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Gunthard Kraus, DG8GIJ

Modern patch antenna design
Part II

4.
Simulation of a complete
antenna with SO~ l'i ET lITE

4.1. Simulated circuits

KF circuit developers \Ilday have things
easy hilt there arc man y op tion), o f
software to Ilse which makes life more
difficult. The theoretical pr inciples for
acc urate simulation of ac tin' and pas
sive circuits up to over 100 GIll are
now so precisely understood and have
bee n converted into Sil l'l l efficient pro
grams that there arc almost no excus es
left if any kind of design docs UOl
functio n as intended.

The design program:'> available can he
split into a nu mber of groups althou gh
the boundaries between them arc a hit
fluid. The following is ,I brief survey of
availa ble software fo r information pur
poses.

a) Linear simulators in a given Ire
quency range, which behave as if there
were no curved characteristic lines, and
no saturation. etc.. We are already using
a representative of this kind on a
perman ent basis: PUFF works with

S-paraille t er~ (a~~umed to be constant }.
Ano ther product in this group would hi:
Touch...tone. T hese cau examine anv
active or p assive structures. the rl.' ''' l1 l i~
arc ,I~ precise ilS those of till' S
pa rame ters used for cnlrulauon al so the
circuit d iagra m used. including the un 
desirublc dirr v ef fects {vuch as circuit
capacitances . or self-iuducumcev and
self-capacit ances of the components.
etc .).

For specialists 1,lIJ i(1 designer tbcrc is
A RD, which I have ;llso used occasion
ally. It works with the Y - Parameters
and doc s not convert into S parameters
un ril thc d os ing sragl'1<o.

b) A fast g rowing sec tio n of the market
are programs whic h make non-linear
sjmukuions possihle. Thu.... for exa mple.
we cun de termine the high- level l> ignal
behaviour of an amp lifier or the outpur
signal of an osc illator or the ir noise
sidehands. The most reliable an d mos t
precise simulations in this area are
supplied hy the harmonic balanced
simulator,

c) Ther e are also non -linear simulators.
which are no t based on the frequ ency
depe ndencies in the circuit. hut 011 the
time dependencies of the voltages and
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currents, thus they work in the time
domain. The fre quency respon ses are
the n calculated from the tem po ral be
hav iour using FFf (Fast Four ie r Trans
formation ). PSPICE is probably the
be st-kn own representat ive of this gro up
of progra ms.

d ) For examining pa ssive structure,
(circ uits . couplers, ante nnas.... ) there h.
ye t an other option.

Wc can try to make a d irec t calculat io n
of the current and voltage distributions .
together with the dis rrihution of ti le
ass oc iated electr ical and mag netic Fields
and thus determine all the interesting
values or the cir cuit (hence the name
electro magnetic s imulator or I·:M stmu.
lator]. The re arc various s tart ing polms
and methods, but they all run up
against the sumc problem: a g. igantic
amount of computing power is required
fo r rhi.. p urpose (due 10 the many, man y
inte grals and matrix calcula tion..... I,
T his is where we appreciate the ad
vanccs in PC development, this means
that such simulations cun now be per~

formed for the first time on the hOIlK
compute r.

Typicall y these program s divide the
struct ure into a lot 01 sma ll b ut equa l
do minos (the nor mal correct spe cialis t
te rm is cells) , the chang e t'lTcd s of
the se are first analysed and then asscm
bled into a tota l behaviour.

-1.2. SO NNET

SOi'i NET is an EM sinmlaror. opernt
ing in acc ordance with t il l ' moment
met hod and in additi on starts from the
kno wn a nd calculab le field d istribu tion
in a rectangular box. As sllon as the
dim ensions of th e box are ninde grea ter
and great er. and th e lid is fi nally
replaced by free space , we can finally
sim ulate the gen uine free space behav 
iou r. The program can also be used for

cav ity or a wav e guide s imulations .

Apart from the high qu al ity of thei r
produ ct. the SON~El ' comp any (Lin k:
http://wWw.sOtlllem sa.com ) have also
scored a significant success wi th so me
thin g else - a ma rket stra legy which is
simply a work of genius by comparison
with the co mpe tition . It involves dealing
with pe ople who either do nor know the
program or as priva te e iti"l.clls can nor
afford the eq uivale nt o f the price of a
posh car for a software package . You
can actua lly dow nlo ad the free U TE
demo version from the Interne t. Thi s
ve rsio n is not restri cted by time hut by
its efficiency. Apart ti1.11\1 a few limita
tion s wh ich will not cause us too much
pain initially as we grapple with our
puzzles e.g . limitation to two pla nt's
(do uble-sided coated circuit hoards).
There is one limi tation whic h prevents
the ana lysis of . relatively large-sea le
DIY project s. Thi.. is the limitation o f
LIlt, usable operating melll~ll'Y to a
maximum of I llll·gabytt' . bill that is
where the previously meunoncd market
ing strategy com es into play . Anyone
who w ants to usc more mcmory only
needs to Ji ll in a free licensing form and
post it to the ("('llIpan y. Within 14 hou rs ,
a response is received . in the shape of
an increase to a m aximu m usab le
working memory of 16 me gaby tes .
although it is valid only for t il l' co mp u 
ter a lread y in use. Thi s allows you to
check out some prett y fa ncy thing s such
as. for ex ample, o ur patch antenna (I I"

couplers, etc. You should also join the
User Forum straighl awa y, ami you wi ll
then receive the ques tio ns or proble ms
ot oth er users autonnnically by post
You can ga in a lot of benefit from the
in-depth advice and helpful suggestions
fro m oth er users and naturally you can
also put your own proble ms to the
Sonnet commumty, or pas:'> on your own
experiences.

Th is Free license can also be applied for
on behalf of other com pu ters at any
time, and I myself have the program
installe d on my big PC and 0 11 the
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Notebook . T he fact that. in addition 10
the complete manual of ove r 500 pages,
a rea lly well made and helpful begin
HCn. tutorial is also supplied . This
makes everything go really smoothly
and con firms the good impression (Iru
uginc the surprise , upon first leafing
Through the thick manual. of coming
upon Chapter 15: Antennas and Radin
tion ).

It is aLso wort hwhile In:lking regular
visits to the homc pagc. where you will
find, ntl! just the usual FAQ page.., hut
ever-changing new, useful and helpful
additional programs. c.g. for 3D repre
scnunion of the struct ure entered or for
printing out S-parameter files ill the
correc t Touchstone format after simula
tion.

4.J. Simula lion of patch antenna with
SONN ET LITE

Once the prog ram has been correctly
installed (but with a Ie- megabyrc li
cense'). we can get going, and only a
relatively small start menu is presen ted
ttl us on the W INDOWS screen. Here
we first activate EDIT CIRC UIT. so
that we can get to the menu item New
Circuit. We have now landed in the
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Fi~ 21 Uslng th e
Box Pa ra meters
menu durin~ the
setup for- a
SO:"<l j'l; t.:T
sim ulation

geometry input program xgeor n 6.0b
-Lite and we sec bot h the :.ign field and
the buttons for tbe required drawing
tools before us.

However. to start with the correct initial
conditions must he entered. For th is
purpose, there follow s a summary of the
most important rules fo r a successful
antenna simulation (you can find them
in Chapte rs 3 and 15 of the onli ne
manual] .

.u The length and width of our indi
vidual cel ls should nor exceed 1120 of
the wavclc ngth. otherwise me prec ision
of the simulation will suffer. A further
red uction is certa inly pen uissible . hut
not always expedient. since it means the
memo ry space and the computing time
will well and truly increase,

SONNET mo dels a box in a known
manner (nothing more than a rectangu
lar tin box. such as is familiar to
everyone as a biscuit tin), It is Turned
into a wave guide for ante nna simula
tion, which is open at the top and
terminated with free space. this mal es
radiation possible.

But now there arc spec ific rules of the
ga me which apply to this W,IVC guide:
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Fig 22 Erue rin~ data 1'01' the
susbstrate and the air bubble as
recommended in the manual

h) So that we do not come into conflict
with uur lower wave guide limit ing
frequenc y (cut off freque ncy) we should
choose at least I or 2 wavelengths [or
the box dimensions (length and width).
'111 is is because no wave propagation
can take place below the cut all
frequency in a wave guide.

c) '111C radiating edges of our antenna
should likewise~ not 'come too close to
the wave guide walls and conseque ntly
should maintain a minimum distance
from them of 1 to 3 wavelengths, in
order to avoid any kind of unpleasant
coupling or reflections.

d) The lid of the box also must have a
specific minimum distance hetweon it
and the circuit, so that we do not
beco me involved with the stray fields
from circuit sections ope n at the end
(head words: fringing and open end
extension...). For our patch antenna, an
experimental value of approximately
half a wavelength is recommended as
optimal.

e) As lidI (top metal] Sonnet offer us
three options, name ly Iossless (an ideal
conductor), fr eespace (this is the famous
3770. of the free space) and WG load
(correct dummy load for the selected
wave guide cross-section). The manual
recommends the selec tion free spaec for
patch antenna simulation, as a tried and
trusted compromise, and gives the fol
lowing reasons for this:

Since various modes can be present in
the fields in the structure 10 be exam
ined, a resistance exceeding J77 f.2. must
he selected for a correct adapted load in
TE mode. For TM mode, in contras t, a
resistance of less than :n7Q should he
selected, Thus free space is simply a
reasonabl e compromise which simulta
neously enables us to model the energy
output corre ctly as radiation into the
free space.

f) We leave the default setting or idea l
and losslcss metallic conductor for the
base 01 the box {lower side of our
circuit hoa rd).

And HOW we can get start ed on the
setup. In the strip lit the top cdgc of the
screen. we select Parameters and then
Units. There we choose nuu .

Now we need the same menu Param
eters. but now we want the settings for
the BOX (see Fig. 2 1). For the cell
dimensions we should. as far as possi
ble, stay below 1120 of the wavel ength
so for 1,700 MHz, that wou ld mean
approximately 1120 of 90 mm - so 4.5
mm would he enough. We now cheat a
little and take half of the width of our
transformation line, i.o. 50 % of 1.066
mm = 0.533 rnm for the length and the
width of the cell. Thus the width of the
A/4 circuit will be exactly right, and we
can produce a precise model for th e
patch and 1 or for the feed. Though this
compromise lands us with lots more
comp uting to do .
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Fig 23 Drawlna
the antenna
str ucture and
connecting 10

port 1

A" rcgurd-, the dim cnvious of the wave
guid.... with our four walb, we always
remain nt least a wavelength away from
the antenna structure. I added another
10 ~+ ont o that as a reserve and then
sim ply selected approximately the
power of IV.'O, 256 mm (h ut all tt u-, is
nor so critical and OlK' has n lot of
Ire-cdom]. W~· check again to see
whe ther the corn-et scntngs have been
obtained for the top meta l and till'
bottom metal (free space nr l o~slcss )

and we "ave everything using OK.

Then wc repeat the proc edure and ca ll
up Parameter s again. bUI this time we
need Dielectric Layers (Fig. 22). In the
bottom line, the substrate data is en tered
for Roger RO..l003 mate rial, as per the
data sheet. and above th is is the air
space, with a thickness of 50 mill
(approximately half a wuvulcngrh). The
loss factor of 0.001 for this air bubble
comes from a recommendation in the
manual. which is intended 10 lead 10
more precise results.

Now we can finally draw the antenna
structure (sec Fig. 23). From the toolbox
we take the rec tangle draw too l. We
left-hand cl ick on the mouse where the
1<lp left -hand comer of the patch should
he and we then keep the mouse but ton
pressed down and drag until the patch
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has the desired ctimen..ions. The dimen
"ions and positions can ntso be entered
directly via the keybcnrd - sec manual
This will not he a completely uccumt c
job, because the rectangle cnu be in
c-reased onl y by singes in cel l units. II"
the antenna is nor exact ly in the m jddh
of t1w Wolve guide, this can be very
easily corrected • left-hand d id. the
mouse in the rectan gle area 10 mark it.
Once marked we can left- hand cl ick o n
the mous e nnd drag the structure 10 the
requ ired pos ition on the screen.

We 11 0 W draw the uu nsfonnation line ill

the same way - first cl ick on the tool
but ton. then draw the line as a recran
glc. mark and finally position.

And Iinull y we must play the same
game for the son - microstrip. though
here we have to tukc one th ing into
accou nt. In the LITE version, this k ed
must be taken right up tn the side wall.
i.e. right up to the wave guide wull.
because onl y there ca ll the entry p ort he
con nected to excite the structure and I
or analyse the behavio ur!

So, when there is rea lly nothing else left
10 do. we ju st connec t port I 10 this
point. first press the appropriate tool
button for ADD PORT, then d ick on
the mouse at the desi red locatio n. and
eve-yrhings complete.
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Chcck the ,' la ke
emvu lile tick box to
produce a current
distribution for the

' [antenn a.,
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Fig 24: Menu for

I~E~~~~~~~~~~~~~~~~~~~~~:'~!C~'~~ ' selling the

I 'simula tion
parameters.

Before we go any Iunhcr, we firs t have
to save everyth ing. We do this in the
wel l-known Wl\DOWS manner. via
File 'lad Saw as . Make sure that the file
is saved into the Project direcrorv with a
reasonab le Ilk name e.g. ra1(:h~O l. geu.
Saving files in any other directory lead s
only to muddle and co nfusio n.

No w th ings slowly become really exci t
ing, for in the same File main menu we
find the line Analyse. w e usc this to
ope n the menu wi-th the entry param
ctc rs for the simulat ion and we ca n

pre-set the start Frequency. the stop
Frequency and the step width, in accord
ance wi th Fig. 24. We should also
check the "make cmvu fi le" tick box,
this 'Nil! show the current dis tr ibution
over the antenna and the circuits after
the ana lysis. Jus t another look to check
that the correct project is be ing proc
essed and then press RUN . The program
is st ill just as friendly, and tells us
exactly how much operating memory
space is needed , Th is must he less tha n
1(i megabytes otherwise the operation is
automatically terminated. We have now

Fig 25 Simulation
results for 511 from
1.5 to 2 GIT... in
Cartesian format
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given our Pentium PC two hours wor k
on the desired setti ngs (frequency range
1.6...2 Gil L) and we com <pcncl the ti me
doing something else.

At vome point . the message joh finishe d
wi ll appea r on the screen. and we need
only prcss thc Open Uraph button at the
bottom left hand corner and o ur S11
appears al once as U rectangular plot
(Cart esian display). l ike the ones wc
know from PUFF. I just too k a brief
glance ut it and go! annoyed abo ut the
COaI~ l~ gradi ng of the d isplay. I inuuedi
nrcty mn the simulation aga in for I (i9 ()
to 17 10 Mil l. in 2 MH/ s lqJ~ . Son net
writes the results of all further simula
tions as an appendix to the first results
file (here : patch_U1.d) and displa ys a
warning to this effect with the final
results . You j ust have In keep yo ur
nerve and press on regard less . Then
So nnet. like a faithful. obedient hound ,
fi nally presents us with Fig, 25. Before
we- go on to the evaluation, we left-hand
cl ick on the mouse twice at a precise
point 011 the curve of S II. In res ponse,
a small menu window ilo supe rimposed
and we can lis t on e value afte r the: other
- see PUFF!! - wit h the help of the
cursor keys, and travel along the curve,
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with the current value l'lCing identified
in the d iagram by ,I sma ll rectang le. So
the entire picture looks very gratify ing.
0 1lT frequency of resonance. acco rd ing
to So nnet, is loc ated at 1698 MHz and
the re flec tion allc nuation (mag nitude o f
S I t) is j ust a little more than 20 liH. So
it would appear th.u. althou gh the two
design rout ines explained ill rbc prcvi
ou s section loot.. a great deal of time
and effort. they were not ill vain.

