 1582 581051 email vhfki tS@\'hfcomm .co.uk

Web Site hUp:/Iwww.,,·hfcomm.co.uk
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