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70 MHz Preamplifier for
Frequency Counters

Ma u)" fr eq uency eu u mcr mod utcs ,
hoth ind ustria l p rod uctv a nd I>.I.\'.
equipment , require a - res pcctablc"
r n . Il'''d at th e input. ,\ suitable
prea mplifier urust therefore be used
fur level adj ustm en t to enable practical
rl'I'IIU l'I1 C ~ measurements.
TIll' prcnmplt flcr dcscrfbed here offers
a high d egree (If inp ut scn srtt vtry ill th e
I"rCtlllClIl',V range frn m 1 H:r, to 70 \ tH1
a nd suppucs till' standard level for
TTL modules lit the uutput, with an
inp ut Impedance of mo r e tha n 1 \In.

l.
Circuit descri ption

The input impedance of the amplifier is
very high. due to the FET J3 10 ( Tl) in
the input stage, being mor e than I MI:!.
The two huck to back IN4148 diodes
protect the input from saturat ion. The
BFSU6 transist or lT 2) is the fi rst ampli
Ilcr stage. The circ uit diag ram can be
seen in Fig. 1.

Most (I f the sign al ga in is provided by a
Motorola line receiver - ty pe M C1 01I l l fi
(Ie l). II is usua lly used to process weak
signal" in digital comm un ications and is
specifi ed for frequ encies up to 100 M Hz
and above.

The following BF506 (T3 ) transistor acts
as a sw itching stage. With appropriate
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design it co uld provide Tl'L leve ls di
rectly at the ou tpu t fill' low frequencie s «
10 Mllz], bu t no t for a freq uency up to
70 MH71 Th e problem is to find appro 
priate switching transis tors with a corte
spondingly high transit frequency for
processin g T l't . signals. Trans isto rs arc
req uired with a l imit ing frequenc y of
approximatel y I () to 20 times the operat
ing freque ncy.

As the measurement frequency rises. the
ampl itude o ftho ~qllan.: wave -ignul al T.1
fu lls. The LT I OI6(I C.1 ) co mpara tor
switc hes between low and hi ch levels
con trolle d with its threshold~ voltage
which is se t with a R I5 (22 k high 
precision porcmiomctcr). The desired
TTL lev el i... thus eua mnteed over the
enure frequency range from I Hz right up
to 70 MilL.

2.
Assembly instruct ions

th e amplifi er is assembled on a two
sided copper-coated epoxy printed circuit
hoard with the dimensions 40 nun x XO
mm. The layout can be see n in Fi g. 2.
Th e com ponents s ide of the board is also
the earth surface.

The board is fi rs t drilled , usin g a O.R mill
drillfor rhc com ponents and a I mm drill
for the soldcnng studs. The mounting
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holes should have a diameter of 3 mm. In
the second step , all holes tor connecti ons ,
excluding earth connections, should be
counter sunk using a 2.5 nun drill

The prin ted circuit board is populated, in
no particular order, in accordance with
the components drawing in Fig. 3, includ 
ing down to the two integrated circuits
11ClOJIl16 (le1) and LT 10l 6 (I e3 ),
and the componen ts arc soldered into
position . Earth conne ctions arc soldered
on both sides here, so that good earth ing
is achi eved.

T11(; two remaining les should not be
inserted until the operati ng voltage of +5
V has been checked at the ou tput of the
7SL05 volt age regulator (1e2).

1 x 78L05, voltage regulator Ie

1 x J31O, FET
2 x H1'506, transistor
2 x 1N414R, diode

1 x electrolytic capacitor, 10 IlF/ 25
V, R\tl 2,54 mm

2 x electrolytic capacitor. 47 IlF/ 16
V, RM 2,54 111m

1 x high -precision potentiometer. 22
kit RM 2,54 mm

l x pri nted circu it board, DJ8.ES 05 1
5 x sold ering stud, 1 mm
1 x solder ing Jug, J rnrn

Resistors, liN watt. R\l J() ru m:

3.
Components list

x :vtC lOll llfJ, line rece iver Ie.
Motorola

1 x Ie 1.'1'1016, comparator Ie.
Linea r Techn

1 x .N.n
1 x 100 n
4 x Ison
(i x 1 k n
I x JO k n
1 x 47 k n
1 x 1 M n

Fig 2: PCB Layout DJ8ES-05 1
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Fig 3: Com pnn ...t Layou t

Ceramic capacitors, RM 2,54 111111:

I x 22 pP
g x IOO JlF

~ .

PU ll ing into opcrartnn

Once the supply voltage has been up
plied, the amplifier is ready for operation.

Fig 4: Photog rap h of Comptcted 70l\H IL Preampltfler
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Fig 5: Squa re Wan ' Signa l Output ar
TTL Levers

The curre nt con sumption is approxi
mately 75 IllA at an ope rational voltage
o f + 12 V.

To lest the equipm ent first set the switch
ing threshold of the I.TI O[(' comparator

(IC3) using thc R 15 high-prec ision poten
tiometer to the mean valu e of the volta ge
level at the output of '1'3. Then testin g is
simply carried by tonne-cling to a fre
qucncy counter SCi ill maximum input
sensirivirv and at maximum measurem ent
frequency. If you do not have a suitable
standard signa l generator . thi-, ca n abo be
done, with the help of an oscilloscope
using a lower frequency.

Th e ampl ifier (Fig. 4 ) operate s over a
broad frequency range. from less than I
H7 right up to 70 \ 1IIz. 'I he ou tput
always uffcr-, a square wan.' s igna l with :1
TT L level . This CrJ U be see n using an
oscilloscope with an appropriate band
width (f ig. 5) . The input sensi tiv ity is
high imp edance over the frequen cy range
(> 1 \ H l) right up III .'\ () mv . Only d ose
to The upper or lower limiting frequenc y
docs the sensitivity fall had, somew hat.

In concl usion, \ would like [0 express Ill}'

henrtfcl r thanks to 0\1 f rank Peter Rich
tcr (OU IJAT) for his activ e supp ort.
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Gunthard Kra us. DCSCB

An Interesting Program,
TRL85.exe for Synthesis and
Analysis of Microwave Problems

I.
Brief description

Smile: TRU ' 5.cxc

Arm of oppticanon:

Precise synthcsi s and analysi s of

Microstrips

Edge coupled micr ostrips

Striptines
l-dge coupled Stripline s

Coaxia l Cables

Fill' fJpl' ani/ fill' size:

TRl .K'i.EXE-File with Windows user in
terface and addi tional Ol\Ll:'\ E help. File
size approx imately 2 Mb

\10 prob lems were det ected dur ing opera
tion with WI\" 95 9X/tl-IE and with a fast
comput er.

Rugs 01' seri ous comp/lfing errors de
tccted:

Le ft-llano edg e of results report is often
displaced 100 far 10 the le ft on screen and
can no longer be brought back.

Userfriendliness:

The program is easy to understand and it
is relativel y casy to familiarise yoursel f
wi th it. Lses me tric or Impe rial units as
desired . Very practical structure.

(mline help:

Yes, high-quality, provided the results arc
within the scope.

Procurement options:

Download from http: //www.ansoft.col11

2.
Descr-iption of TRI.85

The A~SOFT company has prepared a
free, limited student version of its vcry
expensive and compre hensive microwave
CA l) program "Serenade" for download
ing from tho Internet.

Address: http://w ..... w.anscn.com.

It C01l1l::S accompanied hy the TR L85
stripliuc calculator, the "Tk Lxo.cxc-filc"
which can be copied into another direc
tory at any time once Serenade has been
installed, together with the online help, or
can be tran sferred to another computer.

TRL85 is based on the same comput ing
algorithms as PUFF or PCAAD, but is
markedly more powerful.

Apart from the well-known WINDOWS
too ls, you will appreciate, for example,
the option which allows you to take into
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account the incorpo ration of the circuit
into a housing using "distance to cover".
In addition, the relationships be tween
IO~$cS and freq uencies are carefully and
separately logg ed, broken dow u into
power losses and insu lator losses, etc..

2.1. Wor king with TRI.N5

men us offered.

T he areas covered arc:
Mic rovtrip

h lgc coupled Micros trip

Stnplin c
Edge coup letl Striplinc

Coaxial cable

The rest tl f this article assumes that a
THLR5 directo ry is no" available on the
computer in usc.

For that. you run set up a start button for
the TRL85 program un the WINDOWS
screen or simply move to the directory
for T Rl. S5 and cli ck o n the file
"TR LR5.exe".

On the screen then d isplayed (Fig. 1) you
should first d ick on each of the symbols
marked there in succession. 111 this way
you can sec the basic structure of the
various analysable modes of conducti vity
for yourself: together with the screen

The following examples can be used til
fumiliarisc yourself with the program on
a step-by-step basis.

2.2. Ty pica l ap pllcntieu :

Analys is and synthesis o f a SOU mic ros
trip supp ly line

For lite we ll-known printed ci rcuit board
material Rogers RO 4003 with the fol
lowing data:

ER (ar ] = :Ui!

Board thickness 1\ ""' 0.813 rnm

200
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FiJ.: 2: Steps for \liuustrip simulat ion

Copper coaling 0 11 both sides 15
um
Dielectric 10">"> facto r lAt\ 1> 
0.110 1 at 1.6 (1Hz
Scree ning plate 13 mill above the
hoard

A quarter-wave version 1S to be invcsti
gated. with un electrical length of l}()

degrees at the (i PS frequency f = 1575.4 2
Mi ll..

We therefore select the " \ licrostrip" op·
non bnuon and we firs t examine the
scree n in detai l:

In the right-hand half o f the menu is the
"Synthesis" hunon. TI ll S is used if 11

sp~'c iJk impedance level aud a specific
electr ica l circuit length (in degree s) have
been selec ted. at the operating frequency
required . As it result. the physical (=
mechanical) leng th and widt h of the
circu it <Ire obtained for the board data
entered ill the bonom left -hand co rner
and the values for the track material
entered at the bottom right-hand corne r.

In the left-hand half of the menu is the
"A nalysis" burton T his can he used 10
specify (from the m...xhanicul di mens ion"»
the electr ica l chanKI<.:ris tics [thc imrcd
unce leve l, the electrica l length in de 
grees. the losscs in dH j mill, even
scpar.ucd into dielectric and conduc to r
I ll ~ ~ C S. ctc.l .

The following steps shou ld 11 0 \\/ he care
fh lly carried out one after another ( r ig.
2):

( I ) Please en ter a 50U im pedance
level here .

{2l Is the dimensiona l tinit the mm'!

(3) I"> the frequency al read y being
measured in ( i1 1z?

(4) LeI the electrical length be 90
(the associated dimensional unit has
al ready boon set to degrees).

(5 ) Ente r frequenc y 1.57542 (G Hz)
correctly .

(6 ) T ile specifi cation s for the track
material [co ppe r I thickness = O.OJ 5
(mm) j RGH '- roughness - 5 urn]
must go in this field. Under

20 1
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Start :tn:llysis ncrc
, . u,o- ' " , ..... . .,,''',' " •• 0.0,,,
" Yo, ."..~ . " ,." ..
, ,,, , , .....

b e-
......, .

SYll l hl;'~iwd , 'alli es
I

~I
Fi~ 3: Results of S) llllu's is un Mic roslrip Line

"Bottom" selec t the option "Coppe r"
and for ~ 1~ GI I " enter tile proposed 5
urn.
(71 And here finally all data
concerning the printed circuit board
(Ihid ,ness = 0.1:\13 [nun ] f !J{ = 3.31<
I cover distance from board := 1;l
(mm] I TA NI> = 0.00 1).

w hen everything has been don e. press
the "Sy nthesis" hutton and the corte
spendi ng result appears on the scree n
(Fig..1).

In the lop left-hand comer of the menu.
the two boxes for W (= width) and r (
physical length ) are suddenly filled with
tbc calculated values.

Underneath the menu area, in a large
separate field, a results report is dis
played. In the marked frame, here too we
have the values lor the length and width
o f the srripline, whic h are:

Width = un mill

Length = 29.24 111111

lor Z ,..., 500

Now pn.:~~ the nAlIalysi~" buuon again
and sec wh ..1 new options arc offered:

In the menu not much has chanced. it is
j us! that the rounding errors c,m- he seen
for till: impedance level and the electrical
length. under "Re verse Calculation".

III the report field ( ri~ . 4 ) on the other
hand, we now also 11<Ive the attenuation
value at 1.6 Gtt z, and th is divided into
" I)" ( - dielectr ic loss). "C" t - conductor
loss) and "T" (= total luss).

l f des ired. TRLR5 saves .111 result s. in a
separate ti le this IS all additiona l op tion
you arc given when Icerving the program.

2.3. TlP ic11 1 applicat ion:

Ccuptcd lin t.' parr

With bandpav, filters made fmm coupled
line pairs. once the filter design is com 
plete we obtain the values for the EVE~

and O[}[) resistances. They mus t first be
converted into mechan ical da ta before the
printed circ uit boa rd is de..igned. "PUf F"
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can ccueinly do this too, hill with
"lRJ.X," we can ab o iust addit ionall y
calc ulate the incor pora tion into th~
scr l' l.:ning housin g w ith the co ver distance
oJ: for example-. 13 mrn .

Till' following dat a arc assumed for the
line pai r in such a fi lter :

1 I ,\-'l:l'\ '" 65U
1.0 DD = 40.8n
Electrical length = I)Olll'grl'es

The same pr inted circuit hoard malic of

IHJ4003 IS used ag ain and the data to he
ent ered for it art':

Rela tive pcrmiuivity. ER '" 3 . J ~ i
Printed circ uit boa rd thicknes s. II
= O.X13 lIlll l i
Copper coating on both sid es 35
~L1n i Dielectric loss factor r A ND
- 0.001 at 1.6 Gl lzz Scrccnme
plate 13 nun ahnve printed circuit
board .

Xow usc the second buuon fro m the len

IIl1l 'lI nat ll For
Puir

III1 11 tilln Ih '·,

II
C o p p e r C o a t i n g

Substartc Data

. d~~... ...