However. one ques tion remains, where
has the rele vant Smith diagram go! to'!
I crs take ano the r look at liig. :24, in Lire
top left-hand corner. a coy liulc arrow
can be seen near File. Click on it and
then ca ll up OPEN and Smith in the
sub-menu. 111en we first have to open
the Resul ts Data file of our simulation
(patc h_01.d) and then use the familiar
doub le-cl ick routine on the red cu rve in
the diagra m to open up the data window
on the scree n (please also d ose the o ld
window for the Cartesian displa y). Fig.
26 shows all of this, the cursor is at the
resonance poi nt, hut is indicating. in its
frie ndly wa y, not only the relevant
frequency, the am plitud e and the phase
of SII. but also the VSWR • firs t-class. ,
service :
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Fig 27:Results from
repeated PUFF
simulation with
revised values.

5.
Comparing measurement
r esults from PUFF and Sonnet
simulat ion

~ow for the burning question, how
acc urat e are our various des igns? With
this in mind, we first repe ated the PUF F
simu latio n. though now with 82 mm
leng th f OT the So.n feeder, as this wa~

what Sonnet was wor king with, since
there we had to go right up to the wave
guide wall. Fig. 27 shows the result , the
gradients for the PUTT and Sonnet
simulations arc identical right up to the
area of the resonance. We actu ally
experimen ted with PllFF unt il the per 
fect match was found. while Sonnet
maintains that a minimum refl ectio n
factor of abou t 10 9;' should he ex
peered.

So measureme nts were made with the
vectorial net work analyser (hp 8410
with Scparamctcr rest set hp 8745A,
sweeper hp 8690 and Pola r Display), to
determine the gradient of S 11 in the
frequency range betwee n 1500 and
20UO"-IHz. Fig. 28 shows a pho tograph
of the screen with the polar rcprcscnta
tion of 5 II. let us look at some of the
det ails more clos ely. There is a whole

xcncs of disco veries to be made.
Among oilier things, I came across o ne
silly thing which I'd like to pass on, so
that other people don't make the same
mistake .

a) The minimum reflection facto r shown
ill the screen photo amounts to approxi 
rnarelv 2% (smallest d istance of
curve - [rom centre). That wou ld he a

Fig 28: Photograph of display from
network analyser measurement
showing Sll from 1.5 to 2 GHz with a
marker at 1690 MHz.
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fantastic result. but in subsequent tc..t
measurements it always came out as
bel ween 7 nud lVlb. It was a lon g time.
and I searched around a bit before the
penny dropped. To lake this macro
photograph of the screen. the photogru
phc r had practically crawle d into the
lest rig, and his stomach had come Ion
close 10 the antenna. The energy rc
Fleeted by his body had been picked up
by the antenna and superimposed on the
return wave. which was what was used
[0 determine the reflection factor in the
network analyser. And the phase would
have 10 match, so thai we got :m
outstandingly good but Iakc - result. A
professional microwave antenna devel
oper who happened to he present just
roared with laughter over the discovery.
l ie then showed me how thi... is put to
use in laboratory practice. you slowly
hring your right hand nearer to the
patch antenna and check whether the
resonance point starts to circ le round the
screen centre point like a prope ller. If it
docs . then the antenna i:. actually radi,u
ing in the desired frequency range and
the resonant frequency and the matching
are in order. Well well. you never stOll
learning.

h) Hut the reflection factor attained by

the real antenna. including the transfer
marion line, is not necessari ly anywhere
ncar this 7 to g 'It , hut rather nearer to 5
to 6 'it, for unfortunately the net wor k
analyser also reg isters all the additional
irregularities arising in the practical
circuit (c.g. the micros trip • S11A
transition on the circuit board or the
semi rigld cable switched be twee n the
analyser and the antenna circuit board,
with it!> IwO SM A connections).

c) The 50n microstrip connection cir
cuit provided on the printed circuit
board is in reality considerab ly shoner
electrically than the value used in the
Sonnet simulation (less than 40 nun. as
against over 80 mm for Sonnet). Th is
leads 10 two important diffe rences in the
analyser screen compared wuh thc'
simulation.

Firstly. the curve length for the larger
feed length (Sonnet simulation) also
appea rs rotated clod wise.

Secondly. in the Sonnet representation.
the addit ional circuit length causes
greater phase displacements. with in
creas ing frequency. This causes curves
with a longer feed length to be extended
over a larger angular range of the
Smith diagram for the same sweep
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range. This effect IS vcry casy 10
recognise in a direct comparison of
Figs. 2fl and 2S.

The reflection measurement bridges
used with the network analyser can
cause reference plane displacement. •md
thus can compensate these effects. I
have u..cd this effect to create the
following mea...urcmcm condition.

The refl ection curve measured is valid
as a reference point for the inpu t o f the
SMA connector socket (beg inning of
Tenon imernal insu lation) soldered onto
circ uit board:

Thou gh there is still one little problem.
the reflect ion measurements certainly
vhow up as being very precise when
chec ked with ca librated unmatched
dummy loads. in spite of the measure
ment cquiprncnts being already some
what suspect. So how can the frequenc y
of resonance he tested very exactly and
with high precision. but using pr ivately
owned measurement equi pment o f" the
genera tion before last? Also how can
the correct patch length he checked
along i l l the same time. So then l did
some modifications and assembled a
measurement layout as pe r Fig. 29. Its
very simple in principle. the WilVC

fraction reflected from the antenna
through the output directional cou pler is

determined. with the spect rum analyser
serving onl y as it highly sensitive,
select ive Voltmeter. The POWcf frc
tlueney is measured precisely hy mea ns
of a furt her directiona l coupler and a
freque ncy counter. Now the ge nerator
frequency is slowly altered hy hand in
the area aro und 1.690 ~1I 1J: , while the
analyser display is observed and the
minimum reflect ion is so ught. Th is was
precisely on a freq uency of 1,6S6.6
~I H 7 .

Thus o ur PUFFt patch 16 dcsign pro
duce s very good matching first go, and
only a little follow-up work needs to he
don e 0 11 the freq uency of reson ance.

The Sonnet frequency of resonance
calculation ce rtain ly ervcs a val ue
which is somewhat 100 high. but a d ose
study of the manual turned up the
comment that an error of I % should he
expected (up to as much as 17 MIIzn.
Ap art from this, in dra wing the structure
we arc stuck with our selec ted cell size
of 0 .503 mm as the sma llest step width
and therefore we don 't precisely repro~

duce the theoretically necessary le ngth
L = 46.6 mm. This gives us a further
uncertai nty. TIle simulated reflec tion
res po nse . i n co ntr ast, t a ll i es
very well wi th the meas urement, such
an overall result is still somehow very
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S<l tisfying in the end. and IS worth the
intensive effort.

Lets have a brief look hack at the
measures that wa c necessary to com 
plete the developmen t of our antenna.

I'arl I: Correction of pa tch frequency
of resonan ce

For this purpose, Id s call up our last
PUI+ file from Fig. 26 again and copy

it into a new file (In such cases. I
simply save if ;IS se tup .pu f]. In l11l' entry
line fo r ti l,' 4,997rl microstrip (which
[urmx the patc h}, we remove the excla
mati on murk and then, in field 1'4, we
increase the design frequency until we
arrive at the previously used patch
length of 46.6 r nr n Iplease leave the
cursor on the patch line in FJ and key
in the equal sign.) . f ig. J() shows this
case. T he res t is now chi lds play. for
now the value o f the design Frequency
in F~ , which is current for this case is
simply increased by precisely the devia -

r < : eO'.,
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the ne w patch length required (L
46.48 mm), sec Fig. 3 1.

Part 2: Co r rection IIf match ing

Here things become a bit tric ky. for we
have to choose between two possible
paths:

a) We leave the patch dimensions
unchanged (apart from the previous ly
discussed tiny length and I or resonance
corrections) and we hring abou t the
correct matching by changing the d i
mensions of the rrnnsformarion line

lion factor r = 6 'Yo). Th is case (which
the network analyser disp lay can be said
to reproduce ) is shown in Fig. 32, and
now we simply correct the wave resist
ance of the transformation line until
correct matching is attained once again,
with an IS I II of at leas t -40 dB (Fig.
33). th e changed mec hanical d imen
sions of the transformation line arc then
printed ou t, the opcn end correct ion is
made, ami a new layout is drawn up
again, with all the necessary changes.

6.
Cur rent d istribut ion in the
antenna circ uit

b) We leave the matching circ uit un
changed and try to ensure correct match
ing by changing the patch width.

Patb a) is easier and can be completed
quickly . If we start from the assumptio n
that we have to eliminate about 6 %
more of the re flection factor. then we
call up the last PUFF simulation onto
the screen (it was Fig. 26). In F3, we
then increase the resistance connected to
the patch edges until an lS I 11 of ap
proximately -24.5 dB is displayed (fo r
that cor respo nds to our measured reflcc-

If. before starting the SONNET analys is,
we have act ivated the option make cm vu
file, then we can use the cor responding
start menu button - View Curr ent · and
browse for the file patch__ul .jxy. It is in
our projects folder and it conta ins all
information concerni ng the current d is
tribut ion and I or current densities in our
antenna structure. Once it has been
called up. it is converted into a very
attractive gra phics d isplay (Fig . 34). By
pressing the marked keys, we ca ll up the
var ious frequency values and. using the
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:" distributi on in till'

antenn a desig ned
using Sonnet.

"
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"
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1111'1.' . Once it has been called up, it is
con verted into a very attractive grap hics
display t Fig. .34), By pressing the
marked keys. we 0.:.111 up the various
frcqucncv values and, using the colour
scale .u till' left-hand ed ge of the image,
we can sec very precisely where high
level or low-level currents are flowing
in o ur c ircuit. We CUll e ve n posit ion the
cursor Oil a specific point in the antenna
layout. len-hand d id on the mouse.
and obtain. not only the co-ordinates,
hUI also the pre vailing current densit y
value at this position, superimposed al
the bottom edge of the image.

If we lake a closer interest in the current
di stribution at critical poirn s in the
c ircuit (branches. irregula rities between
thick microsrrips or patch edges). then
we can simply loo m in 011 this area
using the button wit h the + - magnify
ing glass. Naturally. the cell structure of
our simulation sets limits for the resolu
tion, but we can casilv sec where
nothing is flowing (the re i ~ addit ional or
unnecessary capacitance at this point) or
where vcry high currents occur (higher
losses arise with vcry narrow track
structures).

In the Sonnet tutorial there are very
precise instructions on how you can
insert the individual results for the

various frcqnencies into a small anima
tion and have it performed in front of
you. Hut apart from the displaying of
the frequency dependency of our current
densities. there is a further option
available, which should also be tried
out. jus t fo r the sake of interes t. the
frequency value can he left constant and
a time animation can be carried 0 11 1. To
do this. the phase of the voltage applied
to pon I is altercJ in stages. and wc can
now, for example. have 36 sleps carried
out, from zero to 300 degn'es of phase
d isplacement. It is very nice I I I see the
well known phenomena of standing
waves. It is really impressive and
amusing To ~...e how thev arc formed
and where they occur. Particular ly in
formative me the effects on the feeder.
when we first consider the correct
matching for resonance and then depar t
from this frequency.

7.
Second Optinn: Square pat ch
with coaxial feed

The srripline version had functioned
well at the first attempt. The 1J4
trunsform ano n line and the .'iOU feeder

78



Patch width = 1.ID

VHF COMMUN ICATIONS 2/2001

now had to be dis pensed with. wh ich
makes smaller antenna dimensions pos~

sible. The antenna is now fed from
below with a semi-rigid cable. with the
patch itself be ing used as a tran sforma
tion line for matching.

7.1. Determining patch data

For this purpose, the Patch 16 program
is re-started. and this lime key A (for
Auto design! is pressed in the mai n
menu. T hus a sq uare patch antenna is
dra fted with the desired coaxial k ed.
But firs t a few pre liminary observat ions:

a) Parch first asks for the design
frequency. However, according to the
rest readings From the previous chapter .
we need a corrected patch length of
46 ...l8 mm = IX l inche s for an ac tual
frequency of resonance of 1,61)1 :\l Hl .
Hut the simulat ion results ob tained from
Patch 16 supplied a frequency of rcso
nance which wa.\ tou low . So. with the
II !"! en try. we immediately start at a
rather higher frequency rc.g. 1.695
G H7), 10 obtain shorter antenna dimen 
slims.

b j'Thcn the program wants to know the
desired band width. Here we should ca ll
to mind the paragraph from Chapter 3.1
...a th inner printed circuit board gives
the antenna a smaller band width
T hat immediatel y leads us down a
some what unfreq uented path .

In accordance with the band wid th and
the material data keyed in ter = 3.3R I
loss fuctor =0.( 0 1), the progr:un will
actually calculate the appropriate board
thickness!

TIm!'> we propo<;e a specific bandwidth
(c.g. b = 30 MHz) and h,IVC the
associated antenna and hoard data speci 
fied. Then we press key c in the main
menu and check wheth er we have
already arrived at the desired values.

Patch le ngth
inch

Printed circuit boa rd thickness =
0 .06 inch .

Since this will cert ainly not he the case
in the first time. this Autodcsign draft
step will repe at. using other frequencies
o f resonance and ot her band widths,

~i~;:Z~;t rre<l~_J I. 1 .&'11 6fu.~ Strahlungs-
l he Ed.... tt.>d l . t l"" "'o l U . _ I. zsa.za oJ.... widerstand
Zc o f Qu.a..h..--_ t "" f".._ .. I. I n .! 0_
App",,~. wi d t h of U.., O', t t ra ns f " ......,.. Is 0 .02 1 I """","
h ,... th o f Q«uh ........ .... t"", f " .._ .. I. t.1Z'I I",,"" • • t t l>o Iluo"",""t ,"""" .

F'i~ 35: Kcslllt~ of
th e Autudl'Sign
proc e-s ror 1 69~

MHz and 20 Mill
bandwidth.

f l,c Z ' ! 1JSIIR Bond" ldth 10 1, 2~

Up"".. r"C~"ellC" L i" lt . 1.70'1 Gil:<
Lowoo.. r """..en<V L l "l t 2 l .f>lI'I Gil:<

Virecti"" Goo l .. " b . S dll

•• 19.72 o .... ~-,
Erreichte Anpassung
durch Transformation

79



VHF COMMU NICATIONS 212001('I' ----- ---- - -""'-""''''''-'''= -''''"'''-='''''''-'

Patchlange

Patchbreite

the~ .. aN> t he design P. l'~ .... t~

Le ngt h ill = 1. 93 inc h ..
ll lclt " HI) : 1. 83 Jnc h..", ._...,..._ _
Heigh t ( H) = 6 .0·H0 2<l.E - 02 h >Ch"..
Dhd " c t .. lc Co ns t an t ( D) '" 3 .38~ PI t· di k
L" u '-' ''9""t ( T) '" .00 1 a men Ie e
Y.... d po ! "t Dh, tallce (Tl : .6700 t 09 i nc he ".. _.,." ,. "''' .~ -,..\ .,."

Fig .\6: Delm en-lons
for the Au tode stgned
anten na.

Abstand des Feedpoints
von der st rahlenden Patchkante

until the desired dimensions arc on
reined.

Th c final result can be revealed right
.......-ay. you need a Freq uency (If r....so..
n.mcc of 1.698 Gill and a "andwidth of
20 MJII. to arrive at thc above patc-h
dimen sions and the correc t board th ick
ness.

Thu s we obtain tin: umcnna charac rens 
tics listed in Fig. 35. the associated
mechanical dime nsions and data can he
obtained trom Fig. 36. A fter conversion
from inches into millimctrcs. this eivc ,
11:-. a length L of ·16 .41'1 mill. a width W
of 46.4S nun. and a gap between the
feed point and the radiating patch edge
( If 17,02 !IITll .

It is now very useful to check with
r UFF \0 sec how well this dra ft fits and
how, if necessary, it r un he improved
somew hat further through realistic mod
clling.

,\'teJ1 1:

H rsr we me PUFF (sec Pan L) to
determine the impedance level for a
46.48 mm wide micro-strip line at 6.166
Ohm.

Step 2:

The open-end extensio n must now be
added 10 the length L = 46.4R mm on

80

each side , For this pllrpme. let us cast u
~ Iance at Fig. 19 in Part I. A correc tion
o f 50% of the board thickness of 1.52
mill. i'> aw ctncd with the impe dance
level Z = 6.166 Ohm i.c . 0.76 mill. Th...
total length obtained ill this way
amounts to (4(IAX mm + 2 x 0,76 rum }
'" ..+X Illill and it simultancous.ly repre
scms an elect rical length (,I' 1gO de
grees ,

sup 3:

T he feed poinrtay 1 7 .0~ 1111Tl away from
the radiutiug patch edge. If we again
add on the open-cud extension of 0 .76
mm. wc obruin 17.78 mill.

By means of a simple rule of three
calculation. we obtain an electrical
length 01" 66.67 degrees for this (i f \.1,1.:

put this 17.n nun in a ratio to the -18
mill. the I80 degrees appear ).

Step 4:

Now we use purr to add together the
antennae made from two ideal micros
trip lines, the electrical lengths of
which must amount to 66 .67 degrees or
(l RO ()6.67 ) degre es = l lJ. :\3 deg rees.
1\1 the left-ban d and right-hand ends.
the radia tion res istance calculated by
the Patc h I(i program is connected up
(600 Olun s in each case} and the feed
poi nt in the centre of the two line
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sect ions leads to port 1. If we now start
the simulation , we ob tain a value for
S J I (a nd thus a reflect ion attenuation)
of app roximately -30 dlj at precisel y
169 1 MIlL (see Fig. 37).

Step 5:

For reali stic modell ing. we assign the
well-k nown exclamation mark to each
0 1" the line sections listed in F3. If we
repeat the simulation. we esrabfis h that,
apart from the matching, the resonance
has also become P()OfL~r. So we va ry the
individ ual lengths of th e two line sec-

[ " _ 1. 5 ..".

F3 , ''''''S
• tl ' .. . ' ....0 110. "'"
• tl ' ~ , ""'o .J.,,'
o I 6000

" 00• ' '''" = .•~•
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Ftg 37: Results of
l'Ul'F simulation for
511 using th e data
from the Patch Hi
Autodeslgn.

' 00

tions until every th ing has bee n opti
mised and we obtai n a representation
corres ponding to h g. 1x on tho sen-en .
To do this, please also select a smaller
frequency range and a smaller Smith
chart radius!

Step 6:

After delet ing th e exclamation mark and
en tering the equal sign, \...'c have the
mechanical length displayed for each
line sec tion. The values m ust be as
fo llows:

Fi~ 38: Using PUFf'
to optimise for best
value fo r SI1.

1.00
81
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15 . 9 , 200 0 of the p-ined circuit

boar-d .

R0 40 C3
Pn lch 4f>,1\8 x 48, 4 8 teed 16,1 1 er - 3 ,38 Dickfl 1, 5 2

- short section: L = 17.324 mm

- long section: L = 31.% 6 nun

Step 7:

The sum of these two lengths amounts
10 L = 17324 rum + 31.966 mm =
49.29 mm. If we compare this with the
tota l length of 48 mm., calculated hy
l'atch16 <I111J open ClUJ corrected in Step
3. the PUFF dimensions need to be
theore tically shortened to 97.38 '!{, (so
that the antenna will he tune d when
act ually constructed ).

TIle same applies III the feed poin t.
Thus the short length values provided
by PUFF (17 .324 11Im ) must abo he
shortened by this factor. which thou
gives us Hi,g] mm. Now we JUSl have
to subtract the ope n cud extension of
0.76 mm hUIIl this. and thus we arrive
at a new p osition for the feed point,
with ( 16.H7 nun 0.76 Hun) = 16. 11 111111 .
measured from the radiat ing edge of the
antenna in the d irection of the centre.

With these mec hanical data

- pa tch length = 46....8 1II111

FiJ;( 411: Plot or S II
between 1.5 and 2
GHL.
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Ta ble I:

Frequen cy Retle ction Phase
::\l Hz Factor Angle

1500 1.00 15 1.0
1600 1.® 142.0
1630 0.9S 135 .5
1640 0.97 131.0
1650 0.92 127 .5
1660 O.S9 120.0
1670 O.!W 110.0
16 l<l O 0.62 97 .0
1(il<l5 0.50 l.\5 .0
1(i9 1 0.28 6X.O
1697 0.07 -45.0

1700 0.15 - 100.0

1710 0.51 - 140.0
1720 0.73 - 157.0
1730 0.l.\5 - 170.0
1740 0.90 - 177.0
1750 0.92 177 .0
l S00 0.9S 165.0
1900 1.00 156.0
200 0 1.00 153.0

- patch width = 46 .4R l m Il

- feed point distanc e = J6.11 mill from
patch edge

We finally chance into the lavout
program. the result' is shown in Fig: 39.
l-or the selected Europa card format of
the printed circuit board (160 mrn x 100
mrn ), the feed point was dis placed from
the patch centre parallel to the longer
side of the board, so that a greater
distance would be maintained to the
board edge for the t'A O radiating edges.
The bore diameter for connecting the
inner con ductor of the feeder is 0.6
mm.

A specimen antenna was prepared in
accordance with this model and was

a) Because. with this new version of the
antenna. the two mic rostrip lines (trans
formation + feed line) with their rela
tively long electrical lengths, arc omit
ted, the Coax ial-Feeding here docs not
cause the display to a loop through the
frequency dependent phase ang le rota
tions of the graph. So we no longer
obtain a beauti ful loop (as with Micros
trip- Feeding). but on ly a graph which is
not quite fully closed .

b) In comparison with the simulation,
the 5 11 curve in the Smith diagra m
appears to be rotated it initially looks as
if there was another line section in tho
circuit somewhere , which had been
overlooked up until now.

c) Something mus t have happe ned to
the freq uency of resonance as well. for
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Fig -II: pt:F r
Simul ation showin g
the effect of th e ba r e
feed er within the
th tch ncss or the
pr inted circuit
board.
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the frequency mark for 16lJl 7v1 l1z is no
longer in the vicinity of the reflection
minimum! The nevv minimal value for
the refl ec tion a ttenuat ion is now -23 d B
at 1697 Mllz

So 11>'1.: have to loo k for the reason why
a divergence of -4 .\ l II /. in Mtcrostrip
Feedin g (sec Part I ) has suddenly
become +6 MHl when only the type of
feeder has been changed.

Fin ally only a mode st correction was
undertaken to the theore tic al patch
length, in order to obrain precisely the
required I(ill I Ml It: - and now we are
suddenly way (lU I. with a larger differ
cncc in rhe oppos ite direction!

The reason docs 110t lie in an incorrect
resonator length, hut in the fact that the
feeder has been fed in from below. This
means that the internal conduc tor truv
c1.. through the cross-section of the
board material in order 10 get up to the
patch. Since there is no external con
ductor here, we automatically get an
irregularity; the hare intern al conductor
actually acts like an inductance with in
the thickness of the board. Thi s effec t
leads to both the measured matchin g
error and the resonance tunin r error
and brings about the ro tation "of the
curve in the- Sm ith chart. Since. wi th
thin wires, we can roughly reckon on an
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inductance of about 1 nIl per millimetre
o f length. it is wort hwhile carrying out <I

short investigation using r UFF to esu
mare this influence. Moreove r Patchhi
explici tly warns of This problem if the
boa rd thickness selecte d is [(>0 large! In
Fig. 4- 1 we can see the corres pondi ng
simulation. fo r which a feed line induct
ance of 1.5 nH has been assumed 111e
addit ional phase angle rot.nious (in
cmn parrsou wit h the idcul te edc n
caused hy the induc tance and the fre 
quency of resonance and marching er
rors can be very clearly recog nised here.

T here are three different start ing points
for solv ing this prob lem.

I ) We select a thinne r hoard material
and thus reduce the cable seg ment
without an external conductor.

2) As a feed line. we usc a se mi-rigid
cab le with a soli d copper lube as an
externa l conductor. We then go down 10
about half the hoard thickness with a
special blind hole borer 0 1' spot facer,
with a diameter which corresponds to
the exte rnal diameter of the cable.
Through this. recessed cable we mark
ed ly reduce the cable segment without
an extern al con ductor (Fig. 44).

3) The extra inductance and its effect s
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. 'ig 42 : 1\1cchanlcal design of reccss...d
l'l'edl'r cable to redu ct' Inducta nce
eff£'d.

Fig 4] : Exa mple of r ing sha ped
capacitor taken fro m refere nc e
ma tcrial l3J

arc regarded simply <IS <Ill unavoidable
part of the syste m. and attem pts arc
made to compensate for their influence.
It migh t indeed occur 10 us 10 inc rcasc
the patch length. as this would hring the
sel f-resonant frequency dow n again.
This leads to a capacitiv e reactive
component which co mpensates for the
ind uctance at the desired op(:ra t i n~

frequency. which now lies above the
natu ral resonance. as with any parallel
reso nant circuit. Bul BE CI\ I{ [TlJL.
this is the wrong route 10 take, as the
radiator length of the patch must not be
touched ,

By operating Ileal' the natural resona nce,
we unfortunately move away from the
optimal operating case and antenna
efficiency, In this con nection. yo u
should cast a glance at the introdu ctory
chapter. and especially the 1I0ie on ficlt.l
lines. which loo k like shaving brush
bristles.

For optimal re-radiation. we are depe nd
ent very much on the phase difference
of exactly 180 degrees between the
voltage levels on the two patch edges ,
when the fields should actually be in
phase for the two slot. This condition is

no longer futfi llcd if there is any
de-tuning i.e. short ened radiator lengths
even if this gives us perfec t llIillch i n~ at
1691 M Hl..

TIle single pe rmiss ible route is 10
com pensate for this undesirable indue
ti..-c series reactance throu gh a type of
series capacitance without altering the
d imensions of the antenna, This could
b..\ for example , a small SMIJ capacitor.
Rut where should it he po sitioned on
the printed circui t hoa rd'? This problem
is usually solved by a gap, i.e. a
ring-shaped air gap between the so lder
ing joint of the cables internal cond uctor
and the remainder uf the patch area
(Fig. 43 taken fro m (3J in Part J. Page
1(4), Howevcr, things beco me interes t
ing if. using another simulation from
PUFF, we dete rmine the size of the
series capacitance required (Fig. -14), it
is atmost 6 pF. Su we have to do a lot
of fiddling about with rho a ir gap in
order to obtain this capaci tance value
without simultaneously generating rete
lively large, unnecessary paralle l capaci
tances to earth at the air gap edges,

In practice then, we see solutions as
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antennas arc built from metalliscd ce
ramics or mcraltlscd plastics, when this
SMD capacitor is inicgrau...'d into the
antenna using a small round chimney at
the feed point.

8,
Literature index for complete
art icle

f6]: Joh n D. Kraus, Antenn as. bottom of
Page 746

17J:Scrics of anicles on Designing and
building microwave circuits with PU FF.
Gunthar d Kraus. DG8 GB. VIIF Corn
muuicatio ns from issue 4/ 1996 onwards
[0211 999

I I ]: Friedrich Krug: Micro str ip anten
nas. VHF Reports. Issue 2/ 1985, Pages
113-12 \

f21: John D. Kraus: Antennas. Second
Edition 1988. Mctlmwhil l International
Editions. ISBN 0-07· 100482-3.

13J: P. Harthia I K.V. S. Ran / R. S.
Tomar: Millim eter • Wave Micros rrip
and Printed Circuit Antenn as. Arrcch
House Boston and London. ISBN 0-890
06- 333-8

[4J: Fa. Mauritz Gmb H & Co.,
P.O. Box 10 43 06, D-20030 Hamburg

l5J: http .r/www.r fglobalnct.com or via
search eng ine http://w\I,'W.tirebal1.dc un
der all languages.
Then please search for pcaad21.zip or
patch16 .zip.
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wottgang Schneider. VJBES

Digital Speech Store

A 1> fl l'l'~h storv fur t'Q is a p ractical
aid to radio amateurs , cspt'cia lly in a
co ntes t. TIll' CQ is s ta r ted uutnmati
cll lI~ at the push of a ImUolI.
:\ mil'ro·cuntrnlll'r takes l'har~c of
co ntrnllillj.( tht, sequences here. in 
dudill~ (·TT. T1H1~ the number of
('om pollt' llts ill the circuit ca n be
red uced In a minimum .

I .
Dcscrfptlun (If circuit

T he ci rcuit (Fig. 2) for the CQ speec h
store co ntains two core elements . The
first of these is the lSI) 2560 speech
!nl'nlOlY im...grated circuit. The memory
call store text la1<ting a maximum time
of I min ute and repeat it as many times
as desired. TIll' memory's contents are
retained even if there i, no power. A
single-pole two-way s....'itch handles the
change from record to play.

The ISD 2560 speech memory inte 
grated c ircuit also requires an external
analogue circuit: this provides the filter
functions and the level adjustment to the

microphone input of the transceiver.
The second essent ial co mponent is the
AT90S2313- IOPC micro-cont rolle r. The
latter is responsible for all sequence
control for the transceiver . both a"
regards the speech memory module and
as regard s lransmil co ntrol. through the
PlT co nnection. The external ci rcuit
includes an elec tret microphone which,
like the loud-pe nker. is di rectly con 
nected to the IC2.

The C() burton starts the output of an
indiv idual sequence. This applies both
to transm ission and 10 the initial record
ing of the CQ.

TIle CQ loop button "tJ rts an endless
loop for the CQ. Here the interval
length between two culls is determined
by a jumper. You can select 5, 10 or 15
seconds. During the interv al. the JYIT
connection becomes inactive and the
transceiver switches to reception.