I 1"i7<}' [....~,.r.; ":r" ']•~ ,~,.-' D' ...n ....•~ . . - :-'r; . Ii'~ 1r.:-3
I If.' ; .1 , ~'L i · r;;---I; ," ·'- .... Am

• r;;;;;;- I 1 - - ~ - , i , " pv-' --- ~Lin('• t ,·_ " i __

,. ~--... '"""'.- ·,_.;'1J&l.. I11<",,,:1.........1 rA.;;;'c........i~JC' R. ... ..i ,i -f ·l l ,"","" ,·" · I ~" ,-, 'L_
~ ~

. , '.;. '. ' . ' < .,=- -,. "" ". , ~'..~
~,,,,,M•• '..-,-" , . ,, 0: .... 0 .... ....."."."" <>".,, f~; --- -

" r;:;u
'" f"i" ",,."'" I,·",,·, ::Jrc.;- fU'T" ,,=-~~ ......'''''"''. snit

~ ,~~ , "'<1"" 1<0"'" ::Jr f ' - ' r- B fZ""
• r;o- ..", ~ '0' I·. ···."1-r- rO B

.."' ~- §"~·~;n i,

.

Fi~ 5: Data S{'IUp 1-"01' S im ulatiun Of Coupled t int' Pair
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Fig: 6: lIsin j,\ T IH.X; for Simulating a Coa vta l Lln e Prnblcm

to switch to "edge coupled rmcrostnp
and first re-enter the- printed ci rcuit board
data 111 the "Substrate" field III the scree n
menu which appears.

We also need the da ta 0 11 metallisation
aga in. So we select "copper" under " Hot
tom" and lilt "RtilI" we select a surface
roughness of 5 um.
Now things gel interesting. because we
can now finally enter the electrical leng th,
E, the ODD reslsmncc. Zo. and the
EVEN resistance. Ze.

Press the "Synthesis' billion once, and
we at once ob tain the following values in
the left-ha nd hal f o f the screen (Fig. 5):

Conductor width W = 1.58 mm
Interaction gap S = 0.33 mm

Phys. circuit length P = 29_65 mill

If we lIOV. ope rate the "Analysis" button.
we can sec how THl. iSS once «gam
determines the electr ical length, L to..
gerbe r with the resistances Zo and Ze.
But the- most important th ing is the results
report in the lower half of the screen, for
there we lind the precise loss factors am!
ot her details,

But please don t forget: unfortunately,
T Rl.R5 can not pcrform O PE:,\..[ ND
correct ions for us on line term ina tions
working withou t load we han ; to do that
oursel ves and determine the shoncnimis
required using. for example, the weli ..
known diagrams in the "PL:FF Ma nual"!
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2A . T yp ical applklltinn:

Coaxia l lim'

Her e we are not trying to go ove r the data
for a coax ial cable hut to so lve the
following problem:

The intern al cond ucto r of an S\.1A
Flanged hush with :I diameter Ill' 1.27 nun
is fed thro ugh the wall of an aluminium
housing to the printed c ircuit hoard. This
housing wall is J nun thick and the
continuous bore should he selected ill
such a way that the impedan ce level. even
within the wall. is 511i 1. What dril l diam
etc r should be se lected? The solu tion is
shown in Fig. (j .

Call up "TR I.X.'i" . selec t the " Coaxial
cable" menu and en ter an impedance
level of.'iO (Ohm s), all assllllle-ti electrical
length of 90 (degrees ), an opemtil1g
freque ncy of \. (, (Gil , ) and the da ta for
air ( EI{ - 1, TAl"D - 0 ). The program
then a lso need s the external diameter and
calc ula tes the internal diameter for this.
l ien: we can start with any value as the
external diameter. Hnully. press the
"Synthesis" button

We " Iter this externa l diameter and con-

tinue 10 create shnula non s until the inter
nal diameter reac hes the pre-set value o f
1.'27 rum. For this, we need a bore with a
diameter (If 2.9 mm in the housing wall .

3.
Sum mary and assessment

The "TRL l'i.'i" stripline calc ulator pro
vidcs an outstand ing supptcmcm 10 sunu
lation using " r UFF" and is indis pensable
once 11u: housing has to he included as
wel l.

In other respects. "Pt.Ff" and "TRLXS"
supply practically iden tical results. Its
ease of op...-ration makes it a joy to usc.
and uuforunuucly this is not the onl y WilY
ill which " PlJIT ' is put ill the shade.
There is also til l' direct lllod elling or all
data (impedance level, sp litting loss true
tions. ctc.) ,It Ihe pre -set design Ire
qucncy, together with rho WI~J)OWS

interface.

NOll' :

You can look forwa rd to fur ther prcw rna
lions o r intere sting sottwarc here .
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Joop ~'un Sunder! P/) /A PU

Optimising yagi antennas with
YG03 Genetic optimiser

I.

lut ruductien

I'or ~ years I have been involved in th....
design and optimi sat ion o r Vag i antenn as.
I haw used programs such as Yugicad
and YOC for the dcsien or such an tennas,
bUI the results did nOI give me a satisfied
fee ling as to the pcrfonunncc: the thco
renc al results appeared 10 be w ry prom
ising. but in practice the resu lts were nor
as good as one m ight expect. Latel y I
have been using the NFC 2D code. and
sin.... c then results have improved. Person
ally I had some problems with the :"J EC
input files. simply hc~ausl' I was so u~cd

to ente r data according 10 the requi re
mcnts of Yagicad mill YOC. In this phase
ofthe project I was assisted by Dr. Ger ry
van Doorcn I'AJ EWA. who has profc s
siuna l experience in the- lise or \lEe.

2.

Y;l:;:i design and nptimisatien

I am using the fol lowing procedure 10
design and opt im ise ,I Yagi antenna. The
first order design is ob tained using Yagj
max J. [ I. The laucr progr;nn also has all
optimiser wh ich is used to obtain the
rough geo metry o f the yag i antenna.

Since the use r inter face of this prog ram i:
vco l)- good (com pliments 10 the author of
Yaci max!). it is quite easy to obtain a
r\.':a~nnably per forming yag i antenna.

Afte r the opnmisnnon in Yag una x. the
nume rical design is save d. and this gee 
metrica l data is conv erted into a :'-'l: C
input Ilk. T his program was supplied by
I'A) EW A. uml was specifically written
for this purpos e. lh i ~ input file is used as
input TO I\ EC2D-5001-.. afte r which I look
at the results. and apply some minor
manual corrections III order to obtai n a
1''':<11 impedance such that the run time ill
YGO is (hope fully! reduc ed. The WII I

parison o f results given by Yagimax and
~EC2D reveals that for the identical
dcsiun SOI1l\,.' conside rable differences can
he obta ill..:d . As an example. I have
applied the above procedure III <l 23
clement yagi ar ucnua. -Ihe da ta Yaguuax
supplied was a gain of" !s.s tl£h . front
til-hack ratio (F.ill ) of .;X dH. and an
impedance Z of (4Ql--jI. X) The corte
sponding results ohtaillell when u_~i llg

t,TC~ () were: gnill -' 17.1) dBi. I-, H = 2 1
J B, and Z- (56"'j-U) .

[ haw bui lt antennas of variou s design
and bv mou ntinc: them at the sam e bcighr
on the mast, I c~; ll I J make good com pari
so ns of gain, FT3. side lobe level und
radiation pattern . I have done compari
Sl l llS for around 10 antennas. and the
prelim inary conclus ion for these is that
the result s as predic ted by '\l1-'C2D com e

20Ci



vm - CO \ 1\ HIKJCATI O":\S 4 '2001

closest 10 the da ta as measured in prac 
lice.

.1 .

Further optimisation of the ya~i

antennas

Fig 1: Top view of
Balun

Rece ntly, I have started wo rking with the
prog ram YGOJ , that I ob tained fro m the
unoffic ial NEe arch ive as main tained by
Ray Anderson Thi s code uses genet ic
algorith m-, to optimis e antenna geom 
etry 's for NEe. It prod uces NEe inpu t
files. Tuns NEe and optimises the NEC
input data bas ed Oil the results (rom a
pTeV\l)U~ run , The basic principle is tha t
the fittest .nucnna. i.c. the antenna with
the optimal performance will survive.

rig 2: In ter nal
view of B:l1un
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Please refer to dedicat ed antenna journ als
lo r details on the the ory (\1' this 'method .
After some e-mai l correspondence with
Ray 10 solve some problem s willl the
seed files , I managed to gel the prog ram
running. I'IK theoretica l results as ob 
tained appear to he vel)' pro mising. Tile
disad vantage bein g that it can take a 1'('rV
l('llg time 10 ob tain an optimu m result.

To begin with. I started using ' { (lO with

VHF CO~t1flliICATIOj\;S 4 '200 1

r ig J : View of
Dipole Fixing

a seed fil e directly'. Th is app ear ed 10 be
quite cumbers ome , and I decided to try
sOll1dhim; cl-,c. :-.J()W I write the seed fi le
my se lf ~sing data fro m Y"agilllax and
I\ EC2D. Aikr 11:1vi ng defined the seed
file norma lised to the wav e lcnnrh , the
n umbe r of runs 111 Y( jO is lim ited, he
cause the design obtained using Yagima v.
with ih da ta then conv ened into a basic
N r C input, is already a fairly acceptable
design, To view the design", it app ears to

20S
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optimised des ign wit h start ing po int 25el
7.dat. Another file , 26c1 4.dat is a de

sig n emp loy ing 2 reflectors, that at the
mom ent is used in a horizontal stacked
array of two yagis. See the ph otographs
and the figure , where the patt ern for the
25 c lement des ign is shown with a solid
line, and the des ign with the 26 clem ent
is in da shed pattern .

4.

Practical antenna building

Fig 5: Picture of th e aerials in Posl tlun

he favour able to enter a seed file name in
YGO]. choose a short run. xote that I
normally put toms to 000 .00. Also make
sure 10 start from generation I!

Some furt her info on man ually alteri ng
input files is the followi ng. After you
have looked at a plo t in YG03, you can
open the file YCJ01 .l and yo u can make
changes as desired After doing this and
savmg the tile , one can immediately view
the changes by starting YGOPLOT. Ailor
this, you orco the file (i E01.1. At the
bottom of this file, the geometry in
wavelen gths is shown. By putt ing this
geometry into the seed 1I!c, one obta ins a
manua lly altered seed file. and it is
unnecessary to make Ioue runs. In this
way I have designed and optimised vari
ous antennas. I also added the configura
tion me used, but there remains the need
to experiment with several runs to obtain
the result as desired. Hy opening e.g.
GF01 .80 you can compare the geometry
of the antenna with the file 25c1 7.dat
(added). The geometry in GE01 .801 s the

\ \
\

[ have added seed files 2Scl 7.dat and
26el -l.dat. Hoth of these filesh ave been
optimi sed with YCJOJ . Both dcsign-, have
been built and tested by undersigned. The
25e l_7 is a desig n for 432. 11\1Hz, wh ile
the 26c1 4 is a dcs um for 4x(i .5MH z.
Obviously . other Ircqucncic-, can he used
to des ign antennas for . When applying
Frequency sca ling it is very important to
pay aucnuon to the director and reflector
cleme nt radii. because in the frequency
sca ling step, c.g. to 12lJ61\-1 HL. the radii
obtained can give rise to dimensions with
infer ior and impracti calmechanical char
acteristics. Ty pically I try to use element
d iame ters of 5mm. Th is causes the an
tenna to appear very slender, but yet is
mechanically strong .

Whee I build the antennas. I have
mounted the clements throllf: h the boom ,
in galvanic contact with it. I have added
various photograp hs. The balun is made
from RG 142U with a transf ormation ratio
of 4: 1 because a fo lded dipo le is used as
radiating cle ment. In the theore tical de
sign an d ement correction of l lmm was
added, depending on frequency used and
dia meter o f the boom.
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5.

Co ncluslnns

[ have explained how YGO is used using
Yagimnx and NEe2D. Some results have
been shown. and personally J have the
opinion that the comparison between
t heory and practice is w I)' reasonable.

I w i...h all amateur designc-rs good luck
with using YfiO.1 . If there an' any lip ...
and/o r s uggl,.'s lion, with res pec t to YGO.
I am happy til hear Ih(..'SC.

7.1 de Joop I'DII\I'O in The Ncthc'rlund...

e-mail: r OI./\ PO(a: 12move.nl

VHF Cm ..f MUNIC/\TIOKS 412001

Xote From Editor

Thank ylll! vcry much to Joop lor submit
ting thisarticle. It is always very interest
ing to hear from reader s who u...c the
mfonnntion in the articles that arc puh
lishcd in VHF Communications.

There arc a num ber of data files that wen:
too large to reproduce in the magazine.
They arc all available from the web sill.' 
h ttp://www ,vhlcollllll.CO.uk

Fhe appe ndix. shows the clement 11;IIa for
both aerials described in the article.
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Appendix 1

Data For 25 Element Aerial

Rl:n m. 05- 17-2001, 19:16:0 1
Fig ure " i'l\leril ~ 18,13. best chromo ill gel! NO
Co<,i'l icicTll' . a- IS0 b- 10 , = \0 d= 10 e= 10 f= 10
This lu:c and u-c next t\\ O arc res" rved for
comments
All three cornu-eat lines must be pres ent
D" ni,: "nb c ~ n \' " f lhe header or com ment, lines!
"Re flector lcuerir" 4x20
"Refle ctor radllH ", .IlOC\ 6
"Reflector spacing", ,0
"Rfclectc r " ff,d "', n
"DF: lenglh -. .4720
"DL radius '". (W )36
"DL specine ' \YSlO
"D E offse t ". 0
"D I 1 ""~ l h" 4,, '10
"D I ntd~lL ' -. .mv,
" I)] Sp~l';l: ~" , .ONlO
" Il l ottsc t", I)
"D2 le ~ g l h " . .4300
"n2 radiu; " . .(lO,il,
"D2 spncinp" ]762
'tl:! offset ", n
"'fl3 k nglh "• .42~ N

"D ,1 rad ius'" .00.'1,
"D _I ' 1'3c in~ -. .n v
"IH offset ". n
" Del :cnglh ' 4211
"Del radius "', (W)'6
" Del cpacing ' 2554
"D4 " fh ,'l"' , 0
"D < k ugt!> -. A I ( ; ~

"DS ",di'b " Om(,
"0 5 spac.nc ", 2<J6 0
'"D5 " fl~ " t ", o
"D6 k n1'.tl1 " , .4 1 6 ~

"D(' fa.:! ;us " 0036
"06 spaciou " .' 051
-no offse t ', 0
··0 7 !enL:t.11 " , AB5
"0 7 .ad;", ", ,(~)3 6

-o- ,pc"'i,,I-" j ll'l
" ])7 offset ". (J

"'DS lenu th ". .4062
"DS rad1m ", .0036
"OS ,pa~ i n~" , -'5(,0
-us orT,;:! ", 0
"il9 Icnatl: . ,'l062
"DY r"d~H ; '', ,0036
" ]N "pacing:" , 363,0;
"D9 offse t .., 0
"DIO length '', ,4(j62
-mo radtuv". ,0036
"DI O ,peKing " , .3379
"1)\0 offset --, (J

"Dl 1 Ienc-b". .3 (jy ~

"0 11 radins ", ,0036
-uu spacing r, ,371'1
''Dl 1 offse t ". 0

"0 12 length ", .3998
"012 rad~u~ ", ,()()36
"012 spacing --. ,394Y
"D I2 offset -. 0
"013 leugrh ••, ,3998
"013 I"3diu;; -, .0036
"'013 "pacing ·', .4 1! I
"DB offset --, 0
"D14 length -. ,3957
" D14 radius", .003 6
"0 14 spacing " , .., 97 1
"D14 offset " , u
"D15 length " . .3957
"n 15 radius " . .0036
"D 15 , pacing ", .420 ,
"l) 15 onsCt", 0
"D 16 k ngth", __1957
"DI(, radius " . ,0036
"DI I, spacing ", ",n O?
"D 16 "n~d", 0
"O l7 lenglll ", .3Y16
-u17 rad; u,, " 0036
"1) 17 spac ing" "l619
"D1 7 "tI~cl",O

"D IS kTLglf! " , ..1916
"D IS fadiLL " one
"'D18 spacing ", .40(,2
"DIS "n~d '', 0
"D IYk lWlh " , -"J II,
"Il l 'l lad! tL , ' Oln6
"DI'! spacillg .., ..n Ib
-mc o ffSd ". 0
--D20 kn!!lh "• ..' :-;S4
"1l20 radiu. " , .0036
-nao soacinc ", 450 (J
"1)20 of!\ d ". 0
" D2 1 k n!![!o ". .'KSO
"'0 2 I rad ' lLS ' .()036
" 0 2 1 ; p;K;ng "" . .'1052
" 0 21 offs et . ,0
" \) 22 length " ,, 8 ~ (J

"1J22. radius ". .0036
" lJ 22 spa.' ing ''. A090
"022 off set ". ,0
"Dn length ". .3844

Appendix I

Data For 26 Elemen t Aerial

RIm lD: 05-17-2001. \9 :16:01
Figure of.\1erit = 18,13, best chrom o ill gen ;,<40
Coctlkienh : u> 150 b- 10 c= \0 d= 10 c~ 10 ('--- 10
Tll is line and the nex t two ure reserved fO!
comments .
,\I ! thr,,~ conuueut lines must be present.
Do not erase an\, ufthe header or comments lincs '
"Reflector length. " .Souo
"Rd lector radius -. ,00 31
"Re flector spacing". 0
"Reflector off set ". 0

211



VHF C:O\ 1MGl\TCATlO'JS 4/200 1
(~._------------------

"Reflector length '', .4820
"Reflector radius ", .003 2
-acnccor spacing", .1SHU
"Rfclcctor offse t ", U
"DU length -, .472 0
"O F Hidi ,!> -, .0032
"OF >pa~ing ", 1990
"D E onset -. ()
" 0 1 length ';, .4390
"0 1 rndius". .0032
"1>1 spacing " , .081lJ
"D 1 oIT,d", 0
·'O } length ", .4300
"02 radius -, ,0032
"D2 spac ing ",.1 i62
" 02 offset " , 0
"IlJ kn[;lh " , 429H
" [).J radius -, ,0032
-r» spacing ", .2 ]97
" [)3 offs et " , 0
-t ),] lenglh " .424 1
"'[)4 radiu, ", ,OIl}2
"04 spacing ", .2554
'1H offset -. 0
"I)) k nlli h ". AI (i8
"DS r"d ius " , .()O.12
"DS spacing ", .2%0
"05 offset -. 0
"I ) ( i l~n gth ' .4161'
"1)1i rad iu,; -. 3)1)31
"D r) spaciug ", .3051
-oc offs et -. 0
" 0 7 k ll ~th -, AI35
"])7 rad i", " , .Il032
"D7 spacing " , .3 1I l )

"D7 onset ''. ()
'T18 knglh -. AOI,l
" [)8 rad iu,; " ,O()}2
" 1l8 spacing ", .35M)
-r» ()Ih~t ", 0
"D9 kTlgth -, .4062
"V'I radius " , ,0032
"D') spacing " , ,JG38
"])9 offset ", 0
"0 I0 lenglh ", .4062
-m 0 rad ius ", -l1lJ32
"D]O spaciuu-, ,3379
"D IOoffset ", n
"D 11 lengt h ", Y)9~
"0 I ] n,, \iu", -, .Om2

"0 11 spacing ", ,3762
"0 11 offset -. c
"0 12 knglh " , ,3998
"D ll radiu s -. ,0032
"D 12 spacicg -. .3949
"0 12 011;,<,\ -. o
"o n length -: ,39%
"D ]3 rad iu;; -, ,0U32
"D13 spacing " . .4111
"013 offset ••, 0
"[) ]4 length " , ,3957
"[)] 4 rad iu;; -, ,0032
"[)] 4 ,p ac'ill!! " , ,3971
"D14 onset '. 0
"D IS length " , ,3957
"D IS radius -. ,00 .1 2
"D IS spa" iTl!! ", .4203
"D ]S offset " , 0
"D IGlength P , ,3957
" D16 radius -. ,0032
"D 16 'J'a "illg ",3707
"]) 16 <)ft\;d " , Il
"D n length -. ,3916
"1l 17 r"dill' ", 00.>2
"D 17 ' p"" ing " , .36 1'1
"D 17 off'd ", 0
"D I ~ length -, ,3916
"1118 radn»", .01132
-n Ix , pacing ", .401i2
"D IS offset ''. 0
" U19 length ". ,39 )6
"\)1 9 r" d i ,, ~ '', JJO,,2
" 1)1'1 ;;pacing -. ,3716
" V1 9 offset '" 0
"U20 lcnuth ". .388-1
"0 20 r~ dTus -: ,()032
"D 20 ;;pacing " , .4 5{ ~)

" Dl Ooffset ", U
"02 1 k llglh " , -'~SO

--0 2 ] r~di us ", .OOE
"D2] , pacing " , .4052
" U2l offset -. ,0

, "])22 lel1g1 h ". ,3 ~SO

"022 radius '', .oon
"D22 spacing ", .40'l(J
"V22 offs et ' ' . ,0
"U23 length " , ,38,14
'-n::3 radius '', ,00.1 2
"02 ,~ spacing ", .40'l~

"[)23 offset ", ,0
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AI/gel Vilaseca, HB9SL V

The Fractal Antenna

A Revolutionary idea

Fractals are mathematical tuncnons.
This concept is normally connected
with computer-gen erat ed image s,
Fractals became extremely popular in
the eighti es for two reasons: the fir-st
factor was the metcurtc dcvctupment of
micro-informatics and the rapid in
crease in th e com p utationa l powe r of
mt cro-cnmputcrs! T he sccon u conu-lb
lIting factor was the work of the world
r ennwn cd French ma th ematician ,
Benuit .\ l a ndclh rol. wh o had made his
nam e working in the field of fractals.

I.
Order and cha os

Fractals were or igmailly just a math
ematical con cept . Sinn : then. they ha ve
become a tool which allows splendid
IlTlagt:s to be generated by computers. But
thars nOI all they also offer a general
concept of the universe. a unifying princi
plc of science. thanks to Benoit Mandel
bro t and num erou s other researchers.

Frac tals are linked to chaos theory . Tn
19R8. a book was publi shed called
"CHAOS" by James Gle ick , and became
very popular. Tt includes several astonish
ing propositions which have since be
come common know ledge : like the one
about the butterfly in China wh ich fl aps
its wings and, through a chain of chaotic

events , subsequentl y causes a tornado in
the Caribbean,

Fractals combine order and disorder in a
unique way ! Ifwe look attentiv ely at one
cit' the illust rations ill Fig. J above, we
can sec that they arc disordered within a
small frame and yet ordered on a large
scale. A fracta l can be chaotic , as in these
diagrams. or de terministic. "Determini s
tic" here means that they are composed
on the bas is of a single patt ern (for
example a tr iang le or a rectang le), which
is called the generator , and that they arc
based on successively changing scales
(wh ich art: ca lled "repetitions"] . T he
num ber ofrepetitions can he infinite . You
need at least two o f them to be able to
speak o f self-similarity. Examples of
fractals art: the Koc h curve , Fig. 2 Oil the
le ft, the Sicrpinski triangle . or the "cy lin
der head gas ket" devel oped by Mandel
brot . Fig . 2 below .

The term "fractal" was coin ed by Benoit
Mandclbrot. It means that it can he
proven .that fracta l images have ll O com
plete d imens ions i.e. they arc incomplete.
This doc s not happen in Eu clidian geom
etry! In classical geometry, a point is
defin ed as having no dimensions. A line
has one dim ension, a plane has two and
finally a volume has three dimensions . So
far so good. It can be demons trat ed tha t a
given fractal. for example
Jog 4 / Jog 3 = 1.2618 dimensions

or again
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Fil: I: T wo exa mples of "' r:ll'l rJ l ~

log 2 f log 3 --' 0.6309 dimensions! This
point can he understood intuitively. If. for
example. we take a Sieminski triangle,
this is an area. so it lias two dimensions.
For the first repet ition. •1 triunulc is
removed from the who le and hen: aga in
we lind onec more three smaller trinn
gtcs. b UI these also st ill hnve two dimcn
sions. If we repeal this procedure ill
stages , the areas become smal ler and
smaller. Aller an infinite number of rep
ctittons. the trian gle will be math: lip of
an innum erab le number or areas which
will he infinitely small. TIll' entire area
will he approach ing zero. hut ncvcnhc
less the Sicrpinski triangle appl'ars to
possess an area. It can be mnthcnuuically
demonstrated that the numb er ufdimcn
sions is less than two.

2.
Fro m theory to pract ise

powerful antenna s (with regard to the
size . radiatio n efficicncv . antenna cffi
cicncy and band widlli Of slight side
lobes). There arc some ante nnas which
can just not be lIesignc.1without fractals .

Fracta l antenna:'> arc a new area of devol
opment only -I or 5 ycurs old: for this
reason, there nrc \ cry lew descriptions 10
be found . ri g. ,~ shows two industrial
dc\cloPIIK't1IS which have already been
produced.

This area of dcvcloprncur looks very
promi sing aga inst the background of an
enormous expansion in wireless commu
uication . The developers arc wo rking
away at it intensively uud protecting their
own developments through putcnts. How
O:\Cf. liulc by little it is. becoming po"..i
blc 10 gl'l at the secrets of even th is new
type oj' antenna . I his article is already a
beginning,

The subject of this artic le is the upplica
ttou nf the theor y of fractals to the design
of antennas. The objective is nor simp ly
to discuss a modern subjec t hUI 10 dcm
onstrare that there really is some potential
here. Resea rchers have already invcsu
gated this path extensively and have
established that the theo ry of fractals
makes it possib le to create 1l111d t more

3.
Characteristics of a frac tal

To obtain some idea of what a fracta l is,
try and answer the following question:
how lone is the coast of Corsica? That
seems k; be an ..:asy quest ion. All you
need 10 do is find a map of Cors ica and
pick up a ruler' - right? Wrong!
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Fi~ 2 : l<:xlulIJllcs of the Koch Curve, tilt' xpier pin sk l Trillllglt· an d III(' Cylinder
Head G as ket rtcveluped by Mnn rtcfb r ut

You take a large-scale map and a pai r of
cornpusscs. Working from the scale ofthe
map . scr the points, c.g. 10 50 kill and
then measure, approximately, the length
of the Corsican coast line. Now repeal the
prnt:ess once more, but this time set the
compass po ints tn 5 kill. Since the coast
line is very Jagged and consis ts of nu mer
ous promontories and bays. the va lue
1!OW obta ined will be greater than the first
resu lt. [f Vi e usc more and more detailed
maps and smaller ant! smaller measure
ment steps , the value at each stage will be
greater than the preceding value. Wc
would thus finally arrive. in theo ry , at an

infinite length.

It could be said that th is theore tica l
contour ofCorsica is a fracta l diagram: it
gives us a coastline with all infinite
number o f indentations. T hey all look the
same, irrespect ive of whether they extend
1 km. or 10 or 100 km . lucidcntall y, the
same also applies ttl a cloud. There arc
also computer programs whic h app ly
frnctnl theory to the synth etic generation
of landscap es. And take it fro m me, I C.111

confidently assert that these synthetic
landscapes (fig. 4) look more " realistic"
than reality!

Fi~ 3 : [ X311l1lIl'S o f industr ial devetopm cnts IIr Fractal Antennas, from Si~ t t'mas

Ra dianres S.A.
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Fi~"' : A Fracu l
VanMr lilJpe

Lundveapc, produced wlrh soh wa rc catted "Bryce" [ro m H..

And so we come III il characteristic which
loan he extremely valuable for an antenna
it alw'lys behaves the same way with
waves of varying wave lengths, irrespcc
live of whether the wuvclc nuth is 10 em
J m or [0 m. In other words~a wide ban,;
antenna.

If we usc a dipole which has a trad al
form instead of {he standard rectilinear
form. we can establish that it is made up
of a large number of sections. each uf
different length. and that each will radiate
in u certain part Ill' the spectrum as well
as possible (Fig. 5).

On the othe r hand, everyo ne knows that
the shortest dis tance between two poi nts
is a straigh t line . Hut it has now likewise
been recognised that the longest distance
is the fractal linc! In th is way, we obtain
curved radiating clements which result in
vr ry much more compact antennas with
less losses and a higher degree of effi
cicncy. Fig. 6

Another J....l'isible way of lI ~i n~ the theory
of Fractals is the log pe riodic antenna: it
is well-known for its extensive band
width. In II log period ic ntucuua. the
theory of fractals is applied, not just to
the individual clements 11\11 10 the entire
architecture of the antenna. Although it
had already been invented many years

Fi~ 5: A Fra ctal dipole dev eloped
mi Jl~ lh c- Koch curve by ~a t ha n

Cohen - .'l ll l-t.
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•

Fig 6: The development of the Fracta l form of a n~cta n g l t" T he r ight hand side
slum's the iteration process.