The "Stop" button imcrrupts the endless
loop: other sequences are also inter
rupted through the "S top" buuon. Thus
a running CQ can be broken off at any
time. The "StOP" buuon i.. also used to
tcrnunute speech recording (initial rc
cording of CQ l,
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Fig: I: The
'completed Spe ech
Sture.

2.
,\ sscmbl)' instructions

The speech memory is constructed Oil a
do ub le -s ided coppe r-coated epox y
primed circuit board (Fig. 3) and its
dimensions arc XU JI lIn x (,(J mm. The
fully lanunntcd rear face act as all earth
area : here the ea rth ronnectiuns of the
components arc soldered in accordance

with the components dra....-ing (Fig. -I ).

First the two sockets for the Ie \;, arc
so ldered m. fo llowed by the other
components. but 1I0 [ in any particular
orde r. ThL~ micro-control ler and speech
memory le s arc mu inserted yet.

T he inputs and outputs arc fed via
soldering pins (I mm) or arc terminated
011 attachment sTrips as, for example. for
the se lectio n of the dela} (waitin g lillie)

r1-'~~'r-tT-,r------,------,------~.,-[::l.,- -uv
••

FiJ,: 2: Circu it diug ram for the Speech Store.
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Fi~ 3: PCB La yout

----
for the Speech Store.e-a II 0

~ DoG 0 1 +l2V O
on

PTT 8 DoG
0
rJJ.. ~8'iil= a

f8ll=
DoG III II II RAM-

LS
CorderNFO O II II D-<J 00

for the CQ loop. Here the desired
select ion can be made , for example,
using jumpers . All control inputs arc
switc hed to earth and are thus "Iow
activ e".

Before the micro-con troller and the
speech memory IC can he inserted, the
individu al operating voltage must he
measured and thus the integrated 5 V
voltage regulator must he tested. When
the supply voltage has been applied
(+12 Y to +13 .8 V), this 5 V must be
me asured <It PIN 20 ICI and PINs 7. 9,
10, 16 and ICl , using a d ig ital multim 
ctcr.

2.1. Par ts list

1 x AT90S23l3 -lOPC.
Micro-controller ( Ie ])

I x ISD 2560, speec h memor y IC
(IC2)

I x 78L05, voltage regulator
I x BD 135. transistor

1 x 5.0000 MH z. quart?

2 x 10 I-'F/25 V, tantalum
elecrrotyuc capacitor

I x 4.7 1-'1'"/25 Y, tanta lum
e lectrolytic capacitor

2 x 22 I'll , ceramic capacitor
8 x 100 nF, ceramic capacitor
1 x trimming potentiometer 1 kQ,

horizontal, RM 5110mm
I x res istor array s x 1U kO
1 x 0.5 Wtd n, loudspeaker
I x electret micropho ne
I x LED green, low current
1 x Ztl-pin, IC soc ket
1 x 28-pin, Ie socket
1 x switch, on/on
3 x pu sh buttons
7 x solderin g pins, I mm

I x PC B DJ 8ES 050

Res istors, 1/4 W , Rl\l 10 mm
1 x 47 n
I x 560 0.
1 x 1 kQ
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t'i~ 4: Compone nt
layout for the
Speech Stor e.

2 x 4.7 k!l
2 x ro tn
I x ·no kO:

Start recordi ng u~i ng CQ butto n

Spe ak tex t (call 10 all stations) into
microphon e

3,
Putting into operation

W hen the circuit has been fulllv asscm
bled, it can be pill into opeuuion
immediately. Only the wailing time for
the CQ Inop and the audio frequency
level for the speech output are adjusti
ble. The aud io frequen cy output signa l
should drive the transceiver to full
output, hut just avoid overloading it u hc
key concept here is "hand width"] ! TIle
audio frequency output of the circuit is
fed through the microphone socket of
the transceiver , parallel 10 the micro
phone.

In Older (0 record or save a CQ.
proceed as fo llows:

End recording using "Stop' button

The LEO light is on J uring recording.
The ma ximum recording time available
is 1 minute.

Note: In recording mode. no other radio
equipment should be switched on. nth
c rwise the transceiver auromaticully
switches to tranxmitt through the PIT
connection whe n the CQ burton is
pressed.

In repcat mode (switch in "Play" posi
lion). a buuon can be pressed 10 choose
between a single CQ or else a CQ loop
(endless loop). The desired interval
length between two culls can be indi
vidually set :

• 5 seconds no jumper

Switch in position "Rec"
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ri:.: 5: Int ernal view uf till' completed Speech Store .

10 seco nds j umpe r o n conn ection.
pause 10 s

IS sec onds jumper 0 11 connection.
pa usc L'i s

Du ring the speech interval. the PI T
con nection becom es "h igh" and the
transceiver goes fro m transmit to rc
cci vc.

The "S top " button interrupts the endless
loop. Other cycle" arc abo interrup ted
bv usin u the "Stop" billio n. Th us a
con tin uous CQ can be aborted at any

tirnc.

4.
Literature references

r11 Dipl.- Inf'. Max Pcm cr . 0\1 2 AU G:
Low-frequency me nu-order with lSI)
2560; Funkammeur 12199. Th eubergcr
Verlag Berl in

[21 Hel mu t Israel: A chip sto res ana
logue signals: Funkamatcur 3/00, Th eu 
be rger Vcrlag Berlin
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E'Chicken AW E. ESc .USc CEnK n EE G3BIK

A Sinadmeter
Sinad measuring meter and receiver
alignment aid

'Il.is eas y to construc t testmcter sim
plifles measurement of the 12dB Si
nad Sensitivity of a n fm receiver.

It connects to the rcretver's loud
speaker terminals to a utomatica lly
d hVl ay th e Si na d mea<;urcmclll .

Power is From an extern al mains/de
unrcuurated 12V or 15V adaptor
@lOrnA • or frum th e receiver's de
supply.

when usin~ th e sinad mctc r for nu-as
urvmcnt of a rece iver. it must be used
in conj unction with all fm signal
generator of the type tha i ha s a
nltKlulatin~ tunc of IkHl wtth adjust
ahh: devi atio n, and a "olla~e output
con trol cal ibrated in micro volt>; rms •
Th at type of slgual generator is fairly
standa rd to those who are involved
with fm radio equipme nt, so should
he reasonably n ailahle.

A very useful seconda ry fea ture of
this Sinad meter. is that it can he
used as a sensitive response indicator
whilst tweakin~ for opti mum se nstu v
ity (maximum quierentng) th e rf
mixer . and local oscillalor stages of
an fro receiver . This is of particular
advantage for example when retuning
an ex P:\IR receiver for lL'>C' on the
amateur band s.

I.

Sinad Explained

The Sinad-sens itivlty of an I'm recei ver
i ~ expressed in microvolts rrns , and is
de rive d from an internationally accepted
meth od fo r determ ining the sensit ivity
of the receiver.

Siuad is a mno expressed in d B, which
relates the level of a I kHI': audio-tone
output from the loudspeaker . to distor
tion and noise generated with in the
rece iver. ucing the formula :-

SI:>lAD (d R. = .sLJ:nal ptw; " niS!' d udDl~uaiatl

Note that the term Signal refe rs to the
1kHz audio -tone ou tput from the loud
speaker, not rhe rf input signal!

The 12dR Sinad Sensitiv ity figure
which is expressed in microv o lts rIUS

(not as Sinad dB), is the acce pted
standard of Sinad measurement against
which to judge the se nsitivity of an I'm
communicat ions rec eiver. It is defined
as that level of micro volts rms (pd) rf
sig nal into the rece iver's antenna port .
which produces. at the audio output a
Sinad ratio of 12d R , At this sensitivity
the receiver would give an intelligible
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Fig I: ulock Dia gra m uf Slnadmeter

voice signal on an acceptably quiet
hackground . Any modern cornmunica
tion s receive r will have a l 2dR Sinad
Sensitivity in the order of U.5 micro volt
rms or less.

Strictly speaking, the definitive method
of Sinad measurement requires that :-

the rf signal being fed into the re
ce iver's antenna terminal he Ircq ucn
cy-mod ulatcd by a Ikll L tone with
deviation to 60% of the receiver's
specifi ed peak deviation:

the Sinad meter must incorporate a
1kHz band- reject ion filter;

the Sinad meter be connec ted across
the receiver's loudspeaker or an
equivalent load:

the audio output power should he at
5U% of rated maximum when the
Sinad meter indicates 12d8 ,

But, for the ykllz peak deviation typical
of today's amateur-band receivers. that

defi nit ive me thod simplifies to become
a lkflz modulat ing rene at J kl Iz peak
dev iation from the signal generator. It s
microvolts rms level will he in pd
because the recei vers input impedance
will in normal practice mutch that of the
signal generator.

This design docs incorporate the re
quired 1kHz band-reject filter, and for
practical purposes, the Sinad meter can
simply con nect to the external loud
speaker term inals with the volume set to
a com fortable listenin g level.

Bear in mind tha t (in simplistic terms)
for a changing voltage level of tone
modulated rf signal feeding into an fm
receiver, the audio level of the rece iver 's
output tonc l remains sensibly co nstant,
but the noise leve l changes. As the level
of the incoming rf signal decreases, the
background noise increases to the point
whe re the to ne -si gna l is to ta ll y
swamped to inaubility. As the level of
the incoming rf signal increases, the
noise level decreases until the tune-
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signal is on a noise-free background.

That latter feature is exploited in the
des ign of this Sinad meter .... ith its lkll z
rejection Fi lter . to give a near zero
read ing Oil the meier in response I\) a
noise-free ton e signal from the loud
speaker. and fu ll-scale reading for a
noise -max imum inaudible-lone sigllJ.l.
Between these two extremes, the unclli
gihilily of a voice signal fro m the
loud speaker would vary from excellent
In impossible. TIle meter response is
acceptabl y lincur, hence can readily 0..:
calibnucd III -dB intervals. By a-,signing
11 value o f Oti H 10 full-scale defl ection .
and in the knowledge - 12d H =0 x O. l :'i .
then for a meter-scale marked 0- 1DOpA.
Isd ( J()(>!-J A} =Od ll . 1/-1 seal.: (25I-1 A) =
12dB, minimum scaler ;lpproX IOIl A) =
approx. 20d B . Once calibrared, onl y
the 12d B m:1I1n is of real importan ce,

2.

Circu it Description

The Sinadmc tcr is fully .uuo nuuic i ll
usc. It has om' pair of input lead s which
connect to rho receiver's loudspe aker.
With irs interna l +12V tit regulator. it
re quires a :-.i ll~k de input u f 1:'\- 15 vohx
al about 10 mA. which could be
ob tain ed From 11 12v Of 15V unregulated
lIla ins/de adapror or from the receiv er'<
no minal U ,5V supply.

Figure I ..hows the circuit in bloc k
di agram form, lind the full cir cuit detai l
is given in Figure 2.

Tile cir cu it consists of two audio
frequen cy amplifie rs ill cascade wh ich
Iced via a Ikll z re ject fi lter into a
fullwav c rectifier , to dr ive au indicating
mete r calibrate d in Sinad tlB. Low -cost
quad Op-,H11p S ure used rather than
expen sive vognd ics . The lirs t amplifie r
formed by rc IA and rc IB incorporates
ils own mnomatic gain control (ag,' )
circuit. Thi s is used to feed a constant

level of output signal voltage to the
second ampflifier. from an input signal
le vel o f between cpproxinuue ly l oomV
and ) V r.m.s. whic h is taken dir ecuv
fro m the loud speaker. TIle second ani
plifi er IC 1C incorporates a prescnable
ga in/ level -se t cont rol RV4. which al
low s a degree of manual control to the
overall ag~'. This combinatio n of auto
malic and manu al gain comml ensu res a
constant preset level of aud io signal
being led to ti l,' meter's precis ion fu ll
wav e rec tifier c ircuit . irrespective of
the level of input s ignal to till: Si nad
meier over the given range, hc ncc'
allows the meta scale tu I'll' pre
calib rated in dB fur fully autom atic
re-pon-e in usc. 'lhe level-se t control
RV4 pre-sets the uc output-level of
IC 1<:, hen ce that iutu the 1('2D meter
amplifi er/rectifier. III gih ' a full -scale
defleruon on til ,' meter For a 100<ll1y 
noise signal ic the receiver on npcn
squelc h wi th no rf input signal .

T hc, gai n control i ll each of the two
sigllal amplifiers is similar in princ iple.
in that some of the uc output signal is
rcvtifl ed 10 be fed back as a de control
voltage Itl till;" p.uc of a field effect
transis tor . The fer the n a.:1S as a variable
rcsivtor in the ncputive feedbac k loop o r
the amplifier. to adju st the gain 'mel! as
10 hold the output signal constant at a
prcvcnbcd \'o llagl' leve l. T he ga lll-l..'I)Jl
rrol (If the firvt amplifi er is fully
auto matic , hut that of s ignal ampl ifie r
110.2 i.s man ually adjus table by RV4.
TIle de cont rol vohuee is obt ained by
rectifying a sample 'of the ,1C t1utplit
voltage from am plifie r IC IC. using the
precision f.w. rcc'uti cr ICIU and de
am plif iers 1(,2A, 1(, 2U,

111t' nmpf iried ,K ou tput signa l fro m
IC l e i s a re a son a bl v Iuit h f ul
reprodu ction of the audio ·sig.Jlili fro m
rbe receiver's loudspeaker terminal. 11
feeds via C9 into the 1kHz rejec t/no tch
fi ller formed around Te2l:. Meter
amplifi er/rectifi er IC2D is therefore fed
only with the noise and dis tortion. the
1kl Iz tone content of the combined
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Setting-up and Ca libration

The use of a proprietary track-cutting
1001 is rec ommended.

Before installing components. carefully
chec k that each track-cut is absolute!
This is best done using a power ful
magnifying glass, and/or a continuity
test buzzer app lied across each cut in
tum . The time spent on this routine
more than justifies the effort! Be sure
also to check for absence of short 
circu its between the OV,-6V, +12V, and
+ 15V ra ils. Now app ly de and check
that the regulated + l2V is available.
Disconnect the de supply. insert le i and
IC2, then set RV1.1.3.4 10 mid-position.

For ht1 using the unit. a plastic container
wou ld be suitable. Screening of the
sinad signal input teeds is not necessary.

4.

This requires a low-frequency sine-wave
source covering 300IlL-3kll /. with a
variable 0-3V r ms output out put.

RVI ,2,3.4 arc at mid-position. Con nect
the sinad-meter's input leads to the
low-frequency source. with its output set
10 exactly lkll z at Ivett rrns level.
Rec onnec t the power supply 10 the
slnad-mcrcr , and observe some move
me rit of the meter. Adjust RV l and RV2
successlvelv for minimum deflection on
the meter,' which should be near the
JOllA read ing. This proves that the
Ikl-lz reject filter is functional. Swing
the freq uency either side of 1kHz, say to
300Hz and 3kHz, and the meter shou ld
rise towards full-scale defl ection . With
the frequency at 2kHz, adjust level
setting co ntrol RV4 to give exactly
full-scale deflection ie l00~A. Vary the
output level of the low-frquency source
from zer o to about 3 V, and observe that
the meier deflection remains sensibly
constant for input variation from about
IOOmV 10at leasr zv rms.

Construction

3.