<I\!O. befo re there was anv talk or Fractals.
it can be recognised th:lt it has on e or
their essential characteristics : self-simi
lar ity . T his is one charac teristic property
which immediate ly stri kes any one "....hu
sees a tructal image . What this observer
sees is one clement repea ted infinitely,
from the tiniest detail right up \0 the
overal l VIew . Like the mannclade jar on
which there is a label with a photo of a
little girl holding a marmclade jar, 0 11

winch there is a pho to of a little g irl 
etc ..

It can be demonstrated math ematically

Fig 7: A Fr act al a nte nna developed
for a mobile phone by Nnthau Cohen 
NlIR

that. for an antenna to have good broad
band functioning, it m ust have a poin t o r
symmet ry and it must be self- similar. 1.1..: .,
its appearance must al ways be the same,
irre spective o f the scale . III other words,
it must obey the law of fractals.

Var ious wel l-known fracta l represents
tions, such as the Sieminsk i triangle. have
been put forward as an tenna s. The com
mon po int of all these struc tures IS then
good behaviour III re lation \0 their rcac
tivity, which usually means we call do
v,.. ithuut any matching. nus implies a
simplification of des ign, greater reliab il
ity and lower losses.

It is possi ble to create radiating fractal
structure s for the UHF range as printed
c ircuits . In the ultra-s hort wave range as
well. thank s to the good ratio of the
wave length to the mec hanical length with
this approach, printed circu it structures
can he use d (Fig. 7) .

Th ere are structures drafted in one piece ,
b ut there are also an tennas cons isting or a
metallic plan e. in which holes hav e been
stamped in acc orda nce with fractal disrri
bution .

The concept of fractal antennas can be
app lied to indiv idual antennas or to an
tenna arrays. In the ease of arrays, the
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Fi~ 101: I{il:,h l - a Koch cu rve, Left - A Sierplus ki fri :III/..:l l' developed as a Ilr infl'll
clrcult h~' T he Car les Puente Pfll)fl'c hnic at Barcelona Univ ersit y

distribution of elements call he regu lar. as
ill ce rtain radar antennas, or irregular, a ...
in certain radio telesco pe ar rays, winch
were built by linking together already
existing instruments, which arc d istrib
uted all over the world.

A fractal array can combine the robust
ness of an irregular array with the effi
cicncy or a regula r array, and this with
only a qua rter o f the elements.

In the case of individual antennas we C3 11.

as an exa mple, take the Koch curve or the
Sicrpin...ki tri angle (Fig. R).

These representations, e.g. o f the coiled
shape, combine inductances and capaci
tances, which removes tile need for any
matching circuit and extends the trans
mission hand. in that it improv es the gain.
Antennas have already been put on the
market which can advantageo usly replace
the rubber antenna.. of porta ble eq uip
mcnr. Some have bee n created using
small printed circuits which are intc
grated into the housing of <J mobile
phone.

It is true that fractal antennas allow
miniuturi..arion, but we should not go
beyond a reduct ion in size hy a factor of
2 to 4. Otherwise there is a danger of
sacrificing the yield. And, just as with all
othe r antennas, it will naturally not be
possible to have smal l d imensions, large

band widths and high gain simuhanc
ouslv . But fmctal antennas call come
closer to this than other tYre~ and thor
oughly success ful compromises can be
obtained between these three chnmctcr iv
tics.

Any type o r antenna can be Iracrulisc d:
monopole . dipole. helix, primed anten
nas, etc .. The clements are termed in
accord ance with a fractal represcnnuion.
OJ" gaps arc introduced into the antenna.

In the case of fl at antennas such as
printed circuits. which arc ninde up of
several clements. the coupling between
them is generally the main factor which
restr icts their power i.c. gain and their
impedance matching. This problem is
avoid ed ill the case of the fractal ,1l1 IC ll
nas.

~.

Expcr lmcutnl Ira ctali satinn Of :'l

loop

Nathan Cohen. N lI R, had the following
experience: he manufactured a frame an
tcnna with all edge length of J5 cent ime
trcs. in the form of a rect ang ular printed
circuit. l ie then manufactured three other
frac talised arucnn as with the same dimcu-

2"
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Fig I): Experiment a l re sult s 011 a Quad Loop by Nathan Cohen ~ ,\ IIW.

SiO IlS, hut each time adding a repet ition in
accordance wit h the Koch curve , Natu
rally the Sil l' of the loop went u p eac h
time.

Compare this with the problem of the
Cors ica n coast which we mentioned car
licr. lie then measured the reflected
pow er (proportional to the SW RJ of eac h
or these antennas. This to ld him that the
fr equencies at which the SW R V'iUS lowest
(which means th at the impedance here
was approximately 50 Ohms) kept chang
ing, and th at th e more peaks there were
on the frequency ax is the lower these
we re (Fig , 9).

For an tenn as with three repetitious. for
example, we have a usable peak at 0 11C

third of the fre quency of the non-fractal-

ised loop, It should be borne ill m ind that
1110 peaks arc no t harmonics o r the start
frequency, II can he determ ined subse 
qu ent ly th at the peaks als o correspond Io
zones in which the impedanc e is real i.c .
not rea ctive, If the rad iation re sistance is
at 50 Ohms and is not reactive, that
mea ns that no addi tional match ing is
necessary ,

5.
Fractalisation of a dipole

In th is example we are not deal ing wirh
experiments bu t w ith the resu lts which
were calc ulated by Nathan Cohen , ~ l lR,
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fiil.: 10: FructalDipulc-, hy x arhan Cohen - ~IIR

with the- help of hNEe-r software (Fig.
10 ).

I lore. instead of a loop. we take a dipole
dimensioned for (i:'i \ 1H7,. to which we
apply two repetitions of tile Koch paucm
in succession . Ilut this lime we sweep a
much bigger runge. going right up to 5
(ITT!. With a rectilinear dipole we now
measure a host of points with a low SWR
for all harmonic s of (is Mllz.

On the other hand. the Iractuliscd dipoles
demo nstra te ex pansi on and low er
troughs. The optimal impedance i.e.• for
which the trough is weakest lies around
350 Ohms.

Thus we can sec that fractalisation can be
used [0 create antenna.. with an extremely

wide trunsruission band.

6.
Practical Applica tions

A practical application of the fractal
theory has been put forward by Nathan
Cohen, .'J1IR: a quad with two eleme nts
for the lu-m-Band. f ig. 11

It measures 1.5 m x 1.5 m without any
efficienc y losses as against the unfractaf
ised version. It does not need a matching
circuit. and i t ~ impedance, Z. is 50 Ohms.
It can thus be cncrgiscd d irectly through a
coaxial cable. Fig 12.
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Fig 11: A Two
Element Qua d for
th e 10m ba nd bv
Na tha n Cohen .,"
J\"'IIR

Using thi s anten na, radio contact could
be made with European locations at I
Watt an d with the Pacific reeicn at 2
Watts . A furthe r version was "measured
for the 2-m band, wi th a ga in of 4 d ll and
a frout-to-bac k rat io of at least 15 dlt .
The 2-m ve rsion has a transmission hand
width of 500 kTI/ with an SWR below 2.

Fig. 14 shows a general view o f the
antennas. The two clem ent s ha ve the
same dime nsions. Thev can be manufnc
tured using copper wire (I. S mm . or
more). The simple st me thod is to lise a
temp late a ll a wooden hoard on which
nai ls are knocked in at the bend ing
points, I to 2(i, in accordance w ith tho
patte rn, ami the cop pe r wire can th us be
very precisely bent. Each of th e fo ur
sides of an d ement is hcnt on the tern 
plate III success ion III this way .

Fig . 13 shows a quad clement for 10 m
wi th corresponding dimensional sp ccifi
cat ions . The framewo rk of the qua d can
eas ily be manufactured us ing I've tub
ing, The same materia l can be used for
the transverse struts. The typical impcd
ancc of the antenna can he increased if
the len gth of the m iddle transverse struts
is increa sed.

Instead of the coax cable, a coil w ith two

turns is connected to tile distnhuti ns
point o r the re flector, so that its trc
quc ncy of reson ance call be decreased by
ctpp. (iOn kllz. TIl(: distance between the
act ive cle ment and the reflector is 170
em.

Like all frac tal ante nnas , this antenna is
also resona nt in more than one band.
:"J I IR de tected reso nan ces at 52. 97, 125
and 14 1 ~ l H z . At 125 \ f llz. the fron t
to-hack ratio is In dn and the gain IS

likew ise 10 dlj. which 1S ;1 lot for an
ant enna whic h is co ntained III a cube with
a waveleng th or onl y 0.6.

Fi~ 12: The measu red and th eoretical
SWR for th e Two E lement Q uad
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0.'. T wo frltdal antenn as for the
7(1-clII hand

their dimensions were matched. IIt: Si l11U

fated the properties of two quad an tennas
with two, then with three loops (Fig 1~
and 16), Unfortunately he gives no details
of the precise dimensions of his antennas.

Another pract ica l implementation for the
American 70-cm band is proposed Ily
Richard Kutter of the Univcrs ity orDay
101 1. To dcrnonct ratc the validity or the
concept {If the fractal nntennn, he first
examined a dipol e and an antenna proved
a temp ting con tro l. He then compared
them with two fractaliscd loops, one with
one repetition, the other with 1\','0. The
radiation and SWR simulations were car
r ied nut in the 70-cm band using :\HNI
I'\I~C Pro. To ensure that the fmctalised
antennas remained in the desired band.

6.2. Fr actul autcunav for micrnwa vcs

The higher the frequen cy involved, the
fewer details we ar c given by authors . It
is, in fac t, in the Hinges of mobile
telephony uud microwaves that the nppli
cations are mos t interesting from the
commercial p oint o f view...

Here are some examples of ult ra-high
Ih..xlucncy antennas. on winc h numerous
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Fi:.: 15: Simulation nf a Two Element Quad fur the 70 em hand
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Fi~ 16: S illlulatiun of a Two Element Q uat! for th e 70 em h:1I1(1

Fi:;: 17: T ht'
Sil' rp in<;ki
T r hll11:ll' used at
mlcrewav c
fn 'clul ' lldl'<;
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Fi:.: IN: Exa mr ll'\ of a nten na .. scale d for ,arion.. microwave fr equencies

Fig 19: A wid eh und a ntenna
dt"dllpt"l! by Xath an Cuhen - Yl f R

Fi:.: 211 : A fractal vcrs fon of the ht'li\
a nt enna b~ :"Iat ha n Cohe n - :"IIU
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teem s arc current ly 'II work all ove r tbc
world. Gut. who knows? Per haps, once
again. another unporlant discovery will
emerge from the amateur radio commu
nity?

6.3. T he Slcrplusk l tr iangle

One structure uflon used in ultra-high
freque ncy engineering is the Sicrpinski
triangle. l t is powered through one of the
corners , in that it is connected up to the
intern al cond uctor or a coaxial line. The
SCrlTnm g is connected to the earth sur
face, which can be both a closed surface
and also a fractal figure. The beha viour
of such an antenna can be analv xcd with
the help of software based 0 1; the mo
ments method, such as. fur example.
Emxigln. The program has already been
introduced here. The said meth od makes
it possi ble to calculate the intensity of the
currents which prevail in the conductors.

The poi nt of opt imal matching for patch
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Fig 21 : l\1 ~

Fav ouri te. a bea m
a nte nna
develop ed by Th e
Cades Puente
Pol ytechnic at
Barcelona
Un iver sity

antenna s is generall y empirically deter
ruin ed However. a start has been made
on using mathematical models 10 develop
simulation s, which wil l ccrtainlv make it
possible to create more powerful simul n
lions in the coming years.

7.
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PUFF version 2.1

Microwave CAD Software
l! nror fllnald)' th i!> product Is no lun~cl' ;wllilah lt" b)" ilst'll. It is lion 1'<I.·t Ill"
1\\ 0 paperback book s :

• Complete Wirele ss Design by Corter W Sayer

• The Electronics Of Radio by David B Rutledge

Buill hooks <Ire nvallahle front Ama zon.cum

Used by man y articles published 111 VHF
Co 111 111 unica lions

Visit the VHF Communications Web
Site - http://www.vhfcomm.co.uk

• Te xt of SOOll' past article.

• List of a ll overs eas age nts.

• Secure for m to suhscrth e and order buck issu es or kit s.

• 1'11 11 index of VII I<' Cu mmunicnt ions from 1969 10 th e
cur rent issue. th is ca ll he searc hed 011 lin t:' or downloaded.

• Up to date list of hack issues avail able.

• Lin ks to othe r sites including a ll of those from the Inter net
Treasure Trove urtlctcs.

• Uownloads for some art icles includi ng YG03 the Yagi
design program fea tured in this issue.
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Modern Design for Band Pass
Filters Made From Coupled
Lines

Nowadays there art' many aids a vail
able to uny clcctronlcs developer. Even
for dcvelnpmcut wurk ill th e area of
high -rrclJllcncy cngtnecrtng , there is
some very powerful software in cxrsr
encc, some of which is nvailahlc with
ou t charge 011 the fnrcrnct.
T he lise of moduli design and stmula
tion toots is de scribed below hv means
of examples. .

1.
FOI'C\\'o.-d

Some years have passed sinc e the series
of article s entitled "Dcsisn and realis e
tion o f rmcrnwavc cirn;its" 1Il lt.l, in
wh ich this subject was dealt with compn:
hc ncivc ly. In the inte rvening period, the
options for proc uring information and tor
circuit sunulatiou hav e multiplied greatl y.
Tn addition , the analysis options are more
precis e, thanks to continuous improve
ments in the CAD field .

A "test version" Of "student version' o f
almost any modem CAD or simula tion
program s 'can now be obtained from the
Internet. including the original man uals,
which arc usually comple te textbooks in
themselves - and mountains of applica
tion notes on almost any subject. The real
problem thus becomes how to ma ke a
suitable choice. " Know-where and know-
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how" arc also important, for all test
versions of what are usually very expen
sive programs have some kind of limita
tions. And theres nothing more irritating
than to slog away at famil iarising youhe!i'
with a new program and then suddenly
realis e that the program available Just
cant go any further wi th the problem
your..: working on.