Details arc provided for assembly on
either copper smpboerd (Figures 3&4)
or pcb (Figures5&6) . Stripboa rd is pt....
haps the most convenient choice for the
home constructor. The most critica l part
of str ipboard assembly is the cutt ing of
copper tracks. but the track-cut template
of Figure 4 should simplify that task.
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removed by the preced ing reject filler .
Preset resistors RV I and RV2 tune the
notch filter to 1kHz . and are simply
adj usted 10 prod uce a min imum
deflection on the meter, using the lkH7.
tone signal from the signa l generator
feeding into the receiver at about
IOOOIlV rms to produce a noise-free
tone Like RV4. this is a once only
adj ustment.

Th e precision full-wave rectifier based
on IC2D has within its feedback loop,
the recti fier-bridge diod es D3,4,5,6, and
the lOOpV de meter, and the meter 
adju st RV3 • hence any change to the
given component values will affec t the
meter deflection . RV3 was onlv in
cluded 10 allow some deeree of choice
on the available fuJI-scale defl ection of
meter . other than the specified lOOIlA.
It is optional and could he replaced by a
fixed 10k resistor. because the level-set
control RV4 allows adequate control of
full sca le deflection on the meter.

Also opt ional is the input low-pass filter
formed by C I/RL and associated switch
SWlab. "The switch has the legend s
Sinad and Align. In the Sinad position,
the low-pass litter is by-passed. The
filter is switched into the input signal
path when in the Align position. This is
10 smooth out any slight flicker of the
meter need le as it responds to recei ver
no ise. whilst using the meter as a tuning
aid when adj usting the tuned circuits of
a receiver's rf/local osci llator stages.
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RV I.2
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10k
22k RV3

471.. RV4

2

Rt'sisillr , meta l film, tI.25W

I 470R R4

4 uo R5.25.:29.30

I lk5 R 12

I 3k3 R8

2 4" R27,28

I 6k2 R21

6 10k R18, 19,22.23,24.40

5 12k R1.3,10.13,16

7 18k R31.32.33,34.35,36,37

Pa r ts U sl

Ory Item

:2 Quad-Opump ic type L\ 11902N

8 Died e type IN4148

2 FETtypc 2:\38 19

v oltage regulator 12V/ IOOmA
type ?HI. 12

Preset resistor . ca rbun . min ., borlz..
pin spactng 111111 111 x 5mm

Capacito r, l'll'l·lrol}'lk, min.axi a l 16V

:2 J.(lllF ClU 4

1 2.21lF C4

2 22)..lF C3.6

1 ,n~lF (' 17

2 470J..l I; c n.ts
Capacnor. miu.dlpped. myla r/
plllyt'Slt'r mill lOti" de

3 IUn!! Cl. IO. 11

2 IOOnF C15. 16

5 270nF C2.5 .7,9,1 1

Adjust the receiver vo lume control to
give a comfortable listening level for
the B..Hz output lone. which will be on
a completely noise-t ree backgro und.

Connect rho sinad-mcrcr's input leads
across the receiver's lou dspeaker tcrmi
nals, with the black lead to receiver
chassis -potemiul. The meta should he
at or about minimum detleet ion. Rc
adjust RV I and RV2 III op timise the
sinad-meters rej ect nita to the rf s ignal
generator 's Ikllz mod ulatin g-to ne.

Disco unecr the rf signal source from the
rece iver. and open the squelch 10 pro
duel' Full noise output from the loud
speaker. Readjust RV4 10 give full-scale
deflect ion of exac tly 100J..lA . This
should rem ain sensibly con stau r when
the volum e control is varied.

Meter-se t control KV) is s till at mid
position. and there il lohould remain. As
staled ear lier. it mig ht only ever be
needed if a meter IIf other than lOOJ..l A
is used. Hence. RV I,2,3,-f are now
finally and forever set. and the sinad 
meier becomes fully automatic in use .

'Inc only thing left to do. is to mark
12db on the meter-glass at its one
qua rter full scale point ie at the 251lA
position for a J{}(lI-l A fsd meter . Th is is
the 12dB Sinad Sens itivity mark aga inst
which all future receiver checks will be
made, Rem ember, the recei ver's l Zdb
Sinad Sensitivity is the micro volts 1TI1S

level fro m (he sig na l generator tha t
cause:'. tht' s inad -merer (0 read 12dB.
typ ically O.5 ~IV or thereabouts.

(~----------"-""-"~"""""'""""""=
constan t for input variation from abou t
l (J()mV 10 at least 2V rms.

Finally, set up an fm receiver w irh an
fm signal so urce con nected to its an
tenna port. Set the sign al generator to
the rec eive f requency. with 1kHz tone
mod ul ation at 3kHz peak deviation. and
with its out put level at about lOOO!1V
nn s.
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2

s
2

2

2

2

22k R20.26

lOOk R2.6,7.9.11.15.39.42

220k R38,41

l MO R4.i7

14pin dil soc ket

Tennin••1 pt) ..t, 4mm, ..mall . One
black. (11K' yel low

Panel Meter. 1()(}!1A de tsd ,
calibrated 0-10 or 0- 100 . eg
Maplin 2im.:h RW9'2A

Switch. dpd t toggle sub-

miniature. panel mounting

Stripboa rd. 0. 1inch. copper. srbp .
170 x 75mm. 26 rows x 67 holes

Strip bc ard track-cut ting tool

Low-cost plastic hox with lid. eg
Maplin BZ75S

The UK Six Metre Group

http://www.uksmg.org

With over 1000 members world-wide. the UK Six Metre
Group is the world's htrJ,:est urgauisation devoted to
501\1H1.. The amhition of the group. through the medium
of its 60-page quarterly newsletter 'Six News' and through
it's web site www.uksmg.org, is to provide the best
information available on all aspects or the hand: including
DX news and repurts.beacon news, propagation & techni
cal articles, six-metre equipment reviews, DXpedition news
and technical articles.

'Vhl not join the UKSl\IG and give us a try'! For more
information, contact the secretary lain Philipps GORDI, 24
Acres End, Amersham, Bucktnghamshtrc HP7 9HZ, UK
or visit the web site.
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Hermann Hagn, I>KRCI

Radio Astronomy Terms
Explained

J)
= 70 I ,

Th ose "Hit an Interes t in radio
astronom y arc ahHI~ s as king what
the main parameter s or lin opera
tion al ra dio avtrunnmy installa tion
a re. The most impor ta nt parameters
and formulae lire list ed below.

1.

Th e antenna

g) The upcrturc angle. as in optics .
depends 0 11 the dimensions (diame ter]
of the antenna and the wavelength. II
gives the unglc at which half the [lower
is measured belween the poin ts , and is
app mximarely :

Angle ill degrees

a) Diameter of parabola: 0 (m)

b) Depth of parabola: c (m )

c) TIle focalleng th (fll(; us) :

n'
f = -(m)

16c
d) A ntenna area:

D 2
1( ~

A~"" = - 4- (m" )

e ) Antenna area effic iency T) : (normally
lies between 0.45 and 0.(5) . 0.55 can be
taken as a good average. Determined by
measuring a known radio source.

t) Effective antenna area:

2.

Receiver

Noise factor of rece iver: in decibel s (F)
or kTO

or nois e tempe rature of rece iver: TE

F =10. 10 290 +TE
(JI» g 290

The value of F(Jb), kID or TE IS

deter mined through measurement.
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3.

Flux of a radio source
Signa/streng /M lfh) = 10

FI"XS(~)I1r H::.
Since the flux from radio sou rces is
vel)' low , the value insert ed is

'6 W
((r~ - ,- :; vlanskv

til"" :
The flux parameter SFU (Solar Flux
Lnit) is used for solar measurements:

II'
ISFU =10-" - , 

m:Hz.

~.

System noise temperature

In measurements. the noise of the
receiver IF, kTO. T E) is supplemented
by a noise tra ction which is caused by
the ohmic lmses of the antenn a, the
secondary lobes of the antenna. the
radiation from the atmosphere (i ll front
of the antenn a ). unresolved radio
sources at greater distances and the Jk
background radiation.

T = T +T_,.n k '" E 1/

T H is the sum o f the previously
ca lculated rad iat ion temperature contri
butic ns and can he set as approximately
35 K in the ra nge of 1- 10 Gil l . If a
radio source is measured . the system
temp erature is supplemented by the
radiation te mpera ture of the radio
source. The signal stcmgth is measured
in decibels (db) or in Kel vins (T). if the
installation has been calibrated in tern
pcratures, for example:

5.

Important relationships

(Boltzmann con stants)

Factor 2 resuh s fr om the f.ICI that an
unpo lariscd radiator is being measured
with a pola rised antenna.

Conversion of effective an ten na area
uno iMltropk antenna gai n.

A?
A fJ = - G

~ 4n '.,..

.4;r
G,~" = ,{2 A..u

G,.IO= Gflif'o{ + 2.3db
Relationship betwee n isotropic anten na
gain and system noi se temperature :

?""= 0.3g5 .10" (10'"" 10 - I,J j !(CHz. )
I J," Sjy

Tcrnperaturc of a radio so urce:
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112- 122, H. Hagn, Recept ion parameter
meas urements with radio stars

[2] The ARRL UHF/Microwave Experi
menters :'vlanual, 7-60 , David B. Schaf
fer, Microwave System Calibration us
ing the Sun and M"oon

6.

(f< ----'-"'-"o==""'-'='-='-'=

derived from Rayleigh/Jeans with:

Literature references

[11 VHF Communications, 2/95 Pp.

VISA
MIC

AMEX

Amateur Television
Quarterly

Great arttcles On ": ,..-.....
ATV
BAUOONING
PROJECTS
SSTV
AN ACTMTIES
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Hermann Hagn. DKSCI

Astronomical Observations at
The German Musem, Munich

Anl,'mlll exciter: C ircular wave guideMeasurcmont ur rudlo ra diation Irum
the Sun during the solar eclipse on
II. ON. 11"'9 uslug the radio telescope
of the Ge r ma n Museum with lin 1M
('III \\ ll\'c!cnl,01h .

ReI'(p rilJil [ rcqueric)':

Reed l'l'" bo nd width:

]6,sO r-..1 Hz

J ~1Hl

f :UC'Cl i l'I' antelln a area: 2:! 1Il 2

Sys tem noise temperatu re: 90 K (OIl
zenith )

I.

Technical data fur " w fl rzburg
Gtant'' radio telescope Limiriflx sensitivity:

(I Jy = 10-26 W/m211 1l,

10 Jy

ii I/ii i in: 1943

Focus: 1.7 1 m

Mirror diameter: 7.5 III

Measurement

The signal increase i~ always measured
agaillst the system no ise temperature For
the decli natio n in question. On 11th
Auguvt 191}9 . w ith a + 170 decl ination,
97.6 K w as measured. The mean signal
Increase for the Moon ( ill perigee) on
Eth vth and 10th August 19') 9 was
measured at 0.4 1 tJU . which gives a flux
of 1212 Jansky ,

Signal inc rease for the SUIl Oil 11th
A ugust 1999 before the solar ecl ipse:
20 .25 d B against system noise tempera 
ture; which g ives us an "a nrcr ma tem
pe rature" of 1024 1 K. producing a flux

105

2.

9.5 t

radiomeasurement
apparatus until 19-15
(mdar ], From 1946
used 1J~ rad io telescope
in the Netherlands

1\,,,i8" 1:

TotalPower
Radiometer

Al'plicmion:

Aperture (lugle: 1.8" (with l S cm
wavelength)

Positioning accuracy : 0. 10
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"i~ t : Th e " Wiin hllrJ: (';iant" Fig 2 : Signa l decrease h~ _\ Inull cover

oe..,.!:--.L~";---;;:,,oc:i,---;;;;;:-'
~yl:-t1 t

0'

•
"

Fig 3 : Flu x as II Func tion IIf

Frequency

o f 1.::!85 · Iff' Jan sky.

The signal decrease due to cover ing hy
the MCK>1l was 7.6 dB. i .c. the signal
increase was 12.65 dA against til..
systemnoise temperature ( I"ig . 2 ). After
subtract ing the lunar flux. we obtain
0.2 12 ' 1010 .1 )'. i.c. ln.S % of the total
nux.

Still O il th is subject. there is an interest
ing carly measu rement from 12th Scp 
tember. L950 nr 10.7 em (2ROO ~ml)

by HA< iEN. J.P., F.T. HADDOCK and
G. REBEl{ : Sky and Tele scope 10. 111
(195 1) who measured a radio intcnsitv
at the minimu m (duri ng covering hy the
~lo(ln ) of 17 <~ "

Ref.: A. uxsor,o. Phvsics of stellar
atmospheres (sec Fig. -t ,:
Hermann Hugn. Radio -astronomical Ob
scrvurion Group. Ludwig Wagner. Ger
man Museu m. Munich: Richard Jager
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XXII. 14~. Solar Eclipses

...Sun, about 1945; so bore the slowly variable mdintion of the plagues not marked by S//(}IJ
has not yet been ruled our. fi g. 237 show s the Cambrid ge edge darkl'ning meaouremeliU
for 1.7 ,<) rn. 1060 ern . At 11 em and 3.2 em . the brightness of the volar disc varies onlya
little , up to about n -= 0.7: we observe <Jhright rillg here at the edgt·.

An important check on the tmeneromctrtc edge darkening measu rements is permitted by
obscrvauonv of solar edip-Ies (Table 102). Since ill the range of the lunger \la\'t' lt'nglh ~ III<."
radio Sun is cons iderably larger than the oplical sol ar disc or uie Muon. partial eclipses
.... ilh a conside rable degr ee or cov er are just as usefu l as tutnl eclipses. For IOllg"'r
wavelengths. the occutnnion ( 'III'V" ,\ arc strongly distorted by the dist urbed radiation !fOIIi
plaguc ~ wlnch may he present. Thus unambiguous re,ull, con cerning the radiation from the
quiet S UH can be expec ted only at the lime Ill' <J ' llllspn t min imum and l ur in the cemimcr rc
wavelcngihs. The co rrespondcn..e 'l ith lh..' inte rfe rome ter measureme nts should he
satisfactory here. 'I S <Jwhole.

,t,,,,,,"r.,,,f
" ,;";II,.lm

~ I) [)ICKt. ~ . H. " ~ ,1l1 1I1'.;(; [ R 1 :!2,~' 1

,';·S "-NDER. I<: F,: ''"',''" 01 ..",,100' 1-'9, .\iII' ( 1'14 11
0) tl "'GEN. I , P.: \ ..·.1 ~<>. t .. , I W.~in!,'"'' I' ,C. ) J"I;- 1'1.1 9
(,1) H"-GFN. 1. r-, ~.., r 1I11 11 l l0CK I< 0, II I-,HI"K My "" d T"k,'C"P" 10. II I \ I" ~I )

{y, IlI.Ul. r L J. f , j)~. N l \SE Ii. J L, ,'TI: INHc.Kl ;; r :l . I ~ J

fh) Plll ll l \' OTC>N. j, !l II J. V Ill'J D\IIlS : ,\ ",t,;,), J, "r5,'i, lie, . IA1:::, ~14 , I'WII
17. l:( l\iI"GTON. ,\. F.., '_0"," II,,,.,,~,,,) 159, -Ill">{1'!--I71
1 ~ . (· Il Il ISn "''JS E'' , W. ,,, Il. b-.Yi" II~ I. E " & II ~ . ~Il LL~ ; ...."'...1. J. ~,. K<>,

t·...·~. ~ ' ...II ?~..)

Table In! - Radin ohsen'ations ufs!llar l'd iJlst'S

B) Thl'tlf)' Of Thermal Radlo-Frcqueucy Radiation Fru in Qui t,t Sun

Part I: Dccimeue and rcntim..-trc range: linear propagation

The thermal erm'c-um of co mpletely ionised lw.-es 1I1 the radio frequency range . a., ca n
ea vily he seen aner Chapter 7. is practically free -free radiation. For the ....avclcngthv in
ques tion. we can ca lculate the rad i<lrion emission o f all electron (charge .., mass ml, which
is d..-necred from an ion with a + U: ...harge Oil a hHlt."rho lie orbit. ill acc ordance with
Max wells theory, follo wing the well-known wor k of H.A.Kram..-rs [72 11. In this
connection. we may on ce ag,lin perm it ourselv es to simplify matters, considerably: since the
Iowa freque ncie s quite predominantly at ,\/liall defle ctions of the electron "

FI~ -I: I his text is Frum a page that was reproduced fro m a German magazme.
It has been translated into English so too..cs ~(lIl1e nf lts sfgut tlcancc - Editor
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& md Kaa. DG4RBF

Universal Micro-Controller
Board, Uniboard C501
Th is art ictc was originally published in UKW Berichtc 3/98 bur nat in
VIfF Communications. Following !nml....• f'£' q UC,\' IS il has been
1'('pro(lIll'l'd 10 'wIp constructors where i f has been used.

The forwa rd march of the micro
rontrollcr in a ll a r eas of electronics
~huw~ Iltl .si/;: m til' .slowing: down. and
so there an ' more and more elect ronic
('in'ui ts which ha w to he cnn trnlled
h)' a min u-l'IlIIl ru lic r .

The ui ll iun s that an ' a \ a ila hll' us in g: a
mit'ro-f onl rollcr an ' ' cry lIunWi'o tl'i.
anrl rbc refcre thev ca n be lISl,<1 to
tlcu·lup hi~h-(I lla l ii~, eq uipment. CW II

in IHY work .

Su IWlII)' \ ukc!'> ha ve been calli ng: for
a universa l mfcro-controucr board
thut would he suitahlc , nut on l)' fur a
!'>pcl'ilk project, hnt fur many tasks.
For rcq utrcmcnts needing high-pow
ercd computtn a, the hoard can he
dri ven with a clock frequency of lip
10 3MJ\HIl.

Mind \UU , It should he taken into
at't'U1 l11i rhut wr iting the s ortwa re
required will la ke a relatively 11l1I~

time.

I.

lnt ruduetinn

Naturally. the descr iption given here of
a universal micro-controller board, Uni-

108

board C;'iO I, [1:IS topical rele vance.
There nrc several projects under way for
which such a controller hoard i ~ re
quired:

-r-bnnd short -w ave SSR/CW trans
ccivcr with DD (W Schneider,
DJl:\F.S)

Double frequency counter up 10
4,()(MI \ II L! (ll Kaa, DG4RllF)

144 Mil l, SS B trun scoivc r with ODS
for Il'n llS VI'11..-rs up to 47 GIrL (W
Schn eider, DJSES)

[ 65 MI lL short -wave synthesise! III
[-I [I, steps (B KOla, DU4RRP)

1\ universal micro-rontrolfcr hoard was
developed based on the 8(,K' 3 1 micro
controller.

In the development of the micro-con
troller board. care was taken 10 ensure
Iha l il W,IS no t tailored to on ly one
project hut was universally applicable
(Ihis also applied to UO pons). Thus
1'0 1111.' components and expans ions art'
provided for on the printed circuit boa rd
which ca n he fi tted or omitted , depend
ing on rho app lication,
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2.

Circuit Description

2.1. The processor board

The descrip tion below refers to the
maxim um expansio n of the Uniboa rd
CSO!, which is shown in the circuit
diagram in Fig, J,

T he board has two output expansion
ports, 1'4 and 1'5, which were each
created using a 74 HC'i74. These outputs
can be: loaded with lip to 20 mA, and
arc th us suitable for controlling LEOs or
sma ll relays directly.

An input exp ans ion port (P6) is filled
with a 74 HC541. The inputs a rc wired
with pull-u p res istors. so that they can
he used as low-active inputs. In addition
to th is inpu t ex pansion port . the option
for hinary coding o f the IO\','Cf 4 bits
(p6.0-P6.J) with diodes is also provided
for on the printed circuit hoard. T hus
these 4 hits make 10 inputs available at
K14. lin e, for exam ple. a key board
(fro m 0-1) could he connected up, with
keyin g to earth.

Up to 225 inp ut pins could he created in
this man ner. though the number of
diodes and the space required for this
would be rather hig.h!

An address decoder present on the
printed circu it board (74HC 138) en
sures that the data is cor rectly decoded
for the expansion ports . The outputs Q1
to Q4 (which are on K6) are still free
and can be used for optional tasks .

An external R..A~t of up to 256 byte s
can be used as a memory. The address
line A 15 can he used to ensure that
there is no address conflict between an
external RAl\1 and the expansio n port
modules.

If the system is operated without a reset
Ie, diode Dl R, with resistor R9, should

110
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be fitted to inhibit the RA~1 if the
address decoded incl udes the A I5 line .
If a reset IC is used. diode D 18 can be
om itted, since tho A15 address Iinc then
directly controls CE/OUT.

The ncecs sary operating software,
which has to be developed in accord
ance with the application, is stored in a
type 27C256 or type 17C512 EPRO::vI,
as required. There arc solder conucc
ttons on the PCB to select the type of
EPRO:\1 used. For a type 17C512
EPIHJ\l, the line from pin I is sepa
rated from the + 5 V and con nected to
the 1\15 line. For a type 17C 128
EPRO\I, the pin 17 line is separated
from1he A 14 line and connected to + 5
V.

The data bus is available on the K9 pin
strip as a single-row con nection and ut
K 10 as a double-row connection - fur
add itional expansions and addit ional
hoards , the address decoder outputs
which remain free. The double -row
connection (2 x .'i pins) makes it easy to
wire up with pin- and -socket connectors
using the IDC con nectors.

The ALE signal is available at K15 for
future raskv

The opt ion is also avai lable to use a
reset IC (LTCWI j on the printed ci rcuit
hoard , which would also take uvcr the
clear ing the RAM and the data reten 
tion. The gives the option for appl ica
tions wh ich must hold important data ill
the RA1f when switched-off . Provision
made for backup battery monitoring.

If the system is opera ted without a reset
rc. K16 and K18 are short-circuited .
Th is causes pin 20 (CE\) of the RA\1 10

he earthed and activelv switched , Pin 28
of the RA~I is connected to the supply
vol tage .

2.2. The display

The hardware offers two variants for
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conne cting up an I.CD dot matrix
d isplay.

111C display can he operated, fur exam
ple, ;1\ -r-bit mode lI ~ i ng port I, or il is
conn ected directl y to the data bus . Th e
t-t-pin K17 (LCD) pin-and.sm-kot con
ncctor is co nfigured in such a Wtly that
a display with a double -row connect ion
call he connected direc tl y with a pin
and-socket co nnector using an IDe
connector.

The enable signal invert er req uired for
the second mode of operat io n is created
using a simple goth.' (CMOS 40 11). TIl\..'
display can he comroilcd ill connection
with Q() of the address decoder, to
gcthcr with the AOIA I line . T he choice
o r display con nect ion depe nds on the
application and the software.

Pill assignment of K ' 7 for connection to
darn bus:

Pin I = earth

Pin 2 = + SV

Pi n 3 =contrast (R lOl

Pin 4 '= RS (AO)

Pin 5 = RW (G~ [lJA I )

Pill b = enable (QO)

Pin 7 pin 14 = DO D7

The LC D disp lay is con nected in ac
co rdance with Tahle I .

Fig. :3 show s the pin assi gn ment of 1'011
I (K4 + K 19) for the LCD disp lay
connection, III order to keep the counce
l ion compatible with older projects. the
opt ion also ( ' X ish to usc pins 9 anti 10

,
ruoe I ¥ K'1

tn~~
Q-' K19' 1 +
~g- 1 2l 1 2 J lt 5 6 7 8 9 10

Qla
.'11: 3: Connectbms on K4 / K19

111
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Table 1 : Display connections on port 1

ash !W lvh " FmmK4 on Onnen ,

"" , F,.m ! 9 (ITl m K19) - UND

"", 2 +5, 10 C( 2Ul K19) +5v
!W3 Ca1r<N. - - ~rl,m rlnldc

l'i n4 R' 1 141:9 stcr sclcct
!W5 RW 2 ru Read "rite

I Pin (, E ] P1.2 1'.mblc
Hn7 to am
""8 Dl (iND
l~n9 ill - - ; GND
Pin 10 m ,am
Pin I I 01 5 i PIA nc,
Pin 12 D5 6 i P1.5 raa
Hn J3 i -fi~ 7 : 1'1.6 DJla
I~ n 14 In a f'l:L """

; I( K4 for the display s pow er supply.
However . positive and eart h ut K 19
should be used for new projects . Si IlC,~

this makes a simpler (parallel) cable
feed to the disp lay possi ble.

2.3. The processor

For normal applications, an SOC:3 1 or
80C32 can be used which is manufac
tured for clock frequencies up to 16
MHz. For applicat ions requiring high
powered computing. processors can he
used of the SAU-CSOILXXP type,
which operate with a clock frequency of
up to 38 MH7.

Thl~ SAB-C501 micro -con troller front
Siemen s is an 80C32-colllpat ible con
troller in a slightly revised format. What
is very interesting here is that it is
man ufactured for various clock frequen
cies up to 40 MHz.

SAll-C501-LP", 12 MHz

SAB-C50 1-L20P = 20 MHz

SAB-C50 1-L24P = 24 MHz

SA RC5fll , IAOP '" 40 :\1Hz

As experiments have shown. the fre
quency values show n still have a sub
stantial safet y margin. since several
C50l -L20 Ps have been tested and all
fu nctioned right up to the functioning
limit of the micro-co ntroller hoard 08
MHz ). If we assume the same level of
q uality, the 20-:\1l1z types should also
be operated at 25 to:;O MH/..

The option was provided on the CPU
printed circuit hoard to usc either a
crysta l or an exte rnal TTL oscill ator .
How e-ver, mi cro-cont roller crystals
above 20 MHz oscillate only at their
fundumcma l frequency hence the sec
ond option. If a TTL oscillator is used,
the crystal (Q 1) is om itted, together
with the two 33 pF capac itors .

A serial outp ut (COM ) is also provided
for. If the components required for this
are fitted, the serial data are available at
pin K I2.
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.1.

Mlcrn- Ccnn-oller Assembly
Instructions

Ie sockets are used for pnl\:essors.
RA~h and EPRO\1.e,. If neccssarv . the
reset Ie ie, also given a S~Il,: kl'l: The
other les are simply soldere d into the
PCB.

Pin 1 of the pin "trips i" alw ays
identified hy a ( 1) on tilt' nucro
controller prin ted circuit hoard .

The resi stor R I J. shown .1" a do tted
lint" . is nul used. n i l' latte r is not
needed links,,, the reset Ie used is not
type LTC WI b UI type f\lAX (,1) 1 A.

~.

Trollhlc -Shoot in g:

~,I . vl lcru-controllcr

Check all ~o ldcTi ng \\'011 with a
mag nifying glass~ {ils usually just a
simple soldcr inp. crrcrb

Is the reset ca pac itor (C5 ) in or der '?

When operating wit hout a reset Ie,
vhort-circuit K in an d K1X. Shou ld
the reset Ie LlI.~ used. then boili
plug. in links re main open.

ChL'Ck the following points w ith all
tlsc illosl'\II....... :

Is the AI.E signal (square wave 1'o ig
nalj present at K l :'i'!

Do the addresv and data hll" lines
have TTL levels" (Intermediate val
ues indicnre a shor t-ci rcuit ')

PUFF version 2.1

Micruwave CAD Software

• Complete with full English handbook

• Software supplied on 3.5 inch I1tlPP~' dslc

Price £23.50 + Shipping

Shipping - UK £I.S0. Surface mail £3.()(), Air mail £5.00

As used in nUlII)' a r ticles in VIIF Communica tions
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Carl G. Lodstrijlll, EE. SM6A10 M & KQ6AX

The Noble Art of De-coupling

I. 2.

Int roduction Elements

Much of the elect ronics built todav will
require de-co upling of vario us pni'lts for
variou s frequenc ies. W hat first co mes to
mind may he the V+ of Ie' s. If the Ie
is an agg ressive one. providing. faM
transitions with a lot of drive ca pability,
the problem is no longer a ..imple one.

Nevertheless it is treated as if it were :
"All. lcr's loss in a IOIKK) ' puff , here ~

W ait it moment, better make it a 1000
puff and 11 'poin t-one'!" Thm is: a 1 Il l"

and a 0.1pF capacitor.

For one thing, I nl- Of 0. 1flP will make
no diffe rence (to RFl ) above SOl) Mtt z
and almost none at 2(Xl ron1..0:1 The
capacitors arc already well abo ve their
sen-reso nance frequencies.

The readers of VI IF Communications
do not have 10 be renundcd abou t what
will happen as cloc k frequencies arc
reaching the GHL mark! Even if the
sign.tls are nOI perfectly square, it is
reasonable to assume that they arc not
sinusoidal either. R ise times may be of
the order of ! OO - 200 ps. It is thus
prope r to consider freque ncies up to at
least 2 G Hz. (As things are goi ng, do
you 10 0 have the feel ing that someone
willlaugh at this in a few years?!)

Mv rneasurcrncms have shown a 120(,
capacitor to have - l. X nl l and a USUS
seems to have - 1.5 nH. III MlH1C othe r
applications it seemed like the OSU5 had
- I nl'[ . Right or wro ng. we ca n
probably ag ree that it will have at lcasr
1 nH and I will USl' it in the modethne .
The Q of the inductance is probably nZ)!
stellar. let me guess ;11 3U. The Q {If the
capec itauce may wctlbc 50 .

Th e source impe dance of the transient
generator is prob ably luw. Let us lise
IUn fur this and l Uon for the other
e nd. the "load" , go ing to the power
supply. We will uenr the circuit like a
fil ter, considering S i l. 521 . and S22
over frequencies 10 3 (; 11 /..

3.

.Models

For the modelling I have used the
Eaglewarc Superstar progra m. version
5.2

The fir st mod e l we Illay want to take a
look at is the OIlC with a single
de- co upling capacitor on the V+ pin of
the Ie (Fig 1). It is imagined here as
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,
,....."" ....... .,
"... ......,. '-- L-f-, " ·-~T- L...-; ,
.... I '';

.J... , -

T·"·... ...
\
~"
?'P'"

••'U_,, .... ".... .._ ,.... ,.....
Ftg I : Circuit of the fir st mod el

" IN>"

The model. showing a piece of 40 mils
( I mnu wide track to the capacitor.
another track to the ItMln load. Their
lengths arc mostly inconsequential. The
capacitor is pictured with its inducta nce
and it is grou nded through a via ho le of
24 mils diameter with 1.5 mils metal.
The subsume is 32 mils ROI!wS -t003.
with rr= 3.3K nom inally, hl~t various
substrates would not make any great
difference here.