So the idea here is to demonstrate the
correct and succes sful des ign of str iptinc
band-pass filters. togethe r with their im
plementation in practise. We shall com
pare not only the proccdure-, hut also the
degrees o f success, using the tried and
tested CAD program "PUfF ' (Ve rsion
2, I I and the ultra-modem studen t versi on
o f ANSOFT Serena de.

2.
A glance ar th e technology

Band -pass filters serve to "separate out" a
specific desired frequency range, while
simult aneo usly suppressing, as far as pos
sible, all undesirable signa ls outside this
range . T he following filter models can be
considered for the microwave range in
this context:

Wavegu ide filters (for ve ry high
p 0 V,TT levels)

Coaxial fillers
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Helix filte rs

Filters made from ceramic
resonators
SAW filters

Inter-digi tal band -pa-s filters

Striplinc fillers with cop lanar
structures

Microstrip tillers ninde from
coupled lines
Hairpin filters, ere.

If we also lav down additional r.:quln':
meuts , such as

DIY manufacture a-, simple printed
circuit board at lowest possihlc
cost

cuxilv convertible 10 0I 11cr
frequencies without high (' OSl.., or
problem"
no smoothing

absolute reproducibility

then the two last types arc usually g iven
preference. In this con tex t. hairpin filters
represent a modified version (II' the stan d
an i stripline filte r for shortening the
construction length and im:n.:asing the
edge steepness. The disadvalltag..:s of
lanzcr dimension, must be taken into
aC~~llIn l here,

3.
Principles of strlpllne band pass
filters made fro m coupled lines

Here we arc using "coupled lines", i.e.
two striplincs which ore running in paral
lel and dose toget her. Due to this running
together clnscly 111 parallel. we obta in not
only a capacitive coup ling (v ia the elec
tr ical field) from one line to the other, hut
also a magnetic coupling . The magne tic
field of one line induces ;10 elect rical
voltage in the second line and rhus
transfers electrical power, TIl(' remark
able thine here i.. tha t the different waves
mggercdthrough this coupli ng from onc
line onto the other are added tU!!CLhcr in
onlv one direction. BUI ill till: other
direction they arc in antiphase and try to
canc el each other.

This is precisely the behaviour of a
directi onal coupler ami it is also the main
applications urea for this li lie structure.
This behaviour ca ll he used to separate
forwa rd and return wa ves ill U xyxrcrn'

However. 111e dl'so.:riplinll of such a com
ponen t for simulation can be expanded
further-

Due 10 the filet that WIlU: ti l' the waves

5

95 __

Bandpa f3 UKWBP2 I 16£13 MHz

5

. ~. -

Fr l I er • 4,32 I Oic. e 1,50 I Open end- Korrektur, 0.3 mm 0 I
-- -- -_ /\11 _

rig I: r CB layout for 11I9·t'\ '1H z Bandpa ss Hltcr
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triggered in the second line are in-phase
and some are anti-phase, it is necessary to
spec ify two different impedance levels,
namely

a) the EVEI\ impe dance (or:
in-phase impedance) and

b) the ODI) impedance (or:
anti -phase impedance).

The LVL l\ impedance level is always
higher than the system impeda nce (usu
ally 50 £1) , whereas the ODD impedance
is esseotially lower than the syste m im
pedanc c used .

lhc relationship or the three impedanc e
leve ls to one another always depend s on
the formula

'ink:
As soon as even one impedance IS speci
fied, many CA l) programs react in the
following way: 11' the impedance excee ds
the system impedance. Z. then it is
indicated as the [V[I\ impedance, and
the missing ODD value is calculated in
accordance with the above formula - and
vrcc versa.

.1.1 Nnw fur striplilll' baud-pasv filters

If several such coupled line pairs. with 90
deg rees of electrical length , arc con
nected together in series, the line sections
act as resonators and "the input signal is
transmitted smoothly from input to out
put, only in the range around this frc
quency" in this way, the desired band
pass behav iour is obtained. Unfortu
natcly , th is is repeated at the odd multi
pies, i.c. for exa mple the trip le frequency,
d e...

For the practical implementation, see Fig.
1.

It can easily he seen that, in addit ion to
the three coupled line pairs, the: 50-Q
striplin os arc also used as connection to
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the SMA sockets. The underside of the
printed circui t board is a cont inuous earth
surface.

4.
The design pa th: from the
standard low-pass to the
stripline hand-pass filter

4.1 Prelimin ary work

lhe circuit develope r is initially faced
with the fo llowi ng decisions:

Which tvpe oO ifter is the ('mn'Cf one?
The L:hoice' will fall. lor example, on
Bessel . Butterworth. or Chebys hev filters .
Bas icall y:

Chebyshev filrers display ripple in the
tran vmisxinn ranuc, hut as nuainst that
they can offer g~lOd cdge xfccpncxs for
the transition into the filter attenua tion
hand.

If, in contrast, we: need better group delay
behaviour and no ripple in the transmis
sion range, we go for Butterworth filters,
though their edge stee pness in the fi lter
atten uation hand is mnrkcdlv lower than
that of the Chebyshev type. -

If the filter has to rctnum absolute ly
gentle and as smooth as possible at all
points. that leah's only the Bessel Filter.
Mind you, we: pay for this "gentle"
behav iour with a vel)' "tin-d" transition
from the trans miss ion range: to the filter
auc nuarion band (in order to kee p phase
distort ion as low as possible) . Thus, there
is scarcely any "edge steepnes s" to speak
of in the filter attenuation band.

Then comes the question of the degre e of
filtration , N, which for normal low-pass
fi lters directly corresponds to the number
of components needed. i\ greater degree
of filtration brings about steeper edges in
the: filter attenuation band, but in practise
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(I n prac tise, a maximum reflection factor
bcrwcen -" and 10 ~.-o is usu ally suffi 
cient..]

TIle reflection attenuation is thcn sim ply
the -n,..gative dB value of S II or S:!2"!
Corrcctly:

1
II, = 20 Ing v r

The following summary table (drnwn up
in accordance with the above formula) is
intcndcd to serve as a smolldcsign aid:

SO %, 6d H (jdH J.25d ll
20 '?", 14dH 14t1 H O. I77d B
10 .~ .;. 211llB -20dH O.l14JlHlB
5 % 261lH -2(jdH O.lIIJ B
2 % J4 dB -34tIB H.OO I7dB
1 % ·lOdH --40d B O.OO(}·BtIB
0.5 % 46d B -4lidB O.(lflOldB

Refh-cr ton S I I Chl'h \'Sht'\
auen uattonor Rip pic nf
ll l~ S22 Tl'llllS

loss

Rl'l1l'\'fiull
fur fur
1'1

the attenuation in the transmission range
is also increased, due to the greater
number o f components and thei r losses.

In practise, the type of filter which is very
frequently used is the Chebyshev. with N
between -' and 5. For this reason. a filter
from this group is taken as an example
here .

The next dec ision relates to the system
impedance (usual ly 50 12). More over,
espec ially lor Chebyshcv filters . the
maximum passband ripple. the reflec tion
factor, ctc., must be J d l·nllincd.

It sho uld be ho m e in nriud tha t th....
variables:

passband ripple (oscillations of
S2 1 and / or the tnmsm issinn loss )

reflect ion factor r
voltage Mantling wave ratio VSW){

S i l
reflection au cnuauon ur

arc insepa rably cssoci.ucJ with each
other in the Chebysh ev typc! The follow
ing relationships apply here:

a) Between the reflection factor r and
the volta ge standing wave ratio
VSWR:

1\ hil ll dpa~s for ( iI'S with the Il lllowillg
data is intendcd to SlTVl' as a design
example:

VSlrR - 1, =
VSIVR+ I

h) Between the ref cctinn factor r and
the passhand ripple (maximum
trans mission loss ill dB)

1
u >t<X = lO -tog - •

1-,f
c) Hctwccn S I I aIl11/ or S22 . tbc

reflection factor r and the reflection
attenuation aR:

With correct matching, S11 and / or S22
CNTcspond precisely to the reflection
facto!" o f the fi lter, but are normally
specified in till :

.'111= S22 0= 20 loglr

Fith:r lyre
.\k an lil:'lllcncy
'-",,,-,I' limiling rrc"'"cl1'-'y

Degree "I- Iiltrution
System i1l11"CIIIlTKC
Max. rcnccuon factor
Max. ripple
Rc n"",lion au.:" "" li" n
ill trans mission range'

Chcbyvhcv
fo= 1515 Mil l
f1l1.,- 1550 Mi ll a~

ripple hmihllg
frequency

fM,,-lt>( WI MHz:l'i
ripple timilillf:
I r~q" ~ n cy

1\" = 3
z ~ 50 u
Ir - 10%

a"..,. '" 0_0436 dB
ar - 20 d k
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3n l step:
Now WI' come to the admittance inverter
con stants tor the four line pairs:

11'1 line pai r:

2nd line pair:

z• .t , _~~: ~_ O.U.' 1740 (I,05I3S
. 2 .$g, s , 2 "..0,1152.. ·1.10310:

J rd line pair:

SO 1- - - 0,0. 1741,
1575

i\ _ I"", - l ;,,,_'" I(,()() - l 550
1575

Thc above filter da ta are entered in
succession when the program makes the
corres ponding requests. and the option
"Parallel Ca pacitor" is selec ted. Thus the
foll owing table is finally obta ined, with
the 4 coefficients requ ired lo r the calcula
l ion (fig. 1):

g l = cep l = 0.8532

g2 '- lnd I -=- 1.1ll.1S

gJ = g l = cap = OJ ol 532

g4 = normalized load resis tance - 1.0

! uJ xlcp:
Spec ificat ion of fractional handwi th o f
pass:

The se lected reflection factor r = 10%.
gives a ma ximum r ipple of O.OH6 dB in
rhc transmi ssion range .

This means that Sl1 can fall as lo w as
·0.(1436 dB..... hilst Sl l and S22 never
exceed 20 dH.

l'Iiotc:
The fo llowing calculation path is taken
trom the hoo k "Microwave Engineer ing"
by David PO/.m [5J. Page 484 .

.\ dd ition:l l noll' :
The degree of filtration , K, shuukl alway:-.
be selected to be odd (i.c. J, 5. 7...).
because on ly the n arc the SOUfCt ' resist
uncc and the load resistance identical.
Apar t [rom this . make sure that the
number of coupled lim: pairs is alw nys I
mOT!: than the selected degree of filtra
tion. For N-<J. there must thus be four
line pa irs in the layout.

,\ nll nn" 10 1I11' Indi vid ua l til-sign
stepc:

lstsrep:
First we Ilt.....-.J Ihe filter coe fficients of a
sing le low-pass filter for this case. For
this we call. for example. usc the "faisyn"
program [cbramahlc . for example. from
hnp:/lwww.rfgli lhainct.l:<.m I.

S il in transmt...ion range Si l = -20 dR
if at all fl"l~~ib lc. less than
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c
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r~~ " ' 5~:a~anO~HO
f d 1.575 GHz

3.38a
a.813 nn

2aa .aBB "n
5a. aaB "n
n t cr-os.tr-t p

4th line pair:

, I~ II I( '0 ,031746, ,
'L" .J , = 1-,-- =", , =L" J, =O.•41 7S

~ _ - g , ' .~ , , ~ O _~ 5 _L - I OO

4th step :
The EVEN and OD D imped ances of a
line pair are generally specified in nc
cordancc with the fo llowing form ulae :

Zn n = son ·11+ 1 0 ,.1. +(7.~ . J .~ t I
Z OllO = 50U .[I - Lu .J + (£0 .J", r J

For the first and fo urth line pairs
we obtain:

VHF COMMUNICATIO r\S 4/200 1

ZH F.-" == 50n · lt +0.2 4 175 + O .24 1 75 ~ j"" 05U

£,)/1" == .'iOU · [I - 0,24175 +0.24175' l=40 , H 1 ~

For the seco nd and third line pa irs the:
values arc:

TIll: printed circuit boards size "s" ~11011 I J

be 200 rnrn, and 50 111m . i-, a suffi cient
distance hcrw een the curmcctions (F ig .
3).

Then move into field "F3" and succcs 
sivcly enter there the data for the two
coupled line pairs required. Please tra ns
fer them precisely a" shown in Fig. 4!

2m ., : sun- ll l tUl5 I3X+ O.US131f }=S2.7U

Z,)l'/J = 5UO .[J- II ,OSI 33+0.051Jll ' ]: 47..%0 P F3 : PARTS~
a c b5.aaR4B.8BR9a.ao
h e 52 .7aR47 .5bR9a .Bo
c

5.
U Sl' ut" PUFF

Fig 4: Data Fur Successive Li ne Pairs

5.1. Simulation or ldeal clrculr us ill~

I' rlo...

First star t "PUFI'" And load the SETU P
fi le. Then rn..'ss the "1'4" key and enter
tile following values for the Rogers. mate
rial R04003 :

with thickness 0.032

for impedance level zd - 50 n
the des ign frequency Id = 1575 MHz
the dielectric constant er = 3.38

board thidm e:-.s h = 0.813 mm.

Press the ".PI" key 10 make Ole layout
windo w appear (Fig . 5). And IIIlW please
pay at tention , first mow the cursor as. far
to the left as you call. Then press the shill
key lor upper case lettering anti keep
pressing the "Cursor Left" key until you
gel to the desired location. Pres.__ " I" and
port 1 is connec ted immedia tely.

Press letter "a" OIl the keyboard. followed
hy "Cursor Right". Th is positions the first
lim: pa ir. Then press "b'' and next "Cur
sor down ", which connects up line pair
"b" .

Now p ress " Cursor down" again and the
third pair is already sitting there on the
screen. Fina lly press "a", "C ursor down"
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LA'lOUT =.~-=--n

I
'rl",~,,- , Jr '"- ,,-"' ).... - '

-.~",,=,,~..
3 4

axes of a diagram in the bouom right
hand com er [vlincar plo[" , (Fig. 6) .