~.

Simulntiens

On the left diagram (Fig 2 ) are SI I and
522 with 0 - I dB vert ically. On the
right is 5 21 0 11 a 0 - tuO dB scale ,
showing the efficiency of the de-cou 
pling. Four marker frequencies are set
under each graph and their "dB" results

can he read along the bo ttom.

One set o f graphs is dashed and one se t
is so lid. They represent a capacitance o f
ltMI pI' and 10 nf respect ive. Sure,
there is a nice atte nuatio n from - 500
MHi': 10 -30 ~HI .l, bUI the rest is
noth ing to write home about. Abo lll 20
dB at tenuation appears to be the rule,
and ir is nOI much 0 1' a de-coupling on
all intense source o f RF.

It appears. likely that several stages,
co mpo unded. of de-coupling may do
better. Let us look at a two stage
solutio n and let SuperStar It)' to opri
mise it for -60 dB from 100 - lOOO
MHz and -40 d B from 50 - 2ooo ! (Fig
3)

Well, no w we are gelling somewhere!
The attenuation is below 30 d u up 10
[·noMH z! Two dips are visible. CO!TC·

spe ndin g 10 the self-resonance o f the
capacitors. The program decided that
they better be 5K7 and 34 18 pF resrcc
live, with 802 mil-, from the left and it
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(,45 lllih long lines In-between. The
third lint" , attho right cud, to V+, is best
when short.

r expanded the circuit I{) three capaci
tors. with a 0.5 rnm line before each.
ran Sur"erStar on it ugain for the
fo llowing configuration (Fig 4)

ludeed. this net shows a very good
performance with SOdn from 150 - 400
MIll and 40 dB Irum XO - nl2 MHz.
Notice that the max frequency IS

changed from 2 10 3 GH£! (I'ig 5)

On the S I I numbers can we see how
pin X 011 the lC finds a ncar total reflex
« 0.1 dB Return Loss) Oil almost all
frequencies although the phase rotates
via inductive 10 near open. (Fig 6)

One possihle practical realisation of this
net with <l Small Outline ~-pi n Ie and
0805 components.

5.

Conclusions

u sc of self-resonant capacitors for de .
coupling has been known tOI most of
the radio era. 1 have a book (that 1
cannot find just now) from the 1IJ3() ' s.
In it is a grapll of the "ideal length or
de-coupling capacitors vs. Frequency".
h om the values . d early some 5 - 10
nil per cm was antic ipated. I am JlO! so
<'II U;' it was con.sidcrcd in old IF strips
and othe r circuits, bUI some designees
surely knew about it.

As frequenc ies move up in the VIIF and
UHF range . M ' tin the num ber o f
capacitor vnfues OIlL' do no longer have
10 consider us i n g.~ The I nF capacitor in
i l 1206 surface mount package will
become self resonant at 130 :\11 1/.. In a
leaded package it will resonate at a
much lower frequency. 1 nF can possi-
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Fi~ 5: Simulation of expanded circuit

found . The articles can be dow n-loaded
on PDF format from and xck-ct 1997.
the Nov-Dec issue from the Archive!
T he ti tle of the article is: "A Multimod c
High-Frequency Inductor Model"

For the second article, select the No
ve mbcr 200(J issue! The title of this
art icle is: "Fillers and an Oscillator
Using a xew Sole noid Model" ,

hly he used at 146 MHI. if it is a disk
that is soldered direct between ground
and the point to he de-coupled.

As the frequencies go up the problem
becomes more difficult. AI 1296 Mliz
the 10 pl- capaci tor nears resonance!

This art icle may not have much of a
solution, if there is one, but shou ld at
least have brought atten tion to the
phenomena, and got the reader thinking.

It is possible that the prob lem can be
divided up. Since fairly good results
was reached down to -1 00 Ml tz.
shielded compartments and separate de
coupling of the "lower" frequencies
may well be poss ible. Since it will take
up a lot of real estate, it has to be
planned for early in the design.

A novel and interes ting treatise of the
inductor, and it' s self-reso nance(s) by
Randy Rhea (Fou nder of Eaglewa re) is
recomme nded readi ng.

His findi ngs and conclusions are pro-
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Dip!. lng. \Vnifgang &mchd . wano

Is Silver-Plating Worth While in
RF Applications ?

The q m'.o;tiull io; hdll~ asked mo re a nd
mon ' frt'clucnt!J : Il il.. ~ih t'r· pl:l l i Il K

III} rmuponent a r luallJ dum' uny
I-:llnd. or han I gone to nil that
trouble for not hi ll/;:? You ca n't alwa ys
tell fwm Iht.' mea sur em ents. hu t Ihe
M'it"ntirie p roof is una mbiguous. Th e
folln" inJ;: a rt icle io; intend ed In "Ium
u nlll'r " h"l cond itiolls it mllkt'S st' IlS("

tn sih t.'l". plah· mater ta! in rad io-Ire
q ucm') technology .

I.
Pri nciples

Coa xial cable and resonant cuviue, are
the radio-freq uency conductors used in
communica tions eng ineering in which
power fu l radio- freque ncy current s can
flow. TI1C'>l,.' currents heal the sheath and
the internal con ductor of coa xlat c'lhles
and tIll' resonance chamber of reso nant
cavities. Coaxial plug-and-soc ket co n
nccrions come under particular stress, If
The radio frequency field is contained,
as b always the case in resonant
cav ities and coaxial cables. it tries In
penetrate into or out o f the sc reening
material. This displacement increases as
the frequency rises. Th is also influences
the phase position of the surface cur
rents in re lation 10 the currcnus in the

conductor interior. thus an inductive
reactance compo ne nt is generated . T he
pc r nu-ahility number, ur, of the material
used thus becomes the second decisive
influencing variable for rudio-Ircq ucncy
current d isplacement. TIle e ffect is de
scribed as the skin effect. It means that
the current den sity and current distribu
tion in the metal is nor co nstant.

2.
Mater ial character istics

In nadio-t requeecy techntllogy only d ia
magnetic metals fllr < I ; c.g . copper)
and paramagnetic metal.. On - I : e.g.
aluminium) arc used . Bra.sx is a particu
larly popular consrructkm material in
amateur rad io circ les, hut is co ntrover
sial beca use of the line co mponent.
When the l ine compone nt and other
metal fractions 'Ire high. these alloys
almost tend towards ferro-magnetism.
Ferro- magnetic metal s such as tinplate
and nickel should, not be used, at least
not where po werfu l radio-freque ncy
currents are fl owing (j.1r> I; tinplate: j.1 r
10 to 2lXK.1: it is important to know that
at high freq uencies thc j.1r value of the
tinplate becomes lowerh.

Good radio- frequency charac teristics are
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characteristics of metals such al> copper
and aluminium. Due to the constituents
of zinc. the good cha racterist ics of the
copper are le st. and the charac teristics
of zinc, which arc poor any'....ay. are
made nonccablv worse in the allov.
Ti nplate housings are said to he ah,.,{)
lu tely unsuitable h owever if the field
strength i ~ low and the frequency is
high. there i.. no noticeable sheath
CUITI:nt heat losse s. In this case. tinplate
housings are thoroughly acceptable.

T he radio- frequency characteristics 111 

dude:

Fi~ I: High conducta nce l'Oat i ll~

ca r rying the H,I<' field cu rrent with no
cur rent Il ow in till' undcrl}ing
mater-ial

incorrectly given To the metal hruss (sec
appe ndix), whereas these characteristics
arc worse limn the radio-frequency

I . Diamagnetic grading
2. Equivalcm material conducting

layer
3. Electrica l material conduc tance

Special attention should be paid to the
fact that the elec trical condu ctance (K)
and the equiv alen t conducting layer (5)
arc ttppan.:nll:y oppo site 1(1 one another

Fi~ 2: Diagram
...Jltl\\ ill ~ t ilt'

dIrt'1s of p la lin;r
with 'a riun"
matc rhlls

1\

!I i!,I

li MH.: -
l W(J lax 5Dr. lOJ :CO 5~ 10 10 j

I
'{ I '\'.~I·\ \ \ \~I' . \ \

~/umm,"m \ I' ! \ \ .\ ' H1-\-!-'1:-+,*,""'~H1
Gold : \ '( Ilt\

!\ :'~ I \ \ \ 1\,

i \ i I~ \ \ \ }
~upler U -t.+1tt-''f'\;-'\j\''''\Fll+ -Tlri--1+r0cVf\i:Ti
is"ber I \ 1 \! \ , 1\\ \\

a' 7 70
) -o!m- -

100 7000
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Material s K, I
J:I - (at 2W C) a / -

em "C

Silver 62 x 104 1.00 4 x Hr j

~I'cr 58 x 10
4 1.03 4 , 10-3

Gold 45 x io' L1 7 4 x IW'
Aluminium 33 x 104 137 4 x 10-3

Zinc 16 x 10' 1.97 4, Hr'
Brass 1210 14x 10' 2_20 1.5 x 10-3

J1atillU111_ 9.0, 104 2.62 4, 10-"
1 3 ( 4 +0.0 I X 10-3Magnesium _.. x I ) 5.20

Con stantine 2.0 x 104 5.57 -0.05 x H~ :'....
Carbon - 0.02 x 10' -so · 0/3 X lO"3
------

Table I: l'a nlUU-kl1' nf various mat erials

in all metals i.e. a metal which is a good
con ductor has a low radio- fre quenc y
penetration depth and th us a low
equivalent co nducting layer. The meta l
layer 1I IHk r the equivalent co nducting
layer II;IS 11 0 current flow ing and is
field-free . In this inlier metal layer, no
heat elm IX' generated. and thus no
energy ca rl be absorbed from the field .

When meta l is coa ted by 3 th in conduct
ing layer with a high conductance (Fig.
I) it is shie lded from the rad io-fre
quency Field hence the problem of eddy
currents is red uced. In pract ice this
means that the internal rad io- Frequency
field of a resonant cavity can nor
penetrate through thc, metal coating in
order to generate eddy currents and thus
heat. This energy would he absorbed
from [he rndio- Ircquency fiel d thus
reducing the output obtainable. These

rad io-frequency eddy current and hea t
losses increase ex pon ent ially with the
intern al field strength. In accordance
with the diagram below (Fig. 2) a 2 flm
thick silver layer at SOO MHz would
make the meta l luycr be low it almost
completely current free. In non plat ed
aluminium. the cur rent f ree state wou ld
be achie ved at 3 um and in non plated
bruxs it would be mo re than 5 u r n. From
Fig. 2 il run he seen that bras.... has
markedly poorer coudecrcncc ( I( = 12)
than aluminium (1(= 33) ,

Copper and silver are shown as close
neighbours in the d iagram. In addition.
both metals a lso have similar co nduct
ance levels (C u: l( = 58 Stem; Ag : I( =
62 Stem), It follows from this that
silver-plating eopjXOr is not worthwhile.

Aluminium lies in the boundary area of
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laws:

the good conducting layer group (silver.
copper, gold , aluminium ). But here too,
silver-plating wou ld appear to be merely
some thing to please the eye, and to be
less impo rt ant as regards effic iency.

Silv er-plating begin s to be useful with
brass . Moreo ver, the conduct ance is
alrea dy falling away ( 1<:= 12) hut shou ld
still he described as good . It is surpris
ing that zinc plate has slightly better
radio-frequency characteristics tha n
brass. But what we might at first sight
be reluctant to believe has been scien
tifically demonstrated to be true. Zi nc
has better conductance (K = 16) and. in
the 500 \ H lz range, has an equivalent
conducti ng layer of 4.5 um.
Manganese (I<: = 2.3) is a metal with
extremely poor radio-frequency charac
teristk s: it is mentioned for the sake of
completeness. As rega rds conductance
is almost as poor as constantine and
would have a penetration depth of 15
u rn in the same Frequency runge .

Particula r importance is given to the
calcu latio n of the sheath current heat
loss for coaxial cables. The conducuoc
layer or the sheath and the Ill ne~r
conductor carry an enormou s current
dens ity when high levels of power are
transmitted. this noticeably heats the
cable. For this reason, all manufacturers
spec ify a maximum trans fera ble power
at a specific frequency . If the limiting
sheath tempera ture is exceeded . then an
expon ential rise in heat loss takes effe ct.
T he specified attenuation values arc
then no longer valid.

3.
Appendix - Brass

The main const ituents of brass arc
copper and zinc. Reddish brass has a
high copper fraction. In yellow brass.
the copper and zinc fractions arc
roughly the same. If the zinc fraction is
eve n higher, hraxx hecomes almo st
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white. For various commercial app lica
tions. so-called delt a metals (brass with
a low zinc fract ion ) and durana metal s
(brass with admixtures of aluminium.
mang anese , tin, lead, nickel and iron)
are manufactured to secret recipes. Cold
working is possib le. thanks to these
addarivcs. The important value for dia
magnetic gradi ng, ur. considerab ly ex
ceeds I in all cases. For duruna met als.
ur can be as high as 100. The yellow
brass with high zinc fractions, whic h
can be obtain ed comme rcially at prices
that repre~cnt good value , is often made
use of in amateur radio projects . This
b rass is graded with the equivalent
conducting layer in rhe diagra m.

4.
Litera ture

Kupfm ullcr- Theoretical electr ical
nccring . Springcr vcrlag
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Buchverlagspcscllschaft; Cologne

Meinke/Gundlac h: High-Frequency tech
nology pocketbook. Springerverlag
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Gerhard Schmitt. f)J5AP

Supplement to Article on Low
Pass Filter for 2 m and 70 em

In res ponse to the a rticle h~" Ha mid
Mel'k lwr, DCHl lG in 131 uud 141,
cxpcrrmcnts \ H " 'C ('"rr ied out wit h Ihe
prtnted cin 'u it board ma teria l RO
.Iou.' "rum th e RO G ER.S rtnn pauy,
a nd fur this purpose the low-puss
Illtcrs described were const r ucted to
cOi'e with rel:lth d J high "II IIJU b ,

As H. Plcc kner has already pointed out
in 1'1]. the base materia l is a ll uuts tund
il1 g alternative to the relatively expen
sive Teflon hast' man-rial. 1/1 the tre 
qncncy ranges thar nre of interest here.
145 and 435 Mill , no differences could
be observed from the results for the
Ten on material RT 5870.

Since the importer [5J could make
printed circuit hoard material RO 4003
available at short notice in thicknesses
of 0.5 mm and 0.8 1 mill. the capaci
ranee per unit of area ",..as inirial!v
dereuni ncd again, l-or the material wir]r
a tbickuess of 0.5 mm , an area of 0. 15
cm1 gave I pF. Thus for a capacitance
of 47 pl' (filler for 1·'5 MH;t) an area of
7J )(i ClIIl was required: for 27 pF.
corr espondingly , 4.06 crut .

For the 435 MH;t Filter. the base
material used wax (U';I rom thick. An
area of O.2·B em' Per pF Wil S deter
mined. wh en the capacitances were
dimensioned, they were slightly in
creased. which had a positive effect on

the steep ness of the filter curves, C l
UIl(1C4 gav e 1.1 pF. C2 an d C3 = IX pF .
FI'l" IJ pF we rhus need 3.16 cml ; for
I l:I pf = 4.31) cm2•

The filters 1'0 1' 145 and 435 MHl were
again housed in standa rd commercial
tinplate houstngs. with d imen sions of
111 11Im x 55 III IIl x 30 m ID. Ncsockcts
with small Flanges were used a~ connec 
tious; ho wever. tbe BNe connectors cun
also he used for out puts of lip to 200
Walt s. If the filter is par t uf a power
amplifier, coax car-le can he soldered O il

d irectly instead of the sockets. It is fed
through suitable bores in UK' faces of
the houxinz, and the ruble screen is
soldered l ()~ the inside of the housing.
Teflon cable should he used here. of
course '

When The filters had been huilt into the
ho usings a11(1 successfully calibrated,
both the filters were tested ;11 750 Wa lts.
A ~ expected, there was lIO significant
heating after several minutes of opera
lion. ~1orcover. the values for the
attenuation in the transmiss ion band and
the filler curves scarcely differed from
the earlier Teflon material assemblies. A
fun nel' advantage of the base material
RO 4003 which should be mentioned i\
the considerably better mechanical ri
gidity. There i ~ also a price advantage,
as against RI - Duroid .
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Fig I: pcn layout for low pass filter for 145 J\HIz ming: 0.5 mm (hick R04003
material

( 13 ) ( )

( )

Fig 2: PCB layout for low pass filter for 435 MHz using 0.81 mm thick R04003
material
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To make reproduction easier, one board
was developed for 145 MHz (Fig. I)
and one for 435 MHz (Pig. 2) in each
case. The 2-m version is assembled on
RO 4003 with a thickness of 0.5 mill,
the 70-em vers ion on board 0.81 O1 m
thick.

Litera ture refe rences

[I ] Schmitt, Gerhard, DJ5AP. Low Pass
Filler for 2 m and 70 em;
VHF Communications, Issue 3/2000,
Pp. 156 - 166

[21 Schmitt, Gerhard, DJ5AP, Low Pass
Filter for 2 m and 70 COl , Part 2;

VHF Communications. Issue 412000,
Pp. 232 • 240

[31 Fleckner, Harald, DC8UG, Tetlc n or
epoxy base material 1,
VHF Communicat ions, Issue 212000,
PI". 90 - 104

[4] l'lcckner. Harald, DO m G, Tenon ,
epoxy or RO 4000 base material; VHF
Communic at ions, Issue 3/2000, Pp. 152
- 155

15] Data sheet for RO 400} from the
ROGERS nmlpany (distribution. DL:
Mauritz. Gmbl l+Co. Hamburg).

VHF Communications Back
Issues and Binders

• Ava ilbu le from K M Publicati ons

• Order via (he web site, fax or post

• Single hack issues fro m 1969 to 1999 £1.00 each + 1)&1'

• Single issues from 2000 volume £4.70 each + P&P

• Complete 2000 volume £ IKoSO + 1)&1·

• Back issue set 1972 to 194-)9 (61 magazines) £50.00 + 1)&1)

• Hack issue set 1972 to 2000 (65 magazines) £65.00 + P&P

• See web site for Jist of available magazines

• See web site to downl oad a com plete index 1969 to 20(H

• Many out ()f print magazines available as photocopies

• Blue Binders, hold 12 issues• .£6.50 + P&P

K M I·ublicat ioll'i, 6] RingwlMId Road, Luton , Beds, LU2 70 G, UK

Td I Fa\: +44 1582 581051, web site hll p:/hn n\'.\'hfcomm .co.u k
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GUI1 /lumJ Kraus, DGSGB

Internet Treasure Trove

Synergy

The well-know n manufact urer of radio
frequenc y and microwave romponcn r-,
has expanded its product range and (as
uSlIa l) posted the ussocinred documents
on its homcpagc. Of spec ial inte rest
here arc some very well put toget her
short tutorials ( in PDF for mat. ready for
dov. nlo<lll) 011 the subjects of couple r-, 1
modulators and demodulator s I mixers I
synthesize rs I v c o I power dividen;.

Address:

hu p:llwww.syncrgymwaH..com

Trompeter

This firms humcp ugc offers rornprchen
sive tntornunton on radio- frequ ency
plugs and sockets. In add ition to cara
logUl'S and application notes, there is
also an interesting pub lica tion. For radi
o-trcqucncy ci rcuit developers in par
ticular, this publication is ind ispensab le,
as it includes all thc tricks and tips
requ ired with regard to the subject o f
radio-freq uency printed ci rcuit board
drufung and the cor rect ways to connect
plugs or soc kets with a printed c ircuit
hoard:

Printed circuit board design guide.

Address: http://www.trumpeter.co m
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Philips

Anyone who has not visited the Philips
homc pugc fur some time will he pleas 
antly surprised. not only is the prcs cnta
tion now very good and user-friendly .
h ut the nutuh..T or prepared npplicntion
notes has risen to well above 400 . There
is now 35 megabyte s of information of
interes t III radio- frequency engineers .
T he data referri ng to RF power amplifi
l ' r.. have multiplied al great speed.
Something w ry recently added is infor
marion on <ouch topics as circulators or
clcc uo.ruagncuc compatibility. How
ever, we should explain how to get 10

where you want 10 go, for as so ofu-n ;1
little game of hidc-urnl-seek takes place :

\Vc go from " Professional Products'
through "Semiconductor s" to " Product
Catalog", And there we finally find
" Application Notes" .

Address: Illtp:llwww.phil ips.com

Sonne t Lite / Ur, l\Hihlhaus

The German agent for Sonnet singtc
sideband modulation simulat ion so ft
ware (for precise infor mation on using
the fre e les t vers ion Sonnet Lite, see
V HF Com munic ations 2/200 1, Page 66 )
is very active, and has prepared supple
men tary programs on his homcpage 10
he dow nloaded free . He has writte n
some of these himself.
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His "Sonnet tips and tri cks" are very
useful. as is the "geo3D" program for
the three-dime nsio nal represent ation of
the simulated structure. Jus t ll ~ irnpor
rant il> "dconvert ' for aeuerati ne "S
Parameter-Files in Touchstone h)rmat"
(*.S l l' or *.S2P) from the simulation
re sult, ctc. .

Address: htt p://\\'ww. llIuehlhau,,.colli

Ob tulntng driver softwa re

You ha ve a I1C\\ ' PC and YOU Wi lll i TO
car ry on using the hardwa re yo u're used
to as well. SI' you soon find yours elf
faced with the prob lem that (in the
main ) exisling drivers ofte ll do not run
1111 11K' new machine. because it h:l<;
more IIp -TO-Jatl' oper ating sys tems: so
Yl'U arc in urgent need of updated
drivers for the new installation.
Where C;:II\ yo u get the new dr ivers you
need in a hurry'! The al1dress below is
the tuo..t irnport mu one in this con text.
and yOll can find practically everything
YI' l! need concern ing curren t software
and suitable links there.

Address: http://w ww ,hcise.dclct

Metcosat I Eumctsat

llavc you he ard ? The next gc ncranou of
Mctcosat weather satellues (\ ISG =
xtereos.u Second Ccnc ranom is on the
st:u1inf! line. '111e first rock et was due to
be launc hed in Octo ber 200n, hut this
hns been postPOIWJ until July ::!OOI. 50
there's still enough time k-f1 for anyone
who is interested to become familiar
with the histor y of xt eteosar, the current
technology. the rrnnvmission technology
for the newcomers (almost eve rything
has finally become digilal... l or with all
aspec ts of application s in meteorology
or geography. You ca n also do wnload
extremely high-quality material hy the

ton, mo st of which comes unde r the
headi ngs of "Technical & Scientific
Literature" or " ~,I5G " . Thos e not"
wishing III go into the subjec t sc dee ply'
can improve the ir knowledge now and
then by looki ng at the on-line house
magaz ine "Image" ,

Add ress: http://Www.culllelsaulc

Nathmal Semicond uctors

1'\0 dou bt with an eye 10 the ever
growing- mobile phone mark et , Ihis
co mpany has set up its own we b site fo r
"wireless commun ication". With regard
to the produ ct ra nge, the gre arcst inter
c-.t is arou sed by Pt.t s and symho. iser
luning. So we 1101 only find w ry good
and co mprehensive ap plication notes
and introd uctions here, but also software
for the easy calc ulations of appropriate
circ uits (Name: EasyPLL ).

Address:

hitP:!lwww.wirelcl<.s .na tionaJ.c\JIll

Dayton Hamventinn

The best-k nown American amateu r m
d ill ex hibit ion has its own horncpagc. ln
live sound : The greatest Amateu r Radio
Convention inthe world!
Here . in addition to the da le of tho ne xt
show ill 20CH. wh ich lasts for more than
OIlC day ( l Sth. 20th. May ). you ca n find
everything wor th knowing annul Flights .
accommodauon. and even the entry
prices.
A photo gallery convcys an im pression
of the gigantic event with its halls. the
arena and the unus ually extensive flea
market within the exhibit ion space.

Addre ss: http://www.ham \"en tioll.org
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SPECTRUM AND NETWORK MEASUR'EMENTS
Robert A. Witte

This bookcovers thetheory and practice of spectrum andnetwork measurements
in electronicsystems. Intendedfor readerswho havea background in electrical
ellgineeringand usespectrumor networkanalyzersto characterize electronic
signals or systems, this classic volumesuecessnsuy consolidatespertinenttheory
inlo one comprehensive treatment of frequencydomain measurements.
Coveredarethesecritical concepts:

• Fourier Analysis
• Transmission lines
• Intermodulation Distortion

2001 (reprint of 1993 ed ition) 320 pages, ISBN 1-884932-16-9

NP-38. . . • . . . . . . • . . • . US $59.00

F ILTER IN G I N T H E TIME AND

FREQUE NCY DOMAINS Herrnan d.Blinchikof Anatoll Zvorev
Long regarded as a classic of f ilter theo ry and design , this book remains as
the most co mpr ehensive treatment of filtering techniques, devices arid concepts
as well as pert inent mathemat ical relationships. Topics discussed include:

• Derivation of Filtering Functions • Transformation of Lo wpass

• Fourier,Laplace, Hilbert and z Transforms to Other Filter Types
• Lowpass Responses • The All-Pass Function

• Effect 01Losseson Theoretical Responses • Methods 01Time-DomainSynthesis

• Matched Fi lteri ng • Dig ital Filtering

2001 (reprint of 1987 ed it ion) 520 pages, ISBN 1-884932-17-7

NP-39 . . . . . . . • • . . .. US $69.00

,
lHe '''oMA",''nl~

FIELD
MEASU~EMENTS
".. TO" ~ ' u " "0

ELECTROMAGNETIC F IELD

MEASUREMENTS IN THE NEAR F IELD
Hubert Trzaska

Internali onally respected EMF measurement expert Hubert Trzaska
discusses the specific problems 01EMF measurements in the near fie ld
and the main factors lim it ing measurement accuracy, Topics inc lude:

• Measuring Methods lor EMF, Electric and Magneti c Fields
• Power Density
• Photonic EMF Measurements

2001 ,232 pages, ISBN 1-884932-10 -X

NP-37 .. . . . • • . . • . . . . • . US $69.00

www.n oblepub.com

E URO PEAN CU STOMICRS:
P L.E ASE O RDE R T H R O U G H

AMER ICAN T E C H N I C A L PUBLIS HER S

TEL:+441011462437933

FAX: +4410 J 1 462433678
WWW.AMERITECH .CO.UK
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COl\II'LETE KITS & PCB's ARE AVAILABLE FOR
RECENT PRO.JECTS

If t he kit o r PC B is not i ll Ihis list please con tact K. M. Publteatiens

1..:11 Il[S('lU"ll()~ I~~' Ir. '0. r,un:
OJKCS-o Il,l Tr;m~\ crkr 144128 'wllk .., 06.185 £ 121HKI

(Ull ES ..QIt,lmlld Trans \ crtCl' ~ lll2K \ IIIL 2195 06392 £ 120 (1(1

YT3MV IDIo' Noi...: I.-R.tnd AcTtaI Amplili.:r 2192 (I~mll f 275fl

{)(>4 KUF.{JI17 ~ (i..1' I mjurncy divider "'" 06 117 f 42.00

{)(_i4KUf~1l ifNI MII1I~uV1C) !}"idl:I lmfl 06139 , 11l 5Q

[)(j.IRBl-~ Fn""l,,,;"nq i Coun ll:T " 1I.clud ill~ TXll l ,,~ 06 J.l 1 , 105 ,00

DG-lIUI!·..Q 1(I FC 411111l M ia" Q>nIrol l.;:r j lJn ,hcwd ('501) ' lofROM 1f(lQ O6I·lJ r 8S .00

DG4KH I' l-C4IMIO Cnmrk1e K it 1100 06 145 £ 240 .00

l>JKES-O.u 2 MI' Tran«<lvC!' lundkJflK C)A~'\Cfllt.ly 1100 (In(l311 [ 12.00

UJXES -OU 2 MI' 1'lU1<,«' I' (I OU~ 1100 OMb l [ 0>'"
UJKES-f144 2 Mil Tr...,S«'i '-lT Lx cuer 1100 OMb3 r 9>00
f)J lIr~'\..04 5 2 MlI Ttanscc.. cr Transmu I Receive M" Cf roo OMM r 90~)

I)J8 1'_'\ 2 Mil M,cm Clml",lk r (lJnlOOard C.~fl l) + EI'ROM roo (It>Sh6 r 115.00

r U I llf~"o( 'RI I ' I Il ) ' ','I 'f: ,... "Kin :
DJIIE.<.;..(1l9 Tnu~'-cl1er 144 128 MI ll ..., (l6.llW f .'"
lXi4KIU.f11l7 4 Gi ll f n.-quen..'1' di,ider lro" oeue f too

OC04KIU'..(IlJ8 If.) Mill f'Kq UC<ll.1 DI, illa "Il" 06 0 8 , II. ~O

IJCrolK Hf-4JllQ ~ rOl.l UOl."")' Cl,..nt.:r 1100 (""1~ ft
, 10 .50

D(t4KHF..(Jl O ~C4000 M IU<l ( ' (H1trolkf ( Umbeard ('53 1) "'" 11l'I 141 , n on
lX't4 KHF ~C4 (~}() COln l'k fC "-it of !'Cu. MO (ll'! 144 £ ,18.00

[)JKf:S -o U 1 Mtl lrallSl:CI\ Cr h rn:tinl1 "-11" As,C llllll)' 1100 11l'I(J,17 , 5.00

DJU:s -o B 2 Mtr '] ransccivcr DDS 11110 IlM hl) l 8,(lO

IlJKF S-(144 2 Mt r ] nmsccwcr Exciter 1100 116~ (,2 r 1O.5()

DHH' S.Q4S 1 Mtr transceiver Tr;Ul<,mi! I Rece ive Mixl'r IIll(] IlM M £ 10,00

DJKES Micro Control ler (Uniooard CSOI) + 1 MIT EI'R()M llflO (lI.> U l £ SO00

SSJ\fV Kit of I'CIls for \iatj;1l Vidmar SIX\: lrum Analyser 4t'l K-fI9Q S53MV c SS,{lO

(comprises Jfll"Cfh)

Minimum shipping charge £5.00
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