Here you pre-set. for example:
500 simulation points
Sm ith radius '-' I

Rcprcscnrciron of S I I and S22

Horizontal scales in the ratio: 1.5
.",1.7 GIlz

Vertical scales in the ratio: -1.00 ..0
dB

agai n ami then "2" allil port 2 is likewise
connected to the exit of the circuit.

Usc "F2" to go to the simulation window.
Using "Cursor lJr 2 or "Cursor Down",
yo u cnn move. t101 ju st in the lop lcfl
hand " Plot window" , but also alon g the

And now please press "p", and you can
watch the computer at work. If you think
thats too slow. pres.. "Q". and then all the
calculations are don e and the image is
built up off-screen, and things go consid
crably faster!

If you look at the result !lOW, youll
undoubtedly be a little disappoint ed: its
nowhere Hear a ripple with maximum
0.0436 dB ; its bigger hy a factor of more

,
1.7fl

. -
/

!,
I

i
i

f ' l .. set"p

'"1\ ( \ I
\ I \)
\

lSI

'"
"

•
r

o,

."2 : PLOT -

I,",",. ,... 1:s.. llh .." diU $ 1 .00

[

r I ~N~ GH",
O S I I ia.nae-na .o-
)( S7.t -f! 17.<111 l3. V ,

~.~-J---

Fig 6: PUff Simulat ion Win dtm·
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f GIl", 1 .16

fi l e : ~"t" l'

F3 ; PORTS
.. c f,S .tltlll<ltl .W1Il1I'I. tl ·
b e S2 .7ua11 . 5l,Q90 .U·

,
•
t,, I ~:"~ \\ r, 'V '

F1 ; DOAllO ., ,,0
z<l SH . ftllll fl . 1 um 2;Mrrtz
" " '''' '''',~ . : I I I'
",.. 3 .3A fl J hoht; ':::!! :: e" .~" I_O. \
Ta b n icrostrlp - ,-L.-~.'-----";~-.L~----.,,d

1.50

VHF CO\ l V1 LI\ ICATl ONS 4i2001

ri~ 7: rU·T Simu la tion After Slight Cor r('cliu ll\

sr 2,000 Urn

It 1.0e -0003

r 0,010 mm

a 0,000 mm
ml 0035 mm

a strip cond uctor po lished unt il it gleams
with g.rits and grinds or scouring powder
itpproX imntcly 2 mirrorn ct rcs . l .oss factor
"It" o f board mate rial I{04003 at Ihis
freque ncy max. 0.00 1):

zd 50,000 Ohms {normal izing impedance,
O<zd}
{design frequen cy. O<fd}
{dielectric constant. er>O}
{dielectric Ihickness, h>O}
{crrceit-board side leng1l1.
se-O)

c 100,000 mm {connector separation .
c> =O}

{circuit resolution, r>O, use
Urn for mtcrcmetres)
{artwork width ccrrecnon}

{metal thickness. use Urn
for micrometres.}
{metal surface roughness,
use Urn for micrometres.]
{dielectric loss tangent.}

fd 1.575 GHz
er 3.380
h 0.8 13 mm
s 200,000 mm

First call up the "S ET L; P.PLY ' file from
the PUFF directory into a text editor and
then enter the rema ining printed circ uit
boa rd data [thickness of wppa layer =

35 micrcrnetres and surface roughness for

We need only reduce tilc electrical length
of the first and fourth line pairs (part "a"
in the parts list) by approximately 1
degree and increase the design frequency
by 2 \ lI1L in order to obtain the thcorcn
cal CUTye (Fig. 7 )~

than 10 and the value is 0 .5 llH. But dour
worry. we call ~ li ll get round that. We just
need to make somc vcrv slig ht correc
tions 10 the line da t a~

5.2. Simulat iun of the re a l ci rc uit with
PLaT
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The amended setup file is loaded buck
into PL:Ff and then the exclamation mark
for each pair of coupled lines is entered
in field " 1-')"' , This switches to ·'realisuc
modeling wi th all sidc-cITccK' (Fig. ~).

If we now place me cursor in field " F)"
on part "a" and enter the equals sign, the
actual data of the coupled lines are
immediately faded into the dialogue field
(Fig.. 9) ,

Now wc have to keep changing the values
entered under "a" until the data deter
mined in the preced ing chapter arc dis
played in the dialogue field:

Zc - 65 n

~
F3 : PARTS f:f:l

a c !6S .ee04e .aeQge. Bo
b c !S2 .7B047.S6Q9B.Bo

Fi:.: H: S" il ch Tu I{l"a list ic .\ Iud d in:.:

('1 66.1 o -13.65 n -I9N

This procedure must be repeated for part
"b' (Fig. to). The target is to obtain this
display in the dialogu e field:

Ze~ 52.7 (}
20 = -17.56 12
1 - 90Grad

F(Ir this , finally, we ncc-J the CIIU}':

c ' 55.6 n -19.26 u 90.7"'

Fill . II shows the result of the circu it
~ i ir1Ulat illn if the losscs arc taken into
account.

The design frequency continues 10remain
ar 1577 \ IHz. bur following the ximula
tion use <Page Down> to move the
display cursor to 1575 \ 11[/, We now
have a transmiss ion loss (,I" approximately
2.5 dB.

If we correspond ingly switch the value
range in the two axes of the lower
diagram. we cart take another loo k at the
long-range selec tion. i.e. the behaviour in
the range between I and '2 ("j l l/ (Fig. 12).

Zo - -IO.R n
clccmcal length I .= ~9 degrees

It C<11l be seen that to bring thi~ about the
entry for "a" has to be

:-.3. Dctcr mt nano n of mechunlc a t.
unco rrected line data \\ith I'l.·F

Z(~ : (,s.e06Q
Zo : 4B .796Q
I : 89. 832°

~ F3 : PARTS
lit ctE. 6 .J.6Q13.S6QB9.6 "

Fi:.: 9: Data For Part
"a "

Teil "a"

Ze: 52 ,7eZQ
Zo : 47 .!.'i1ZQ

I , ' 8. 811" Teil "b"
ra : PARTS ./I'" C!66 .1 B043.Sf>QR9. 0. ' ~f!!~ ~~_

b c!SS . 65Q1'9 . ZM~9B .7: " ril e s e t u p

.... iJ,.: I (I: Data For
Part " h"
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" I ------ - --~-----i

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

\(\~S2
\ I ~

f GH;: i~7fl

e.
r,
I,
I

1" 1

~
F4 HOARD~ .-Ill

", <I 5 11 mill l'l I
f J 1.577 Gil", ....

"' nee jh ~ . B 13 n ..

~ 211 fi Il UB " ..
c U1fl . mm " ..
T,\b nH ros tr>p--

Fig II : Results wtm Losses Ta ken Intn Accouur

In order to get at the d imensions of the
coupled lines , we move hack again into
field 'T3" and dele te the ca ll-up sign at
part "a" behind the letter "c" (for coupled
lines). As soon as \,'1.' key in the equals
sign behind here . we obta in the desired
values III the dialo gue field (I 'ig. 13):

Length I ~ 29.34 mm

Width w = 1.59 mm

Interaction gap s = (l.] 1 mm

Repeat this tor part "b''. i.c. the two
centra l pairs of coupled lines, and we
correspondingly obtain Fig . 14:

Leng th I = 29.15 mm

\Vidth w = U Q mm
Interact ion gap s = 1.84 mm

Then , as a preliminary to the board
design, derermin e the width of the 50 Q
feed likewise in the same wa y. It is
modelled as " lossy tran smiss ion line with

90 degree length" and. as part "c",
supplies a required width, w = U \4 nun,
follow ing the deletion o r the exclamation
mark (Fig 15 ).

5.4, Necessary layout correct ions

Here we arc dealing eithe r with striplincs
open at the end or with the meeting of
two strip lines "".. hich arc o f different
widths. In both cases . the familiar OPEN~

END corre ction is req uired, due to fring 
ing, but on e peculiarity sho uld he taken
into account here at the open ends or
coupled lines:

The two line pa irs are cou pled to each
other both electrica lly and magnetica lly,
It is certai nly true that the electrical field
lines project beyo nd the open ends of the
lines (so we need to do some shor ten-
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f il e : s e t up
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I
J
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,
•
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,

i-~:~= F ~ . ~;;M'l' ~

, ~.~ 'ifl . f1RIl II
I l' d l.Sn GHz
I" ,.. 3 . Jllll
i1> O .1l11 roM
is 2Elfl.flll ll ...,
Ie HII3.0 1113 M M

LTa:)or: ~':O" l~~~,__

( " T' __' F2 : PLOT
i P" i " t.~ uoa
; ~ ~ i t h ~a~ iu~ 1 .HH
. f 1 Sir.% G(-jz
l csu -~~r,.1 :'·n~ ~.::J; .l"
j X S2 1 ·2 .-1';,1;> :;3'

Fi1-!: 12: Simutntlon Res ults In The Rangt' 1 · 2 GH l

I: 29 .336""
w: 1 . 586MfT'I
s: 8 . 31 1MM

I : 29 . 151"M
w: 1 .819fT'1M
s : 1. 835""

~
F3 : PARTS fil

a c b6 . II'lQ43 .561189 .6·
b c !55 .651149 .261191'l.7° ~

F3 : PARTS~
a c 66 . 1BIl43.561189.6°
b c 55. 65Q49 . 26119B.7 °

Fi~ 13: Results For Line Pair lOa" Fig 14: Result s Fur Line Pair "h "

file : set up

~:~:~:-::::c~_~·· j"I "'~
F3 : PARTS

~ c 66 .1eQ43.56n89 .L~

b c S5 . 6~Q49 . 26n9~ . ? O

c tl _50 . ?3Q 98~

I
Fig 15: Determining
The Width Of son

50 Ohm Lin'

Ulejtun~
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ing. . ..). but the magnetic cou pling de
creases linearly in this area right down to
zero.

For this reason. ca lculate in only half the
··O P EN - E~D -EXTEt\ S I O N .. whi c h
wou ld otherw ise be normal and :.hm tcn
the line corr espondingly!

Apart from this, we now need several
tools to create the layout:

a) The we ll-known, tried and trus ted
diagram for determining the
OI'E:'\I -I:<:ND-EXl ENSlOl\ from
the PL FF manua l (F ig. 16).

b) A simple hand-drawn sketch (F ig.
17) with the elec trical data of the
individual line pairs already
determined. Hnter the necessary
corrections.

c) A primed circuit b oanl CAD
program. which stmulmncousty
makes it po ssihle to solve tricky
constructi on problems (c.g.
(lEDDY-CAD . tried and lrusted
for such microwave tasks for many
years I.

Proc edure

IS 1 step:

TIle first and fourth line pairs consis t (If
rwo stripl incs eac h with a width of 1.59
nun. With the help (If PUFF we obtain
the impedance leve l for the pre-sci
printed ci rcuit boa rd data:

The result gives us : Z = 54.6 n
So Vi e go to the abo ve diagram from the
r UFF manual. Fo r this task, it supplies
(with rr - J .3g) <In open-end extension
Al/h or approximately 0.45. So these
sectio n pieces mus t be reduced by hal f of
0.45 x 0.8 1J mrn - 0. 1H rmu 1I 1 all open
ends !

Znd step:

AI the start and end o f the b andpass, the
50-0. feed is connected lip with a width
of 1.84 mm and t UI1lS into the [nar rowe rt]
-tripline with .1 width or 1.59 nun. So rhc
narrower line lIIl1st be extended by a little
pi....-cc meas uring
(I 1.59 l111n /1.1<4 mill) x OA5 x 0.1< 13 nun
- 0.05 mm.

3rd step:

l'hc two centralline pairs have cond uctor
widths of l .g2 lIlll l. The associated im
pcduncc leve l (according to PLTF) is
50A n and at fr = :t JX requi res ali

" ua

os

<,

! ",,
1 o.a
I
0

00

rig 1(1 Uia:.:ram For
Ul'l l'rlllill ing Th"
( 1)CII I':nd Evt cnsjon
From Till.' I'CFr
Ma nual

o !JO 1OO 150

"""""'_"' '''''-.Zo,n.
Fig" .... 7.2 11... """,," cil'<"tli' o't><l «> tT...-ti"" iD~I" plolted {,,,, ,, (7.2) . The
"" ..".k Jon.,otlI """""tion in .. puIS lo", ol~...ld ~ w,\",li"" .
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120mm

Fie IX: Il l(' Ftnt shed La~OIl I

OI'EI\ - E;.JD correction of O.-l~ x (Ui IJ
t11 11l - 0..'19 ln m

Again, only half of this value. t.c . ap
proximately 0.2 ltlll l. needs 10 he cut off
from the two ends.

4th .\ h! {J:

Wh('11 the first line pair mee ts the second
and the third meets the fourth. there is a
correction of

(\ l.:iQ llllll I l.X:! mm ) x UAb x U.S13
mm - 0.0; mm.

The wider line mU SI be short ened and tile
narrow er line mU~1 he lengthened by Ihis
umoum.
You should neve r omit enrennc all these
details 1111 a sketch ou t ofla7ine';.:;,. " is nn
oblig atory :-.Iage in the layout design tFig.
171 and vou need 10 lake considerable
trouble jl;,<,l to prod uce the drawing . BUT
this i:-. :1.'. nothing in compariso n with 111('
lillie and expcnvc which willhe wast.:d if
the behaviour of the prototype produc ed
inexplica bly displays big departures from
the simulation and you laboriously huvc
to check every individual dimen sion on
the com pleted printed circuit board , It ~

really very annoying if a gross erro r in
the hoard layout turns out to be the
reason for th i~,

Normally if youve followed all the in
suuctions in this articl e the divergences

betw een the simulation and proto type arc
max . I • 2~,', ) .

l hc fin ished layout. prepared for incor
poration into a milled a luminium trough,
the interna l dimensions of which arc) O x
120 mm, j" shown in Fig. I K.

One more lip for those who doni know
whal to do with the thick 120 nun long
line under the printed circu it board : we
need this 10 ass...-mblc the board equ ip
ment . unless there is a photo- plotter
availa ble. which call be used to bring us
back to rhe correct d imensions bv means
of photography. Only in this way' will we
neain find the correct scale and he able to
h~ndk the ma nufacturing problem posed
hy the narrow interaction gap for line
pair-, 1 and 4.

5.5. Usc of J R' .H:' xt rtpttnc Ca lcula tur

To determine the data COl' the inoorpom
lion of the circuit into it screening hous
ing. the "TRLRS" stripline calc ulator
lrum Ans oft is used.

Anson arc known for supply ing very high
qua lity and expensive liP-CAD pro
grams. hut have always also had their eye
on instruction and training! So on their
Homcpagc on the lntemet () we find a

2..J.I
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student version of the microwave CAD
package "Serenade" which can be dow n
loaded free.

Following installation it will be recog
nisc d th at a very good stripli ne calcu lator
has be en fi led in a separate d irecto ry as
·'TRL85.FXE-file" toge ther with excel
lent ONLINE help . It can be used sepa
rately at any time, copi ed down and
transferred to other computer s. 'You will
very soon learn to apprecia te its WIK
DOW S user interface .

If we now compare the simulation results
from "TRLRS" with the values from
r UFF, we can make the fol lowi ng stare
ments:

a) In normal cases . t he data
dete rmined bv PL FF and TR1.85
I'm single and coupled striplincs
are practically iden tical.

b) In addition to this, lRl.85 offers
the advantage that screen ing ca n be
brou uht into the simulation in the
form-of the "Cover Height" (the
distance between [he cov er and the
hoard).

c) With TRLXS all data whic h IS of
inter est [impe danc e level . losses.

broken down into dielectric loss,
conductor loss and total loss... etc.)
can bc de termined directlv for a
specifi c design frequency and
given Ollt. Unforrunarelv. PL:FJ..:
cam provide for that, as there,
though you certainly have to ca rry
out calculations using these val ues,
they are not displayed,

The 'TR LRS" program IS pre sented in
this issue in the section headed "The
interesting program".

In Table 1 below. we now contrast the
TRLSS micrcstrip simulations lor opera
[ion without and wi th scree ning.

A comparison with the values determined
by rUFF and used in preceding chapters
shows that it is high time for a prin ted
circuit boa rd and correct dimen sions.

Another tip :

T10 ,:-\5. unforruuatclv. wont automati
ca lly app ly the Ol' l>':-E\D correction
either. So again we have to fall hack on
the usc o f [he diauram Irum the PUF F
manual when it 1 11l~ end IS hanging in the
air S0111L'whnc.

Balldlla~, Speciflca rfnn

F=s9. 1<; 75 .42 \1H7

Sceond Line Pair

Ze- 52.7n. 7-<)=47..% 11

E=90 . 1575.4 2 ".fH~

n { L H5 WittIU U\ , (T o'ell i l' ::

Width = 1.i\4 " " "

Sl'~ ,' inl' = 0..U225 "'Ill
Length - 29,296s mill

Ladder Width ~ 1.82 16 mm

Spacin g = 1.8i272 mm

Length - 29. 1So mm

IlU 1l5 " i\ h M'n'tn;n::
H;SI'ln("(' = 13mHl

Width - I .S4 m m

Spae in~ - n..' 2S77!l1ll1

Length ~ 29,3133 mm

Ladder Width - Lx l 525 mm

Spacing = J.82327 mill

Length - 29.20 119 mill

Ta ble J: TRL85 Simulations With lind Without Screening
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The ent ire circuit, as used for simulation,
is shown in Fig. 20, Even for those who
don r know IIlL' pro gra m yet, the COIll PO 

ncnts j ust prod uced can easily be idcn ti
ficd. Frequency and subs tra te contro l
blocks certainly need no funhcr cxplnna
tion.

Following a precise check of the ci rcuit,
the simulation can begin (button wi th
gl.:ars ) and the Report l-ditor can he
activa ted (turquoise / grey button ). Sc-

The "Harmonica" circuit simulator is the
problem nov. that IWO of the [ou r COIIIK'C
lions have simply remained open for eac h
coup led lin e pair. this is prohibited .

We could now apply a ve ry hi gh -ohmic
resista nce (c. g. ! O Mega-Ohms] 10 su ch
an op en con nectio n. I low cvcr "ideal line
p ieces work ing w itho ut load at the end
(Stubs]" arc con siderably better an d have
lower losses. wit h au elect rica l length of
zero at 1575 M l lz and w ith the impcd 
ance level Z "'" SO ~ l. Thcv cause IlO

add itional loss es. Nor do 111 ~V alter the
dura I'Jr the coupled lines. -

Then the frequenc y bloc k is re-set and the
range between 1 G HL and 2 0 1lot is
represented ill 1 ~l H7 steps. Rogers
RO-lOOJ mater ial i.. again used a.. sub
strate. w ith a thickness of only .12 \-lI l
(O.l'13 mrn ], as this gives the t~ lkr stmc
lure smaller dimens ions . The other data
are as follows:

6.
Repeti tion or design using
AI\SOFT-SF. Rf.:'IAD E

(1.1 . Sim u latio n 01" ldca l electrical
circuit

As "SER[~A ]) I--, " is nlrca dv insta lled (III

the pc, on account of the "T RLl'S"
striplinc calculator. we can carry out a
repeat operation nud SI.: I.: how such a
circuit is invc stignred by this very mod ern
program. Naturally , we arc interested.
nix" c all. in what improvements it can
g ive us. III terms of ease of operation or
prcx-ision.

Procedure

Launch the SI;R1J ..... i\ DE so flware and
suut a new project (c.g . "BPI 575_ l' ·).

lhcn loo k for the "ideal cou pled line "
(i;ig. 1'.1). position it on the screen four
times and each l imc rscc prcceding chap
Il't: I enter the EVE:" and O DD impcd
unrcs. the elec trical length of 90 degree s
and the op erating frequenc y applying 1,11·
this , 1575.42 r-,. lH7. ill the " Prope rly
Editor". When the compone nt is posi
tioncd. the editor 0l'lt:ns automaticall y. If
it does not. lust dou ble cli ck 0 11 the
left-hand mouse buuon Oil the circ uit ico n
ill the wiring diagram. Ou r ports arc
connected up al the input an d ou tput. but
lhat.s nor eno ugh yd ~

Dielectric constant
\ktalli.S3tion -'ktt
Sur13L'<:moghnc'"s
L"", l;""ln ,

r ~ - .U l;

Cnp!"," with Illid""." ..5 urn
R( il1 - 2).1m
TAND O.UO I.

- ,- /- ,

' I M l . l ~ ! '· 1'1..1-.1- 1_: , I ' i;;~~ I :I=J "l - I 'R 1 ; i ~ I ~..It:.I -lt.i Ii I I,TiJ?r,~·f::;:&~;-l f;;;-- r----~~ .-~------... ---- ---
Id~ia l open ended ideal coupled lines (electrical)
lines (electrical) ,

Fig 19: Toolbar For Serenade
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I":"" _
I ~:t.;••,,,. .~'_ ::3

'.>0'. " •..,.,·c. " ,~

p' "", .

Fi:.: 211 : Circuit Used Fur Serenade Simulat ion

lee r. fo r example, S I I and 52 1 in dB
representation and examine the result
(Fig. 2 1).

l'hc result 1000l h, promis ing and S II IS

never worse than the intended value III

the passband 20 dB,

Use the right-hand mouse billion ,11lU
click on "l OOM IN'· repeated ly to bring
out tile precise sequence of S2I ill the
range from 0 to 0. 1 dH between 1550 and
IO(K) 1\-1IIz.

On ly in this way can we assess whether
the design path from the preceding chap
tcr really supplies the coned values
desired.

Fig. 22 shows a perfect and well-limned
filler curve.

In practice , both the menu frequency
(1575 MHZ) and the minimum ripple
value (0 ,04 1 dB) arc in accordance with
the des ign pre-settings.

244

6.2, Simulalioll or l)h ~'s ic:1 1 ci n :u il
IIsin lo: HA I~I\-IO N ICA

Apart [rom simulat ing the bandpass with
"e lectrica l comp onents". IIARMON ICA
also offers the option of ,I structure made
up of " physica l circuits" , This requ ires
the conductor v,' itlth. imcmcnon g.ap and
con ductor length ttl be ente red the di
men sional unit be ing "mm". And these
values can he obtained only through the
TRLR5 striplinc calculator, which can
even be called up from the operat ing
serecn by pressing a button .

Here only the va lues for the first and
fourt h line pairs (Zc = 65 U, Zo = 40.R
n. E = 90 degrees) need be entered, with
the track data (copper with 35 urn thick
ness and a roughness of 2 ~Jn) and the
printed circuit hoard and housing data
(board thickness II = O.lH 3mm , ER
338, cover height above hoard, li lT =

l j r nm. TA)./O = 0.00 1).

If you then press the "Synthesis" button,
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I

." ..•

you ob tain a representation cor respond 
ing to ri g.. 23. You ob tain :

Conductor width W = 1.5f( 111m

Interaction gap width S = 0 .3 111111

Circuit length P = 29, (:1 1 1111n

Thi s procedure is repeated for tho: sec ond
and third line pairs (/.(: 52,7 i t Zo 0=

-1 7.56 n, E - 90 degrees).

Then we ob tain:

w - I.x2 mill
$ == t.xzmm
I' - 29,2 0 .

II is naturally intercst ing to com pare this
with PUFF, although it shou ld be rcmcrn
berc d that the part involving the housing
and the dista nce of IJ rum between the
boa rd and the cover If; ocr included in this
calcu lation!

Moreove r, tor sim ulation using PUFF.

,
.--+ --~

~-- --~---

ri l.: 22: C lot''''C VI)
orS21 Curve

,..~"." .
''' ''''''''I

I
I

S21 in dB

l
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0< ,,'" _ -' '''- :'*
_~l~ 'rl -~-~1.· j~ I -~ i !! I 'Jl~J;J ~ :-'~I ~~---
,

the electrical length for the first ami last
line p airs is presumed 10 he H9 degrees.
whereas for SI:I{ !'J\ ADE it is 90 ,k gn.c's.
The uncorrected PLF'" values an: i.l~

follows:
Line pairs I I 4:

W - 1.58 nun
S - 0.31mm
Line length P '" 2l).J4 mm;

Line pail" 2 + 3:
W = 1.X]: 111111
S -I.84mm
Line length ]I .= 29. 15 mill:

It can be seen that the d ifferences Ix'
tween the rwu simulations are not so
devastating thai II ll C 01 them immediately
appears as COlllpkh.'ly unusable.

But let li S simulate the bandpass \\ irh the
"p hyxical TR1.85 values" again. consider
tl1l' result and ponder on:

OI l where the differ ences with the
simulation using r UFF come from
and

b) how can \\'C arrive at the correc t
values.

I'll do this , though. \';C must drav, :1 nc-v
circuit dincrnm. and first \\C'" must delete
the old one completely .

E\ C'"n when we create the new circuit
diagram. things move forward splendidl y.
The coupled line pair is actually there
with the two 0'......·1] ends as a completed
co mponent (Fig . 24). This naturally
makes the work considerably custer.

• __ . . - - -- - - --Fte 24 : Co mpo nent
+-< ><hJ~J~Il:i i 1iJ !;;I -l? !' =- ! ~.~RJ , -'4·1-(, 1c_I--=,l-r, If~l{rlhl Fl~r C OUplNI Lim'
.- -.. .-- -----~-- . - . - -~ _~ . . .. . .- -- - Pai r W ith O pen

/~<>¥d L.""_'!'!" !¥' ~"'· 1 Ends

Gekoppeltes Microstrip-Leitungspaa r
mit offenen Enden
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1;11 1'-

1 ,- ,...----
; i ~.~ "-, .... ,F,,< "'I1• . _

C~
· I . · .'ctul._·

I..,. ,,~

1\0.1' (~ :,~

I; i ~ 25: Kl" iwd Ci rl' uit

lhc screen operates in a much tidier way.
eV":11 when the ncccssn v data lin: cmc rcd
(Fi!-:. 25). -

This IS how the Scparumcrers look after
simulation using IL\RMO N!Ci\ (Fig.
26).

Ir we zoom into the represen tat ion of the

passband ( I·ig. 27), then seve ral points
sll'ih' us:

a) The lowest transmission loss is
predicted III be similar by both
prog ramm es (PUr l '; approximat ely
2.5 uu, H A RM ON ICA app rux i
matcly 2.R dB ),

,
- .... :

'._ -',-

,--, .

.....- -- j.'j---....'.--'
Jo... __~_ •• j.
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I I
-..... 521 =-2 8 dB ··, ,

bei ca:1548:MHz
- -' - -' 1

,

Fi~ 27: C1(),,~' e ll of
1,' S2t Cu r ve

~,

.
:-'

i
I

r I
I
!

•• ••

h) TIll: mean frequency o f the
pas sband according to the
IIAR ~10 \J le A simulutiou revea ls
a divergence of 30 \-fl lz
(approxiuuucly 2 %) and is clearly
too low. The program the refore
does not make automatic
01' 1 ;~- l i ND correc tions !

Luckilv . i f we use Anson , we doru need
to carry out the same act ions on the
diae,r;lm as arc listed in the PUf-F manual
to make correc tion s here W L: ha ve some
thing which is extremely lISefUI.

\\11.11 we actually do is 10 take speci fic
values for the [inc pair through variab les,
pre -set maximum and minimu m values
for the Scparamcrcrs at spec ific frcqu cu
cies. and then let the optimiser do the job
of reco nc iling all these w ishes.

Here we have the fo llow ing ste ps:

1.1'1 .1'11'1':

In the fi rst and fo urth line pmrs, the
physical length, P, is replaced by 11

var iable . P I. We correspondingly usc
variable P2 for the seco nd and third line
pairs (Fi g. 28).

2nd step:

Call up a " variable co ntro l block" (Menu

24"

path: "Part s/Contro l Blocks/v ariable s")
lind enter the permi sciblc variation range
tor P I and r 2 between ques tion marks. In
the middle is the or iginal iuitia1 value
(Fig. 291.

} n / .\l r>p :

WI.' now have 10 for mulat e the optnnisa
tion goals. There is an orig inal Inm on for
this, in the form of a vc llow and red
practice target. In the ~s t udC Il t version
(lilly a maximum of J optim isation goals
arc permissible, h ut this should j ust he
CIl(l ugh at fi rst.

T ilt' opt imisation goa ls 11Crc arc:

a) In the "Frauge t " range. fW 111 1.55
10 1.6 Gl tx, S21 should not 1;1 11
belo w 3.3 d B ((inal l )

h I In the "l-ron gcz" range, S II
sho uld be lower than 20 d O
Kioal2) (F ig. 30).

4th step:

0 11 1y now should you press the " Optimi
sation" b utton . The program uonually
indicates t11M it must first analyse the
circu it, and asks for perm ission to do this.
G rant it permission and also Finally give
it precise instructions in connection with
the num ber of optimisation sea rches, the
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The da ta with in the passband have
changed in acco rdance with Fig. 34; the
result is useable.

.. j '::i#,..

.. ~ . i3r..

, "
"i:: 28: \'al"iahl e'" PI and r2

..:; .~<:....
~ ,1 ,2.....
~ : pt

rcprc..entation. etc. (Fig. _' I).

5,h .\fl 'p:

~(1W please fo llow the sequence exac tly:
I) Pre-set. for example.. l uon

searches:
2) Select ·'RAf\" Uo.\ I" as optiuus a

non type:
3) Thi.~ tick ha.. 10 go;
4) Now press "Dptimi-c" and wait

until the program has found the
best approximation to the
prc-scumgs .

5) Now start another circu it analysis.
as thi.. is the on ly way to update
the results d iagra m.

6) f\"ow d ose this menu and obtain
the diagrams with S I I and f or S2 1
in the fo regr ound (Fig. 32).

lbc assessment can be found in Fig. 33.
and ibc res ult Ino ks wry sausfacto ry.

Vi:.: 2'1: Enl'1' O f Va r illhks ••• and .' 2

,----- ----

OPT

1 SGHz
l .bGih

G0~t $ ! :MS~ 1 -3,3ci8 GT
Goa l s. 2 : ~S I 1 -20dB LI

" ig 30: Goal.; " or Optimisation
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Fig 31: Sta rt ing Optlmtsation

edlv annlvsc the resu lts and compare
them •

7.
Literature

ll l Design and realisation or lllKrC\W,WC

circuits, Gunthard Krau s. VHF Commu
n ications, from issue 4/96, P. 244 - 250,
at irregular intervals !O lSS UC 2i(}9 .

[ ~J rU FF manual , orig ina l English vet
sioo

131 Anson-Serenade manuals (supplied
when program is do wnloaded!

L4JAPL AC manuals (supplied when pro
gram is downloaded]

[S] Microwav e Engineering by David
Pozar (Jolin Wiley & Sons, r\C\" York.
ISOI\' 0-47 1-17096-0).

I(il Mic row ave F ilt er s, Imped ance 
Matc hing Netw orks , and Coupling Stntc 
turc-. by C; Mattaci. L. Young and F. \1
l: Jones. (Artech llouse Publ ishers ,

••til"

I i
c -- -- I
~-j

i

c------- .

..--+
821 In dB

Fig 33: Simulation
_ _ __T -c;=;cr .,- , · HCSUItS

'~ j

1 I
,.... ..---.-l---- __~_~_ ~
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•• j

521 = -2,7 dB bei 1575 MH

--~

ISBN O-bt){)(16·01)9- 11.

[7J )' Iiemst rip Lines and Slotlincs by K:
C. ( jUJl la . Ramesh Garg, lnder Hahl ;11111

Prakash Bhartia. (Artcch llo usc Publish
Itr~.ISD\l 0-:'<9006..7(,('. :\ ).

Sonw arc. manuals and tutorial are com..
bincd on an "A" SOIT-CD" and call be
obtainc'd from the author, provided the
{'l lS l" arc reimbursed. Pl.....asc Lrnni l me
at: krausgeclcktromkschulc.dc.

H~ 3" ; Simula tion
H.l'su lts

I:il: .15: ]\l'W Ci rc uit
nal a

Grii'1?
oq e M ", ',. _ , .J ; I: '
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Gunthard Kraus, OGSGB

Internet Treasure Trove

SONNET Lite 7.11

The manufacturer o f the well-known [M
simulator. which has alrcadv bee n imro
duccd here in Part I of tile article Oil
modern designs for patch antennas, has
improved the free "Lite Version" , Son
nett.ire 7,0 now offe rs expanded simnln
tion opt ions. Thus, fo r example, there are
now more ports !Ivail;lhlc. the online help
h,as been rcwrutcn, pared-down algo
rubms ;\ 11 0 10',' more extensive simulations
to he carried out with the same main
memory restrictions CIS previously, ere..

In addition, a version is now nn sale with
max. 32 MB main memory, hut for $ SOO,

Address: hup.vwww.sonncruse.com

Applied Microwave and
wi reless

The well-known Amer ican tec hnical rc
vue has now archived almost alltcchuicul
article s up to t l) ~9 like the "Microwa ve
Journal" and they can he accessed
through the hoincpage. Some highly ill
tcrcsring subjects arc covered, although
even here the conspicuous copy right
stamp must be respected. includ ing the
ball on reproduction. Cop ies of material
can,beo.blaim::d without charge following
rcgrstraunn.

Address: http.swww.amwireless.com
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"TIM-CIRC UITS

A well-known name for a very wide
range of IlF and microwave components
(couplers, mixers. amp lifier components,
dividers, attcnuators. de .." .). lis worth
,,~isiti Tlg their homcpage. as there you will
find not only numerous doc uments fer
dow nloading hut also an endless succcs
sion of new ideas. Tho most recent
product.... arc passive mixers with fabulous
IP3 valll':s going up 10 +:'\ Xdlhn , or the
interesting and reasonably priced "Blue
cel l Mixer".

Address : http.Z'www.minicircuitx.com

The Finns i ll the far North arc also hard
at work: Il OW APLAC 7.6 1 rolls up as a
free student version with the II s11al ad
vance publicity nnd improvements.
Ihc offer of a 45-day full test version is
very advantagcous. As soon as you are
actually up to SPCl:J with the student
\: crsio ~l and.arc coming up against rcsui c
ucns 1I1 usmg I t due to the size of the
p,rojecl yourc tackling, you app ly tor a
license and continue to work on the
problem with the full version. Although
the computer used must form part o f a
network!

Address: http.Z'www.aplac.com
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PCAAD40

If this headin g sounds somehow familiar.
theres a good reaso n why: version 2 .1
was recently introduced in VHF Commu
nications in the section entitled " An
interesting program" ,
The author , Dav id POlar (who has also
been respon sib le: for some very good
technical hooks 0 11 microwave tech
niques) has developed the program quite
con siderably . There is nov,' a large WI N
DOWS 32-hit version , with ove r 30
different models of antennas alone for
investigation un d analysis. Unfortunately
though, it is no longer free . but costs $
39 0.

Addr ess:
bttp:.iiwww.atltennadcsignassociatcs.L:( rm

VEC'moN

A ma nufac turer which has specialised in
SA W filters, and particularly in crystals
and crvstal oscillators of all kinds
(TCXn~, v c xns, n e xus, etc...) for all
conceivable Freque ncie s.

The data sheet s for each prod uct arc In

pdf fonnar. They arc vl:ry att racti ve,
thorough and info rmati ve . as arc also the
large number of application notes avail
able for downloading on almost every
subject in this area.

Address :
http .Z'www.v cctro n.com

TAC TRON

This linn has for years been a supplie r of
American mic rowave components and
sim ulation software such as the MICRO
WAVE OFfiCE, etc .
On the homepage you can naturally find
documents covering the complete prod uct

- (f'
range hut there are also some very
inte res ting new items:

Under the heading "m yTactron' an ITF
elect ronics "fl ea market" has heen set up ,
where anyone can offer surp lus compo
nents, new or used equipment, stickers.
etc. at no charge .

Address:
btrpv/www.tacrron.dc/myractron

ARCOM

Anyone want ing to becom e mo re closely
acquain ted with dwa rf wave techniques
will find a manu fact urer of po wer ampli
ficrs, low noise amplifiers , down and up
converters, transmitters and rece ivers
11.:r" . Not only is it interesting to glance at
the many data sheets available. hut it is
also worth kee ping an .:ye on the new
"Educat ion Page". This is inte nded to
become a forum in which like-minded
people can exch ange and extend their
knowle dge .

Address:
bup.z/ww w.arccm-mc.com

IO I\IlEAMM Ii ,LI NG

You read it right: not only is that the
firms name, but they "really do carry out
mill ing with ion beams" .
He re all possible microwave and millime
tre structures (couple rs, auc nuators, fil 
ters , ctc.] are marked ou t. for exa mple on
gold-coa ted ceramic p lates, usi ng the
"atomic sand blasting process" (actual
q uotation from firm']. Th e way the pro
cedure works is also precisely descr ibed.
Truly the most modem high -tech manu
facture - gen uine inform ation for those
in terested .

Address:
http://wv.'w. ionbeammi lling .eom
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VHF Communications
Back Issues

• Most back issues available from 1969 onwards, an
up to date list is ma inta ined on the VH F
Communicat ions web site. Some difficult to obtain
issues can be supplied as photocopies.

• Locate interesting articles by searching the full
index on the web site, then order the magaz ine
using the sec ure form .

• If you arc new 10 VHf Communications magazine
or have missed some vo lumes or issues. choose one
of the back Issue sets or ind ividual magazi nes to
make your collect ion co mplete.

• Keep your magazines in good condition with Blue
Binders that hold 12 issues, E6.50 each + P&P

• Single issues from 1969 to 1999 £ 1.00 each + P&P

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

• Comple te 2000 volume £ 1H.50 + P&P

• Back issue set 1972 to 1999 (6 1 magazines) £50.00
+ P&P

• Back issue set 1972 to 2000 (65 magazines) £65 .00
+ P&P

K \, Puhlications, 63 Rin:,:wflod Ruad, Luton, Beds, LU2 7»G, lJK

Tel l Fax +44 1582581051, web site hUp:l!w",w .vhfcomm.co.uk
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M/C

AMEX
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;'1' ··~j~'~T~eu r:,.TeleVision
xl: ~1H~: Quarterly
Groat articles on : "'- .....
ATV·~:;:;i.:;'W;:'

BAlLOONING
PROJECTS
SSlV:;S;:~'~'

o? • • • ,

ATV ACTIVITIES

Write or che ck webpage TODAY for more informationl
Published by Harlan Techno logies

5931 Alma Dr.• Rockford, Ill ino is 61108 USA
http://www.hampubs.com

The UK Six Metre Group

http://www.uksmg.org

With over 1000 members wor-ld-wide, th e l:K Six Metre Gro up is t he
worl d's I:lr :':l'st urga nisa tio n dcvuted In 50\I Hz. The ambit ion of th e gro up,
Ihrou:.:h t he medium of its 611-lIllgl' qua rterly newsletter 'Sh :'1l'\\'S ' 1lI1l1
throu:.:h it' s web site www.uksmg.o rg, is 10 provide the bes t inform ation
available on a ll IlSPCc!S of Ihe buud: tncludlng DX news a nd reports.beacon
news, propagatton & technica l art icles, six-met re eq uip ment reviews.
Dxpcdtnon news a nd tcchnlcnl ur fleles.

Why not join the UKS.\IG lind :.:in' us I I l r~..·? For mort' in fllrma lioll. cenmet
the secretnrj Illin rhilipl)S GORDI, 24 .w res End, Ame rs ha m, Ruckillghlllll
shirt' IIP 7 91)1'... IlK or , 'jsit the weh sill'.
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Ho",' man)' microvolts i~ - 85 dl.lm at 50 ohDl~"

What is the spectral content 01QPSK?
\\11<<1 l~ re sistor co lor <~ ~ le und sr.IIKh rd values?
How do dig ital JIR :toLl F1J{ fil tt"I'1' work ?

What mixer spurs result from 70 MHz RF
and 18.1 MHz LQ?

'lUll IIave •questions•• •

ELEKTA
Professional

l
,I

How doe s 'ill u"ti~l·. filte r work'}
lI ow do I wi n d a 121l llH imh"tor ?

What capacitor resonates with2.2 j1H at 10.7 MHz?
Wh;u VSW R "llIT"~poIIds 10 12 dB I'I'-lunl 10000s'!
What's the effect of rcdudllj: Q fnllll 3no1o \oo?
What is Miller effccr!

How do I perform two-port trans formations?
I low is bias set 011 bipolar l r~ lI ,i~hlrs all<l Hor~?

WII"I arc the basics 01 SPICE uouly,i ~?

\'i h"l do anuiose r1" i-.er"mlllcl"" I1wan'!
flo", do r JIlake a 700 lb . a,:ti\'c. l>:llIdpa" li lkr~

Whal arc :'vla x wd l ' ~ "'lllat jfJll~ ','

Can ! g raph the sin(x)/x curve?
\\l IUl dimensi on, <h. , r ..,~d for II 50 ohm mit ro,t rip?

II"....· do I matc h 25 +j40 u"m~ to my 75 uhm system?
WOC n; call I rind a r..vicw 01 Kirc!lo:,!T', Law~?

Ho..... much antenna gain does my system need?
fln", do J bias a BFRlJl or 2N2222 lr;IIl";slor?
Willi get Nd rnl';.~lall OCt" .....,n linc~on my pocohll:ml?
Can I perform Ila.~ic lr..",f"r fUOCfiOll mall!"1
Howcan a begi1nereen abou1 00fTIjXJf1OOts at AF?
"""'a I's the differenc e bet ween lille:lr ilnd mm-,li near?

\\'llal is rhe (;\p,.:iran,:c " fIWl ' I xt em pb ll'!. 'l~n\1 I nm\?
Wby do \\ 'C U,Ck t"d"ad ?
[ lnow RI', bUI where can I find (tig ila l basics?
( an 1do ,'ector 10 scalar coovcrsonv?
What is tbe AC impedance of 'l IMralld " ·C netw ork?

What is a conductors skin depth at 900 MHz?
Wtlal do th", ,, IIK,",...1rc,i'larlo:": llu", l>ef' flIean"?
Can I visuali"e rhe fteld liflC'lo !>cl"'~"'fl earadlO' plal('~'!

What is the mismatch loss Ofa 5.22:1 VSWR?
How dn ( 5-i m ulale a darlingl" " pair lnnplili ef?
Wh'd are the resist" , "" lucll for n 50 ohm 6 ,m pad'!

Should I usc a pi 0' I"'" maldr inll oc\wml.; in my circuit?

ha s the
answers!
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